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PREFACE

The International Conference on Hazardous Waste, Sources, Effects and
Management "HAWA 98" was the first of its kind held in Cairo, Egypt Topics
addressed in that conference were rather diversified and dealt with various aspects
related to waste management (radioactive and non-radioactive) and the associated
safety issues, and the overall impact of the waste management activities on health and
environment. These problems were covered in more than 200 papers (29 sessions)
including two plenary lectures and about twenty keynote lectures.

The conference attracted wide participation both nationally and internationally.
About 450 participants from Egypt and from other 17 countries took part in the
conference. International representations included the USA, Germany, Japan, .Canada,
Russia, Spain, Sweden, Morocco, Saudi Arabia, Libya, Cuba, the Ukraine, the Czech
Republic, Slovakia, Hungary and Yugoslavia, and Jordan.

Due to the tightness of time and also to the repeated requests for publishing the
Conference Proceedings, only about 130 papers (out of about 200 presented papers)
were in a suitable form for printing in June 1999, when the material had to go into
press. However, it was evident that all these papers (more than 1500 pages) can not be
accommodated in one single volume. Hence, it was decided that the proceedings
should be divided into three volumes. Volume I covers topics related to waste
management, environmental, health hazards, safety in addition to the two plenary
lectures and the contributions in the Egyptian national policy session. Volume II is
devoted to topics covering monitoring and characterization, migration, Storage and
disposal and treatment (radioactive). Volume IJJ contains contributions in the fields
of treatment (non-active) and recycling.

I hope the material included in these volumes, which represents the thinking,
experience and wisdom of a distinguished group of scientists both from Egypt and
from respected international institutions, shall be of benefit to the scientific
community, and will help in enhancing efforts for maintaing a safe and healthy
environment for mankind

I wish to express my sincere thanks to all who contributed to the success of this
remarkable event and to those who made the issuance of the proceedings possible in
this short span of time. These thanks are also extended to the Sponsoring
Organizations, to the National and International Scientific Committees, to the all
members of the Conference Board and to the Organizing Committee.

Conference Chairman

Prof. H.F.Aly
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ABSTRACT

Mobility of metal ions, including radionuclides, is influenced by their interactions
with natural components (inorganic and polyelectrolyte Iigands, colloids, biota and biota
debris) of water. The breakthrough of pollutant in aqueous flow, and hydrodynamic
characterisation of near- and far-field of waste deposits is analysed on the base of Rosen's
theory, by a particular accentuation of the role of the distribution coefficient fC± of
pollutant

Humic substances are those natural multifunctional ligands, which may enhance
transportation of many pollutants by influencing their IQ values. As an example, the
distribution factors of plutonium were modelled through the pH-independent effective
interaction constants with humic acids in solution and on the surface by a two-sites-two-
species C2s2s") model of distribution.

Though the interaction constant of plutonium with humic acid is rather high, the
naturally occurring concentration of humic acids should not change seriously the patterns
of its fixation in the far fields of the waste repositories, unless its distribution coefficient
in the rock bed drops below 10 L/kg what depends at most on the nature of filtration
media. The last conclusion is general for other pollutants as well.

Key Words: plutonium complexes, pollutant migration, polyeledrolytes, soil, waste repositories

INTRODUCTION

A close tight exists between the description of sorption and separation processes in column beds,
the frontal chromatography and breakthrough curves in particular <l*13>, the nugration of natural and
antropogenic elements in hydrogeosphere <14"u>, and the recent models of dispersion of pollutants in
condensed matrices of environment (W"24). Models of these processes ensue from an essentially same
type of the equation of convertive diffusion of the species down axis z, i.e. pollutant concentration as
a function of distance, time, and concentrations of other components, cj(z, f, C;...Cj):

- see, e.g.(l3) - where c-, is the concentration of the toh species, w is the fluid matrix flow rate, and/;
is either the rate of species flux in/out of the boundary of diffusion compartment <lfland its reaction
rate with other species fa-n „ c$, and/or the rate of monomolecular (radioactive decay) or pseudo-
monomolecular (photochemical, bacterial decomposition etc.) reactions. E.g., for the first-order,
reversible adsorption there is

) (2)



where ct is the concentration of species on the solid bed surface, Kfi is transfer coefficient of species
with diffusivity Dwj through a fluid film of thickness 3

A. fi = (3)

and Ka is distribution coefficient of solute between the fluid and solid phase. Analytical solution of
Eq.(l) was obtained only for particular functions jt otherwise should be solved numerically.

For inorganic pollutants and radionuclides, the term j] is often omitted, except the
monomolecular type reactions. In case when/i is zero, number of variables in Eq.(l) can be reduced
to Z=zlL and r=tD/L2, and the Eq.(l) gets the form

dc, dci d2ci

—- = -RjPer —'- + — f (A\
dr ' L d£, df W

where PeL is Peclet diffusion number, related to migration path L,
u wL

r*L=^- (5)
The dimensionless time x is the diffosion Fourier number related to diffusivity in fluid phase, and the
fluid matrix migration length L

L2 ~
The chemistry of dispersion, i.e. the influence of the solute concentration, the chemical

composition of the fluid phase, and the nature of solid bed is hidden in the retardation factor R{,

n \+rKdi{ dine, )
which is connected with distribution coefficient K& (dm3 kg'1) and the stationary/mobile phase ratio
r=m/V, or the fractional void volume s = p/(p+r), p is density of solid phase. Again, due to simplicity
of mathematical treatment, most of the models use approximation

Adi - ~K&i (8)

i.e.

= ai (9)

where a=0 for Henry's {Ri = const), and a<\ for Freundlich (concave) isotherms.
Thus, the obtaining of c{ as a function of at least three variables is generally complicated and

hard to solve without numerical calculations.
To calculate dispersion of pollutant in water flows, reliable data on distribution coefficients KA

should be known as a fimction of solution composition. It is important, e.g. for design of radioactive
waste depositories or construction of environmental geoinformation systems (EGIS), to posses with
data which are related to easily measured or assessed parameters such as pH, Eh and ionic strength, or
thermodynamic activity of specific ligands <17>19"21'24>



ROLE OF DISTRIBUTION COEFFICIENT IN POLLUTANTS BREAKTHROUGH

During the watei- filtration in rock bed, pollutants are sorbed by solid phase and their migration is
retarded. As a first and good approximation for the velocity of solute movement Vj, there can be
applied the Wicke's equation (1) of a sharp front (the pollutant concentration at flow entrance is c=cF

and immediately behind the front c=0) of solute movement,

w (10)
di

In correspondence with Eqs.(7)-(9), K& can be either a constant, or a function of ct. According to the
equation, when the fluid front reaches a distance L, pollutant appears at a distance z given by relation

"1 *

(11)
di

However, for a slow flow w it is likely that the rate determining factor is a process of solid (or pore)
diffusion of pollutants into the particles of a fixed bed changes the value ct in Eq.(2) till equilibration.
Instead of Eq.(6) there is characteristic time of diffusion within the solid phase,

Fon — —~- (12)
a

where d is diameter of particles. In polydispersed bed, instead of real diameter another effective (e.g.
Sauter mean diameter) beads size parameter can be used.

Large K& values, however, would favour water film diffusion control of sorption and a general
scenario should consider all these factors.

The appearance of pollutant at a certain distance z, down the direction of matrix movement with
the front reaching the length L, is equivalent to the break-point - a conventional ratio of pollutant
concentrations at flow entrance when z=0 and at variable z=z - of solute adsorption in column bed. It
can be calculated by the Rosen's formula(4>5)

l + erf (13)

which is for X»\ a very good solution (when X>50 the deviation from the exact numerical solution
does not exceed 1%). The dimensionless lump variables X, Y, and V we present in the form

TFOP O4)

= 2(\-j-)Fop (15)

Kfd
(16)

The parameters characterise the smearing out of the "binary" sharp boundary of a step input of
contaminated water in an initially clean bed (Fig.l). The variables Y and X are connected with the
solid pore and water film diffusion of the solute (its index / is omitted in subscripts for the sake of
simplicity). X is the effective bed length. At the front of water movement (z=L) Y is zero.



Pollutant breakthrough (Wicke-Rosen model)
c/cp countour plot

near-field/far-field boarder (Fop = 104)
void volume = 0.4

log (rKd)

Fig. 1. Ratio c/cF - Eq.(13) - contour plot

The variable V represents the relative contribution of longitudinal diffusion. The water film
thickness necessary to calculate Kf according to definition (3) can be evaluated<7) a for slow, laminar
flow as

8 = 02d * 0.2d
l + 70dw

(17)



Pollutant breakthrough
c/cF contour plot
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Fig.2 Contour plot of the c/cF ratio - Eq.(12) - for the half-lenght of fluid migration

When radionuclide is bound by the natural polyelectrolyte (e.g. humic acid), its effective
diffiisivity, charge and sorption affinity is changed. The point is how is it reflected in effective
mobility of the radionuclide in water/soil,rock system.

For simpler (equilibrium or steady-state) models, it is usually assumed that in similar systems
various there is

rKd IL = const (lg)

but in reality the front characterisation is somehow less smooth - see Fig.l where profiles of
boundaries were calculated according to the Rosen's equation (13).

A zoom insight of the diagram on Fig.l for the half-length (z/L=0.5) when log(r^d)=0 shown
in Fig.2 indicates still a very steep shape of pollutant mass-transfer and diffusion zone as a function of
ATd. At higher Fop (far-field) practically disappears the influence of diffusion distortion (its uncertainty



is proportional to \/rfFop), what makes application of simple Wicke's equation definitely sufficient for
a screening assessment of pollutants mobility.

In this respect, the Fourier criterion Fop < 104 can be considered as a definition of the near-
field area from the physico-chemical hydrodynamics point of view (and correspondingly Fov > 104 -
10* for the far-field area) which has a broader meaning than just the migration length L, the dispersity
of solid beads in particular - Eq.(12).

NATURAL LIGANDS OF METAL IONS

Pollutants in aqueous phase may be transferred by fluid flow as the free species and those bound

by

(1) low molecular complexing ligands, presumable carbonates, sulphates and fluorides (!5'18'23>24)

(2) natural polyelectrolytes (28"39)

(3) solid particulates and colloids (30'33)

(4) biota and biota debris(36)

Some of these agents may be of artificial origin and appear in waters as other pollutants.
Schnitzer and Skinner i2t) , Stevenson (29), Benes et al. (30) , and Bertha and Choppin (31) drew

attention to solutions of metal and radionuclides humates an their role in environmental media.

Accurate assessment of metals binding with natural polyelectrolytes in solutions (33) is a very
complex task because of molecular and functional heterogeneity of ligands and polydispersity of
complexes. Their conformers, interaction between charge groups, three-dimensional structure,
conjugation with proteins, and colloid formation make the situation even more complicated. Average
molecular weight is of the order 50 000 to 100 000 daltons (rarely above 250 000 daltons). Several
types of binding sites with various stoichiometry were obtained: carboxyl groups (which are often
used for assessment of total binding capacity of humic substances), but also ethers-, phenylethers-,
aldehyde-, ketone-, and phenol- groups. In acidic region formation of positively charged amide- and
carbamide- sites occurs. Bidentate, metal chelating, sites (phthalate-, salicylate- and also
acetylacetone- type) are abundant by randomised positioning of monofunctional groups. Therefor, the
diffusivity, charge and sorption properties of humate species may vary in a broad interval.

MODEL OF PLUTONIUM HUMATES BEHAVIOUR

Typical models for calculation of distribution of species in water/solid systems are:
1. models of one adsorption site with two or several, usually two, species (Is2s model) in aqueous

solution (30-32)

2. models of several, usually two, adsorption sites of one species (2sls model) (37'3S)

3. models with two adsorption sites and several species (2s2s model) (33'39).
The basic assumptions of the "2-sites-2-species" (2s2s) model involve four basic equilibria: ion

hydrolysis and interaction of the ions with a "free" and "humificated" parts of solid surface (indicated
by subscripts si and s2, when necessary to distinguish the two sites) the fractions of which are l-s and
s correspondingly.

We shall illustrate the approach at the treatment of plutonium distribution in presence of humic
acid (Fig.3). A definite plateau occurs at high concentration of humic (above 0.15 g/L), completely
opposite to the expectation that strong complexation in solution will decrease the distribution ratio at
the high degree of montmorillonite surface covering by humic acid. Such behavior was explained by a
bridge (1:2) complexes formation on surface, at low pH (2.5-3).



Plutonium sorption on montmorillontte
in presence of humic acid

I • ignited samples
• microfittered samples
— Ka(aver)

0.0 0.1

Fig.3. Distribution of plutonium(TV) as a function of equilibrium concentration of humic acid

According to the 2s2s model, the gross distribution ratio of metal was considered(39) as
_ [Mz+3si +[M(0H)f- j )"3SI +[MAa

u"3 s2

(19)[Mz+ 3+[M(OH)f"JJ+ 3 + [MAV~ 3

The degree of occupation (the fraction of maximal capacity I<& of surface covered by humic acid) s
was obtained from adsorption isotherm, e.g. the Sips isotherm (37'38),

s = F/rao=[c f(k2 + c)]"° (20)
where i«= 0.010 g/g, k2=5.lxl0'3 g/L and«0= 5.9.

Basic equation used for the 2s2s model was

tf"1

(21)

where c and [HPAJ are the mass (g/L) and molar (mol/L) concentrations of humic acid respectively,
[HpA]= cxPEC, and PEC (proton exchange capacity) of Aldrich humic acid was taken to be 3x10'3

mol/g. The second independent variable is aH, the electrochemical activity of hydrogen ions, a is
dissociation degree of humic acid and values log(l-oc) were taken to be -0.22 and -6.32 for pH 3.2 and
§.% respectively. /J^n is the neutral ligand proton competitive constant (L/mol) for equilibrium in
aqueous phase,

Pu4+ + HpA <r> + n H (22)



o _
(23)

and ^m is the neutral ligand proton competitive mass constant (L7g*) of the heterogeneous

equilibrium
14- J.

(24)Pu(OH)3+ + a {HpA} <-> {PuHp.mAa} + m H + + H2O

am [M]Tc( l -a )
The function

was derived from the complexity with hydroxo ions at various pH,

(25)

(26)

(27)

Plutonium(IV) sorption models

10000

Kd(L/kg)

1000

The ratio
4=^d(M)/A:d(MOH)=10 was
conventionally used (dQ exerted
minor influence on the gross
distribution ratio) i.e. on the
free alumosilicate surface the
complex M(OH).<Z-J>* was
considered to be absorbed ten
times less than the more
charged ion M2*".

The non-linear fimction
of distribution ratios is not
trivial but sensitive to the
initial parameters setting and
constrains of regression. Both
the individual and constrained,
and at the end the mutual and
unconstrained fitting (Sigma
Plot 5.0) a set of integer
stoichiometric constants (a, m,
ri) was applied to the data
treatment to avoid local
minima.

The results of data
fitting by various models are
presented in Fig.4. The non-
linear regression for
plutonium(TV) reasonably gave the
best results for the 2s2s model
where m=4, n=3 and a=2, for which the value of neutral ligand proton competitive constant in solution
is log /J°i3(L/mol) = -0.67±0.32, and for binding by humificated surface the neutral ligand proton

competitive mass constant log P24(L /g ) = -3.80±0.72. Distribution coefficients of plutonium
humate between 0.01 g HA/L solution and montmorillonite was derived as log ATd(PuA) =2.25±0.04.

0.5 1.0

saturation degree (s)
- • - • experimental

-A— two-sites-one-species (231s) model (hydrolysis, no complexation)

- O - one-site-tuvD-specfe3 (1s2s) model (no surface change)

- v ~ two-sites-two-species (232s) model

2s2s model with plutonium humate adsorption

Fig.4. Modeling of plutonium distribution as a function of
fraction of humificated surface
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Plutonium speciation
humic acid solution/
montmorillonite
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sea water : 0.003 - 3 mg/L
river water: 1 mg/L K<j>270

lake water: 1-50 mg/L K<i>10*

Fig.5. Speciation of plutonium in the humic acid
solution/montmorillonite system

Using the constants obtained at
lower pHs, the speciation of
plutonium was calculated for a
neutral region of pH 6.8 (Fig.5).
As can be seen, at high
concentration of humic acid a
majority of plutonium occurs
bound by humificated surface
and moderate humic acid content
may even increase the
distribution coefficient of
plutonium. At natural abundance
of humic acid in waters (1-50
mg/L), however, most of
plutonium would be bound by
the "free" surface. According to
the model, at pH 6.8 and
concentration of humic acid as
low as 0.015 mg/L about 15% of
plutonium will occur in
hydroxocomplex and 85% would
be bound in humate. This
complexation would cause a
sharp decrease of original
distribution ratio

£d=(8.3±3.3)xlO3 L/kg, up to
the equilibrium concentration of
humic acid 1.5 mg/L; a minimum
obtains at 0.4 mg HA/L, when
the calculated iQ=59 (at the
prevailing sorption on
humificated surface).

However, this phenomenon was
not yet experimentally proved because of problems with the precising of humic acid sorption isotherm
at very low concentrations. In any case, it is an indication that the data obtained with high
concentration of natural polyelectrolyte ligands are useful to differentiate sorption on
alumosilicate/humate complexes, but should not necessarily indicate the lowest distribution coefficient
values obtainable in the systems.

As usual, for assessment of hazardous pollutants mobility, the most pessimistic guess is made.
When the value Kd=60 L/kg may be the lowest value obtainable in presence of natural humic acid by
the montmoriHonite-like materials (bentonites) used as near-field barriers, the phase ratio r=5 kg/L,
linear velocity of water w —1O'S m s"1 , and the time horizon 1000 years (when £=315 m), a step
leakage of plutonium contaminated water should occur at z § 1 m.



Ill

More detail data on sorption of hazardous metals and radionuclides on actual natural bed
materials are necessary to make any assessment more complete and reliable.

Because of understandable difficulties in a very long-last experimental verification (e.g. in
natural conditions, lyzimeters or long columns) of theoretical prediction data or their evaluation (26),
the simulated experiments on influence of Kd on break-through of pollutants are necessary to be
performed at the same Pe^ and Fov similitude criteria, i.e. at higher flow velocity, shorter column
lengths and, last not least, and the finer bed particles. This is the approach which is more accessible
than lyzimetric data and could be realized by a HPLC technique similar to the Taylor dispersion
technique for measuring diffusivities in capillaries (40'41).

*

The author is grateful to the Ministry of Education of the Slovak Republic for grant
SO/95/5195/048.
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ABSTRACT
The study of environmental contamination caused by anthropogenic
impacts and, primarily, by radioactive nuclides is one of the main scientific
problems facing contemporary science. This is known as Radioecological
monitoring. Decisions regarding the remediation of polluted areas require
detailed information about the distribution of radioactive nuclides in
terrestrial and aquatic ecosystems, as well as, knowledge about
radionuclides occurrence forms and migration patterns. Different sources of
radionuclides penetration into the environment appoint their interaction
with nature matrices in different ways and should be considered
accordingly. An overview is given of the present radioecological situation
around the reprocessing plant "Mayak", which was constructed more than
40 years ago for the production of plutonium for military purposes. Some
new approaches, methods and tools developed at the Vernadsky Institute of
Geochemistry and Analytical Chemistry for the isolation, concentration and
determination of radionuclides in various environmental samples are
discussed. Data regarding the distribution, occurrence, and migration
processes of radionuciides wSr, 137Cs, MSPu and MlAm, in aquatic and
terrestrial ecosystems of the impact zone of the "Mayak" plant, are
presented.

Key worlds: Radionuclides / Analytical Approaches / Speciation / Waste Disposal

INTRODUCTION
Ons of big challenges facing contemporary science and technology is problem of

environmental protection. It is known that as result of technogenic activity of civilization a
large amount of toxicants of both inorganic and organic nature have been discharged and
continue entering environment Many of them are ©xtrectjely hazardous to people and living
matter, but radioactive contamination of environment represents quite a specific issue and
requires special consideration. • ~

Experimental nuclear tests, nuclear power engineering and numerous accidents that
took place at the nuclear power plants (NPP), the atomic submarines and some other nuclear
installations made artificial radionuclides a constant and unretrievable component of the
modern biosphere, becoming an additional unfavorable ecological factor. The clarifying of
the penetration sources, the study of the migration dynamics of hazardous radionuclides and
the developing of the remediation approaches of the contaminated areas are the most serious
ecological, economical and social problems. Solution of these should be based on a wide
radioecologicai monitoring, which demands continual routine analysis of water, soil and
various biological samples on contents and occurrence forms of radionuclides.

As regards Former Soviet Union (FSU) the most unfavourable regions are Southern
Ural, zones suffered from Chernobyl Accident, Altay, Novaya Zemlya, some parts of West
Siberia near Seversk (Tomsk-7) and Zheleznogorsk (Krasnoyarsk-26).

Investigation of main regularities in radionuclides behavior in environment and, in
particular, at impact zones of the nuclear fuel cycle facilities is widely recognized as a very
actual problem. Lack of data on radionuclides migration in the ground and aquatic ecosystems
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nukss it difficult to assess and forecast correctly the radiational situation and to work out
measures on remediation of contaminated areas. The latter, in turn, are directly related to
further development of nuclear energy and safe operation of the corresponding facilities. A lot
of data on radionuciides content and distribution in various ecosystems, which entered
biosphere both as result of the global radioactive fallout and as accidental radioactive
discharges have shown that radionuclides are getting engaged into biogeochemical migration
cycles. This process is accompanied by radionuclides redistribution in the ground and aquatic
ecosystems and by formation of their entrainment and secondary accumulation zones at the
geochemical barriers. Direction, density and mechanisms of migration of radionuclides are
greatly affected by their entering forms and forms of occurrence in ecosystems as well as
environmental conditions they get into.

The present report is devoted to up-to-date radioecological situation around the
"Mayak" nuclear facility and description of some new approaches, methods and tools
developed at Vernadsky Institute for determination of different radionuclides in the various
environmental samples from impact zone of the facility.

1. Moden situation at regions of Russia contaminated by radioactive fallout
The influx of artificial radionuclides into the atmosphere began with the first nuclear

explosions in 1945, and grew with the ensuing development of the nuclear industry. Table 1
shows estimates of radionuclide emission from various sources (PBq) and radiation doses
obtained by the population from these sources (man-Sievert).

Chernobyl accident. During the Chernobyl accident of April 26, 1986, «50MCi of
radionuclides were released to the environment, which comprised «3.5% of the total amount
of radionucldes accumulated in the reactor of the fourth unit(2>3). The fallout of radioactive
materials resulted in considerable radioactive pollution of the environment, mainly in the
European part of the Former USSR (Table 2). However, the inflow of radionuclides into the
biosphere due to the Chernobyl accident accounted for no more than 3% of the amount of
radionuclides released to the environment by the tests of nuclear weapons.

The Central Black Soil Regions proved to be the most heavily contaminated by the
accident. The western regions of the Bryansk oblast received the greatest impact (some of the
regions show a contamination of 40 Ci/km2, and the largest territory contaminated with !37Cs
is in the Bryansk and Tula oblasts. In the latter 45% of the total area has a level of 137Cs
higher than 1.0 Ci/km2. On the whole, in the Russian Federation, a 137Cs pollution of 1.0
Ci/km2 and higher is detected on the total area of 57650 km2, which equals 1.6% of the area
of the country. Except for several localities in the Bryansk and Kaluga oblasts, the doses
acquired by the population are controlled mainly (>90%) by the natural background and not
by the precipitated artificial isotopes.

Thus, according to the data of-2'4), the Chernobyl accident did not significantly
increase the total radiation impact on the population of European Russia, and it may be
assumed that the dose due to nuclear power will not exceed 1% of the natural background by
the year 2000.

Altay. Population of Altay is excited due to many nuclear explosions at the
Semipalatinsk test field. But nowadays average contamination level of Altay is 0.1-0.2 Ci/km
137Cs, 10-50 mCi/km2 90Sr and 5-20 mCi/km2 239Pu. Only two relatively small areas with
content 0.2-0.5 Ci/km were determined. Main part of this radiation (80%) is due to the first
nuclear explosion in 1949.

Western Siberia. Two of Russia radiochemical centers producing weapon plutonium
are the Mining and Chemical Plant (MCP), located underground 40 km from Krasnoyarsk,
and the Siberian Chemical Plant (SCP), located near Seversk (Tomsk-7), 20 km from Tomsk.
There are several dangerous sources of radioactive pollution at these plants. At MCP, these
are industrial nuclear reactors cooled with Yenisei River water, a radiochemical factory for
the processing of irradiated uranium blocks, and set-ups for the processing and storage of
active waste. The Severnyi site for the disposal of liquid MLW is located 60 km from
Krasnoyarsk, downstream the Yenisei. Radioactive waste (108 Ci on the whole) is injected
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there into sand - clay strata. Thus, this factory defines the level of hurnan-induced pollution of
the environment in the adjacent territory and the whole Yenisei basin(6>7).

Table 1. Estimates of the emission of artificial radionuclides and cumulative effective
dose according to the data of UNSCEAR,

Source

Nuclear tests in the
atmosphere
Global
Local
Semipalatinsk
Nevada
Australia
Pacific Ocean

Underground nuclear
explosions
Production of nuclear
weapons
Initial tests
Hanford
Chelyabinsk

Later tests
Nuclear energy
production
Mining technology
Reactor operation
Fuel reprocessing
Fuel cycle
Production and use of
radioisotopes
Accidents
Three Mile Island
Chernobyl
Kyshtym
Windscaie
Palomares
Tule
SNAP 9A
Kosmos-954
Tundad Juarez
Mohammedia
Goiania
Total
Cumulative effective
dose, man-Sv

3H

24x104

140
57

2.6

"»rt /\ / \ ._. _ _

14C

220

1.1
0.3

1.0

370

F~~

19930).
Emission, PBq

Noble
gases

50

3200
1200

52

1.2

90Sr

604

6.9

0.0006

5.4

0.003

ml

65x10*

15

0.4
0.004

6.0

630

0.7

0.2

I37Cs

910

40

40
70

0.04
0.02

0.003

0.05

Total effective
dose, man-Sv

local and
regional

4600
500b

700
160b

200

8000a

15 000*
1000

2700
3700
4600

3x105a

2000

2500
2000

3
0

150
80
60

38xl04

235xlO5

, m. .

Global

223xlO5

10*

105

8xlO4

60xl04

2100
20

231xlO5

atmosphere;d after outflow of radionuclides to the Techa River;e total dose due to extraction
of 222Rn from waste.

The SCP is no less dangerous in terms of possible radioactive emission. It also
includes plutonium production, a radiochemical factory, and a factory for isotope separation.
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Russia's largest field for the disposal of liquid radioactive was te is located there in deep
geological strata (»10 9 Ci was injected overall). An explosion of a technological apparatus in
the SCP in 1993 resulted in the release of »10 3 Ci of radioactive products into the a tmosphere
(radionuclides of z i rconium-95, niobium-95, rutenium-!06, and trace amounts of plutonium),
including a fallout of 500-600 Ci from the industrial zone.

Table 2 Emission of long-lived radionuchdes due to the Chernobyl accident and their
precipitation in the European part of the USSR ( 5 ) .

Radio-
nucl ide

1J7Cs
I i 4 Cs
1U6Ru
l 4 4Ce

" O m Ag
U 5 S b

Emiss ion,
PBq

100
50
35
90
1.5

3

Activity of
radionuclides
deposited in

the European
part of the

USSR, PBq
30
15
25
75

0.5
2

Radio-
nuclide

i3y '24UPu
2 3 8Pu
24 lPu

M 1 A m
" 2 C m

Emission,
•PBq

0.055
r 0.025

5
0.006

0.6
' 0.006

Activity of
radionuclides
deposited in

the European
part of the

USSR, PBq
0.05
0.02

4
0.005

0.55
0.005

Thus all two of radiochemicai plants are potentially dangerqus sources of radioactive
contaminat ion of the environment . This suggests a need for the radiation situation in these
regions and considerable work on the remidiation of territories previously contaminated with
radioactive nuclides.

Arctic Area. In Arct ic area of Russia a number of nuclear weapon tests were
conducted since 1965. A m o n g them three tests were carried out in Kol'skiy peninsula (near
Kirovsk town) ; twelve tests - in Yakutiya (near Udachniy town) ; twelve - in the northern part
o f Arkhange l sk region and in Western Siberia ( including Tyumen ' region - near Surgut,
Beloyarsk, Nyagan ' and in other places); in Krasnoyarsk area - near Igarka town ( two tests),
and at Bol 'shaya Khe ta river. Some nuclear tests in neighbor areas (Perm' region, Northern
Ural) contributed also to radioactive pollution in Arctic part o f Russia. Dose rate from gamma
emitt ing nuclides does not exceed 2-3 microRentgen per hour, this corresponds to 5.5 - 6.5
microR/h taking into account a cosmic ray constituent. Contr ibut ion from some technogenic
radionuclides (Cs-137 and others) amounts to 10-15%, in some cases up to 3 0 % of overall
dose rate. Surface contamination density of soils by Cs-137 w a s found to be about 0.06

Ci/knv% which is twice lower as compared with the middle latitude areas.
Potential danger of radioactive contamination of Arct ic area is coming from some

military facilities located there and, first of all, Nor thern Fleet of Russia and the Central
Test ing Ground for Nuclear Weapons at Novaya Zemlya island. About 6-7 thousand cubic
meters of liquid radioactive wastes are generated annually as result of Northern Fleet
operation: among them 3 0 % refer to White Sea area and 7 0 % - to Barents Sea region. Annual
amount of solid radioactive wastes is estimated to be about 4.5 thousand cubic meters. The
FSU has also disposed of nuclear waste in the Kara Sea: at least 16 nuclear reactors (6 with
fuel), over 10,000 containers of low - level radioactive waste , and liquid waste, from which
the total potential nuclear contamination is 86.2 PBq.

A m o n g other sources of artificial radionuclides in the environment , accidents on
satellites with radioactive e lements (SNAP-9A, U S A , and Kosmos-954, USSR) , accidents on
nuclear submarines (most recent is the destruction of the nuclear submarine Komsomolets in
1989), losses of radioact ive elements and even a tomic b o m b s (Spa |n , 1966; Greenland, 1974),
and others should be mantioned.

16



2. The History of the Production Association "Mayak"
M The production association "Mayak" (hereafter "Mayak") is located at 55°44' N and

60°54ME, 70 km north of Chelyabinsk and 15 km east of the town Kyshtym in the southern
Urals and covers an area about 200 km2 including the town Ozersk. "Mayak was established
in late 40's for production of plutonium for military purposes and for processing fissile
materials to achieve a parity in the nuclear arms race. In 1945 the governmental decision was
taken on selection of a construction site and the first industrial nuclear reactor was started to
be built on the southern shore of the Kysyltash, while the settlement for the specialists in the
field was built in a peninsula in the southern part of the Irtyash lake(8). The first continental
reactor facility, named "Annushka", was put into operation on 19 June, 1948. This day may be
considered a birthday of "Mayak" and the nuclear industry of that country as a whole. Within
the limited terms they managed to develop and master the complex production process and to
provide the materials for nuclear production.

The first portion of irradiated fuel from the reactor was transferred the radiochemical
plant""V" on December 22, 1948, where plutonium produced was separated from uranium and
fission products. The plutonium concentrate was conveyed further to the metallurgical facility
"B" designed for production of the high purity plutonium and products from it. In August
1949-the plant "V" manufactured the high purity Pu components for the first nuclear bomb.
The bomb was detonated on August 29, 1949 at 6:30 of the local time at the Semipalatinsk
testing site. In the period of 1949-1955 five more nuclear reactors were put into operation and
the seventh one was launched in 1979. Later the second radiochemical plant was built and the
metallurgical division was reconstructed in a larger scale. Regretfully, at the early stage of
running in a number of unique and complicated technologies some serious technical mistakes
were^rhade. They aggravated ecological situation around "Mayak", harmed population and
brought about intolerance among local people toward the "Mayak" activity.

3. Current Radioecoiogical Situation around "Mayak"
'*' The region of location of "Mayak" facilities is a unique area as regards both the scale

of environmental contamination and the variety of objects subjected the radiation impact.
Significant territories around "Mayak" undergone radioactive contamination as result of the
1957 "and 1967 accidents and technological discharges into atmosphere. Discharges of liquid
wastes to the river Techa at early stages of "Mayak" operation have resulted in contamination
of its flood plane and radiation exposure of the local population inhabiting the shore area.

The largest inflow of radioactive waste into the environment began with the start-up
of the'first radiochemical plant "B" (February 1949). Because of the flaws in technology,
even the waste water from plant "B" was poured directly into the Techa River, and an outflow
of 1000 Ci per day wrs allowed. The maximum amount of radioactive waste was released into
the Techa in 1950 - 1951, with atotal of 106 Ci in 1949 - 1956(9). This resulted in the pollution
of the river flood plain over a distance of 100 km and the irradiation of «125 000 persons,
including 28 000 persons who receive considerable doses. From 1958 on, the largest amount
of medium-level nuclear waste (MLW) has occurred at Lake Karachai (Reservoir 9), where
more than 120 MCi of radioactive waste have accumulated.

The accident of 1957 happened due to the violation of the temperature regime in the
storage tank of the high radioactive wastes of the plutonium production facility which
contained large amounts of sodium nitrite and acetate salts'10*. The liquid sludge ejected to the
atmosphere up to the height of 1-2 km formed a radioactive cloud which moved for 345 km to
north-east from the storage tank and formed a trace on the ground surface due to aerosol
precipitation. The region named the Ural Trace covered an area of approximately 15000 -
2300 km2 within the territories of Chelyabinsk, Sverdlovsk and Tyumen regions. The
contamination of nearly 1000 km2 has exceeded 2 Ci/km2. The percentage of the
contaminated arable, haying and grazing lands within this area totalled to 40, 9 and 12%
respectively.

The total amount of the radioactive substances released to the atmosphere according
to different sources varies from 2 to 20 MCi (7.4 -74 x 1016 Bq).
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The major part of radionuclides has been deposited in the vicinity of the accident site.
At the closest area 1 to 2 km along the trace axis 0.5 - 1.0 km wide the density of the soil
contamination amounted to 140000 Ci/km2, while at the area 75 km long and 7 km wide it
was equal to 28 Ci/km2.

The major part of the radioactive release consisted of the short-lived fission products
(!06Ru, 144Ce, etc.) and 90Sr; their content in soils 0.5-1.0 km away from the accident site
totalled to 15xlO3 and 4xlO3 Ci/km2, respectively. Due to the decay process 90Sr has
gradually become the main source of the radioactive contamination of the area (99.3%). 137Cs
is playing a notable role. The release contained also little amounts of plutonium and uranium.

The fifty years of operation of the first plutonium producing enterprise have resulted
in local accumulation of large amounts of radioactive wastes (several hundred million Curies,
distributed between the low-, middle- and high level liquid wastes, solid wastes in different
forms).

Removal of the middle level radioactive wastes is accomplished mainly via their
dumping into the open reservoirs R-9 and R-17 (Tabl. 3). The reservoir R-9 (lake Karachai)
has accumulated about 2.5 million m3 of wastes since 1951. It corresponds to 120 MCi of the
total radioactivity. Radionuclides are distributed between the mobile bottom sediments (60%),
the loamy bed of the lake (35%) and aqueous phase (5%) In the recent years the annual inflow
of wastes into the reservoir runs about 20000 m3 with specific activity of l-2xlO"2 Ci/l(U).

Table 3. Some characteristics of the R-9 and R-17 reservoirs

Concentration in
water, Ci/1

Concentration in
bottom sediments
Ci/kg

Accumulated. Ci

Property

Water area, km2

Volume, million m3

Strontium-90
Cesium-137
Total a-activity
Total fJ-activity

Strontium-90
Cesium-137

Water
Bottom sediments
Total

R-9
0.16
0.3

1.7xlO"3

1.2xlO"2

6.7x10-6

1.9xlO"2

0.3
1.4

8.4xlO6

1.1x 10s

1.2xlO8

Reservoir

R-17
0.17
0.3
7xlO"6

4xlO"6

2xlO'9

l.lxlO-5

0.12
3.3xl0"2

4.5xlO3

2xlO6

2xlO6

In summer of 1967 dust from the shore line of the lake containing about 600 Ci of
90Sr and l37Cs in the ratio 1:3 was dispersed by the wind over an area of 1800 km2 and to a
distance of 75 km. The huge amounts of radwaste in Lake Karachai makes this open waste
repository a potential source of environmental contamination in the Urals.

In late 70rs the decision to close and eliminate the lake Karachai water surface area
was taken and it took 10 years more to elaborate the technology of filling in the lake with the
rock ground materials with application of the hollow-space concrete blocks. Application of
this technology has made it possible to reduce the water area from 36 hectares to 16 hectares
as of the end of 1995. It has allowed to suppress essentially the wind assisted dispersion of
radioactive materials as liquid aerosols from the water surface and to reduce a probability of
the radioactive dust dispersion from the dried shore line of the lake in case of a strong
whirlwind or tornado passing across the lake area. The complete elimination of this threat can
be attained, however, only after finishing the water surface closing project.
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Another important aspect of the Lake Karachai problem, which needs an urgent
solution, is a continual migration of radioactive pollutants into underground water. Under the
action of gravity forces industrial solutions drop down to a roof of confining stratum,
migrating further along the underground water horizon toward the discharge sites at depths of
40(60) - 100 m as result of the gravitational displacement of fresh waters having a lower
specific gravity. Concentration of Co, 90Sr, 106Ru and I37Cs in the aquaferrous horizon is 20-
300 times lower than in the R-9 water, while NO3" content in a lenticle under the basin is 3.5-
5 times higher compared to the lake water(12).

The first phase of the MLW processing facility has been building since recently to
fulfill the requirement of termination of the wastes dumping into the lake. It comprises the
conditioning, evaporation and bituminization installations and a repository for the storage of
the bituminization product.

In addition to the described sources of radionuclide intake to the environment,
600x106 Ci of liquid HLW accumulated during the 45-year period when Mayak was
producing nuclear weapons. This waste could not be, vitrified because of its complex chemical
composition. About 13x106 Ci of solid HLW was stored in 24 reinforced concrete surface
reservoirs and about 30 000 Ci of MLW and low-level waste, in 200 ground reservoirs. About
400x106 m of contaminated water was stored in the cascade of industrial ponds on the Techa
(mainly ponds 10 and 11 with areas of 19 km and 44 km2, volumes of 76xlO6 m3 and 230xl06

m3, and 110000 Ci and 39000 Ci, respectively).

Thus, the area near Mayak currently contains «800xl06 Ci of radioactive waste in
various forms, which is clearly a serious environment hazard, primarily because of the
possible inflow of radionuclides into the stream system Techa - Iset' - Tobol - Irtysh - Ob and
into the Kara Sea.

In order to reduce the hazard of new radiation accidents and disasters; since 1987
Mayak has transformed part of the HLW into phosphate glass in an EP-500/1 electrical
furnace. About 250x106 Ci of HLW was vitrificated by the end of 1995, including «70xl06 Ci
of waste accumulated previously. In order to dispose of high-salinity HLW, a technology for
their fractionation was developed, which allowed separation, concentration, and vitrification
of long-lived fission products, while the major volume of waste was transformed to MLW,
cemented, and bituminized.

Currently produced HLW originated from nuclear fuel reprocessing are subject to
evaporation followed by fluxing with phosphoric acid and sodium nitrate and, finally, to
vitrificate in a furnace of direct electrical heating with the processing capacity up to 500 1/hr.
The molten mass is casted into special containers of 200 1 volume, which are assembled in
groups of tree units inside a large container for the storage in the temporary repository. The
rated specific activity of the molten mass is 2500 Ci/1, while the specific activity of the glass
produced amounts to 200-600 Ci/1.

A wider scale HLW processing can be accomplished only after their special
pretreatment involving partition technologies with application of the electric furnace
installation with isolated electrodes or microwave heating unit. Currently a new partition
facility for the HLW fractionation incorporating an extraction recovery of Cs and Sr by the
chlorinated cobalt dicarbolide is developed. The work is under way on optimization of
technological scheme of selective isolation of the long-lived alpha- emitters (uranium,
neptunium, plutonium) from radioactive effluents, which is based on their extraction by the
bydentate neutral organophosphorus compounds.

Among new environmental problems at Mayak is the storage and utilization of
weapon-grade plutonium released according to the well-known disarmament agreements.
According to( , about 250 t of plutonium were produced in the world for military purposes
(in the USSR, 140 + 25 t; USA, 97 + 8 t; Great Britain, 2.8 + 0.7 t; France, 6 + 1.5 t; and
China, 2.5 + 1.51). According to Seaborg<14), up to 601 of plutonium were annually produced
in the world as a result of the activity of nuclear power stations, and in the previous years, -
600 t of plutonium accumulated in the spent fuel elements, and -100 t of plutonium were
recovered from their reprocessing. Calculations predict that from 1990 to 2050, the activity of
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nuclear power plants in the world will yield -4800 t of high-background plutonium ( Pu,
240Pu, and 242Pu); 30 and 55.2 t of 241Am and 243Am, respectively; 4.8 and 18.6 t of 242Cm and
244Cm; and about 270 t of 237Np. Two approaches were proposed to the problem of
plutonium(l4): vitrification with other fission products and the safe burial or use of plutonium
as uranium ~ plutonium fuel in nuclear power plants. In the latter case, in the 60-year period
considered, the amount of long-lived isotopes would decrease to 28% for plutonium, 45% and
3% for americium-241 and 243, respectively, and increase to 166% and 187% for curium-242
and 244, respectively, while the total amount of neptunium-237 would not change (100%).
Only the potential use of a new type of reactor (cascade liquid-salt "scavenger" reactor) and
the thorium fuel cycle in a breeder reactor would allow the burning of the accumulated
plutonium and the complete elimination of this environmentally dangerous element.

So, in conclusion to this part of our presentation we must say that a huge amount of
radioactive wastes has been accumulated and stored at "Mayak" (about 1 billion Curies),
which represent a great ecological hazard.

4. Environmental Monitoring at the "Mayak" Area
The long term radiation hazard to the contaminated territories arises primarily from

the presence of long-lived radionuclides among which the actinide isotopes play a notable
role. Decontamination of ground waters, basins, soils and other natural and technogenic
objects from these radionuclides is the most important and very difficult problem.
Experimental Scientific Research Centre at "Mayak" was founded at 1958 after the 1957
explosion to solve the problems connected with large scale radioactive contamination of wide
territories. The emphasis was on the investigations of basic mechanisms of radionuclides
behavior and migration in different environmental media with the following development of
the practical actions for radioecological rehabilitation of the contaminated lands and practical
utilization programs applicable to the agricultural, forest and aqueous resources in the
contaminated area and studies of the ionizing radiation influence on the nature. Today the
Centre is a highly-developed organization with the experimental basis of high potential,
advanced methods for analysis and measurement methods of practically all radionuclides in
different objects and media. Due to the results achieved here, more than 80% of exclusion
lands of the Eastern Urals radioactive trace has been reinvolved in the economic and
agricultural turnover. During the last few years the staff of "Mayak" has manage to develop,
install and put into operation the first and still the only one in Russia vitrification facility for
liquid waste solidification. Its operation is very effective. The lake Karachai with 120 MCi of
radioactive wastes in it has been practically filled in. Russian Government has adopted a
wide-range Rehabilitation Program, which is being carried out at the present moment.

In this context the knowledge of the dynamics of radionuclide migration with surface
and underground waters becomes of principal importance, since it allows estimation of the
efficiency of these rather expensive remediation measures. Therefore, some institutes of the
Russian Academy of Sciences pursue studies on interactions between groundwaters and bed
rocks and on chemical and mineralogical composition of the samples taken from various sites
of this zone and from various depths of bore holes. We have performed radiochemical
analysis of liquid and solid samples and determined the content and the forms of occurrence
of radionuclides. It should be noted that prediction of migration process is a very complex
scientific problem even for such a small location owing to diversity of chemical and
mineralogical compositions of environmental matrices.

Radionuclide's content in rocks and waters has been determined in accordance with
the procedure developed at the Vernadsky Institute(15"18). It makes it possible to determine
several radionuclides out of the same sample which saves labor time spent on sample
preparation and dissolving. Analysis of soils, rocks and other solid samples includes air
drying, disintegrating (milling), sieving through a 1 mm sieve, igniting at a temperature of
approximately 550°C to destroy the organic matter, which takes several days(19).
Radion^slides from the water samples have been concentrated by evaporation (at the
Vernadsky Institute) and ultrafiltration (at the central "Mayak" plant laboratory). The last
procistfiire enables to concentrate plutonium out of the water sample of 2 to 50 liter in
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volume. The degree of the plutonium fixation during the water filtration through a Ripor-4
membrane (water-soluble polymers polyethyleneimin - ethylenediamintetracetate PEI-EDTA)
is practically independent of the content of the organic matter which plays an important role
in colloid and complex formation. This degree amounts to 90-99% for the samples from the
industrial reservoirs R-10 and R-ll, and 87-98% for the water samples from the peat bog
containing 3.2, 3.3 and 29 mg of the organic carbon per liter. For the determination of
radionuclides in the underground water samples collected near the Karachai lake 10 to 100 ml
of the sample is enough.

On the first stage of the applied analytical scheme prior to radiochemical analysis
the gamma spectrometry using Ge(Li) detector has been performed. Determination of 90Sr and
TUE which are pure P- and a-emitters can be done only radiometrically with the radionuclide
separation from a big sample of complicated chemical and radiochemical composition. This
procedure needs very careful purification, especially during separation of radionuclides
having almost similar energies of a-emission. This concerns natural radionuclides, in

• particular which amounts in the environments are 2 to 3 orders higher as compared with those
of artificial ones. To transfer radionuclides from the ashed residue or the water concentrates it
is enough to treat the samples with 7-8M HNO3 in presence of potassium bromate after their
pretreatment by a mixture of HF and H2SO4. Further plutonium concentration and
radiochemical separation has been carried out on the anionite VP-IAp; for americium and
curium the complexation sorbent polyarsenaso-n has been used; for 90Sr - the porous
copolymer of sterol with divinilbensol (TVEKS), impregnated with 10% dicyclohexyl-18-
crown-6 (DCH18C6) in tetrachlorethane. This method is rather selective for 90Sr, but needs it
careful separation from 210Pb if the last is present in comparable quantities. Therefore the
"Mayak" samples needed additional purification by preliminary eluation of the radioactive
210Pb by sodium oxalate solution.

Radioactivity of the separated TUE has been measured at the a-spectrometer facility
consisting of the ionisation camera with a grid and an analyser AI-4096. The facility
background near the peak of 5 MeV is 10"3 imp/min per 100 keV, the counting efficiency is
approximately 30%, resolution for 239i24° Pu - 24 keV. Beta-emission of 90Sr has been
measured at the low background installation of the TESLA firm (background - 1-2 imp/100 s,
counting efficiency - 32%).

Extraction and determination of neptunium is a more complicated procedure as
compared with that of plutonium and americium due to the low concentrations of the former.
The method developed at the Vernadsky Institute is based on the neptunium extraction with
the potassium phosphortungstate during their sorption on the porous teflon membrane
impregnated with 0,5M solution of trioctylammonium nitrate (TOMAN) in toluene, which is
followed by luminescent determination. PbMoO4 has been used as a crystalophosphorus(18>19).

Figure 1 shows luminescence spectra of crystallophosphors based on PbMoO4 and
NaBi(WO4)2, and activated by neptunium, plutonium, and americium. The intensity of
luminescence (proportional to the concentration of TUE) is measured in the IR part of the
spectrum, where the spectral lines of other elements are absent.

Thus, the luminescence method is fairly selective and valid for the combined
determination of neptunium, plutonium, and, in some cases, of uranium in a single sample.
The method is used for the analysis of uranium, neptunium, and plutonium in the fallout
solutions of radiochemical industry and natural objects without preliminary separation of
analyzed elements and irrespective of their isotopic composition. Plutonium can be
determined in samples containing such an active nuclide as americium; i.e., this method
solves the problem, which is not possible based on the methods currently in use. In GEOKhl,
a filter photometer was produced for the luminescence analysis of actinides in environmental
objects and for use in the ecological monitoring of the environment in regions near nuclear
power and radiochemical plants.
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Fig. 1. Luminescence spectra of crystallophosphorus NaBi(WO4)2 contaminated with Am(l)
and PbMoO4 contaminated with U(2), Np(3) and Pu(4).

To determine the chemical yield of plutonium , americium and curium, and
neptunium, traces of 236Pu, 243Am and 239Np have been inserted into the solid sample before
its ignition or in water sample before its concentration. Detection limits of the radionuclides
determination under above mentioned procedures are shown in Table 4.

Table 4. Relative detection limits attained for a number of radionuclides of
environment concern.

Radionuclide
Co-60

Sr-90

Np-237

Pu-239

Am-241

Detection limit [Bq/g]

1.2*10-3,

4.5*10-3,

2.6* 10"6,

1.3 *10"5,

2.6*10"5.

To predict the migration of radionuclides and to develop remediation approaches, it is
necessary to determine not only the content of radionuclides in particular components of
biogeocenoses, but their occurrence forms as well. As for speciation of radionuclides in solid
materials, it seemed most appropriate to determine the geochemical forms of mobility(l9).
These data are usually obtained by selective leaching.

In collaboration with the "Mayak" personnel the use of these methods yielded
extensive data on the abundance and occurrence forms of the most important radionuclides
primarily neptunium, piutonium, and americium, in Karachai and its underlying rocks and
ground water; in water and bottom sediments of industrial reservoirs; in soils of industrial
zones; at research facilities, etc.(20"23).

For loamy materials which mostly accumulate radionuclides, the fraction of relatively
mobile forms is maximum for radiostrontium, whereas for plutonium it usually does not
exceed 10%. This fact explains the high concentration of 90Sr in groundwater from various
sites of the region as compared to plutonium and radiocesium. It is also interesting that the
mobility of radiostrontium is higher than that of its natural analogues, calcium and
magnesium. Our results show that the migration ability of radionuclides in the ecosystems in
question increases in the following series:

241 90
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The data on the distribution of radionuclides between components of various
ecosystems of Southern Ural region as well as their forms of occurrence show that 90Sr, 237Np
and Am mostly involved in compounds of fulvic acids, that's why they have a high mobility
in the environment. On the contrarily, considerable amounts of l37Cs and Pu have been found
in low soluble humic acids bonded primarily with calcium and relatively low mobile
hydroxides.

The data on vertical migration of plutonium, radiostrontium and radiocesium in
various types of soils have been obtained and corresponding coefficients have been
calculated. We consider that one of the most important factors affecting migration resistance
of soil media is the content and nature of organic substances. In particular, the clear
dependence between diffusional resistance of upper soil layers to plutonium and
radiostrontium mass-transfer and content of humus in these layers has been determined.

The obtained data allow us to assess reliably radiation conditions in various zones of
the Mayak Industrial Association and to predict their evolution.
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ABSTRACT

A substantial use of hazardous substances is essential to meet the social
and economic goals of the community in Egypt. Agrochemicals are
being used extensively to increase crop yield. The outdated
agrochemicals and their empty containers represent a serious
environmental problem.

Industrial development in different sectors in Egypt obligates handling of
huge amounts of hazardous substances and hazardous wastes.

The inappropriate handling of such hazardous substances creates several
health and environmental problems.

Egypt faces many challenges to control safe handling of such substances
and wastes.

Several regulations are- governing haasdling of hazardous substances in
Egypt.

The unified Environmental Law # 4 for the year 1994 includes a full
chapter on the Management of Hazardous Substances and Hazardous
Wastes.

National and international activities have been taken to manage
hazardous substances and hazardous wastes in an environmental sound
manner.

INTRODUCTION

The inappropriate handling of hazardous substances created problems
worldwide for human health and the environment.

Misuse or mismanagement of hazardous substances influences most
structures and reproductive outcomes, and the environment. However,
handling such substances is essential to meet the social and economic
goals of the community.
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Egypt is primarily an agricultural country. Pesticides and fertilizers are
being used extensively to increase crop yield of limited cultivable land to
meet the requirements of the exponential increase in population. The
overuse of such substances contaminates the air, the soil, the surface and
underground water and the crops. Outdated pesticides and fertilizers and
their empty containers create serious health and environmental problems.

Over the past decades, Egypt has been engaged in rapidly progressing
economic related industrial development. The industrial base in the
country accommodates a variety of chemical industries that have created
several problems, most important of which is that of industrial hazardous
wastes. This problem is rather complex and can not be attributed to one
single cause but rather to a sequence of interrelated events leading
eventually to uncontrolled disposal of hazardous wastes.

Different chemical substances are being used in pharmaceutical,
petroleum industries, in housing and the production of consumer goods in
Egypt. Currently an exceedingly large number of chemicals is imported,
manufactured, marketed, transported, sorted and disposed of, thus creating
huge benefits, but also health and environmental risks.

Explosive are used in different activities, such as mining, police activities.

Radioactive substances are used in clinical activities, research, welding
and piping testing.

Handling of such substances in an environmentally sound manner is of
paramount importance for proper health and environmental protection as
well as for the sound management of natural resources and life enjoyment.

The major problems facing controlling hazardous substances and
hazardous wastes in Egypt are:

• Inadequate capabilities to assess the potential toxicity and to control
the nature and purity of imported or domestically produced
hazardous substances.

• Handling of hazardous substances by inadequately informed or
trained personnel, especially operators in small-scale enterprises.

• Shortage of management skills needed to deal safely with
technology transfer and with the storage, transport, use or disposal
of hazardous substances.

• Lack of effective mechanisms for coordinating the work of those
responsible for different aspects of hazardous substances safety.
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Lack of means of coping with hazardous substances accidents,
including the treatment of victims and the subsequent rehabilitation
of the environment.

Inadequate proper management of hazardous substances and
enforcement of regulations.

Lack of reliable information sources to establish properly
coordinate infrastructures, controls and procedures to deal properly
with hazardous substances safety.

Lack of adequate system and facilities for treatment and disposing
of hazardous wastes.

Egyptian activities in managing hazardous substances and
hazardous wastes:

Egyptian Environmental Affairs Agency (EEAA) is the national body,
which is responsible for drawing up Egypt's policy on the welfare of the
environment and natural resources, endorsing executive plans and
programs and the promulgation and follow-up of legislations.

With the growing interest in Egypt for the management of environmental
problems, EEAA has established a national strategy to achieve sound
environment and sustainable development. In this strategy the
management of hazardous substances plays an important role.

In recognition of the importance of establishing an information and
management system for the identification, registration, categorization and
management of hazardous substances, EEAA is currently developing a
comprehensive database for hazardous substances. Efforts will be
directed towards the collection of data from different sources, which
include producers, users, importers and distributors of hazardous
substances. Categorization and specifications of these substances will
follow the international codes.

In co-operation with The Danish Agency for International Assistance
(DANIDA) EEAA has developed a National Program for Hospital Wastes
Management.

In co-operation with the Ministry of Scientific Research and the Ministry
of the Military Production, EEAA has designed, manufactured and tested
incinerators for hazardous hospital wastes.

In co-operation between Misr Company for Chemicals and The German
Government, under the supervision of EEAA, a secure landfill for disposal
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OS the hazardous wastes generated from the old mercury cells used for
chlorine production has been established in the western desert near
Alexandria.

EEAA, in consulting with the competent ministries, is developing
pollution prevention programs based on economic incentives and clean
technologies that are compatible with- Egyptian development after
adaptation to the specific economic, cultural, social and institutional
context in Egypt in order to encourage the steady reduction of hazards
resulting from mishandling hazardous substances.

EEAA, in cooperation with the competent authorities and dormer countries
is* currently developing a national system for controlling handling of
hazardous substances and hazardous wastes, Such systems will include the
following:

« Establishment of an adequate infrastructure monitoring and
controlling systems for importation, manufacturing, transportation,
storage, usage of hazardous substances.

• Establishment of information and database for handling hazardous
substances and wastes.

• Exchange of experience in the field of research and development,
with the relevant national and international organization.

• Providing the public with information which will allow them to
understand and develop confidence in the regulatory systems'
ability to ensure that the industrial installations are operating in an
environmentally sound way.

• Establishment of treatment and disposal facilities for hazardous
wastes.

• Advanced training in hazard assessment and human resource
development and quantitative risk assessment (QRA).

• Introduction of clean technology alternatives, and environmental
management system (ISO 14000).

• Proper enforcement procedures for legislation and regulation.

• Education and public awareness about hazardous substances.

EEAA acts as the Designated National Authority (DNA) for
implementation of London Guidelines for the Exchange of Information on
Chemicals in International Trade and Prior Informed Consent (PIC)
procedures, and currently participating in developing these Guidelines to a
Convention.
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EEAA is the Egyptian competent authority and focal point for the Basel
Convention on the Control of Transboundary Movements of Hazardous
Wastes and their Disposal. As a party to this convention, Egypt informed
the secretariat of the Convention its decision concerning banning of
importation of all kinds of hazardous wastes, and the requirement of
getting permit from the competent authority, to allow the passage of ships
carrying hazardous wastes through territorial seas or the exclusive
economic zone of Egypt and Suez Canal.

Egypt has submitted a proposal to the conference of parties to the Basel
Convention to host a subregional training center for hazardous waste
management.

EEAA has constructively participated in the International Forum on
Chemical Safety (IFCS) according to the recommendations of Agenda 21
- chapter 19 of the United Nation Conference on Environmental and
Development.

For conservation of the environment and its resources, Egypt banned the
importation of goods and substances that are banned by the original
producer or by the developed countries even if they are in the form of
donations or aid.

Egyptian regulations governing management of hazardous
substances and hazardous wastes:

Egypt has issued a large number of environmental legislations governing,
importing, manufacturing, trade, usage of hazardous substances and
hazardous wastes covering different areas:

• Laws and regulations governing importing, manufacturing, trading,
handling of hazardous substances used in industry, has been issued
by The Ministry of Industry.

• Laws and regulations governing, importing, manufacturing, trading,
handling and usage of Pharmaceuticals, radioactive substances and
insecticides, have been issued by The Ministry of Health.

• Laws and regulations governing importing, manufacturing, trading,
possessing and usage of explosives, have been issued by The
Ministry of Interior.

• Regulations governing operation of nuclear reactors and atomic
activities and monitoring of radiation levels and disposal of
radioactive wastes are the responsibility of Atomic Authority,
affiliated to The Ministry of Electricity and Energy.
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The Environmental Law No. (4) has been issued in 1994. Its executive
regulations have been issued in February 1995. A full chapter of this Law
regulates the management of hazardous substances, and hazardous wastes.

It is forbidden by this law to import hazardous wastes or to allow its
entrance into or passage through The Egyptian territories. It is forbidden,
without permit from the competent authority, to allow the passage of ships
carrying hazardous wastes through territorial seas or the exclusive
economic zone of Egypt.

By this law, it is forbidden to deal with hazardous substances without
authorization from the concerned agencies. The competent ministries, in
cooperation with EEAA and the Ministry of Health should develop and
promulgate a list of hazardous substances, which should be controlled and
shall be revised from time to time as appropriate.

The competent ministries, after consulting with the EEAA, shall
promulgate regulations establishing standards necessary to the protection
of public health and the environment and applicable to those who handle
hazardous substances. The standards shall cover the following:

• Record keeping practices that accurately identify the quantities of
such hazardous substances, constituents which are significant in
quantity or in potential harm to human health or the environment.

• Use of appropriate containers for such hazardous substances.

• Labeling practices for the identification of any containers used for
storage, transport of such hazardous substances.

• Furnishing of information on such hazardous substances to persons
transporting storing, or using it.

• Use of a manifest system and any other reasonable means to assure
that all such hazardous substances are handling in the proper way.

• Contingency plans for effective action to minimize unanticipated
damage from any hazardous substances' accident.

A great deal remains to ensure the environmentally sound management of
hazardous substances within the principles of sustainable development and
improved quality of life for human kind.
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Abstract

Over the past decades , the natural quality of water sources has
been altered by the impact of various human activities and water uses.

In Egypt, the Nile River which is considered as the main water
source is still a recipient of most of the wastewater discharged by
industrial effluents and several agriculture drains contains mixed wastes
(sewage and industrial). These wastes includes a variety of pollutants
which have considerable potential effect on both water ecosystem and
human health. Monitoring of these pollutant is the first step for the
improvement and protection of the Nile River . The Nile Research
Institute designed a monitoring program includes collection and analysis
of samples from 35 stations along the Nile River from Aswan to the
Mediterranean Sea and from all points sources of pollution discharge
their wastes into the Nile. The most important pollutant in these wastes
are heavy metals, organic maters, inorganic compounds and micro
organism causing disease.

This paper includes a review of the main pollution sources on the
Nile River and their environmental impacts.

31



Sources of pollution along Nile River

The River Nile is subject to a variety of pollutants such as Industrial, agricultural and
municipal wastewater

(1) Industrial Pollutants

There are many factories discharging their wastes directly into Nile River .
The Nile Research Institute recorded about 39 industrial point sources located
along Nile River . The main categories of these industries are sugar, oil,
chemicals, fertilizers and metals industries . These industrial wastes include
a variety of pollutant like heavy metals and organic compounds which are
harmful to human and causes a variety of disease and also have atoxic effect
on aquatic life.

Figure (1) shows the location of industrial effluent points along the river

(2) Agricultural wastewater

The Nile Research Institute recorded about 72 agricultural drain which
discharge their wastes directly into Nile River .
Figure (2) shows the location of agricultural drains along the Nile.

Most of these drains are loaded with nutrients (e.g. nitrate and phosphate)
pesticides (e.g. herbicides, and insecticides), suspended solids, salts ... etc.
Which is the result of agriculture activities. The pesticides, especially those
resistant to hydrolyze, are accumulated in the food chain and finally have a
carcinogenic effect on human.

The increase of phosphates and Nitrates in water leads to excessive growth of'
aquatic plants to levels that would result in undesirable effects and limit the
use of water.

(3) Municipal Waste water
These wastes are discharging into the River from a variety of sources like
agricultural drains, some industrial wastes and tourist ship.

The most harmful pollutant found in these waters are detergents. Grease and
oil, suspended solids, salts, bacteria and viruses.

The most harmful effect of detergents is the formation of foam which prevent
oxygen to transfer and dissolution in the water which badly affect aquatic life.

The presence of bacteria and viruses in water causes a variety of diseases.
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Water quality Monitoring program of Nile Research Institute.

The Nile Research Institute has carried out a monitoring program for the
Nile River since 1976. This program was implemented with cooperation of
the Ministry of Health (MOH) from 1976 to 1986.

The main objective of this program was to evaluate the quality of water in the
River Nile and determine the effects of pollutants on its water quality for
different uses.

Current water quality Monitoring program.

In 1991 the Nile Research Institute (NRI) started a modified monitoring
program . The main objectives of this program are:-
To serve a general reference for water quality condition in the whole river.
To detect stream standard violations and maintain effluent standard.
To determine the quantitative seasonal variation in the river and the point
sources of pollution

Sample locations :-

The sampling locations in this program were reduced to 35 sites along the
River Nile and its two branches, from these sites, thirteen sites were
considered as a major sites or macrolocations.

The remaining 22 sites were considered as minor sites or microlocations in
order to fill the gaps between the major sites and to present different stages
along the river.

In addition to the 35 sampling sites, all of the pollution sources located along
the River Nile were also sampled Figure (3) shows the sampling locations
along the river..

Sampling Frequency
The sampling frequencies were planned to occur in three stages as follows:-
1- Short term (one year) twice a year for all the thirty-five river sites and

the major point sources of pollution
2- Medium Term (two year)

Four times a year for all the thirty-five river sites and the major point
sources of pollution.

3- Long term (Three year and above)
In addition to the medium term work, special studies could be done for
specific zones, certain drains, or modeling purpose and bottom
sediments.

33



The Program Parameters
parameters planed to be measured according to the NRI water quality
monitoring program are :-
1- In situ measurements :-

Dissolved oxygen, PH value - temperature, Conductivity total
alkalinity, turbidity and velocity of water.

2- Lab. measurements
Ammonia, Nitrate, Nitrite, Kjeladah-N, orthophosphate, total
phosphate, Biological oxygen demand (BOD), chemical oxygen
demand (COD), total suspended solids, total dissolved solids, oil and
Grease, surfactants, phenols, chloride, sulfate, carbonate, Bicarbonate,
calcium, magnesium, sodium, potassium.

Heavy metals (copper, iron, chromium,...) pesticides, total coliform, fecal
coliform, Algal counts and chlorophyll II.

Most of these analysis were carried out by NRI water quality lab.

Water quality Monitoring program for Lake Nasser

The NRI designed water quality monitoring program for collecting sampling
from 13 site at the Sudanese part of the lake ( about 150 km.) and 14 sites at
Egyptian part of the lake ( about 350 km.).

The program also includes especial studies for eutrophication and thermal
stratification of the lake.

Figure (4) shows the sampling location in Lake Nasser.
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Water quality status in the River

In order to describe the general water quality status of the River Nile some
recent water quality data collected during June 1998 will be presented.

(1) Organic matter
BOD and COD were measured as indicator of the organic load along the River
Nile during June 1998. Fig (5)

The Result of these measurements showed that the BOD ranged between 1.2
to 3.2 mg/1 which indicate high quality of the water of the River Nile because
the standard value of the BOD according to law 48 doesn't exceed (6) mg/1.

also the results of the COD showed a good quality in water of the River Nile
in the area extended between Aswan high Dam and Assuit because its value
was found less than the standard value (10 mg/1).

but the area from Assuit to Cairo showed a higher COD values than the
standard value this indicate that the organic pollutants increased in this area.

(2) Load of bacteria
Measuring of total coliform and fecal coliform as indicator of sewage
pollution showed that its concentration lies in intermediate category according
to the standards for surface water used for potable water abstractions ( 5 0
and 5000 for total colifurms, 20 and 2000 for fecal coliforms.) fig.5

(3) Total dissolved salts (TDS) and total suspended solid (TSS)
The concentration of TDS Ranged between 160 to 200 mg/1 and the TSS also
Ranged between 10 to 24 mg/1 which indicate a good water quality in the
River. Fig. (6)

(4) Heavy metals (Iron and Copper)
The results of Iron and copper concentration along the River Nile showed that
their concentration Ranged between 0.01 to 0.03 mg/1 and 0.01 to
0.02 mg/1 respectively. (Fig. 6)

These values are within the standard level of law 48 (Iron and copper not
exceed (1 mg/1))

(5) Nutrients
The Result of nitrate concentration showed that it Ranged between 2.5 to
6 mg/1 This value is less than the standard value of law 48 (Not exceed 45
mg/1).

The phosphate concentration along the River Nile Ranged between 0.04 to
0.14 mg/1. This value are very low and showed a good water quality. Fig. 7
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INSTITUTIONAL FRAMEWORK

The ministries and governmental agencies in Egypt that are currently responsible for
and involved in the administration of water quality and pollution control are :-

Ministry of Environment

Environmental Affairs Agency

The Ministry of Public Works and Water Resources

* Irrigation Department
* Drainage Department
* Mechanical and Electrical Power Department
* National Water Research Center

Ministry of Health
* Environmental Health Department
* Central Laboratories
* Environmental and Occupation Health Center
* Vector and Snail Department

Ministry of Industry
* General Organization for Industrialization

Ministry of Housing, New Communities Construction and Public Utilities
* Greater Cairo General Organization for Sanitary Drainage
* Greater Cairo General Organization for Water Utility
* Alexandria General Organization for Sanitary Drainage
* Alexandria General Organization for Water Supply
* National Organization for Potable Water and Sanitary Drainage

Ministry of Agriculture and Land Reclamation
* Agriculture Research Center
* General Authority for Fish Resources Development

Ministry of Transportation
* River Transportation Authority

Ministry of Interior
* Surface Water Police Department

Ministry of Electricity and Power Production
* Power Stations Authority

Ministry of Tourism
* Inspection Department
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Academic and Research Institutions
* National Research Center (NRC), High Institute of Public Health

(HIPH). and interested Departments in Universities.

LEGAL FRAME WORK

To control water pollutic * and the pollution effects resulting from different sources,
the following laws have been issued.(3)

a) Law No. 93 of 1962

The relevant environmental and public health aspects of water bodies
including the River Nile, the irrigation canals, and the agricultural drains were
dealt with legally for the first time in the Decree from the president of the
United Arab Republic within law No. 93 of 1962 in relation to wastewater
disposal. . This Implementary was in Section II of the Executive Regulations
which dealt with watercourses and wastewater Disposal. Item 10 which stated
that " When applying the items of this law, the following are considered as
watercourses :
1- The Nile River and its creeks (rayahs), inlets, and tributaries,
2- the feeders, main canals with their main as well as subsidiary side

channels,
3- farm ditches or farrows, and the like,
4- agricultural drains and its feeder submarines,
5- lakes and seas, and
6- ponds, marches and swamps and other similar water bodies."

Disposal of polluted and/or contaminated wastewater in addition to the
required analyses were managed in the associated Executive Regulation No.
649 of Law No. 93 of 1962 related to wastewater disposal.

However, implementation of this law was shouldered by the Ministry of
Housing and the Ministry of Local Affairs. Both Ministries were mainly
interested in wastewater disposal into sewers and sewer connections while
disposal into water bodies was out of their sphere of interest since such water
bodies do not belong technically to any of them. Disposal of industrial and
human wastes continued to be done into the river, canals and drains without
implementation of any positive measures.

b) Law No. 38 of 1967

In 1967 Law No. 38 to cover the Public Cleansing Aspects was issued. It
stated in Item No. 4, paragraph "A" that bathing or washing of utensils,
clothes, vegetables and / or other similar objects in public fountains and / or
streams is. prohibited unless done in places specified for these purposes.
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c) Law No. 74 of 1971

The pollution aspects of the River Nile and its branches and drains were
dealth with also in the Irrigation and Drainage Law No. 74 for 1971 in Item
No. 10. It stated that private canals and drains should be cleared and cleaned
from all kinds of weeds, otherwise the owners of these private water bodies
would be subjected to a fine ranging from LE 5 to LE 20 according to Item
No. 74. Also Item No. 69 stated that throwing dead animals or any other
material harmful to health or producing offensive odors in canals and / or
drains is prohibited. Violators would be subjected to a fine ranging from LE 5
to LE 30 according to Item No.75 of the same law.

d) Ministerial Decree 380 of 1982

Ministerial Decree 380 of 1982 was issued by the Ministry of Industry to
ensure industries operate and maintain pollution control equipment to meet
environmental standards.

LAW NO. 48 OF 1982 AND DISCUSSION

By the early eighties and with the aggravation of water quality status in the water
bodies to the extent that the dissolved oxygen in some drains reached very low values
most of the time, as well as the inability of the associated ministries to carry out any
effective role, as legally required, it became necessary to remove such responsibility
from both Ministries of Housing and Local Affairs and render it to the Ministry of
Public Works and Water Resources to whom the whole water bodies directly and
technically belong. This was done in order to protect the River Nile, its canals, and
drains from pollution and contamination. Therefore, Law No. 48.needed to be issued
in 1982.

In this law the control of pollution and/or contamination of the River Nile, its canals,
and the agricultural drains was assigned to the relevant authority, which is the
Ministry of Public Works and Water Resources, as defined in Law No. 48 for 1982.
The relevant Executive Regulations were issued under No. 8 of 1983.

According to Item 17 of the law, the Minister of Irrigation issued the Implementary
Regulations, with respect to the protection of the River Nile and its water courses
from pollution.

These regulations are divided into eight chapters as follows:
Chapter 1 provides the definitions of different relevant water bodies.
Chapter 2 deals with permits and licensing of wastewater disposal into
water bodies.
Chapter 3 deals with control of licensing measures.
Chapter 4 deals with floating houses and mobile units.
Chapter 5 deals with sampling and analysis measurements.
Chapter 6 deals with specifications and standard
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Recommendations:-

The Nile River is main source of water for Egyptian people. Therefor its water quality
should be preserved and measures for pollution control is to be administered. This can
be a ccomplished through .

Support and strengthen all organization and institutions responsible for
pollution control of the river.

the role of these organization in the pollution control of the river water is as
follows:

Monitoring the water quality of the River and point sources of
pollution to assess compliance of the discharges to the law of pollution
control.
Enforcing of the law by prosecuting the violators and preventing the
cause of pollution by shutting down the sources of pollution.

The support and strengthening could be in terms of: .
*- Provide the necessary equipment and facilities to perform their duties

efficiently.
*- Recrivte capable staff and/or train excising staff'
*- Provide financial support for the organization and incentives to the

individuals.

2- Promote environmental public awareness :
this is to be accomplished through media and educational organizations
NGO'S , political parties local enthorities .. etc should be strongly involved .
Public awareness to pollution control should involve policy and decision
makers as well as the public at large.

Chemical fertilizers which are discharged to the river whether through
agriculture drains or as a difuse should be minimized. A series of practices
must be designed to decrease the availability of excess nutrient through
improvements intimating, application rates and location selection for

fertilizer placement. It also involves fertilizer-type selection, crop - variety
selection.

Use advanced technologies to eliminate most of the pollutants during
processing instead of using very expensive treatment plants for wastewater.
This might require the optimal use of raw material in order to reduce the
volume of wastes.
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INTRODUCTION

The Nile is recognized as the longest river in the world.Within Egypt, it is the main
source of irrigation, industrial and domestic water. It is also used as a cheap means of
transportation, a source of fish, and recently, for hydropower generation. Naturally, it
has been, and still is, a recipient of most of the wastewater's of Egypt (El Moattassem,
1990).

The construction of the High Aswan Dam (HAD) has caused changes in hydrologic
conditions of the River Nile. The control of the river flow has increased the level of
pollution as compared to the pre-HAD when annual flooding flushed the river channel
and washed away pollutant residual. Further more, the impoundment of water in the
reservoir has caused changes in water quality with respect to its physical, chemical
and biological properties (El Gohary, 1937).

Egyptian industrialization in its modem state, started in the early sixties. Industrial
plants are concentrated in north and south Cairo. Alexandria and the Nile Delta. The
main source of industrial pollution upstream of Cairo is the old industrial plants in
Upper Egypt such as sugar, edible oil. soap, distillation, etc.

Since the HAD has been completed, water is released according to the country's
requirement, while the rest of it is stored in the reservoir. This controlled water
release, in conjunction with the continuous increase in industrial and agricultural
discharges, significantly affects the water quality of the river.

The Egyptian government has recognized the dangers of pollution and has issued a
series of laws for pollution control, such as law 93 of 1962 regarding liquid waste
disposal and Law 48 of 1982 regarding protection of the River Nile and waterways
against pollution.
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Water Quality Status of River Nile During June 1998
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Water Quality Status of River Nile Sites During June 1998
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Water Quality Status of River Nile Sites During June 1998
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Dr. M. M. Awad, Dr. L Yassin, Dr. A. M. Khashab, Eng. M. A. Bedrous
Egyptian Electricity Authority

1. INTRODUCTION

The supply and use of electric energy has both positive and negative impacts.
Pollution is the principal negative aspect with local effects, such as the particulates from
power plant chimneys; regional effects such as acid rain; and global effects, of which the
main one could be the effect of greenhouse gases such as carbon dioxide and methane on
climate.

This has encouraged worldwide a more environmentally concerned approach by
electricity generating enterprises, and is giving rise to new policies for fuel utilization and
exhaust gas treatment plants.

The environmental aspects of energy production and use in Egypt have become,
since the late 70's a subject of wide-ranging debate. Environmental awareness and anti-
pollution campaigns have affected the formulation of energy policies: thus, environment
has become a decisive factor influencing the day-to-day management as well as the
suitability of any power project.

This paper focuses on the policy aspects of the Egyptian Electricity Authority in
the field of environment protection as well as management of all environmental impacts
resulting from electricity generating systems.

2. EEA'S FOSSIL POWER GENERATION

To meet the growing needs of the country, the installed capacity increased from
4700 MW in 1980/1981 to about 13300 MW in 1996/1997, The number of electricity
generating power plants has reached now 34, only three of them are hydraulic which
represent about 21% of the total installed capacity and the rest are fossil power plants.
The unit size ranges between 15 MW in oldest power station to 600 MW at El-Kureimat
power plant commissioned in 1998.
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Consequently, fuel oil and natural gas products represent the most important
contribution in electricity generation now. The share of hydro power has been reduced
from 68% in 1970 to only 21% in 1996/1997. Aswan II with 270 MW and Isna with 90
MW were only hydro addition since 1980, while all system expansion has been totally
dependent on oil and natural gas. The total generation reached about 57.7 milliards kWh
in 1996/1997 and it is forecasted to reach about 126 milliards kWh in the year 2010.

3. FOSSIL FUEL CONSUMPTION

The existing thermal power plants use natural gas and mazout (heavy fuel oil) as
a fuel. The total fuel consumption in 1996/1997 reached 10,214 Mtoe. Mazout
represented 18.64% of the total fuel used, where as the share of natural gas was 71.30%
and other kinds of fuel (gas - oil) did not exceed 0.06%. The percentage annual increase
of the fuel was 6.5% in 1996/1997 (and the percentage increase of thermal energy
generated was 6.5% for the same year).

The evolution of fuel consumption proves the continuous substitution of mazout
by natural gas over the last decade. Accordingly, the percentage share of natural gas
increased significantly untill it reached 71.3% in 1996/1997.

4. EEA' S APPROACH TO ENVIRONMENTAL AND SOCIAL
IMPROVEMENTS

4.1 Legislative Commitment

In the past, some laws and decrees issued in Egypt were implicit for
environmental considerations. Others were inacted to create instruments and bodies
having to do with environmental issues such as the "High Committee for Air Protection"
established in 1969. Today, the Egyptian Power Sector complies with the "Law on the
Environment" issued in 1994 and its Executive Regulations. Also, in order to comply
with the International Agents conditions, the EEA's day practice requires strict
adherence to a set of levels for environmental protection dictated by the US-EPA and the
international institutions such as US-AID, W.B., and EIB.

4.2 Institutional building

Currently, the EEA environmental unit is located within the studies and research
department. Their experience lies mainly with air quality issurs, while water quality
considerations are handled by EEA-Central Laboratories Dept. In 1991, EEA has taken
the initiative to establish an Environmental Coordinating Committee (ECC) to review all
aspects of environmental issues and advise EEA's management. According to the EEA -
Chairman instruction no. (389) of 1991 the ECC has to strengthen its environmental
capability to be able to carry-out its tasks.

The committee would ensure that all related environmental activities are properly
addressed, designed, coordinated and executed. Accordingly, EEA has embarked on
Environmental Management plan for which an environmental management organization
has been established. The organization of the management unit is shown in Fig. 1 where
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its responsibility extends as the project moves from engineering stage to full operation.
This unit was already established in some power projects such as Shoubrah El-Kheimah,
Cairo West, El-Kureimat, Sidi Krir 1 & 2 (under construction), Ayoun Moussa (under
construction) power plants,... etc. and is being established in the new power projects.

4.3 Environmental Impact Assessment (EIA)

In fact, no attention whatever has been paid to the environmental impact of
electric generation in Egypt prior to 1975. However, with the need to construct large
size power plants such as the 1300 MW of Shoubrah El-Kheima, or the 900 MW at Abu-
Qir (near Alexandria) and the 600 MW at Abu- Sultan (near Ismailiah) after 1975, an
Environmental Impact Assessment (EIA) has been strictly imposed at early stages of the
feasibility study of any of these power plants and those newer ones to be constructed in
the fixture. The present day practice attach greater importance to the EIA for any power
plant, a process of identifying, predicting, interpreting and communicating the potential
impacts of proposed plan or a specific project may have on the environment.

The procedures generally describe a process to examine, analyze, and assess the
planned activities with a view to ensure environmentally sound and sustainable
development. Such a process is essential to ascertain that environmental factors and
values are integrated into the utility and Lending Agents decision making process.

The assessment of environmental factors and the identification of both beneficial
and adverse impacts resulting from a project also provide the basis for initiating
engineering, construction, and operational mitigating measures.

The early assessment of such factors allows greater compatibility of the project
with the surrounding environment and permits a far more efficient and cost effective
development process.

It is worth mentioning that some environmental corrective measures have been
determined with respect to the new power projects as a result of the EIA studies. For
instance, the EIA report for Shoubrah El-Kheima 4 x 325 MW power plant was
prepared with strict adherence to the US-EPA standards. The EIA air quality study has
determined that the optimal rate of dual fuel combustion would comprise 80% natural
gas and 20% mazout to satisfy the US-EPA regulations. The stack height of each unit
has reached 121m according to "Good Engineering Practice" (GEP) concept and,
therefore, the stack plume dispersion model has proved acceptable loadings within the
EP A-regulation limits.

4.4 Monitoring of Environmental Pollution

EEA is committed to environmental monitoring programs as an integral part of
the EIA process, these programs function as an evidence that mitigation measures in
environmental reports and permit stipulations are being adhered to strictly.
Environmental monitoring reports become permanent documentation records for
regulators compliance.
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The first monitoring program for EEA has been with Shoubrah El-Kheima power
project to monitor air pollution in the ambient atmosphere over a period of two years
1984-1986. In order to check the best mixing percentages possible to burn the dual fuel
composed of natural gas and mazout in the boilers, the program started 6 months ahead
of the plant commissioning. As an outcome of the results of the program it has been
decided to add a fourth unit similar to 3 others at the Shoubrah site with a power of 325
IvIW each, without violating the Egyptian as well as the US-EPA limits, moreover, this
monitoring program was also the basis of the El A of expanding the existing Cairo West
site of 4 x 88.5 MW power plant with additional 2 x 325 MW fifth and sixth units, within
the same limits. Today, monitoring programs are continuously running around El-
Kuriemat, Sidi Krir 1 & 2, Ayoun Moussa and other new power plants.

The monitoring programs in a.11 these plants developed to include air quality, air
emissions, water quality and water effluents. Table 1 gives the environmental monitoring
program for El-Kureimat power plant project.

4.5 Water Pollution Controls

Cooling water discharge into the River Nile is constrained by a water temperature
5°C above the ambient Nile temp. The surface temp, of water would not exceed 35°C as
per the existing regulations, where 30°C is the highest average of surface water temp,
throughout the year. Cooling water discharge into the sea is constrained by a water
temperature 10°C above the ambient sea temperature.

The waste water treatment system in power plants in Egypt is designed to treat
the various waste streams resulting from the intake screen debris, clarifier blowdown,
filter backwash water, demineralizer regeneration, turbine room sumps, oil storage area,
boiler tube cleaning, air preheater cleaning, laboratory and sampling streams, stack
cleaning, and washdowns.

The waste water treatment systems, generally adopted for new power plants,
consist of the following:
a. Trash baskets for intake screen debris
b. Turbine room sump pumps
c. Clarifier blowdown sump pumps
d. Sludge holding tank
e. Filter backwash water sump pumps
f. Demineralizer effluent sump pumps
g. Demineralizer effluent neutralizer
h. Oil storage area sump pumps
i. Oil - water separator
j . Equalization basin
k. Sulfuric acid storage tank and pumps
1. Caustic storage tank and pumps
m. Sludge pumps
n. Sludge dewatering system
o. Final settling basins
p. Treated effluent pumps
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The waste streams are treated to meet the effluent limitation guidelines given by
law 4/94 as well as law no. 48 of 1982 issued by the Ministry of Irrigation which
stipulates that prior to discharging waters to the River Nile.

A schematic flow diagram for the waste water streams for one 325 MW unit is
shown in Fig. 2.

4.6 Solid and Hazardous Wastes

Solid wastes are mainly generated from boiler residuals and scale from the direct
cooling system.

Hazardous wastes are limited to few flamables and chemical agents.

A solid and hazardous waste management system including their handling,
collection, storage, transport and disposal is already enforced throughout the NUPS.

5. ENVIRONMENTAL IMPLICATIONS IN THE EGYPTIAN
POWER SECTOR STRATEGY PRIORITIES

Limited indigenous energy resources in Egypt made it imperative to optimize its
use. Thus, the Electricity Sector has crystallized, at the inception of 1980's, a long term
strategy to guarantee the capability of meeting entirely the growing demand. The
strategy has formulated the basic national goals of electric planning in the following
policies:

• Maximize utilization of non-combustible resources, e.g. hydro, NRSE and also,
mini-hydro, as well as any hydro-pumping storage to utilize efficiently available
thermal & combined cycle (natural gas) plants.

• Efficient use of resources on production side as well as on conversion, transmission,
and utilization side.

• Minimize (reduce) losses at all stages of energy production, conversion, transmission
and distribution.

• Maximize utilization of natural gas as a clean fuel, taking macro-economic
considerations in effect.

• Obtain most efficient and most modern environmentally oriented technologies for
new plants, and for the end use equipment.

• Regional energy planning for creating opportunities for Egypt and its neighbours and
enhancing across border cooperation, e.g. electrical interconnections for the Arab
countries and Mediterranean as well as for huge hydro-resources in Africa would be
environmentally acceptable and a solution for depletable resources.
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TABLE I

Environmental Monitoring Program for El-Kurcimat Power Plant

Type of Monitoring

Air Quality

Air Emissions

Water Quality

Water Effluents

Parameters

Sulfur dioxide particulates

nitrogen oxides

Sulfur dioxide particulates

nitrogen oxides

Temp, pH, TSS, oil & grease, sulfur

chlorine, copper, iron, BOD

Temp, pH, TSS, oil & grease, sulfur

Frequency

Continuous

Continuous

Quarterly

Monthly

Number of location of stations

Points of max. ground level

concentration from modeling

Testing of emissions at stack of eXch

unit. *

One station upstream and one

downstream of the plant

One station prior to discharge

«n



FIGURE 1

Environmental Management Unit
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FIGURE 2

Waste Water Streams for One 300 MW Unit
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ABSTRACT

Increased industrialization over the past decades in Egypt has resulted in an
increased and uncontrolled generation of industrial hazardous waste. This was
not accompanied by any concerted efforts to control these wastes. Consequently,
DO system for handling or disposing of industrial wastes, in general, and
industrial hazardous wastes, in specific, exists. In 1993, a baseline report was
formulated to assess the overall problem of industrial hazardous waste
management in Egypt. Consequently, recommendations for priority actions
were identified and the main components of a national hazardous waste system
under the provision of Law 4/ 1994 were presented. This paper provides an
updated review of this report in light of the proposed technical, legal and
institutional guidelines to help in the realization of such a needed waste
management system in Egypt.

Key Words: Industrial Waste/Hazardous Waste Management/Environment

INTRODUCTION

Egypt, like several other developing nations, is undergoing an unprecedented
process of designing and implementing environmental policies and strategies. In 1992, a
national Environmental Action Plan (EAP, May 1992) was formulated by the Egyptian
Environmental Affairs Agency (EEAA). This document was based upon the collaborative
work of ten groups of national and international experts that addressed the status of
environmental conditions in the country and evaluated the impacts of the various
development activities (industrial, human, etc.) upon the available resources (water, land
and air) as well as on the cultural and natural heritage. However, to realize its plan
objectives, the Environmental Agency (EEAA) was faced with a number of constraints,
the most important of which has been its lacking of a regulatory and law enforcing
authority nationwide. To overcome this, the institutional role of the agency as well as its
legislative capacity required more strengthening for an effective coordination of
environmental activities. Thus, a more comprehensive Environmental Protection Law
(Law 4/1994) and its executive regulations were formulated.

n Previously an active Senior Technical Staff member at the Technical Cooperation Office For the
Environment (TCOE), the Egyptian Environmental Affairs Agency (EEAA) during the period from
June 92 till November 1996. TCOE is a UNDP project affiliated to the Egyptian Agency (EEAA) to
promote the realization of its World Bank supervised National Environmental Action Plan (EAP) of
May 1992.
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INDUSTRIAL WASTE GENERATION IN EGYPT

1. Recent Status;

Undoubtedly, the increase in industrial activities over the past decades in Egypt has
contributed significantly to the deterioration of environmental conditions in urban
conglomerates and localities nationwide (Fig. 1 and Table 1). As anticipated, this increase
in activity was accompanied by an increase in ambient pollutant levels and the generation
of large amounts of waste. With the lack of a system to regulate the handling or disposal of
the generated wastes, each industrial facility was left unchallenged to devise its own waste
management procedures which, in turn, was to jeopardize the quality of the available water
and land resources. According to the EAP, this industrial sector has an estimated water
demand of around 4.6 billion m3/year of which only 549 million m3/year reach the
municipal systems untreated. The EAP also indicated that the total amount of industrial
waste generated (solid and sludge) from the various industrial activities in Egypt
(hazardous and non-hazardous) to be between 0.2 - 1.0 million ton/year, with an
approximate 50,000 ton/year being regarded as 'hazardous' in nature. Today, with the
national industrial base reaching over 22,000 units and with the strict enforcement of air
and wastewater treatment options, this amount is expected to increase dramatically.

Furthermore, by the signing the Basel Convention in 1989 (ratified in late 1992),
Egypt was under an obligation to provide the appropriate legislation for the management
and control of hazardous waste. However, with the shortage of information concerning the
sources, quantities and types of hazardous waste produced within this dynamic sector, any
devised legal /institutional waste controlling system would be rendered poor and
ineffective. The absence of economic incentives for waste reduction (in general), recycling
or production technology updating effectively discourages any investment within this field
to an extent that simple enforcement of environmental legislation can be held as an
impediment to the economic development of the industry. Moreover, with the current
industrial practices and the irregularities observed in waste management on the local and
national levels, the problem of hazardous waste management in Egypt (general and
industrial) is becoming a rather complex issue. To tackle this problem systematically, the
baseline report was formulated to provide a preliminary assessment of the industrial
hazardous waste management situation within the current technical, legal and institutional
framework.

2. Technical Considerations:

Technically, the first issue tackled was to provide a definition or legal term of what
can be considered as 'hazardous'. The current applicable legal definition set by Law 4/1994
instates that hazardous wastes are :

' These wastes arising from the various activities and processes or their respective
ashes (residues) retaining the same hazardous properties and do not have any
subsequent main or alternative uses such as clinical waste arising form medical
activities, waste from the manufacturing or production of any pharmaceuticals or
medications, organic solvents, inks, dyes and paints.'

The above definition is rather very general and complicates the issue of waste versus
product, i.e. if the waste can be recycled or reused in some other way, it is no longer
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considered as a waste. On the other hand, if discrepancies are sighted through the
application of this definition or any other applicable Egyptian definition, the list of
characteristic and technical definitions provided by the Basel Convention of 1989 can
easily compensate for that. Moreover, the ratified agreement can support the local waste
management procedures with its provision of more technical and legal guidelines even on
transboundary waste movement.

Eventhough the technical and legal definitions are made readily available, their
applicability is limited by the extent of knowledge accumulated concerning the industrial
activities and their production procedures. At this point, the information provided by the
General Organization For Industrialization (GOFI), Ministry of Industry, concerning the
various industrial sub-sector was comparatively studied with World Bank Schemes for
waste categorization and activities prioritization. This produced a general classification
scheme of industrial activities indicating the potential hazardous waste categories to be
generated (Tables 2-7). Actual data complied from the industries were reviewed in an
annex within the study (Annex) for further use as an indicator in defining the magnitude of
information requirement.. However, with the gaps in information being thus identified, this
classification scheme finds a value of defining the magnitude of waste control measures
required at individual operational unit within this sector.

3. Legal and Institutional Considerations:

With Law 4/1994 coming into force, the agency can see itself being provided with
a central and coordinating role in environmental protection and resources management,
accordingly. However, a look at the existing institutional and legislative setup indicates
that within the prevailing governmental hierarchy, different levels of executive powers are
ordained to the different line ministries. Thus, if no coordination is previously achieved, a
line of action taken by one ministry is apt to be counteracted or even stopped by another if
its is deemed to crossover the areas of individual sovereignty ordained. Add to this that
since its establishment in 1983, the .EEAA was provided with a marginal role in
environmental matters nationwide. However, as matters progressed, the coming of a State
Ministry for the Environment into force will provide the agency with the much needed
foundations for a greater involvement in environmental protection efforts and the ministry
with a national coordinating alongside other concerned ministries. Yet, to earn their
respective roles, there is a strong need that this national environmental hierarchy should
first concentrate upon the effective build-up of both its technical and regulatory capacities.

CONCLUSION AND RECOMMENDATIONS

Finally, in a developing country as Egypt, the more pressing question is how to
implement an economic reform associated with the planned industrial development without
compromising the environment and the lives of human beings. Eventually, this problem of
industrial hazardous waste in Egypt does not represent only a major threat to the
environment or public health, but in time, will affect the national economy by gradually
degrading Egypt's cultural and natural heritage and. hence tourism, one of the major
sources of national revenue. Thus, when considering the implementation of an integrated
system for hazardous waste control, the primary concern is to compare the future cost of



waste clean up versus the cost of stepwise introduction of waste control measures/
technologies at this industrial base. The planning and implementation of such an integrated
control system should, therefore, require a number of priority actions to ensure its
sustainable operations and optimum performance.

The establishment of a dynamic and integrated information and database for waste
and materials to serve this growing sector is becoming a necessary requirement. The
realization of such a system stems from the need to not only identify wastes generated (in
general) but also to categorize the applied industrial processes and the raw materials used
that would lead to the generation of hazardous wastes. As a long term objective, this
informative system can provide the supportive grounds for future development within the
industrial sector including the introduction of Clean Technology Options. On the short
term basis, the actual survey of industrial activities nationwide will be instrumental in the
application of pilot scale technical solutions for waste management and waste treatment per
priority sectors as well as within priority areas. With respect to the national hazardous
waste management system, the concurrent realization of both the short and long term
initiatives stated above is regarded to provide the necessary foundations and infrastructure
support much needed to sustain this national waste control system.

Two other equally important elements realized by this report is that for the success
of such a national system to be realized, there is a need for a general consensus building
and the increase of awareness levels where hazardous waste is concerned. It could be
stated that the first component is provided for by Law 4/1994, however, what is legally
ordained require a general consensus building from the higher ranking line ministries to the
first level of responsibility at the industry level. This will not only serve in the better
enforcement of the legislative aspects of environmental protection endeavors but will also
open the channels between the industry and authorities to exchange vital information about
the impacts of hazardous wastes generation. Thus, an increase in the level of awareness
can be achieved to ensure the adoption of better waste management procedures locally.
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I able (1). Registered Industrial Establishments Distribution Classified by Location (1990)

Area/ Region

1. Cairo

2. Alexandria

3. Sharkiya

A. Qaluibya

5. Giza

6. Gharbia

7. Dakahliya

8. Damietta

9. Behira

lO.Assuit

ll.Kafr El Sheikh

12.Menia

B.Menoufiya

H.Sohag

15.Port-Said

16.Qena

17.North Sinai

18. Aswan

19.1smailia

20.Fayoum

21.Beni-Swaif

22.Suez

23.Red Sea

24.Marsa Matrouh

25.South Sinai

26.New Valley

Total Number of Industrial

Facilities

6761

1906

1849

1280

1214

1006

739

734

388

283

179

150

138

120

104

95

84

76

65

64

60

56

45

11

5

1

Total 17 413
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Table (2). Waste Categories

Industry

Processes

1) Iron and Steel

2) Lead Production

3) Zinc Production

4) Copper

5) Tin

6) Aluminum

- Metal and Steel Indus>try.

Waste Categories

Wastewater

-spent suli'uric acid
-spent ferrous pickle liquor
(steel pickling)
-alkaline cleaning agents
(metal degreasing)
- spent brightener for
stainless steel
- spent acid strip solution &
spent caustic baths (metal
finishing)
- spent pickle liquor (steel
finishing operate)
Cyanide Aqueous Waste
- untreated rinse water
- spent electroplating
solutions
- heat treatment wastes
spent solutions of cone. &
semi-cone, cyanide
solutions
No waste

-vvastewater from wet
scrubbers and leaching
units, acid plant blovvdown
(mostly with heavy metal
content)
-spent pickle liquor and
sludge
- wastewaters from slag
milling and granulation

- vvastewater from the
emission control process
with heavy metal content
- wastewater with fluoride
content

Sludge

- emission control sludge
(steel prod)
- high lead content
sludge
- metal working grinding
and polishing residues
with heavy metal content

- heavy metal sludge and
solutions with surface
impoundment dredged
solids
- emission control sludge
(smelting)
- heavy metal sludge and
solution and acid plant
blowdovvn

- wastewater treatment
sludge
- acid plant blowdown
and slurry sludge

- heavy metal sludge

- a tar slurry with non-
halogenated solvent
content

Solid

- residues and slag with
heavy metal content from
kilns and furnaces

- residues and slag with
heavy metal content from
kilns and furnaces

- residues and slag with
heavy metal content from
kilns and furnaces

- residues and slag with
heavy metal content from
kilns and furnaces,
scrubbers and scrap
treatment
- residues and slag with
heavy metal content from
kilns and furnaces
- residues and slag with
heavy metal content from
kilns and furnaces,
scrubbers and scrap
treatment
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Table (3). Waste Categories - Chemical Industry.

Industrial

Processes

1) Plastic and Rubber
Production

2) Chlorine
Production

3) Dyes and Dyestuff
Intermediates

4) Adhesive
Manufacture

5) Paint and Ink
formulations

6) Tanneries &
Leather
Manufacturing

Waste Categories

Waste-water

- varnishes blends and
solvents

- brine mud with heavy
metal content (esp. Hg)
with a high pH
- condensation from cell
gas contaminated with Cl

- aqueous solution. With
low cone. Of chlorinated
benzene
- waste stream with
chlorinated hydrocarbons
(!0%Cl content)
-special boiling point
liquor with aliphatic
hydrocarbons, toluene
and methyl ethyl ketones
- a mixture of highly
flammable wastewaters
- paint stripping di-
chloromethane

- white spirits + kerosene
-solutions of
perchloroethylene &
trichloroethylene solvents

Sludge

-slurries of chlorinated
rubber and rubber in
carbon tetrachloride
- heavy metal sludge from
etching solutions
- resin residue (biocide
waste)
- PCB plasticier residues
(plastic processing)
- phenol distillation tars
- lead containing sludge
from diaphragm ceil
production
- wastevvaters treatment
sludge (Hg cell)
- brine purification mud
(Hg cell)
- heavy metal containing
sludge
- tarry residues with
Chlorinated aromatic
hydrocarbons
- phenol decomposition
products/ amine products

- No information

- mixed heavy metal
sludge
Biocide wastes
- coating material residues
-paint & lacquer sludge
- printing ink residues,
resin and paint residues
- tanyard sludge (with
heavy metal content Cr)
- Halogenated Organic
residues
-residues of Propylene
dichloride in admixture
with lime slurry
(propylene oxide and
propylene glycol)
-distillation residues
containing 1-10%
chlorinated hydrocarbons
(ethers & aldehydes)

Solid

- residues with PVC with
or without additives off
cuts
- wastes from machining
of PTFE/graphite
products-
- PVC granules from
processing operations

- asbestos diaphragms

- residues from recovery
process with Hg content

- still residues of
hydrocarbons including
oxidation products

residues from the
production processes with
halogenated content

- no information

- lime contaminated with
Cr and other heavy metal

- leather and hide remains
from the process of
leather preparation
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Cont'tl Table (3). Waste Categories - Chemical Industry.

Industry

Processes

7) Pesticides

8) Pharmaceuticals &
Fine Chemicals

9) Armaments /
explosives/ chemical
synthesis and
manufacture of
matches

Waste Categories

Wastewater

- acidic spent reagents and solutions

- chlorinated hydrocarbons in
admixture with toluene and
dissolved solids (Cl 1%)
- contaminated mixture of

chlorinated solvents
-solvents wastes with small content
of methylene and alkyl chloride
- aqueous. Streams with 0.1% Cl
content and with 40 ppm
chlorinated hydrocarbons
- PCB wastes in the form of heat
transfer fluids
- liquid 70% toluene 67%
chlorophenol (by-products)

Cyanide Wastes
- spent concentrates & semi-
concentrate compounds during
chemical synthesis
- solutions containing spent
reagents nitrating acids from
organic synthesis

Research Wastes
- contaminated chlorinated solvents
- nitrated organic chemical
wastes (explosive)

- wastewater treatment sludge
with a high explosive content

Sludge

- No Information

- heavy metal sludge
from untreated wastes

Solid

- contaminated
containers

- waste
munitions
(explosives)

- TNT, azides
(explosives)
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Table (4). Waste Categories - Refinery and Petrochemical Industry.

Industrial

Process

- Oil Recovery , Cleaning
and Refining

Waste Categories
; , , . , • - . - ' . . • - •

Wastewater | 'Sludge

- spent caustic sludge and , - oily sludge and oily
aqueous caustic soda
solutions
- distillation of aromatic
hydrocarbons, plastic
powder and water
- contaminated fuels come
from the cleaning of oil
tanks and reservoirs

caustic sludge ;
- liquid cyclopentadiene
residues
- still bottoms containing
spent caustic alcohols from
lube oil additive
manufacturing and tar»
emulsion

Table (5). Waste Categories - Manufacturing (Engineering) Industry.

Industrial

Process

Waste Categories

Wastewater
-f-

Sludge

1) Electronics
Manufacturing

r

- quaternaic detergents
- PCBs from scrap capacitors
and_crap_ transformers

"f—

- heavy metal sludge from spent
reagents

2) Battery Production - electrolytic anode sleeves and
sludge
- Cadmium plant leachate residue
pjus Iead_sludge

3) Engineering Industry Organic waste solvents with
kerosene & white spirits with
significantly greater amounts of
chlorinated hydrocarbon solvent
- special boiling point
hydrocarbons and esters
- PCBs hydraulic fluids from
hydraulic equipment
-_compressors_condensjtes

4) Wood Preserving - petroleum fractions of white
_S£iriUyjge_(fJarnmab!;e}

5) Ship buildings and
refitting

toluene , xylene, white spirit,
cellosolves* alcohols and ketones
(flammable)
- Oily wastes : vehicle repairs
shops - used oil wastes
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Table (6). Waste Categories - Textile Industry.

Industrial

Process

1) Textile Manufacturing
h

Waste Categories

Wastewater
-4-

Sludge

- acid waste oils and
halogenated solvents of
perchloroethyiene and
tri£hlo_roethyjene_

- sludge containing zinc
and other heavy metals

2) Dyes and Dyestuff
Intermediates

- -aqueous liquid with low
cone. Of chlorinated
benzene
-waste stream with
chlorinated hydrocarbons
(10% Cl content)

- tarry residues (chlorinated
hydrocarbons)
- still residues with
hydrocarbons including
oxidation products, phenol
decomposition and amine
products

Table (7).. Waste Categories - Food Industry.

Industrial

Process
h-
i

-f-

Waste Categories

Wastewater \ Sludge and Solids
-4-

1) Food Production General - wastewater with high
BOD

- Wastes or spoilt vegetable
oils (discharged with
sewage)

- animal wastes
- fleshing and other boiling
out residues
- trash (usually disposed of
with the municipal wastes)
-esterified oil residues

2) Extractive Industries
(oils, essential oils, etc.)

- solvents containing
hexane and other alcohols
-spent caustic liquid
- inorganic acjds

- t - -
3) Sugar Production - wastewaters with high

BOD and with a chemical
content

- bagasse remains and
brown mud
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Description of Industrial Activities per Area for the Public Sector in Egypt

Data presented herewith are results of a survey conducted by the General Organization for
Industrialization (GOFI) Environmental and Construction Department in 1990 among the
public sector industries. Categorization of industries per type was done according to the
one adopted by the Ministry of Industry and GOFI. Addition information as to the types of
wastes produced was obtained from the World Bank report: the Safe Disposal of
Hazardous Wastes (1989).

I) Area: Greater Cairo {Cairo, parts ofGiza and Qaliubiya)
% of Industrial activities: 55 %

CHEMICAL INDUSTRY

Name of Company T^EeJ?£WE?.i?Generated Quantity

1) AbuZaabal Co. For
Fertilizers & Chemical
Industries (Abu Zaabal)

2) Middle East Co for Paper -
SIMO (Mostorod)

3) Egypt Co. For Wood
Manufacturing (Helwan)

4) El Nasr Co. For Coke and
Chemicals

(El Tibeen)

5) El Nasr Co. For Rubber
Products (Shoubra El Khieraa)

6) National Plastic Co.

(Shoubra El Khiema)

7) General Co for Batteries

(Dar EL Salaam)

8) Egyptian Co. For Leather
Tanning

(El Basateen)

9) Co For Industrial Gases

(Mostorod)

oxygen and acetylene gases

- sludge/ dust containing heavy and toxic
metals (Pb, Cd, Mn a& Cr)
- spent reagents
- Phosphogypskum sludge

- paper/ metal pins/ plastic & wood remains
- special b.p liquid/ white spirits/ effluent
treatment sludge

petroleum fractions of white spirit types/
wastewater treatment sludge

- Carbon oxides/ sulfur oxides/ hydrocarbons
- ammonia still lime sludge/ spent iron oxide
oily sludge/ asbestos lagging materials/ acid
tars/ tar residues reused as kiln fuels

- solid residues/ petroleum hydrocarbons/
slurries of chlorinated rubber in carbon
tetrachloride

- plastic remains recycled / phenol residues/
varnish blends and solvents/ plasticier resin
residues (heavy metal content)/ etching
solutions

-metal fillings
- batteries scrap and rejects
- copper fillings
- lead sludge/ electrolytic anode sleeves

- leather remains and Fibers (dumped in the
desert)/ tanyard sludge/ white spirits
halogenated solvents/ kerosene

- lead sludge/ residues from mercury cell
process/ wastewater treatment sludge/ spent
catalysts

10 m7day

80 tons/year
125 tons/year
90 tons/ year
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Name of Company

10) Paints & Industrial
Chemical Co. (Shoubra EL
Khiema -Hawamdiyah)

11) El Nile Matches Co

(Imbaba)

12) El Nasr Co. For Pens and
Graphite Products

(Madinet Nasr)

Type of Waste Generated Quantity

- paste
- trash (dumped with municipal wastes)
- paint residues and sludge

- sulfur / free silica/ phosphorous remains
(corrosive)/ gelatinous remains vernis
solutions (explosive) / heavy metal treatment
sludge

- lab remains/ industrial wastes (dumped
outside or incinerated) / mixed heavy metal
sludge (ink formulations)

120 tons/year

FOOD INDUSTRY
Name of Company Type of Waste Generated Quantity

1) Egyptian Sugar and Refineries Co.
(Hawamdiyah)

- Sugar/ Molasses/ dry yeast/ alcohol/
essences/ glacial acetic acid

2) Cairo Co. For Oil and Soaps (2 Giza
- 2 Cairo)

- edible oil/ detergents/.and animal
feed

3) El Nile Co. For Oil and Detergents
(Bhateem/ Ghamra/ Hawamdiyah)

- edible oil/ detergents

4) Alexandria Co. For Chocolates and
Confectionery (Bhateem/ Ghamra/
Hawamdiyah)

5) Eastern Tobacco Company

(Giza)

6) Egyptian Co. For Food Products-
BiscoMisr (Al Amiryiah)

7) El Nasr Co. For Carbonated
Beverages (Coca-Cola) (Dokki)

8) Egyptian Co. For Beverages (Pepsi
Cola) (El Haram / Heliopolis)

9) Al Ahram Breweries (Stella)

(Giza)

10) El Nasr Co. For Preserved Foods -
Kaha (El Badrasheen)

11) Misr Co. For Milk and Food
Products (ElAmiriyah)

- pulp and fibers remains/ brown mud/
treatment wastewaters/ alcohol and
hydrocarbon solvent wastes/ special
boiling point solvents

- dust / corn remains (solid)

- spoilt and waste vegetable oils

- alcohol & boiling out residues

- spoilt and waste vegetable oils

-alcohols & boiling out residues

- no information

- tobacco dust

- expired products
- spoilt and waste vegetable oils

- wash water

- broken glass

- wash water

-broken glass

- wash water

- broken glass

fibers and food remains

- spoilt vegetable oils
- rancid products
-sludge with Ni content

200 tons/year
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Type of Waste Generated

12) Egyptian Co for Starch and
Glucose (Torrah/ Shoubra El Khiema)

-starch, glucose, sulfonated liq
detergents • •

- alcohol and hydrocarbon solutions

TEXTILE INDUSTRY
Name of Company Type of Waste Generated Quantity

1) Misr Helwan Co. For Spin &
Weaving (Helwan)

2) ESCO Textiles (Shoubra El
Khiema)

3) Egyptian Co for Spin & Wool
Weaving - WOOLTEX (Shoubra
El Khiema)

4) El Nasr Co. For Spin &
Weaving and Tricots - Shourbaghi
(Imbaba)

5) Cairo Co. For Clothing and
Tricots - TRICONNA (Fum EL
Khalig/ Abbasisa)

6) Cairo Co. For Dying and
Preparations (Shoubra El Khiema)

7) Cairo Co For Silk Textiles
(Shoubra El Khiema)

8) Misr Co For Spinning &
Weaving Machinery (Helwan)

9) General Co For Jute Products
(Shoubra El Khiema)

ENGINEERING INDUSTRY

- Fibers/ halogenated solvents/ acid waste
oils/ zinc and heavy metal sludge

- Fibers/ halogenated solvents/ acid waste
oils / zinc and heavy metal sludge

- Fibers/ halogenated solvents/ acid waste
oils/ zinc, and heavy metal sludge

- Fibers/ halogenated solvents/ acid waste
oils / zinc and heavy metal sludge

- Fibers/ halogenated solvents/ acid waste
oils/ zinc and heavy metal sludge

- tarry residues and aqueous wastes with
chlorinated hydrocarbons

- Fibers/ halogenated solvents/ acid waste
oils/ zinc and heavy metal sludge

- Fibers/ halogenated solvents/ acid waste
oils/ zinc and heavy metal sludge / oily
sludge for metal treatment

- Fibers/ halogenated solvents/ acid waste
oils/ zinc and heavy metal sludge

Name of Company

1) El Nasr Car Company

(Wadi Houf- Helwan)

2) El Delta Industrials (Refig and
Metal Prods) (Almaza/ Madinet
Nasr/ Shoubra El Khiema)

3) Egyptian Co for Electrical
Cables (Mostorod)

4) Arab Co For Radio and
Transistors (El Haram / El
Talbiyah)

• metal fillings
• metal rejects
- other metal remains (all are resold)

• oily sludge from surface treatment

• metal rejects and filings

•plasticremains/metal filings
• etching solutions form plastics plating

• metal rejects
• wood remains
• spent reagents and ammoniacal etchants

1251 tons/year
2180 tons/year
97 tons/ year
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Name of Company Type of Waste Generated Quantity

5) El Nasr TV Co. (Dar El Salaam)

6) General Co For Railroads
Requirements - SEMAF (Helwan)

7) Egyptian Co. For Light Weight
Transport. (Wadi Houf7 Giza)

8) Egyptian Co for Mechanical
Industries. (Mostorod/ Shoubra El
Khiema)

9) Engineering Projects Co-
Steelco (2 Helwan/ 3 Cairo)

10) Egyptian Co. For Metal
Construction - Metalco (Shoubra
El Mazalaat)

11) Co. For industrial Fixtures and
Services (Madinet Nasr)

12) Cairo Co. For Metal Products
(Shoubra El Khiema/ Imbaba/
Ghamra)

13) El Nasr Co. For Engineering
and Refrigeration (Giza)

14) Co. For Manufacturing
Suspension and Transport Vehicles
(Al Amiriyah)

15) El Nasr Co for Steam Boilers
(Giza)

16) Misr Co for Engineering &
Refrigeration (Mostorod/ Shoubra
El Khiema)

- spent ammoniacal etchants

- spent reagents

- metal body parts

-Special b.p. solvents and hydraulic fluids
- metal rejects/ petroleum hydrocarbons/
solid residues
- wastewaters with Ni and Cr content

- heavy metal sludge

- iron remains (resold)
- zinc dust

- scrape and iron remains

no information

- metal rejects and filings

- metal rejects / sludge /rejected casting

- metal rejects/ sludge

- no information

- metal remains and rejected castings

1076 t/year

400 tons/year
150 tons/ year

1421 tons/year

METAL INDUSTRY

1) Egyptian Iron and Steel Co.
(Helwan)

2) El Nasr Co. For Steel Pipes
(Helwan)

Type of Waste Generated
- kin residues (sold to cement Ind.)
- filter residues
- transformer residues
- spent reagents / cone, acids/ brighteners
and pickle liquor/ heat treatment wastes (CN
content)/ alkaline cleaning agents

- drilling and cutting emulsions
- metal rejects and filings

Quantity
8529 tons/year

63117 tons/year
198014 tons/year

3) General Metals Co.(Helwan) - dust containing lead oxides
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Name of Company Type of Waste Generated Quantity

4) El Delta Steel Mill

(Abu Zabaal)

5) National Metal Industries

(Shoubra EL Khiema)

6) El Nasr Co For Dyecasting
(El Tibeen)

7) El Nasr Co. For Castings

(Imbaba/ Giza)

METALLURGY INDUSTRY

- kiln residues with heavy metal oxides (Pb,
Mn, Cd,Cr) .
- spent reagents / cone, acids/ brighteners
and pickle liquor
- heat treatment wastes (CN content)
- alkaline cleaning agents
- grinding and polishing residues
- heavy metal sludge
- drilling and cutting emulsions

- steel filing
- grinding and polishing residues
- drilling and cutting emulsions

- steel filing
- grinding and polishing residues
- drilling and cutting emulsions

1500t/year

Type of Waste Generated

1) General Co. For China and
Ceramics(Mostorod)

2) El Nasr Co. For Refractories
(Mostorod / EL Saaf)

3) Egyptian Refectories Co
.(Helwan)

4) El Nasr Co for Glass and X'tal
Manufacturing (Mostorod/ Shoubra
EL Khiema)

5) Sinai Co for Manganese

6) Misr Co for Phosphates

- ceramic rejects
- sludge with Pb content

- glass rejects
- sludge with Pb content

- refract remains recycled
- sludge with Pb content

- glass remains- rejects
- sludge with heavy and toxic metals (Pb,
Cd, Cr and Mn) content

- raw materials rejects
- glass remains

- ore remains

1490 tons/year

II) Area; Alexandria Metropolitan Area

CHEMICAL INDUSTRY

% of Industrial activities: 25-30 %

Name of Company
1) Egyptian Co. For Timber
Manufacturing (WOODCO)

2) National Plastic
Company (El Kabarry)

J[ygej>£ Waste Generated
- organic wood preservatives/ petroleum fractions
of white spirit type/ wastewaters treatment sludge

- plastic remains recycled
-dust containing heavy and toxic metals (Pb, Cr,
Mn and Cd)
- phenol residues / varnish blend and solvent/
plasticier resin residues (heavy metal content) /
etching solutions

luantity

21 ton/ year
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Name of Company Type of Waste Generated Quantity

3) Industrial Gases
Company (3 factories)

4) Paints & Chemicals

Industry Co.

5) Nile Matches Co.

(2 factories)

6)Abu Qier Of. For
Fertilizers and Chemical
Industries

17) General Co for Paper
(Rakta)

8) Moharam Bey Industrial
Printers - 2 factories

9) National Co. For Paper

2 factories

10) Verta Company for
Paper Industrialization (2
factories)

11) Misr Chemical Industry

12) Transport •&
Engineering Co.

13) Egyptian Co for Plastics
and Electrical Products

14) El Nasr Co. For Tanning
Leather

- lead containing sludge/ residues from Hg cell
process/ wastewater treatment sludge/ spent
catalyst

- paste / trash 120 ton / year
- paint residues and sludge
- sulfur/ free silica/ phosphorous remains/
gelatinous/ remains and vernis solutions(explosive)
- treatment sludge with heavy metal content

- urea dust 2.7 ton/ day
- dust with heavy metal content/ Phosphogypskum
sludge/ spent reagents

- metal remains 4380 tons/year
- free silica 1095 tons/year
- chlorine vapors & dust/ paper remains/ special bp
solutions/ white spirit/ effluent treatment sludge

- paper remains 4500 tons/ year
- metal pins/ plastic & wood remains
- special bp sols/ effluent treatment sludge/ ink
residues/ sludge with heavy metal content

- sludge / free silica 350 tons/year
- dust/ paper remains
- special bp solutions/ effluent treatment sludge

- paper/ plastic remains 600 tons/ year
- evaporating solvents and chromic acid vapors/
- slurry tar residues with halogen content

- coke (fine) 31261/ year
- limestone dust 61132 t/year
-asbestos diaphragms/ lead sludge/ residues from
Hg cell/ spent catalyst
- wastewater treatment sludge

-Remains from car workshop 8710 t/year
- other related products
- metal remains/ petroleum hydrocarbon residues

- plastics PVC granules/ Styrofoam 488 Xl year
- lead particles & sludge/ etching sols/ gases form
PVC production/ metal filings/ plasticiers
residues/ varnish blends and solvents

- ammonia and leather remains & dust 480 t/year
- sulfur gases/ special bp sols with aliphatic
hydrocarbons/ tanyard sludge (Cr content) / white
spirit & kerosene

FOOD INDUSTRY
Name of Company Type of Waste Generated Quantity

1) Alexandria Co. For Chocolates and - no information
Confectionery (2 factories)

2)Eastern Tobacco Company -2 factories - tobacco dust
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Name of Company Type of Waste Generated Quantity

3) Egyptian Co. For Food Products-
BiscoMisr - 2 factories

4) El Nasr Co. For Carbonated Beverages
(Coca-Cola)

5) Egyptian Co. For Beverages (Pepsi
Cola) - 2 factories

6) AI Ahram Breweries (Stella)

7) El Nasr Co. For Preserved Foods -
Kaha - 2 factories

8) Misr C&. For Milk and Food Products

9) Egyptian Salt and Soda Co

2 factories

10) Alexandria Co. For Oil and Soaps - 4
factories

11) General Co. For Oil Extracts- 5
factories

12) Edfina Co. For Preserved Foods - 4
factories

13)Egyptian Co. For Starch, Yeast and
Cleansing Agents -3 factories

- expired products
- spoilt and waste vegetable oils

- wash water

- broken glass

- wash water

-broken glass

- wash water

- broken glass

fibers and food remains / trash

- expired/ rancid products/ spoilt and
waste vegetable oils/ waste sludge
with Ni content

- plastic
- white spirit residue
- metal filings
- spent catalyst Ni

- spoilt and wasted vegetable oils
sludge with Ni content

- spoilt and wasted vegetable oils
- sludge with Ni content

- fibers and food remains / trash/
expired products

- special bp solutions with alcohol
content

107 t/ year
270 t/year

387 t/y
15 t/y

TEXTILE INDUSTRY
Name of Company

1) Arab Co. For Spin & Weaving

2) Ef Nasr Co. For Excellent Wools -
STIYA - 3 factories

3) Al Ahliya Spinning and Weaving
Co - 2 factories

4)E1 Sharkiyah For Linen and Cotton
Textiles - 3 factories

5) Arab Co. For Textiles and Carpets -
3 factories

6) Alexandria Co for Spin and
Weaving - 3 factories

Generated
- metal filings

- Fibers/ halogenated solvents/ acid
waste oils/ zinc and heavy metal sludge

-same as in#1
- woolen fibers and remains

- same as in #1

- plastic remains
- same as in # 1

- fibers / halogenated solvents / mixed
metal sludge/ zinc and heavy metal
sludge

- fibers / halogenated solvents / mixed
metal sludge/ zinc and heavy metal
sludge

^Quantity
11 t/year

77



Name of Company Type of Waste Generated Quantity

7) E! Nasr Co for Clothing and
Textiles - KABO

8) Modern Textiles Co- 3 factories

9) Ei Seyouf Co for Spin and Weaving
- 4 factories

-same as in#1

- fibers / halogenated solvents / mixed
metal sludge/ zinc and heavy metal
sludge

- same as in # 1

ENGINEERING INDUSTRY
Same of Company (District) Type of Waste Generated

1) Alexandria Arsenal Company

- Ship building

2) El Nasr Co for Electrical and Electronic
Equipment- Philips

3) Alexandria Co for Metal Products -

5 sites

METAL INDUSTRY

- used engine oils
- scrap metals/ hydrocarbon solvents/
white spirit

- PCB waste in transistors/ glass
waste and rejects / etching solutions
from plastic plating

-metal sludge with CN content

metal filings and rejects

Quantity

Name of Company Type of Waste Generated Quantity

1) Egyptian Cooper Factory

2) El Nasr Co. For Dye Casting

3)Alexandria Iron and steel Company

- acid plant blowdown slurry
- sludge / waste water treatment sludge
- spent pickle liquor
- tar slurry

- mixed metal sludge
- rejects castings

no information

MINING & REFRACTORY INDUSTRY
Name of Company _ _ Tygeof Waste Generated

1) El Nasr Co. For Refractories

2) Egyptian Co. For Refractories

3) El Nasr Salt Co. - 3 factories

4) El Nasr Co for Glass and X'tal
Manufacturing

- mixed heavy metal sludge/ ceramic
rejects
- sludge with Pb content

- glass rejects and refract remains/
plastic remains
- sludge with mixed heavy metal content

- salt (recycled)

- glass remains- rejects
- sludge with heavy and toxic metals
(Pb, Cd, Cr and Mn) content

7500 tons/year
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Ill) Area: Remainder of 26 Governorates % of Industrial activities: 20 %

CHEMICAL INDUSTRY
Name of Company Generated

1) Dying Materials and
Chemicals Company -Beherah

organic dyes and material, photo-
radiant, detergents and pesticides

2) El Nasr Co for Fertilizers and
Chemical Industries (Talkha-
Dakahliya/ Suez)

3) Egyptian Financial and
Industrial Co (Kafr El Zayat /
Beherah)

4) Paper Manufacturing Co -
Verta(Kafr El Zayat)

5) El Nasr Co for Rubber
Products (NAROBEEM)
(Gharbiyah)

6) Tanta Co for Linen and Oils
(Gharbiyah)

7) Kafr El Zayat Co for Pesticides
and Chemicals (Kafir El Zayat)

8) Egyptian Industrialized
Chemical Co. KIMA- (Aswan)

9) Industrialized Gases Co. (2
Aswan- Suez)

FOOD INDUSTRY

- Calcium salts (Carbonate and Sulfate)
-gases -
special bp solvents/ spent reagents/ tarry
residues and solutions of chlorinated
halogens

- urea dust and Nitrogen oxides emitted
- ammonia sludge/ spent activated carbon
wastes/ Phosphogypskum sludge

- Phosphogypskum sludge/ spent activated
carbons wastes/ spent reagents

- paper & plastic remains
-wood remains/ special bp solutions/
effluent treatment sludge/ kerosene and
white spirits

- solid residues/ petroleum hydrocarbons/
slurries of chlorinated rubber in carbon
tetrachloride

- linen remains
- waste oils

- spent reagents / Phosphogypskum sludge

- waste ammonia water/ spent nitrating
acid/ tars containing polymerized
hydrocarbons

- lead sludge/ residues from mercury cell
process/ wastewater treatment sludge/ spent
catalysts

Quantity

88.8Vyear
57 mil m3/ year

600 t/year

15665 t/year

1) Extracted Oils and By-
Products Co. (Damanhour)

2) Tanta Co. For Oil and Soaps
(2 Benha - El Mahala)

3) Edfina Co for Preserved
Foods (Damietta/ Port Said)

4) El Nasr Co For Preserved
Foods KAHA (2 Beherah/ 2
Sharkiyah)

_ IlPJ °f Waste Generated Quantify _
- Soya bean remains 250 tons/year
- spoilt and waste vegetable oils

- spoilt and waste vegetable oils
- alcohol & boiling out residues
- sludge with Ni content

- metal remains (Sn, Cu, Al) resold 7690 t/year
- paper waste / plastic/ scrap/jute remains
resold
- fish nd agricultural produce remains
(dumped with MW)
- same as # 3
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Name of Company Type of Waste Generated Quantity

5) Alexandria Co. For Oil and Soap
(Kafr El Shiekh/ Kafr El Zayat)

6) Misr Co. For Milk and Food Products
(Dakahliyah/ Damietta/ Aswan/ Ismailia)

7) Misr Co. For Oil and Soap (3
Dakahliyah/ Sharkiyah/ Damietta)

8) El Nasr Co. For Carbonated
Beverages (Coca-Cola) (2 Dakahliyah/
Sharkiyah/ Gharbiyah)

9) Al Ahram Breweries (Stella) (2
Sharkiyah)

10) Egyptian Slat and Soda Co. (Kafr El
Zayat)

11) Eastern Tobacco Company (2 Tanta) - tobacco dust

- esterified oils

-same as in # 2

-sludge with Ni content

-rancid products

-same as # 2

- wash water
- broken glass

- wash water
- broken glass

same as # 2

12) Egyptian Sugar and Refineries Co.
(10 factories mostly Upper Egypt)

- brown mud/ alcohol solutions/
boiling out solutions/ sludge with
heavy metal content

TEXTILE INDUSTRY
Name of Company (District) Type of Waste Generated Quantity

1) Misr Co. For Spin & Weaving
(Gharbiyah)

2) Arab Co For Carpets and Textiles (3
Damanhour)

3) Misr El Bidah Co for Dying (Kafr
El Dawar)

4) Misr Co For Synthetic Silk
(Misrayon) (Kafr El Dawar)

5) Misr Co for Spin and Fine Weaving
(Kafr E! Dawar)

6) El Nasr Co Spinning and Weaving
(Kafr El Sheik/ Mahala)

7) Misr Shibeen El Kom Spin and
Weaving (Shebeen El Kom)

8) El Delta for Spin and Fine Weaving
(Damietta/ 2 Gharbiyah)

9) El Dakahliyah Spin and Weaving
Co (4 factories)

- Fibers remains
- trash (used as fuel)/ waste treat residue/
Zinc and heavy metal sludge/ acid waste
oils/ halogenated solvents

10934 t/year

- wool fibers / dust
-trash and same as #1

- cotton and wool fibers/
- metal scrap / dust and trash/ same as in
#1

-fibers textile remains
- sludge/ sulfates and trash/ same as in #1

- Fibers and textile remains

- Fibers and textile remains

- Fibers and textile remains

- Fibers and textile remains
-sameas in#1

- Fibers and textile remains
-sameas in#1

686 f year

882 t/year

3523 t/year

5845 t/year

1184 t/year

2502 t/year

2977 t/year

2687 t/year
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ABSTRACT:

With the phase out of alkyl lead compounds as necessary additives for gasoline in order to raise its

octane number, the alternative is to reformulate gasoline to have nearly same octane number but with other

chemical structures . Such reformulated gasoline (RFG) is found to contain higher ardmatics, benzene,

isoparafSns, in comparison to leaded gasoline. Additionaly, this reformulated gasoline can also contain

oxygenated additives. Accordingly, this paper is aiming at evaluation of emitted hazardous chemical

compounds from car engines at fuel combustion.

Role of chemical structures for reformulated gasoline in emission of volatile organic

compounds(VOC) and poisining materials are considered.

Key Words: Alkyl Lead, Octane Number, Reformulated Gasoline, Oxygenated,

Volatile Organic Compounds

INTRODUCTION

Gasoline is a fuel for spark-ignited internal combustion engines. Generally, gasoline is contained
hydrocarbons with widely different chemical structures and volatility. According to current trends in refiners
there are different gasolines available in the markets and may have different performances and exhaust
emission, which are affected by used engines .

In the worldwide refining industry, today, there are two important trends which are greatly affecting
gasoline chemical and performance characteristics:

1. Refiners are working hard in order to convert every drop oi crude oils, as received at the
refiners, into valuable and usefuel products. Consequently, most refiners are now equipped with
different conversion units, e.g. thermal cracking, catalytic cracking, hydrocracking, cocking,

reforming, hydrofinishing, hydrotreating etc (1&2)X.

2. Refiners are pushing to increase quantities of unleaded gasolines on account of leaded gasolines,
Environmental regulations in many countries are restricting the use of leaded gasolines.

x Numbers in parentheses designated references at end of paper
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Unleaded gasolines can be rich in some hydrocarbon components, basically aromatics and
isoparafSns^ "* ).

Factors affect gasoline composition and consequently its exhaust emission are the following ones (1-7):

- Type of refined crude(s), e.g. paraffinic, asphaltenic, or mixed crudes.
- Applied refining and conversion technique(s)
- Ratio of different hydrocarbons in the gasoline blend, e.g. aromatics, naphthens,
paraffins, olefins, diolefins, aromatic-olefins...etc.

- Presence of traces of non-hydrocarbon polar components in the gasoline blend, e.g.
sulphur, nitrogen and oxygen compounds.

Most published works concerning gasoline compositions and their impact on exhaust emission
agreed on restricting gasoline compositions only on the following components and at such percentages (1-7

- Paraffins, mainly branched chain alkylates, at percentage of 60-70% volume.
- Aromatics, mainly alkyl benzenes, at percentage of 25 - 40% volume. The Clean Air
Act in USA restricts aromatics and benzene (Cg Hg) in gasoline by only 25% and
1% volume respectively (6)

- Unsaturates and polar groups, can be variable, but in refiners equipped with
hydrogenation treating units such components are usually not more than 5% volume
(2&4).

The differences in exhaust emission due to variation in gasoline compositions, can be showed with the
following features:

- Gasoline consumption rate
- Gasoline thermal and oxidative stability
-Emission gases, e.g. CO, NOX, noncombustionhydrocarbons... etc.
- Emission of vo latile organic compounds (VOC)
- Startability problems , not only early in the morning but can also be all over the day
- Driveability problems

The aim of this paper is to compare leaded with unleaded gasoline concerning their hydrocarbon
components and their tendency to form different exhaust emissions.

OCTANE NUMBER REQUIREMENTS AND UNLEADED GASOLINES

Octane number is a measure for gasoline knocking characteristic in spark-ignition engine. All types of
new designed engines requested the increase in their compression ratios by the aim to improve their
performance, power, speed, ..etc. It is a general role that the higher the engine comperession ratio, the higher
the octane number requirement in gasoline.

Since 1921 tetraethyl lead (TEL) is incorporated in gasolines to increase their octane numbers. Due to the
developments in engines TEL is increased in gasoluines from 0.1 ml/ liter in 1921 to reach about 0.6 ml/ liter
in 1970. In some countries TEL percentage reached up to 0.9 ml/liter.

With the concern to reduce emission of pollutants from engine the Envirobmental Protection Agency
(EPA) in USA issued many regulations and lows to reduce or restrict such emission.

Simultaneously a device is developed to reduce emission of carbon monoxide (CO), nitrogen oxides
(NOx) and noncombustion hydrocarbons. This device is working on catalytic conversion for these
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pollutants, and accordingly it's commercial name is catalytic converter. Catalytic converter can achieve the
following reduction:

- CO, to reduce by 96%.
- Non combustion hydrocarbons, to reduce by 96%.
- NOx, to reduce by 76%

In using of catalytic converters in med-seventies, leaded gasoline has resulted in catalytic poising under
the effect of lead. Therefore, EPA in 1 st January 1978 took regulations to reduce TEL in gasolins, so lead
can be lower than 0.2 ml/ liter and then to reduce to 0.1 ml/liter in 1985, and to 0.05 ml/ liter in 1986, and
finally to phase it out in 1988. USA is restricted for such reduction in TEL and then for phasing out. Japan
also is producing all it's gasoline as unleaded.

To meet high octane number requirements in unleaded gasolines, it is essential to increase their content
from aromatics and isoparafSns components.Additionaly, some oxygenated compounds (ethers,
alcohols,...etc) can be added to get unleaded gasolines with high octane numbers.

REACTIVITY OF HYDROCARBON COMPONENTS ON HAZARDOUS EMISSION

Reactivity of gasoline components on hazardous emission can be ordered as shown in Figure 1.

Hazardous Emission

High Reactivity
- Diolefins
- Aromatic Olefins
- Olefins
- Aromatics
- Iso-Paraffins
- Naphathenes
-Paraffins

Low Reactivity

Fig l : Reactivity of Gasoline Chemical Components on Deposits Formation

It is possible to explain such gradual decrease in reactivity of these components in hazardous
emission according to the following:

- Diolefins. are considered as the highly reactive components. Presence of more than one double bond in the
diolefins facilitate their reaction reactivity and can leed to formation of deposits and hazardous emission.
Conjugated dienes are classified as very reactive components, e.g. 3 pentadiene [CH2=C (CH3 ) - CH =
CH2] and 1,3 butadiene (CH2 = CH -CH= CH2), especialy in presence of other olefins (4).

As a general trend in refiners, it is necessary to eliminate most unsaturates from gasoline compositions via
hydrogenation processes. But such trend is not always possible to be implemented.

- Aromatic-otefins and mono-olefins, mono-olefins are coming in their reactivity after diotefins, but
aromatic-olefins, due to their chemical configuration, are more reactive than simple olefins. All these olefins
must be treated via hydrogenation in order to convert them to saturates.

By the aim of comparison, Table (I) includes percentages of olefins in both leaded and unleaded
gasolines in some selected countries and regions . Accordingly, it is difficult to generalize the current trends
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in changing from leaded to unleaded gasolines, i.e. to increase or to reduce the contents of olefins in
gasolines. It is quite clear that olefins contents are highly depending on the applied refining and treating
units, e.g. distillation, reforming, isomerization, ....etc. Percentages of blended components in gasolines are
also playing a major role. But in most countries, olefins content is carefully considered in order to inhibit
their reactivity in hazardous emission.

- Aromatics, aromatic compounds in gasolines are presented in different percentages, mostly asalkyl
benzenes. Table (2) shows the percentages of aromatics in both leaded and unleaded gasolines in some
selected countries and regions. These figures show that most unleaded gasolines contain higher percentages
of aromatics in order to achieve their high octane numbers requirements.

Combustion of aromatic compounds give exhaust emission full with volatile organic compounds
(VOC), which are with carcinogenic effects. Such conclusion is pushing from the environmental point of
view to reduce aromatics content in gasoline, especially aromatics with high boiling points. But low
aromatics content requires the using of oxygenated additives in order to get gasolines with high octane
numbers. USA restriction on aromatics content in gasolines by maximum of 25% volume is not yet
achieved in most European Countries.

With regard to benzene (C5 Hg) content in gasolines, also USA restriction of 1% volume benzene
maximum is not yet applied in the European Countries. Table 3 includes benzene contents in both leaded
and unleaded gasolines in some selected countries and regions.

- Iso-paraffins., Iso-paraffins can be with lower oxidation stability than n-paraffins according to their degree
of branching . But generally, iso-paraffins are more stable than aromatics and olefins.The trend worldwide is
to increase iso-paraffins contents in unleaded gasolines through reformate units.

- Naphthens and paraffins, are classified as the lowest reactive components in gasolines and can be
accepted without restriction limits. These compounds have little impact on deposits formation and
simultaneously their environmental problems are relatively limited. On other words, they are considered as
environmentally friendly and acceptable components.

The polar groups ( sulphur, nitrogen and oxygen compounds) are considered as highly reactive in deposits
formation. The natural affinity of these compounds towards metals, (especialy hot metal surfaces) are
catalysing the hazardous emission.

TRENDS TO REDUCE COMPONENTS WITH HAZARDOUS EMISSION

According to the previous reactivity classification of different hydrocarbon components in gasoline
blends, the general trends in refiners, worldwide, are to work, as can as possible, to achieve the following:

- Increase total paraffins, mainly branched alkylates
- Enhance presence of isoparaffins
- Reduce aromatics
- Eliminate all polar groups
- Reduce unsaturates, as low as possible

In addition to these refiners trends, there is also worldwide acceptance for the following two
concepts (1-7):

Reducing unsaturates and polar components improve gasolines stability and reduce their tendency
for hazardous emission.

Reducing aromatic contents, especially high boiling point aromatics, can also give gasolines with
lower tendencv for hazardous emission.
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Table 1 : Olefins Contents in Leaded and Unleaded Gasolines in Some
Selected

Country

France

Germany

UK

Italy

Egypt

Benelux (x)

Mid-Europe

Nordic Countries

Countries and Regions ( 1994) (8).

Leaded Gasolines
% vol.

1-26

2-12

1-23

4-16

0-2

4-14

1-17

0-12

Unleaded Gasolines
% vol.

1-24

3-10

0-15

2-17

0-3

1-16

1-11

1-14

(x) Benelux : Belgium, Netheriand ( Holland) and Luxembourg

Table 2 : Aromatics Contents in Leaded and Unleaded Gasolines in Some
Selected Countries and Regions ri994W8)

Country

France

Germany

UK

Italy

Egypt

Benelux (x)

Mid -Europe

Nordic Countries

(x) Benelux : Belgium, Netheriand (Holland) and Luxembourg
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Leaded gasoline
% Vol.

22-46

31-47

16-34

32-45

10-49

24-43

32-45

34-49

Unleaded gasoline
% Vol.

31-54

84-51

22-46

19-40

46-56

31-50

30-48

25-40



GASOLINE ADDITIVES

Historically the development of fuels additives started in year 1921, as listed in Table 4. To achieve engine
cleanliness, it is necessary to use detergent-dispersant additives. These additives are usually termed by the
expression deposits control additives.

According to the US Interim requirements for deposit control additives, which is effective since 1 §£
January 1995, it is a must that (9):

- All gasolines must contain deposits control additives, at concentration equal to or
more than the minimum recommended with the additives manufactures.

- To test fuels typical of in-use fuels, especially in deposits formation tendency.
- To cahberate all injectors at least quarterly.
- To document all gasoline transfers and status of additization.
- To maintain all documents for at least five years .
- To support minimum additive recommendation by testing via engine procedures.
- Potential fines are as high as 25 thousand US dollars per day for gasoline producers

or blenders failing to add sufficient deposits control additives.

The most common types of detergent additives are: alkanol amines, amido amines, imidozalines,
orthophosphates....etc. With regard to dispersent additives the well know types are: polyether amines,
polybutene amines, polybutene succinimides, alkyl succinimides, hydroxyl polyamino carbomates, ....etc.
The concept of using detergent-dispersant additives is that clean engine gives clean environment.

Table (3): Benzene Contents in Leaded and Unleaded Gasolines in Some Selected

Country

France

Germany

UK

Italy

Egypt

Benelux (x).

Mid - Europe

Nordic Countries

Countries and Regions (1994)-(8)

Leaded sasoline
% Vol.

0.3-4

0.5 -4.3

0.5-2.7

0.8-2.5

1.5-3

0.6-4.7

1.5-4.2

0.4-4.3

Unleaded gasoline
% Vol.

0.2 - 4.3

0.7-4.6

0.4-3.9

0.6-2.7

1.5-4

0.8-2.8

0.6-4.2

0.9-3.5

(x) Benelux : Belgium, Netherland ( Holland) and Luxembourg
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Table (4): Historical Development and Marketing of Gasoline Additives

Year

1923

1926

1928

1930

1939

1946

1950

1953-1954

1959

1965

1969

1970

1977

1979

1980

1982

Additives

Lead Antiknock

Dyes

Scavengers

Antioxidants

Metal Deactivators

Corrosion Inhibirors

Enticing

Detergents

Manganese Antiknock

Demulsifiers

Tertiary Butyl Alcohol

Detergents/Dispersants

Ethanol

Methyl Tertiary Butyl Ether

Unleaded Deposits Control

Flow Improvers

VOLATILE ORGANIC COMPOUNDS (VOC)

Definition of VOC is the following :

Organic copmound that contribute to ground level ozone formation. VOC include toxic comounds,
oxygenated organic compounds and all volatile hydrocarbons, except ethane and methane.

VOC are classified as carcogenic and hazardous wastes, and must be reduced in engine exhaust
emission, as much as possible.

Sources of emission for VOC are listed in Table (5). VOC chemical components are listed in Table
(6). VOC increase with the increasing of reactive components, i.e. aromatics and benzene. Reducing of
vapour pressure (i.e. decreasing percentage of volatile compounds) also leads to reduction in VOC.

Table 5: Sources of Emission for VOC

Exhaust Emission
Evaporation

Running loss
Refueling

37
28

32
3

"Too"

60
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Table 6 : VOC Chemical Compostion

WT.%
- Benzene (Cg H g) 72.5
-Formaldehyde 11.4
-Acetaldhyde 8.1
- 1,3 Butadiene 5.1
- Polycyclic Organic Compounds 2.9

100.0

CONCLUSIONS

This paper is discussing the reactivity of different hydrocarbon components, as existed in different
gasolines, in hazardous emission . According to given data and results, it seems possible to conclude with
the following:

- In spite that most refiners are expanding their production from unleaded gasolines, but still
refiners are not capable to reduce content of reactive groups in composition of these gasolines
towards hazardous emission.

- According to gained experience, addition of detergent dispersant additives is a must. Deposits
formation in different engines parts can lead to many disadvantages and problems in engine
operation, driveability, maintenance, and hazardous emission.

- The requirement of reduction in aromatics and unsaturates in unleaded gasolines, either to
protect environment or reduce deposits must be balanced by oxygenated additives.

- Reduction of VOC must be carefully considered.
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ABSTRACT

The perception of the sustainable development concept is quite different in countries
with a different level of development. Rather limited resources allocated for envi-
ronmental problems in developing countries should be used in the most pragmatic
way. Setting up and operating two separate national systems for management of r -
dioactive and hazardous waste is not the best example to be followed by developing
countries with relatively small quantities of radio active and hazardous wastes. This
paper reviews existing practice of radioactive and hazardous waste management in
Croatia and discusses advantages of joint waste management system.

Key Words: Waste Management System/Radioactive Waste/Hazardous Waste

INTRODUCTION

The Republic of Croatia proclaimed its independence in 1991.^Country is currently undergoing sig-
nificant political and economic changes. Political priorities put the emphasis on the development of
democracy, privatization, social welfare and a market oriented economy. During the 1991-1994 period
Croatia went through a period of war and aggression. The war-related events contributed to the present
economic crisis. Structural problems (overcapacity in industry and processing, excessive protection
and support given to the inefficient state enterprises, and inadequate incentives for the private sector)
contributed to a fall of GNP (25%) and industrial production (50%) during 1990 1993 period. In
1995 per capita GNP rose to US$ 3.604, and the annual inflation rate has since been rather low (4-
6%). The privatization process is a critical component of the Croatian economic transition.

Countries choosing sustainable development as a model of growth are founding their economic de-
velopment plans on the principles of rational use of non-renewable natural resources and environ-
mental protection. This requires essential changes towards waste generation and management. Fur-
thermore, sustainable development as a concept imposes the need for co-operation among all social
factors. This is in particular pronounced for environmental protection where interaction between in-
dustry, infrastructure, service companies and trade businesses is needed in order to balance opposite
economic forces.

However, the perception of the sustainable development, particularly regarding protection of envi-
ronment through better waste management, is different in countries with different overall economy
levels. Eg. priority given to environmental problems in developing counties is often not very high as
compared to many other more pressing needs. Therefore, rather limited resources allocated for envi-
ronmental problems in developing countries and countries in transition should not be used for simple
importing of ideas and technologies but efficiently, respecting local circumstances and in the most
pragmatic way.
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This paper will review practice of radioactive and hazardous waste management in Croatia. It pres-
ents key problems and points out main technologies used for waste disposal. Optimization in estab-
lishing and operating waste management systems in Croatia in support of sustainable development
concept, can be of some interest to small countries which produce relatively small quantities of both
types of wastes and have restricted resources at their disposal. In the first part of the paper, types and
quantities of wastes produced and present status of waste management in Croatia are presented. In the
second part joint radioactive and hazardous waste management approach and plans for the future are
discussed.

THE CROATIAN WASTE MANAGEMENT SYSTEM

Industry is the primary economic activity in Croatia, followed by agriculture, forestry and tourism.
Metal, chemical, textile, food, wood and shipbuilding are respectively the most important branches of
the industry. Croatia produces some 2 million tons of oil .annually and processes approx. 6 million
tons. In 1997 HEP national electricity company produced 12,7 GWh of electricity in hydro and ther-
mal power plants.

A) Radioactive Waste Management
Croatia has no nuclear power plant on its territory, and surel

Nevertheless, Croatia must handle and dispose of considerable quantities of radioactive waste. Al-
though there is no NPP on the territory of Croatia itself, as a part of the former Yugoslavia, Croatia
financed with the Republic of Slovenia, the construction of the Krsko NPP, a 600 MW PWR plant in
operation since 1982. Krsko NPP is sited near the Croatian-Slovenian border, in Slovenia, on the Sava
river, about 40 km upstream from the Croatian capital, Zagreb.

It is estimated that approx. 18 000 m3 of L/ILW will be generated during the lifetime of the Krsko
NPP and the subsequent decommissioning and dismantling process. The waste is processed in the
Krsko radwaste processing unit, placed in 208 or 8641 steel drums, provided with additional protec-
tion according to the activity, and stored in the temporary storage. By the end of 1997 there were ap-
prox. 1990 m3 in temporary storage, with a total activity of 4.2xlO13 Bq. Drums with evaporator bo-
toms make up the majority (73%) of this waste, followed by spent resins (10%), supercompacted
waste (7.5%), compactible waste (7.0%), other wastes (1.5%) and spent filters (about 1%). Because
Krsko temporary storage is almost full, and the situation is threatening to stop NPP operation, a super-
compaction campaign was carried out during 1995. Almost 90% of the existing drums were super-
compacted and put into new overpacks. The overpack is a steel tube type container, licensed as an IP-2
IAEA package type. A detailed characterization of each drum, including radionuclide inventory, was
carried out before compacting. The storage facilities were reconstructed at the same time.(1)

Radwaste in Croatia is also generated in various nuclear applications - diagnostic and therapeutic
procedures in medicine, measurement and processing techniques in industry, ionizing lightning rods
and smoke detectors - and in research and similar activities. Some 500 institutions are authorized to
handle radiation sources. The total amount of waste generated up to now is about 80 m3 with a gross
activity of about 2.3xlO3 GBq. Radionuclides represented are 152ll54Eu from lightning rods, 241Am from
smoke detectors, 192Ir, ^Sr and 85Kr from measurement and processing in industry, and 137Cs, ̂ Co and
226Ra (approx. 300 needles and tubes) from medical applications. There are 31 users of open radiation
sources in medical institutions producing liquid waste, in which only 3H and 14C cause disposal prob-
lems. The total quantity of waste generated from all of these sources is at most 3 m3 per year.(2)

Presently, short lived waste generated in industry, medicine and research is stored at the place of
origin until its activity falls to background level, after which it is considered as nonradioactive waste;
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spent radiation sources are returned to the producer, or transferred to and stored at one of two tempo-
rary storage facilities, both in Zagreb, at two national research institutes. Two interim radwaste storage

eds for the next decade.(3)

Radwaste management strategy was drafted in 1992 and updated in 1994, but has not yet passed
through the necessary Parliamentary procedure. Radioactive waste management is regulated by the
1984 Law on Protection from Ionizing Radiation and Special Safety Actions in Nuclear Energy Im-
plementation. Seventeen regulations and codes of practice had been based on this law. Waste catego-
ries, activity limits, the definition of a repository as a nuclear facility, and other basic definitions and
management requirements are set out in these regulations. Several other laws and regulations, e.g. the
Law on Health Protection and the Law on the Transport of Dangerous Goods, are also relevant for ra-
dioactive waste management.

The national radwaste regulatory framework in Croatia is rather complicated. The Ministry of
Health, Sanitary Inspectorate Section, is the competent national authority for radiation protection is-
sues, including many aspects of radwaste management. The ministry is the responsible body for issu-
ing all types of licenses and permits for use, handling, transport, export-import of radioactive materials
and radwaste and of all similar activities. Nuclear Safety Department in the Ministry of Economy, is
the competent national authority in the field of nuclear facility siting, construction, startup, operation
and closure; this competence extends to matters related to the planned L/ILW repository. The State
Directorate for the Protection of Nature and Environment is competent body for issues related to rad-
waste repository siting regarding potential environmental damage, environmental restoration actions,
cleanup of contaminated sites, environmental impact studies, etc. The Ministry of Planning, Construc-
tion and Housing as well as Ministry for Internal Affairs have responsibilities for specific radwaste
management activities such as transport of radwaste, import-export, release of effluents and transport
and facility safety planning. Problems common to all the ministries are the lack of expert staff and
very limited budgets for regulatory tasks.

The construction of a final repository for L/ILW in Croatia may be a possible or even a necessary
solution in order to accommodate half of the L/ILW generated in Krsko NPP. Croatia has been work-
ing on the L/ILW repository project for several years, preparing preliminary proceedings and back-
ground materials required for repository construction. First steps have been taken in all the main fields
of activity, from siting procedure and repository design to the very important issue of public accep-
tance.

The following actions have been taken so far in connection with the repository project:
• APO-Hazardous Waste Management Agency was established in 1991 as a central managing and

execution organization for the project with the principal task of preparing all preliminary pro-
ceedings related to the construction of a repository for L/ILW in Croatia. A preliminary schedule
was prepared for project implementation, in which the proposed duration of each activity and the
roles of involved organizations were defined.*4*

• A two stage site selection process has been applied, with a stepwise approach based on the verifi-
cation of each step. The process began with a survey of the entire territory of the country and ends
with the identification of candidate sites. The process is based on the application of both exclu-
sionary and comparative criteria. Criteria for site selection have been prepared by group of ex-
perts, verified by the Croatian Government, passed through the necessary parliamentary proce-
dures, and presented to the public. Two potential sites meeting the exclusionary criteria have been
identified and published.(5)

• Characterization of radwaste in the two temporary storage facilities has begun, and characteriza-
tion and radionuclide inventory of the Krsko wastes have been done already. Conceptual and/or
preliminary designs for tunnel and subsurface disposal, including assessment of the investment
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costs, have been prepared. New designs, corresponding to the new Krsko radwaste packing, are in
preparation. A preliminary safety assessment study was prepared utilizing preliminary project d -
sign and generic site parameters/ >7)

• Considerable effort has been put into the creation of a positive public climate in terms of under-
standing, and facts acceptance. A proposal on a legal act on incentives for the local community (at
the repository site) has been prepared. There is continuous dialogue with the press, providing
complete and honest information to the public.

There are other radwaste management projects, such as maintaining a waste inventory, encourag-
ing public relations and education, collecting radiation sources from war affected areas, defining po-
tentially radioactive contaminated areas and preparing risk assessment studies for such areas.

The importance of international co-operation and assistance in reviewing repository project were
recognized at the very beginning. Help was received through International Atomic Energy Agency as
technical assistance for different phases of the repository project, such as evaluation of siting criteria,
public relations strategy and preliminary project design evaluation. The transfer of know-how through
fellowships, scientific visits, working groups and conference attendance has been a very important part
of the international assistance.^

B) Hazardous Waste Management
Until 1995 a waste generator was under no obligation to keep records on the generated waste, or to

refer the existing data to the regulatory body. As a consequence there is no reliable database on the
waste quantities, types and place of generation. Since these data are indispensable for planning and
establishment of a modern waste management system, there have been numerous attempts by different
institutions applying different methods to come up with a rough estimate as a substitute for the real
data. Assessments have been made on the basis of: a) data from waste questionnaires filled in by larg-
est companies in the capital city (Zagreb); b) studies on waste quantities in the Dalmatian region and
some others big cities; c) differences between the consumed raw-materials and final products; d) the
national income of Croatia; e) data of national/regional organizations (UNEP, OECD, Alpe-Adria

— — ~ , waste quantities for similar countries.

Total amount of waste generated in 1991 was estimated to be 6.720.0001. Break down of this fi -
ure by the generation source (the classification is made according to "EUROSTAT" European statis-
tics) is as follows: a) agriculture - approx. 1.400.0001; b) mining - approx. 789.0001; c) industry - ap-
prox. 3.181.0001; d) households - approx. 1.350.0001. It was estimated that 350.000 tons (5%) is ha -
ardous waste. The largest amounts of hazardous waste in Croatia are generated in inorganic and or-
ganic chemical industry, during the extracting and processing of oil and natural gas, in coal power
plants, in wood processing and production of paper, in leather industry and manufacture of metal
products and in the application of lubricants and cooling emulsions. In addition, there are considerable
quantities of hazardous waste (approximately 2%) within household waste. The most important haz-
ardous waste streams were estimated (revised for 1996) and presented in the table l.(9)

Croatia is party to a number of major international environmental conventions and treaties. The
following have the most bearing on hazardous waste management: a) Law on Ratification of the Basel
Convention on the Control of Transboundary Movements of Hazardous Wastes and their Disposal; b)
Protocol for the Prevention of Pollution of the Mediterranean Sea by Dumping from Ships and Air-
craft (Barcelona Convention); d) Montreal Protocol on Substances that Deplete the Ozone Layer; and
e) European Agreement Concerning the International Carriage of Dangerous Goods by Road.

The following are the key national legislation regarding hazardous waste:
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Law on the Environmental Protection
issues in view of reducing health risk to people, of providing and improving quality of life, pre-
serving natural goods and insuring a rational use of natural resources and energy as a fundamental
condition of sustainable growth. The law respects the principles of international laws, the gener-
ally accepted principles of environmental protection, taking into account scientific achievements
and best international practices. The law provides a framework within which the waste manage-
ment system will be elaborated and regulated.
Law on Waste outlines the main waste management principles; classifies types of waste; delegates
rights, duties and responsibilities of physical and legal persons, as well as the state administration
and local units of self-government and administration; sets the principal goals to be achieved in
the waste management. Specific articles are addressing hazardous waste. The Law defines the
framework for the waste handling and treatment as well as the binding obligations of a waste pro-
ducer, collector and treater in terms of taxes. Import of hazardous waste is forbidden. However, it is
permitted to import certain types of waste which can be used as a secondary raw material. Export is

. permitted in keeping with the provisions of the Basel Convention.
Code of Practice on the Types of Waste with the Waste Catalogue (1996) is the most important
implementing act, stipulating strict obligations upon each and every subject in the waste manage-
ment, including the enforcement mechanisms, penalties and fines. The Code of Practice defines
obligatory management schemes for particular types of waste; waste management data reporting;
analysis methods of chemical and physical properties of hazardous waste; waste sampling proce-
dures; registration and the accompanying form for hazardous and inert industrial as well as for
municipal waste.
Related to hazardous waste there are recently passed Code of Practice on the Inventory of Emi -
sion in the Environment and Code of Practice on the Environmental Impact Assessment.

code
03 00 00

04 00 00
05 00 00

06 00 00
07 00 00
08 00 00

09 00 00
10 00 00
1100 00

12 00 00
13 00 00
14 00 00
16 02 01
16 06 00
18 00 00

DESCRIPTION OF PROPERTIES
AND ORIGINS OF WASTE TYPE

Wastes from wood processing and the production of paper, cardboard, pulp,
panels and furniture
Wastes from the leather and textile industries
Wastes from petroleum refining, natural gas purification and pyrolytic treat-
ment of coal
Wastes from inorganic chemical processes
Wastes from organic chemical processes
Wastes from the manufacture, formulation, supply and use of coatings, adhe-
sive and printing inks
Wastes from the photographic industry
Inorganic wastes from thermal processes
Inorganic wastes with metals from metal treatment and the coating of metals;
non-ferrous hydrometallurgy
Wastes from shaping and surface treatment of metals and plastics
Oil wastes
Wastes from organic substances employed as solvents
Transformers and capacitors containing PCB or PCTs
Batteries and accumulators
Wastes from human or animal health care and/or related research (infectious
wastes)

TOTAL: HAZARDOUS WASTE

I/year

15 000

11000
65 000

23 500
32 000

980

30
37 000
18 500

10 700
55 000

350
50

3 500
6 500

279110

Table 1. Estimated quantities of the most important hazardous waste streams in Croatia
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The body responsible for waste management policy making at the state level is the Parliamentary
Committee on Environmental Protection. Along with providing the basic guidelines, the Committee
provides considerations and recommendations for all the environmental proposition (and therefore, for
waste management) submitted to the Parliament for adoption. However, the Committee has not any
executive obligations and responsibilities in the implementation of waste management measures. The
role of the Government of the Republic of Croatia is to establish Environmental Protection Strategy,
Programme for Physical Planning, and to give guidelines and criteria for hazardous waste management
activities. The regulatory authority is the State Directorate for the Protection of Nature and Environ-
ment. Among its responsibilities are drafting of laws, issuing of regulations on waste management, as
well as issuing of all type of licenses and permits, and enforcement of legislation and regulations. At
the local level, County Offices for Physical Planning, Housing, Municipal Affairs, Civil Engineering
and Environmental Protection are authorized for some of the key activities in hazardous waste man-
agement, such as maintaining the waste inventory. Counties are obliged to establish their hazardous
waste collection programmes. In addition to those there are several other state governmental bodies
authorized for specific hazardous waste management activities.

Out of the estimated 280.0001 of hazardous waste in 1996, only a small part (approx. 3 - 4 %) un-
derwent on-site processing, approx. 5 % was processed off-site, while the rest was accumulated in
producer stores, deposited at inappropriate disposal sites together with municipal waste, incinerated in
facilities without combustion control and flue gases cleaning or drained into sewage system. It means
that approximately 90% of hazardous waste is far from being managed in a satisfactory way. Although
there are not many purposely built hazardous waste treatment facilities in Croatia, there are many pos-
sibilities for treatment of specific hazardous waste streams based on using the existing industrial,
processing or power generation facilities.(10)

Incineration is a practice which takes place in several types of existing facilities:

• All power generation facilities, with power greater than 3 MW, (more than 20 in the Republic of
Croatia), are allowed to incinerate waste oils. This way of management has been used in Croatia,
although not to the satisfactory extent. Up to now, collection and incineration system for liquid
waste oils has been established for few of the greatest Croatian counties and 5 of the thermal
power plants have been already included in that successful management system.

• Cement industry: Incineration of different types of hazardous waste in cement kilns has a number
of advantages: there are savings on fuel for cement kilns, the temperature in the incinerator is
1.400 - 1.500 °C with the retention time of 6-10 seconds which is higher than in the hazardous
waste incinerators and the cement quality and properties are not affected. Therefore, there should
be a great deal of interest in replacing conventional fuels with certain types of hazardous waste -
waste oils, sludges, old medicines, tires etc. In Croatia there are five cement kilns with a nominal
daily capacity from 9.100 tones upwards. So far, although there have been some negotiations with
the representatives of the cement industry, no agreement has been reached, mostly due to the op-
position of the management as well as the local community. In January 1997 APO published the

the advantages of cement kilns over incineration plants. It also shows the high potential and im-
portance of cement industry in the Croatian hazardous waste management system.

• "in-house" incinerators: There are some companies with in-house low capacity incinerators for the
incineration of their own waste. Only exceptionally they will offer services to others. The total c -
pacity of all the existing incinerators in the Republic of Croatia, calculated on the basis of an-
eight-hour-working-day, is approximately 10 tons per day (3.000 tons per year), which is far b -
low current needs.
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Disposal into brick products of inorganic sludge containing heavy metals by mixing small quanti-
ties of sludge into raw-materials, is an established practice at several brickyards in Croatia. They are
mixing inorganic sludge from galvanization, electro-plating, surface metal and plastic working, etc.
into their products. Up to now more than 1001 of such sludge has been disposed of in brick products.

Regeneration of solvents, neutralization of acids and alkali, although practices at several small ca-
pacity devices for regeneration of halogenated solvents are still insufficiently used, mostly due to the
nature of solvents offered for regeneration (most frequently mixtures of various solvents), as well as
the poor regenerator quality (acidity is increased due to the decomposition), which hampers their use.

Disposal, the largest part of industrial waste (inert and hazardous) has been deposited on municipal
i-

mately 700 municipal waste landfills, only 4 of which have been properly engineered and licensed.
Dumps located in suburban areas are a specific problem. According to some estimates there are about
300 larger or smaller dumps in Zagreb area. The main city landfill Jakusevac was opened 30 years ago
as a temporary dump and is still operating without the license. All types of wastes have been disposed
of there without any prior treatment. Very extensive remediation process is under way. Also the Reg-
istry of Waste Landfills which has been established recently with the aim of describing the actual state
in the area of landfilling in Croatia will contribute towards exerting better control over current disposal
practices. Through application of GIS tools the registry provides more accurate data which are geo-
graphically applicable.

Export of waste that can be treated in the territory of the importing country in an environmentally
sound manner is permitted and regulated by the "Law on the Basel Convention on the Control of

Protection of Nature and Environment is issuing licenses and permits for exports of waste in keeping
with all the requirements of the Basel Convention. Small quantities of PCB waste have been exported
for incineration to France since there are no facilities for the appropriate treatment of such hazardous
waste type in the country. Up to now 120 tons of PCB contaminated equipment have been exported,
most of it during the last two years. Small amounts of other types of hazardous waste have also been
exported, but in view of the expenses incurred this is still not a very attractive treatment option. Import
of hazardous waste for disposal is against the Croatian law.

Institutions and companies are expected to obtain approval for the implementation of hazardous
waste management activities. A number of companies have already been registered and since hazard-
ous waste management activities are still being developed, more specialized companies are expected
to apply for authorization. One of the authorized companies is APO-Hazardous Waste Management
Agency which is the one of the national operational organizations in the area of hazardous waste man-
agement.

JOINT APPROACH TO RADIOACTIVE AND HAZARDOUS WASTE MANAGEMENT

Croatia has experienced a number of serious environmental problems as a result of past improper
waste management. Some of the identified problems include: numerous dump sites across the territory
even in the very specific Karst area out of any control or protective measures; uncontrolled hazardous

of hazardous wastes; specific environmental problems related to war damages in Croatia, such as areas
contaminated with PCBs spilled from condensers and transformers, destroyed during the war, etc.
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Faced with the challenge of improving the existing and/or setting up new waste management infr -
structure for hazardous waste, Croatia tried to answer that challenge by

• preparing new waste management strategy,
• establishing new administrative/organizational structure; and
• implementing the joint approach to radioactive and hazardous waste management.

Croatia is facing a challenge of setting up new and efficient infrastructure for both hazardous and
radioactive waste management. As a relatively small country, with poor financial and human re-
sources, establishing a joint institutional framework (infrastructure) for both radioactive and hazardous
waste management is under consideration. There are some benefits to that approach, the main being
putting limited national resources into optimal use by avoiding the dual system establishment/1^

The aim of joint approach is to accomplish protection for people and environment through cost ef-
fective and efficient management for both radioactive and hazardous waste. General ideas behind haz-
ardous and radioactive waste management are highly similar:

• to reduce quantities of waste as much as possible and to reuse or recycle waste if economically
sensible or to dispose it in a safe and acceptable way;

• final disposal for both types of wastes is conceived with maximum protection of our and future
generations in mind; and

• openness and communication with public are indicated in both of the management systems.

There is experience and know-how in radioactive waste management which was accumulated over
years during radioactive waste repository project. Establishing radioactive waste repository was done
under frequent reviews of experts from international radioactive waste community and in particular
from the International Atomic Energy Agency. Strict methodology for site selection process, site char-
acterization, design development and particularly long term performance assessment were successfully
implemented aiming at assurance of general public as well as regulators into long term safety of the
repository.

This could be put in a good use by implementing joint approach to waste management system in
Croatia and is based on the following:

• Same basic legislation. Assuming that radioactive waste is type of hazardous waste, same basic
legislation could be prepared.

• Same operational organization, same experts. APO-Hazardous Waste Management Agency was
established under a name Radioactive Waste Management Agency to be operational organization
for radioactive waste management. Operational structure of Agency having departments for: a)
siting; b) waste treatment and disposal technology; c) safety analysis; d) quality assurance; and e)
public relations was well suited for expansion of activities to the management of hazardous waste
and change of name to APO-Hazardous Waste Management Agency without affecting internal or-
ganization which is well suited for projects regardless of the type of waste with the same experts
and procedures;

• Same site selection procedure. Exclusion two stage site selection process for both radioactive and
hazardous waste repositories was almost similarly set up. One of the preferential sites for LL/IL
radioactive waste repository was already included into the Regional Plan of Croatia based upon
the site selection procedure described earlier. Same site is bound to meet the requirements for ha -
ardous waste treatment and disposal facility. Demanding and detailed site characterization for ra-
dioactive waste repository approval meets all the criteria required for hazardous waste repository.
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•• Similar public involvement. Joint actions could be conceived in public relations and educational
programmes. Some of the activities carried out in that direction lately: a) popular publications with
integral approach on hazardous and radwaste topics; b) press-clippings on radioactive and hazard-
ous waste problems in public domain are collected and distributed to extensive mailing list con-
taining inter alia all NGOs; c) permanent communication with schools, general public and media
on both hazardous and radwaste topics is maintained.

Instead of developing two separate and parallel systems on the national level with two operational
organizations, joint system with single operator for both types of wastes could be established using
accumulated knowledge and expertise as well as internationally developed methodology.

Associating radwaste management with the management of hazardous wastes, enables comparison
and correlation of both problems. Considering disposal of hazardous waste, experience in site selec-
tion process, design and performance assessment for radwaste repository could be indispensable. In
addition there are experts and workgroups with understanding of the problems associated with the safe
disposal of hazardous materials and development of barrier systems needed to protect people and envi-
ronment for centuries to come. Furthermore, already accumulated results in radwaste project, particu-
larly during site selection and preliminary site characterization could be directly used for hazardous
waste disposal purposes. Once the site for radioactive waste disposal has been accepted, due to the
strict and thorough process of site selection and chosen properties, it can eventually be used for haz-
ardous waste disposal. One of the advantages of selecting joint site for both repositories could be sig-
nificantly simplified public acceptance process for both facilities. It could be stressed also that impor-
tant benefit, especially for small countries with high population density, could be optimized use of the
territory. Normally, some ten hectares needed for the facilities would be utilized, but it is not only that
land that is affected. Land use in the vicinity of waste facilities, even when there is no scientific justi-
fication for such restrictions, is seriously limited. Joint site for both facilities saves downgrading of
considerable surrounding areas.

In Croatia some steps directed towards efficient waste management have been already made.
Analysis of status and problems, review of the existing legislation, preparing draft proposals for new
legislation documents, enforcement of communication and cooperation with the responsible state
authorities, as well as with public and local communities, preparation of waste types/quantities data-
base, etc. have been initiated, and some of them are well under way.

CONCLUSIONS

Faced with the challenge of setting up waste management infrastructure for both - radioactive and
hazardous waste, Croatia has tried to answer by applying the new - joint approach to the issue. The
idea of common segments of infrastructure enables optimization of limited national resources and si -
nificant time and money savings. Common operational organization has been established and first
projects have been set off.

APO-Hazardous waste Management Agency is responsible for establishing and implementing an
efficient system for the management of both hazardous and radioactive waste. It is also authorized by
the Government to organize and perform some specific environmental restoration and human health
protection actions.

The initial steps have brought positive experiences. However, main tasks in developing infrastruc-
ture are still ahead, e.g. following:
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• defining the legal system as transparently as possible, i.e. establishing a dear framework of duties
and responsibilities for involved ministries and responsible bodies;

• establishing the mechanism for financing the national waste management programme;
• encouraging and strengthening all kinds of public relations and education;
• developing contacts with the international waste management community.

Basic activities in all main fields of hazardous waste management have already started: from estab-
lishment of management system to operational activities. The first results can be positively assessed.
However, further activities on joint approach are required.

REFERENCES

(1) NPP Krsko Official report - Design Basis for LL/ILW Repository, Waste management depart-
ment, Krsko (1992)

(2) Hazardous Waste Management Agency, Quantities and Characterization of Radioactive Waste
Material from Institutes, Medicine and Industry in the Republic of Croatia, Study, Zagreb (1993)

(3) D. Subasic, T. Saler, D. Skanata; "Basic Elements of Radioactive Waste Management Strategy in
the Republic of Croatia", Proc.1993 International Conference on Nuclear Waste Management and
Environmental Remediation, Vol.2, p.787-793, Prague, Czechoslovakia (1993)

(4) Hazardous Waste Management Agency, "1993 Year Report and 1994 Activity Plan", Zagreb
(1994)

(5) A.Saler; "General Approach and Site-Selection Criteria for LLW/ILW Repository in Croatia",
Proc. 28th International Geological Congress, University of California, California, Berkeley
(1992)

(6) Elektroprojekt/Zagreb, Hazardous Waste Management Agency, Low- and Intermedium Level Ra-
dioactive Waste Repository - Tunnel Concept, Conceptual Design, Zagreb (1988)

(7) S. Kucar-Dragicevic, D. Skanata; 'The Tunnel Concept of LL/IL Radwaste Repository and Re-
sults of Safety Analysis", Proc. 1st Meeting of Nuclear Society of Slovenia,, Republic of Slove-
nia, Bovec(1992)

(8) "The Mission Report", Radwaste Management Advisory Programme (WAMAP), IAEA, Zagreb/
Wien(1991)

(9) A. Antolovic; "Quantities and Types of Wastes in Croatia" Seminar of Croatian Eco Society,
Zagreb (1993)

(10) Hazardous Waste Management Agency, Waste Management Strategy for the Republic of
Croatia, Proposal Document, Zagreb (1992)

(11) S. Kucar-Dragicevic, D. Subasic; "New Aproach Towards Joint Radioactive and Hazardous
Waste Management in Small Countries", SPECTRUM'94 (Proc. Nuclear and Hazardous
W.M.Topical Meeting Atlanta, 1994), Vol.2, Atlanta, Georgia, (1994)

100



International Conference on HAZARDOUS WASTE: Sources, Effects and Management
12-16 December 1998. Cairo-Esvpt

EG0000115

WM-2

Selection Criteria of Sites Suitable for Low-Level Radioactive U-
Mining and Milling Wastes Disposal at Al-Missikat - AI-Aradiya

District,Eastern Desert, Egypt.

A.A. Abdel-Monem1 , M.F. EI-Kiki *, G.P. Guirguis 2 , S.L Rabei1 and EX.
Iliase1

1) Nuclear Materials Authority, Cairo, Egypt.
2) Geology Department, Faculty of Science, Cairo University, Giza, Egypt.

ABSTRACT
Uranium mintag and milling tailings are U-depleted but contain ^Th and Ra.
These low-level radioactive wastes are disposed of in the near surface environment.

Hydrogeoiog'cally, suitable sites for disposal of these wastes should be
characterized by: 1) deep water-level, 2) minimal precipltaion, 3) minimal exposure
to flooding and 4) circular-shaped basins.

AI-Missikat-AI-Aradiya District with fssture potential of U-mining and milling
operations, a geomorphologic analysis Jed to the selection of four sites (subbasins)
having the geomorphotogic characteristics: 1) elongation and circularity ratio = 1,
2) high track drainage density (limited infiltration), 3) high stream frequency (deep
water-table) and 4) moderate to low bifurcation ratio. These sites are further
characterized geologically and structurally.

Key Word's: Uranium mining / Milling tailings / Waste disposal / Geomorphologic
analysis / Hydrogeohgy.

INTRODUCTION

Uranium mining and milling is that part of the nuclear fuel cycle that creates large amounts of
radioactive wastes. These industeriai tailings represent a unique type of radioactive waste. These
tailings are earth materials containing radlonuclides naturally present in the Earth crust that have
been brought to the surface, and subsequently exposed to the action of surficial geologic processes.
Therefore, these racionuclides constitute a source of technologically enhanced natural radiation
exposure to the surrounding population (l).

The long-lived components of the U-decay chain and hence of environmental concern are 238U,
^ U , ^''Th, m Ra and 2I° Pb. About 90-95% of the uranium in the ore is extracted in the milling
process, while most of the uranium daughter products comprising 85% of the total radioactivity ir.
the ore, remain with the tailings constituting a low-level radioactive waste material. These wastes
are considered sources of potential human radiation exposure. Radon emanation from such piles,
will persist for a period governed by the decay of 230Th (tt/2 = 77,000 y) which decays to 236 Ra (tin =
1620 y) the parent of Rn. Also, leaching of the tailings by surface waters should be considered as
the potential result of long-term erosional processes.

In general, the environmental factors that may influence the infilteration and migration of
radionuclides and other toxic elements through the soil and subsurface materials, include the
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permeability, sorptive properties of the soil and rock underlying the disposal zone, and the pH, Eh,
ionic strength and composition of the groundwater.

In order to avoid environmental impacts, waste disposal management of U-mining and milling
tailings is needed. The repository design and associated waste-burial procedures need to be
compatible with the geologic and hydrologic setting of the selected sites. The objective of the
present study is to geohydrologically characterize sites near the uranium occurrences at Gabal Al
Missikat and Gabal Al Aradiya areas in the Eastern Desert of Egypt which are undergoing
evaluation and development, that are suitable for the safe burial and isolation of the future uranium
mining and milling tailings and their component radionuclides from the biosphere.

LOCATION AND TOPOGRAPHY
From the geohydrologic point of view, the two U-occurrences of Al Missikat and Al Aradiya

areas are located within a vast catchment area in the Central Eastern Desert. The catchment area is
located between the water divide of the Red Sea Hills to the east and the Nile Valley at Qena to the
west. It is bounded by latitudes 26° 15' and 26° 40' N, and longitudes 33° 00'and 33° 30'E,
covering an area of about 1720 km2. Fig. (1). The catchment area is part of the Egyptian deserts that
are included among the Low Latitude Deserts. These are located below the high-pressure belts of
descending air as well as in the path of the trade winds moving equator-ward. Permanent streams are
absent from these deserts because of the small annual rainfall (=2mm/y) in the form of brief high-
intensity storms.

The runoff from the hilly areas is almost total and the loss by evapotranspiration is high,
however, there is little recharge of groundwater. Topographically, the eastern parts of the catchment
area is characterized by high rugged mountain chains comprising Precambrian igneous and
metamorphic rocks reaching heights sometimes more than 1000 m above sea level, e.g. Gabal Rei Al
Garra. The western parts comprise a simple sedimentary plateau. The highest elevations in the east
cause the drainage lines to discharge the runoff towards the Nile Valley to the west.

Owing to the scarcity of water points in this large catchment area, this study depended mainly
on using geomorphological analysis and determination of the geomorphologic parameters that affect
and control the hydrogeologic system of the investigated catchment area and its groundwater
potential.

GEOLOGY
Much hydrogeologic information can be obtained from the geologic map of the catchment area

(Fig. 1), which shows the distribution of the unconsolidated and consolidated geologic materials.
Unconsolidated deposits consists of loose sediments. If the material is clean sand or gravel, it can
transmit, store and release water effectively because of the interconnected pore spaces. On the other
hand clay has poor hydraulic conductivity, it can store large amounts of water but will not release it
to wells. Therefore, it has poor storativity.

A consolidated rock such as slate or granite lacks the interconnected pore spaces needed to
transmit, store and release water. Such materials ordinarily constitute poor groundwater terrain. If
the rocks are extensively cracked, however their transmission properties may be improved greatly.
However, the storage properties of the fractured rocks are rarely good, unless they are connected to
a lake, river or any other source of stored water.

The eastern mountainous parts cover about 60% of the surface of the catchment area
comprising a complex of igneous and metamorphic rocks of upper Proterozoic age. The
metamorphic rocks comprise metasediments and metavolcanics. The metasediments (ophiolitic
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melange) are represented by a thick succession of fine grained rocks of flysch characteristics, mainly
of pelitic to psammopelitic and greywacke to subgreywacke sediments that are highly tectonized but
slightly metamorphosed in the lower green schist facies (2"4>. The metavolcanics comprise an
elongated belt trending NNW. The rocks are composed of metabasalts, metaspillites and meta-
andesites with their associated metapy roc lasts. These rocks are dissected by intense quartz-feldspar
porphyry dyke swarms(5).

The igneous rocks comprise metagabbro-metadiorite complex, older granitoids, younger
gabbros and younger granites. The metagabbro-metadiorite complex is exposed in a limited area,
southwest of Gabal Maghrabia(5)' .The older granitoids are observed cutting the metavolcanics and
associated with them in the NNW trending belt. They range in composition from quartz-diorite to
granodiorite. The younger gabbros are exposed in pluton size intruding the metavolcanics which are
somtimes carried as roof-pendants. They are dissected by the younger granites. The younger gabbros
exhibit chilled margins along the contacts and send offshoots and dykes into the metavolcanics and
older granitoids. They are medium to coarse grained, mesocratic to leucocratic and exhibit rhythmic
layering somtimes. The younger granites cover major parts of the catchment area forming the
highlands and conspicuous peaks of the watershed zone. They intrude all other igneous and
metamorphic rock units. They are whitish to pale pinkish in colour, coarse grained and leucocratic.

Within the igneous-metamorphic complex and filling structural intermountain basins, a widely
distributed molasse-type sediments called Hammamat sediments are exposed. They are generally
formed of metamorphosed sediments consisting essentially of arenites with subordinate greywackes.

The western sedimentary plateau comprises coarse grained Nubian Sandstone series. The strata
commonly show cross-bedding and lateral variation in thickness and lithology.

All the drainage courses either within the highlands or the plateau lands are filled by alluvial or
proluvial loams, muds, pebbles and sands deposited during the strong rainy storms.

The main structural features in the studied catchment area are represented by faulting, jointing,
folding as well as foliation and schistosity exhibited by metamorphic rocks. Joints are very common
in the studied area where they are formed in all types of rocks. However, the younger granites show
well developed joint systems. The major faults traversing the various rock formations in.thg studied
area, are trending in a decreasing order of their predominance ENE, N-S, NNE, and NNW directions
(Fig.l). Folding in the basement complex is mainly represented by minor scale folds due to regional
deformation. Ahmed (6)l. demonstrated that there are four main trends of folding developed in the
metamorphic rocks of Al Missikat-Al Aradiya area. These are N-S, E-W, NW and NE fold systems
belonging to four consecutive stress fields.

GEOMORPHOLOGY
Land forms

In the studied area the mountain fronts have receded by weathering and erosion leaving behind
smooth rock surfaces known as pediments. There is no completely mountain encircled basins
known as bolsoms, but instead near the mouths of mountain valleys openings into lowland plains,
alluvial fans are common. The alluvial fans built from adjacent valleys may join together to form
undulating sloping plains. Still further from the mountains beyond the periphery of their alluvial
fans, there is generally a smooth alluvial plain. The bottom of the broad vallies (4* and higher
orders) represent regions of flood plains. These desert flood plains are quiet different from flood
plains elsewhere (e.g. the Nile Basin) because of the difference in their relation to the water-table. In
these terrain the water-table is deeper in such dry regions. The table land or sandstone plateau forms
greatly undulating plains which sometimes have bad land topography.
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The catchment area comprises three major hydrographic basins or systems. Wadi Al Markh
basin comprises the drainage lines to the north of Qena-Safaga highway. Wadi Hammama basin
comprises the drainage lines to the south of Qena-Safaga highway. Wadi Al Qreyia basin represent
the flood plain where Wadi Al Markh and Wadi Hammama discharge their runoffs westwards to the
Nile Basin (Fig. 1).

Geomorphologic Analysis

Stream order (U)

The first step in drainage basin analysis is the designation of stream orders. In this work the
system introduced by Horton (7) and slightly modified by Strahler(S) will be followed.

Using the channel-network map including all intermittent and permanent flow lines located in
clearly defined valleys, the smallest fingertip tributaries are designated order 1. When two first-
order channels join, a new chnnel segment of order 2 is formed. When two channels of order 2 join,
a segment of order 3 is formed, and so fourth. The trunk stream through which all discharge of water
passes, is therefore the stream segment of the highest order, which in the studied catchment area is
the 7th order. The order of each individual stream segment will, on the average, reflect its channel
dimensions, discharge, load and contributing watershed area. Sometimes, individual segments may
be much longer or shorter than the average because there may be distortions in the pattern of the
drainage network.

According to the procedure of water divide isolation for the basinal areas, the 3 major basins
were subdivided into intra-subbasins: Al Markh Basin (M) comprises 96 subbasins, Wadi
Hammama Basin (H) comprises 33 subbasins, and Wadi Al Qreyia Basin comprises 9 subbasins,
(Fig. 2).

Bifurcation ratio (Rb)

It is defined as the ratio between the number of streams of an order (Nu), and the number of
streams of the next higher order (Nu+1), as expressed by the following relation(7).

Rb = Nu/Nu+l

The bifurcation ratio for the whole basin (Rb) is equal to the average of all the calculated
bifurcation ratios, or equal to the logarithm of the inverse of slope between the relation of log Nu on
the ordinate and U on abscissa. In the studied area this ratio ranges from 2.00 to 5.00, (Fig. 3).
Generally, in areas of uniform climate, rock type and geologic history, the bifurcation ratio tends to
be constant from one order to the next, hence, a single ratio can characterize the network. However,
the bifurcation ratio commonly falls between 3 and 5 ' \

Basins (or subbasins) with low to moderate values, indicate circular-shaped basins
characterized by fast runoff and a poor possibility for downward infiltration. Basins with high
bifurcation ratios, indicate elongated basins, with slow runoff and good chance for groundwater
infiltration(7).

Stream ordering length (Lu km)

The total lengths of all stream segments of an order belonging to a defined basin in kilometers,
is denoted by Lu km. The total stream ordering length for stream segments of all orders belonging to
a defined basin in kilometes, is defined by (TLu km).
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Drainage density (D)

Drainage networks can exhibit wide range of fineness or coarseness of pattern which can be
described by a measure termed Drainage Density (D). This is computed by dividing the total length
of stream segments of all orders of a basin by its total area as expressed by the equation:

D= TLu (km)/A (km2)

Figure (3) shows the range of drainage densities from 1.25 to 3.50 encountered in the studied
area.

Several factors control drainage density. Physical properties of the bed rock or overburden into
which channels are carved is a primary control, e.g., hard massive granite or sandstone rocks exhibit
low drainage densities, because large surface area of runoff is required to produce the channel
discharge needed to erode and maintain a channel in such rocks. Also, in highly permeable rocks,
low drainage density is expected because much of the precipitation is infiltrated to the underground.
On the other hand, in impermeable rocks such as shales or clays, much of the precipitation runs off
as exhibited by the highest drainage density. Finally, the presence or absence of vegetation is a
factor.

Stream frequency (F)
It is defined as the ratio between the total number of all stream orders of a basin, and its area,

expressed by the equation,

F = TNu/Akm2

Basins with high frequency value, tend to collect more runoff water, which increases the rate of
flow and discharge out of the basin. On the other hand, basins with low stream frequency have less
possibility to collect surface runoff, and the discharge out of these basins are low (10°. In the studied
area this ratio ranges from 1.00 to 5.64, (Fig.3).

Basin shape

It is defined as the outline form of a drainage basin as it is projected upon the horizontal datum
plan of a map. Miller0 ° used a dimensionless circularity ratio (Re) defined as the ratio between the
basin area "Au" and the area of circle "Ac" having the same perimeter as the basin. Schumm(120,
used an elongation ratio "Re" defined as the ratio between the diameter of a circle having the same
area as the basin, and the maxmum basin length. An index value which is close to unity, indicates
that the basin shape is nearly circular, while a decrease in the value of that index, indicates an
increase in elongation of the basin. In the studied area the circularity ratio Rco ranges from 0.30 to
0.56 , and the elongation ratio ranges from 0.25 to 0.55 ,(Fig. 3).

SAFE DISPOSAL OF U-MINING AND MILL TAILINGS
The ideal geohydrologic setting for a low-level radioactive waste repository would be in an

environment characterized by minimal precipitation, porous media with increasing hydraulic
conductivity increasing downward, deep water table (100 m or more) and no exposure to flooding or
rapid erosion (13). In addition, the following recommendations might provide more, security against
radionuclide migration: a) selecting areas with tong groundwater flow paths to allow radionuclides
to decay, b) avoiding areas underlain by carbonate rocks, c) avoiding areas adjacent to active faults,
and d) selecting circular hydrologic basins.

Based on the previous geomorphologic analysis and the measured geomorphologic parameters,
the subbasins having the number (M67, M59, Hii and H28), (Fig. 2), represent suitable low-level
radioactive waste repository sites satisfying most of criteria outlined above. Table (1) shows their
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geomorphological characteristics. They are characterized by approximately circular-shaped outline,
high drainage density, high stream frequency and moderate bifurcation ratio.

However, these choices are priliminary and more detailed investigations of the groundwater flow

systems should be carried out in order to clearly understand their direction and rate of flow, for
knowing where radionuclides would be transported if they migrate to the underground water.

CONCLUSIONS
The objective of the present study is to geohydrologically characterize sites near the uranium

occurrences at Gabai Al Missikat and Gabal Al Aradiya areas in the Eastern Desert of Egypt.

Based on the geomorphologic analysis and the measured geomorphologic parameters for the
catchment area, the subbasins having the numbers (M67, M59 , H, i and H2s), represent suitable low-
level radioactive waste repository sites satisfying most of criteria outlined above. These subbasins
are characterized by minimal precipitation, deep water table, and no exposure to flooding or rapid
erosion. In general, to provide more security against radionuclide migration the following criteria
should be considered: a) selecting areas with long groundwater flow paths to allow radionuclides to
decay, b) avoiding areas underlain by carbonate rocks, c) avoiding areas adjacent to active faults,
and d) selecting circular hydrologic basins.
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Table (1). Summary of the geomorphological parameters of the suggested repository sites (subbasins).

Subbasins
Number

Mw

M67

H,,

H2g

Country
Rock

Hammamat
S.

Hammamat
S.

N.S.

N.S.

Enclosing
Basin

AlMarkh

AlMarkh

Hammama

Hammama

U

1
2
3
1
2
3
4
1
2
3
4
5
1
2
3
4
5

Nu

17
5
1

52
7
2
1

70
19
4
2
1

60
12
4
2
1

Rb

3.40
5.00

7.42
3.50
2.00

3.68
4.75
2.00
2.00

5.00
3.00
2.00
2.00

logNu

1.23
0.70
0.00
1.72
0.85
0.30
0.00
1.85
1.28
0.60
0.30
0.00
1.78
1.08
0.60
0.30
0.00

Rb

4.20

4.30

3.10

3.00

Lukm

9.25
2.00
2.75

23.50
7.00
2.00
3.00

28.00
11.50
2.00
5.00
1.00

25.50
8.00
2.75
10.50
0.50

TLu

14.00

35.50

47.50

47.25

TNu

23

62

96

79

Akm2

5.00

12.25

17.25

27.25

F

4.60

5.06

5.56

2.89

D

2.80

2.89

2.75

1.73

Re

0.67

1.01

0.63

0.52

Rc

0.70

0.83

0.76

0.83
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Abstract

A statistical evaluation performed on a 1300 MW Nuclear Power Plants built in Germany has
revealed an amazing quantity and complexity features: About 700 participating manufactures,
suppliers and subsuppliers; 14000 to 18000 component and parts; 60000 interfaces among the
individual organizations participating in planning, design procurement, etc; 10 millions quality
characteristics to be defined in specifications and to be verified on the hardware by means of Non
destructive and / or destructive testing; Over one million pages of records from tests and examinations.

To cope the above mentioned work and activities planned and systematic actions are necessary
to provide adequate confidence on the performance. These planned and systematic actions are the
QUALITY ASSURANCE (QA). QA is an essential aspect of good management which contributes to
the achievement of quality through analysis of the task to be performed, the identification of the skills
required, the selections and training of appropriate personnel, the use of appropriate equipment, the
creation of a satisfactory environment in which activity can be performed and recognition of the
responsibility of the individual who is to perform the task. Briefly stated, provides that each task
affecting quality has been satisfactory performed, and production of documentary evidence to
demonstrate that the required quality has been achieved.

The presented paper shall heiglight the concept of QA as specified in the International Atomic
Energy Agency (IAEA) Nuclear Safety Standards (NUSS) and also some other National /
International Standards. The paper shall also address the QA requirements as stated in the IAEA
Safety Code of the Nuclear Research Reactors.

K e y w o r d s : Quality Assurance, Quality Assurance Programme, Regulatory Control.

1. The Concept of Quality Assurance in the IAEA Safety Code
and Guides and its Relation to Regulatory Control.

1.1 In nuclear power industry there are two approaches to assure quality:

1.1.1 The first approach adopted by US Nuclear Regulatory commission consists of a set of Q A
principles or criteria which oblige the plant OWNER and its major CONTRACTORS to plan,
conduct control and document their work in a systematic way. The REGULATORY
AUTHORITY obtains the confidence by a process of auditing and reviewing the QA
programme of the OWNER and its CONTRACTORS and by additional sampling inspection.

1.1.2 The second approach is in use in Germany and other European countries The REGULATORY
AUTHORITY obtains confidence in the quality of the performed work by an
INDEPENDENT INSPECTION ORGANIZATION. This independent organization
performs design review and inspection of plant systems and components.
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The plant OWNER and its CONTRACTORS are fully responsible for maintaining controls
over activities and in establishing a proper level of control and selecting the appropriate
methods and techniques.

In recognition of the fact that it is more cost effective and that REGULATORY
AUTHORITY in developing countries may lack in skill and technical experience for carrying
out independent inspections or the difficulty to hire an independent inspection organization
were the reasons behind the development of the IAEA safety code and guides. The Code and
Guides formulate the QA requirements in the form of general principles which should be
followed and implemented in all activities affecting quality of nuclear power plants.

1.2 The principles of Quality Assurance as Specified in the IAEA (5 0-C-QA) Code (1978) and
Safety Guides qould by summarized as follows:

1.2.1 The plant OWNER is fully responsible for QA measures and also for establishing and
implementing an averall QA in respect of the REGULATORY AUTHORITY. The plant
OWNER may delegate all or part of the QA programme to other organization but he will
retain responsibility for overall programme effectiveness.

1.2.2 The REGULATORY AUTHORITY obtains satisfactory confidence in the quality of the
performed work by a process of review and auditing of the Q A programme and by sampling
inspection of the work.

1.2 3 For all activities affecting quality the whole set of QA requirements are valid. This means that
the IAEA Code envisage a single level of QA programme.
The appropriate level of quality control and verification depends on the safety aspect. The
Safety Guide 50-SG-01 classifies reactor components in respect to their importance in safety.

1.2.4 The IAEA Code does not require for inspection and verification to be performed by an
independent inspection organization. These inspection and verification shall be performed by
those who do not have direct responsibility for performing the work.

1.2.5 Auditing is one of the most important functions of QA. Its role is to review, examine and
investigate the establishment and implementation of QA programme for the purpose of
verifying its existence and effectiveness. It has also the role to reduce the need for redundant
verification by physical examination and tests.

1.2.6 A documented QA programme as a requirement of the Code is regularly evaluated through
programme audits and may be considered as a basic concept of the QA specified in the Code.

1.3 The IAEA Code is in general conformance with the US 10 CFR 50 APP. B QA Criteria and
with US standard ANSI N45.2 The Code is structured in 13-sections and 33-sub-sections.

1.4 The Safety Guides were developed to provide guidance in both establishment of a satisfactory
QA system for a NPP and to describe acceptable practices in establishing and implementing
QA programme in various phase of a nuclear power project
Consequently the safety Guides can be divided into two groups:



1.2.7 The first group addresses those requirements of the Code which are related to establishment
and functioning of the QA system, the Guides in this group address the sections of the Code in
QA programme, QA organization, QA records system and QA auditing.

1.2.8 The second group give requirements, guidance and illustrative examples of practices, methods
and techniques of implementation of QA requirements in constituent activities of a NPP such
as in Siting, Design, procurement, Manufacturing Construction and Operation.

2. Contents cf a Quality Assurance Programme:

The framework of this section refers to the 13 criteria of the IAEA 50-C-QA code of practice
for Quality Assurance for safety in Nuclear Power Industry.

2.1 Introduction:
These "criteria" provide the principles and objectives to be adopted when establishing and
implementing a QA programme. They apply to the activities affecting quality of equipment
and systems such as design purchasing, fabricating, handling, shipping, storing, cleaning
erecting, testing, commissioning operating, maintaining, repairing or modifying .

Although the establishment and implementation of QA program are required for a nuclear
power plant, it must always be kept in mined that attainment of quality objectives during
the performance of a task is basically the responsibility of those who have assigned this task
and is not the responsibility of those seeking to ensure by means of verification that it has
been achieved.

2.2 Quality assurance Programmes:

A QA progeamme shall be established in the from of written procedures enforced by company
management and updated to assure, as appropriate, the quality of equipment and systems
involved.

This programme covers the conditions under which all activities affecting quality are
performed (personnel, processes resources, environment).

These activities shall be accomplished in accordance with written procedures and this
conformity shall be subject to verification.
Management shall regularly review the programme and shall take adequate corrective actions
to correct deficiencies.

2.3 Organization:
The authority and responsibility of persons performing QA functions shall be clearly defined
and documented.
All personnel responsible for .performing QA functions such as establishment of the
programme or verification and inspection functions, shall have sufficient independence from
cost and schedule considerations. In general, the individuals in charge of a verification shall be
independent of the individual responsible for performing the activity being inspected.
The personnel responsible for activities affecting quality shall be qualified to perform his tasks
adequately. The programme shall, in particular, provide for the quality-related training and
indoctrination of die personnel.
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Audit results are reported to appropriate levels of management and corrective action is taken
in deficient areas.

3. The Quality Assurance Requirements of the IAEA Code 50-C-QA,
Revision 1,1995.

This revised issue of the 50-C-QA Code published Oct. 1995 contains only basic QA
requirements which must be satisfied to ensure safety. The main text of the code has been
significantly condensed with the guidance on how to implement the basic requirements
included in the appropriate Safety Guides.

The basic requirements defined by this revised edition of the 50-C-QA code are divided
into three functional categories; Managements, Performance and Assessment.

4. The Quality Assurance Requirements as Applied in the IAEA
Safey Code of Nuclear Research Reactors:

4.1 According to the QA requirement of chapter 18 of the IAEA safety code of the Nuclear
Research Reactors, the establishment, management, performance and evaluation of QA
Programme for the Design, procurement, Construction, Commissioning, Operation, and
Decommissioning of research reactors and associated experiments are important for ensuring
safety. The extent of the detailed QA programme that is required for a particular research
reactor experiment will depends, however, upon its hazard potential and the requirements of
the Regulatory Body.

4.2 The requirements of QA should be applied to all research reactors being designed constructed
commissioned, operated or decommissioned.

4.3 Existing research reactor facilities might have not been required to prepare QA for previous
stages. However, all operational activities, including maintenance, testing, inspection,
modifications, experiments and decommissioning should meet appropriate QA requirements.

5. Quality Assurance Programme of Research Reactors:

5.1 Each applicant for site acceptance, a construction license or an operating license for certain
identified nuclear research reactor shall establish and implement an effective overall QA
Programme for the safety-related components, systems, structures and activities associated with
the facility. This overall programme shall cover the site evaluation, design, procurement,
manufacture, construction and installation, commissioning, operation, and decommissioning
phase of the facility.

5.2 QA manual, together with principal Quality assurance and Control Procedures shall be
submitted to the Regulatory Body for the overall QA Programme review and approval at the
time applications is made for a construction license.

5.3 Within the overall programme, a detailed constituent QA programme for each of the individual
phase of the facility's life-cycle shall be established and implemented in accordance with the
schedule for planning, commencing and accomplishing each of the phases concerned. Also, the
overall programme shall make particular provision for effective interfacing between the phases,
and the individuals and organizations who are participating in the project.
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2.4 Document Control:
Written procedures shall provide conditions for the preparation, review, approval, distribution
and revision of instructions according to which activities affecting quality shall be
accomplished.
Instructions should be clear, simple and easy for personnel to use. They shall, in particular, be
accessible.

2.5 Design Control:
Measures shall be established to assure that the applicable design basic requirements are
correctly translated into design documents, to verify that quality-related standards and
deviations from specified standards are correctly controlled.

Measures shall be established for the review for suitability of application of materials,
components, systems and processes. Review, approval, and distribution of design documents
shall be provided for and interface between the various organizations involved, in particular,
shall be considered. Internal verifications of design and supporting calculations shall be
provided for and the results reported to the responsible management. Changes including field
changes shall be controlled in the same manner as the original design.

2.6 Procurement Control:
Measures shall be established to ensure that all applicable requirements are correctly included
in procurement documents and in subsequent revisions thereof, and that these documents are
suitably reviewed and distributed. The requirements include implementation of Quality
Assurance Programme by the supplier, as necessary.
Measures shall be established to assure the conformance of purchased items and services to
procurement shall be established to assure the conformance of purchased items and services to
procurement documents. These measures include prior approval and periodic evaluation of
suppliers.

2.7 Material Control:

5.7.1 Identification:
Measures shall be established for maintaining identification of material, parts and components.
These identification measures shall be designed to prevent die use of incorrect or defective,
parts and components.

5.7.2 Handling^Storage and Shipping:
These activities shall be designed to prevent damage to item. They are documented in detailed
instructions, and are performed by qualified personnel. The devices used shall be adequate and
maintained.

2.8 Process Control:
Fabrication processes shall be accomplished by quality personnel using qualified procedures
and equipment particularly for 'processes for which it is difficult to verify upon completion
that they were performed according to the applicable requirements.

Welding for example shall be performed by qualified welders using qualified procedures and
accepted welding materials.
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2.9 Inspection and Test Control:

2.9.1 Programme of Inspection:
A program for inspection and surveillance of all activities affecting quality shall be
established and executed.

Such inspections-shall be performed by individuals other then those who performed the
activity being inspected. These inspections may be performed upon completion of the activity
or, if necessary, during accomplishment. Sequences shall be provided where activity shall be
held to allow for inspection (hold points).

As a minimum, inspection reports shall specify the inspector, observation, results,
acceptability and action taken on non conformances if any.

2.9.2 Test Programme: "
Tests shall be provided as necessary and performed in accordance with documented and
detailed instructions. The test programme shall include provisions for assuring that all
prerequisites for the given test have been met and shall cover the test equipment and
conditions. Test results shall be documented in reports.

2.9.3 Calibration and Control of Measuring and Test Equipment:
These devices shall be periodically checked, calibrated, and adjusted.

2.9.4 Indication of Inspection, Test and Operating Status:
Measures shall be established to indicate at all stages the statues of inspections and test
performed upon individual items of the nuclear power plant, and to document the results of
these inspections and tests to ensure that only the items that have passed the required
inspections and tests are used, installed or operated.

2.10 Non-Conformance Control:
All non-confonnance materials shall be detected as early as practical and handled so that non-
conforming items will not be used inadvertently.

2.11 Corrective Actions:
Conditions adverse to quality shall be identified and timely corrected, for significant
conditions adverse to quality, the cause of such conditions shall be determined, and corrective
actions taken to prevent repetition.

2.12 Records:
Results of examinations inspections, tests, audit, monitoring of work performance as well as
qualifications of personnel, procedures and equipment shall be reported in legible, complete
and identified documents.
These documents shall be stored under appropriate conditions and for a suitable retention
time.

2.13 Audits:
A comprehensive system of planned and documented audits shall be carried out to verify
compliance with all aspects of the QA programme. The audits shall be performed in
accordance with written check-lists by qualified personnel having no direct responsibilities in
the areas being audited.
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5.4 The applicant shall identify clearly in each QA programme manual associated with the facility,
the safety related systems, components, structures and activities to which the QA programme is
to be applied.

5.5 No activity having a bearing on a safety-related systems, components, and structures associated
with the nuclear facility shall be undertaken prior to the approval of the licensing authority of
the QA manual and principal QA/QC procedures covering the detailed constituent QA
programme for the life-cycle phase of the facility during which the activity is to be take place.

5.6 Guidance on the principles and objectives as regarding safety when establishing a QA
Programme is provided in the IAEA UNSS Code 50-C-QA, and Safety Guide 50-SG-QA5 for
power reactors. The basic Quality Assurance Priniciples in the documents can be usefully
applied to research reactors. The appropriate QA requirements developed for research reactors
shall take into account the national regulatory requirements.
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ABSTRACT

The management of radioactive wastes is one area of increasing interest especially in
developing countries having more and more activities in the application of radioisotopes
in medicine ,research and industry. For a better understanding of radioactive waste
management in developing countries this work will discuss the following items:

• Classification of countries with respect to waste management programs.
• Principal Radionudieds used in medicine, biological research and others and the

range of radioactivity commonly used.
• Estimation of radioactive waste volumes and activities.
• Management of liquid wastes

'Collection.
* Treatment

• Management of small volumes of organic liquid waste.
* Collection
•Treatment

• Packaging and storage of radioactive wastes.

Key Words: Developing countries /Radioactive Waste/ Waste management

INTRODUCTION

All other types (non radioactive) of hazardous wastes can be treated either chemically, physically or
biologically in order to reduce their toxicity. In the case of radioactive nothing can be done to decrease
their radioactivity and hence their inherent toxicity. The only means of ultimate disposal is time to
allow the radioactivity to decay.

The I.A.E.A Safety Series No 115( l) recommends that the Registrants and Licensees shall ensure
that the activity and volume of any radioactive waste that results from the sources for which they are
responsible be kept to the minimum practicable, and that the waste be managed, i.e collected, handled,
treated .conditioned, stored, transported and disposed in accordance with the requirements of the
standards ;and segregate and treats separately if appropriate, different types of radioactive waste
where warranted by differences in factors such as radionuclied content, half-life, concentration,
volume and physical and chemical properties taking into account the available options for waste
disposal.

Classification of Countries with respect to waste management programs

The Technical Co-operation Department of the IAEA , w unofficially classify Member States into
one of five categories or group
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Group A -Member States, which utilize radioisotopes at a few hospital locations with the waste
Containing only short-lived radioisotopes. Only one institute utilizes long-live
Radioisotopes.

Group B -Member States which have multi-use of radioisotopes In hospitals and other
institutional areas and need a Central collection and processing system

Group C -Member States which have multi-use of Radioisotopes and a nuclear research center
Which is capable of indigenous production of several radioisotopes .

Group D - Member states with the features of Group C But, in addition, are constructing
and/or operating Nuclear power plants.

Group E - Member States that are involved in most or all of the Steps of the nuclear fuel cycle.

This classification provides a systematic approach within the Agency as to the type and scope of
activities within the waste management program that fits into the particular needs of a Member State.

Currently there are about 20 developing countries in the regions of Asia, Latin America and Africa
receiving assistance on various aspects of low and intermediate level waste management.

Table 1 provides a description of the waste sources and composition for classified Member States

Table 1

Radioactive waste Sources , composition and Radioisotopes content generated by

Category
Waste

Sources

Waste
Composition

Group A

Few
Hospitals,
University,
Industry

Paper,
Plastics,

Scrap, Vials,
Sealed
Sources

Carcasses,
Liquids

.Effluents

Group B

Several
Institutions

from the
whole

country

Group C

Nuclear research
Center,
Research
Reactor, Mining

Milling

Ion Exchange
Resins, Sludge

Spent Fuel
Elements, Filters

Group D

Nuclear
Power

Plant(s)

Nuclear
Power
Reactor
Wastes

Group E

Fuel Fabrication
Enrichment

Reprocessing

Fuel Fabrication
Enrichment

Reprocessing
Wastes

We can see a certain logic for the grouping of countries into a particular category in terms of
waste sources and composition
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The Application of Radionuclides.

The application of radioactive materials in medical diagnosis ,treatment and research is extremely
important. In many instances alternative methods are not available. The actual administration of
radioactive materials to persons is normally covered by specific regulatory control. General principles
of radiation protection in the application of radionuclides in medicine are dealt within the Manual of
Radiation Protection in Hospital and General Practice from the World Health Organization ( WHO )(3)

Users of radioactive materials in scientific research laboratories, universities and other
establishments are most commonly involved in monitoring the metabolic or environmental pathways
associated with a large range of compounds as diverse as drugs, pesticides, fertilizers and minerals.

Some industrial processes incorporate radioactive materials into the product. Apart from
radiopharmaceuticals, the number of premises involved in the manufacture of products such as sealed
radioactive sources, luminous devices and specialized electronic valves is small. Certain industrial
premises use particular forms of radioactive material for scientific measurements, non-destructive
testing, quality control, the evaluation of plant performance, and development and evaluation of their
products and processes.

The range of application of radionuclides in medicine, scientific research establishment, universities
and industries is continually expanding. Table 2 and Table 3 list those radionuclides commonly
employed together with their half life and give application in the above mentioned establishment. The
Tables can only refer to the principal radionuclides and their applications

Table 2
Principal Radionuclieds used as Open Sources in Medicine, Biological Research and others

Radionuclide
3H

I4C

32p

3 5 S

5ICr

59Fe

75Se

*TCm

IUIn

I25I

I31j

121Tem

Half-life
12,3 a

5930 a

14,3 d

87,4 d

27,7 d

44,6 d

119,8 d
64 h

6h
2,8 d

60 d

8d
154 d

Principal Application
Clinical measurements

Biological Research
Luminous Articles

Biological Research
Labelling

Clinical therapy
Biological Research

Clinical measurements
Biological research

Clinical measurements
Biological research

Clinical measurements
Biological research

Clinical measurements
Clinical measurements

Biological research
Clinical measurements
Clinical measurements

Biological research
Clinical measurements

Biological research
Clinical measurements

Waste product from I31I production

Range of Activity
~ 0,1 mCi

~ ICi

~ 10 mCi
~ 0,5 mCi

~ 5 mCi
~ lmCi

~ 0,1 mCi

~ 0,1 mCi
~ 5 nCi
~ lmCi

~ lmCi
~ 50 uXi

~ lOmCi
~ lOmCi

~ lOmCi

~ 10 - 100 mCi
1 -10 Ci



Table 3

Application of Radionuclides as Sealed Sources in Indus try , Medicine and others

Radionuclide
^Co
137Cs
192Ir

3 2 6Ra

32p

8 5Kr
^Sr
210pQ

2I4Sb
^ R a
a7Ac
B9Pu
^'Am

Half-life
5,3 a
30 a
74 d

1600 a

14 d
10,8 a
28,5 a. ,
138 d

1600 a
22 a

24000 a
433 a

Category of Source
Gamma

Beta

Neutrons in Combination with Be
with Be

Ionization

Application
Industrial, Radiotherapy

Clinical Therapy,
Sterilization

Foil Thickness
Measurements

Activation and others
Studies

Foil Thickness
Measurements, Smoke

Detector

The Volumes and Types of Untreated Radioactive Wastes Generated in Developing Countries
Belonging to Group A, B and C.

All operations with radioactive materials will result in the production of marginally, in most cases
with short-lived radionuclides contaminated solid and liquid wastes. The volume of radioactive waste
produced by individual users of radioactive materials is not likely to be large. The specific activity of
waste generated will depend upon the experimental objectives, equipment available, the form in which
the radioactive materials can be purchased, and the degree to which the individual user has been trained
in the techniques of application and measurement.

Wastes containing long-lived radionuclides, including transuranic nuclides, are not produced within
the vast majority of laboratories engaged in medical and scientific research. However, if such
radionuclides are present, the regulatory authority will no doubt insist on strict limits.

All countries have some form of national regulatory control over the use of radioactive materials and
the subsequent management of the generated radioactive waste.

Table 4 shows a detailed display of the untreated liquid effluents and untreated solid wastes, that are
expected annually from the Member States in either group A, B or C.

The volumes and activities are averages and based on realistic data obtained from different
developing countries on the same technical level. The volumes are sphtted into five categories: three for
liquid wastes, and two for solid wastes.
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Table 4

Annually Estimated Untreated Radioactive Waste Volumes and Activities Generated in Countries

Belonging to Group A , B and C w

Group A
Group B
Group C

Liciuid Effluents for

Decay,
Dilution,

Discharge

m 3/a Ci/a
5-10 1
10-50 5
100-400 10-50

Treatment

mVa Ci/a
—

1-5 0,1
50-100 5-10

Direct
Conditioning

m 3/a Ci/a
—

0,1 0,01
0,5 0,1

Solid Wastes for

Treatment

m 3/a Ci/a
10-20 0,5
50 1
50-100 1-2

Direct
Conditioning

m 3/a Ci/a
1-5 103

5 2xlO3

10 5x 103

Most of the liquid effluents are directed for decay, dilution and subsequent discharge. All these
effluents are generated in the different establishments during handling and manipulation with short live
radionuclides. They fall in the first category. Most of the short lived radiolsotopes contain in the
effluents are listed in Table 4. A smaller part of the liquid effluents is in category two. These effluents
are contaminated mostly with long lived radioisotopes or Uranium and thorium with their daughters.
They are generated from uranium and thorium processing in laboratory and pilot plant experiments.

Effluents containing Te-isotopes with a relatively longer half life are generated from processing of
irradiated TeO2 largely for Iodine production too. Other sources for liquid effluents containing long
lived radioisotopes could be sump water and decontamination effluents that are generated in research
reactor buildings. These effluents can be normally contaminated by fission and corrosion products.
Special attention should be given to very small volumes of liquid effluents from category three
containing higher specific activity concentration of longer lived radionuclides like fission products
resulting from smaller laboratory experiments and solutions containing 14C and Tritium.

Besides the just described aqueous waste solution a relatively small volume of liquid organic waste
solution is generated at some places. Three types of liquid organic waste should be distinguished.

• Contaminated oil containing very small quantities of beta/gamma emitting radionuclides.
• TBP, diluted usually with a high saturated hydrocarhon as extraction solvent. This waste

usually contains uranium, thorium and their daughter products.
• Scintillation liquids e.g. toluene, p-xylene, dioxane, are used mostly for measuring 3H, '4C or

other radioisotopes.

The total volume of all organic wastes is in the range of 50 to 100 I/a depending from grouping of the
Member State.
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A complete different type of solid waste represents an encapsulated quantities of certain
radionuclides housed in shielded assemblies which are extensively used for various applications in
hospital, industries and research institutions

The individual radionuclide is present in a very concentrated from, the total amount of activity being
dependant upon the application and the nature of emission from the sources. The most used sealed
sources are listed in Table 3.

Other so-called, problem wastes are radium needles applied in former times in hospitals and
oiologica! material from studies of metabolic pathway, using animals. The animals may be sacrificed

at various siages of the work, resulting in radioactive excrement, carcasses and bedding.

Countries operating a small research reactor for radioisotopes production are obliged automatically
with the generation of spent ion exchange resins. Although the generated volumes are relatively small
handling and conditioning of spent resins cause some problems due to higher activity level.

A summary of the principal types of radioactive wastes generated in countries belonging to group A,
B and C is shown in Table

Table 5

The Principal Types of Radioactive Waste Generated in Developing Countries

Waste form
Liquids ,Aqueous

Liquids ,Organic

Solids, Compactible
Solids, Combustible

Solids, noncombustible,
noncompactibSe

Waste Composition
Laboratories
Hot cells (isotope production)
Fuel Storage pool (research reactors)
Decontamination Campaign
Sumps
Rinsing Water
Mining and Minning (laboratory and pilot
plant scale)
Extraction Experiments with Uranium and
Thorium
Oil from pumps etc.
Scintillation liquids
Extraction Solvents (TBP/ Kerosine ,Amine
etc.
Tissues
Swabs, Paper ,Cardboard ,Plastics (PVC,PE)
Rubber ,Gloves, Protective Clothes, Filters
Ion Exchange Resins(Research Reactors)
Carcasses, Excreta.

Glassware, Metallic scrap ,Brick work,
Sealed Sources, Radium Needles
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Management of Liquid Wastes

From the point of view of treatment and disposal of liquid wastes, it is necessary that the licensing
authority fix a limit on the activity level of the liquid for a particular location and facility, below which
it can be considered as acceptable for disposal to sewers and drains. This limit will depend upon the
nature of the sewer system, local regulations and the kind of work being done. Once this limit is fixed
the volume of liquid radioactive waste which has to be handled may be reduced considerably

In evaluating the impact of direct disposal, the radioactive-materials co-ordinator must identify the
possible exposure routes for employees such as sewage workers, as well as the degree to which the
element or compound is likely to be reconcentrated or dispersed in the immediate environment and the
consequent exposure of individuals or groups. Individual users should keep the radioactive content of
liquid wastes generated in the laboratories to the minimum.

To avoid problems in subsequent treatment liquids should be segregated into aqueous and non-
aqueous categories.

Liquid-Waste Collection

For small volumes of liquid waste which are unsuitable for disposal into the sanitary system or the
active drain system because of activity level or half-life, plastic containers from different volume
contents or size can be used.

Glass bottles may also be used where organic solvents are present, which would attack the plastic,
but the general use of glass is not recommended.

If the volume of low-activity waste is too large to be conveniently handled by means of small
containers, a retention tank system may be employed. The volume of these tanks will be dictated by the
waste-generation rate, time required for analysis, and the rate at which the tank may be emptied, either
to the sanitary drain system if permissible, or to treatment facilities if required.

In some circumstances, where only short-lived radionuclides are involved, decay time may be a
factor in sizing. Two tanks should always be provided. When one tank is full, flow is diverted to the
other, while the contents of the first are sampled and monitored for radioactivity level. It is also
advisable to interconnect the tanks so that any overflow from one automatically spills over into the
second. Materials of construction may be carbon, stainless steel or plastics, depending on the chemical
characteristics of the waste. The use of mild steel tanks lined with, plastic or chemically resistant
coatings has been shown to be very practical. At this point it should be pointed out that all radioactive
wastes, liquid and solid, must be characterized very accurately, particularly if the waste is to be held
for decay storage, or if it is to be processed and disposed of by someone other than the individual waste
generator.

Treatment of Liquid Effluents.(4 •* >

As indicated earlier all liquid wastes containing radionuclides with short half-lives should be stored
for a sufficient time. This will enable their discharge to the local sewers when the final^sfeatylevel of
the liquid permits such discharge.
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Chemical treatment of liquid effluents containing long-lived radioisotopes is the mostly favored
method for the treatment of liquid effluents from research establishment or small Nuclear Research
Center.

This treatment method for liquid effluents is recommended especially for Member States belonging
to Group C.

Most of the chemical treatment methods involved in radioactive waste treatment are adaptations of
standard water treatment practice and have been extensively used for processing large volumes of
slightly contaminated wastes using equipment designed for continuous operation.

It is feasible to utilize batch chemical treatment where the volulmes involved are small and where
the nature of the wastes points to chemical treatment as the best method. It is suitable for application
where the required reduction of activity in waste is small. Generally, not more than 90% removal of
activity is achieved when a mixture of radionuclides is present in a liquid. If it is possible to select and
optimize the process for a single radioactive species, however, much better results may be achieved.

Chemical precipitation methods(6) based on the coagulation flocculation-separation principle are
mostly used for the treatment of liquid effluents.

Commonly used coagulants are aluminum and iron salts, lime and soda ash, etc. For removal of
specific isotopes, special methods are available, for example copper or nickel ferrocyanide is found to
remove almost all the caesium activity from liquid wastes.

More detailed description of several precipitation processes for the treatment of liquid effluents is
also given in a separate lecture in this training course.

The principal advantages of chemical treatment are:
* The relatively low cost
* The ability to handle a large variety of radionuclides as well as non-radioactive salts in

solution and solid matter in suspension
* The treatment procedures are based on well-proven ,conventional plant and equipment
* At least in batch processes it is relatively easy to change the chemical precipitants

in order to accommodate changes in the composition of the liquid feed.
* Big liquid flows can be handled economically

• The process allows the separation of activity from inactive solutes which may have a larger
bulk.

The precipitation process produces a sludge as a result of the reactions taking place during
chemical treatment steps: Chemical treatment have always to be connected with physical methods for
separation of sludge and liquids. Various possibilities are conceivable e.g. sedimentation and
decantation filtration or centrifugation. Which of these techniques should be applied depend on the
volumes to be treated, on the quality of the precipitates on technical feasibility and of course with the
availability of funds.

To give an example Nuclear Research Centers generating liquid effluents in the range of up to 100
m3/year, simple sedimentation and decantation technique should be the suitable process for separation of
sludges and liquids.
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On the other hand, the procurement of a filtration unit after a series of bad experience with
sedimentation should be not a big problem. Normally filtration equipment, for this purpose are not so
expensive. It should be pointed out at this place that a considerable amount of laboratory work is
required to determine optimum precipitation and separation conditions. The results of these experiments
should also give the answer if a filtration equipment is necessary and justified or not.

Depending upon the annually radioactive effluents volume generated in the Center and other sources,
the capacity of a precipitation plant can be designed to handle the liquid waste loads expected to be
generated. Shielding of the precipitation plant is not required due to the relatively low activity level of
the effluents to be processed.

After decantation or filtration the clear solution will enable their discharge to the local sewers when
the final activity level of the liquid permits such discharge.

Sludge resulted from precipitation have to be conditioned for transport, storage and disposal. Different
methods for immobilizing sludges and other radioactive concentrates are known.

Cementation and bituminization are the two methods that have been extensively used throughout the
world for many years. Due to relatively small volumes of sludges generated in a small Nuclear Research
Centre, cementation is the sole recommendable solidification process.

The cementation process for nuclear waste immobilization has been commonly used on an industrial
scale for several years in different countries

We recommend the in-drum mixing cementation concept since this process is very easy to maintain.
In this process, cement and sludge are fed separately into a container which is also the final shipping
and storage container. The components are mixed until homogeneous mixture is obtained. After mixing
the cement composite is allowed to set. The container is then monitored and quality control checks are
made in the package before it is removed for storage. The investment cost for an in-drum mixer is
relatively less. The mixer can also be used for some other waste streams such as concentrates, ion
exchange resins, liquids, etc..

The Management or Small Volumes of Organic Liquid Wastes.

The operation of a nuclear research center generates also a variety of small volumes of low-level
liquid organic radioactive waste as already mentioned. Several processes are developed for treatment
and conditioning of organic liquid wastes/ 7 '8 D

For small volumes (50 - 100 1 annually) only one method can be recommended that is absorption.

Absorption. The treatment of organic liquid radioactive wastes with absorbents(9) provides a
simple way of converting the liquid to a solid form. As long as there is a moderate excess of absorbent
there is no need even for mixing; the waste liquid can be added to the absorbent in a suitable container
and eventually all the liquid will be taken up. Many absorbents are available varying from very simple
materials such as sawdust to complex alkyl styrene polymers.

The following six main categories of absorbent appear to be commonly used
* natural fibre (sawdust, cotton

127



synthetic fibre (polypropylene)
vermiculite (mica
clays

diatomaceous earth
imbiber beads (alkyl styrene polymer).

The use of absorbents to solidify organic liquid wastes produces a wasteform which varies from
loose dry particles to a jelly-like solid. The wasteforms have no compressive strength and are only
restrained from dispersing by the container.

As shown in table 6 , the absorption efficiency of the various products can vary by about a
factor of 2 to 3 and the volume increase resulting from the use of absorbents could be up to almost
300%.

The suitability of absorbents alone as solidifiers for organic liquid wastes is moderate; their
efficiency is adversely affected by the presence of water or other ionic contaminants.

The use of absorbents is probably the simplest process that can be adopted to convert liquids to
a solid form and is practiced extensively in many areas.

Table 6

Performance of Absorbents for Organic Liquids

Product

Natural fiber
Synthetic fiber
Clay
Diatomaceous earth
Vermiculite
Imbiber beeds

Absorbency
L waste / L sorbent

0,90
0,80
0,60
0,65
0,35
4,00

% Organic
by Volume

47
44
33
40
26
80

% Volume
Increase

111
125
167
154
286
25

Cementation

Cement alone is not very effective for the solidification of organic liquid wastes. Typically, only
about 12% oil by volume can be incorporated into cement and still have a waste form that is dry and has
reasonable compressive strength. However, the use of suitable wetting agents allows significant
increases in waste loadings to be obtained. Mixtures of cement and emulsifying agents give enhanced
solidification of organic liquid wastes particularly if the waste is multi-phased, i.e. oil/water/solvent

Several processes are developed on the basis of emulsifier and cement. They yield solid
wasteforms with organic liquid radioactive waste loadings of between 30-50% by volume. At this
loading, the wasteforms have relatively high compressive strengths and the waste loading could be
increased if lower compression strengths are acceptable.

Absorption and Subsequent Cementation

In this approach instead of emulsifying the organic liquid waste it is fixed with an absorbent to
produce a dry solid which may then be incorporated into cement. Waste forms produced in this way
could contain up to 56 % organic waste by volume. The usual procedure is to saturate the absorbent
with the organic liquid then mix this with cement and sufficient water to hydrate the cement. If the
organic waste already contains water it may not be necessary to add further water, however if the water
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content is not enough to adequately hydrate the cement the resultant waste form will have poor
comprsssive strength.

Cement solidification of radioactive organic liquids whether using emulsifiers or absorbents is a
process which has been developed to the commercial stage. The technique may be adapted to either
batch or continuous processing and equipment requirements for low-level wastes can be restricted to
fairly simple mixing apparatus.

The three conditioning methods previously described can be applied especially for contaminate oils
and lubricants further for TBP containing solvents and other extraction agents.

Depending on the composition of the organic liquids, individual or mixed, immobilization should not
be started till laboratory experiments have found out the best immobilization conditions.. Some recipes
can be found in the literature .

Natural Evaporation

A very simple method for disposal organic liquids evaporation. Especially scintillation liquids and
other organic liquid compounds with low boiling point can be easily reduced in volume by standing in
the atmosphere. This method needs some precautionary measures and permanent control. The residues
can be immobilized by methods previously described.

Management of Solid Wastes

Collection of Solid Wastes

In order to facilitate their subsequent handling, treatment and disposal, it is strongly recommended
to segregate solid wastes at the point of origin. The best method would be to categorize materials into
two groups, i.e. (1) compressible and combustible, and (2)
non-compressible and noncombustible. It is essential to segregate inactive trash from active wastes, so

that the volume and weight of active wastes handled will be comparatively small. Most of the wastes
produced in the laboratories of individual isotope users fall into the first category. Whenever solid
wastes containing radionuclides of half-life one year or more are produced, they should be stored
separately for treatment.

Refuse cans with foot-operated lids are particularly useful for radioisotope laboratories. They
should be lined inside with heavy-gauge plastic bags, which can be sealed and taken out when full.
Such containers may be used for collection of combustible-compressible wastes.

For non-combustible, non-compressible waste such as broken glassware, metal pieces, etc., which
require a stronger container, cans made from paste board may be used advantageously.

Plastic bags and cans, when taken out of the laboratory, should be loaded in stabile 200 1 drum and
transported to the interim storage for decay or to the treatment plant.

Treatment of Combustible and Compressible Waste

Several methods are available for the treatment of radioactive solid wastes. Procedures depend upon
the type of material, activity level, half-life of the radionuclide contained in it, the radiotoxicity, and the
maximum permissible concentration of activity release fixed by local authorities.

As already mentioned before most of the radioactive solid waste contains small amounts of short-
lived radionuclides. After activity decay the waste can be handled as inactive waste. A smaller part of
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radioactive solid waste generated in a Nuclear Research Centre is contaminated by long lived radio-
isotopes.

The generated volumes are in the range of 50, may be 100 m3 / a .More than 90 % of this waste is
combustible or compressible. In this case it is worth while to use a compaction process.

Volume reduction of solid wastes by compaction aims essentially at an increase in the overall
density of the waste material. This mechanical volume reduction method is widely used in waste
treatment.

Commercially available presses and compacting devices are frequently used in radioactive waste
treatment after appropriate adaptation to the specific task.

Low pressure compaction techniques, applying forces up to about 1001 are mainly utilized in such
cases. A typical application of the low-pressure compaction technique is the simple compression of bags
of trash into a 200-liter drum or another suitable package. Implicit in the design of such a device is the
requirement that adequate containment and off-gas treatment is provided to meet safety criteria. Volume
reduction factors obtained depend largely on the waste material and the pressure applied, but in general
are between 3 and 10.

Some Member States belonging to Group C are considering incineration of combustible wastes.
Of course, incineration is an attractive process and in certain cases an advantageous means of dealing

with contaminated carcasses and other putrefied wastes.

Incineration has the highest volume reduction and converts the waste to a form which is well suitable
for the subsequent immobilization and disposal. On the other side incineration of radioactive waste
should be considered only after careful evaluation of all features.

Incinerators without special air cleaning or ash-handling devices have relatively low investment cost,
but the activity content of the waste incinerated must be restricted to levels which will not result in
exposure of the general population to concentration, exceeding those permitted under national
regulations. The use of incineration for combustible wastes containing larger quantities of radioisotopes
requires special off-gas cleaning and maintenance systems which are related with high investment and
operation costs.

In general, it is not considered advisable to recommend incineration of combustible radioactive
wastes as a method for treatment of this type of waste in Member States belonging to Group A, B and C
The main reasons are:

• relatively low volumes of real contaminated waste generated
• high investment and operation costs
• the incinerator is not employed to full capacity

To illustrate this it should be mentioned that an incinerator with a capacity of 40kg/h would only be
in operation for 30 days annually on the basis of an eight hour shift per day and a 50 - 100m3

generation of radioactive waste per year. Incineration of combustible radioactive waste could be of
interest in combination with incineration of septic hospital or other toxic materials. To give an idea
about the essential funds of an incinerator based on 40kg/h capacity, it must be estimated that more than
US$ 300 000 are necessary only for equipment. Not included in the just mentioned funds are the
construction of the building and the erection of the incineration facility.
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Recommendations for the management of radioactive solid waste in Member States belonging to
Group A, B and C are:

• reducing the generati6n of contaminated material
• strong segregation of active and inactive trash
• compaction of combustible and compressible waste with a simple baling press.

This way is very realizable, needs low fund but strong training and discipline of the staff.

Treatment of Nonccmbustible and Noncompressible "Waste

Non-combus»:bls and non-compressible waste contaminated with long lived radio isotopes should be
immobilized direci!y without previous treatment. For this reason, the waste is filled into the waste drum
and poured over with cement grout. Examples for these types of wastes are sealed sources and radium
needles

Another so ca1led "problem waste" in Member States are animal carcasses or other biological
material contaminated with radioisotopes. For collection, transport and temporary storage of all kinds of
biological material, packaging in plastic bags or foils and subsequent storage in a deep freezer is
recommended.

Materials contaminated with short-lived radjoisotopes can be buried after decay. One possibility for
disposal of biological material contaminated with long-lived radioisotopes is treatment with CaO and,
after packaging in a drum, the material is poured over with cement grout. Another alternative for
managing this type of material prior to disposal is treatment with concentrated formaldehyde for some
time and subsequent embedding in cement grout. This system of collection, transport and temporary
storage of biological material needs several deep freezers

The Treatment of Ion Exchange Resins

After their useful life, ion exchange resins have to be replaced. "End of useful life" for bead resins
means that their regeneration ability is significantly reduced and if no regeneration is intended that their
exchange capacity is dramatically decreased.

Spent ion exchange resins are generated mainly during continuous clean-up of reactor coolant and
spent fuel storage pools of research reactors. The amount of spent resins generated in research reactors
are around some hundred liters to 1 m~ annually.

The main activity fixed on spent ion exchange resins used in research reactor is ^ a , Al. The
activity concentration is in the range of some hundreds mCi/m3. The spent resins have to be treated to
obtain a waste form which is acceptable for final disposal. After an appropriate time of storage for the
decay of short-lived radioisotopes, the relatively small volume of spent resins should be immobilized
direct with cement or partially together with other concentrates like precipitation sludges.

The last method results in an improved product because the resin content in the cement product reach
only a few volume per cent.

The technique of immobilizing radioactive concentrates in cement by an in drum mixer has already
been described previously.
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Packaging and Interim Storage of Unconditioned and Conditioned Wastes in Member States
Belonging to Group A, B and C

When radioactive waste has been generated at different places in nuclear facilities, it must be
packaged and transported to an interim storage place to permit subsequent treatment and/or
conditioning. For short-term packaging and transportation of unprocessed wastes from the place of
origin to the interim storage place or to the treatment facilities, a series of containers, boxes, packaging
devices and special vehicles should be available in an integrated waste management system.

Steel drams can normally be used as shipping cask for collection and transportation to the interim
storage or direct to the treatment facilities. They should be covered with a coat of paint to simplify
decontamination and make the drum resistant against acid and alkaline attack.

Special arrangement must be made for contaminated bulky waste. To avoid contamination, the bulky
objects should be packaged in plastic foils. Exhaust air filters should be packed in plastic foils
individually and transported to the treatment plants or interim storage in special transport containers.

For transportation of all kinds of packaged wastes, it is strongly recommended to have a suitable
fork lift truck. A small Nuclear Research Centre should also consider having available specially
designed waste trailers that can be easily moved by the fork lift truck. The floors in nuclear
installations, treatment facilities and interim storage areas should be designed for a maximum loaded
fork lift truck.

When the waste has been treated and immobilized, it will be packaged in suitable containers for
subsequent of transportation, interim storage and disposal.

Various types of containers with different shapes, sizes, materials and construction are in use(lo:>.
The inner volume ranges from some hundred liters to several cubic meters and the loaded weight of the
package from some hundreds of kilograms to tens of tons. The materials employed are usually mild
carbon steel and concrete with wall thickness from about one to hundreds of millimeters.

At the moment three types of containers are in consideration for packaging of radioactive
conditioned wastes in Member States belonging to Group A, B or C.

Conditioned waste with a dose rate on the surface of up to 200 m rem / h, is normally packed up in
200 1 drums or 400 1 drums.

If radiation doses range up to 2 rem /h, 200 1 drums may he inserted into 4001 drums and the space
between the drums filled with concrete thus creating a small shielded shipping container.

A relatively small part of the waste produced in nuclear facilities, i.e. ion exchange resins from
cooling water purification, could generate external radiation doses on the surfaces of the drums around
2 and more rem/h after conditioning. These drums cannot be handled, stored or shipped without
shielding. For these cases special non-reusable concrete containers are recommended. The 200 1
metallic drums filled with conditioned wastes are inserted in these containers and covered with concrete.
When packaged in this way they are regarded as low level waste.
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After the waste lu* teen immobilized the waste packages are normally put in an interim storage
facility for period of da;, s or sometimes for many years. The main reasons for having an interim storage
of the wastes are usual; because a repository site is not immediately available. Also, interim storage
can be used to take advantage of the activity decay with time, thereby facilitating later handling,
transport and disposal OJ. the wastes; Until repositories are available, the country's interim storage
facilities for conditioned waste can be developed in several different ways.

A very simple way ..specially for Member States belonging to Group A and B is the application of
large transportable concainers normally used as shipping containers Fig. 2. The container could be set
up at a suitable place, i.e. at a centralized collection site or in a small Nuclear Research Centre.
Depending on the size of the container between 40 and 70 drums could be stored per container.

The container also serves as a barrier against unauthorizing contact with the waste. Later on, when a
repository is placed into service, the container, including waste drums, can be transported directly to the
repository without additional reloading step.

Naturally these containers can also be used as a place for temporary storage of waste, contaminated
with short-lived radioisotopes for decay or untreated waste waiting for further treatment.

Another solution for interim storage of unconditioned and conditioned waste, especially for Member
States having a small Nuclear Research Centre, is the erection of a simple hall on the ground surface
with a steel construction and corrugated transit sheets covering the walls and the roof. The storage hall
should be built above ground water level and not be reached by a potential flood or ground water. The
capacity for the waste storage facility should be designed for a period of 10 years.

Approximately 15 to 30 m3 of conditioned wastes, corresponding to 75 to 150 drums, will be
generated per year in Member States belonging to group C. On the supposition that the generation of
waste in a small Nuclear Research Centre will be approximately constant during 10 years, the
estimated volumes of conditioned wastes after this period are in the range of 150-300 m3

corresponding to 750 to 1500 (200 L) drums. Considering a total number of 1500 (2001) drums after
10 years, a storage area of nearly 200 m2 should be planned, based on the assumption that drums are
stacked 3 units high. Stacking 4 units high results to a smaller area of nearly 150 m2. The possibility of
capacity extension should be provided for in the design of the facility.

To prevent radiation exposure to on-site personnel, it is recommended to construct the interim
storage facility away from the waste-treatment plants or other buildings.

At the end of the interim storage period the waste containers must be capable of being identified,
retrieved and transported to the final disposal site.

By way of conclusion it can be summarized that the management of radioactive waste in Member
States belonging to Group A, B and C which includes all steps as

• collection
• treatment
• conditioning
• packaging
• interim storage should not be a problem and can be solved satisfactorily based on technology

which is simple and well demonstrated. The cost of the equipment should be consistent with the
economic and social structure of the Member State.
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ABSTRACT

Waste is any discarded material. Domestic wastes are those produced by
individual activities. In common with other living organisms, humans discharge waste
substances to the environment that in turn re-energize the endless cycle of nature.
Human activities are closely associated with ambient environment (soil, water, or air)
through accumulation of domestic waste. Such household hazardous waste deposit
arise from the discharge of domestic activities in the form of municipal solid waste
(household, commercial and public street wastes), night soil (human and animal body
wastes, excreta, or excrement).

In rural areas, night soil is one of several components of the refuse that pollute
the land. The surface water may be also directly polluted by domestic wastes or
agricultural wastes. But in urbanized areas, household wastes, bathroom and laundry
are conveniently flushed away by water as domestic wastewater through sewerage
system, and disposed onto land or into receiving water, or in some countries it is
treated and re-discharged for domestic usage. Solid waste in the form of kitchen
garbage and other household refuse is collected for landfill disposal or for re-
industrialization.

Many domestic waste influence indoor air quality in urban and in rural areas
as for example the fuel used for cooking, smoke from cooking and from smoking
habits, modern building materials, insulation, fabrics and furniture, cleaning
materials, solvents, pesticides, personal care products, organic material of vegetable
origin and dander from domestic life.

Key Words: Domestic Waste/Soil/ Water/Air

INTRODUCTION

The environment, which sustains human life can be a profound source of ill health for many of
the world's people. These environmental health threats are stem mostly from traditional problems of
domestic life, such as a lack of clean water, bad sanitation, inadequate housing and absence of
protection from insect and animal disease transmitting vectors.

The twentieth century witnessed ,a dramatic increase in the production of waste, reflecting
unprecedented global levels of economic activity. This is because the world population is increasing by
more than 86 million people every year03. Such rapid growth places enormous pressure on natural
resources, urban infrastructure and services, and governments at alllevels, especially in the poorest-
countries where growth is most rapid. This increases the production of municipal waste strestttfofthe
world. This raises the concern about the environmental unpact of the disposal of waste thrbugjvtfee;dse
of landfill and incineration. The basic cost of waste collection and disposal, and tfef changing
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composition of municipal waste with greater quantities of toxic materials derived from a variety of
products are added to the problem.

Waste in general is any discarded material. Domestic wastes are those produced by individual
activities. Agriculture waste, industrial waste, commercial waste, building rubbish, hospital waste and
household waste are all considered as domestic waste (2). The discarded material is any material
abandoned by being disposed of, burned, or incinerated or accumulated, or stored, or treated or
recycled(3). The term "households" includes multiple residences, hotels, motels, bunk-houses, ranger
stations, crew quarters, campgrounds, picnic grounds, and day-use recreation areas (4). In common,
household waste is the rubbish that every individual generates. It are those unwanted items arise in a
domestic dwelling: discarded products such as furniture, clothing or toys, food leftover, and used
packaging; as glass bottle, glass jars, steel food can, metal drinks can, plastic food pots,
polytetraphthalate drinks bottle. Household wastes are also constitute of remnant foods, paper, textiles,
plastic, glasses ...etc.(5).

Household Hazardous Wastes (HHW) are those wastes produced in our houses that are
hazardous in nature and can create environmental and public health hazards if carelessly managed, but
are not regulated as hazardous waste, under federal and state law. HHW includes old paints and paint
related products, pesticides, pool chemicals, drain cleaners, and degreasers and other car & home care
products(6).

SOURCES AND HEALTH EFFECTS OF DOMESTIC WASTES

The improper treated, stored, transported or disposal of domestic wastes produced from the
humans activities contaminates soil, water and air throughout the world, leading to increasing the
number of environmental problems, such as discharges of pollutants to the soil, surface water and
ground water.

Water Pollution From Domestic Waste*

Nearly 40 percent of large cities are located on the coast. Domestic wastes in the form of rubbish,
sewage and industrial effluents are released into waterways with minimal or no treatment, threatening
human health and aquatic life (3). Urbanized areas household liquefied waste from kitchen, bathroom,
and laundry are flushed away by water into the sewerage system as wastewater polluting soil, surface
and ground water(6).

Poorly treated or untreated wastes released into open waterways can have health impacts on
water users downstream. Various diarrhea and other diseases are spread via the fecal-oral route, where
potable water supplies and sanitary conditions are inadequate. It can be quite severe locally, as during a
cholera epidemic, for example, drinking or ingestion of seafood contaminated by sewage can be an
important transmission route (2). Farm animal wastes are suspected of causing toxic algae blooms,
leading to massive fish death and potential harm to humans (1). The US Center for Disease Control

reports an average of approximately 7,500 cases of illness linked to drinking water in the United States
each year. This estimate generally is thought to be considerably lower than the actual figures because
drinking water contaminants are not always considered in the diagnosis of illnesses(2). Although water
contaminated with domestic wastes can carry many infectious agents as schistosomisis, protozoa,
bacterial infections as cholera, and other diarrhea causing organisms it can be a critical tool in

maintaining good hygiene.
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Faulty private septic systems, improperly managed municipal sewer systems can contribute to
ground water contamination. Ground water contamination also occurs when hazardous chemical wastes,
pesticides, or other agricultural chemicals (such as fertilizer) leach through the soil into underground
water supplies (2\ In recent years, leaking underground storage tanks also have posed a threat to ground
water. Radon and other radioactive substances can seep into ground water and remain trapped there(2).
Therefore, this practices can potentially degrade the environment, infect indigenous species, and
contaminate water sources for the potable use(7).

Soil Pollution Front Domestic Wastes .

For decades, hazardous wastes were improperly disposed on land, and their toxic components
remained in the earth or seeped into soil, ground water and drinking water supplies. The solid domestic
waste (refuse) is quite different in their characteristics among the different communities according to
their socio-economic status (5) . The refuse of poor communities are largely formed of remnants of
vegetable; because any bottles, jars, and tins present in the refuse are kept and used again. The poor
people buy local food packaged through wrapping it in a twist of paper from old book or newspaper,
that may contaminate the food by lead from the ink (8l In some areas, the dry vegetable waste is used as
fuel for cooking, and then there is a high proportion of ash polluting indoor air(9). hi poor communities,
the densities of refuse are much higher than in the wealthy communities, because of the absence of
paper, plastic, glass, and packing materials (-5'6). In rural areas, the refuse often contains a fair amount of
animal and human excreta(6). Urbanization has increased the amount of garbage produced along with
the improvement of living standards and the content of garbage has changed to more plastic and bulky
refuse due to more sophisticated and diversified consumption patterns (6). Also, with the expansion of
advanced technology, new innovations and products have been instrumental in establishing high
standard of living; leading to generate excessive amounts of hazardous wastes, which consequently
result in environmental pollution due to improper disposal of these domestic wastes (2).

Most domestic solid waste is not a direct threat to health, if compared with industrial waste,
although it is safer to avoid it. If solid waste is kept in closed containers and removed regularly, the
health risks to local residents are minimal(2). The two groups most directly exposed to solid waste are
children and wastepickers in low-income residential areas(3). Accumulated garbage, however, can also
contribute indirectly to neighborhood environmental health problems starting from offensive to the
senses, nuisance, making cleaning and sanitation difficult, to be a source of bacterial contamination of
food, utensils, equipment, and attractive to insects and rodents, as breeding sites and providing food for
flies and other pests (3).

Other problems are climatic, as in areas of high temperatures over 25 °C and high humidity
quicker putrefaction, more flies bread are the most common problems. In rainy areas, the uncovered
refuse will become soggy, when the rainfall comes (6\

The liquefied human wastes are expressed as night soil; which is the body wastes, excreta, or
excrement. Night soil is one of several components that pollutes the soil of most of the rural areas and
those without sewerage systems. The fecal matter contains food residues, remains of bile, intestinal
secretions, cellular substances and pathogenic organisms. Bacterial cells are present in large numbers
(about 1/4 of the weight of feces). The principle component of urine are water, urea and mineral ash.
Urine is normally sterile, and in fact, destroys bacteria in fecal matter if it is left in contact for long
time; because of the daily per capita excretion of 5 to 9g of chlorides(2).
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The refuse may also contains hazardous domestic waste; as old household manufacturers
containing lead, asbestos, formaldehyde, pesticide, empty tins, detergents, household medications, etc.(4).
Lead found in multiple manufacturers; as painting toys and furniture, containers made with certain
glazes; as some china or silver plates, cosmetics; as Kohl, eye shadows and hair dyes, empty packages,
glazed ceramic, etc., can be hazardous to the refuse collectors and to workers with this domestic waste,
when improbably disposed with the daily refuse(8). The fluorescent and high intensity discharge (HID)
lamps contain a small amount of mercury; which is a toxic metal affecting the nervous system, could
contaminate the soil if improperly disposed. It is now illegal to dispose of these hazardous household
substances in the trash(1).

Contamination of soils has a direct impact on animal and human health through the quality of
food and water, and can affect the marketing of agricultural products (3). Soil erosion is one of the
problems resulting from soil contamination by domestic waste; leading to reduced crop yields through
decreasing the soil fertilizing nature. Beside that, hazardous carcinogenic compounds or chemical
treated wastes have an important consequences on the quality and quantity of food(1).

The widespread use of pesticides and other agricultural chemicals as fertilizers have resulted in
the seepage and runoff into land and water supplies (2). Significant concentrations of pesticides can drift
a mile or more from the site of initial application, depending on droplet size and wind conditions. Also,
residues of pesticide can present on leaf surfaces, on the crop itself, in the soil, and in the decay plant
and organic material that collects under vines and trees (2). Pesticides are absorbed through the skin,
eyes, respiratory and the gastrointestinal tracts causing acute poisoning up to chronic illness in the form
of cancer, neurotoxicity, and adverse effects on reproduction, fertility and birth defects (1).

In addition, the underground storage tanks of gasoline, petroleum products, and other hazardous
liquids, and radioactive materials may leak, discharg into the soil(2), leading to increased morbidity and
reproductive health problems among nearby residents. The Environmental Protection Agency (EPA)
estimates that as many as two million underground storage tanks of hazardous waste in the United
States may be leaking discharging hazardous liquids into the soil and potentially into ground water
sources(1).

Air Pollution From Domestic Wastes

During the 20th Century, air pollution has been identified with urban smog or smoke from factory
chimneys. Rough data suggest that, indoor air pollution tends to be a problem that is worse in rural
environments than in urban environments (3). Indeed, WHO recently estimated that indoor air pollution

may be responsible for as many as 2.8 million deaths each year, making it one of the largest
environmental risk factors (I). Indoor air pollution can weaken the body's defenses and damage the
lungs; these factors contribute to acute lower respiratory infections, chronic lung disease, lung cancer,
asthma, reproductive health problems and low birth weight, and heart disease m.

World Resources Institute (WRI) estimates that nearly 100 developing countries rely on biomass

fuels for their residential energy needs(10). The waste from charcoal is considerably less polluting to the
air than wood; although carbon monoxide exposure may be higher. Coal emissions are heavily
dependent on the type of coal, but they can be relatively high in both particulate and carbon monoxide(3).
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Three major health risks are associated with domestic use of polluting fuels. Irritation of
respiratory passages leading to acute respiratory infection. Long-term exposure may contribute to
chronic lung diseases; such as chronic bronchitis, emphysema and asthma. Long-term exposure is also a
risk factor for cancer(1).

Sulfur dioxide, nitrogen oxides, and particulate matter under 10 microns in diameter are easily
breathed into the lungs. These arise mostly from coal-fired power plants and boilers, motor vehicle
exhaust, and certain manufacturing industries (1'9).

Environmental tobacco smoke (ETS) is considered to be one of the major and serious domestic
waste air polluting problems in developing and newly developed countries because cigarette
consumption in these countries has continued to increase (11). ETS contains many hazardous
components, including the tobacco derivatives, cadmium, formaldehyde, which are potent respiratory
irritants (12). The number of deaths annually attributable to tobacco is expected to increase from 3
million in 1993 to 8.4 million in 2020, of which 6 million are projected to occur in the developing
world(13). Currently, the global cost of tobacco-related illnesses is nearly $200 billion a year in direct
health-care expenses and lost productivity related to morbidity and premature mortality. One third of
this loss occurs in the developing world (1\

Although smoke and other combustion products of fuel are the major indoor air pollutants, it is
unrealistic to expect that indoor air will be free of other forms of hazardous household waste pollutants.
Formaldehyde, chloroform, and other organic chemicals emitted by building materials or furnishings,
asbestos fibers from insulation materials, and radon are other significant hazardous air pollutants,
giving rise to the so-called sick building syndrome(2).

Asbestos is a fibrous material which is used in architectural and construction applications
because it is a strong, durable fire retardant, and an efficient insulator(9). Risky domestic waste from
Asbestos arise when age, accidental damage, or normal cleaning, construction, or remodeling activities
cause the asbestos containing materials to crumble, flake, or deteriorate(2). The fibers will circulate in
the air and can be inhaled(9). Because the material is durable, it persists in tissue and concentrates as
repeated exposures occur over time. It can cause cancer of the lungs and stomach among workers and
others who have experienced prolonged work-related exposure to it (2). The health effects of lower
exposures in the home are less certain; however experts are unable to provide assurance that any level
of exposure to asbestos fibers is completely safe(3).

Lead is found abundantly in rocks and soils and at the highest levels near buildings, arround busy
roadways and highway bridges, smelters etc.. Lead is also included in paints, lead-based painted
manufactures, gasoline and other materials (8). Lead enters the indoor air when surfaces covered with
lead-based paint are scraped, sanded, or heated with an open flame in paint stripping procedures. Lead
can also enter household air from outside domestic sources; such as traffic exhaust(9). Recent research

has shown that lead represents a greater hazard at lower levels of concentration than had been thought.
Lead accumulates in the blood, bones, and soft tissue of the body. High concentrations of lead in the
body can cause death or permanent damage to the central nervous system, the brain, the kidneys, and
red blood cells (2). It can also cause mental retardation or mental delays, behavior problems, increasing
blood pressure and hearing loss. Infants, children, pregnant women, and fetuses are more vulnerable to
lead exposure than others because the lead is more easily absorbed into growing bodies and their tissues.
Children absorbs 50% of the ingested lead, while an adult absorbs 10% only(8). Over 1.7 million
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children have unacceptable levels of lead in their blood most probably from exposure to domestic waste
containing lead(2).

Formaldehyde is generally present at low, variable concentrations in both indoor and outdoor air.
It is emitted by many construction materials and consumer-based products that contain formaldehyde
based glues, resins, preservatives, and as an ingredient in foam that was used for home insulation until

the early 1980s (9). Sources of formaldehyde in the house domestic waste include smoke, household
products, and invented fuel burning appliances (like gas stoves or kerosene space heaters), as a
preservative in some paints and coating products, and in the adhesives used to bond pressed wood
building materials used for interior or exterior construction. Formaldehyde has been shown to cause
cancer in animals, but there is no definitive evidence linking it to cancer in humans (2l Above normal
levels of formaldehyde in the home atmosphere can trigger asthmatic attacks in susceptible individuals.
Other health hazards attributed to formaldehyde include skin rashes, watery eyes, burning sensations in
the eyes, throat and nasal passages, and breathing difficulties (2\ Most persons will first react to
formaldehyde when the levels are in the range of 0.1 to 1.1 parts per million. Some individuals acquire a
reduced tolerance to formaldehyde following their initial exposure to the gas. In these instances,
subsequent exposure to even small amounts of formaldehyde will cause reactions <-2'9\

MANAGEMENT OF DOMESTIC WASTES

Domestic waste management, such as the provision of water and sanitation, shift away from
hazardous household waste as the use offossil fuel may be slower in coming than improvements from
clinical intervention. For this reason, environmental approaches of waste management, a cleaner and
safer environment, and stronger socioeconomic development require the coordination among many
sectors of the communities including the environment, energy, transportation, and health sectors (1).

Management Of Domestic Wastewater

Technical improvements are important. There has been some success with simple more hygienic
latrines designed to eliminate flies and odors(14). Overcrowding, combined with poor maintenance, can
and often defeat public latrines, that can become public health hazards less hygienic(2). Demand more
rigorous hygiene behavior than is required for the more standardized technologies (14). Better sanitation
can lead to less contact with fecal material at defecation sites and less indirect exposure via water,
insects, food, or human carriers C2).

In urbanized areas, sewage is collected through pipes from the buildings and is transported for
extensive treatment at sewage treatment works (3). Domestic sewage can be treated primary simply
through gravity separation, and sometimes accompanied by coarse screening, to remove solids, clinkers,
sand, grit, small stones, rags, stick and other floating objects. The residual water flows into a
sedimentation tanks, where suspended solids fall to the bottom, forming a mass called raw primary
sludge. Sludge is removed by pumping and may be incinerated, sent to a landfill, or used as a soil
fertilizer; if within the contamination standard. The remaining water is usually chlorinated, or ozonated
before discharging to streams or spread onto permeable soils (2l The standardized level of sewage
treatment in the US is the secondary treatment level as specified by EPA (3).The secondary treatment of
sewage follows the sedimentation phase of the primary treatment. Biological phosphorus removal from
wastewater; by fermentation of the sludge in particular by acetate and propionate, has become an
interesting process because of its low operational costs and efficiency. It is currently perceived to hinge

140



on the introduction of an anaerobic period preceding the aerobic period in the conventional activated-
sludge process (15). Finally the sewage is chlorinated or ozonated. The combination of secondary
treatment and disinfection will normally kill 99% of harmful bacteria(2).

In the urbanized residential areas, potable water supply is solved, or displaced, by providing
indoor piped water and flush toilets (2). In 1986, lead pipes were banned for drinking water, even today,
faucets and pumping fittings may legally contain up to 8% lead(8). Households without indoor piping
often obtain their water from a number of sources, such as over crowded or distant communal
standpipes, expensive private water vendors, or heavily polluted wells or open waterways . Various
specific bacterial and chemical indicator systems are widely used to distinguish fecal pollution in marine
systems. The density of Clostridium perfringens in sediments has been used in describing the historical
distribution of deep-ocean sludge disposal sites from sewage disposal(7). Certain organic biomarker
compounds have been utilized for detection of fecal water pollution. For example, coprostanol has been
used as a tracer for human waste" in coastal marine sediments (7\

Management Of Solid Domestic Waste

Solid domestic waste, management is much more than refuse collection and disposal. It currently
comprises niinimizing the problems of domestic waste. This can be through the elements of waste
collection, waste recycling and waste disposal (5). The collection of solid domestic waste is a typical
service provided by local government; which either directly employs labor for the task, or contracts
private sector companies to do it. Also, the city organizes cleaning of roads, pedestrian sidewalks,
rivers, and beaches from the viewpoint of conservation of environment and beautification of the city®.
m urbanized residential areas, solid waste is collected by house-to-house or door-to-door method(6).
But, door-to-door waste collection is too expensive for many households or municipalities to afford.
Collection points can easily become small garbage dumps, specially when collection is intermittent and
then the tipper and shovel teams clear the communal refuse dumps. The collected refuse transportation
methods depends on financial issues and the available equipment of each community (-S). In the urbanized
areas, containers sized for 1 to 2 m3 positioned at interval along the roadside; even where rear-end-
loading vehicles are available, to present the most sensible method of the almost obligatory daily
collection service ^•'. Increased emphasis on public transportation of the collected domestic waste will
reduce air pollution and associated respiratory illnesses than that of the private car transportation (1).

Populations have depended on the environment to treat their domestic waste in historical world.
For this reason, many settlements developed along rivers and lakes for searching of food and dumping
their waste to be degraded by microorganisms. Nowadays, human domestic waste overcame the
capacity of the environment to degrade it. Four major ways can deal with solid wastes. We can use
landfills, incineration, composting and recycling(4).

Landfills is the most commonly used method throughout the world(2). In landfills, all they do is to
dump all the garbage that they have in a specific area. They might bulldoze over the wastes to compact
it and to contour it. There is a lot air pollution that is caused from this garbage and a lot of gases release
when the garbage starts decomposing (4). Landfill are classified into inland landfill and ocean landfill
according to the location, and into dry type and wet type according to the water content. But, the
classification of the landfill should be better based on the bacteria affecting decomposition conditions;
aerobic or anaerobic. The quality of the leachate of aerobic decomposition generally is better than that
of anaerobic, as anaerobic fermentation sometimes introduces hazardous and combustible gases, such as
hydrogen sulfide or methane; as lkg of methane is believed to be up to 60 times more powerful than
carbon dioxide in its contribution to global warming (17>. So, landfills are not a good solution to our
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problem. It is common practice to spread impermeable material, such as plastic sheets or clay at the
bottom and to install piping for leachate, next placing crushed stone on top to complete the waste bed.
Then put one layers of garbage and soil on top of each other, after completing the sandwich piling
procedure, the area is covered with soil to a thickness of 1.5 to 2 m to be safer to be used as a garden. It
takes 10-20 years for the sandwiched landfill area to become completely stable(2).

Incineration is the process by which all of our wastes are burnt<3). The quantity of waste is
reduced to about 1/15 to 1/20. It is also highly valued for the ability to kill pathogenic organisms,
stabilize and eliminate hazardous material and turn organic material into inorganic matter and release
CO2 and H2O, through it's high ambient temperature causing oxidation(2). The heat generated from the
majority of incinerators is simply vented to the atmosphere, but, a number of plants make use of this
heat either to provide steam as a heat source to the surrounding buildings (waste to energy), or to
provide steam for the generation of electrical power using steam turbine generators (combined heat and
power scheme)(5). In spite of that, incineration is even worse than landfills, because of a great deal of air
pollution from releases such as carbon monoxide, sulfur dioxide, nitrogen dioxide, hydrogen chloride,
hydrogen fluoride, chloride compounds, etc.(4). Dioxins are among the most toxic molecules identified,
and produced from the burning of chlorine containing compounds; such as plastics and bleached paper(4)

Further concerns focus on the residual ash containing toxins; such as heavy metals left after burning(3).
The ash is now treated as hazardous waste in Sweden (18). In addition to that, incineration is more
economically expensive than landfill disposal method(3). Therefore incineration, like landfills, is not the
solution ^^

Composting is the process of taking all the organic wastes and keeping it in a storage tank
underneath the ground. Bacteria grows and it decomposes the materials in the presence of oxygen(19).
This process doesn't harm the environment and you can use the remains as fertilizer. The reason of
keeping underground is for heat build up. Heat is an important factor for the growth of bacteria. So
composting is a good alternative but there is one problem to it (5l The problem is that it only eliminates
organic wastes; such as kitchen waste and garden waste, which is the main environmental problem
associated with landfill because it is the source of landfill gases and also produces a liquid runoff, that if
not properly controlled can pollute watercourses and groundwater supplies C1S>:>.

Recycling is the process in which certain materials are reused. In recycling, not much pollution is
caused, the earth resources and it is economical, because it costs less to recycle something than to build
it from scrap. Recycling and composting make a good combination(6). It is very important to know the
composition and weight of waste arising at a local level and in what proportion, before any planning for
recycling (5). A balance between economy and the environment should be achieved(4). The recyclable
materials within household waste fall into three broad categories; dry recyclable (paper, cardboard,
glass, plastic, metals and textiles), organic material (kitchen or food waste and garden waste), and
miscellaneous materials (furniture, white goods)(5). Hazardous materials as oil, waste paint and
batteries are collected for safe disposal rather than for recycling(4). It is illegal to dispose of household
machines; such as washers, dryers, refrigerators, microwave ovens, conventional ovens, stoves, air
conditioners, trash compactors, disposals, dishwashers, freezers, hot water heaters, residential furnaces,
etc. in the trash. They are taken to a processing center where hazardous components are removed and
the scrap metal is recycled(4).

Re-use of domestic and agricultural wastes; as in the Australia project, aims to understand and
predict the impact of reusing composted and liquid waste on soils and leaching from soil/plant
ecosystems (2). Its objective is to use the effluent for irrigating tree plantations, and evaluation of the
reuse of wastewater. This objective must be applied through a low-cost technique to remove nitrogen



thereby making it more suitable for irrigation of agricultural crops, and vermicomposting to improve
agricultural soils.

Management Of Air Polluting Domestic Waste

Air pollution from domestic waste is another important health problem. Improvement of
household ventilation is one way to reduce indoor air pollution, but this has limitations and often
worsens outdoor air quality. A more effective approach is to promote the use of improved stoves that
remove the smoke from the house through a flue or chimney (10). Studies have shown that a well-
designed, well-built, and well-maintained stove can reliably lower indoor air pollutants from cooking to
levels 10-40% of those in kitchens with open fires. In addition, reduced use of wood fuels might also
result in less deforestation, soil erosion, and accompanying losses in soil fertility(I). The ability to
remove air polluting hazardous household wastes will depend on the kinds, amounts, and sources of the
wastes that are present.

Management Household Hazardous Wastes

The EPA, other federal agencies, and individual states can draw the necessary funds to allow
them to react in hazardous waste emergency situations and to conduct long-term, permanent cleanups of
hazardous waste sites(2).

The disposal of waste materials suspected of containing asbestos extreme care should be
exercised in handling, cleaning, or working with, and needs to hire a qualified professional who is
trained and experienced in working with asbestos. It depends on the amount of these products present,
the percentage of asbestos they contain, and the manner in which the asbestos is incorporated into the
product. The asbestos removal workers are protected under federal regulations that specify special
training, protective clothing, and special respirators for these workers. Vinyl flooring products that
contain asbestos can be cleaned in a conventional manner, but these products can release some asbestos
fibers if they are vigorously drilled, or scraped (-2\ Generally, if the material that contains asbestos is in
good condition and is in an area where it is not likely to be disturbed, leave the asbestos-containing
material in place.

The EPA Office of Drinking Water has proposed regulations under the Safe Drinking Water Act
(SDWA) that establish a maximum contaminant level for lead in drinking water of five micrograms per
liter and a maximum contaminant level goal of zero. [Note: One microgram per liter is equal to one part
per billion (ppb)]. The combination of copper pipes connected with lead based solder is found in many
homes and can result in high levels of lead in water. In these circumstances, galvanic corrosion between

the two metals releases relatively large levels of lead into the water. But, as the home ages, mineral
deposits build up on the inner walls of the pipes and act as an insulating barrier between the
the solder. A simple chemical test can determine whether or not the solder used in a home
However, in the newer homes contributions can be eliminated effectively by running the fanssffor 15
seconds before drawing any drinking water. Also, cold water may be safer to be used for drinking and
cooking(8).
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According to the EPA, it is estimated that lead-based paint was applied to approximately two-
thirds of the houses built before 1940; one-third of the houses built from 1940 to 1960; and to an
indeterminate (but smaller) portion of houses built since 1960. The only accurate way to determine if

paint in a home contains lead is to have a sample of the paint tested in a qualified laboratory. So, the
best wavs to deal with the lead-based paint are to leave lead-based paint undisturbed if it is in good
condition and there is little possibility that it will be eaten by children, to covering the paint with
wallpaper or some other building material, to replace the painted surface completely. But; pregnant
women and women who plan to become pregnant should not do this work. Keep the yard well vegetated
to minimize the likelihood of children being exposed to contaminated dust from the surrounded polluted
soil, and practice good hygiene with the children, especially frequent hand washing, clean the floors,
window sills, and other surfaces regularly, preferably with wet rags and mops (8 ) .

Lead Acid batteries of the car, motorcycle or marine batteries must be accepted by anyone who
sells it up to five used batteries, free of charge, even from non-customers. Button batteries that are
small, disk-shaped batteries used for hearing aids, watches, and other small devices must be accepted by
the retailers who sell them for recycling when you purchase new ones. These also can be disposed of in
the trash The newer rechargeable alkaline batteries may be disposed of in the trash. Other types,
including Nickel-Cadmium (or Ni-Cad) batteries, and the appliances that contain them, may not be
disposed of in the trash. The batteries can be taken to one of several outlets for recycling. Some places
that sell lead acid car batteries may also accept rechargeable lead acid batteries for recycling(s).

Product containers such as aerosol cans, when they are completely empty, may be safely disposed in
the trash, except that of the pesticides or those containing remnants of hazardous wastes(2). Smoke
detectors that contain a small amount of radioactive material should be returned to the manufacturer for
disposal If that is not possible, dispose of detectors in the trash (2l

Materials containing formaldehyde were widely used in the construction of some prefabricated
and manufactured homes. Reducing formaldehyde levels in the home can be simple or complex
depending on the source of the gas. Initial procedures often include increased ventilation and circulation
of outside air through the home. In some instances, home subflooring or walls may be the source of
formaldehyde, or foam insulation between inner and outer walls may be emitting gas. If increased
ventilation does not produce acceptable results in these instances, homeowners may be required to
remove the formaldehyde bearing material. Such procedures will be costly, time consuming, and
temporarily disruptive of life in the home. Older urea-formaldehyde building materials most probably
will not be a significant source of formaldehyde emissions, because formaldehyde emissions from
building materials decrease as the materials age (particularly over the first two or three years) (2).
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ABSTRACT

During the last 30 years extensive scientific examinations on radioactive metalls,
ceramics and fuel elements have been carried out, so that a high volume of waste has
resulted. Also from the dismantling of irradiated facilities metallic^ waste has o be
handed. Prior for equipment repair (he hot cell euvolved has to be decontaminated
and a large amount of lower active waste is produced. The waste is collected for
conditioning and storing. There are different categories as: low active liquid waste,
low active burnable waste, fuel waste, low and high active metallic waste. For each
waste category special transport container are used. For the volume reduction our
WASTE DEPARTMENT is equipped with special facilities e.g.: furnace for
burning, drying, liquids evaporators, hydraulic press for pelletising,
decontamination box for the dismantling ad cleaning of components. After
conditioning the waste will be stored on site or transported to final storage in a salt-
mine (ERAM). Special documentation has to be done for the acceptance of this
waste.

WASTE FROM "HOT CELL FACILITY"

The "GroBen HeiBen Zdlenlabors" (GHZ) consists of 2 large concrete cell blocks together with 2
smaller lead-shielded cells, offering 16 technicians access for investigating reactor fuel elements and
activated structure components. The cells are gas-tight allowing destructive work like cutting, grinding
and annealing to be performed on nuclear fuel elements. Each ceil is equipped with master/slave
manipulators, a running crane (30 kN) and with power manipulators. The cell shielding thickness is
0.85 resp. 1.10m heavy concrete, gamma sources with a strength of max. 3 x 1015 Bq at 1 MeV gamma
energy can be handled safely, (fig. 1) The objects to be investigated are guided through an inter-
locking sluice which allows access for lorry-sized vehicles and a running crane with a capacity of
300 kN handles the transport containers.

Radioactive waste (1) will be produced during the examination of neutron irradiated fuel elements
and structure materials due to
* Dismantling of components, irradiation facilities and sample manufacturing by sawisg^csKing

and grinding.
• Destructive mechanical tests on irradiated material (e.g. pressure vessel steel, austenitic steels,

zircaloy/aluminium and ceramics). »
• Preparation of fuel and structure material samples for metallography by drilling, grinding, jspujfltg

and polishing.
• Testing the crushing strength ofHTR fuel elements in compressing tests.
• Core sampling from waste drums.

Prior to equipment repair the hot cell involved has to be decontaminated and a large amount of low
active waste is produced. The waste from the various laboratories and specially the waste of the hot
cell facility are collected and transported to our waste department for conditioning and storing. There
are 5 different categories ;
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° medium active liquid waste
s low active solid burnable waste
" fuel waste
a high active metallic waste
9 contaminated components, tools etc..

During the last 25 years about 150 m3 solid waste and 1 m3 liquid waste of medium activity was
produced every year with a total activity of l-8xlO14 Bq/year. Details of the content and containers are
given in Tab. 1.

Tab . 1: Different Waste Categories of Hot Cell - Facilities

Burnable waste: Paper, foils, overshoes etc.
Collected in 200 ltr. board or tin barrels

Unburnable waste: Low activity, collected in 180 Itr.
tin barrels for compacting

High active waste: Fuel element segments, metallic
samples or components from
irradiated facilities packed in 5 Itr.
tin cans

Contaminated components: Boxes, metallic components, tools.
Packed in steel containers (e.g.
10 m3), 5 cm concrete shielding.

Liquid waste (medium active): Chemical treatment, 12-80 ltr. volume,
shielded up to 20 cm Pb (Cendrillon),
200 ltr. barrels shielded with 5 cm Pb.

Further waste treatment is being done in the "waste department" of Forschungszentrum Juelich.
But for each special transport to the waste department, the supplier has to prepare documents,
indicating the different isotopes including the individual activity. This can be done by calculation,
weighing, gamma spectrometry and a / P measurements. More details are given in Tab. 2,3.

For the declaration of the fuel some main subjects should be considered:
• The dimensions and weight of the fuel (elements, section);
• The composition of fission products and isotopes by calculation (burn up. decay time,

enrichment, composition before irradiation);
• If necessary measurements by beta-, gamma spectrometry are done;
« There should be no loss of fuel;
« For declaration the knowledge of guiding nuclides are necessary.

Tab. 2: Typical Isotope content of fuel ( 10% U5 enrichment, 3-4 years decay time)

ISOTOPE %

Sr9O
Y90
RulO6
RhlO6

P
P
P
y

8
8
5
5
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Csl34
Cs 137
Ba 137m
Ce 144
Pr 144
Pm 147

all others

Y
P
Y
Y
Y
p/y

2
9
8

16
16
11

88
12

Also for the steel samples or for contaminated components data are necessary:
• The activity of activated materials are normally calculated if the composition of the material is

known (data: material composition, neutron fluence, decay time, weight);
• If necessary the gamma spectrum could be measured;
• After a longer testing period the guiding nuclides are well known for different materials. *

Tab. 3: Typical Guiding Nuclides
(200 d irradiation neutron flux lxlO14 n/cm2 and 200 d decay time)

Cr51
Mn54
Fe55
Co 58
Fe59
Co 60
Tal82

Half-live
time

27,8 d
314d
2,9 a
71 d
45,1 d
5,27 a
115 d

Gamma-
activity
MeV

0,32
0,84
K
0,81
1,99/1,29
1,33/1,17
1,12/1,22

PVS
%

15
10
40

6
25
-
-

Aust. Steel
%

27
1

20
5
1

11
32

Total 96 97

* PVS: Pressure vessel steel

WASTE CONDITIONING

Treatment of burnable radioactive waste (2), (3)

As mentioned before, solid burnable waste is collected in 200 ltr. drums and fed into a preheated
gasification chamber via a glove box and lock chamber without further pre treatment, (fig. 2) The
waste sink down to a pair of flaps which serve as a grate separating the gasification chamber from the
primary burner. While sinking, the waste is heated up to about 800°C. At the grate level it is partly
burned partly gasified by adding understoichiometric air. An additional amount of air is blown through
the flaps into the primary burner where the temperature rises to 1100°C. The gases pass sideways to
the secondary burner. The ashes fall down to be collected on a second pair of flaps where combustion
is completed. Finally the ashes are discharged into 180 ltr. drums. These drums fit into the FAKIR
super compactor.

The main advantage of this process developed at Juelich Research Centre is that gasifieafcien and
burning are performed under very stable constant conditions. Neither the temperature n^Hhe off gas
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composition does oscilate. The carbon monoxide content is very low. Comparatively small amounts of
fly ash are generated.

The incinerator nominal throughput is 50 kilograms per hour based on a 20.000 KJ per kilogram
energy content of the waste. The yearly throughput is limited by the license to 140 tons, 120 tons solid
waste and 20 tons liquids. A smaller incinerator of this system was developed and constructed for the
research centre INCHASS.

Treatment of radioactive waste water (Fig. 3,4)

Radioactive waste waters and sludges are evaporated. The waste water treatment line consists of
storage tanks, evaporator and two stage drier. Waste water from the different laboratories of the
Juelich research centre is collected and are be stored in 17 tanks with a total storage capacity of
825 m3. The large number of storage tanks allows the separate treatment of different wastes.

The waste water is continuously pumped from two supply vessels into the evaporator. Acid is
added into the transfer pipe in order to prevent foaming in the evaporator. Five tons of water are
evaporated per hour until the solid content in the batch amounts to maximum 40 %. The distillate is
pumped back into a clean vessel in the waste water store. It can be recycled into the evaporator for
further decontamination if necessary.

All kinds of radioactive concentrates, sludges and precipitates are dried and heat treated in the two
stage drier. In the supply vessel of the drier the feed will be homogenised and a sample will be taken
in order to achieve radiological data for final documentation. The first stage is a fluidised bed drier
operating with hot air. The dry granules produced in this stage will be heated to 350 °C in the second
stage which is a pipe type fluidised bed drier. In the second stage residual organics and nitrates in the
dry product will react.

Super compacting

During the operation and decommissioning of a nuclear facility, contaminated solid waste is
generated, such as protective clothing, rags, concrete parts, insulation, cables and filters. Volume
reduction of such waste results in considerable savings with regard to the costs of interim storage and
final disposal. The solution is the FAKIR Hydraulic Super Compactor. It allows a waste volume
reduction by a factor of 3-5.

Technical data of the super compactor

Dimensions, length: ~ 10,0 m
width : ~ 2,4 m
height: ~ 2,8 m

Weight: 50 - 601
Compacting force : 1.200 - 1.5001
Throughput: up to 20 drums/h

Dismantling and decontamination (REBEKA)

REBEKA is the site for the treatment of radioactive solid materials which had been constructed
throughout the years 1992 until 1995. It is a new concrete building and has been fitted inside the
existing process building according to the latest requirements on earthquake resistance and on water
and air pollution control. REBEKA contains the equipment for dismantling, cutting and decontamina-
tion of radioactive solids as well as the equipment for solid waste conditioning (see fig. 5). Large
components up to 25 tons can be brought into two steel boxes (9 meters long, 7 meters wide and

152



5 meters high) and isolated treated. Decontamination is performed by pressurised water, by etching or
using mechanical tools. Mainly thermal methods are used for cutting. A super compactor (FAKIR see
2.3) and a drier (PETRA) for drum drying of wet materials are used in the same location. Apart from
these main working areas there are transfer areas for containers and a shielded area for radiological
control measurements on decontaminated objects.
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Fig. 1 : Hot Cell Laboratory - GHZ
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FIG. 2: PRINCIPLE FLOW SHEET OF INCINERATOR
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Fig. 3: PRINCIPLE FLOW SHEET OF EVAPORATOR
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Fig. 4 : PRINCIPLE FLOW SHEET OF DRYING FACILITY
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Fig. 5 : REBEKA - Facility for Recyclinci and Waste Treatment
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ABSTRACT

Naturally Occurring Radioactive Materials (NORM) have been known to be
present in varying concentrations in hydrocarbon reservoirs. These NORM
under certain reservoir conditions can reach hazardous contamination levels.
The recognition of NORM as a potential source of contamination to oil and gas
facilities has become widely spread and gained increased momentum from the
industry. Some contamination levels may be sufficiently severe that maintenance
and other personnel may be exposed to hazardous concentrations. Health and
environmental concerns regarding NORM have become an important safety
issue in upstream petroleum industry in Egypt since the early 1990's when
NORM have been detected in different gas and oil production facilities. In these
facilities, radiation protection measures were taken to realize safe handling and
disposal of NORM according to the applicable international standards. This
paper describes the extent of the NORM contamination problem in Egypt and
presents guidelines for dealing with NORM based on the latest scientific
techniques and international experiences.
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INTRODUCTION

Radioactivity associated with nuclear power and nuclear applications has received a lot of
recognition and press. A lot more common and a lot less publicized type of radioactive materials is
Naturally Occurring Radioactive Materials (NORM). However, NORM is present in our natural
environment and is contained in some things you might find hard to believe. No doubt you have eaten
foods that contained small amounts of radioactivity from the soil in which they grew. Brazil nuts,
mustard, ginger, black pepper, and even salt substitutes are a few of the foods that contain small
amounts of NORM. Mineral water, tobacco products, natural gas, and fertilizers also contain
NORM.<I5)

NORM is no stranger to industry-eitbex. The materials removed from water as it is treated before
being piped into our homes can be radioactive. Bumed coal ashes, which are commonly used as an
additive in cement, bricks, road aggregate, and wool insulation are radioactive. Also, the scale that
accumulates on the inside surface of oil well pipes and processing equipment may contain NORM.
NORM represents a wide range of materials that are radioactive in their natural state. These materials
include Carbon-14 and Potassium-40, both of which are present in human body. The radioactive
elements of concern in oil and gas production occur naturally throughout the earth's crest;
specifically, in the formations from which oil and gas are produced. These elements include Uranium,
Thorium and their respective daughter products.
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There are two types of NORM contamination which are commonly known in the oil and gas
operations; Radium contamination which is common to formation water and Radon contamination
which is common to natural gas production. Radium has been known as a trace contaminant of
underground water for a long time but was not reported to be a contaminant of scale until the early
1980's. Radon contamination of natural gas has been known for nearly 100 years. However, it was
only in 1971 that Radon was found to concentrate in the lighter natural gas liquids during processing
and could present a serious health hazard to industry personnel. The Radon contamination problem
was discovered when the level of contamination in propylene became sufficiently high to interfere
with liquid level sensors detecting slurry levels in a polypropylene plant.(8)

Health and environmental concerns regarding NORM have become an important issue in upstream
petroleum industry in Egypt since the early 1990's when NORM have been detected indifferent oil
production facilities. In these facilities, radiation protection measures have been taken to realize safe
handling and disposal of NORM according to the applicable international standards/105

This paper describes NORM characteristics and its impact in the petroleum industry with a focus
on the extent of this problem in Egypt. Also, the environmental and health impacts of NORM are
briefly presented. Furthermore, suggested guidelines and recommendations for NORM control are
discussed.

NORM IN THE PETROLEUM INDUSTRY

NORM contamination can be expected at nearly every petroleum facility as these facilities host
these materials during its passage from the subsurface reservoirs to the surface equipment as shown in
figure (1). Some of the NORM contamination can be sufficiently severe that maintenance and other
personnel may be exposed to hazardous contamination. NORM was found in oilfield operations
originates in subsurface oil and gas formations and is typically transported to the surface in produced
water. As produced formation water approaches the surface and its temperature drops, precipitates
form in tubing strings and surface equipment. The resulting scales and sludge may contain Radium as
well as other Uranium and Thorium daughter products. In addition, Radon is sometimes contained in
produced natural gas and can result in the formation of thin radioactive lead films on the inner
surfaces of gas processing equipment.

tnjected -d
seawater

Figure 1: NORM found in subsurface gas and oil formation.
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When the radioactive elements are brought to the surface with the produced fluids, a number of
changes can take place depending on the characteristics of the specific site. Usually the radioactive
elements stay with the water phase of the production fluids and may either incorporate themselves in
pipe scale or precipitate into sludge. Consequently, radioactive sludge and scales can build up within
process equipment such as pipes, heat treaters, separators, and salt water tanks. The exception to this
is Radon that may be dissolved in produced water and released at atmospheric pressure. However,
since Radon is a gas, it usually follows the gas production stream. Thus Radon daughters may
accumulate in gas processing equipment such as inlet filters and reflux pumps. Radon has a boiling
point between that of Ethane and Propane. Consequently, in gas processing facilities, the highest
levels are found in pumps, tanks, and product lines associated with Ethane/Propane processing.

CHARACTERISTICS OF NORM WASTE

Petroleum industry wastes are divided into four categories based on the different characteristics
that affect radiation exposures from NORM. The categories include sludge from petroleum production
equipment; scales from tubing, pipes, and other production equipment; equipment that contain
residual NORM scale; and thin deposits of lead-210 on the inside surfaces of gas-plant equipment.
The properties that define these categories include radionuclide inventory, mobility, and radiation
emissions. Characteristics of each group would be briefly as follows:

Sludge
Sludge accumulated in production equipment typically contain Radium-226 and Radium-228

concentrations ranging from background levels to several hundred picocuries per gram (pCi/g). Since
both Radium decay chains exhibit similar radioactivity, they are expressed as total Radium. The ratio
of Radium-226 to Radium-228 is assumed to be 3. They typically have a granular consistency
dominated by a bulk composition of silicates or carbonates.

Scales
Scales accumulated.in tubing, separators, and other equipment contain a broader range of Radium-

226 and Radium-228 concentrations, ranging from background levels to several thousands pCi/g.
Scales exhibit a lower Radon emanation fraction of about 5%. They occur in very hard, monolithic
precipitates in equipment with a bulk dry density between 2 and 3 g/cm3. Upon removal and disposal,
however, they have a nominal bulk dry density of about 1.6 g/cm3 due to the porosity of about 0.45
between the broken pieces of scale.

Production Equipment
Residual NORM remaining in production equipment after cleaning usually occurs in scales, since

these attach tightly to equipment surfaces and are insoluble. Typical scale thickness vary from less
than 0.1 inch in production tubing to one inch or more in some water lines. Total Radium
concentrations and Radon emanation fractions correspond to those for scales. Densities of disposed
equipment vary due to equipment geometry, but porosities typically are large and densities of the
NORM waste are small, due to dilution by the equipment mass. The volume of scales remaining in
equipment if no mechanical cleaning is done ranges from about 1 percent to 77 percent, with an
average of about 6.7 percent of the total equipment volume.

Gas-Plant Equipment
Thin deposits of Lead-210 deposited from Radon daughters on the inside surfaces of gas-plant

equipment differ from those of other NORM accumulations in having negligible mass, being
invisible, and containing only the last three nuclides of the Uranium decay chain. Activity
concentrations are expressed in units of radioactivity perunit area of equipment, since the deposit
mass is not measurable or of interest. Occurrences rang from background levels to several hundred
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thousand disintegration per minute in a 100 square centimeter area (dpm/100 cm2). Since they occur
only in gas-plant equipment, they are usually associated with large equipment masses upon disposal.
When removed from equipment surfaces by abrasive cleaning, a metal surface layer approximately
0.004 inches (0.01 cm) thick is assumed to be removed and is part of the NORM waste material for
disposal.

HEALTH AND ENVIRONMENTAL PROBLEMS OF NORM

External Radiation Hazards
Gamma radiation exists close to plant and equipment in which NORM scale has accumulated: bends
in pipe-work, vessels, filters and other places where the flow is turbulent. Levels increase when plant
is opened and exposure to beta particles then may also occur.

Internal Radiation Hazards
Open plant may lead to workers taking radioactive material into their bodies through inhalation,

ingestion or cuts in the skin.

Measurements on the outer surfaces of equipment containing NORM usually indicate levels of
radiation that are below levels considered to be of concern. When equipment is opened for inspection
or repair, personnel can be exposed to radioactivity by inhaling or ingesting NORM. Therefore, in
these situations, workers should take precautions to prevent the generation of dust and wear protective
clothes. It is also important that NORM waste or equipment containing NORM be managed and
disposed by methods that protect the public from unnecessary exposure. Figure (2) illustrates possible
external and internal exposures.

Radiation
External Hazard

Contamination
ittterrtBi and

External Hazard

Figure 2: NORM hazard to individuals.

Radioactive materials are unstable and decay over time, emitting ionizing radiation. If body tissue
or organs are exposed to excessive radiation, biological damage can occur to the individuals exposed
or their descendants, increasing the risk of cancer or birth defects. The degree of harm to people
depends on how they are exposed to radioactive materials, whether for example they touch them or
eat them as food, on the rate of radioactive decay in the material, and on the type of radiation emitted.
In biological tissue, ionization can lead to abnormal chemical reactions and molecular changes which
can destroy a cell or change how it functions. In particular, damage to the genetic material in a cell
can lead to uncontrolled proliferation of the cell which may result in cancer. In reproductive cells,
ionization may give rise to hereditary diseases. Thus, it is important to protect human from
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unnecessary exposure to excessive levels of radiation. Table (1) shows the expected effects of
different dose levels on human bodies.(I2)

Table 1: Expected Effects of a Single Whole-Body Dose (12)

Dose Level
(Severits)

0.5

0.8 - 1.2

1.3-1.7

1.8-2.2

2.7-3.3

4.0 - 5.0

5.0 - 7.5

10.0

50.0

Effect
No obvious effects, except possibly minor blood changes such as a reduction in white
blood cell count. Full blood recovery in 24 hours.
Vomiting and nausea for about one day in 5 to 10% of exposed personnel. Fatigue but
no serious disability.
Vomiting and nausea for about one day, followed by other symptoms of radiation
sickness in about 25% of personnel. No death anticipated.
Vomiting and nausea for about one day, followed by other symptoms of radiation
sickness in about 50% of personnel. No death anticipated.
Vomiting and nausea in nearly all personnel of the first day, followed by other
symptoms of radiation sickness. About 20% death within 2 to 6 weeks after exposure;
survivors convalescent for about 3 months.
Vomiting and nausea in all personnel of the first day, followed by other symptoms of
radiation sickness. About 50% death within one month; survivors convalescent for about
6 months.
Vomiting and nausea in all personnel within 4 hours from exposure, followed by other
symptoms of radiation sickness. Up to 100% death; few survivors convalescent for
about 6 months.
Vomiting and nausea in all personnel within 1 to 2 hours. Probably no survivors from
radiation sickness.
Jncapacitation immediately. 100% fatalities within one week.

Literature showed that the average annual dose to the work population is 2500 JASV overall, 87%
due to natural radiation. In general, an offshore worker will receive a lower overall dose than the
average, primarily because offshore Radon concentrations are low. A worker spending a substantial
amount of time near scales might receive a somewhat higher dose. Even then his total dose will be
less than that received by many other workers. A doubling of the dose from natural radiation would
result from: working 200 hours per year in a dose rate of 10 uSv/h, inhaling more than 1/10 of a cup
of NORM scale, ingesting more than 1/3 of a cup of NORM scale. Figure (3) shows the average
annual radiation doses for different workers.

•Hiiant

Averageannual radiationdosesreceivedby various worker j .

Figure 3: Average annual radiation doses received by various workers.

163



Experimental aspects
Radioactive scales and sludge or contaminated equipment may have to be removed at some time

for storage or disposal. Since this could cause environmental problems strict precautions have to be
taken to prevent the irradiation and contamination of people, animals, plants and other materials. The
problems involved are:
1. Radioactive scales tend to be highly insoluble in acids. They contract with most common non-

active shales (e.g. calcium carbonate) which are readily soluble in acids. Difficulties experienced
in dissolving scale with inorganic acid should prompt to check for the presence of radioactivity.

2. NORM scale invariably emit alpha and beta particles and gamma rays. Their presence in
production systems and equipment can give rise to occupational hygiene problems. A particular
concern is with dust particles which can be released in cleaning operations. This dust can be
trapped in the tissues of the lung and emit alpha particles which can cause long-term health
problems. Where NORM scale is present in production trains or in items such as tubulars or
wellheads, concern mainly centers on any effect that gamma radiation could have on those
working close by.

3. Radioactive scale on the inside of the tubing strings may interfere with the natural radioactive
levels of the surrounding strata, causing anomalies in the readings from gamma ray logs. The
observation of such gamma ray anomalies can be an early indicator of the presence of radioactive
scales.

4. In most cases, the measured levels of radioactivity are lower than the limits which require radiation
protection precautions to be taken. However, as the activity is above background,
national authorities tend to be concerned with the environmental effects of the disposal of NORM,
and the storage of NORM or contaminated equipment.

RECOMMENDED DOSE AND ACTIVITY LIMITS

The basic recommendations of the International Commission on Radiological Protection (ICPR)
are laid down in its publications No. 26 and 30. The "dose equivalent limit" recommended by ICPR is
50 \tSv over one year according to the defined working conditions. When radioactive materials are
handled, they should be classed as a radioactive substance when the specific activity level (the activity
per unit of mass) is greater than 100 Bq/g. This limit only refers to the activity level of the material
itself. This must be clearly distinguished from the limit that is used for decontamination purposes: the
allowable contamination level for alpha emitters on a surface is usually 2 Bqcm'2. Therefore, when
either of these limits is exceeded, proper operation, handling and disposal are required. Figure (4)
shows the radiation influence of the different radioactive emitters.

Alpha particles travel only a few ̂
centimetres in air and are incapable of

penetrating the skin. Beta particles have a
range of more than l metre in air and up to

icentinKHear so in tissue. Gammarays are
very penetrating.'nieywiileven pass

through the sted vails of pipes and Vessels.

Figure 4: Difference between Alpha particles, Beta particles, and Gamma Rays.
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NORM IN EGYPT

NORM has been detected in different oil production facilities in Egypt. In these facilities, radiation
protection measures have been taken to realize safe handling and disposal of NORM according to the
applicable international standards. Preliminary radiation surveys made on some site equipment of gas
fields production facilities at the western desert (high, medium and low pressure separators, test
separators, and evaporation bonds). NORM scales and sludge showed levels ranging from few p.Sv/h
to some 35 (iSv/h. This resulted from accumulated scales over 8-10 years of continuous operations
using evaporation ponds to dispose of the produced formation water. NORM concentrations
sometimes are classified into three categories according to the measured gamma radiation levels in
these facilities as shown in table (2).

Table 2: NORM Surface Distribution at the Old Evaporation Pond.(n)

Category

I
H

III

Radiation Level
(nSv/h)

More than 25
2 5 - 1 5

Less than 15

Effective Area
(m2)
80
324
+ 80
600

+324
+80

Estimated Volume
(m3)

2
60

150

Other oilfields in the gulf of Suez showed levels as high as 60 nSv/h. An overall strategy for
NORM management was applied to determine NORM activity/contamination. Facility wide surveys
have identified areas of high exposure and those areas have been marked and posted to inform
personnel to be cautious and to limit entry into marked/posted areas to the minimum required. Table
(3) shows some field results based on a survey carried out in 1992 on an offshore production platform
in the gulf of Suez.

Table 3: Platform NORM Results in Gulf of Suez (November 16,1992){6>

Location

Closed Drain Vessel
-Boot
-Bottom of Boot
Corrugated Plate Interceptor (CPI) (V150)
- Bottom of Vessel (4 feet elevation)
- Elevation: 6 Feet
- Inlet from FWKO (VI10)
-Outlet to Skim Pile
- Edge of Yellow Paint Hazard Area
V-170
Free Water Knock Out (FWKO) (VI10)
- Bottom Center Line (BCL)

= At Water Outlet
= At Drain Outlet

= Near End
- 2 feet above BCL at inlet end
- 3 feet above BCL at inlet end
- Oil and gas outlet
Test Separator (V-120)
- Bottom center line
- 5 foot elevation (above deck)
- water outlet

NORM Level
(nSv/h)

5-8
25

60
10

40-50
40

2.5-5
<2.5

30
20
10
6
2
15

15
6
6
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1 Inlet Coolers
- Body of coolers

] - Outlet line
Production Separator (V-190)
- Bottom center line
- 5 feet from deck
- Inlet oil line
- Outlet oil line
- Outlet gas line

3
3

20
5
6
2

<2

NORM REGULATIONS AND NORM DISPOSAL IN EGYPT

To date, national regulations for NORM vary significantly in different countries, ranging from
being excluded from regulation to being an integral and indistinguishable part of the regulations. In
Egypt, great efforts have been made by the Atomic Energy Authority and the Egyptian Petroleum
Sector to address the issue of NORM and manage associated hazards in the oil and gas operations.
These efforts were based on the available international safety standards for radiation protection.

At the present time, the Egyptian legislation does not specifically address or regulate NORM
handling nor there are designated storage or disposal sites for NORM. Guidelines for disposal of
water which contains NORM are not available. Therefore, no materials containing NORM are to be
disposed of except to the temporary storage facility or to a government storage facility. Under no
circumstances are NORM materials to be disposed of in an uncontrolled, unapproved manner. The
Egyptian General Petroleum Corporation (EGPC) is currently preparing a set of instructions to the oil
companies for handling potential NORM contaminated equipment through the Atomic Energy
Authority.

SUGGESTED GUIDELINES FOR MANAGING NORM

The following are suggestions for use in establishing a programme for the control of NORM contamination:
1) Determine whether there is a NORM contamination problem.

2) Determine areas of potential NORM exposure and contamination.
a) Make gamma radiation surveys of facilities and equipment.
b) Make wipe tests on accessible interior surfaces of selected equipment and vessels,

especially any in NGL service.
c) Obtain samples of sludge and scale and analyze for radium and lead-210.
d) Obtain samples of other waste materials, such as desiccants and filters.
e) Analyze produced water and waste pond water for radium.

3) Establish programmes to ensure personnel safety, product quality, customer
satisfaction, and protection of the environment.

a) Establish policy on periodic surveys, inspection and maintenance procedures,
product controls, and record keeping.

b) Provide safety-manual material that informs employees and details required
procedures, particularly for maintenance personnel.

c) Recommend a management and audit system.
d) Develop plans and procedures for the disposal of contaminated waste materials,

equipment, and facilities.
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GENERAL RECOMMENDATIONS FOR THE CONTROL OF NORM

1) Housekeeping
Attention to housekeeping is important in controlling NORM. Work areas should be regularly

cleaned to remove accumulations of NORM containing debris. Wet wiping or use of a vacuum are
acceptable methods of cleaning. Dry cleaning methods (sweeping/dry wiping) must not be used as
they tend to stir up dust which could contain radioactive particles. All materials collected during
cleaning of an area containing NORM should be handled with other NORM residues collected and
stored for off-site ultimate disposal. Equipment and tools used in repairing and cleaning NORM
contaminated equipment may also be contaminated. These materials must be checked for
contamination before leaving controlled areas. Materials found to be contaminated should be kept
within the work area until the end of the job, when they can be cleaned or disposed of as waste.
Valuable or sensitive items are wrapped in plastic and tape for use in controlled areas. These items are
then simply unwrapped before exiting the controlled area and checked for contamination as with other
equipment.

2) Marking/Signs/Posting
Areas with a dose rate exceeding 2.5mREM (25mSv) per hour requires the posting of NORM

radiation hazard warning signs around the perimeter of that work area. The signs should be posted at a
distance from the work area where the dose rate is less than 0.25 mRem per hour. Areas with a dose
rate greater than 50 mREM per hour must also be posted with a "High Radiation" sign. Signs must be
located at the periphery of the area. A safe work permit must be obtained and a personnel dosimeter
badge before entering or working for extended periods in areas posted as having "High Radiation".
Workers should not inter into these areas unless the work is required for safety and health reasons or
for emergency repairs. NORM coordinators, have a dosimeter instrument for measuring dose rate,
should be consulted before any work is undertaken in areas where high dose rates are expected. The
NORM coordinators should be consulted before any vessel or piping is opened, and they should be
available with instrumentation to measure the level of radiation present while work proceeds.

3) Training
All personnel (onshore, offshore, employees, contractors, and visitors) are to be informed through

orientation briefings with the presence of areas of potentially high radiation and advised to limit
access to those areas. These briefings should be provided to all visitors to the field. Personnel whose
work requires them to be in marked/posted areas will be specifically shown what precautions to take,
how to limit work time in areas of high radiation, and shown alternative routes around marked/posted
areas. Personnel who will be required to work a significant amount oftime will be required to wear a
dosimeter badge to record the exposure he receives. All personnel will be advised of the results of the
dosimeter upon his request. Several employees should receive training in working around
radioactivity in order to provide on-site advice and competence in serving as field NORM
coordinators.

4) General Hygiene Precautions
Workers engaged in NORM activities must not eat, smoke, or chew tobacco or gum until they

have left the work area and have washed and showered, when they are working in areas having the
potential to contain Alpha and/or Beta particles. All personnel wearing respirators or breathing masks
must shave every day. A wash station must be provided at all work areas for workers to use in
removing any gross contamination they may encounter.

5) Protective Clothing
The wearing of protective clothing and respiratory protection reduces and/or prevents
and skin exposures to radioactive material. In conjunction with good personal hygiene, it reduces
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the proportion of radioactive debris that may be ingested. The normal protective clothing for
inspection activities includes reusable washable cloth coveralls or disposable coveralls and gloves.
These coveralls may be washed and reused. Ordinary rubber or latex gloves and boots can be used for
skin protection; however, the selection of protective clothing materials must also be made based upon
the chemicals/products handled. For areas where it is suspected that NORM will be disturbed,
coveralls should be supplemented with respiratory protective equipment.

Tape protective clothing at seams such as zippers and at the glove/sleeve interface has to be used
to prevent radioactive materials from contaminating personal clothing. For extreme exposure, rain
suits can be worn over protective clothing for additional protection. These rain suits should be washed
down and handled like other protective clothing. Contaminated clothing and equipment should be
assessed ard treated similar to the other contaminated equipment.

6) External radiation Exposure Assessment
Personnel who typically work in areas where the external dose rate exceeds 2.5 mREM per hour

are required to wear personal dosimeters to measure their radiation exposures. These devices are worn
every day throughout the work-shift for a period extending over about 90 days. The devices are then
taken to a laboratory for analysis to determine the overall exposure. This information is used to insure
that employees are not being exposed to dose rates above the recommended occupational criteria.
Additionally, this information should be sent to the medical department for review to determine if
specific medical evaluations are required. Currently many petroleum companies uses
Thermoluminiscent personal dosimeters which are supplied and analyzed by the Egyptian National
Center for Radiation Research and Technology which also provides expert advice, consultation, and
training in this area.

7) Dosimeter Badge Control
A standard practice when laboratory or testing data is frequently used, is the use of data or badge

controls. With the help of Exxon Biomedical and the Egyptian National Nuclear Research and
Technology Center (NRTC), many petroleum companies have placed badges from the NRTC beside
badges supplied by an independent laboratory in the United States. Six sets of badges were placed at
locations or on personnel expected to experience widely varying levels of NORM exposure. All
badges, of different manufactures and supplied from different sources, were exposed together for a
period of about 25 days to the same radiation level. These badges were then analyzed by different
laboratories. The results of this control exercise demonstrated no reason to be concerned about the
accuracy of the dosimeter badge program.

CONCLUSION

1. NORM contamination can be expected at nearly every petroleum facility. However, regular
monitoring ensures early detection.

2. The presence of NORM in oil and gas production facilities, gas processing plants, pipelines, and
other petroleum equipment and facilities is not, in general, a serious technical problem if properly
managed.

3. The concentrations of NORM contamination and the energies of the radiation in Egypt are
relatively low and do not usually present series health hazard to the public and personnel in the
industry. However, some facilities may be more highly contaminated and may be hazardous to
maintenance personnel in particular.

4. Surface equipment and facilities at production sites may be contaminated with NORM, requiring
special repair and maintenance procedures and the disposal of NORM scales.
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5. A serious problem that must be addressed is the disposal of radioactive materials and equipment
since the available options for the disposal of NORM and NORM-contaminated wastes are
limited.

6. Although potentially hazardous to personnel and the environment, NORM contamination can be
controlled and properly managed.

Activity

Alpha particle (a)

Becquerel

Beta particle (P)

Gamma ray (y)

Radon

Rem

Sievert (symbol Sv)

GLOSSRY

The quantity of a radionuclide described by the number of nuclear
transformations occurring per unit time (see becquerel and curie).

A charged particle emitted from the nucleus of an atom having a mass
and charge equal in magnitude to that of a helium nucleus, i.e. two
protons and two neutrons.

The SI unit of activity. One Becquerel (symbol Bq) equals one
nuclear transformation per second.

Charged particle emitted from the nucleus of an atom, with a mass and
charge equal in magnitude to that of the electron.

Short-wave length electromagnetic radiation of nuclear origin (range
of energy from 10 KeV to 9 MeV) emitted from the nucleus.

In the context of this paper Radon is taken to mean either Radon 222
or Radon 220 - radioactive gases produced by decay of Ra 226 or
Ra224.

The pre-SI unit of dose equivalent; equal to 0.01 J/kg (see Sievert).

The unit of (effective) dose equivalent. The sievert has the
dimensions of joule per kilogram. The dose equivalent in sieverts is
numerically equal to the absorbed dose in grays multiplied by the
quality factor (see Gray and Quality factor).

DOSE EQUIVALENT UNITS - SI CONVERSIONS

lurem
lmrem
1 rem
lKrem
lMrem

= O.OlnSv
= 0.01mSv=10Mv
= 0.01 Sv=10mSv
= 10 Sv
= lOKSv

luSv
lmSv
ISv
IKSv
IMSv

= lOOuxem
= lOOmrem
= 100 rem
= O.lMrem
= 0. lGrem

169



REFERENCES

1. American Petroleum Institute, "Bulletin on Management Naturally Occurring Radioactive
Materials (NORM) in Oil & Gas Production." API Bulletin E2, Washington, April, 1992.

2. Band, R.D. et al., "Management and Disposal Alternative for NORM wastes in Oil Production
and Gas Plant Equipment." Rogers and Associates Engineering Corporation Report, Utah, May,
1990.

3. Bassibnani, a., "A Proposal for a NORM Management Guideline". Proceedings of the 1998 SPE
International Conference, Caraces- Venezuela, 7-10 June 1998.

4. E & P Forum, " Low Specific Activity Scale, Origin, Treatment, and Disposal." Report No.
6.6/127, London, January, 1988.

5. El-Ghazaly, S. "NORM Survey and Control System in the Oil Production Facilities in Egypt".
Proceedings of the 1998 SPE International Conference, Caraces- Venezuela, 7-10 June 1998.

6. ESSO Egypt, " NORM Management Procedures Manual.", Cairo, 1993.
7. Eylender, J.G.R. "A Novel Methodology for In-situ Removal of NORM from E&P Production

Facility". Proceedings of the 1998 SPE International Conference, Caraces- Venezuela, 7-10 June
1998.

8. Gray, P.R. "NORM Contamination in the Petroleum Industry." Journal of Petroleum Technology,
January, 1993.

9. Hassib, G. "A Preliminary Report About the Existence of NORM at the Production Facilities of
Badr Petroleum Company." Cairo, July, 1995.

lO.Hassib, G. "Radiation Safety Report- Bed-1, Badr Petroleum Company (BAPETCO)." Cairo,
September, 1995.

11. Hassib, G. "NORM Decontamination Report- BED-1, Evaporation Pond, BAPETCO."
Proceedings of the 1998 SPE International Conference, Caraces- Venezuela, 7-10 June 1998.

12. Marie, S. "Living With Radiation in Oil Fields". Proceedings of the 1998 SPE International
Conference, Caraces-Venezuela, 7-10 June 1998.

13. Shell Egypt, " Guidelines for Managing naturally Occurring Radioactive Materials in Production
Operations." Environmental Procedures for Production Operations Manual, Cairo, 1993.

14. UKOOA, "Guidelines for Operations Dealing with Naturally radioactivity on Offshore
Installations." UK Offshore Operators Association Reference Manual, London, January, 1985.

15. Woods, S.E. & Abemaihy, S.E., "The Development of a Corporate Policy for Dealing With
Naturally Occurring Radiation Material." Annual Conference of Colorado Hazardous waste
Management Society, Colorado, October, 1992.

170



International Conference on HAZARDOUS WASTE: Sources, Effects and Management
12-16 December 1998, Cairo-Eevvt

EG0000121

WM-8

Fractionation and Leaching of Naturally
Occurring Radioactive Waste Produced from Oil Production

S.M.Khalifa, F.A.Shehata, El-S.EI-Afifi and H.FAly
Hot Laboratory Centre, Atomic Energy Authority, Cairo-Egypt, 13759

ABSTRACT

Oil and gas fields wastes and sites contaminated with naturally occurring
radioactive materials (NORM) have become a focus of substantial attention.
The primary NORM includes radioactive daughter elements from uranium
and thorium decay series, which include radium-226, radium-223, and radon
gases. The criteria used to determine the activity of NORM is based on the
amount of radium contained in the samples.

Suez Gulf sediment samples from oil and gas production areas have been
analyzed and the concentration of radioisotopes was determined by gamma
spectrometry using HPGe detector in Bq/kg dry weight The screening of the
sediment samples on a vibratory sieve shaker was performed to evaluate the
feasibility of particle size separation. The fractions obtained were ranged
from >2mm to < 0.25mm. The results show that the NORM concentrations
vary widely from fraction to fraction.

Various leaching agents (mineral acids, carbonate or hydroxide solutions,
some salts of alkaline earth metals and EDTA) were tested to achieve
desirable decontamination of the sediment samples. Assessment of the results
obtained was given.

Key Words: Natural-radioactivity/ Contamination/ Remediation/ Leaching Agents.

INTRODUCTION

Naturally occurring radioactive materials (NORM) means any radionuclides or radio-
activity in its natural physical state distributed by man-made activities or technologically
enhanced state, but does not include source, byproduct or special nuclear materials.

NORM is a widespread substance in the earth's environment, it exists in soil, plants,
water, air, petroleum, coal, lignite, phosphate, geothermal waste, waste water, humans and
animals in small amounts. There is much concern about the NORM associated with oil and
gas production and processing jbecause these naturally occurring radioactive materials
collected in equipment scales and wastes in concentrations much higher than they normally
exist in nature . NORM in oil and gas field operations are mainly caused by Ra-226 and Ra-
228, the decay daughter's products of U-238 and Th-232 respectively, in produced water, soil
and sludge'2"4'. Estimating radium-226 level using gamma scintillation detectors has
performed by the measurement of NORM in soil and sludge.

The disposal of NORM contaminated wastes is a major problem with no completely
satisfactory solution. An attempt for reducing the volumes of NORM wastes to be disposed
focuses on removing the individual radioactive components from the produced waste. Volume
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rtvlucuon of NORM waste was the subject of a study using a two-step process of chemical
and ph> sical treatment(:>).

Eidl6> throws light on the natural radioactive materials, the radiation background in Egypt
and other area in the world. He found that the average activity concentration in soil is
extremely small. Taking Egypt as a study case, the variation of concentration are estimated to
be range from 5-64 Bq/g for 2%J series and from 2.5-96 Bq/g for 232Th series(7).

This work is directed to evaluate the naturally occurring radionuclides in sediment
sample associated with oil production facility and to identify and characterize of different
radionuclidc>, U,Th, Ra, etc. The distribution of NORM in different fractions of the sample
has been determined. Remediation by leaching the sample with different leaching agents to
reduce the activity of the sample to 50%

EXPERIMENTAL

The solid samples were dry screened on a vibratory sieve shaker model THR-2
(Germany).

The concentrations of uranium, thorium and their decay products radiun-226 and radium-
228 were measured in each sample by y-spectrometry using a HPGe coaxial detector with
30% relative efficiency.
Multi-channel analyzer equipped with Nal detector has measured the mean concentrations of
natural radioactive materials of the sample taken.
Efficiency calibration curves for different particle sizes are calculated for activity
determination of the sample. In this concern, 500 Bq of both U-238 and Th-232 nitrate are
mixed and homogenized with lOOg of the unknown sample fractions . The containers were
sealed and stored for one month before the measurement, to assure the secular equilibrium
between the Ra-226 and daughters.
The different fraction of samples was prepared in a similar manner. The standards and the
samples were prepared with a uniform geometry and were counted for 300sec. with
subtraction the background reading from the reading on the sample of interest.
All the leaching tests were performed at the same phase ratio, by shaking 5g of the solid
sample with 25 cm3 solution contained the leaching agents.

RESULTS AND DISCUSSION

The dry screening of the sediment samples produced from oil and gas production areas
(Suez Gulf sediment samples) have been performed to evaluate the feasibility of particle size
separation. Table (1) summarizes the obtained results for six fractions with different mesh
size and their weight percent in the sample. The fractions obtained were ranged from >2.5mm
to<0.25mm.
The radioactivity of various fractions were measured by gamma-ray spectrometer except that
of >2.5 mm fraction because of non homogeneity of its particles .The content of U-238 and
Th-232 found in the various fraction samples with Ra-226 and Ac-228 are summarized in
Table(l).
The results obtained showed that, the fraction contaminated by NORM less than 0.25
represent about 14% of the total sample and retain the higher total radioactive level than the
other fractions. The fractions >1.0, >1.6 and >2.0 mm represent about 18% and have about the
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same radioactive level but less than <0.25mm. While the fractions >.O25 and >0.5mm
represent 31.7% and 25.46% respectively of the total sample and have the lowest radioactive
levels.
The results obtained show that the distribution of NORM concentration varies widely from
fraction to fraction. The data indicate that the high concentrations of radioactive elements
were found in the fraction of <0.25mm. It is clear that, the fine particles (<0.25mm) show the
most absorptive properties for the material contaminants conducted with sediment' and
hence the tendency of the radionuclides studied to be bounded with the material of small grain
size^95.

Leaching results:
Remediation of the sediment sample by reducing the NORM concentrations in the sample

to be disposed focus on removing the individual radioactive component from the produced
solid. In this concern, several types of leaching agents such as mineral acids, carbonate,
caustics, nitrate, chlorides acetate and oxalate salts of some alkaline metals and EDTA were
tested to achieve suitable decontamination of tested sample. The results obtained were
performed on the fraction size >0.25mm. (31.7%). Leaching percent (L%) that calculated by
eqn.(l) represents the produced decontamination:

= —xlOO
An

AA(1)

Where Ao is the initial total activity of 5g solid sample
A is the total activity of the suspended solution after leaching.

All the results are easy to compare as tests were performed with the same solid fraction and
the same phase ratio (batch factors).
It was found that the suspended matter in the solution collected after shaking with the solid
sample contains a remarkable concentrations of activity.

Table 1: Specific activities (Bq /.Kg) for the different natural radionuclides
Analyzed in different fractions.

wt.%
U-238

Th-232

Ra-226

Ac-228

<0.25rnm

14.14

16021

5686

16410

6674

>0.25 m m

31.70

6916

2840

7260

3013

>0.5mm

25.46

5412

2058

5679

2366

>1 mm

9.91

9082

3417

9249

4053

>1.6 m m

3.79

9162

3794

9590

4759

>2mm

4.4

9796

3816

9963

4584
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The data obtained at using some mineral acids as leaching agents is shown in Table (2).
The results show that leaching percent at using 1M H2SO4 is higher than using the HNO3, HCl

or HCIO4, where 1M H2SO4 reduce the contamination of the solid sample to more than half
(55.2%), while the other acids used reduce it to about 40%.

Table 2: Leaching of solid sample (>0.25mm.fraction) using some mineral acids.

Leachant cone.
IMHNO3
1MHC1
1M HCIO4
1M H2SO4

L%
41.2
44.3
40.8
55.2

The results obtained when using alkaline solutions of carbonate, bicarbonate or
hydroxides are given in Table (3). It is clear that, the decontamination when using solution of
1M Na2CO3 is more efficient than using NaHCCb and NaOH or KOH as leaching agents.

Table 3: Leaching of solid sample (>0.25mm.fraction) using alkaline solution

Leachant cone.
lMNa2CO3

lMNaHCO3

lMNaOH
1MKOH

L%
54.6
40.9
41.0
34.3

Also using different salts of some alkaline earth metals were tested for decontamination of
the studied fraction. Table (4) summarizes the results obtained. It is clear that, using 1M of
the chloride salts of Mg, Ca and Ba as leaching agents that CaCb is more efficient than Mg
and Ba, where CaCk reduce the contamination of the sample to more than 40%. While using
1M of the acetate salts of Ba and K showing a L% less than the chloride salts except pot.
Acetate which gave about 50% decontamination.
Using another salts such as Na oxalate and amm. oxalate gave the same L% as chloride or
acetate.

From the previous results, it is concluded that, 1M H2SO4 , 1M Na2CO4 and 1M pot. acetate
reduce the contamination of the solid sample to more than 50%.
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Table 4: Leaching of solid sample (>0.25mm. fraction) using salts of alkaline
Earth metals.

1M Leachant cone.
MgNO3

MgCl2

CaCl2

BaCl2

Na acetate
Ba. acetate
K acetate

, Na oxalate
amm. oxalate

L%
30.6
28.3
44.4
25.2
23.6
18.4
50.4
27.6
21.3
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Summary

The present study concerns itself with decontamination of
gravel that had been contaminated with Ra-226 from natural
origins. Aqueous solutions of different compositions including
water, and various concentrations of CaCh and BaCh were used to
leach the contaminated gravel. The leaching experiments were
carried out in glass columns. In some leaching experiments a
sample of a common brand of sandy soil (fine sand with traces of
silt) was placed below the gravel to test the binding capacity
(sorption) of this soil for the leached Ra-226.

The relative efficiency of the leachants and the extent of
sorption of the leached radionuclide were determined both by
liquid scintillation counting (LSD) and by use of thermo-
luminescent (TLD-200) chips. The TLD chips record the dose
before and after decontamination of the gravel and before and
after contamination of the soil samples when used.

The results obtained indicate 1.75 N BaCl2 in 0.1 N HC1 was
• relatively the most effective leachant of Ra-226 contamination. It
reduced the dose from the contaminated gravel to almost half. The
soil sample used adsorbed the leached radionuclides efficiently,
increasing thus the soil's naturally low dose by about five - fold.

Introduction

Cleanup of soil contaminated with concentrated levels of
naturally occurring radioactive materials (NORM) is becoming
increasingly important because of the concern about protection of
man and his biocnvironment. These concentrated levels of NORM
arc brought about by technological enhancement of natural
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radioactivity levels of elements such as 2 2 6 Ra, as in the oil and
phosphate industries.

Soil contaminated with 2 2 6 R a may be disposed of by
spreading over clean soil [1-3] that has certain favorable
characteristics. Because of the potential generation of 2 2 6Ra conta-
minated side products from the local oil industry and from future
processing of local phosphate ore deposits, it is important to
investigate the environmental impact of such 2 2 6 Ra contaminated
soils and products when disposing them by spreading over clean
soil. There is a need to ensure that, should heavy rainfall occur,
the leached radionuclides, if any, will not contaminate ground-
water in the vicinity [4]. Towards this end, the present study
concerns itself with assessing the leachability of 2 2 6 R a off
contaminated gravel using leachants simulating rain and aqueous
solutions having different salinities. The extent of leaching
(cleanup) efficiency of the contaminated gravel is assessed by
liquid scintillation counting [5-7] of the leachant radioactivity post
leaching. Similarly comparative radiation dose measurement both
before and after leaching of the gravel sample and of the
originally clean soil sample placed underneath it, using
thermoluminescent dosimetry, will also indicate the cleanup
efficiency of the leaching treatment and, in addition, the retention
capability of the used soil for the leached radionuclides. Hence the
aim of this work is to attempt to demonstrate at the laboratory
scale, the efficiency of the cleanup or restoration activities of
2 2 6Ra contaminated gravel.

Materials And Methods

a) Gravel particles about 2-3 mm in diameter that had been
contaminated with 2 2 6Ra from natural origins were placed in
a glass column, about 2 cm in diameter for the leaching
experiments (Fig. 1). Twenty grams of gravel were always
used unless otherwise indicated. Leachant volume was
always 100 mL. Only one leaching is carried out. Water,
calcium chloride solutions of different concentrations and
barium chloride solutions of different concentrations in 0.IN
HC1 were used as leachants. Samples of clean soil were
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placed underneath the gravel, in some experiments, to test
its retention of leached radionuclides. At end of leaching, 10
mL sample from the leachate are placed into the scintillation
vial along with 10 mL of the scintillation fluid, and the vial
is capped tightly and the time is recorded.

Glass Column

•Leachant

Ra-226 contaminated
'gravel
. Glass wool

.Soil

• Glass wool

O Glass beaker

Collected contaminated
Leachant

Fig. ( 1 ) Glass column used in leaching Ra-226
contaminated gravel wi th dif ferent leachants.
Leaching Is done wi th or without addition of soil.
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b) After end of leaching, the leached materials are left to dry
up partially. The gravel is then carefully removed with a
spatula and left for a while till complete dryness. This is
followed by removing the soil sample if it were used and
similarly dried. The gravel and the soil samples were then
placed in separate small vials with the TLD-200 chips (in
paper wrapper) positioned at the bottom, middle and top of
the samples. Exposure was for 38 hours. After which the
doses received by the chips were assessed in a system
calibrated for TLD-200.

c) Scintillation counting: Liquid scintillation counter type LSC2
(NE Technology), scalar/rate meter type SR8 (NE
Technology), high efficiency mineral oil based liquid
scintillator (Du Pont de Nemours Co.), borosilicate
scintillation vials and certified Ra-226 standard solutions
(U.S. National Bureau of Standards) were used.

Activity measurements of Rn-222 were carried out after
secular equilibrium is attained between Rn-222 and its decay
products. Any Ra-226 in the leachate will remain mostly in the
aqueous phase and will not contribute significantly to the scin-
tillations produced in the organic scintillator phase. 2 2 2 Rn present
in the aqueous phase will diffuse to the organic phase. The total
measured Rn-222 in the scintillator phase is composed of the
initial Rn-222 which must have decayed some since leaching, and
the newly generated Rn-222 from the leached Ra-226 present in
the aqueous sample. Both radons will diffuse upwards to the
scintillator phase in the scintillation vial. The activity of Rn-222
and Ra-226 in the leachate could be obtained from the measured
total Rn-222 activity by graphically plotting the equation:

Rnt = Ra + (Rnlo - Ra) e"XRnl

where Rnt, Rn to are the total Rn-222 activity found at time of
measurement and the initial Rn-222 activity respectively, t is the
time elapsed between leachatc sample collection and its counting,
and XRU is the decay constant for Rn-222. Each leachate sample is
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counted over several Rn-222 half lives and the total measured
activity is plotted against e"Xl, (Fig. 2).

The liquid scintillation counting system was calibrated using
the standard 226Ra/222Rn source and the system efficiency was
calculated.

O
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t2t, ) Estimation of Ra-226 and Rn-222 in an aqueous sample. The time ( t ) is in
Rn-222 half lives. After one Rn-222 half life e"Xt = 0.5 and the measured activity
should be equal to half the secular equilibrium value, and hence also equal to half
the activity of Ra-226 present in the leachate sample. Added to this is half of the
initial Rn-222 activity in this sample. Initial Rn-222 activity was approximately
10400 pCi/L and the Ra-226 activity in this leachate sample was approximately
then =17750 - 5200 =12550 x2 = 25100 pCi/L.
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•Results and Discussion:

Fig. 3 shows the effect of increasing the duration of time
during which the TLD chips are exposed to the radiations whether
coming from the contaminated gravel or the used soil. As expected
the TLD chips placed in the midst of the gravel received more
radiation dose than those placed at the lower or upper surface of
the gravel. The highest exposure time, namely 38 hours was
adopted for the current experiments. Fig. 4 shows the leaching
effect of several leachants on the contaminated gravel. Water had
little leaching effect, similarly with 0.5 N CaCh while 1.0 N CaCl2
leached about 1/4 of the contaminating radioactivity as evidenced
by the decrease in TLD doses from about 800 u.Sv to about 600
u.Sv. Fig. 5 shows the leaching (cleanup) effect of different
concentrations of BaCl2 with 1.75 N BaCh in 0.1 N HC1 producing,
relatively, the highest cleanup effect. Fig. 6 shows the effect of
increasing the soil mass placed below the contaminated gravel
and receiving its leachate, in terms of the net radioactivity
retained by the soil. The smaller soil mass acquired a higher
specific activity and was giving the highest dose to the TLD chip.
Fig. 7 shows the dose received from 226Ra contaminated gravel as
compared to the dose from maximally leached gravel. Since only
one leaching is done in all leaching experiments, the figure shows
that 1.75N barium chloride in 0.1 N HC1 can reduce the
radioactivity contamination to one half its initial value in one
leaching. Fig. 8 shows the effectiveness of using the selected soil
for sorption of the leached radionuclides from the contaminated
gravel. Under the conditions of the experiment, the soil
radioactivity increased about five times its initial value. This
means that in the real field situation the upper layers of the soil,
just underneath a layer of contaminated soil or gravel spread over
it, will retain much of the radionuclides that may be leached by
rain or aqueous saline solutions from the soil layer above. The
retained radionuclides are of course adsorbed by a much larger
mass of the clean soil and although the clean soil has increased its
radioactivity, yet it will be a lot lesser than that of the original
contaminated soil.
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400 -

200 -

• TLD chips at upper surface
El TLD chips at middle point
H TLD chips at lower surface

4 8 16
Exposure Time.Hours

Fig. ( 3 ) Effect of exposure time on dose received by TLD chips
from Ra-226 contaminated gravel. Chips placed at middle of
gravel mass receives highest dose.

38

1000 -i

800 -

For 38 hours
TLD chips at upper surface
TLD chips at middle point
TLD chips at lower surface

Q

None Water
Leaching agents

0.5 N CaCI2 INCaClj

Fig. (4 ) Effect of different concentrations of CaCl2 as leaching
agent on cleanup of Ra-226 contaminated gravel as indicated by
dose received by TLD chips from treated gravel.
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400-

300

2 0 0 -

100 -

For 38 hours
0 TLD chips a! upper surface
EJ TLD chips at midcie point
E3 TLO chips at lower surface

1N BaCt2 1.75 N BaCI21.6N BaClj

Leaching agents
Fig. ( 5 ) Effect of different concentrations of BaCL2in 0.1 N HCL
as leaching agent on cleanup of Ra-226 contaminated gravel as
indicated by dose received by TLD chips from treated gravel.

300-,
For 38 hours

• TLD chips at upper surface
S3 TLD chips at middle point

TLD chips at lower surface

2 0 0 -

CO
3

o
Q

100 -

!0g soil 30g soil20g soil

Soil mass, g.
Fig. ( 6 ) Adsorption of leached Ra-226 from contaminated
gravel by different masses of soil using constant volume
of 0.7N BaCl2 in 0.1N HCL as leachant. Dose indicated by
TLD chips was highest from smaltest soil mass.
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• TLD chips al upper surface
E3 TLD chips at middle point

TLD chips at lower surface

Ra-226 contaminated gravel Maximally cleaned gravel

Gravel cleanup
Fig.( 7) Dose received by TLD chips from unleached
Ra-226 contaminated gravel and maximally cleaned
gravel using 1.75N barium chtoride in 0.1 N HCL.
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• TLD chips at upper surface
£2 TLD chips at middle point .
M TLD chips at lower surface

( 2 )
Clean • contaminated

Soil type
Fig. ( 8 ) [1] Dose recived trom clean uncontaminated soil.
[2] Dose trom 30g soil used to receive leachate trom ten
gram Ra-226 contaminated gravel.
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Th se experiments at the laboratory scale level under

controlled conditions, should help in the understanding of the

various factors involved in the mobility of radionuclides in the

soil.
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ABSTRACT

The technology of improvement of water quality at water purification plants can
be characterised by a large diversity of the method and processes employed and by
substantial differences in the design and process structure and equipment The
effect of operational parameters as pH, pre-, post - chlorination, coagulant index
and mixing intensities on the level of some metal tons concentration in different
sources of drinking water plants were studied.

Results of the chemical analysis indicated that the dissolved and total Al3*
concentration in treated water was much higher than raw water and sometimes with
values over the international maximum limit Much of the overall variation in aqua
aluminium ion in treated water could be explained on the basis of pH, solubility, and
filtration models efficiency, while ions as Fe** and Mn2+ were found within the
acceptable limits.

The data obtained indicated that relation between watershed inputs (Cl2, H O ,
alum dose) and output of soluble aluminium was not necessary simple and
straightforward. The investigated water samples were collected from main stations
and compact units in Dakahlia Governorate.

'eywords: aluminium; drinking water treatment; Dakahlia.

INTRODUCTION

Alum (Aluminium Sulphate) has been used as the Predominant Chemical Coagulant in the
arification of water since the ancient Romans of 2000 B.C. The aluminium content of commercial
jm is typically >500.000 mg/L with the use of aluminium sulphate as coagulant, the process of
drolysis can result in the formation of colloid, of low-soluble aluminium salt bases such as A1(OH)3

AI(OH)SO< and A12(OH)<SQ4 accomplished^-with liberation of H \ Pre-breakpoint chlorination is
id for the more effect of disinfection ana removal of iron and manganese in most of water
rification stations in Dakahlia govemorate. An uncontrolled condition of such processes may shifts
iminium hydroxide and its basic salts from the isoelectric point and thus worsens the conditions of
igulation. An increasing number of studies point to a relation between Aluminium and both
minium doses, filtration efficiency, pre-chlorination were carried outo>2)" High concentration of
* in drinking water could come from treatment characteristics. Miller et a!p> concluded that the

o home all correspondence should de addressed.
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concentration of aluminium will increase above the original concentration in raw water. Relationship
between both Alzheimer's disease and dialysis encephalopathy in humans were studied(4). Aluminium
toxicity (S) to biota is closely related to its chemical speciation, which is function of several factors,
such as the presence of humic and fulvic acids and pH.
Recently , Aluminium is reported as toxic metal that may interact metabolically with nutritionally
essential metals, i.e. Aluminium interacts with calcium in bone and kidneys, resulting in aluminium
osteodystrophy.

The purpose of this study was to assess the conventional treatment by two main water treatment
plants (WTPs) and other four compact units at Dakahlia Governorate.

MATERIALS AND METHOD

Sample Collection:

Water samples were collected before (raw water) and after (treated water) treatment, from Sherbin
and Bossatt water treatment plants (WTPs) and Some compact units (Fasco, Abo-Arssa, Besendila,
and EL-Shawamy). All samples were collected in polyethylene bottles and immediately transported to
the laboratory and subjected to the chemical analysis.

Experimental:

Determination of dissolved and total aluminium in raw and treated water were carried out
according to standard methods for the examination of water and waste water by standard addition
method using Eriochrome Cyanine R as colour developing agent and Griffin model 40 colorimeter
COJ-510 for measurements.

The effect of the pre-chlorination on Aluminium was also carried out by preparing series of 250 ml
measuring flask, Al concentration was kept constant (10 mg / L) while variable chlorine doses from
0.5-10 mg/L were added, mix and leave for at least 2 hr., filter on a sand filter, and determine the
dissolved, aluminium concentration for the filtrate of each one as previous.

Metal concentrations in all samples were determined by 2380 - Perkin-Elmer, flame atomic
absorption spectrophotometer, following the recommended standard operating procedures. BDH
standard solutions, lOOOppm, were used and internal standards were used to check for interference
problems. The metal concentrations were determined in triplicate samples and reagent blanks of each
process, other chemicals used were of high purity.

RESULTS AND DISCUSSION

The concentrations of dissolved and total aluminum in raw (river water) and drinking (treated
water) are summarized in table 1. From the data obtained, one can observe that, the concentrations of
aluminium were highly affected by the treatments (treatment processes).
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Table 1: Dissolved and Total Aluminium concentrations
water for WTPs and C.Us. Samples.

in raw and treated

Aluminium

Dissolved:

Total:

Water Type

Raw Water:
mean

Range
Treated Water:

mean
range

Raw Water:

mean

range

Treated Water:

mean

range

Sherbin W.T.P.

4.7
0-16

153
0-340

28.1

0-49

283.6

86-497

Bossatt W.T.P.

1.4
0-10

19
0-57

11.9

0-26

151.9

90-276

Compcat Units

12
0-32

48.3
9-131

23.4

0-55

416.3

122-810

Table 2: Relation Between Dissolved Al3* and
Variable Chlorine Doses (0.5 - 1 0 ) m g / L

CI2 dose ; mg / L

0.5
1

1.5
2
3
4
5
6
8
10

Concentration of
Dissolved Al; mg / L

1.46
2.28
2.52
3.58
3.6

3.72
4.92
4.56
5.4

6.48

The drinking water were analyzed in Sherbin and Bossatt water treatment plants (WTPs) indicated
that, in some cases, total aluminum concentrations were found higher than£2Q0ug/L) the guideline
level recommended by the world health organization (WHO, 1993). The more surprising observation
is that, variable aluminium concentrations, were found from one to another during the Period of the
investigated samples (6 month), this may be due to the effect of chlorine doses, which may varied in
the water plants without taking in consideration the other parameters. The over doses of chlorine
highly affect the dissolution of aluminium ions as shown in table 2. The total aluminium in the treated
water was higher as 497ug/L and 276ug/L with average total concentration of 283.6 and 151.9 ug/L in
Sherbin and Bossatt WTPs respectively. Similar observations can be seen in case of dissolved
alumjnjum iti drinking water as shown in table 1. The observed discrepancies in aluminium
concentration among the djlij^pjt WTPs in this study were probably due to operational differences
(amount of ^lujn, uneoi^$ig4 pre-chlorination, pH adjustment, rapid and insufficient filtration
efficiency, i#, &$$$%» tim&), while no high differences in dissolved aluminium concentrations in
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raw water (almost constant) except the total aluminum concentrations in Sherbin WTP, raw water
reached to high values 49 ug/L with the mean value 28.1 ug/L compared with Bossatt WTP that was
reached to 26 ug/L with the mean value 11.9 ug/L. The observed increase in total aluminium in raw
water at Sherbin W.T.P. may probably due to the effects of alum sludge discharge back in this area.

Determination of total aluminum in four selected compact units (Besendila, Abo-Arssa, Fasco and
El-Shawamy). Table 1 revealed that very high total aluminum concentration 810 ug/L, which indicates
problems in the design and operational systems.

Table 3: The effect of Water Treatment Process on The
Concentration of Iron and Manganese

SAMPLING AREA

Sherbin

Bossatt

Water Sample
Types

Raw water:
treated water:
Raw water:
treated water:

Fe
ug/L

89
76
77
67

Mn
ug/L

99
53

99.4
94.6

Table 4: Concentration of Iron and Manganese in Raw and
Treated Water by Compact Units

Sampling Area

Fasco:

EL-shawamy:

Abo-Arssa:

Besendila:

Water Sample
Types

Raw water:
Treated water:
Raw water:
Treated water:
Raw water:
Treated water:
Raw water:
Treated water:

Fe
ug/L

72
74
85
68
80
78
83
76

Mn
ug/L

73
70
80
69
60
82
70
72

Removal of trace inorganic constituents through the conventional water treatment process was
studied. Iron and manganese are oxidized by aeration and removed from water mechanically by
filtration as hydroxides. The chemical analysis of Iron and manganese in raw and treated water
indicated that noticeable decrease in their concentrations by treatments as shown in table 3. These
results indicated also that aeration process was not sufficient to complete removal of iron and
manganese but it decreases the concentration of manganese to reach the permissible limit
recommended (50jig/L). On the other hand, no differences in the concentrations of iron and
manganese from raw and treated water by compact units studied as shown in table 4, this may
probably due to that all these plants were of unsuitable designed and or due to the rapid filtration
processes. A vast number of samples would be required before reaching only definitive conclusion in
this matter. However, these results are enough to confirm the importance of controlling the operational
parameters as well as design in water purification plants for getting safe drinking water.
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ABSTRACT

A sector of the Nile system in the provience Minia, has been studied for physico-
chemical properties of waters and characteristics of the inhabiting algal communities.
Monthly samples in the period April, 1994- Marsh, 1995 were collected from three sites on
the Nile and one site on a drainage canal connected to i t Samples were analysed for water
temperature, pH, inorganic forms of nitrogen, inorganic phosphates, silicates, chemical
oxygen demand, total carbohydrates, total proteins, and the major nutritive metal ions;

Algal samples, collected at the same intervals, were studied for the characteristics of algal
communities including diversity of species, abundance of populations and species
composition.

A total of 124 taxa were recorded during the period of study of which 27 cyanophytes,
34 chlorophytes, 6 euglenophytes and 57 bacillariophytes. Changes in water chemistry of
the river Nile, on receiving discharges from domestic, agricultural and industerial effluents,
have been shown to be accompanied with alterations in the algal communities including
species composition, species diversity and abundance of populations.

Water quality was assessed on the basis of both chemical and biological data and
results have indicated that the Nile at the area of study is subjected to eutrophication and
organic pollution. Bioindicator species have been also used to distinguish polluted and
relatively clean localities.

Key words: Water quality assessment, River Nile, Algal communities, bioindicator
' algae.

INTRODUCTION

The acccleratting anthropogenic development excects a serious threaten to lotic environments since
they become objectives of discharge from municipal sewage, agricultural runoff and industrial wastes.
Stream algae that belong to the biotic part of these aquatic ecosystems are affected by a number of
physical, chemical and biological factors'""24 v'J!'T4). Plant nutrients are known to influence algae in
aquatic environments at> 5*' and because of their criticaly low concentrations in natural waters, nitrogen
and phesphrus frequently stand as thj; major cause of eutrophication(9- S7 ' . Eutrophication leads
eventually to pollution since it helps establishing large populations of organisms including algae,
thereafter a state of nutrient deficiency evolves and the community becomes under a competition stress.
Populations with week competitive potential are excluded providing a load of organic matter that on
accumulation leads to deterioration of aerobic conditions as well as quality of water (7>w"*2).
Interrelationships between algae and pollution with organic wastes has been frequently proved including
wastes from municipal sewage ̂ 7 f l , agricultural processes(M' and from industry <">T7>.
The major nutritive metal ions have been observed to correlate positively with eutrophicationtl7). They
are considered pollutants, although they are not harmful as such, because they interfere with food chains
and lead to unrestricted biological growth and in turn oxygen depletion in aquatic ecosystems ^°'.

Algal community responds to degradation of water quality and changes in characteristics of the
community was observed as earlir as 1908 when Kolkwitz and Marson introduced the principle of
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indicator species (61). This princible .. was modified by Kolkwitz (34> 35 -1 and Leibmann(45) and
thereafter many lists of indicator species appeared (19'4344'H73). Changes in community parameters
appear in species diversity, size of populations and species composition ( 75). The use of single
parameters in assessing water quality was critisized and attention has been attracted to use the changes
in all of the three mentioned parameters of the community(8 \
Drainage canals that are connected with the Nile have recieved little attenion concerning their effects on
both chemistry and algal assemblages of the river(65|66> 59).
The present study aimed at using results of physico-chemical and algal analyses in assessing water
quality of a sector of the river Nile. Work was designed to determine to what extent the river is affected
by sewage from civil, agricultural and industerial sources and to provide information which may help in
comparative monitoring studies in future.

MATERIALS & METHODS

Collection of samples:

Water and algal samples were routinly collected from four permanent stations at Samalot, about 20
km. to the north of Minia town (Figure 1), at intervals of 3 0-3 5 days during the period from April 1994
to Marsh 1995. Samples were collected near the banks in well illuminated areas and special interest was
given to sessile algae.

Area of study:

Preliminary investigations indicated variations among the sites of study concerning physico-
chemical as well as algal community parameters. These sites were chosen to cover the area at which the
Nile receives water from Moheit drainage canal. Discharge from this tributary includes municipal
sewage from Abu Qurqas and Minia towns, agricultural runoff from the catchment area as well as
industrial wastes from the sugar factory at Abu Qurqas and the soap factory at Minia.
Station no.l was on the west bank of the main course of the Nile about 0.5 km. east of the village Ettsa
and south of the discharge effluents of Moheit canal. This bank was rocky and water is speedy, clear
and had an ordinary audor. Cover of aquatic higher plants on the bankside was composed of
Phragmitis communis and Eichhomia crassipes.
Station no.2 was located on the south bank of Moheit drainage canal about 200 m. before connecting
with the Nile. Banks and bottom were muddy and water was slowly running, turbid, brownish in color
and had an unpleasant audor. Bottom sediments were black and rotten and the only recorded aquatic
higher plant was Typha australis.
Station no.3 was situated on the west bank of the main course of the Nile about 3km. to the north of
station no.l. The bank and bottom were rocky and water was speedy, clear and of an ordinary audor.
No higher plants on the banks were recorded, however, Cladophora glomerata occurred throughout the
year and was most vigorous in autumn.
Station no.4 was about 8km. to the north of station no.3 on the west bankside of the Nile near the
village Sharaina. It was almost similar to station no.3 in shore and bottom structure and in water
appearance.

Physico-chemical analysis of water:

Temperature was measured in the field and pH was immediately measured after transportation of
samples to the laboratory using a pH meter (LS Sargent Welch Scientific Co., London, UK).
Measurments of the soluble inorganic forms of nitrogen(52), inorganic orthophosphates<23), inorganic
silicates (53), total carbohydrates (4 5 and soluble proteins(47) were spectrophotometrically determined
using a UV-VIS spectrophotometer (Perkin Elmer mod. 55B USA).
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Divalent cations Ca1"1" and Mg** and the chemical oxygen demand (COD) were volumetrically(68> 52>

determined The monovalent cations Na+and K+were determined by flame photometry(52-1 using M410
Ciba Corning Diagnostics, UK flame photometer.

Statistical analysis:

Ordination of the sites of study has been developped using the principal component analysis (PCA)
included in the Statgraphics software ver.5.0. For this purpose the annual mean of the physico-chemical
analysis was provided and computed for the first two components.

Algal investigations:

Sessile algal samples were collected from the different possible habitats such as from surfaces of
stones, gravel and aquatic plants and from mud near the banks according to the standard methods of
collection(S6). After transportaticafto the laboratory and before preservation with 2% formaline solution,
samples were examined for euglenoids. Algae other than diatoms were identified in wet preparations
while diatoms in permanent preparations(5). Identification was made using a phase contrast microscope
(Carl Zeis Jena Med 2 Germany). Abundance of algae was determined following a six-degree scale (3I ).

RESULTS

Physico-chemical assessment of water quality:

Station no. 1: Physico-chemical characteristics of this station was used as a reference in comparing
water quality of other stations since it was located before the connection of Moheit canal with the Nile.
Table (1) indicated that values of the studied parameters were almost the least, however, pH values
exceeded 9 in April, July and January; N-NH41" concentrations were relatively high in April and August
and P-PO43" moderately increased in April, September and February. Total carbohydrates and soluble
proteins were the minimal if compared with other stations, throughout the period of study, and the
relatively elevated values of COD did not corresponds to increase in water content of these organic
compounds (Table 1). The metal ions studied had the least concentrations in comparison with other
stations, however, concentrations of these elements irregularly fluctuated and were relatively elevated in
certain months such as in April, May, August and September for Na+; in April, May and June for K+;
in February for Ca** and in June, December, and January for Mg^.

Station no.2: Table 1 shows that water contained cosiderably high amounts of nutrients and pollutants
such as N-NHU+, P-PO43", total carbohydrates, Na+ and COD. pH values exceeded 9 in July,
August, September, January and February. Highly alkaline pH accompanied with high concentration of
N-NH/ , as it is always the case here (Table 1), referred to a great possibility for the accumulation of
toxic ammonia. Concentrations of P-PO43" was almost higher as three folds as those recorded for
station no. 1. Total carbohydrates were at least five folds higher than those of station no. 1 in the period
September- Marsh, a state which was associated with high COD values (Table 1). The content of Na+

in water was clearly higher than other stations referring to a propable increase in salinity. It appears
from Table (1) that Moheit drainage canal is a source of eutrophication and pollution to the Nile.

Station no.3: Signs of eutrophication and organic pollution, represented in increase in concentration of
N-NH4+ in April and July; N-NO2" in November; P-PO4

3' in April, May and February; total
carbohydrates in April, May, August and November; proteins in April and May and K+ in April,
appeared here due to the proximity to the municipal effluents throughn to the Nile. Values of COD were
almost obviously higher than those of station no. 1. The increased COD was concurrent with increase in
concentrations of N-NH/, N-N02" , total carbohydrates and proteins indicating an incomplete organic



•a

3>> «
S 3

^ 2
2 «S
To S-
3 S

5

S

.2 S
"S «•2 J=

CIS

o II

.2 O

5 <->

wo
S

o5 *3o

2 *
>» *J

•C ?
O i*
-a o3
J- c
o _

—: «j
. - £ §

£ ^. it

3 h ^

Ju
ly

Ju
ne

«

A
pr

il,
 1

99
4

I M
on

th
s

cs

-

es

-

CO

-

1 S
ta

tio
ns

cs

cs

es

cs

r-
cs

cs

cs

cs

cs
es

cs
cs

cs
cs

cv

ê
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Months
Stations
TEMP. °C
pH
N-NH4

+

N-NO2-
N-N<V
P-PO43-
Si- SiOj2"
COD
CARB.
Proteins
Na+

Ca J +

Mg 2 +

December
1

16
8.60
0.00
0.00
1.01
0.00
2.40
44.0
0.70
0.00
26.0
3.00
0.06
6.06

2

17
8.70
7.30
0.03
1.24
0.10
2.40
142
5.20
0.00
34.0
6.00
0.08
0.16

3

16
7.70
0.00
0.00
1.01
0.04
1.80
52.0
2.40
0.00
27.0
4.00
1.00
0.03

4
16

7.60
0.00
0.00
1.01
1.00
2.00
48.0
2.80
0.00
26.0
4.00
1.00
0.03

1

14
9.10
0.00
0.00
1.00
0.07
2.03
36.0
0.30
0.00
20.0
4.00
0.07
0.08

January 1995
2

16
9.10
3.20
0.06
1.20
0.20
7.80
118
6.70
0.00
40.0
10.0
0.10
0.05

3

14
8.10
0.00
0.00
1.00
0.01
4.20
84.0
2.10
0.00
16.0
3.00
0.08
0.02

4

14
8.10
0.00
0.00
1.01
0.10
2.30
72.0
1.40
0.00
21.0
4.00
0.09
0.14

1

18
8.70
0.00
0.00
1.01
0.60
1.30
64.0
0.00
0.00
11.0
4.00
0.20
0.05

February
2

20
9.00
2.50
0.03
1.01
0.20
2.30
180.
5.50
0.00
44.0
7.00
1.00
0.13

3

18
8.00
0.00
0.00
1.01
0.12
2.30
88.0
1.20
0.00
16.0
2.00
0.13
0.06

4

18
8.10
0.00
0.00
1.02
0.10
2.30
72.0
1.40
0.00
17.0
3.00
0.09
0.14

Marsh
1

21
8.70
0.00
0,00
1.03
0.02
2.12
184
0.40
0.00
11.0
3.00
0.10
0.04

2

23
8.50
2.50
0.00
1.00

,0.06
4.00
464
6.70
0.00
53.0
9.00
0.13
0.03

3

21
7.90
0,00
0.00
1.01
0.00
2.50
344
0.59
0.00
8.00
1.00
0.09
0.08

4

21
8.00
0.00
0.00
1.09
0.00
3.90
304
0.50
00.0
12.0
2.00
0.11
0.08



matter mineralization and deterioration of water quality. Increased COD inspite of the scarcity or
absence of carbohydrates or proteins such as in July, November, January and February (Table 1) may
be due to other organic pollutants.

Station no. 4 : Water of this station devoided of N-NHU+ and N-NO2" except in April for the first form
indicating that organic matter is mineralized and the river got red of these components that appeared in
the previous station. Inspite of this degree of self-purification, values of P-PO4

 3', COD and total
carbohydrates are still comparatively higher than those of station no.l; in April, May, September,
December, January and February for the first; in all months for the second and in April, May and
August for the last parameter (table 1). This indicates that water here was still affected by the inorganic
and organic matter amendments through Moheit drainage canal inspite of the partial self purification.
The previous r .say is confirmed additionally by the PCA ordination of the study stations (Figure 2)

Assessment of water quality using algae:

The previous assessment of water quality of study stations depending on the chemical index is
supported by the characteristics of algal community dwelling them. Figure (3) shows that station no. 1
had the largest number of species since it is relatively unpolluted while the least number was recorded at
station no.2 which could be attributed to the deterioration of water quality represented in high
concentration of N-NH/, N-NO2', organic matter and high COD (Table 1).

Number of species at station no. 3 decreases than that of station no.l being subjected to pollutants
while improving water quality at station no.4 appeared to help increasing number of species.
Counts of algae other than diatoms were the least at station no.l but they prevailed at station no.2 due
to the plenty of nutrients that encouraged growth of green and blue green algae and organic matter that
encourages euglenophytes.
Species composition (Table 2) shows the appearance of certain indicator species of algae which
supports as well the previous assessing of water quality on chemical basis.
Cyanophytes such as Oscillatoria proteus, O. tenuis, Phormidium subfuscum and P. incrustation
which prevailed at station no. 2 and Oscillatoria tenuis at station no.3 indicated the abundance of
organic matter while Oscillatoria limosa an indicator of clean waters appeared only at station nol.
Chlorococcal green algae especially the eutrophic taxa of the genera Ankistrodesmus, Pediastrum and
Scenedesmus were recorded in stations no. 3 and 4 refering to high nutrient concentrations especially N
and P. The absence or small populations of these taxa in stations no.l and 2 can be attributed to the
scarcity of nutrients at the first station and because of pollutants and deteriorated aerobic conditions at
the second station.
Filamentous green algae recorded gave a good indication of different states of water quality. Ulothrix
subtilissima, the clean water alga predominates only at station no. 1. Cladophora glomerata fluorished
in spring and autumn months, at station no. 3 then became less abundant at station no. 4 giving another
indication on the enrichment of these sites with nutrients since it did not appear in the relatively cleaner
station no. 1. (Tables 1 and 2 ). Stigeoclonium tenue, dominated in station no. 2 indicating abundance
of organic matter and the deterioration of water quality.
Euglenophytes were recorded only at station no.2 and additionally indicated high state of organic
pollution.
Among the recorded diatoms, saprophilic species such as Cymatopleura solea, Gomphonema
angustatum, G. olivaceaum, G. parvulum, Gyrosigma aewninatum, Navicula atomus, N.
cryptocephala, Nitzschia linearis and N. palea (Table 2) dominated at station no.2. Some of these
species, namely Gomphonema olivaceaum, G. parvulum, N. cryptocephala, and Nitzschia palea had
considerable populations following to discharge from Moheit canal, especially at station no. 3,
indicating that water is affected by pollutants. The dominance of euryhalinic diatom species
Anomoeoneis sphaerophora and Rhoicosphenia curvata and the halophylic species Navicula pygmea
and Nitzschia hybrida at station no.2 referred to an increased salinity of water as a result of high Na+
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Table (1): Physico-chemical characteristics of stations studied in successive months throughout a year
course ( April 1994- Marsh 1995 )."COD" = Chemical oxygen demand, "TEMP." = Temperature and
"CARB". = Total carbohydrates.
Values of chemical analyses are given in mg. I'1 as a mean of three replicates.

Months
Stations
TEMP. °C
pH
N-NH/
N-NO,-
N-NOj-
P-P<V
Si- SiOj2 '
COD
CARB.
Proteins
Na+

K+

Ca J +

Mul+

April
l

27

9.10
1.08
0.00
1.02
0.12
4.011

11.00
3.30
0.00
26.00
25.0
0.03
0.03

2

27
8.50
3.00
0.01
1.01
0.40
6.30
26.0
6.10
0.07
32.0
28.0
0.08
0.00

, 1994
3

26
8.70
0.30
0.01
1.01
0.09
3.80
68.0
5.10
0.10
10.0
25.0
0.03
0.02

4

26

8.40
3.90
0.01
1.01
1.40
5.50
52.0
5.30
0.40
24.0
25.0
0.02
0.02

May
1

22
7.50
0.00
0.01
1.02
0.05
5.20
12.0
3.70
0.01
22.0
5.50
0.04
0.02

2

22
7.60
12.3
0.03
1.20
0.16
3.20
26.0
5.20
0.01
34.0
3.50
0.04
0.02

3

22
7.50
0.00
0.01
1.20
0.10
7.30
42.0
5.40
0.11
14.0
2.00
0.04
0.01

4

24

7.80
0.00
0.00
1.01
0.13
7.10
24.0
5.40
0.15
16.0
2.50
0.01
0.02

June
l

27

8.60
0.00
0.00
1.01
0.00
2.40
18.0
3.00
0.04
16.0
4.80
0.03
0.05

2

26
8.50
2.60
0.02
1.01
0.23
9.60
60.0
5.40
0.07
32.0
4.80
0.07
0.03

3

27
8.60
0.10
0.00
1.00
0.01
8.30
92.0
4.23
0.07
8.80
3.00
0.07
0.02

4

25
7.90
0.00
0.00
1.00
0.00
2.40
32.0
4.35
0.07
15.0
3.00
0.05
0.02

July
l

32
9.60
0.00
0.00
1.00
0.01
0.77
36.0
4.23
0.00
6.00
2.00
0.06
0.01

2

32
9.20
2.20
0.09
1.04
0.12
2.50
36.0
5.23
0.01
22.0
2.00
0.06
0.01

3

29
8.80
0.42
0.01
1.01
0.03
1.17
76.0
4.40
0.00
5.00
1.00
0.06
0.00

4

32
8.S0
0.00
0.00
1.00
0.06
1.73
72.0
4.50
0.01
17.6
4.00
0.06
0.01

Months
Stations
TEMP. °C
,,11
N-NU4

+

N-NO,-
N-NOj'
P-1'O4

J-
Si- SiOj1'
COD
CARB.
Proteins
Na+

K+

Ca'+

M K 2 +

August
1

30
9.00
2.20
0.00
1.00
0.01
9.50
18.0
2.00
0.00
18.0
2.80
0.07
0.04

2

31
9.00
2.20
0.00
1.00
0.08
8.90
25.0
6.10
0.01
24.8
3.50
0.06
0.03

3

30

8.60
0.00
0.00
1.06
0.01
8.10
18.0
5.20
0.00
18.0
2.90
0.12
0.01

4

31
8.30
0.00
0.00
1.04
0.01
9.00
56.0
5.20
0.00
6.00
1.10
0.06
0.03

1

28
7.10
0.00
0 00
1.00
0.20
2.50
36.0
0.00
0.00
24.0
2.00
0.03
0.00

September
2

28
9.0
2.15
0.00
1.02
0.09
2.80
40.0
5.00
0.00
32.4
2.00
0.15
0.01

3

28
7.70
0.00
0.00
1.00
O.00
3.60
16.0
0.00
0.00
8.60
2.50
0.04
0.00

4

28
7.90
0.00
0.00
1.00
0.09
2.80
60.0
0.00
0.00
15.2
4.00
0.05
0.00

October
1

22

8.70
0.00
0.00
1.01
0.02
1.10
12.0
1.10
0.00
14.0
2.00
0.05
0.00

2

25
8.60
5.10
0.02
1.13
0.08
2.50
28.0
9.80
0.00
38.0
3.50
0.30
0.00

3

25

7.10
0.00
0.00
1.27
0.02
2.40
52.0
1.60
0.00
23.0
2.00
0.25
0.00

4

22
7.40
0.00
0.00
1.02
0.01
0.20
28.0
1.40
0.00
36.0
3.50
0.25
0.00

November
1

22
8.70
0.00
0.00
1.01
0.02
1.10
12.0
1.10
0.00
14.0
2.00
0.05
0.00

2

22
8.70
1.40
0.50
1.20
0.20
5.10
252
8.10
0.00
33.6
5.00
0.05
0.02

3

23
7.10
0.00
0.00
1.27
0.02
2.40
52.0
1.60
0.00
23.0
2.00
0.25
0.00

4

22
7.40
0.00
0.00
102
0.01
0.20
28.0
1.40
0.00
36.0
3.50
0.25
0.00



Table (2): Species composition and population abundance ol the sites studied. Station no. 1.3 and 4 lie on the river Nile and station no. 2 on Moheit drainage canal. Ap- Mr are months rom April 1994

to Marsh 1995. Values 1-6 are the scale of abundance. 1*1-3: 2-4-10: 3*11-25: 4*26-50: 5=51*75 and 6 over 75 individuafs/10 microscopic fields (at 40x magnifica ion) for dbioms or per wet

preparation m case ol olher algae

Species
_—— • Stations

I- Cyanophyta:
Lyngbyee martensiana Meneg.ex Gomont
L.nwsotricha Gomont

Merismopedia glauca (Ehr.) Naeg.
M. tonuissima Lemm.
Oscillaloria acuminala Gomont

0. scuta Bruhl et Biswas
0 . amphibia Ag. ex Gomont
0. cMaoyea (Martens) Gomont
0. chlorine Kutz. ex Gomont
0. curviceps v. angusla Ghose
0. earie; Gardner

0 . homogenaa Gardner
0. lemmemannii Wolosz.
0. Hmosa Ag. ex Gomont

0. lemnitica Lemm.
0. proleus Skuja

0. psBudogeminata Schmid.
0. quadripunclulata Bruhl et Biswas

0. wpascens Gomont
0. subbrevis Schmid
6. tonuis szaler

Phomidium cerium (Ag.) Gomont

P. incrustatum (Naeg.) Gomont
P. sublvscum Kutz
Myiosarcina speclabilisGeMer
Spimlina giganlea Schmid.
5. fai/sama G. S. West

II- Chlorophyta:
Ankistrodismus bemardii Kom.

A. convotulus Corda
A/atedus (Rails) Corda
A. lelactus v. sptrillilonnis (Rails) Corda
A spiralis (Turn.) Lemm.
Chtamgonium alongatum Oang.
Cladophora glomerata (L.) Kutz.

Closlerium aculum Breb.
C. Hbellula Focke
C. monililomto (Ehr.) Bory.
Coelaslrum Aslroedium Lemm.
Keratococcus sp.
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continued

bpecies
Stations

Cymbella lata Grun.

C. minute Hilse
C. paiva W.Smith
C. prostrate (Berkeley) Cleve
C. tumida (Breb.) Van Heurek

C. turgida Grun.
Epithemia sorex Kutz.
Comphonema angustatum (Kutz.) Raben.
G. o/rvaceum (Lyngb) Kutz
G. pan/ulum (Kutz.) Grun.
GomphoniUschia ungeri Grun.

Gyrosigma acuminatum (Kutz.) Raben
G. distortum (Kutz.) Raben
G. sphenceriQN. Smith) Cleve

Fragilaria construens Herib.

F. u/na Lange- Bertalot

Melosira granulate (Ehr.) Rails
M. is/andicaO.Mull.
M. il8ltG0 (Ebr.) Kulz.
Navicula atomus (Naeg.) Grun.

IV. cryptocephale Kutz.

W. cuspidal* Kutz.
W goltkmdica Grun.
W. protracta (Gran.) Cleve
N. pygmea Kutz.
NiUschie acuminate (W.Smith) Grun.
W. comulata Grun.
N. fwstulum (Kutz.) Grun.
W. lonticola Grun.
(V. gendershsinensis Krasske

rV. hybrida Grun.
N.Unearis W.Smith
N. obtuse W.Smith
N.patea (Kutz.) W.Smilh
N.slagnorum Grun.

N. suoiinearis Hust.
W. vermicularis (Kutz.) HanU.

Opephora mertyii Herib.
Pinnularia sudetica (Hilse.) Perg.
Rhoicosphenia curvata (Kutz.) Grun.
Rhopatodia gibba (Ehr.) 0. Mull.
R. paralella (Grun.) 0 . Mull.

Suhrella ovata Kulz.

Tabelaria venlricosa Kutz.
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and FC concentrations. Recording species such as Navicula pygmea and Rhoicosphenia curvata at
stations no. 3 and 4 referred to incease in salinity of Nile water after receiving sewage (tables 1 and 2).

DISCUSSION

Variation in physical and chemical parameters of waters frequently represent an important bearing
on the qualitative and quantitative characteristics of algal communities inhabiting them (17'2841>7°)
Assessing water quality of running waters depending on physico-chemical and biological indices has
been extensive!;'- used by many authors in many countries ^25> 43'49) and the whole concept is throughly
discussed indicating that algae respond excellently to changes in water quality supporting them to be
used in monitoring studies (13> 26> 6I' ̂  as the present results are treated.
Hydrogen ion concentration of waters was always on the alkaline side in the area of this study in
agreement with those reported for the Nile system(50> 63 \ Highly alkaline conditions in the presence of
high concentrations of N-NH4+ were used here to expect accumulation of the toxic gaseous ammonia
leading to reduction in species diversity and abundance of populations. Similar attribution was used for
rivers polluted with industerial wastes (15- 55). Moreover the toxicity of free ammonia is severe in
deoxygenated turbid waters where organic matter mineralization is weak(46), a condition that took place
frequently at station no.2.
Rreduced forms of nitrogen are not familiar in unpolluted surface waters, they are produced through the
action of the heterotrophic community during organic matter mineralization where oxygen tension in
warer is too low (7). Ammonium and nitrite ions especially in high concentrations were considered here
as signs of both incomplete organic matter mineralization and highly deoxygenated state of water.
Nitrites are sometimes said to act as a nitrogen source for algae( 48), however many authors reported
their inhibitory effect or even toxicity to water organisms( 9>17). It could be assumed that if nitrites are
not toxic as such, they indirectly designate week organic matter mineralization and cosequently
deteriorated aerobic conditions.
Nitrate concentrations in the present study did not show large differences neither seasonal nor among
stations (Table 1). On comparing the hereby concentrations with those previously reported for the river
Nile (50> 63> ^ 6 9 \ it seems that the river is enriched with nitrates and concentrations of nitrates at Minia
are at least doubled if compared with those of 1988 where a maximum of 0.5 mg I"1 was given(S9).
The Nile water is also enriched with phosphates especially at stations no. 3 and 4 that are contaminated
with the pollutants from Moheit canal than in 1987 where at Minia, values of 0.32 mg I"1 in terms of
phosphate (PO4

3) as a maximum were given(50).
Concentrations of silicates in the present study largely fluctuated. The source of silicates in wastes as a
pollutant is not evident in the literature cited. Little information about the requirements of diatoms of the
element are given stating either positive (75) or absolute lack of correlation between growth of these
algae and silicon (yr>. Maximum growth of Stephanodiscus and Hantzschia was shown to occur at
silicon concentration of 1- 3 mg I"1 which was far exceeded frequently in the area of this study(33).
The chemical oxygen demand was taken in the present study as a measure of the oxygenated state as
well as the amount of organic matter in water. At station no. 2, values of COD, in the period November-
Marsh, markedly exceeded the range 110- 320 mg I"1 that was reported for a sewage treatment plant(78).
In contrast with the present investigation, a range of 0.3- 3.9 mg I1 COD was given for the Nile at the
same area in 1988(69) which is now far exceeded indicating progressive deterioration of water quality.
Increase in metal ions in drainage effluents of this study was used to expect increased salinity of water
in accordance with the reports on the interrelationship between increase in concentrations of alkali ions,
calcium and magnesium and rise in salinity <-20\ On the other hand and in contrast with the present
results, Moheit canal did not have significant effects on Nile water concerning the major metal ions(69).

For assessing water quality of the studied stations, it was taken in consideration to use a composite
number of both physico-chemical and biological parameters since the use of a single parameter is
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critisized '-6l\ however, some workers have considered species diversity a good indicator of water quality
and found lower species diversity in unpolluted regions than in polluted ones (51>74). On the other hand,
many authors reported the opposite(10> n> 59\ Species diversity was rejected to be alone a single means of
water quality assessing and the identity and ecological requirements of the constituent species was
authorized (9'71).
Cyanophyces were used to monitor water quality of the present stations; as relatively clean in case of
Oscillatoria limosa and as polluted ones in case of Oscillatoria proteus, O. tenuis, Phormidium
subfuscum and P. incrustatum according to the literature cited'1''214'40' 54).
Chlorococcal green algae, especially taxa that belong to the genera Ankistrodesmus, Pediastrum and
Scenedesmus, which attained considerable growth following to the discharge of Moheit canal were used
in this study to refer to the increase of nutrients in the Nile since they are included in the lists of
eutrophic taxa(6> 8> 54).
Filamentous green algae helped in this study to distinguish different water types i.e. clean in case of
dominance of Ulothrix subtilissima in the Nile before connecting with Moheit canal; eutrophic as
Cladophora glomerata grew in the Nile after receiving pollutants; and polluted when Stigeoclonium
tenue was prevailing in the drainage stream following many authors(1>29> S7).
Euglenophytes were of the organisms used here to indicate deterioration of conditions in Moheit
drainage stream such as increase of organic matter and poor aerobic conditions of water. Communities
with high populations of euglenoids mainly Euglena viridis and E. pisciformis has been characterized in
a river strongly polluted with wastes of a sulflte cellulose plant(16), sewage treatment plants (16> 30> 72> 78)

and in the wastes of sugar factories (-2xn\
A number of bacillariophytes were used in this study to indicate pollution of water as well as increase in
salinity especially at the polluted station no.2. Avialable literature indicates that Nitzschia palea is an
inhabitant of the polysaprobic and a- mesosaprobic zones (45> 73), it is an obligate nitrogen heterotroph
tolerating high water salinity(1) and many authors recorded it in sewage treatment plants (n" 7i\
Gomphonema parvulum and G. olivaceum are P- mesosaprobic taxa(21), they together dominate in
wastes of a sugar factory(42), in polluted rivers in Texas (10) and in some Indian rivers(75).
Cymatopleura solea is an organism characteristic for the a and p- mesosaprobic zones and Gyrosigma
acuminatum is treated as P or oligosaprobic taxon(78)>

Navicula atomus dominated at a stream below industerial outflow and secreted a slimy material that
was covered with heavy growth of pollution-tolerant organisms including the fungus Sphaerotilus
natans (13).
Navicula cryptocephala is an a-mesosaprobic diatom<3) that can tolerate all kinds of pollution(54) and
moreover toxic substances (31).
Typical diatoms of salt waters appeared in the present results and were used to indicate increase in salt
content of water as pollution increased at station no. 2. The euryhalinic taxa; Anomoeoneis
sphaerophora and Rhoicosphenia curvata have a wide range of tolerating electrolytes in water while
the halophilic taxa; Navicula pygmea and Nitzschia hybrida are typical for brakish waters with an
optimum of 30% salt concentration (3S'39).
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ABSTRACT

The Environmental impact of industrial, agricultural and domestic wastes on heavy metals
sediment content in Lake Temsah has been investigated. Seven sites were chosen, differ in
nature of activity and quantity of wastes, namely from south to north-west; Arab contractors
shipyard workshop (A), The junction between the western logon and the lake (B), EI-Temsah
Workshop (C), El-Temsah shipyard (private workshop) (D), El-Karakat workshop for SCA
(E), El-Forsan drain outfall to the lake (F) and SCA Press outlet (G). Eight of heavy metal
concentrations of concern (Fe, Mn, Zn, Cu, Co, Ni, Cd and Pb) were estimated in sediment
samples collected from different chosen sites during the seasons; summer & autumn 1995 and
winter & spring 1996. Results of this study reveal that pollution is directly related to the type
of the activity in each site. Sediment samples results showed that the most suffering sites
were found to be in the order of B> D> O G> F, and the least polluted ones were E> A. And
the highest polluted season was summer, whereas the least one was winter. It is obvious that
the general mean values of Cu, Ni and Cd are exceeding the allowed concentrations
documented for diverse trace components in coastal sediments. Strict regulations that must be
followed in order to minimize this pollution specially, by heavy metals from marine
workshops.

Key Words: Marine pollution, ecosystem, sediment, and heavy metals.

INTRODUCTION
Lake Temsah is one of the most important lakes in Egypt The lake lies almost the mid-point
on Suez Canal, to Sinai province where prospective industrial high-tech enterprises are
foreseen. The lake is also an important resort It usually receives high salinity waters from the
Great Bitter Lake in the south and these are overlined by a layer of fresh and brackish water
coming into the lake from the outflow of Ismailia freshwater canal; in addition to fresh water
from four drains: El-Mahsama, EI-Bahtini, Abu-Gamous and El-Forsan.

The increasing human activities along the shores of the lake have had a quite negative impact
on it The area of the lake has decreased by about 100 acar, especially along the southern
beaches. The dredging operations of the Suez Canal has also contributed to the deterioration
of the lake's ecosystem, and led to the demolition of fisheries, and stopped the circulation of
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water from the lake to lagoons on the eastern bank of the lake. These lagoons were then used
as sedimentation basins for the dredged spoil, which raise the water salinity and consequently
cause the killing of several species of fish. In order to assess and understand the
environmental threats to the lake and identify sources of pollution, it is necessary to examine
it as an integrated ecosystem. In this respect, the present study demonstrates a qualitative
investigations of eight heavy metals, Fe, Mn, Zn, Cu, Co, Ni, Pb and Cd, in sediment samples
over four consecutive seasons.

MATERIAL AND METHODS
Lake Temsah has nearly a triangular shape with elongated sides extending roughly East-West
The lake is small and shallow. It has a surface area of about 8 square kilometers with an
average depth of only 10 meters and containing about 34 million cubic meters of water and a
depth of 4-5 m (ETPS, 1995). Seven sampling sites were selected to represent the major point
sources of pollution to the Lake Temsah. They are covering significant types of pollution;
domestic, agricultural, and industrial sources Fig. (1). Three replicates were taken seasonally
10 m apart around point sources during one year from summer 1995 to spring 1996. The
description of the chosen sampling sites can be summarized as follows:
Site A) Arab Contractors shipyard workshop: It is lying along the southEastern side of the

lake. The main activities at the site are repairing, maintaining and constructing ships. Most of

the industrial processes are close to the shore or at the water level. By dumping or leakage of

industrial wastes this site is polluted with, 1) Solid wastes as metals, sand including metals

debris and fouling. 2) Liquid wastes as: paints, oil and grease, as well as wastes from ships

during navigation activities and disposal of domestic wastewater.

Site B) Junction between western lagoon and Lake Temsah: It is about 25m in width and

about 4 m in depth. Western lagoon connected to the lake with a junction. The lagoon

receives according to 1995 estimates about 833000 m/day of domestic, agricultural, and

industrial wastewater, (ETPS, 1995).

It is lying in the northwestern side

of the lake with large-scale activities of repairing, maintaining and vessel construction for

Suez Canal Authority. Leakage or dumping of hydrocarbons, oil, grease and paints, metal

debris and paniculate specially through defouling processes are the major pollution sources.

Site D) EKTemsah shipyard "Private workshop" : It is lying close to site C, occupying

about 50 m of the lake's shore with similar activities. The potential source of pollutants can be

leakage of paints, oil and grease, dumping of metal deprise and particulate metal through

defouling processes and accumulation of water hyacinth plants.



Site E) El-Karakat workshop "Suez Canal Authority" : It is lying on the north side of the

lake. The main activity in the site is maintaining and repairing dredges, so it is mainly

polluted with hydrocarbons and fouling materials. Dumping of industrial solid wastes, mainly

metallic wastes during cleaning and defouling of dredges, causes pollution with some heavy

metals. As Suez Canal Authority (SCA), shore is close to the site, chemical dispersants are

being used for the dispersion of hydrocarbons which eventually precipitate on the bottom of

the lake causing a great damage for fauna and flora.

Site F) Suez Canal Authority press: Until October 1995 this site was considered as a point

source of pollution with industrial liquid wastes at a rate of about 50 m^/day. This resulted in

a layer of about 50 cm thickness of paper pulp mill mixed with inks and paints precipitating

on the bottom of El-Forsan Drain out-fall.

Site G) El-Forsan Drain outfall : It is in the southeastern side of the lake. This site is a

major point source of pollution because it is discharging about 22,000m3/day wastewater

from two main sources as follows : 2000m /day wastevvater after primary treatment in the

septic tanks of SCA housing and nearby housing, another 20,000m /day untreated sanitary

wastewater discharged from the Covered Drain into El-Forsan Drain.

Sediment sampling: Core samples of bottom sediments were grabbed at 50 Cm down

substratum. The samples were put in Lab plastic bags and transported to the laboratory, then

dried at the room temperature for 5-15 days till complete dryness, then ground, sieved and

stored for analysis, heavy metals in sediment were determined according to? (APHA, 1989).

0.1 gm of the sample was acidified with mixture of cone, sulfuric acid H2SO4,5 ml of cone,

nitric acid and 2 ml of 30% hydrogen peroxide evaporated to 2 ml. Solids residue in the dish

was transferred to 50-ml conical flask. 5-ml cone, nitric acid was added to rinse the dish and

10 ml cone, sulfuric acid with a few glass beads were also added. After the absence of nitric

acid brownish fumes, the solution was cooled to room temperature, filtered and made up to a

volume of 50 ml with DDW. Then Ion Coupled Plasma, (ICP) technique was applied to

determine the heavy metals of concern, which are Fe, Mn, Zn, Cu, Co, Ni, Pb and Cd. ICP-

measurements were done in the sequential multi-element mode. The selected wavelengths

represent the characteristic lines which are free from spectral interference to eliminate any

correction at the concentration levels of interest; which are : Cd 214.44, Pb 220.35, Co

228.62, Mn 257.61, Fe 259.94, Zn 313.86 and Cu 324.74 (run). ICP, Plasma 400, and forward
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r f did measurements in triplicate according to the following operating conditions, power =

1.00, KW= (0 5 A), argon flow rate =12 1/min, nebulizer gas =0.3-0.5 1/min, and sample

uptake rate = 1 ml/min. The standard solutions were prepared from highly pure chemicals,

diluted with double-distilled de-mineralized water and adjusted to 1% nitric acid. Mixed

working standards containing concentrations proportional to the respective detection limits

were prepared by the dilution of the stock solutions for calibration and routine analytical runs.

RESULTS AND DISCUSSION

It is well known that heavy metals tend to accumulate in sediment. Therefor, sediment study

is very important to the ecologists because it gives them a good indication in the

environmental changes of water. A wide variability was observed in sediment heavy metal

contents among the different selected sites and seasons. Several factors affect the total heavy

metal content in sediment samples such as: the disposal of industrial liquid waste, discharging

of agricultural drainage as well as sewage effluent. The results obviously show that heavy

metal levels in lake sediment can be arranged in the following descending order :Fe > Mn >

Ni > Co > Pb > Zn > Cu > Cd.

The levels of heavy metal mean values in little Mourrah lake sediment were found to be :

4350, 593, 317, 55.7, 32.6,4.11 and 73.1 ppm for Fe, Mn, Zn, Cu, Ni, Cd and Pb respectively,

(Abdel-Shaly and Abdel Sabour, 1995). Only Fe and Ni levels in Lake Temsah seemed to be

higher than their contents in little Mourrah Lake. Another study of Lake Temsah sediment

reported an average of: 300, 300,40.6, 12.5, 0.09, 1.1 and 15.4 ppm for Fe, Mn, Zn, Cu, Co,

Cd and Pb respectively, (Abdel-Shafey et aL, 1992). A comparison between these values and

the values of this study suggests the high enrichment with heavy metals. Which reflect the

effects of the continuous dumping of wastewater and solid waste into the lake as well as the

energetic shipping activity. The enrichment was about 174.7 % for Fe, 1.2% for Mn, 1.5% for

Zn, 4.6% for Cu, 785% for Co, 1.3% for Cd and 3.9% for Pb. In this regard, Zn levels in

sediment collected from the polluted lake Manzalah were found to be ranging between 107

and 653 ppm, for Cu, between 63 and 325 ppm, and for Pb between 9 and 110 ppm, (Siegel et

a?., 1994). These levels are much higher than those obtained in the present study. Similarly a

study on the levels of Zn, Cu, Cd, and Pb in the sediments of El-Max Bay industrial area, west

of Alexandria, reported by general means of 72,24.5,4.25 and 67 ppm for Zn, Cu, Cd, and Pb

levels respectively, (Abdei-Moneim et aL, 1994). Alternatively samples may reflect the

210



pollution status of the water in the lake and the dominating factors. By comparing the heavy

metal distribution among the selected sites it may be useful to identify the potential sources of

metal pollution.

Iron was found to range from 2.85 to 7.70 % at sites B and C respectively, with general mean

average 5.89% (Table 1). Site D exhibited high-Fe values in summer and spring however, Fe

peaked at site C in autumn. This can be attributed to the type of activities at sites D and C (

building, maintaining and repairing ships). On the other hand in winter Fe concentration

increased in sites F and G. This may be due to the intensive disposal of raw sewage from the

nearby housing in El-Forsan Drain and also the impact of industrial waste residues of Suez

Canal Press. It is worth mentioning that total Fe in the lake sediment samples is relatively

higher than its total concentration in soils. This may suggest the intensive sources of

industrial pollution to the lake.

Manganese concentration was found to range between 190 and 774 ppm at sites E and B

respectively with general mean average of 373 ppm (Table 1). Higher Mn levels was reported

in Previous investigation up to Mn level of 958 ppm in Lake Mariut sediment (SaadetaL,

1981). The highest Mn values were observed at site B in autumn, winter and spring, this is

due to the serious and huge load of industrial, agricultural and sewage disposal of wastewater,

estimated as 850000 m3/day, at site B. Seasonally the maximum Mn concentration was

recorded in winter and minimized in spring.

Zinc concentration was found to range between 107.75 and 24.55 ppm (Table 1). Seasonally

Zn levels maximized in spring and minimized in summer. Generally site B showed high levels

all over the study period due to the continues discharge of industrial liquid waste and sewage

effluent Also, Zn values increased at site E during the study period, which may be attributed

to the defouling processes and maintenance of dredges in El-Karakat workshop. Normally,

the induced industrial effluents into the sewage contain levels of 10-100 mg/kg of Hg and Cd,

20-200 mg/kg of Ni, 1-4 g/Kg of Pb and Cr, and 1-15 g/kg of Cu and Zn, (Sebastian, 1976).

The obtained gsneral mean value of Zn (59.74 ppm) in this study is highly comparative to that

recorded in Lake Temsah by Abu-Attwa Water Reuse Center (58.40 ppm), (ETPS, 1995).

Moreover, the Zn general mean average value in the present study is higher than that was

found in Lake Temsah-sediment (45.68 ppm) (Mourad, 1996). And also higher than recorded
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in the sediment of Lake Manzalah (48.49 ppm), (Zyadah, 1995). Other investigations

recorded (94 ppm) for Zn in Lake Mariut sediment, (Saad et al., 1981).

Copper concentration was found to range between 16.87 and 101.48 ppm at site Band D,

respectively. Seasonally, the highest Cu value was obtained in summer (65 ppm) and the

lowest obtained in autumn (44.23 ppm) and fluctuated within a wide range among the sites,

as shown in Table (1). Cu High levels varied seasonally between sites according to type and

mass of work. This is due to the continuous defouling processes and painting of ships bottoms

with toxic paints which contain Cu to prevent algae and sessile marine animals like barnacles

and mussels. At site G an outstanding decrease is obvious after summer 1995. This can be

discussed on the basis of the closing down of the SCA press by the end of 1995. Comparing

the obtained general mean Cu concentration (56.97 ppm) with that recorded by Abu-Attwa

water Reuse Center (46.82 ppm) in lake Temsah, (ETPS, 1995), the ratio is nearly 1.2 to 1.

The obtained result is higher by nearly 7.2 folds than Cu general mean which recorded in

Lake Manzalah 7.9 ppm, and also by 2.9 folds than Cu general average which recorded in

Lake Temsah 19.64 ppm, (Mourad, 1996). (Saadetal., 1981) recorded Cu level of 38 ppm

in sediments of Lake Mariut.

Cobalt values fluctuated between 18.30 and 100.83 ppm at site E and B, respectively, with a

general mean value of 70.63 ppm, as shown in Table (1). Seasonally, Co concentrations

maximized in summer and minimized in autumn. For example sites B and D showed the

highest mean levels of Co because both sites are suffering from the high dumping load

(mainly organic) from the Western Lagoon.

Nickel concentrations in sediment at the tested sites showed high accumulation due to the

discharge of both industrial and agricultural wastewater. The highest Ni values were obtained

at site D (241.5 ppm). This can be attributed to the intensive work of metal cutting and

polishing during building processes. Ni values maximized in summer and minimized in

winter. The general Ni mean value in the present study is higher than that of Alexandria

western and Eastern Harbors by : 4.7 and 5.5 folds, respectively. It was reported that Ni

average values in the recent sediments of Alexandri Western and Eastern Harbors were 24.8

and 21.5 ppm respectively, (Nessim, 1994).

The highest Pb concentrations in sediment samples were obtained from sites G,CJD and F,

respectively. Which indicates that shipping activities, repairing, de-fouling, maintaining and
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building sMps in addition to leakage of oil, grease and anti-fouling paints are serious pollution

sources for Pb, also the printing byproduct wastes contain high levels of Pb which appeared at

sites F and G as shown in Table (1). Pb maximized in summer, spring and autumn

respectively but it minimized in winter. The general Pb mean values (60.52 ppm) in the

present study is higher than which reported in Lake Temsah, (Mourad, 1996), by 2.1 folds,

and higher than Pb average (14.05 ppm) which was found in Lake El-Manzalah, (Zyadah,

1995). Also, it is higher than mean Pb levels in Lake Temsah, (ETPS, 1995), by 1.8 folds.

Earlier study found 7.3 ppm of Pb in sediments of Lake Mariut, (Saad et al, 1981). Looking

at the previous results, it became clear that Lake Temsah had higher level of Pb than other

Egyptian ecosystems especially near the pollution sources.

The highest Cd levels were obtained at sites B and C which again confirms that both

agricultural and industrial liquid waste disposal are the cause of lake pollutioa El-Temsah

workshop is lying at site C which contains high levels of Cd (2.66 ppm), where the leakage of

oil motors and grease beside paints are heavy. The main use of Cd in these industrial products

is as anti-oxidizing agent. As shown in Table (1) Cd mean values ranged between 0.57 and

3.81 ppm at sites A and B, respectively. Seasonally. Cd values fluctuated within a narrow

range, it maximized in autumn and minimized in summer. The general Cd mean value 1.47

ppm in the present study is higher than those reported in Lake Temsah by 5.7 fold, (Mourad,

1996). It is also relatively higher than Cd average 1.36 ppm which was found in Lake EI-

Manzalah, (Zyadah, 1995). And it is lower than Cd level in lake Temsah by 3.7 folds,

(ETPS, 1995).

CONCLUSION
Sediment samples results showed that the most suffering sites were found to be in the order of
: B > D > C > G > F , and the least polluted ones were E > A. And the highest polluted season
was summer, whereas the least one was winter. It is obvious that the general mean values of
Cu, Ni and Cd are exceeding the allowed concentrations documented for diverse trace
components in coastal sediments.
REFERENCES • . .
1) Abdel-Moneim, M.A., A.M. Khalid and M.F. Iskandar, Proc. 4th Conf. Environ.
Protections is a mustlO-12 May, 1994, NIOF, Alex. Pp. 155-174.
2) Abdel-Shafy, H.I., K.T. Hindy and M.F. Abdel Sabour, Inter. J. Environ. Studies 39:229-
289. (1992).
Abdel-Shafy, H.I., and M.F. Abdel Sabour, Proc. German Egyptian Conf. Sauz Canal Univ.,
Ismailia, Egypt pp. 36-53. (1995).

213



Sampling Sites
A JLr»b Contractors Shipyard TTorkshop

g Joaettoa Betiroon Tsat Lagoon and Lalca Tamaah

Q D - Touch Torkaaop 'Sues Canal Itctlxorlty

G El - fonaa Drain Oat Fall To ta3ca Tenuali

J) Kl - Tlm»«li Shipyard "PrhmU Torlohop*

E B " **«**«• *«rlalioP ' 3 u « C««a Authority

F 3uax Canal Authority Prosa

214



ETPS, (1995): Environmental testing of pollution status in Lake Temsah, Abu-Attwa water
Reuse Center Rrsearch and Training, Ismailia, Egypt.
Grimalt, J.C., J. Marfil and J. Albages, Inter. J. Environ. Anal. Chem., 18:246-250 (1984).
Mourad, F.A. M. Sc. thesis. National Institute of Oceanography and Fisheries (NIOF) Suez
and Aqapa Gulf Branch( 1996).
Nessim, R.B., 4th Inter. Conf. Environ. Protect. Is a must, 10-12 May, 1994, pp. 315-331.
Saad, M.AH.; A. Azzet; O.A. El-Rayis and H.H. Hafez, Water Air Soil Pollut, 16:401-407
(1981).
Sebastian, AG., Marine pollution diagnosis and therapy Springer-Neriage Berlin Heidelberg,
New York. P. 66-162 (1976).
American Public Health Association (APHA), (1989): Standard Methods for the examination
of water and wastewater, 17th ed., Washington DC. USA.
Siegel, F.R., MX. Slaboda and D J. Stanley, Environmental geology 23:89-98 (1994).
Zyadah, M I , Ph.D. Thesis, Faculty of Sci. El-Mansoura Univ.( 1995).

Table (1) Means of investigated heavy
selected sites.
Sites

A
B
C
D
E
F
G

Fe%

5.24
2.85
7.70
7.49
3.20
7.61
7.14

Mn
ppm
231
774
409
361
190
289
354

Znppm

27.4
107.8
61.8
24.6
98.7
50.0
48.1

metals content of

Cuppm

50.1
16.9
823
101.5
233
45.2
79.7

Co ppm

57.9
100.8
77.4
90.5
18.3
66.5
83.0

sediment samples at

Nippm

22.6
63.3
107.8
241.5
86.3
135.5
165.3

Pbppm

6.94
14.9
94.9
933
14.2
88.4
111.0

different

Cdppm

0.57
3.81
2.66
0.68
0.71
0.97
0.88

Fig (1) Sampling Sites
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ABSTRACT

The chemical analysis included quantitative measurement of electrical
conductivity, alkalinity, hardness sulphate, pll, total dissolved solids, chloride, as well
as dissolved oxygen was carried out. The microbiological examination for different
water sources and industrial wastewater samples was also conducted. Some of heavy
metals, Co!+, CuJ+, Fc3* and Mn1* were determined in fresh water, while other metals,
such as Cr 6 \ Co1*, Znz*and Nil+ were measured in industrial wastewater. Results of
the chemical analysis showed that all measured parameters were found within the
limitation either national or international law, except some samples which showed
higher values than the permissible limits for some measured parameters. The
microbiological analysis exhibited presence of yeasts, fungi and bacteria. Most
bacterial isolates were short rod, spore formers as well as coccoid shaped bacteria.
The efficiency of water treatment process on the reduction of microhial load was also
calculated. Regarding the pathogenic bacteria, data showed that neither water
samples nor industrial wastcwater contain pathogens when using specific cultivation
media for the examination. Furthermore, data proved the possibility of recycling of
the tested industrial wastcwater on which some microorganisms can grow. Data
showed that the percent of heavy metals removal can reach to more than 70% in some
cases as a result to bacterial treatment of industrial wastewatcr.

Key words: Mhrtttirganixnis industrial wastes ' chemical pollutants pratevtytic activity •-' lipolylic
activity and heavy metal removal.

INTRODUCTION

Biotechnology for hazardous waste management can be defined as the development of systems that
use biological catalysts to degrade or detoxify environmental pollution. The water that the employees
drink must meet public health standards from both chemical and microbiological point of view. This can
achieve when the writer source tested by methods recommended in Standard Methods for the
Examination of Water and Wastcwatcr<!). The bacteriological standards for drinking water that colifonn
bacteria must not bo present at tevcls indicating contamination of the water by sewage. Total plate
counts of $i)c water sometimes arc made to indicate when trouble may be incipient so that such trouble
can be forestalled. More likely to be important is the chemical composition of the water, which must be
suited to the use to Sic made of it. Unfortunately, in Egypt, the river Nile receives heavy load of wastes
and effluents particularly from developing industries and agriculture as well as domestic discharges. In
Dnknhlia Govcrnoratc. industrial wnstewatcr from Oil and Soap Company (Sandoup). Fertilizer Factory
(Talkha) and Fodder Factory (Shcrbin) discharge canals directly attached to the river Nile. Therefore.
they arc considered as serious pollution sources for drinking water. Agricultural, industrial and domestic
wastes are also tlie major sources of surface water pollution with heavy metals<n. The use of
microorganisms to remove or to reduce of heavy metals from aqueous solution, wastcwater as well as

217



industrial effluents has been examined by many investigators"*'". The purpose of this investigation is
to examine some sources of either drinking or waste water in Dakahiia Govcrnorate from both chemical
and microbiological view point.

MATERIALS AND METHODS

1. Materials:
1.1. Water samples:

Water samples were collected from four different water supplies in Dakahiia Governorate. The
First is the water treatment plants (WTP) of Shcrbin and Bossatt. The second is the compact units of
two different locations namely Abo Arssa (unit 2) and Fasco (unit 4).

1.2. Wastewnier samples:
Wastewnter samples were collected from Fodder Factory of Shcrbin (FFSH). Fertilizer Factors' of

Talkha (FFT). Oil and Soap Company of Sandoup (OSC), sludge from water treatment plant of Sherbin
(SWTP) and the outlet of electrical power plant (EPP). All samples were collected in 5 littre
polyethylene bottles for the chemical analysis and one liter sterile glass bottles for the microbiological
examination. The procedure was carried out according to Standard Methods for the Examination of
Water and Wastewater(l).

2. Methods:
2.1. Chemical analysis:

pH values were measured by HANNA instalment. HI931401 Microprocessor pH meter. Both
conductivity and TDS were measured using OAKLON. TDS / conductivity meter. Chloride, sulfate.
alkalinity, hardness and dissolved oxygen were determined as described in Standard Methods for the
Examination of Water and Wastcwater(1). The concentration of metals in all tested samples was
determined by using 2380-Pcrkin-Elmcr flame atomic absorption spectrophotometer following the
recommended standard operating procedure. BDH standard solution used and internal standards were
applied to check for interference problem. The metals concentration was determined in triplicate and the
mean value was recorded. All chemicals used were of high grade. This measurement was also done
according to the Standard Methods for the Examination of Water and Wastcwater01.

2.2. Microbiological procedures:
Cultivation media used:
The following general and specific cultivation media were used for different purposes according to

the Bacteriological Analytical Manual for Foods(5). Tryptone glucose yeast agar and nutrient agar (TGY
& NA). were used for isolation and total counting of the microbial load of the tested samples. Milk agar
(MA), was used for isolation and counting of proteolytic bacteria. Fuchsin lactose agar (Endo C agar)
was used to detect the bacterial members of the Enterahactcriaceae. Mannitol. sodium chloride phenol
red agar (MSC). was specifically used for detection of Siaphylococcus sp. Sabouraud glucose agar
medium (SGA) was selectively used for Enterococcus. Bactoagar F-medium (BFA) is recommended for
the detection of I'settdomonas spp. Nutrient ngar containing olive oil was used for isolation and
counting the lipolytic bacteria. The composition of these culture media was as described in Oxoid(6).

Isolation and purification of microorganisms from tested samples:
One nil sample of examined industrial wastcwater dispersed in appropriate volume (9 ml) of

distilled water and different serial dilutions were made with vigorous shaking. The original sample was
used in case of drinking water. Onc-ml sample was then taken and plated on different cultivation media
and appropriate periods of incubation at 37°C according to the purpose required as mentioned above.
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From tiic preceding step, well-separated colonies were selected and transferred to the slope agar. In
order to make sure the purity of these isolates, each of them was suspended in sterile water and
reactivated again for two cycles followed by single colony isolation after streaking onto plates. Slope
cultures obtained were considered pure when they showed uniform morphological feature by
microscopic examination. Preliminary identification of the three isolates was achieved by Gram
reaction, spore formation, motility. capsule formation, presence of water-soluble pigments'7'. Five
bacteria] isolates namely; Bacillus sp. FFT50, Pseudomonas sp. OSC15. Bacillus sp. FFSH6. Bacillus
sp. SWTP30. and Pseudomonas sp. EPP22 were selected and maintained on NA slant at 5°C till use.

2.3. Bio-treatment of wastewater:
The tested wastewatcr was diluted to 50% by distilled water on which the selected bacterial isolates

allow to grow. Each isolate was grown on a correspondence waste for 36 hr incubation period at 37°C.
The bacterial growth was then cnzymatically detected. The casein digestion method was followed for
quantitative measurement of protcinase activity'*'. A unit of protcinasc. tyrosine unit (TU/ml cultural
filtrate) was defined as that quantity of enzyme, which produce TCA-soluble fragments, giving blue
colour equivalent to I ug tyrosinc under the assay conditions. Lipase activity was titrimetrically
determined. The reaction mixture contained 5.0 ml of 5% olive oil emulsion in 7% gum acacia. 5.0 ml
of 0.2 M tris-HCl buffer (7.5). 0.2 M CaC!2. 1.0 ml of enzyme solution and 2.0 ml of distilled water.
After one-hour incubation, the total amount of liberated fatty acids was titrated against N/100 NaOIl.
The same procedure was followed with boiled enzyme solution as a control'"'.

RESULTS AND DISCUSSION

I. Chemical characterization:
1.1. Fresh water:

As shown in Table (1). it is clear that the pH values of all raw and treated water samples have a
slight basic effect. These results suggest that pH values of raw water were slightly affected by the
treatment adopted. All these values were found within the national and international limits, since the
limitation of pH values of drinking water is 6.5-9.5 (WHO)(IO). According to WHO recommendation,
the total dissolved solids (TDS) in drinking water must not increase over 500 mg/L. The values obtained
of tested water cither raw or treated samples arc within this figure reveal the suitability of the TDS
concentration in this type of water. Alkalinity of water is the sum of all the titratable bases. It is a
measure of an aggregate property of water and it is significant in many uses and treatments of natural
waters and wastcwaters. Waters with the concentration of sulphate ions more than 250 mg/L may be
destructive to concrete structures owing to the formation of gypsum. The presence of chlorides and
sulphates in water in appreciable concentrations is indicative of an elevated solute residue which makes
the water poorly suitable for feeding of stem boiler plants or as process water in the manufacture of
certain polymers, synthetic rubber, some grades of paper, etc. Magnesium and calcium sulphates and
chlorides are responsible for non carbonate hardness of water.

The water hardness property is due mainly to the presence of carbonates, bicarbonates. sulphates,
or other compounds of calcium and magnesium. Calcium compounds are the most common source of
hardness in water supplies as they readily dissolved from limestone deposits. Results in Table (1)
showed that Ca" is higher than Mg"' by more than two times. Hardness in water supply is not
dangerous to health, but is that hardness diminishes very considerably the capacity of water to form
lather with soap. All types of samples are within the permissible limits of WHO (500 mg/L) and
Egyptian Standards (300-400 mg/L).
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Table (1): Chemical analysis and heavy metal values of fresh water samples.

Measured
parameters

pH
TDS. mg/L
EC. US/cm
Alkalinity, mg/L:

HCO,
Total

Hardness, mg/I/
Ca:'
Mg : '
Total

SO 4. mg/L
Cl . mg/L
Heavy metals, jig/L:

Co-'

(V
Fe"
Mir'

Water treatment
Shcrbm

R
7.9
222
444

192.3
192.3

46.7
18.9

194.2

35.0
52.0

16.0
7.2

89.0
99.0

T
7.6
224
448

184.6
184.6

46.7
18.9

194.2

59.5
60.0

35.0
10.8
76.0
53.0

Water sources (WS)
plant (WTP)

Bossatt
R

8.0
217
434

200
200

42.0
17.0

8
40.1
50.0

16.0
7.1

77.0
99.4

T
7.8
220
440

180
180

42.0
17.0

"174.X

53.7
54.0

29.0
6.1

67.0
94.6

Abo
R

7.9
169
338

173.1
173.1

37.4
14.9

155 3

32.3
40.0

13.0
5.9
80.0
60.0

Compact
Arssa

T
7.3
181
362

150
150

37.4
14.9

155.3

59.4
46.0

10.0
6.5

78.0
82.0

unit (CU)
Fasco

R
8.0
176
352

177
177

43.9
13.2
190.3

32.7
40.0

13.0
5.1

72.0
73.0

T
7.3
180
360

153.5
153.5

43.c»
13.2

190.3

56.4
44.0

13.0
5.8
74.0
70.0

Some of soluble heavy metals were also measured (j-ig/L) and their values recorded in Table (1).
Results proved that values of both Fe u . Mn2t are higher than those of Ca"' and Cu2>. The concentration
of copper in water is usually attributed to the corrosive action of copper salts as a result of the activity
of the aquatic organisms. Manganese is also considered to be one of the essential elements in organic
matter, which greatly influence on its occurrence in natural water1 n .

1.2. Wastewater:
The chemical analysis of tested wastewater are illustrated in Table (2). Data show that all the

tested samples have the same basic effect of pH. but it is also within the national and international limits
of pH values, except the sample of fertilizer factory of Talkha. which have high pH value (11.2)
exceeds the permissible limit. In case of TDS and conductivity, the sample of OSC is the highest sample
being 2300 ppm. 4600 (.is/cm, respectively. The OSC sample again gave the highest value in case of
sulphate and chloride being 322.5 ppm and 1349.7 ppm. respectively.

II. Microbiological values:
ILL Fresh water:

The microbiological data express in colony forming unit per ml of examined fresh water samples
are listed in Table (3). From tabulated data, it could be detected that the efficiency of microbial count
reduction in Shcrbin WTP is much higher than that of Bossatt. For example, the total bacterial count
using TGY medium (70% spore formers) decreased by 48.1 % and 22.7% in case of Sherbin WTP and
Bossatt WTP. respectively. Jn case of lipolytic bacteria (79% short rods), the reduction percentages
were 39.2 and 25.1 % for the two mentioned samples.
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Table (2): Chemical analysis industrial wastewater samples.

Chemical
analysis

PH
TDS. mg / L
Conductivity. j.is/cm
Alkalinity. mg/L

Total
Hardness. mg/L

Ca2'
Mg:'
Total

Sulphate. mg/L
Chloride. mg/L
Dissolved oxygen. mg/L

Fertilizer
Factors'
(Talkha)

FFT
11.2
283
566

272
320

66.2
0

165.1
47.6

75.99
8

Oil & Soap
Company
(Sandoup)

osc
7.53
2300
4600

148
148

35.8
4

399.9
322.5
1349.7

0

Fodder
Factory

(Shcrbiii)
FFSH

7.X

11.4
22.7

72
72

0

4.7
19.4

0

14
7.3

Sludge of
WTP

(Sherbin)
SWTP
8.26
191
382

188
188

.37.8
16.1
155.3
39.5

39.99
8.7

Flectrical
Power Plant

(Outlet)
EPP
7.85
186

372

150

150

31.49
14.48
138.1
24.8
31.24

8

Table (3): Microbiological examination of examined treated fresh water.

Cultivation
mcdi;i
used*

TOY
OA
MA
BAF
SGA

Total tnicrobinl count
Walcr ireatmeni plant (WTP)

Sherbin
R T E%

145.0 75.3 48.1
25.5 15.7 39.2
45.6 18.4 59.7
130.4 90.8 30.4
95.4 30.3 68.2

I3ossatl
R

110.4
40.6
55.5
156.6
105.7

T E%
85.3 22.7
30.4 25.1
35.2 36.6
105.3 32.8
65.7 37.6

Compact unit (CU)
Abo Arssa

R
210.0
65.3
73.8
I 10.3
75.1

T Fi%
165.0 21.4
40.2 38.4
33.4 54.7
85.7 22.3
40.3 46.3

Fuscci
R

285.2
88.6
95.9
125.5
100.2

T F.%
KH.3 63.4
39.2 55.X
77.3 19.4
70.4 43.9
66.4 33.7

See materials and methods. R, Raw water; T. Treated water; E. efficiency %

About 85% of the total count of proteolytic bacteria (MA) was found to be spore-forming bacteria.
The reduction of this count was reached to 30.4% and 32.8% for Sherbin and Bossatt samples,
respectively. When using SGA medium, the fungi was about 65%. while yeast number represented
about 30%. Most fungi present were Aspergilfns spp.. Penicillium spp. and Altcmaria spp.. while.
Sacchoromyvcs spp. and Candida spp. were the yeast present. The treatment process leads to decrease
this count to 68.2% in case of Sherbin. while 37.6% was detected with Bossatt sample. Concerning the
compact unit (C\J), the unit of Fasco showed to be more efficiency than that one of Abo Arssa in all
microbial group, except the profeolytic bacteria (MA) and fungi (SGA) as shown in the same table. The
count of Pscndotmmas spp. (BAF) came in second order in case of Sherbin sample (WTP). Abo Arssa
(CU). and Fasco (CU). but it was in the first with the sample of Bossatt (WTP). The efficiency of the
number scirms io be closed in case of WTP. but highly varied with CU as shown in the same table
Microbiological examination revealed that no pathogenic bacteria were detected in all tested samples.
This may be ascribed to non recent sewage effluents entry or present at the time of sampling either in
raw or treated water samples. These results are not in agreement with those obtained previously (12).
They found faecal coliform and Streptococcus fctecolis in Nile water.
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112 Industrial wa.stewater:
Plotted data in Fig. (1) illustrated that the sample of Oil and Soap Company and Sandoup was

heaviK polluted by the total microbial count when using TOY medium followed by sludge of water
treatment plant (WTP) of Sherbin. Fodder Factory of Sherbin and Fertilizer Factory of Talkha.
Regarding I'sem/omonas spp. (BAF medium), the highest count was recorded with sludge of WTP of
Sherbin. then sample of Oil & Soap Company (Sandoup). and Fodder Factory (Sherbin). For the
proteolytic bacteria (MA medium), sample of sludge of WTP (Sherbin) was more polluted than the
other tested samples. On the other hand, the Iipolytic bacteria and fungal count present in examined
samples showed to be less as shown in the figure.

TOY OA MA BAF

media used

SGA

[ J Fcrtilzer Factory (Talkha) g|j OH & Soap Company (Sondmip )

fij] Fodiler Factory (Shcrbln) | | Sludge of WTP { Shcrbin )

• Electrical Power Plant

Fig. 1. Total count of bacterial group naturally occurred in examined
industrial wastewater

III. Recycling of wastewater:
HI. I. Monitoring of bacterial growth:

The isolated bacteria were again allowed to grow on the industrial wastewatcr obtaining different
extracellular enzymes according to the chemical composition of these wastes. Fig. 2 illustrate the values
of both profcohfic and lipohtic enzymes obtained during 36 hr incubation period at 37°C. The
bacterium Bacillus sp. FFSH6 showed to be in the first order followed by Bacillus sp. SWTP30
regarding the proteinase production giving 112.4 and 60.5 TU/ml/min. cultural filtrate after 24 hr. The
lowest value of this enzyme was detected by Psetidomonas sp. EPP 22. which equal to 18.3 TU/ml/min.
cultural filtrate. For the production of lipolytic activity. Pseudomonas sp. OSC15 was better, since it
gave 55.6 LU/ml/10 min.. while 51.8 lipase unit was obtained by Bacillus sp. FFSH6. Again the lowest
lipase production was detected by the bacterium Pseudomonas sp. EPP22 after 24 hr. incubation period
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being X.6 U I/ml/10 nun. Obtained results proved that the survival of niicroorganisms in waste-water
varied according to the chemical composition. pH. temperature, and suspended organic matter. All these
factors affecting the microbial enzyme production.

70
J_ 8aallus up , FFT50

-= 80

Incubation period , hr

12 24
Incubation period , hr

36

24

Incubation period , hr

36

-~ 100 T

3 30 -•

i 50 -

H
ux

4 0 •-

20 •-

12 24

Incubation period , hr

= 40

12 24

Incubation period , hr

—•— Proteinase activity, TU/ ml / min.
- » ~ Lipase activity, 0.01 N NaOH/ ml /10 min.

Fig. 2. Some enzymatic activities produced by specific bacterial groups
using tested wastewater as cultivation medium.

III.2. Reduction of heavy metals concentration:
Results recorded in Table (4) demonstrated the effect of bacterial treatment on metal ions

concentration. Tabulated data exhibited that Bacillus sp. FFSH6 removed about 37% of Cr value
present in Fodder Factory of Sherbin followed by 33% removed by Pseudoimmas sp. EPP22. The
removal percent of the sample of Oil & Soap Company reached 25.0% by Pscudomonas sp. OSCI5.
For Co. the highest removal percent are 22% and 17.7% achieved by Bacillus sp. SWTP30 and
Bacillus sp. FFSH6, respectively. Interestingly, high percent of Zn removal was achieved by all
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bacterial isolates used equal to c'8.3% by Bacillus sp. FFSH6. while 7X4% observed with Bacillus sp.
FFT50. Thirty percent of Ni concentration was removed by Bacillus sp. FFSH6. while 25% came next
by Bacillus sp. FFT50.

Table (4). Effect of bacterial treatment on metal ions concentration in industrial wastewater.
Wastcwater

source
Fertilizer Factory (Talkha):

Before
After
Fold
Percent

Oil & Soap Company (Sandoup):
Before
After
Fold
Percent

Fodder Factory (Sherbin)
Before
After
Fold
Percent

Sludge of WTP (Sherbin)
Before
After
Fold
Percent

Electrical Power Plant:
Before
After
Fold
Percent

Heavy metal cone, mvjh
Crr" Co21 Zn~ Ni:'

Bacillus sp. FFT50
0.27
0.24
1.13

11.11

0.27
0.20
1.35

25.93

0.27
0.17
1.59

37.04

0.220
0.196
1.122
10.91

1.074
0.232
4.63
78.40

Pscudomonas sp. OSC15
0.215

• 0.186
1.39

13.49

0.940
0.564
1.67
40.0

Bacillus sp. FFT50
0.202
0.167
1.21
17.73

1.17
0.020
58.45
98.29

0.12
0.09
1.33
25.0

0.14
0.11
1.27

21.43

0.13
0.09
1.44

30.77
Bacillus sp. SWTP30

0.027
0.023
1.17

14.82

0.023
0.018
1.28

22.12

0.531
0.259
2.05

51.22

0.012
0.010
1.20

16.67
I'seudomanas sp. EPP22

0.27
0.18
1.50

33.33

0.192
0.189
1.02
1.56

0.96
0.77
1.24

19.25

0.112
0.112
1.000
0.00

Main strains of Arlhrohactcr spp. diffused in the soil and environmental stresses have been
proved to be effective in heavy metal capture. The metals investigated were Cd. Cr. pb. Cu. and Zn("\
The removal of trace Cd (II) from aqueous solutions by compact pellets of Rhizopus oryzae was also
established.
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Agriculture Wastes
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ABSTRACT

In recent years, investigations have been oriented towards practical use of low-
cost materials in the treatment of wastewater polluted by dyestuffs. The use of
bagasse pith and maize cob as agricultural wastes for the colour removal of dyestuffs,
namely, Direct Orange 34, Direct Red 23, Reactive Violet 2 and Reactive Blue 19
from aqueous solution at different concentrations has been investigated. The
adsorption capacity for each dye-adsorbent system has been determined. The relative
costs of dye removal were reported based on adsorption capacity only .The aim of the
present work is to assess the feasibility of two low-cost agriculture-wastes materials to
adsorb both direct and reactive dyestuffs on economic basis.

Key Words: agriculture wastes, Direct and Reactive dyestuffs, adsorption capacity,
relative cost.

INTRODUCTION

The removal of colour from textile wastewater's is one of the major environmental problems
because of the difficulty of treating such waters by conventional treatment methods<!). Coloured waters
are also objectionable on aesthetic grounds for drinking and others municipal and agricultural purposes
Mckay et al. a3i have earlier used low cost adsorbents for the removal of acidic and basic dyes from
aqueous solutions. Dye colour removal by adsorption is a better treatment option(4). Activated carbon
which is predominantly used in the adsorption of pollutants is costly and there are problems of
regeneration connected with the use of activated carbon, so there is a search for using low-cost materials
for the adsorption of dye colours. The low-cost materials can be used once and discarded by burning
them'5'.

The present work is aimed to study a convenient and economic method for direct and reactive
dyestuffs removal from water by adsorption on a low cost and an abundantly available adsorbent such as
bagasse pith and maize cob. •

EXPERIMENTAL

Dvestuffs:

The adsorbates and their structures used in the experiments are listed below. The dyestuffs were
used as the commercial salts.
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NaO3S

N = N

NaO3S

N=N

Direct Orange 34 (CI 40215)
OH

N = N

NHCONH^ " ^ "SO3Na

Direct Red 23 (CI 29160)

NEU

NHCOCH3

N a O 3 S NaO 3 S '

Reactive Violet 2 (C.I.18157)

SO3Na

O

SO2CH2CH2OSO3Na
Reactive Blue 19 (C.I.61200)

Selection and Characterization of Adsorbents:

Activated Charcoal:
Two granular activated charcoal grades were sieved by the Endecotts standard test sieve into two

average particle sizes 0.2 mm and 1.6 mm and dried at 110 °C for two hours. The moisture content was
maximum 2%, while fines < 5%. The particles were assumed to be spherical.

Bagasse Pith:
It was provided from sugar Mill and Integrated mdustries,Kombo,Egypt. The moisture content of

bagasse pith was 14.5+0.5%. It was not subjected to any form of pretreatment prior to use. Pith particles
were sieved into average particle sizes 0.2 mm and 0.8 mm. The pith fractions were stored in sealed
containers. The particles were appeared irregularly shaped under a microscope, yet were approximately
more close to be spherical than to be cylindrical, or parallel pipes, for the average sizes under
investigation.
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Maize Cob:
It was obtained from Egyptian plants by-products. It was collected from El-Zakazik, Egypt. The

moisture content was 14± 0.3% and it was not subjected to any form of pretreatment prior to use. It was
cut to small size and crushed in a ball crusher into average particle size of 0.2 mm and were stored in
sealed containers.

Equilibrium Isotherms and Batch Contact Time Studies:

Adsorption isotherms were determined by contacting a constant mass of adsorbent with 0.1 dm3 of
dye solution of known initial dye concentration. Various dye concentration range from 100-750 mg.dm'3

were used and the system was allowed to reach equilibrium. In the present study ^, the effect of
adsorbent mass, adsorbent average particle size, speed of agitation, and temperature was studied.

Isotherms were prepared using different particle size range at different temperatures 25°C, 40°C
and 55°C. An equilibrium time of eight hours was found to be satisfactory for the investigated dyestuffs.
The concentrations of the dyestuffs were measured spectrophotometrically using a Perkin Elmer- X 3B
spectre-photometer. The results were treated using the equation(7):

qe = 0 . 1 ( C 0 - q c ) / M
Where : (C o ) Initial dye concentration ( mg.dm"3),

( qc) Equilibrium dye concentration in solution (mg.dm"3),
(q e ) Equilibrium dye concentration at particle surface (mg.g"1), and
( M ) Mass of adsorbent (gm ).

Thus, A plot ofqc/qe versus qc gives the equilibrium isotherm curves for the different variables
affecting the adsorption of both direct and reactive dyestuffs.

RESULTS AND DISCUSSION

Many factors influence the rate and extent of dye uptake on adsorbents such as pH, temperature,
particle size range, and initial dye concentration. These factors can be presented graphically to
demonstrate the time dependence of the adsorption, which may affect the adsorption capacity of both
bagasse pith and maize cob compared with activated charcoal. Thus a plot of Ct/C0 versus time have
been used to predict the concentration decay data w .

The effect of adsorbent type was studied with two classes of dyestuffs when other experimental
conditions were maintained constant, as shown in figures (1-4). Activated charcoal as a predominant
material used in the adsorption of pollutants is costly, so a search for using low-cost materials was
investigated for the adsorption of dye colours. The feasibility of using bagasse pith and maize cob,as
agriculture wastes, compared with activated charcoal was then assessed. The results showed that
activated charcoal adsorbs the largest quantity of dyestuffs under investigation followed by agriculture
wastes. Activated charcoal showed a much higher adsorptivity for reactive dyestuffs rather than
agriculture wastes. However, for direct dyestuffs there is no a marked difference between activated
charcoal and agriculture wastes for the dye uptake. This means the suitability of using bagasse pith and
maize cob instead of activated charcoal for the colour removal. As usual the rate of dye uptake increases
with increasing temperature, figures (1 - 4).
Langmuir Analysis:

In the present work the Langmuir equation has been selected as it is characteristic of isotherm
plots that level to a plateau corresponding to a saturation monolayer coverage of adsorbent by the
dyestuff. The linear form of Langmuir relationship is given by the equation(9):
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Figure(l): Effect of Adsorbent Type on The Adsorption of Direct Red 23.
dp = 0.2 mm, RPM = 300, Co = 500 mg.dnf3, M = 4.0 gtn.
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Figure(2): Effect of Adsorbent Type on The Adsorption of Direct Orange 34.
dp = 0.2 mm, RPM = 300, Co = 500 mg.dm3, M = 4.0 gm.
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q c /q e=l/kL + ( a L / k L ) q c

from which the constants kL and aL were determined from the intercepts and slopes of the plot of (qjqe)
versus (qc). These plots for different adsorbents suggest the applicability of langmuir isotherms for the
present system. The (kjat) values provide a measure of the maximum adsorption capacity, q max., in
such a system, which is a useful criterion in assessing which of the three adsorbent materials has the
hignest uptake. A comparison of the isotherms of the investigated dyestuffs was illustrated on the same
axes onto different adsorbents, while all parameters were maintained constant, as shown in Tables (1-3).
Table (1): Effect of Temperature on Langmuir Constants for the Various Adsorption Systems.

(M = 2.0 gm ; RPM = 300 ; dp = 0.20 mm; pH = 9.0)

. vjsorbate

Direct Red 23

Direct Orange 34

T
°C

25

40

55

25

40

55

Adsorbent

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

Langmuir constant
KL

(dmlg1)

10.00

2.10

1.75

25.00

2.78

3.33

50.00

5.00

5.60

5.60

1.52

1.25

16.67

1.67

1.61

33.3

1.79

3.85

aL

(dm3, ing1)

0.120

0.035

0.029

0.300

0.043

0.051

0.800

0.100

0.093

0.070

0.023

0.018

0.180

0.021

0.018

0.400

0.024

0.063

Qmax.

(mg.g'1)

83.3

60.0

60.3

83.3

62.8

65.3

62.50

50.00

59.70

80.0

66.1

69.4

92.6

79.5

89.4

82.5

74.6

61.1

*AC.
(%)

100.0

72.0

72.5

100.0

75.4

78.4

100.0

31.3

37.3

100.0

82.6

86.8

100.0

85.9

96.5

100.0

90.4

74.1
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Table (1) cont.

Adsorbate

Reactive Blue 19

Reactive Violet 2

T
°C

25

40

55

25

40

55

Adsorbent

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

Langmuir constant

( dm3, g ' )

50.00

1.40

1.30

71.0

1.5

1.7

250.0

1.60

2.0

37.0

0.73

0.54

71.0

0.76

0.56

140.0

0.41

0.44

aL

(dm3, nig1)

0.380

0.014

0.018

0.500

0.023

0.027

1.900

0.021

0.030

0.210

0.008

0.007

0.40

0.02

0.02

0.80

0.02

0.02

qmax.

(mgg"1)

131.6

100.0

72.2

142.8

65.2

63.0

131.6

76.2

66/7

176.2

91.3

77.1

178.5

38.0

28.0

175.0

20.5

22.0

*AC
(%)

100.0

62.6

54.9

100.0

45.7

44.1

100.0

57.9

50.7

100.0

51.8

43.8

100.0

21.0

15.7

100.0

11.7

12.6

* AC = Adsorption Capacity.
A = Activated Charcoal, B = Bagasse Pith, C = Maize Cob.

235



Table ( 2 ) :Effect of Adsorbent Type on Langmuir Constants for Different Dyestuffs.
M = 2.0 gm ; RPM = 300 ; dp = 0.20 mm ; T = 25 °C ; pH = 9.0 (in case of reactive dyes)

Adsorbate

i

Direct Red 23

Direct Orange 34

Reactive Blue 19

Reactive Violet 2

Adsorbent

A

B

C

A

B

C

A

B

C

A

B

C

Langmuir constant

(dm3 .g-1)

10.0

2.10

1.75

5.60

1.52

1.25

50.0

1.40

1.30

37.0

0.73

0.54

(dm3.mg'1 )

0.120

0.035

0.025

0.070

0.023

0.018

0.380

0.017

0.018

0.210

0.008

0.007

Qmax.

(mg.g1)

83.3

60.0

60.3

80.0

66.1

69.4

131.6

82.4

72.2

176.2

91.3

77.1

*AC.
(%)

100.0

72.0

72.5

100.0

82.6

86.8

100.0

62.6

54.9

100.0

51.8

43.8

* AC = Adsorption Capacity.
A = Activated Charcoal, B = Bagasse Pith, C = Maize Cob.
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Table (3) :Comparison between Different Dyestuffs onto Different Adsorbents for Langmuir
Constants.

M = 4.0 gm ; RPM *= 300 ; dp = 0.20 mm;pH = 9.0

Adsorbate

Direct Red 23

Direct Orange 34

T
°C

25

40

55

25

40

55

Adsorbent

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

Langmuir constant
KL

(dm3 .*1)

10.00

2.10

1.75

25.00

2.78

3.33

50.00

5.00

5.60

5.60

1.52

1.25 •

16.67

1.67

1.61

33.3

1.79

3.85

aL

(dm3, mg1 )

0.120

0.035

0.029

0.300

0.043

0.051

0.800

0.100

0.093

0.070

0.023

0.018

0.180

0.021

0.018

0.400

0.024

0.063

Qmax.

(mg-g1)

83.3

60.0

60.3

83.3

62.8

65.3

62.50

50.00

59.70

80.0

66.1

69.4

92.6

79.5

89.4

82.5

74.6

61.1

*AC.
(%)

100.0

72.0

72.5

100.0

75.4

78.4

100.0

31.3

37.3

100.0

82.6

86.8

100.0

85.9

96.5

100.0

90.4

74.1
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Table ( 3 ) cont.

Adsorbate

Reactive Blue 19

Reactive Violet 2

T
°C

25

40

55

25

40

55

Adsorbent

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

A

B

C

Langmuir constant

(dmlg1)

50.00

1.40

1.30

71.0

1.5

1.7

250.0

1.60

2.0

37.0

0.73

0.54

71.0

0.76

0.56

140.0

0.41

0.44

aL
(dm3, mg1)

0.380

0.014

0.018

0.500

0.023

0.027

1.900

0.021

0.030

0.210

0.008

0.007

0.40

0.02

0.02

0.80

0.02

0.02

Qmax.

(mg.g1)

131.6

82.4

72.2

142.8

65.2

63.0

131.6

76.2

66.7

176.2

91.3

77.1

178.5

38.0

28.0

175.0

20.5

22.0

*AC.
(%)

100.0

62.6

54.9

100.0

45.7

44.1

100.0

57.9

50.7

100.0

51.8

43.8

100.0

21.0

15.7

100.0

11.7

12.6

* AC = Adsorption Capacity.
A = Activated Charcoal, B = Bagasse Pith, C = Maize Cob.
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Economic Evaluation:

The maximum adsorption capacity values were used to assess the quantity of adsorbent required
to remove 1 Kg of dye . These quantities have been used as a basis for costing the adsorption
process.The relative costs of adsorbents are shown in Table (4), together with the adsorption costs to
remove 1 Kg of dye. Activated charcoal was taken as a reference, having a comparative cost of unity.

The results given in Table (4) indicate that maize cob adsorbs the largest quantity of direct
dyestuffs followed by bagasse pith. The adsorption capacity of maize cob and bagasse pith is 60.3 and
60% that of activated charcoal for Direct Red 23, respectively, while the corresponding values for Direct
Orange 34 are 69.4 and 66.1% that of activated charcoal. In the economic analysis on direct dyestuffs, it
is seen that maize cob is the cheapest, followed by bagasse pith. The relative cost of the removal of
direct dyestufrs onto maize cob and bagasse pith is only 0.7 and 2.9% that of activated charcoal for
Direct Red 23 and 0.6 and 2.4% that of activated charcoal for Direct Orange 34, respectively.

Table (4): Relative Cost of Dye Removal
(M=2.0 gm; T=25°C; RPM=300 and dp= 0.2 mm)

Adsorbate

Direct
Red 23

Direct
Orange 34

Reactive
Blue 19

Reactive
Violet 2

Ads.

A*

B

C

A

B

C

A

B

C

A

B

C

Adsorptive
capacity

qmax- (mg.g"1)

83.30

60.00

60.30

80.00

66.10

69.40

131.60

82.40

72.20

176.20

91.30

77.10

Mass (Kg) of
adsorbent

required to
remove I kg

of dye

12.0

16.7

16.5

12.5

15.1

HA

7.6

12.1

13.9

5.7

11.0

13.0

Cost/Kg
adsorbent

10.0

2.0

0.5

10.0

2.0

0.5

10.0

2.0

0.5

10.0

2.0

0.5

Cost to
remove
lKgof

dye

10.0

2.78

0.70

10.0

2.42

0.60

10.0

3.20

0.92

10.0

3.90

1.14

Relative
cost per Kg
adsorbent

10.000

0.020

0.005

1.000

0.029

0.005

1.000

0.020

0.005

1.000

0.020

0.005

Relative
cost to
remove

lKgof dye

1.000

0.029

0.007

1.000

0.024

0.006

1.000

0.032

0.009

1.000

0.039

0.011
*A= Activated charcoal, B=Bagasse pith, C=Maize cob

For the adsorption of reactive dyestuffs, the results in Table (4), showed that bagasse pith adsorbs
the largest quantity of dyestuffs followed by maize cob. The adsorption capacity of bagasse pith and
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maize cob is 82.4 and 72.2% that of activated charcoal for Reactive Blue 19, respectively. The
corresponding values for Reactive Violet 2 are 91. .3 and 77.1% that of activated charcoal. The relative
cost of the removal of Reactive Blue 19 onto maize cob and bagasse pith is only 0.9 and 3.2% that of
activated charcoal, respectively, while their values for the removal of Reactive Violet 2 are 1.1 and
3.9% that of activated charcoal, respectively.

CONCLUSION

Cellulosic agricultural residues and wastes may be used as adsorbents for colour removal from
industrial effluents. These residues are of very low prices compared with those traditional materials
such as activated carbon, alumina and silica gel. For efficient use of such residues, their particle sizes,
mass per unit volume of liquid effluent and mtimate mixing with the effluents considered must be
efficiently designed so as to attain the highest possible efficiency for colour removal.

In laboratory-scale studies, the results showed that activated carbon has the highest adsorption
capacity for dyestuffs in all the systems studied. However, an economic model indicated that bagasse
pith and maize cob may be economically attractive for the removal of dyestuffs from aqueous solutions.
Activated carbon is an expensive material and regeneration is essential, whereas bagasse pith and maize
cob are so cheap that regeneration is not necessary.

Based on the above results, these relatively cheap and low-cost materials are recommended as
effective for dyestuffs removal from textile effluents.
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Bio remediation of Pesticide contaminated Soil
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Abstract

Experiments were conducted to asses the ability of mixed populations
of microorganisms which produced as a biofertilizers by the General
Organization of Agriculture Fund, Ministry of Agriculture, Egypt (phosphoren,
microbien, cerealin and azospirilJum) to degrade five selected pesticides
representing different classes including organophosphate, carbamate and
chlorinated organic compounds. There were differences in rates of
biotransformation, suggesting the selective induction of certain metabolic
enzymes. Inoculation of soil incorporated with malathion, fenamiphos,
carbaryl, aldicarb and dieldrin, resulted in ca. 80-90% removal of malathion and
fenamiphos within 8 days, carbaryl and aldicarb within 11-15 days respectively.
Dieldrin removal occurred slowly within 2 months. These data suggest that
biofertilizers may act as potential candidates for soil inoculation to
bioremediate pesticide contaminated soil. The production of C02 {soil
respiration) was stimulated by some pesticides. In samples with microbien, an
about 2 times higher C02 production was measured.

Introduction

Pesticides are regarded as one of the indispensible means of agricultural
production. Soil-applied as well as foliar-applied pesticides contaminates soil
directly and after wash off crop stands.

A Variety of microorganisms (bacteria and fungi) have been used in soil
inoculations intended to improve the supply of nutrients to crop plants, to
stunulate plant growth, to control or inhibit the activity of plant pathogens and
to improve soil structure. Other more recent, objectives for the introduction of
microorganisms into soil are the mineralization of organic pollutants
(bioremediation of polluted soils, van Veen, 1997).

Phosphoren, micrebien, cerealin and azqspirillum are a biofertilizers
(derived from the living biomass of different microbial species) produced by
general organization belongs to the Egyptian Ministry of Agricultural as a
mixed inoculums are beneficially applied to many fields and horticultural crops.
(Abou-El-Naga, 1998).

The objective of this research was to study the potentials of the above
mentioned biofertilziers to degrade some selected pesticides representing
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different classes including organophosphate, carbamate and chlorinated organic
compounds in the soil for the safety evaluation of the environment.

Materials and Methods

The soil was collected from an agricultural plat on Cairo-Alexandria
desert high way in 1996, and stored outdoors under natural conditions until
samples were taken. The pH of the soil was 6.5, the content of organic matter
was 3.15%, and the particle size distribution as follows:13.6% clay, 27.4% silt
aud 54.0% sand. The soil was freshly sampled, and the water content was
adjusted to 50% of the maximal water-holding capacity. For experiments,
1C00 g. of this soil were used in desiccators o£ 10 L volume. The temperature
was kept at 22± 2°C and a day-night rhythm of 12 h was used. The pesticides
were distributed in 10 g. of fine sand and added to the soil samples, resulting in
final concentrations of 100 ug.g^Cppm). Different biofertilizers (5g milled to
pass a 0.5 mm sieve) were added jointly with the chemicals. The measurements
were carried out 1, 8, 16, 30, 60, 120 and 180 days after addition of the
pesticides. The relative proportions of actively metabolizing of soil biomasses
were assayed by the determination of soil respiration after the addition of
glucose with a Taylor Servomex Oxygen analyzer 570 A according to
Anderson and Domsch (1978).

The following biofertilizers were used:
Phosphoren : It contains raw phosphate dissolving bacteria.

Microbien : A mixture of P-dissolving and nitrogen-fixing bacteria.

Cerealin : A composite inocula of associative diazotrophs for fertilization
of different crops.

Azospirillum: Mixed inocula of azospirillum which exert phytohormonal
effects

The following pesticides were used:

Organophosphorus pesticides:

a. Malathion (Aphison) : S[l,2-bis (Ethoxy-carbonyl) ethyl]-0,0 dimethyl
dithiophosphat.

b. Fenamiphos (Nemacur): Ethyl 3-methyl-4-(methylthio)-phenyl-7-methyl-
ethyl-phosphoramidate.

Carbamate pesticides:

a. Carbaryl (Sevin): 1-NaphthylN-methylcarbamate.
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b. Aldicarb (Temik): 2-Methyl-2-(methylthio) propion-aldehyd 0-methyl-
carbamoyloxim.

Organochlorine pesticide:

Dieldrin : 1, 2, 3, 4, 10, 10 a-Hexachlor-6,7-epoxy-l, 4, 4a, 5, 6, 7, 8, 8a-
octahydro - l,4-endo-5,8-exo-dimethano-naphthalin.

All experiments were performed with analytical grade chemicals, the
purity of pesticides was more than 95%, all pesticides were prepared by
diluting pesticide standard solutions with acetone for recovery tests. Three
replications of measurements were carried out with each sample. For the
statistical evaluation, standard deviations were calculated. In nearly all of the
experiments, the coefficient of variation did not exceed the 10% level.

The analytical scheme is shown in Table (1). After evaporation of the
solvent, the residues were redissolved in 1 ml acetone for estimation of parent
compounds.

Table (1): Extraction and determination of different pesticides in soil.

Pesticide
Malathion

Fenamiphos

Carbaryl

Aldicarb

Dieldrin

Sample
air dried

air dried

air dried

air dried

air dried

Extraction
n-hexane

methylene
chloride

ethyl acetate

acetone: water
1 : 1
acetone: hexane

Clean-up
Silica gel plates
hexane/acetone
6/4 V/V
6/4 V/V

partition
between aqueous
layer and
chloroform
aluminum oxide
and.
florisil colum

Determination
GC-MS
Barlas 1996
GC-MS
El-Sheamy et qL,
1992
HPLC-UV det.
Mansillaefa/. 1995
Mansilla et aj. 1995

GC-MS

Kreuzig et al.
(1993)

Results and Discussion

Degradation experiments with multi-strain biofertilizers assessed in
these studies was measured as the loss of parent compounds in the soil.

Biofertilizers as a non-specific biomass having the ability to degrade
pesticides under investigation, with the difference. The degradation of
malathion (100 jag) proceeded slowly for the first 4 days and very rapidly
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thereafter. The amount of malathion residues and degradation products reach
to 88,6% malathion after 8 days of soil incorporation Fig. I. Barlas, (1996),
reported that, a variety of microorganisms capable of transforming
organophosphorus pesticides and added in aqueous soil-free systems inoculated
with the a soil extract, after a lag of about 7 days, rapid malathion loss was
found to occur and the microorganisms which isolated from soil degraded
malathion to mono and dicarboxylic acids. Malathion is metabolized rapidly by
the soil fungus Trichoderma viride and bacterium Pseudomonas sp. (Barlas
1996). These microorganisms are capable of utilizing malathion as a sole
source of carbon.

An initial relatively slower loss of fenamiphos from the soil during the
first days has been observed, after the first week, the percent loss was about
90% of the initial amounts recorded. It is clear from the previous results that
fenamiphos as a nonvolatile nematicides is susceptible to microbial degradation
in soil. Simon et gl. (1992) concluded that fenamiphos is oxidized in soil
mainly to its sulphoxide and smaller amounts of sulfone, these metabolites
undergo further degradation to the free phenols.

Bacterial isolates (Achromobacter sp. and Peseudomonas sp.)
displaying hydrolase activities specific for different classes of carbamte (such as
carbaryl, carbofuran and aldicarb), have been described previously (Mulbry and
Eaton, 1991). Our results indicate that during the first week after application
with different biofertilizers, the percent loss of carbaryl was about 58.5% and
after 2 weeks a substantial loss of extractable residues reach to 86% in treated
soil.

The rate of aldicarb disappearance in soil was found to be rapid in the
first 7 days, furthermore, the percent recovery of aldicarb decreased faster to
reach 93% at 15 days after application.

Degradation experiments with different mixed bacterial cultures showed
the degradation of dieldrin in contaminated soil. There was an appreciable
decrease in the level of parent dieldrin during the determination period in
treated soil. Thus by the end of one month, about 40% of added dieldrin was
lost and about 82% was degraded by microbien after 2 months Fig. I. Lang et
ql. (1992), demonstrated that some strains of soil microflora degraded the
chlorinated organic compounds and utilized them, as the sole source of carbon
and added that aldrin epoxidation to dieldrin by microorganisms, then dieldrin
is further metabolized by several different pathways. Other studies have shown
that yeast is also capable of taking up dieldrin from an aquatic environment.
(Zachariasefa/. 1995).

Cutright and Lee (1994) concluded that all bacteria that use complex
aromatic hydrocarbons, as the carbon/energy source in cometabolism with the
transfer of respiratory electrons.
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On the basis of the results obtained, it may be concluded that the
biofertilizers having the ability to removed the pesticide in treated soil and
returning the soil to productivity, but it was a differences in biodegradation
between the biofertilizers are demonstrated and the different effects of
biofertilizers were also reflected by the different pesticides. The data in Table
(2) indicate that, cerealin and azospirillum could readily degrade all of
pesticides under testing, but not chlorinated organic compound (dieldrin),
dieldrin appeared to be more resistant to microbial degradation than other
compounds, but dieldrin was found to be metabolized quickly by microbien,
which have the potential to break down a great diversity of pesticides.
Abundance and activity of microbial populations varies considerably, may be
related to the presence of inhibitory chemicals. Mahmood and Rao (1993),
proposed that some pesticides may be exerting inhibitory effects on microbes
with pesticide degrading capabilities. Some of the pesticides are degraded
quite rapidly in the environment, they are unlikely to accumulate even under
conditions of repeated annual applications. This is very important because
these pesticide-degrading microorganisms may have a positive effect in
minimizing soil pollution or preventing ground water from contamination by
persistent pesticides.

Table 2: Degradation of different pesticides by different biofertilizers in soil.

Biofertilizers

Phosphoren
Microbien
Cerealin
Azospirillum

Pesticides

Organophosphate

Malathion

+
+

Fenamiphos

+
+
+

Carbamate

Carbaryl

+
+
+

Aldicarb

+
+
+

Chlorinated

Dieldrin

+

To assess the total bioactivity in soil during the experiment, respiration
was determined as C02 production. At the beginning of the experiment,
respiration was higher in treated samples with malathion, carbaryl and aldicarb
than in the controls Fig. 2. During the course of observation this difference
decreased. No clear effect was obtained by fenamiphos but dieldrin caused an
inhibition in the middle of the observation period, this inhibition was reversible,
due to the addition of microbien, a significant inhibition followed by a
stimulation. Respiration is mostly dependent upon physiological conditions of
the organisms as well as environmental parameters (Zelles et gl. 1985).
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Saber (1998), pointed out that microbien as a multi-strain biofertilizer
constituted of a set of microorganisms having a definite beneficial role in soil
fertility and it leads to a significant reduction in the rates of mineral fertilization
as well as in eliminating the use of high doses ofthe pesticides that control
rhizophere diseases.

Vassyuk etql. (1998), found that high doses of fertilizers and pesticides
reduced total number ofazospirilla and produced non-typical bacteria. These
results can be interpreted with the difference that chemicals probably kill the
microorganisms selectively. Another explanation is the possibility that some
microorganisms can utilize these chemicals. In both cases a selection of
microorganisms takes place.

In conclusion, the biofertilizers activity is variable under different
pesticides treatment and the drastic residual effects of pesticides on soil could
be avoided when microbien, cerealin or azospirilhim applied simultaneously
with pesticides to soil.
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Fig. 2 : Maximal rate of respiration (nL Co^ h'1 g"1 soil) after different pesticides with biofertilizers
application
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ABSTRACT

The present study aims to investigate <ltc influence of uranium present in
phosphate rocks as an environmental factor in the echo system and on the workers of
Abu-Zaabal Phosphate Company subjected to the inhalation of big quantities of rock
phosphate dust during the benification of the ore and the production of the fertilizers,
besides, extra amount '.if uranium reach (he workers also through two path ways. The
first is direct through eating contaminated planted grown in the near by area. The
second is indirect through eating animals fed with contaminated plants.

The uranium content is estimated in the soil samples at different depths, water
(irrigation and drainage), air samples and plant samples (shoot and root) in Berseem
from the four directions, urine samples from twenty workers in charge of the processing
of phosphate compared to twenty volunteers far from the contaminated area.

The results showed an elevated values for phosphorus and uranium in the air,
water,, soil and plant (Bcrsccm) around Abu Zaabal Factory and extending to about 2
km from all directions.

Urine may be considered as a biological indicator medium for the uptake of
uranium in uranium miners and the workers it: charge of ore processing and cm
represent the major route of excretion for the absorbed metal/Significant differences
were shown between the uranium level in the'urine of workers group and the control
group.

Introduction

In phosphate, industry, sulphuric acid is usually used for digestion of phosphate rock
(average of 60 ppm) for the production of phosphoric acid and phosphate fertilizers. There
upon, uranium us natural radioactive element present in rock phosphate would be transferred
to the products and the by products there after.

Uranium content of soil is highly variable with values ranging from less than I to S
ppin. th« average being about lppm. International Atomic Energy Agency. (1988)O>. Uranium
in urrnifetous areas show about iOppm, and in some areas over 100 ppm. In many normal
soils the phosphates A horizon is richest in uranium mainly because of sequestration by
humic materials, clay-humic complex, humic - iron and humic -silicate complex of uncertain
characterization.

The availability of urnnuun is conditioned by a number of environmental factors: pH.
organic matter, interactions with oilier nutrients and climatic conditions.

251



The uranium contents of vegetables were related to their specific surface and
exposure time, licsides uranium transfer laelors from soils lo vegetable products were
always include total and not soluhle uranium I'rindie, (I WO)1"1.

The plants takes up more uranium from shallow (15 cm) places in sand than in loam
soil due to uranium more immobilized in the loam by higher organic matter content. The
presence of more roots in the shallom zone (15 cm) may have increased the uranium uptake,
Thiboult, et. al. (1984)(1).

The presence of phosphate and carbonate reduced the uptake of uranyle by chlorella
regularis, and the lack of uranium uptake does not necessarily imply avoidance of toxic
effects Boileau, et al., (1984)'°

Mining and milling of radioactive ores comprise operations as development, drilling,
blasting, handling, crushing, grinding, drying, packing and processing.

Radiation risks in this industry result from exposure of the workers to airborne
radioactivity and external radiation.

The inhalation risk is of more concern, where the chemical toxicity appears to be
more hazardous than the radioactivity exposures.

The aim of this work is the study of the impact of the pollution produced from
phosphate industry in the echosyslem: soil, irrigation and drainage water, air, Bersccm as an
example and human being in charge in this industry.

Materials and Methods

The samples needed for the present work were collected at different distances which
present the items of the echo systems arround Abu Zaabial factory for fertilizers and
industrial chemicals and arc represented by the following : -

1- Soil samples

Sixteen soil samples from the four direction at 0,500,1000,2000m2 and from layer 0 -
20cm.

flic collected soil samples were air dried, ground, passed through 2mm, sieve and
routinely analyzed according to Jackson, (1973) and Monir, et.al. (1989)'(l).

2- Water samples:

Irrigation and drainage water samples were collected from the northern and southern side.
filtered and analyzed according to Marsha, (1984)(7).

3- Air samples:

Collected from the four directions arround Abu - Zaabal factory.

The filter papers from the pumped air samples were treated with dilute nitric acid and the
solution is kept for the analysis of uranium and phosphorasus.
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4- I'lunt samples :

In the present work Herseem is chooscn as ;m item nfllic echo system ;is it is very
important plant in feeding the dairy animals and contamination will arrive indirectly to the
human beings in the near area whete the majority of the workers in phosphate industry live.
Berseem (shoot and root) were collected from the four direction at different distances,
carcfuly washed to get rid of external contaminants, dried at 450°C for seven hours and the
ash was taken into solution by leaching 0.1 gm ash in 2M nitric acid for 2 hours. The resulting
leachates were analysed fluorimctrically for uranium according to (Bouda, 1986t8)and Aly
and Anwar, I992)1"1.

5- Urine samples:

24 hr urine samples from 20 volunteer workers and another 20 volunteers from for area as
a control group were collected and stored in a cool and dark place, 10 ml were used for
uranium determination according to Aly and Anwar (l992)tJ) using laser Fluorescene
technique.

Results and Discussion

There are several factois that influence directly and/or indirectly the availability and
movement of uranium in soil which are soil reaction, organic matter, amount of clay, present,
soil texture and soil nutrient content.

The data of table (1) showed that organic matter (O.M.) content which ranged from
0.85% to 1.60%, the highest value was found in the eastern side surface soil samples and the
least amount was found in the northern side subsurface soil sample. The data reveals that the
(O.M.) content of the surface layers are relatively higher than those of subsurface one, and the
higher uranium content was highly correlated to higher (O.M.) content. These results was
confirmed by Sheppared and Thiboult, (I984)l-1) who reported that the uranium was more
immobilze in the loam soils which have higher (O.M.) content than sandy soil which ars poor
in organic matter.

Regarding uranium and soil reaction, the data of table (1) show that the soil pH
values are ranged from 5.20 to 8.20, the surface layers showed slightly lower pH values than
the subsurface soil samples. Hence, the uranium content in the surface layers showed higher
values than its content in the subsurface layers.

In general, the uranium content decreased with increasing soil pH value or high
uranium content caused a decrease of soil reaction. This results agice with those of Wiflctt
and Bond, (1995)(ll)) who found that the addition of uranium caused a decrease of soil pH and
the minimum pH values correspond to high amount of uranium.

Data of Table (I) show thai the highest total P content was obtained in eastern side
surface soil samples and the least value was in western side surface soil samples.

Also, total I' content in .surface soil samples showed higher values than its content in
the subsurface ones in all studied sides soil samples.

These results may be due to phosphorous fixation in the surface soil and its slow
movement from surface to subsarface soil.

The highest Fe value was found in the eastern side in the surface soil sample Table
(I) and the least value was found in southern side in the subsurface soil samples.

253



(icncrnlly. total IV couienl in the heavy soils was higher than that of the light soils.
Besides, the r'e content was increased in the surface soil than in subsurface one. In this
respect, Siiigh and Mishro, (1987)"" found that the same trace elements in surface horizons
were higher than in the subsurface ones.

The highest value of uranium content table (I) was found at the surface soil samples
in the eastern side 23.50 ppm followed by 20.50ppm of the surface samples of the western
side. The least value 1.16 ppm was found at subsurface layer in the northern side soil samples.
This observed increase in uranium content at the surface layer may be attributed to the
extensive addition of superphosphate contaminated with uranium. This results agreed with
those obtained by Rothboum, et al. (1979)"21 who found that most of the uranium applied in
superphosphate fertilizers to clay soil in england was retained in the surface 23 cm layer.
Similar results were obtained" by Kiss, et al. (1988)*'"5> and Hussein and Hussein Ahmed,
(19^4)""

Table (1): Chemical analyses ol the studied soil samples in all directions arround Abu-
Zaabal factory at levels 0-20cm.

Distances
0")

0.0
500
1000
2000

0.0
500
1000
2000

Org. M.
(%)

1.60
0.92
1.20
1.50

1.50
1.30
1.50
1.20

PH

5.20
7.10
8.00
7.80

5.80
7.40
8.00
8.10

E.C.
( " )

mho/cm)
I'.;ISUWII Nidi*

2540
2700
2250
1600

Western side
455
290
136
450

P
(%)

1.40
0.13
0.04
0.05

0.90
0.09
0.04
0.04

Fe
(%)

1.36
1.30
1.00
0.60

1.25
1.12
1.20
0.37

H
(ppm)

23.50
16.70
8.07
2.74

20.50
7.50
2.67
2.74

Northern Side
0.0
500
1000
2000

0.0
500
1000
2000

1.50
0.82
1.30
1.40

1.40
0.91
1.30
1.40

6.10
7.10
8.20
8.00

5.30
6.73
8.10
8.00

2043
1200
450
1450

1.35
0.11
0.03
0.05

Southern side
2210
1740
230
1430

1.00
0.11
0.05
0.06

1.21
1.03
1.16
0.60

0.90
0.71
0.80
0.40

19.50
8.45
2.55
1.16

20.18
15.30
2.70
2.95

Data ol table (2) show (hat the phosphorus, iron and uranium contents of irrigation
water were less than their contents of drainage water for all studied water samples.

The highest value of P content in the southern side of the drainage water may be due to
the application of contaminated phosphorus fertilizers.

Regarding to Fe content, it can be seen that Fe amount in drainage water higher than
that of irrigation water, that may be attributed to the soil wastes and phosphorus tailing in
Ismailia Canal.

From table (2) it is also quite obvious that Uranium content in the drainage water was
higher than that in the irrigation water, this increase of uranium content may be due also to



the phoshaie tailing on Ismailia canal. These results agreed with Bradford, et al. (1990)(l5)

who found that the concentration of U in drainage water was higher than that of irrigation
water.

Table (2): Chemical analysis of irrigation and drainage water samples around Abu Zaabal
factory area.

Water types

Irrigation water

Drainage water

Elements

Phosphorus (ppm)

Iron , (ppm)

Uranium (ppm)

Phosphorus (ppm)

Iron (ppm)

Uranium (.ppm)

Northern Side

3.300-4.150

0.060-0.070

0.008 - 0.009

8.000-9.100

0.090-0.100

0.016-0.018

Southern Side

5.500 - 6.500

0.070 - 0.080

0.0f)7 - 0.008

9.500-10.50

0.080-0.10

0.018-0.020

Data of table (3) snow that the highest total P contort was obtained in eastern side air
sample, and the least value was in western side air sample.

Also, the total P content in 0.0m distance air sample were higher than its content in
other distances in all studied sides air samples.

The highest values of uranium content table (3) was found at 0.0 m distances in all
direction around Abu Zaabal factory. Also in the eastern side at all distances, followed by
western side at all distances. The least value was found of distances 1000m, 2000 m in the
northern side air sample.

Table ( i ) : Phosphorous and uranium analyses for the collected air samples from
different direction at Abu Zaabal factory.

Distances
(m)
0.0
500
1000
2000
0.0
500
1000
2000
0.0
500
1000
2000
0.0
500
1000
2000

Direction

Hasten)
Side

Western
Side

Northern
Side

Southern
Side

P
Mg / mf

10.03
7.12
0.03
0.02
5.83
2.24
0.02
0.02
6.03
2.50
0.04
0.04
6.50
2.01
0.05
0.06

ug / m (

40.11
30.07
0.50
0.09
11.22
5.00
0.50
0.70
9.81
3.90
0.25
0.14
9.83
3.95
0.33
0.20
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Data of table (4) shows lhal the uranium content in clover (Berseem) roots are more
tlian Iliat of clover shoots tor all distances plant samples. These result arc in agreement with
those'of Butiuk, et al. (19K9)1"'1 who found that (lie highest uranium accumulation was in the
roots system. The highest value of uranium dry roots was found in the eastern side plant
sample and the least in the northern side plant sample. But. ihe highest whole plant uranium
content were found in eastern side, these results may be attributed to high soil uranium
content, texture and organic matter content, (Rothbom, et al. 1979)"-''.

Table (4): Uranium (ppm) content ofllvrsccm »l«y muter ^ruivn in A!>u-'/,;ial>;il factory
area (four direction).

Distances

(m)

0.0

500

1000

2000

Eastern

Shoot

4.50

3.00

0.63

0.10

Side •

Root

8.93

6.23

!.53

0.20

Western

Shoot

2.05

1.91

0.30

0.10

Side

Root

3.54

1.08

0.60

0.15

Northern

Shoot

1.98

1.79

0.49

0.01

Side

Root

3.44

3.46

0.55

0.02

Southern

Shoot

3.07

2.03

0.02

0.02

Side

Root

6.73

3.21

0.06

0.05

Urine may be considered as a biological indicator medium for the uptake of uranium in
uranium workers and can represent the major route of excretion lor the absorbed metal. Urine
is the most readly available sampling beside it can be collected by means of noninvasive
techniques These advantages indicate that the biological monitoring may make it possible to
identify and study the risk due to the high uptake of uranium. Besides, urine analysis is
important in the case of uranium contamination as the chemical damage to the kidney is likely
to be more severe and rapid than the radiation damage to body tissues from entry of
transportable compounds of natural uranium into the blood.

Table (5) showed that uranium values in the urine of the workers have relatively high
values than in the control group. This is quite normal as the level of uranium in all the units of
the environment (water - plant - air) are relatively higher than the normal levels which affect
directly the workers and the living people arround the factory.

Table (5) : Concentration

Sample
No.

Range
X ± SIZ

SD
" t "

of uranium (ppb = ug/L)

Control
(il*OU|)

0.08-0.24
0.16 ± 0.01

0.05

in urine tor control

8.10**

and worker groups.

Workers
j^roup.

1.07-9.08
4.94 ± 0.59

2.58

The results given in table (6) show that the highest uranium value was 62.00 ppm found
in tripiephosphate and the least value was 10.69 ppm found in phosphogypsum. Uranium
content of tripiephosphate increased with increasing P2Os content. These results were in
agreement with those of Wakefied (1980)(|7) who reported that about 33% of the uranium in
rock phoshate was found in the phosphogypsum.
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Table (6) : Uranium content (ppni) of rock phosphate

Rock phosphate and its components

Rock phosphate

Superphosphate

Triplephosphate

Phosphogypsum

in Abu-/aabal lactory products.

Uranium

(ppm)

60.99

42.09

62.00

10.69
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- ABSTRACT

The sources of environmental radioactivity are essentially the naturally
occurring radionuclides in the earth's crust and the cosmogenic radionuclides
reaching the environmental ecosystems. The other sources of environmental
radioactivity are the man made sources which result from the radioactive
waste generated from the various extensive applications of radioactive
materials in human life.

The naturally occurring environmental radioactivity is an integral
component of the terrestrial and extraterrestrial creation, and therefore it is
not considered a source of radioactive pollution to the environment. The
radioactive waste from human activities is released into the environment, and
its radionudide content becomes incorporated into the different ecosystems.
This results in a situation of environmental radioactive pollution.

This review presents the main features of environmental radioactive
pollution, the radionuclide behaviour in the ecosystems, pathway models of
radionuclides in the body and the probability of associated health hazards.
The dose effect relationship of internal radiation exposure and its quantitative
aspects are considered because of their relevance to this subject

Key words: Environmental Radioactivity, Internal Exposure, Stochastic Effects.

INTRODUCTION
The sourcs and effects of environmental pollution by radioactive waste released

into the ecosystems of the biosphere are intricate in complexity and depend on extensive
multifactorial processes. These complicated mechanisms depend on the physical
properties of the ecosystem recepient to the waste and the nature, amount, chemical and
physical properties of the radionuclide composition of the radioactive waste released into
the environment All these parameters will control and innuence the behaviour and fate of
the radionuclide waste released into the water-air-soil-plant-animal-man pathways.

Radiation exposure of mankind from environmental radioactive pollution is
mostly, but not totally by Internal Exposure after the intake of the radioactive material
by the body through the processes of Inhalation, Ingestton, and via the Skin. The
radionuclides are distributed within the body to the various body organs by translocation
processes through biochemical and physiological mechanisms.

The ultimate issue is the absorption of energy of the radiations emitted from'the
radionuclide into the molecular constituents of the cell population of the volume of tissue
exposed. The type and degree of the initial effect taking place after radiation energy
absorption is the determining factor of the final health detriment. Internal exposure due to
the incorporation of radionuclides in the body, results in low level radiation exposures.
The various parameters dwling with low dose effect relationship and the probability of
occurrence of delayed effects of radiation are considered.
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NATURAL RADIOACTIVITY

Mankind and all forms of life on earth are exposed to radiation from natural
sources of two different types. Sources from Extraterrestrial Environment as Cosmic
radiations, and sources from Terrestrial Environment as the radioactive substances in
earth's crust.Exposure of man to these natural sources vary little from year to year. The
exposure dose from natural sources depends mainly on place of residence, type of
dwelling, nature of earth's crust, altitude and other factors. The average global Annual
Dose Equivalent from these Natural Sources is approximately 1.2 - 2.4 m.Sv at sea level.

The Extraterrestrial Radiation (Cosmic Radiation) include cosmic rays and
cosmi-genic radionuclides. The cosmic rays are primary and secondary ionizing
components and neutron component. The cosmogenic radionuclides include:- Beryllium-7,
Tritium H-3, Sodium-22, and Carbon-14. Chlorine, sulphur, phosphorus and other
radionuclides also exist with relatively much shorter half life and less abundance. The
Annual Dose Equivalent from Cosmic Radiations was calculated as 0.4 -1 m Sv. •

The Terrestrial Radiation include premordial radionuclides of two types. The
series premordial radionuclides include mainly Uranium-238 series, and Thorium-232
series. The Uranium series includes Radon-222 gas which contributes about 40 percent of
the total Natural Radioactivity. The non-series premordial radionuclides include mainly
Potassium-40 and Rubidium-87 as the most abundant of this group of about seventeen
radionuclides. The other members of the group e.g. Vanadium-50, Cerium-142, Bismuth-
209, PIatinum-190, and Indium-155 are of no dosimetric significance.The Annual Dose
Equivalent from Terrestrial Radiation for the most world average is 0.8 -1.4 m Sv at Sea
Level.

MAN MADE ENVIRONMENTAL RADIOACTIVE POLLUTION

The advent, development and subsequent expansion of nuclear sciences and the
proliferation of nuclear technology has resulted in the genration of radioactive waste
which is released into the environment.These include:-

Technologically Modified Sources
• Airborne discharges of traces of U-238 and Th-232 fly ash from coal fired power

plants.
o Airborne solid and liquid effluent waste from phosphate mining .
• Airborne solid and liquid effluent waste from processing operations of uranium.
• Tailings from Mining of Radioactive materials.
• Naturally Occurring Radioactive Materials (NORMS) in Petrolium Industry.
• Atmospheric discharges of large amounts of Radon -222 from geothermal energy

production.
• Miscellaneous sources as Consumer products.

Nuclear Industry and Applications.
• Fall out from Nuclear Explosions
• Waste generated from Nuclear Industry and Nuclear Fuel Cycle.
• Milling of Radioactive Ores.
• Nuclear Fuel Fabrication and Reprocessing.
• Reactor Operation and Reactor Accidents.
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• Radiological Incidents and Accidents.
• Radioactive Waste Disposal.
• Radioactive Waste generated from disciplines and applications of nuclear practices.

ENVIRONMENTAL ECOSYSTEMS.

Atmospheric Ecosystem.
The transport mechanisms of pollutants released in atmosphere depend on the

physical properties of the atmospheric layer that control the diffusion and deposition of
pollutants. These physical properties are:-
• The Friction Layer " Planetary - Boundary Layer which extends from ground surface to

200 - 3000 meter above, in which releases of radioactive gaseous and particulates take place.
• Aerosol Formation.
• Atmospheric Dispersion Kinetics.
• Deposition and Resuspension.

The above considerations apply to radioactive pollutants released into the
Planetary Boundary Layer from ground installations. However, when radioactivity
originates from nuclear or thermonuclear explosions, the problem involves knowledge of
the physical properties of the stratosphere.

Aquatic Ecosystem.
This ecosystem constitutes all formations of water bodies, oceans, Seas,

Rivers, Lakes, Estuaries and otherwise,subsurface aquifers are included.The
basic physical properties of the Aquatic Ecosystem are:-
• Nature of the water body.
• Kinetics of Aquatic Dilution and Transport.
• Sediment Effect.
• Water Turbulence and Advection properties of water body.
• Mixing characteristics.
• Adsorption - Absorption - Aggregation properties of pollutant.

Terrestrial Ecosystem
This ecosystem includes soil formation, water content, porosity of soil media, and

underground aquifers.The most important relation of the Terrestrial Ecosystem is with
plants. This has a definite impact on the Food Chain from soil to animal and man. For
such purpose, radionuclides in soil find their way to plants by root uptake. Soil-plant
transfer coefficients have been calculated for several radionuclides and for several
plants.In addition to root uptake, direct deposition on foliar surfaces occurs, in which case
contaminants can be absorbed metabolically into the plant More likely, may be transferred directly
to animals as fodder.

RADIOACTIVITY RELEASED INTO ENVIRONMENT.

The behavior and fate of radionuclides released into the environment as a result of
nuclear practices has developed into a discipline of science that deals with the physical
and chemical nature of the radionuclides and the very complex properties of the
environmental ecosystems. The problems of Environmental Radioactive Pollution are very
extensive and complex.They primarily concern the behaviour and fate of the various
radionuclides released into the ecosystems. The final outcome of this maltifactorial
behaviour is the incorporation and subsequent transiocation of the radionuclides in the
Air - Water - Soil - Plant - Animal - Man pathways.
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Factors Affecting Behaviour and Fate.
• Abundance of radionuclide release.
• Chemical properties of radionuclide.
• Critical pathways of radionuclides.
• Controlled Release Limits.
• Type and extent of radionuclides pollution.
• Nature and physical characteristics of the ecosystems.
• Protracted impact of radionuclide release into environment.
«> The transfer of radionuclides from one ecosystem to the other.
• Pt Yrtials of each ecosystem to dilute or concentrate a radionuclide.
• The kinetics of uptake of radionuclides by plants.
• Digestion and excretion pathways in animals.
• The changing patterns of Air - Water - Soil - Plant - Animal -Man cycle.
• Food habits and Food consumption of resident populations.
• The population size exposed.

MODALITIES OF HUMAN RADIATION EXPOSURE.

Mankind is exposed from the natural and man-made sources of radiation by two exposure
routes, namely External Exposure and Internal Exposure. From the stand point of basic
radiobiology, it is the combined dose of radiation energy absorption from both External and Internal
Exposures that is important The biological effects incurred from both types of exposures are the
same provided the absorbed dose and energy distribution is the same.

External Exposure
This involves the absorption of radiation energy emitted from a radiation source

outside the body. The radiation energy is absorbed through the body surface to the
underlying tissue volume in the field of exposure. In this case, there is a uniform process of energy
distribution which is governed by the factors controlling the mechanisms of radiation energy absorption of
the various types of radiation.

Internal Exposure.
This involves the entry of radioactive material into the body systems. The various

radionuclides gain access into the body through three main routes of entry, namely,
Inhalation, Ingestion and Entry through skin to the blood stream. Therefore,
considerations of radionuclide transmission from the environment to man are through
gaseous, food, and water intake. When radionuclides gain entry into body, they are
adsorbed, metabolized, and distributed in body tissues according to the chemical
properties of the element or compound which they represent.

In case of Internal Exposure, there is a non-uniform energy distribution, and several
factors govern the ultimate effects. These effects tend to develop slowly due to the time
required for the biokinetics of absorption, distribution and localization; the non-uniform
radiation energy distribution within the cellular components of tissues and organs, and the
time required for radioactive decay resulting in a protracted dose rather than an acute
dose. The factors determining the ultimate Biological Effect of Internal Exposure are
considered as physical and biological entities.
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Physical Factors of Internal Exposure.
• Physical properties of radionuclide (half life).
• Type and Energy of radiation emitted.
• The Linear Energy Transfer (LET).
• Spatial distribution of Radiation Energy Absorption.
• Microdosimetric considerations.

Biological Factors of Internal Exposure.
• Chemical properties of radionuclide.
• Transportation of radionuclide through body.
• Translocation from one tissue to another
• Localization in target tissue or organ .
• Transit time in body organs .
• Excretion pathways outside the body.
• Biological Half life and Effective Half life.
• Radiation Response of Tissues.
• Other factors - Age, Sex, Pregnancy, Disease, etc.

These Physical and Biological factors are very essential in considering the
pathways of radionuclides in human body, their transportation, translocation, retention,
localization, modes of excretion and transit time within the body. These factors are used to
calculate the Absorbed Dose to organs and tissues, and to construct mathematical models
for the purpose of Internal Dose Assessment.

HEALTH EFFECTS OF RADIATION EXPOSURE

When the body is exposed to Ionizing Radiation, the radiation energy interacts
with the tissues by transfer of the energy to the cellular and other constituents and results
in ionization of their atoms. This phenomenon has been extensively studied in the critical
genetic material DNA which controls cellualr functions, and in other important
biomlecules involved in the preservation of cellular and tissue integrity. If the radiation
induced damage to DNA and other biomolecules is slight, and the rate of damage
production is not rapid due to the low radiation dose and low dose rate exposure, the cells
may be able to repair most of the damage. If the radiation induced damage is irreparable
and severe due to the high radiation dose and high dose rate exposure, the induced
damage will interfere with cellular function and integrity, and the cell 'will die either
immediately or after several divisions. The cellualr response to radiation injury varies
greatly according to the cell type involved. Highly proliferative and differentiating cells
have the highest response.

At low doses, the cell injury is accomodated by the normal mechanisms that
regulate molecular repair and cellular regeneration. However, this molecular repair may
be defective and incmplete; in which case the future life of the cell is threatened by
possible alteration of the normal cellular proliferation and differentiation processes to
convert into the path of malignant transformation many years later. The incurred
unrepaired defect in cells of the gonads may lead to hereditary effects in future
generations. . • "r
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Both Cancer Transformation and Hereditary Effects are called Delayed
Stochastic Effects; they may occur with certain probability after exposure to ionizing
radiation at low doses and low dose rates. The frequency, and not the severity of these
effects is dose dependent. These effects are not radiation specific, and therefore cannot be
directly attributed to a given radiation exposure. These effects are expected to appear as
long term effects and would require meticulous epidemiological studies to establish
proper dose response relationship.

At high dose and high dose rate exposure, repair and regeneration mechanisms
are inadequate to meet the type and degree of cellular damage inflicted by the high dose.
In this case, large number of cells are destroyed leading to impairment of tissue and organ
function. This rapid uncompensatable cell death at high doses leads to early deleterious
radiation effects which become clinically evident within days or few weks after exposure.
These are known as Acute Deterministic Non-Stochastic Effects. These effects are
radiation specific, and their severity is dose dependent. These deterministic effects can be
lethal in a very short time if the radiation dose is sufficiently high.

Stochastic Effects
• Occur with both high and low doses.
• Conform with the Linear, Quadratic and Linear - Quadratic Dose Effect

Relationship.
• No evidence of causative Threshold Dose.
• Chance of occurrance is purely Probabilistic

• Severity of Effect is not a function of magnitude of dose.

• Probability of occurrence is a function only of dose magnitude. It is not a function
of dose rate or dose fractionation.Also, the number of persons exposed increases the
probability of occurrence in the exposed population.

• Examples : Cancer transformation of tissues,Genetic Effects, N.on
specific aging,Other effects

Non - Stochastic Effects
• Occur only after relatively high doses.

• Have a threshold dose for each effect, below which the effect does not occur.

• Occur if dose is at or above the threshold dose for that effect.

• Occurrence and severity are highly dependent on dose rate and dose fractionation.
• Examples : Hemopoietic and Gastero - Intestinal Syndromes, Central Nervous

System Syndrome, Acute Skin Lesions, All forms of Acute Radiation Injury,
Depression of Immune Response, Psychosomatic Disturbances, Cataract and
Infertility.

PATHWAY MODELS OF RADIONUCLIDES

These Pathway Models are designed by ICRP expert committees for the uptake
of radionclides into the body. The models consider the various Metabolic Pathways,
Transfer Compartments , Transloction and Retention processes and the final localization
and deposition in critical organs. Such models were developed in accordance with the
terms and parameters of the Reference Man. These models are used for computations of
Internal Dose Assessment from radionuclides incorporated into the body. ;
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The Lung Model This model comprises two components:

The Respiratory Deposition Model
This is governed by the Activity Median Aerodynamic Diameter (AMAD) or the

Mass Median Aerodynamic Diameter (MMAD) of the aerosol. The Mass Median
Aerodynamic Diameter is the particle size which determines the fraction by weight of the
inhaled particles which will be deposited in each anatomical compartment of the lung. The
Activity Median Aerodynamic Diameter ( AMAD ) is that diameter that determines the
fraction of Inhaled Air Activity that is deposited in a particular compartment.

Retention Model.
This represents the various components of the retention process in the respiratory

tract. This model also represents the three major closely related organ systems, namely
the gastrointestinal tract, the systemic circulation, and the pulmonary lymph nodes. The
dynamics of the retention model and its constituent pathways depend on the classification
of elements by ICRP task group on Lung Dynamic's. This falls into three categories; class
Y Avid retention, slow clearance (years); Class W Moderate retention, intermediate
clearance (weeks); and Class D Minimal retention, rapid clearance (days).

The Ingestion Model.
Any internal exposure by radionuclides whether by Inhalation or Ingestion leads

ultimately to the entry of the radionuclides into the Gastrointestinal Tract. This Model
describes the kinetics of radionucldes in the G.I. tract compartments : Stomach, Small
Intestine, Upper Large Intestine, Lower Large Intestine, and the Body Fluids
Compartments. The Mean Residence times in each compartment is considered. The
translocation from one compartment to the next is assumed to be governed by first order
kinetics. Any pathology delaying the transient times through the different compartments
of the G.I. tract will affect the calculation of the internally absorbed radiation dose.

Uptake and Retention Model. (Translocation Model) -
This model represents the intake of radionuclides by Inhalation and or Ingestion. In

either case, there will be absorption of the radionuclide into the blood and the body fluids
( The Transfer Compartment); and from there to the systemic organs, at rates depending
on the metabolic processes and the chemical properties of the particular material. The
radionuclides in the transfer compartment are removed by first order kinetics processes,
with biological half life in the transfer Compartment (T1/2) which differs from one
radionuclides to the other).

The Iodine Model (Riggs - ICRP).

This is a three compartment model representing the Iodine Transfer Compartment,
the Thyroid gland and the remaining body organs. Iodine deposited in the Transfer
Compartment is removed with biological half life of 0.25 days. The thyroid gland takes
30%, and 70% is excreted via urine. Iodine is removed from Thyroid with biological half
time of 120 days, and the iodine in organic form is deposited into the compartment
representing other organs and tissues. Iodine is removed from the organs, 10% goes to
fecal excretion, and 90% is returned to the Transfer Compartment with a biological half
life of 12 days for both pathways.
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HEALTH HAZARDS OF INTERNAL EXPOSURE.

Somatic Effects.
These effects appear after a latent period of time following exposure. They are

considered as Delayed Probabilistic Stochastic Effects. These effects comform with all the
features of stochastic effects and the underlying stochastic mechanisms and probabilities.
The most common of these effects are :-
• Leukemia which affects the bone marrow cells. High incidence have been observed in

populations receiving radiation doses to the bone marrow cells. It is caused from radionudides
deposited in Bone Marrow cells, or from those deposited in bone osteocytes.

• Bone cancer occurs from radiations emitted from radionuclides deposited in "
Esid.'t _ii " bone cells or "Osteocytes" . Such malignancies have been observed
mainly in Radium, Strontium, Plutonium bone depositions.

• Bone osteoporosis has been observed, also extensive bone necrosis, both of which are associated
with spontaneous fractures.

• Lung cancer has been observed particularly in population groups exposed to high
concentrations of radon gas. Extensive Dosimetric and Epidemiological studies have
been performed and many are in progress.

• Aging effects which are non specific acceleration of the ageing process. However, data
reported in literature indicates that there is no evidence of life shortening caused by
Internal Exposure.

Hereditary Effects.
These may appear after radiation induced induction of mutation on the DNA

molecule of human gonadal cell chromosomes. Most radiation induced mutations are
recessive which do not express themselves in the offspring unless similar mutation is
encountered in the chromosome of the mate. The probability of this increases after several
generation. It is estimated that 4% of all individuals inherit characteristics that result
from recessive mutations due to natural factors in environment. This percentage certainly
increases in populations subject to high radioactive environmental pollution.

INTERNAL EXPOSURE AND LOW LEVEL RADIATION.

The mechanisms of radiation injury and the ecological relationship that exists in an
environment contaminated by radioactive material have been extensively studied during the
past fifty years. The greatest body of information comes from experimental animal studies and
much was obtained from human experience. This data establishes much knowledge related to
the Dose Response Mechanisms of Radiation Injury to Biological Systems.

The problems related to Internal Exposure are formidable because they deal with
the behaviour of the radionudide in the complex environment, its pathway in the human
body, and the non-uniform mode of Radiation Energy Distribution emitted from the
radionuclide inside body tissues.

All the studies performed and the pathway Models postulated are constructed according to
the concept of the "Reference Man" . Internal Exposure is usually associated with low level
radiations, and therefore, Internal Exposure does not usually lead to Acute Radiation Effects.
However, Delayed Effects do occur governed by the probability of the Dose effect relationship that
controls exposures to Low Level Radiation, and the factors involved in the obability.
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Quantitative Aspects.
The dose response relationship for induction of hereditary effects, and also the

dose response relationship for cancer induction are Linear without threshold, ie they are
dependent on a Stochastic Response. This statement has been established on experimental
evidence.This implies that:
o No threshold dose exists for both delayed somatic and hereditary effects.
« Both effects are inherently stochastic in nature.
• The frequency with which the effects occur depend on probabilistic mechanisms.
* The probability of induction of an effect is a continuous function of radiation dose.

A hypothesis that competes with the Linear dose response relationship in the
Quadratic form in which the number of effects produced per unit dose increased
progressively with increasing dose. Recently, both hypothesis are put together, the so-
called "Linear-Quadratic" relationship, which has been favored by Radiobiologi st. In
this relationship, the effects are linear at low doses, but become curvilinear at
higher doses according to the relationship (I = a D + b D2 + C)
Where: I incidence.

C incidence at natural radiation background exposure.
D Exposure Dose at low levels.

a,b Constants determined empirically, which determine the slopes of the
Linear and Quadratic portions of the curve respectively.

Exposure levels from environmental radioactivity (natural and man made) are
considered low level radiations, and the effects are therefore assumed to be governed by
the Linear portion of the Linear - Quadratic dose response relationship.

The fact that the dose - response relationship is assumed to be linear with absence
of a threshold, has important implications for risk assessment and formulation of public
policy. The absence of a threshold implies that there is no absolutely safe level of
exposure. Every increment of dose however small above natural radiation background has
an increment of risk (probability of an effect occurring); this risk becomes small as the
dose diminishes.

A dilemma arises from the assumption of the linearity relationship and the absence
of a threshold; that is Individual risk can be very small, but Collective risk can be very
significant. The important question therefore arises whether the permissible dose levels
should be defined on the bases of individual risk or collective risk. The question fails to be
answered by the existing technical, moral and political concepts.
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DESCRIPTION OF PATHWAYS

a) Rapid uptake from nasopharynx to blood circulation.
b) Rapid clearance from nasopharynx to G.L tract by ciliary mucous transport
c) Rapid absorption of dust from tracheobronchial region to blood.
d) Rapid ciliary clearance from tracheobronchial region to G.I. tract.
e) Direct translocation of dust from pulmonary region to blood.
f) Clearance of pulmonary region via tracheobronchial tree to G.I. tract by action of

macrophages and ciliary mucous transport processes.
g) Secondary clearance process by ciliary mucous transport via tracheobronchial

region to G.I. tract, at slower rate than (f).
h) Slow removal of dust from pulmonary compartment via lymhatic system

transport.
0 Dust cleared by iymphatic system is introduced into systemic circulation. This

depends on ability of cleared material to penetrate the iymphatic tissues,
j) Passage of material from G.I. tract to systemic circulation.
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RETENTION MODEL
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Stomach (ST)

Small
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Upper large
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Lower large
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Body fluids

Faecal Excretion

Mathematical model used to describe the kinetics of radtonuclides in the gastrointestinal tract
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Dose Response Relationships

Dose Response Relationship for these effects Is very

complicated. The most important models for this relation are

that which conform with the No Threshold Concept. These are :

1- "i>e Linear Proportionality

a- Coefficient that determines
the slope of linear curve.

I - Total Incidence .
C- Spontaneous Incidence.
0- Radiation Dose.

(Low LET Radiation).

S
I
S

I=C+aD

m Gy

2-The Quadratic Relation

b- Coefficient that determines
the slope of Quadratic Seg.

I - total Incidence.
C- Spontaneous Incidence.
D- Radiation Dose.

(Low LET Radiation). O

NC+bD2

mGy

3- The Linear Quadratic Relation

a- Coefficient that determines
the slope of Linear Seg.

b- Cofficient that determines
the slope of Quadratic Seg.

I - Total Incidence .
C- Spontaneous Incidence.
D- Radiation Dose.

(Low LET Radiation).

m Gy
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Injection

TRANSFER
•COMPARTMENT

inhalation

RESPI-
RATORY

TRACT

tngtstion

Gl

TRACT

SYSTEMIC!
ORGANS

EXCRETION FECAL EXCRETION

Uptoke and retention of radionuclides in the body

• Final pool of Inhalation and Ingestion of radionuclide is
the Transfer Compartment. (T.C.)

• Radionuclides are removed from T.C. by systemic Organs
at rates that depend on :-

- Organs metabolic processes.
- Chemical properties of radionuclide.
- Loss from T.C. by radioactive decay.
- Formation and decay of radioactive daughters.

• Radionuclides in T.C. are removed by first order kinetics
processes with biological half time for the T.C. (Tiv) of
about six hours (except for certain radionuclides).

• The systemic organs and direct urine excretion are
arranged in parallel and compete with each other to
remove the radionuclide from the T.C. with
parameterized allocation by fractions 6, 8M and 0 exc.

where 6 +—••••• + QM + 0 exc.
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d/'rnlrtdt'on Curve.

Exbon.
1

Typical effminoCion Curveofa cadionudiile KI 4fie

where

X?(= radioactive decay constant.
Â  = biological decay constant .

Since the decay constant it equal to loj.2 kalf-hfe,*tbis equation
becomes: —

where :

Tiff.= effective half-life of aradi'oartfve Substance In the body.
T ^ radioactive half-life of the sub.sEinc«.
7^s biological hd^ltfe of tha substance--
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ABSTRACT

Preventing the propagation of radiation induced oxidative
damage has been a subject of considerable investigations. The ultimate
goal of the present study is to use bone marrow cells to ameliorate or to
treat the radiation sickness. Transplantation of bone marrow cell has
shown promising results in the present experimental radiation
treatment. In this report, suspension of bone marrow cells was injected
into rats 12 h. after exposure to 4.5 Gy whole body gamma irradiation.
Significant results were recorded on the successful control of the
radiation induced disorders in a number of biochemical parameters
including certain enzymatic and nonenzymatic antioxidants (superoxide
dismutase & glutathione) and certain parameters related to kidney
function including creatinine, urea as well as ATPase activity in blood
serum, urine and kidney tissue.

Keywords! Antioxidants / kidney/ bone morrow / radiation,

INTRODUCTION

Since the last few decades, there has been a steadily increasing expansion in nuclear
and radiation technologies in Industry, medicine, energy development and in scientific
research. This has been paralleled by a substantial increase in nudear and radiation
installations worldwide. Inspite of One significant contribution of nudear and radiation
technologies to national, regional and international development, yet the problem of
radioactive waste management is-still imposing serious threat to the welfare of man and his
environments.

Human exposure to high doses of penetrating radiation in the general range 1-10 Gy,
Is known to be potentially lethal within 60 day/x). There are many historical accounts to
support this observation based on critical acddents, reactor failures, misuse of isotopes, and
faulty therapeutic practices as well as accumulation of radioactive wastes. These wastes
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couid ex.i>r£ their effects as external or/and internal radiation sources which increases the
hazardous impact to human being.

Besides their direct action, ionizaing radiations interact with biological systems
through free radicals generated by water radiolysis(2). Superoxide and hydroxyl radicals have
been identified as the oxygen species primarily involved in cellular damage(3).

The use of chemical drugs for treatment and protection of normal tissues in patients
undergoing radiotherapy or chemotherapy or in victims of accidental nuclear exposure is
somewhat limited by the drug's toxicity^. Therefore, biological treatment of radiation
induced daraae is promising and safe agent and has been a subject of considerable
investigation, it has been anticipated that a successful role played by bone marrow
transplants against deleterious effect sof radiation exposure would certainly contribute to
efforts made worldwide aiming at effective treatment of radiation victims.

The aim of the present work was twofold. Firstly, assessment of radiation induced
disorders in certain sensitive parameters in whole body gamma irradiated rats. Secondly,
assessment of the curative effect of transplantation of freshly prepared viable bone marrow
cells against the acute manifestation of radiation syndrome.

MATERIALS AND METHODS

Male albino rats weighing 120-140 g were used in the present study and categorized
as follows:
Group l i Untreated animals which served as normal control.
Group 21 The animals were injected intrapertionealy with 3 ml of bone marrow cell

suspension which contained 80xl06 viable cells/ml. Bone marrow cells were
prepared from tibia of the same stain.

Group 3: The animal were exposed to 4.5 Gy whole body gamma radiation. The dose rate
was 1.123 Gy/min.

Group 4: The animals were irradiated as group 3 then treated with bone marrow cells as
described in group 2. Transplantation was performed 12 h after irradiation.

Irradiation was carried out using the Gamma cell 40, a caesium 137 irradiation unit
belonging to NCRRT, Egypt. Animals were sacrificed after 2, 4 and 12 days post irradiation.
Six animals were used in each time in each group.

Serum samples were prepared through blood centrifugation at 3000 rpm. Kidney
samples were removed, weighed, cooled and homogenized for biochemical determinations.
Kits from Bio-Merieux, Frnace, were used for the colorlmetric estimation of serum and urine
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parameters which included proteins, alkaline phosphatase, urea, creatinine. On the other
hand, glutathione in kidney homogenates was estimated as described(s>. The activity of
superoxide dismutase was determined using nitroblue tetrazolium and phenazine
methosulfate(6). The activity of total ATPase activity was estimated in kidney as described1

previously^. Kidney alkaline phosphatase activity was determined as described(8). Serum
sodium and potassium concentrations were estimated by flame photometer. Student's t-test
was applied to calculate the significance differences.

RESULTS

Effect of Whole Body y-Irradfation

Table 1 shows serum and urine parameters after 2,4 and 12 days after irradiation.
Rats which were exposed to 4.5 Gy y-radiation had significantly lower values of protein in
serum when compared with control value. On the other hand, protein in urine of irradiated
rats was significantly increased. In addition, there were significant increases in alkaline
phosphatase activity, urea, creatinine, sodium and potassium concentration in serum of
irradiated rats 2,4 and 12 days after exposure. Moreover, urea and creatinine levels showed
significant decreases in urine of the same irradiated rats (Table 1).

Table 2 shows that alkaline phosphatase Activity was increased significantly in kidneys
of irradiated rats 2 and 4 days after radiation exposure and showed insignificant change on
the 12th day post irradiation. In addition, a significant inhibition of total ATPase activity in
kidney was recorded 2, 4 and 12 days after irradiation. The antioxidants, which include
glutathione and superoxide dismutase, were significantly decreased in kidney 2 & 4 days post
exposure to 4.5 Gy irradiation and showed insignificant change from the control level 12 days
of exposure.

Effect of Bone Marrow Transplantation

Tables 1 & 2 indicate that in normal animals, the intrapertioneal injection of bone
marrow cells did not produce any significant changes in all studied parameters except at 2nd

day after injection in serum protein which increased significantly then showed similar value as
control during the next experimentation periods.

Transplantation of bone marrow cells 12 h after 4.5 y-irradiation produced an increase
in serum total protein as compared tolrradiated rats but still lower than that of unirradiated
rats (table 1). On the other hand, protein in urine was normalized 4 and 12 days post bone
marrow transplantation into irradiated rats. In addition, the activity of alkaline phosphatase in
serum, levels of urea and creatinine in both serum and urine as well as sodium and
potassium concentrations in serum were normalized and showed similar values as the
unirradiated control rats (table 1).
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The antioxidant system represented by glutathione content and superoxide dismutase
activity in kidney were increase in irradiated-bone marrow transplanted rats as compared
with irradiated group and showed similar values as the control unirradiated rats (table 2).

ie activities of ATPase and alkaline phosphatase were also normalized after bone marrow
transplantation as compared with unirradiated control (table 2).

DISCUSSION

Effect of Acute Radiation Exposure

The present study showed that irradiation resulted in a significant decrease in total
protein level in serum. Our results are in accordance with recent studies(9}that a decrease in
serum total protein level post exposure to 7.5 Gy y-radiation. The decrease in total protein
might be attributed to slow rate in synthesis of all protein fractions after irradiation(10).
However, the present results suggest a loss of protein from kidney of irradiated rats. This
was confirmed by the significant increased protein level in urine 2,4,12 days after irradiation
(Table 1), suggesting kidney injury.

Moreover, the increased alkaline phosphatase activity in both serum and kidney of
Irradiated rats as observed in the present study suggested also kidney injury and this is
concordant with those of other studies carried on guinea pigs(11) and on rats(9). These reports
described increases in alkaline phosphatase as well as transaminases activities in irradiated
animals. The increase in the alkaline phosphatase activity might be attributed to the
damaging effect of radiation on organs including kidney and !iver(12).

The radiation induced kidney injury is confirmed in the present study. Significant
increases were recorded in both urea and creatinine levels in serum of irradiated rats 2,4 &
12 days post exposure. This was accompanied with significant decrease in their levels in
urine indicating weakened elimination of urea and creatinine from circulation. The present
results are in accordance with recent studies(13-14> that -/-irradiation caused renal dysfunction
which was reflected by increased concentration of urea and creatinine in blood.

In another studyci5), it was reported that arginase activity in liver was increased after
Irradiation. Since arginase is responsible for the iast stage in urea biosynthesis^65, the
increase in its activity after irradiation might provide an explanation for the increased urea
concentration in plasma. Moreover, radiation exposure has been proved to cause increments
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in the activities of both glutamate dehydrogenase and carbamoyl phosphate synthetase
enzymes(17). These observations suggest that the Ornithin-Krebs cycle might be activated
from its beginning after irradiation.

In addition, the present results indicated significant increases in the concentrations of
both sodium and potassium in serum of irradiated rats. These results are in agreement with
recent findings(18> that suggested development of a condition similar to hypertension. The
increased Na & K levels in serum might be attributed to kidney dysfunction which lead to
electrolyte retention(19).

Biological membranes have been postulated as a cellular target of radiation
damage(20). Reduction of antioxidants is accompanied by increased lipid peroxidation of
membranes and is followed by inactivation of membrane-bound enzymes(21). The present
results confirm this idea and demonstrated inhibition of renal ATPase and decreases in both
glutathione content and SOD activity in renal tissue of irradiated rats.

The production of substantial amounts of superoxide radical and hydrogen peroxide
argues that v-irradiation could have a direct deleterious effect on renal cells and their
constituents. Several authors described some of the molecular mechanisms causing cell
death. One of the first events was a substantial drop in both Na/K ATPase activity and the
level of glutathione (GSH)(22). The two events could be explained as a direct action of
superoxide. The direct damage of Na/K ATPase caused by superoxide was first observed in
eye lens(23). The drop in GSH level could be explained by direct action of superoxide on
glutathione peroxidase, GSH itself and catalase. It is well documented that micromolar
concentrations of superoxide radical could cause the inhibition of these enzymes(24). If the
concentration of these enzymes and GSH decrease markedly, the ensuing elevation in H2O2
levels will cause an inhibition of SOD activity^. The direct action of superoxide radical on
GSH in the absence of antioxidant enzymes can cause a chain reaction, facilitating the
formation of oxidized glutahtione(26) and mixed disulfides. Finally, significant lipid peroxidation
accompanied by degradation of membrane and the cellular function and structure may favour
apoptosis(3).

Effect of Transplantation of Bone Marrow On Radiation Effects

In the present study, administration of viable bone marrow cells 12 h after irradiation,
produced marked restoration of radiation induced changes in total proteins, urea, creatinine,
Na, K, activities of alkaline phosphatase and ATPase as well as the antioxidants including GSH
and SOD activity. These finding support previous results(27) that shielding of femur during
irradiation was followed by early recovery from radiation sickness and associated with
elevated LD50/30 of irradiated mice which received bone marrow cells after exposure. It was
also reported that rats exposed to 8 Gy whole body gamma radiation, bone marrow
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transfusion markedly diminished the severity of the general manifestation of acute radiation
syndrome(28).

It is anticipated that viable bone marrow cells contain sufficient amounts of
nzymatic, and non-enzymatic antioxidants including SOD, catalase, glutathione peroxidase

and glutathione, and probably vitamins C and E. The administration of substantial amounts of
fyese viable cells might reinforce the antioxidant capacity of cells and tissues by activating
antioxidant recycling mechanism of the renal cells which can restore the balance between
oxidant process and the antioxidant defense resulting in a curative effect(29). This is
supported by normalization of superoxide dismutase activity and glutathione content in renal
cells of irradiated - bone marrow transplanted rats (table 2).

It can be concluded that post-irradiation treatment with bone marrow cells seems to
exert a potential curative roie against the deleterious biological effects of radiation
overexposure. Such findings seem to be of particular interest to physicians dealing with
radiotherapy and radiodiagnosis, to radiobiologist dealing with mechanisms of radiation
illness and repair as well as to health physicists dealing with protective measures against
hazards of occupational and accidental radiation exposure.
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Table 1. Tested parameters in serum and urine of control and different treated groups.

3

Serum total protein
g/100 ml
Urine total protein
g/100 ml
Serum alkaline
phosphatase
KAU/100 ml
Serum urea
mg/100 ml
Urine urea
mg/100 ml
Serum creatinine
mg/100 ml
Urine creatinine
mg/100 ml
Serum Na+

mg/100 ml
Serum K+
mg/100 ml

Control

6.24
±0.13
0.32

±0.007
137.56

±1.17
19.78
±0.77
235.9
±0.76
0.56

±0.02
1.82

±0.09
333.7
±3.2

31.41
±1.61

Bone marrow treated group

2 days
7.19*
±0.08
0.36

±0.03
138.18

±2.55
21.62
±1.68
236.2
±2.59
0.52
±0.08
2.00

±0.07
340.8
-4.5

35.76
±4.26

4 days
6.83

±0.59
0.35

±0.04
138.51

±2.25
20.06
±1.58
237.3
±2.84
0.53
±0.05
1.72

±0.05
335.8
±3.1
34.42
±2.94

12; days
6.76

±0.29
0.35

±0.05
137.28

±4.90
19.44
±1.12
235.8
±2.15
0.53
±0.02
1.79

±0.05
335.4
±4.3

33.88
±1.81

Irradiated group

2 days
4.99*
±0.09
1.20*

±0.029
220.6*

±6.78
38.41*
±3.09

114.68*
±0.52
2.00*
±0.09
0.49*

±0.005
415.3*

±5.0
56.48*
±4.67

4 days
5.55*
±0.19
1.12*

±0.011
300.48

*
±7.99
37.93*
±2.49
114.1*
±0.66
2.88*
±0.24
0.60*
±0.01

431.6*
±5.6

85.87*
2.87

12 days
5.39*
±0.12
1.15*
±0.12

487.52*

±3.94
31.45*
±1.59

212.9*
±1.60
1.61*
±0.04
0.87*
±0.01

441.7*
±4.3

54.99*
±4.14

Irradiated and bone
1

2 days
i 5.10*

±0.24
0.49*'
±0.13

140.28f

±7.80
33.07'
±2.22
234.5'
±2.76
0.58+

±0.04
1.75*
±0.04

343.7*'
±6.3

33.89'
±2.50

marrow
treated group

4 days
5.70*
±0.22
0.33f

±0.01
135.40'

±4.76
20.76'
±1.29
235.9'
±2.74
0.57'
±0.02
1.79'
±0.06
340.1'
±4.8

33.58'
±2.40

12 days
5.76"
±0.15
0.32'
±0.01

137.96'

±3.94±
19.65'
±0.43
238.3'
±1.89
0.56*
±0.03
1.83'
±0.03
336.5'
±3.1

32.04'
±2.99

Values are meant ±SE of sex animals
* Significance compared to control non-irradiated P>0.05
t Significance compared to control irradiated rats P>0.05.



Table 2. Tested parameters in kidney of control and different treated groups.

Glutathione
mg/gFT
Superoxide dismutase
% Inhibition/mg FT
ATPase
ixmol Pi/min/g FT
Alkaline phosphatase
KAU/gFT

Control

0.32
±0.03
34.76
±2.78
57.84
±0.75
10.22
±1.49

Bone marrow treated group

2 days
0.35
±0.02
33.84
±2.13
56.69
±1.35
8.80
±1.16

4 days
0.34
±0.01
34.05
±4.32
58.84
±1.94
9.52
±1.30

12 days
0.33
±0.01
35.60
±3.19
61.36
±4.27
10.92
±1.19

Irradiated group

2 days
0.21*
±0.02
22.53*
±2.89

22.04*
±0.54
16.09*
±1.68

4 days
0.25*
±0.02
25.00*
±3.10
28.18*
±1.32
15.06*
±1.27

12 days
0.28
±0.02
30.70
±3.25
34.33*
±2.13
12.49
±1.19

Irradiated and bone marrow treated

2 days
0.33f

±0.01
35.69+

±4.15
53.14f

±4.76
12.36+

±1.52

group
4 days
0.33T

±0.02
36.80*
±3.97
56.87t

±1.58
11.35'
±1.40

12 days
0.351

±0.02
35.92t

±3.76
60.25*
±9.18
10.15
±0.16

Values are meant ±SE of sex animals
g * Significance compared to control non-irradiated P>0.05

t Significance compared to control irradiated rats P>0.05.
FT fresh tissue
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ABSTRACT

The mathematical code for evaluation of external gamma-radiation dose rate in
three-dimentional geometry on the basis of Monte-Carlo method was developed and
realized. Using this code the results, which can be applied in practice were obtained. The
dose rate estimations in radioactive forest for different gamma-emitters allow to work out
the safest scenario of forest harvesting work in the contaminated territories from a point of
view of the radioactive protection of staff.

Key Words: Effective Dose/Monte-Carlo Method

INTRODUCTION

As a result of Chernobyl nuclear power plant accident with the reactor core destruction large
amount of radionuclides formed in the reactor during its operation was released.

The fallout covered about a quarter of territory ofthe Republic of Belarus. The contaminated
forest area is approximately 17,000 km2,12 % of which has the level of contamination from 15 to 40
Ci/km2; 1.7 % - more than 40 Ci/km2 (1). This situation has led to reduction of raw material stock and
forest reprocessing in the Republic. Therefore the study of possible valorization ofthe forests which are
located in the contaminated territories is very important

At present, in the framework of the National Program on elimination of consequences ofthe
Chernobyl accident the special technologies and equipment are developed that will allow to reduce the
financial, social and ecological damages caused by this accident It is necessary to note that risk
assessment of additional irradiation dose (technogenic dose) for professionals and evaluation of
economic outcome of wood valorization give the necessary data to proceed to actual remediation and
appropriate management of contaminated forests.

The analysis of evolution of contaminated forest environment and corresponding long-term
prediction of exposure dose in Belarus forests gives a base for justification ofthe concept of forestry in
the Chernobyl zone.

Justification of Forest Harvesting Strategy on the Basis of Numeral
Modelling Method

For the years passed after ̂ .the Chernobyl NPP accident the forms of radioactive fallout
components have been modified and their migratory ability increased. Nevertheless 80-85 % of
radioactivity are still concentrated in the forest litter. Other 8-12 % and 5-7% of radioactivity are
concentrated in the soil mineral layer at a depth of 1-3 cm and in forest phytocenosis respectively a ) .

The investigations of wood trunk of different tree species, growing up in condition of
contamination that ranged from 3 to 900 Ci/km2, demonstrate the presence of radionuclides inside the
whole trunk. However, the radionuclides' content in bark and phloem is by a factor of ten higher than
this in wood. Today the wood specific activity (in pine-tree, birch, oak) does not exceed 1 10"* Ci/kg
(for industrial production it can be till 5 10*7 Ci/kg) at the soil contamination density till 40 Ci/km2 O).
Therefore it is possible to use this forest for making of business wood.
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Therefore, the realization of the remediation and wood reprocessing technologies should be
accompanied by evaluation of the ratio between cost of risk connected with additional external dose for
the staff and economic effect of wood valorization, hi order to receive more accurate information about
effective dose obtained by the forestry personnel involved in felling of forest or in decontamination
activity, the complex estimation and prediction of radiological conditions in contaminated forest with
due account of evolution of biocenosis should be carried out.

For this purpose the model based on the Monte-Carlo method was developed and three-
dimentional program "FOREST" was compiled. The model reflects the relations between rate of
irradiation and conditions of work, and allows to estimate effective dose on the forestry crews depending
on type of equipment used, its productivity, method of forest harvesting and contamination level(3).

The following operational conditions for forest harvesting equipment were analyzed at various
level of activity of wood stand (Af) and litter (Ai):

Soil and wood are contaminated (Table I, version 1-4);
only sail is contaminated (Table I, version 5);
only forest is contaminated (Table I, version 6);
soil in the open area without forest is contaminated (Table I, version 7);
planting density, n (Table II).

Table I.
Absorbed Dose Depending on Activity of Main Dose

Components of Forest, nSv/s.

Version JVs
1
2
3
4

5
6
7

Au Ci/km2 / Af, Ci/kg
15 / 10-7

25 / lO'7

40 / lO"6

100/5 1&6

25/0
0/10^

25

P, nSv/s
0.44
0.72
1.22
2.94

0.69
0.03
1.07

Table II.
Dependence of Dose Rate on Planting Density, nSv/s.

Planting density,
relative units

0.00
0.25
0.50
0.75
1.00

P, nSv/s

0.9
0.66
0.55
0.65
0.72

The results of calculation (see some examples in Table I) showed the essential difference between
an exposure dose rate in the forest and that in the open area. This is evident effect of shielding of
irradiation from soil by the forest. Therefore, the doses received by the crews depend also on the
operational mode of forest harvesting. It is also obvious that the type and productivity of forest
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harvesting equipment is important. Moreover, the irradiation background from the containers depending
on activity of its content was calculated (Table III).

Table III.
Dose Rate of Gamma-Radiation from Containers

with Radioactive Materials, nSv/s.

Af, Ci/kg / Ai, Ci/km2

Side wall of container
Content:
logs, bark, knots
litter
At 1 m distance from container
Content:
logs, hark, knots
litter

10"7/25

0.02
2.84

0.05
1.28

10^/40

0.31
4.59

0.13
2.07

lO'VlOO

4.95
11.66

2.39
5.32

On the basis of these calculations a set of feasible methods of organizing and carrying out
forestry work was formulated. Forest harvesting is modelled within a framework of two scenarios:

the crews operate for the long time with fixed contamination conditions;
the crews operate within zones with various contamination levels.

The data analysis showed, that it is possible to carry out the same volume of work with more
simple level of protection by means ofapplicationofthe second scenario of forest harvesting, which
would be based on alteration of irradiation conditions. The investigations (Table IV) showed that
irradiation of the machines depends essencially on ratio between productivity of different equipment.

Table IV.
Average Gamma-Radiation Dose Rate from Radioactive Fallout Affecting the Equipment versus

Various Methods of Clearing and the Conditions of Operation, nSv/s.

Method of
clearing

Frontal
felling

Felling
from the
centre

Felling to
the centre

Productivity

Balanced
Unbalanced

Balanced
Unbalanced

Balanced
Unbalanced

For all conditions

Class of
machines

1-3
1
2
3

1-3
1
2
3

1-3
1
2
3
4

Variant of contamination,
Ai (Ci/km2)/Af (Ci/kg)

40/10"7

1.06
2.20
2.56
1.28
1.11
1.50
2.56
1.61
1.14
2.14
2.56
1.53
0.25

500/10"*
8.56
18.99
22.32
12.59
9.00
18.46
21.57
12.18
10.00
18.15
21.60
12.73
2.34

IOOO/IO-6

15.99
34.81
41.45
24.74
17.07
34.25
39.28
23.80
19.02
33.78
39.06
24.94
6.09

Note: Class of machines: 1 - forest felling machines; 2 - processing techniques and timber loaders; 3 -
machines for litter collection; 4 - transport containers.
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I: ,i connected with possible ratio between dose rate from above-ground phytocenosis and this from
ground area and conditioned on a degree of screening by wood and on an extent of forest clearing. At
the balanced tactics of harvesting, i.e. when different machines operate all together with the same
productivity (e.g., when productivity of the timber loaders corresponds to that of the forest felling ones)
tke external doses are essentially lower than in a case, when all machines operate separately and with
different productivity (unbalanced productivity, e.g., when the forest felling machines move first, then
r essing techniques operate, and later on the machines for litter collecting are applied).

Within the scope of each tactic different methods of forest clearing were considered:
frontal felling, when operations are carried out from the border without moving into
the forest;
felling inside the forest with movement from the sides to the centre;
felling with movement from the centre to the sides.

The results of calculation demonstrated that the doses and, therefore, a level of protection being
ssightly dependent on variant of forest clearing, and thus, all variants can be considered as equivalent
with due of uncertainty of the initial data (Table IV).

The required level of protection of forestry equipment operators against gamma-radiation was
evaluated. The scenario and the extend of balancing are the factors determining these reqirements. On
tbe base of calculated data estimation of possible variants of design decision and evaluation of mass of
shielding material for the complex of machines were performed. These data show that in actual
condition the dose rate is distributed unevenly along the angle(3). The contribution of gamma-radiation
emanating from the upper half-space is approximately one third of that from the lower one (Table V).

Table V.
Gamma-Radiation Dose Rate, P, from Radioactive Fallout, nSv/s.

Version
.N2.

1
2
3
4

Al/Af
Ci/km2 / Ci/kg

15/10-7

25/10-7

40/10-6

100/5 10'5

Contribution of gamma-
radiation emanating from

upper half-space
0.10
0.17
0.30
0.73

Contribution of gamma-radiation
emanaring from lower half-space

0.34
0.55
0.92
2.21

It allows to differentiate the protection design correspondingly. Besides, the irradiation for
operators of litter collection machines and of transport machine for containers is defined mainly by
irradiation from storage bin of containers, hence the protection ensures by application of a single
element screening the dangerous direction. The determination of actual irradiation condition for each
type of forestry machines allows to reduce the mass of protection owing to more rational utilization of
shielding materials(4).

CONCLUSION

The analysis of conditions of forest felling and recovery operation showed that the productivity
ratio and harvesting scenario considerably influence the exposure dose for forestry personnel. In actual
condition various correlation of productivity of harvesting are applied, and proposed modelling gives an
actual dose rate corresponding to every productivity ratio. The method of forest clearing at considered
condition slightly influence the dose received by personnel, and thus, while determining a level of
protection it may not be taken into account.

The study demonstrated that complete information about the contaminated areas and supposed
productivity ratio of different types of machines is necessary to provide the protection level
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requirements. The methodical model which allow to evaluate an external dose for the forestt > na. •>
operators was developed. It define a dependence between ecternal dose and type of equipment
productivity, clearing scenario, felling area, contamination level and other characteristics
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ABSTRACT

This paper deals with comparative assessment of the environmental and health impacts of
nuclear and other electricity generation systems. The study including normal operations
and accidents in full energy chain analysis. The comparison of the environmental impacts
arising from the waste management cycles associated with non emission waste are also
discussed.

Nuclear Power while economically feasible and meeting 17% of the world's demand for
electricity is almost free of the air polluting gases that threaten the global climate.
Comparing nuclear power with other sources for electricity generation in terms of their
associated environmental releases of pollutant such as SOj, NOX, COj, CH< and
radioisotopes, taking into account the full fuel chains chains of supply option, nuclear
power will help to reduce environmental degradation due to electricity generation .
activities. In view of COj emission, the ranking order commences with hydro, followed by
nuclear, wind and photovoltaic Power Plants. CO* emissions from a nuclear power plant
arc by two orders of magnitude lower than those of fossil fueled power plants.

A consequent risk comparison between different energy sourceshas toinclude at phases of
the whole energy cycle. Coal mines accidents have resulted in several 1000 acute deaths
over the years. Later fatalities have never been estimated. Then came hydropower, also
resulting in many catastrophes and losses of human lives. Followed*oil and gas energy
industry, its tribute in acute fatalities is expressed- in more than 1000 lifes lost. No
estimate is available concerning later fatalities, latest in the list is commercial
nuclcarcncrgy, badly illustrated by the Chernobyl accident resulting officially in 31 acute
fatalities, 145 latent fatalities, and 135000 evacuated individuals.

The paper offers some findings and conclusions on the role of nuclear power in protecting
the global environment

Key words: Full chain-Energy Systems — Health — Environmental Impact - Comparative
Assessment

THE ROLE OF NUCLEAR POWER

Nuclear Power can play an important role for the sustainable of energy. The resources
base is large. Current estimates are that uranium resources will last some 400 to 500 years
at the present rate of use. This resource base could furthermore, last some 50 times longer
if breeder reactors were introduced {GTDC, 1995].
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The fossil fuels such as coal, petroleum, natural gas and oil shale have made and are still
making great contribution to the progress of human society (Fig. 1), however they are all
non renewable energy sources. In addition they have limited reserves and uneven
geographical distribution. It is estimated that the exploitable reserve of coal of the world
is about 760 billion tons, petroleum 95.8 billion tons and natural gas about 9800 billion
cubic meters. If calculated at the current rate of consumption, there will be decades of
consumption, for the proven reserves of petroleum and natural gas and hundreds of years
for coal.

A total of 443 nuclear power plants are currently operating in 32 countries around the
world, During 1996, construction of three new nuclear reactors started bringing the total
number of nuclear reactors reported as being under construction to 35 in 14 countries
world wide in 1996, total nuclear generated electricity grew to 2300 TWh. This is more
than the world's total electricity generation 1912 TWh - from all sources in 1958. Overall
nuclear power plants provided approximately 17% of the world's electricity production in
1996. (Fig.l), Cumulative worldwide operating experience from civil nuclear reactors at
the end of 1996 was over 8135 years, 18 countries relied upon nuclear power plants to
supply at least a quarter of their total electricity needs.

Nuclear energy has played a major role in reducing the world's use of oil for electricity
generation over the past two decades. Based on an evaluation of all fuels (coal, oil and
natural gas) that would have been used to generate electricity if nuclear energy plants had
not been built, from 1973 - 1989, nuclear energy displaces the burning of a cumulative
total of 15.5 billion barrels of oil world wide. Oil generated less than 10% of the world's
total electricity in the 1990's compared to more than 25% in 1973.

Advanced designs are been developed for all types of reactors. The main goals of the
designers and manufactures are to: improve the economics of nuclear power, reduce the
residual risk of accident, reduce the emissions and residuals, including radioactive waste
from routine operation of nuclear facilities, expand the resource base and broaden the
range of applicability of nuclear power.

In an increasingly competitive-and international global energy market, a number of key
factors will affect not only the energy choice but also the extent and manner in which
different energy sources are used. These include: optimal use of available resources;
reduction of overall costs; minimizing environmental impacts; convincing demonstration
and safety; and meeting national and global policy needs. For nuclear energy and other
options these five factors will determine the future of energy mix and strategies, at the
national and global levels.

ENERGY DENSITY COMPARISONS (FUEL AND LAND REQUIREMENTS)

The quantity of fuel used to produce a given amount of energy - the energy density-
determines in a large measure the magnitude of environmental impacts as it influences the
fuel extraction activities, transport requirements, and the quantities of environmental
releases and waste. The extraordinary high energy density of nuclear fuel relative to fossil
fuels is an advantageous physical characteristic [IAEA, 1997}.

One kilogram (kg) of firewood can generate 1 kilowatt-hour (kW.h) of electricity. The
values for the other solid fossil fuels and for nuclear power are:



1 kg coal: 3 kVV.h
lkg oil: 4kW.h
1 kg uranium: 50 000 kW.h

(3 500 000 kW.h with reprocessing)

Consequently, a 1000 MW (e) plant requires the following number of tones of fuel
annually [IAEA, 1997].

2 600 000 t coal: 2000 train cars (1300 t each)
2 000 000 t oil: 10 supertankers
30 t uranium: reactor core (10 cubic meters)

The energy density of fossil and of nuclear fuel allows relatively small power plant areas of
some several square kilometers (km2). The low energy density of renewable, measured by
land requirements per unit of energy produced, is demonstrated by the large land areas
required for a 1000 MW(e) system with values determined by local requirements and
climate conditions (solar and wind availability factors ranging from 20 to 40%):

Fossil and nuclear sites:
Solar thermal or
photovoltaic (PV) parks:

Wind fields:
Biomes plantations:

1-4 km2

20-50 km2

(a small city)
50-150 km2

4000-6000 km2

(a province)

ENERGY REQUIREMENTS OF ELECTRICITY GENERATION TECHNOLOGIES

Net energy analysis in power generation has been introduced as a feasible and practical
method for evaluating the engineering, economic and environmental aspects of power
generation systems. It compares total direct and indirect energy investment in
construction and operation of power plants with their life time energy output.

A number of studies have been performed considering net energy analysis for electricity
generation technologies, including fossil fueled technologies (large scale coal, oil and
natural gas fired), nuclear power and renewable energy systems (small - medium hydro,
geothermal, wind, wave, tidal, ocean thermal energy conversion, solar thermal,
photovoltaic, and gasified biomes power plants) [IAEA, 1994], [San Martine, R.L., 1989].

The analyzed technologies are investigated on total energy processes through their
processing, transportation and use in power plants, the dismantling of power plants to
management and disposal of̂  wastes.

Electricity generation systems consume fossil fuels directly and indirectly in the various
activities of the full energy chain. Fig. 2 gives the rates of fossil fuel consumption
associated with the direct and indirect energy consumption for generating 1 kW.h of net
electricity [IAEA, 1996]. These rates were obtained by subtracting input electricity from
output electricity. The consumption rates are highest for fossil-fueled power plants: 2 455;
2 518; and 2 687 kca/kWh for oil, coal and LNG power plants, resp. Fossil-fueled power
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plants, resp. Fossil-fueled power plants burn large amounts of fossil fuels: 96%; 95% and
85% of total amount of fossil fuel for oil, coal and LNG-fired plants. Nuclear, hydro and
geothermal power plants have the lowest fossil fuel consumption: one to two orders of
magnitude smaller than that of renewable energy and fossil fuel power systems.

Table (1) gives a comparison between large scale power generation technologies,
output/input energy ratio, and net energy supply during the plant life of 30 years were
estimated [IAEA, 1994].

From the results of the study nuclear and fossil fired power plants are net energy
producers and are capable of supplying large amounts of electricity. Among renewable
energy technologies, hydro and geothermal power plants are superior on the basis of
energy analysis because of their higher energy density.

ENVIRONMENTAL IMPACTS

Although the use of electricity is' relatively benign, its generation is one of the world's
environmentally damaging activities, while the energy sector contributes 49% of
greenhouse gases, electricity generation alone produces more than 25% of energy related
carbon dioxide emissions. During the past 20 years, half of all increases in energy related
carbon dioxide emissions were from electricity [IAEA, 1996J, [Ellis, J., Peake S., 1995].

Emissions to the environment have been the principal focus of energy impact studies other
significant impacts such as land disturbance and population displacement together with
their economic and social implications are less emphasized. Major impacts such as
depletion of natural resources and large fuel and transport requirements that influence a
wide range of areas including occupational and public safety as well as national transport
systems are generally ignored. The quantity of toxic pollutants and waste generated from
fossil fuel plants are much more than the quantities from other energy options (Fig. 3). In
general, the pollution depends on the impurity level of the fuel, with natural gas cleaner
than oii and oil cleaner than coal.

A 1000 MW (e) coal plant without abatement technology produces annually an average of
some 44 000 tonnes of sulphur oxides and 22 000 tonnes of nitrous oxides that are
dispersed into the atmosphere. Additionally, there are 320 000 tonnes of ash containing
400 tonnes of heavy metals - arsenic, cadmium, cobalt, lead, mercury, nickel and
vanadium - quantities which ignore energy chain activities such as mining and
transportation (IAEA, 1997], [Pirila, P. et al., 1986], [UNDP, 1995].

Fossil fuel plants using modern abatement technology can decrease noxious gas releases as
much as ten-fold, but significant quantities of solid waste can be produced in the process.
Depending on the sulphur content, solid waste quantities from sulphur abatement
procedures for a 1000 MW(e) plant are annually as much as 500 000 tonnes from coal,
more than 300,000 tonnes from oil and some 200 000 tonnes from natural gas sweetening
procedures (Fig. 3) The waste, which contains small quantities of toxic substances, is
commonly stored in ponds or used for landfall and other purposes. Regulatory bodies are
increasingly categorizing such waste as hazardous.
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Table 1: Large Scale Power Generation Technologies [IAEA, 1994]

(plant lifetime: 30 years)

Power plant

Plant capacity [M\V]

Capacity factor [%]

Auxiliary power in-house

consumption rate [%]

Electricity generated GW.

[h/a]

Fuel [Teal / a]

Capital energy

Fuel extraction [Tcal/a]

Transportation [Tcal/a]

Plant [Teal]

Operational energy [Tcal/a]

Fuel extraction

Oil-refining

Milling

Conversion

Enrichment

Fabrication

Transportation

Generation

Energy payback time [aj

Energy ratio

Net energy balance [GW.h]

Coal-fired

1000

75

7.4

6084

14 488

6.9

8.4

748.4

387.4

333.3

37.4

0.09

17.15

171 871

Oil-fired

1000

75

6.1

6169

14 488

10.7

5.7

582.2

160.7

314.2

129.2

29.1

0.08

20.75

176 157

LNG-fuelecl

1000

75

3.5

6340

14 488

4.3

10.6

582.2

2070.0

(liquefaction)

410.9

29.1

0.09

5.61

156 278

PWR

1000

75

3.4

6347

16 866

0.0

967.4

0.6

24.1

12.9

297.5

4.8

0.3

48.4

0.07

17.40

179 455

Note: Energy pay-back time = [capital energy for plant + operational energy x 30 years] /
[electricity produced - operational energy).
Energy ratio = electricity produced x 30 yea'rs - [capital energy except for plant x 30 years + capital
energy for plant + operational energy x 30 years].
Net Energy Balance = electricity produced x 30 years -[capital energy except for plant x 30 years +
capital energy for plant + operational energy x 30 years].

Table (2) presents emissions in Kg/GW.h of power generating systems, for the full energy
chain including the full energy chain including the fuel cycle and the construction of the
plant.
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Table 2: Emissions of Power Generating Systems [IAEA, 1996]

Emissions
(kg/GW.It)

- SO2
- NOX
- dust

Wind

10.9-23.5
16.0-34.2
2.0-4.3

Solar

300-380
300-380
60-80

Coal

704-709
717-721

150

Nuclear

33-50
64-96

6-8

A 1000 ' T W (e) nuclear power plant does not release noxious gases or other pollutants and
produces annually only some 30 tonnes of discharged high level radioactive spent fuel
along with 800 tonnes of low and intermediate level radioactive waste. Significant
reductions in the volume of low level waste to be managed can be made through
compaction. In the USA, low level solid waste from nuclear power plants has been
reduced ten-fold over the past decade to 30 cubic metres annually of compacted waste per
plant - a total of some 3000 cubic metres from all operating plants. For perspective,
industrial operations in the USA are estimated to produce annually more than 50 000 000
cubic metres of solid toxic waste [IAEA, 1997].

The fossil fuel with their combustion associated CO2 emissions, and inherent
emissions associated with its production and transport are a separate category of high
GHG emission factors, ranging from 500-1200g CO2 equiv./kW(e).h. Future energy
efficiency improvements could lower these emission factors considerably but it is unlikely
that the large gap between fossil fuels and the other energy sources can be bridged. A
major factor of uncertainty of natural gas is the release of gas during production and
transportation.

The emission factors of non-fossil fuel energies which are mature, viz. wind, geothermal
and nuclear energy, are vary low. They are in the range of 10-70g CO2 equiv^kW (e).h.
The emission factors of hydropower and sustainable biomass are uncertain due to
difficulties in accounting for the emissions of CH4 from anaerobic biodegradation from the
hydropower water reservoir and in-soil biomass, (mainly roots), resp. Hydropower and
sustainable biomass energy have emission factors in the range of 10-400 and 40-80g CO2

equiv. /kW(e).h, resp. The renewable energy sources, which are still under development,
viz. solar and ocean energies, show emission factors of 100-300g CO2 equiv./k\V (e). h.
(Fig. 4).

Generally, accounting for methane sources in the complete fuel chain increases GHG
emission factors substantially.

Table (3) shows the CO2 emissions from selected plant types, together with their expected
cost of electricity generation in the year 2000. It is clear trade-off will still often be
required in 2000 between low cost and low CO2 emitting electricity generating
technologies, despite the projected fall in the cost of renewable electricity. Scatter within
the emission factors from different studies of an individual energy source can be
attributed to different methods and data bases. Input/output analysis from
methodological weaknesses whereas process analysis suffers from the incomplete
identification of GHG sources. Dota bases often are not up to date. Uncertainties in the
global warming potential of CH4 also add to the scatter in the emission factors.
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Table 3: Projected Costs of and CO2 Emissions From Selected Electricity Generating

Sources [Ellis, J., Peake, S., 1995J

Electricity sources

Pulverized coal

Atmospheric fluidized

bed combustion

Pressurized fluidized

bed combustion

Integrated gasification

coal combustion

Combined cycle gas

turbine

Light water reactor

Large hydro

Centralized photovoltaic

system

Geothermal

Wind
Large biomass

Net efficiency
(%)

36-43

36-43

40-45

44-49

50-61

-

-

-

-

-

-

Cost in the year
2000

(Usc/kW.h)

4.0-6.5

4.6-5.3

4.9-5.1

4.9-5.1

3.7-7.3

5.6-7.4

3.8-8.7

11.3-62.8

2.4-4.9

4.4-7.6

7.5-7.8

CO2 emissions "
(g/kW.h)

795-950

795-950

760-850

700-775

330-405

0

0

0

0

0

0
a Emissions from generation only (life cycle emissions not included)

The direct emissions of CO2 from nuclear power are very low. However, nuclear power
releases some CO : if indirect processes are taken into account. The direct and indirect
COi emissions from nuclear Power generation was calculated. Fig. 5 gives these emissions
for PWR nuclear power plant (1100 MW) itself, and the front end and for the back end
processes of the nuclear fuel cycle. The total CO2 emissions associated with the
construction of the PWR power plant is given in Fig.6 for the major components of the
plant. The life cycle CO2 emission coefficient, the sum of the direct and indirect
components, is about 25.7 g CO2/KWh when the gas-diffusion process is utilized for
uranium enriched. The indirect component is about 89% of the total COi emission
coefficient. The life cycle CO2 emission coefficient for nuclear power is 2.7% of that of
coal fired power generation.

ELECTRICITY GENERATION SYSTEMS AND WASTES

All the electricity generation systems give rise to solid, liquid and gaseous waste streams.
These can be divided into emission wastes and non emission wastes. The non emission
wastes, include contaminated gases and aqueous liquids, slurries, sledges, spent filters,
building and dismantling rubble, non aqueous liquids, contaminated ash and soil, flue gas
purification residues and other materials. In a broadly based comparison it is important
to consider all the wastes arising in all aspects of the generation systems.
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The following points are examined systematically when identifying wastes arising within
each system: provision of the fuel or energy source; combustion or conversion of the
energy source to electricity; management of conversion products; facility construction,
materials manufacture; non-fuel related operational wastes, e.g. in transportation, routine
maintenance wastes, abnormal maintenance wastes; spillage and clean-up; and final
decommissioning wastes.

The first step in the fuel chain is extraction of the fuel and raw materials required for
treatment processes, this step includes mining/ benefaction and drilling production wastes.
Estimates of the amount of waste (including overburden) associates with hard coal mining/
benefaction are on the order of 600-1200 thousand T/ GW (e). a (roughly 20 - 25% of the
raw coal ore) [Ellis, J., Peake, S., 1995]. For the nuclear fuel chain, less fuel is required,
however the uranium/ thorium is typically present in concentrations of slightly less than
0.1% up to more than 10% in an ore body. Using uranium data from the OECD/NEA
[Ellis, J., Peak S., 1995] a weighted average of roughly 100 thousand tonnes of tailings per
GW (e). a are produced when conventional methods are used. The amount of waste
associated with production activities for gas and oil tends to be relatively small in
comparison with mining/ benefaction, but some of the wastes are classified as hazardous
and in some cases radioactive.

Table 4 provides indicators of relative amounts of waste from the fuel preparation and
power plant operation steps of a number of electricity generation fuel chains. During the
step of plant operations, coal fired plants generate large quantities of combustion waste
including fly ash and bottom ash that result from the burnt fuel, as well as gypsum and
sledges from different flue gas desulfurization (FGD) techniques. Data from a number of
sources suggest that the amount of ash typically ranges from 200-600 thousand t/ GW
(e).a, FGD wastes range from 100-300 thousand t/ GW (e).a, and other wastes can be as
much as roughly 100 thousand t/ GW (e).a [Roger Seitz, 1997].

Waste from the operation of nuclear power plants is probably the most studied waste in
the world. However, as shown in Fig. 3, the amount of waste generated by nuclear power
plants is very small compared with the waste generated by electricity generation systems
as a whole.

Fuel and Waste Comparisons
1000-MWe electricity plant in tonnes/year

Nuclear Coal *

Fuel: 27t (160t Natural Fuel: 2.6 million t
uranium/year) (5 trains of 1400t/day)
Wastes: Wastes:
25t (high level) 6.5 million t CO2

310t (intermediate) 900 t SO2

460t (low level) 45001NOX

320,0001 Ash (with 400t
toxic heavy metals)

Equipped with latest pollution abatement technology.
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Table 4: Representative Quantities of Untreated Direct waste Arising from Fuel
Preparation and Plant Operation Steps in Selected Fuel Chains (PER GW
(E).A. Excluding Wastes from Secondary Activities Such as Facility
Construction, Maintenance and Transportation [Roger Seitz, 1997].

COAL

Solvent refined coal conversion to
fuel oil

Coal gasification

coal-fired plant operations
- Ashes
- Sludges and others
- FGD (when used)

SOLAR

PV cell manufacturing2

- GaAs based

- CuInSe2, CdS, CdZnS or
CdTe based

- a-Si P-I-N based

BIOMASS/ GEOTHERMAL

Wood fired steam electric ashes

Geothermalsludges

(vapour dominated)

L

VL

VL
M/L
L/VL

S3

vs/s3

vs/s

L/VL

M

NUCLEAR

Conversion, enrichment and
fuel fabrication

Operations
- low/intermediate-level

waste
- high-level waste

(reprocessing)
- spent suel (once through)

OIL

shale retorting

refining crude oil

oil fired plant operations
- Ashes (excl. FGD)
- FGD sludge and ashes

NATURAL GAS

Gas sweetening4

-classifier/ separator sludge

-water treatment sludge

gas fired lant operations

VS/S

s

vs.

vs

VL

M

S/M
VL

L/VL

M/L

VS/S5

Scale: [Very Smal (VS) < 0.1]; [Small (S) 0.1-1] ; [Medium (M) 1-50] ; (Large (L) 50-250];
[Very Large (VL) > 250] ; Units are 1000 tonne/GW (e)-a

Notes:
1- Ranges are based on representative averages that, in many cases, are derived using

that were provided (there may be examples of specific cases that are less than or
greater than the indicated ranges). The quantities from each activity cannot be added
as different combinations of waste streams apply to individual cases.

2- Quantities are derived assuming the amount of waste is averaged over the lifetime of
the solar cells.

3- Based only on quantity of toxic or hazardous GaAs, CuInSe2 or Cd containing wastes.
Other process wastes not included.

4- Based on one source, there would be a lot of variability depending on the process.
Only applicable when gas sweetening is necessary.

5- Estimate based on qualitative information.
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Fig. 7: illustrates the distribution of wastes generated from selected sources for five
representative countries. These data should be regarded as order of magnitude indicators
and comparisons between countries may not be relevant. In general, the agricultural and
mining sectors tend to be among the largest sources of waste. However, as shown in Fig.
7: energy production (includes electricity, gas, steam and hot water for Sweden, United
Kingdom and Germany (FRG) and is limited to power ashes/slages for Japan and
Romania) and industry can also be large sources of waste. Nevertheless, the waste from
operations of commercial nuclear plants is a small fraction of the total amount of waste
from all sources and even from all energy production sources in each of the countries. It
should be noted that Fig. 7 is intended to provide perspective on the relative amounts of
waste from a variety of sources and the waste in the energy production and nuclear power
plant categories are generally limited to waste from the operations step of the chain.

RISK COMPARISON OF ENERGY SOURCES

Beyond doubt the Chernobyl accident was a severe accident in all its dimensions. For
comparative purposes a review of other large energy related as well as other industrial
accidents is needed. While the perception of nuclear accidents may not change, such a
review provides some perspective. In the industrial sector,, the well known 1984 Bhopal
accident at a chemical plant in India caused some 3000 early deaths and several hundred
thousand severe health effects.

In the energy sector, dam failures and overlapping have caused thousands of deaths and
massive disruption in social and economic activities with displacement of entire towns - the
Variant dam overlapping in Italy and dam failures in Gujarat and Orissa in India are
three such examples, each with several thousand fatalities. Severe coal mine accidents
causing several hundred deaths are not rare. Explosions and major fires in the oil and gas
industry have involved both occupational and public fatalities and injuries. A pipeline gas
leak explosion in the Urals involved 500 fatalities. Energy sector accidents have also led to
severe environmental damage, such as the 1989 Exxon Valdez oil tanker accident in
Alaska [IAEA, 1992], [Rashad S.M., 1996], [Marshall V.C., 19881.

If risk assessments considered only short term severe accident fatalities (Table 5), the
reported data would indicate that hydroelectrio and gas fuel cycles have led to the largest
single event fatality numbers. However, to draw conclusions about the relative safety of
the various energy systems, fatalities and morbidity - occupational as well as public - over
the longer term must be considered. Equally important are the maturity of the technology,
the quality and maintenance of equipment and the safety and environmental controls.

REVIEW OF SEVERE ACCIDENTS

Given here a short review of accidents that have occurred during the last decades at the
different energy sources including all phases of the whole cycle [IAEA, 1992], [Hirschberg,
S., et al, 1996], [Ball, D.S., et al., 1994J.
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Table 5: Short term Fatalities (1970 - 1992) (Hirschberg, S., et a!, 1996]

Coal"
Oil
Natural gas
Liquid propane gas
Hydro
Nuclear

Events

133
295
88
77
13
1

Fatalities

Range
5-434
5-500
5-425
5-100

10-2500
31

Total
6 418
10 273
1200
2 292
4 015

31

Average

fatalities

0.32
0.36
0.09
3.1
0.8

0.01

The total is some 10 times higher if accidents with less than 5 fatalities are included.

HYDROPOWER

During the last 30 years, some few dam catastrophes have occurred throughout the world,
each of them resulting in more than 1 000 deaths (Vaiont, Italy, 1963, 1189 deaths;
Machhu India, 1972,2 000 deaths; Gujarati, India, 1979,15 000 deaths). Other accidents
have occurred during the same time period resulting in several hundred deaths.
Furthermore accidents have occurred where an effective warning system has resulted in
early evacuation of the endangered population, thus drastically limiting the losses of
human lifes (Teton, USA, 1976, only 14 deaths, 30 000 people without housing).

As a severe example of hydro-electric power risks, a brief summary of the Vaiont
catastrophe is presented here. The Vaiont dam in the Italian Alps was among the highest
concrete dams in the world and almost 300 m height. The dam was put in operation 1960.
In September 1963 geologists noted that a large mass of land was slipping slowly toward
the reservoir valley upstream the dam, due to heavy rain. On 8 October, dam engineers
estimated that the land masses could reach the reservoir within a few weeks and started
consequently the reduction of the dam water level. The same day warnings were send to
the population drawing its attention to the danger of being on the reservoir shores. On 9
October a gigantic and sudden landslide occurred sending almost 200 millions tones of
material into the reservoir. The resulting wave over topped the dam by about 125 m. The
water entered the narrow Pave River valley and a wave of water, mud and rocks, 60 m
high, continued downstream, devastating the town of Longhorn and several villages. The
official figure of the death toll was 1 189. Higher figures have also been published. The
dam remained almost intact with only minor damages to the top of its retaining wall. The
accident resulted in a reduction of the reservoir by 2/3, thus rendering it useless for
hydroelectric power production. The plant was consequently closed down.

NUCLEAR POWER

Comparing Chernobyl accident with the TMI-accident showed that a melt in a western
light water reactor is not similar regarding environmental or human catastrophe. The
highest radiation dose someone could obtain staying continuously outdoor near the TMI-
plant was equivalent to one year natural radiation dose. The TMI-accident is the only
core melt accident having occurred in a commercial light water reactor. Until now an
operational experience of about 5 000 reactor x years nas been accumulated with such
light water reactors.
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About seven years after TMI occurred the catastrophe in the graphite moderated, light
water cooled reactor Chernobyl 4 happened. Important contributing causes to the
accident were major deficiencies in the reactor construction (unstable physical properties
in combination with ineffective shut down system) and in the safety philosophy (lack of
tight and strong containment). Soviet officials confirmed in April 1991 in Paris that the
total death toll is 31 (these persons died within two months after the accident). 145 persons
show sign of radiation induced illness (later injury can be expected for these persons). 135
000 persons were evacuated in 6 days after the accident. Some more local evacuations
have been actual. A land area with a radius of 30 km is commonly inhabitable for
decades. The psychological consequences are important into the public due to
radiophcMn (not only in the contaminated areas but also in countries outside USSR). The
total economical consequences of the accident have been estimated at 25 billins roubles
including the relocation of about 200 000 people Table 6. Shows the Long Term Health
Effects of Chernobyl.

Table 6: Long Term Health Effects of Chernobyl

Emergency workers

Liquidates (nation-wide)

Evacuated 1986

Residents in the high zone

Infants 1986 (up to 4 years)

Number of
people

1000

650 000

115 000

300 000

1 000 000

Cancer deaths
from other

causes

180

90 000

17 000

40 000

a

Cancer deaths
from radiation

(increase)

20 (2.0%)

2 000 (0.3%)

400 (0.3%)

1 000 (0.3%)

b

a Fiffy thyroid cancers (treatable).
b Several thousand thyroid cancers (treatable).

Source: One Decade after Chernobyl: Summarizing the Consequences of the Accident (Proc.
Conf. Vienna, 1996), IAEA, Vienna, (1996).

COAL

Unlike hydropower and nuclear power, it is the daily operation of coal fired power plants
which constitutes the most significant health and environmental risks. Accident risks in a
coal fired power plant are, from the health point of view, limited to the plant personnel
(i.e. death risk in connection to fire or explosion). For the environment, the consequences
of an accident will affect only the plant's vicinity.

The three worse mining accidents recorded in the openly published literature count more
than 1000 deaths each (Couriers, France, 1906,1 060 deaths; Fushun, China, 1931,3 000
deaths; Honkeiko, China, 1942, 1 549 deaths). Relatively often the death toll of mining
accidents exceeds 100 victims. The number of non-fatal injuries in coal mining accidents is
about 10 times higher than the respective death toll. American statistics shows that coal
mining accidents in the USA have contributed to half the death toll in working accidents
until year 1960. The coal mining industry still constitutes today the most injuries affected
industry in the USA. The same is probably valid for all countries mining coal below
"round.
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Later health risks for miners are well documented. The mean life expectancy for miners is
significantly lower, up to decades, than the one for the average person living in respective
country.

Another risk with coal mining is related to the wastes, as depicted in the following. Waste
generated at coal mines is generally piled into huge slag tips. Occasionally there are
landslides on these tips. One such slip occurred at Aberdeen, South Wales, October 1966.
A large part of a slag tip, lubricated by groundwater and heavy rains, slipped down a 200
m slope and engulfed a primary school and eight other buildings. 144 people died in this
accident, 116 of them were young children.

NATURAL GAS

The acute health risks resulting from the widespread use of natural gas are dominated by
catastrophes during extraction (exploration / drilling/production), important gas leakages
in the distribution network, compressor and monitoring stations, fire and explosion in
areas with high population density. The last issue includes potentially very significant risks
in harbor cities due to ship transport of Liquefied Natural Gas (LNG).

With the development of off-shore exploration, especially at sites distant from land, large
exploration and accommodation platforms were built, often located in adverse
environment, as the North Sea. Two accidents are summarized below, illustrating the
potential severity of off-shore catastrophes.

The capsizing of Alexander Kielland in March 1980 is probably the worse accident having
affected an accommodation platform. It capsized in storm force weather in the Ekofisk
field, and was found upside-down. Of the 225 persons on board, 123 died, many of the
bodies were never recovered [IAEA, 1992].

In July 1988, the Piper Alpha platform was totally destroyed by fire and explosion. This
platform was an oil production installation. As a result of a major gas leakage in the
compressor system, a fire started and explosions occurred disabling among other both the
control room and all electrical power supply; The fire fighting system was ineffective and
the fire escalated rapidly. The main gas pipeline to land failed without any possibility of
isolating the natural gas leakage. Gigantic gas bubbles went to the sea surface and caught
fire. The subsequent fire balls enveloped the entire platform, leading tj> its collapse and
total destruction. This catastrophe resulted in 167 deaths. The economical loss exceeded
billion US dollars.

In October 1949 occurred a LNG-leakage at the Ears Ohio Gas Company, Cleveland,
Ohio, USA. The leakage was 2 900 m3 LNG. The gas cloud ignited promptly and
deflagrated. Some gas entered the sewage system and ignited there. The flames reached
900 m in altitude and a fire ball 300 m in diameter formed. The whole installation was
destroyed. 128 persons died and 400 suffered severe injuries. As a consequence of the
Cleveland catastrophe a massive opinion ground up in USA against the use of natural gas.
Use of similar installations was stopped for almost 30 years.

Year 1973 occurred in USA a new catastrophe during reparation work on an empty 95
000 m3 large LNG-storage tank in the New-York state. The tank had been drained one
year earlier and had also been flushed inflammable gas. 42 persons were working inside
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the storage tank, some of them doing welding reparation works. Suddenly an explosion
occurred which blowed off the steel and concrete tank top. Its subsequent fall and the
explosion killed altogether 40 workers. The most credible cause of the accident was that
some natural gas was still present in the tank despite the earlier flushing. This fact was
never officially recognized against the background of the Cleveland catastrophe and the
prevailing opinion.

During the severe winter 1987, several accidents occurred in Europe due to leaking gas
pipelines being torn by earth movements because . the cold weather. The resulting leak
points were difficult to localize in the densely populated cilies. Explosions and fires
resulted in several deaths.

Finally an indication is provided below of the huge_amounts of energy contained in the
pressurized gas transportation pipelines. This indication refers to the catastrophe in June
1989, in Ural, USSR, when a leaking gas pipeline resulted in the worse train catastrophe
ever in USSR. A gas leakage had been in progress for 5 hours. The gas escaped up to
some kilometers from the leakage point. A spark, from one out of two trains circulating
some kilometer from the pipeline, ignited the gas cloud. The following explosion
overturned the wagons. The heat resulting from the gas burning was so intense that two
wagons melted partly and became welded together. Between 600 and 800 persons died, a
majority of the offers being children on the way to vacation centers. All trees were
wrecked inside a radius of 4 km. The explosion has been calculated as equivalent to 10
kilotons TNT, or the strength of a small atomic bomb [IAEA, 1992].

OIL

The health and environmental risks connected to the extraction, transportation and
storage of oil are dominated by the risk for explosions and fires, and significant oil
leakages. What has been said above for natural gas, including some hundred of totally lost
platforms, is also valid for oil extraction. An environmental risk which is rarely touched
upon is the risk for uncontrollable oil leakages during prospecting or extraction.
Disregarding such leakages caused by acts of war, like in the Persian Gulf this year, there
was the important oil leakage in the Mexican Gulf, in the late seventies. Almost six
months were needed to stop the leakage which finally amounted to about 300 000 tonnes of
crude oil released into the aquatic environment.

The oil industry has also caused disasters, both to man and the environment, during the
transportation and loading/unloading of its products. A serious accident occurred in Eire,
January 1979, and involved the supertanker "Betelgeuse" moored at a jetty at Whiddy
Island and unloading its crude oil. A fault in-pumped ballast caused the tanker to break
mid-ship. Due to unknown reason the tanker caught fire and several explosions followed.
The entire crew, two passengers and the shore staff on the jetty lost their lives, with a final
death toll of 50. The tanker was totally destroyed, the jetty severely damaged. An
indication of the energy released during the explosion was obtained when a 500 kg heavy
steel plate from the tanker was found 600 m from the accident point

The transportation of crude oil with supertankers has recorded a significant number of
castrophes where very large quantities of oil leaked and resulted in severe ecological
damages. At the end of the sixties the crude oil tanker Torrey Canyon ran aground in the
English channel. 100 000 tonnes of crude oil were spilt. About ten years later, in 1978, the
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crude oil tanker Amoco Cadiz ran aground of Bretagene, France. 250 000 tonnes of crude
oil were spilt and swept more than 350 km of the coastline, ruining the marine ecosystem
for decades. More recently, in 1989, the crude oil tanker Exxon Valdez grounded in the
Prince William Sound, Alaska. About 40 000 tonnes of crude oil were spilt contaminating
about 1 600 km of coastline.

FINDINGS AND CONCLUSIONS

The extraordinary high energy density of nuclear fuel relative to fossil fuels is an
advantageous physical characteristic. The energy density of fossil and of nuclear fuel
allows for relatively small power plant sites of a few square kilometres. The low energy
density of renewables results in high land requirements.

Full energy chain analyses show that there are a wide variety of significant issues and
impacts linked to energy options. These analyses demonstrate the significant greenhouse
gas emissions that can be related to significant fuel extraction, transport, manufacturing
and construction activities. Nuclear power and wind are on the low side of full chain
emissions.

Managing nuclear power waste has distinct advantages as the quantities are remarkably
small relative to the energy produced. The small quantities permit a confinement strategy,
with the radioactive material, beginning with the nuclear fission process through to waste
disposal, essentially isolated from the environment.

All energy sources represent some risks, highly depending on different countries culture
and economics. These risks have to be assessed and minimized, and should part of an
integrated view on the risks in the society.
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Sweden

UK

FRG

Japan

Romania

Communal

3
20

26

50

5

Industrial

13
56

67

395

11

Energy Production*

(Nuclear Reactors ')

0.6 (0.0087)
13 (0.06)

12 (0.02)

55 (0.02)

12 (n/a)

Agriculture

21
80

Not reported

77

6

Mining /
mineral

28
107

97

34

44

* Data include waste from electricity, gas steam and hot water for Sweden
UK and Germany and "Power plant ash/slag" for Japan and Romania.

** Commercial nuclear reactor waste data (shown in Parentheses) obtained
form several sources as documented in Chan-Sands and Seitz, Worldwide
Overview of Inventories of Radioactive Waste, in proceedings from
GTDC Workshop on Toxic Waste, 4-6 Sept. 1996 Vienna (1996).

Notes: Values should be considered order of magnitude estimates and are not
necessarily comparable between countries due to different definitions and
counting methods that may be used. The energy production data do not
include mining / beneficiation waste and also do not account for waste
associated with imported fuel.
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ABSTRACT

The objective of this work is provide analytical formula of the dispersion
parameters to describe the polluted point source in space release to the atmosphere.
The Gaussian Plume Model (GPM) choice as appropriates framework to illustrate
this work. The analytical formula of the Gaussian Plume Model dispersion
parameters in spherical coordinate was written. These parameters were calculated
at different azimuth and polar angle and with different stability index and plotted
in family of curves. This curves show a symmetrical distribution of the vertical and
horizontal dispersion parameters around the polar angle n H.

Key words: Gaussian Plume Model/dispersion parameters/spherical coordinate

INTRODUCTION

Many works were done theoretically and experimentally on the dispersion of pollutants
released into the atmosphere. From the theoretical point of view, the atmospheric dispersion
problem has been treated by three approaches;

-The gradient transfer or K - theory approach.
-The statistical theory approach, and
•The dimensional analysis approach(t)

The. main term in the atmospheric dispersion calculation is the spatial configuration of the
source released. Among different kind of sources, the point source is considerable for
mathematical simplicity. To describe the atmospheric diffusion, some atmospheric dispersion
parameters are essential, these parameters are wind speed, wind direction and stability index
describing the turbulent diffusion. m The Gaussian Plume Model is the widely used theoretical
formula to estimate the atmospheric dispersion in spit of its limitations.*3'7'

In this work, the polluted point source in space was suggested, this case may be happened
by explosion of aeroplane charged by radioactive materials or nuclear bomb, atso, by explosion of
submarines turned on by nuclear power. The accident in nuclear power plant and released the
radioactive material in the atmosphere surrounding the plan is also accounted. In these cases the
analytic extensions of the GPM dispersion parameters in spherical coordinate is necessary.
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THEORETICAL WORK

The common Gaussian expression for concentration from a continuous point source of
strength Q, without interference from the ground at a mean wind speed U measured at plume
level is:(l)

X(x,y,z) =
2nUayoz

exp
1

(i)

where;_
X, is the mean concentration of the effluent at a Cartesian Coordinate point (x, y, z ) .

* Q is the pollution emission rate (Q. S'1) .
U is the velocity of the plum.

a , ( i = y, z ) are the plume dispersion parameters (standard deviation of distribution of
concentration ) in the Y and Z direction.

The origin is at the source in Eq. (1), the X - axis is in the mean down wind direction, the Y
axis is in the horizontal crosswind direction and the Z - axis is the vertical direction.

The dispersion parameters can express by the analytic approximation as: w

and

where, a, L , q , K and p are given in table. 1

Table 1 Dispersion Parameter

A
B
C
D
E
F

A
(Km)
0.927
0.370
0.283
0.707
1.070
1.170

L
(m/k)
102.0
96.
72.2
47.5
33.5
22.0

q
-1.918
-0.101
0.102
0.465
0.624
0.700

K
(m/k)
250
202
134
78.7
56.6
37.0

P
0.189
0.162
0.134
0.135
0.137
0.134

(2)

Without deposition, the GPM dispersion formula for continuous release from a point source
at an effective height H is (9)

X(x,y,z>=
2nU<jycz

exp exp
(Z-H)2

exp -2a.2 J I 2a,2
(Z

(3)

'Z / V ~^Z

and the GPM in which the down wind concentration at the ground is given by setting Z = 0 in
Eq. (3)(10)
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x(*,y,O) =
Unayaz

exp
2a,

(4)

The G P M in Spherical Coordinates

We assume a released point source and the Plume had a sphere form surrounding it in a
space and also, the effect of the stability classes is small. We can study the spherical distribution
of the plume by changing the x , y , z , Coordinates to the spherical polar Coordinates (r,
9 ,<()), measuring 0 ( polar angle) from the positive Z axis, and <j> (azimuth angle) in the X -Y
plane from the positive X - axis. The ranges of values are ( l i )

0<r<oo

0<6<7C

0<(|)<27r

The transformation equations are;

x = r sinG cosd) = rsinG 1 - —
I 2

(5)

We can rewrite the dispersion parameter in the above spherical coordinates as follows:

Kp|l-A<|>2

IP
where p = rsin6

Kp
exp --(() 1- PP

a + p
(6)

m
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Lp
exp — i

q V 2

1- qp
a + p

(7)

The Gaussian Plume formula in spherical coordinates can be found by replacing the above
dispersion parameters in Eq.(3) and after some approximation and terms rearrangements;

2rcUTE

*exp-( a+y)

where;

Z\ = (r cosG -

(8)

and Z\ = (r COSG 4- H) '

and y-t'i-ae.

T =
Kp

and
Lp

In case of a ground level source with no plume, the mean concentration % is given by setting
H = 0 as in Eq. ( 8)

X(r,0,<|>)= Q e x p ^ 4 - 0 + a ) ~ ̂ C ° V G + Y) + -(a + Y) (9)
2TCUTE 2T 2 2E2 2

RESULTS AND DISCUSSIONS

Many combination systems of stability index and dispersion parameter ay and CTZ curves
were used in Gaussian Plume model in order to describe the different interest cases of situations.
The Pasquill system could be the oldest and famous one of such systems.(U) In this work, the
computer program was written to calculate the Pasquill system for determining stability classes
with associated vertical and horizontal dispersion parameters az, oy curves in the spherical polar
coordinates. Figs. 1 and 2 show this parameters at 9 = 10° and $ = 40° and different distance
from the source.

Family of curves in Fig. 3 were represented the combination of horizontal dispersion
parameters ay with stability index case A (Extremely unstable) at polar angle 8 = 40 ° and
different azimuth angle 4> = 10°, 60° ,110°, 160°, 210°, 260°, 310° and 360° . The polar angle
0 was changed in Figs. 4 , 5 to become 90°, and 140° respectively at the same set of above
azimuth angles and stability index case A. The dispersion parameter which used in this calculation
was taken from the dispersion parameters table 1. The above calculations with the same sequence
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of angles 9 and <j> were performed for the vertical dispersion parameter CTZ and generate a set of
Figs. 9-11

For stability index case F (Moderating stable) which is the other side extremely case from
case A, the dispersion parameters o*y and CTZ were calculated and-plotted in Figs. 6 - 8 and
Figs.12 - 14. It can be easy to calculate the dispersion parameters in the spherical polar
coordinates for the reminder stability index and at any choice arbitrary polar and azimuth angles.

This work also shows that, there exist a big difference in the dispersion parameters value
when the azimuth angle was changed. The same comment was seen in case of change the polar
angle. The dispersion parameters in case of polar coordinate were included in the above
calculation when 8 = n 12.

The distributions of the horizontal and vertical dispersion parameters around the polar angle
0 = n 12 indicate that, a mirror reflection is exist for the values of this dispersion parameter at all
the azimuth angles. One can seen that if we make a comparison between Figs. 3, 5 and Figs.6-8 in
case A (Extremely unstable) and Figs. 9, 11 and Figs. 12, 14 in case F (Moderating stable).

CONCLUSIONS

This work gives the analytic form of the Gaussian Plume Model in the spherical polar
coordinates by changing the dispersion parameters and the concentration (x) in the spherical
Coordinates. By this form, one can be able to make analysis and calculate the angular distribution
of the pollutant concentration from point source emissions exist in the space. The possibility of
use the Gaussian Plume Model in polar coordinates for estimation of a ground level pollutant
concentration is also available by taken Q - it 12 in the spherical model.
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Pre-operational Study on Impact of Temelfn NPP on Hydrosphere

E. J. Hanslik
T. G. Masaryk Water Research Institute, Prague, Czech Republic

ABSTRACT
Beginning of the construction of Tcmelin Nuclear Power Plant (NPP) in south Bohemia (CR)
dates back to 1986. It is planned that the first water-cooled reactor could be put into
operation in 2000. A research project, funded from the national budget and carried out
under supervision of the Czech Ministry of Environment, has been aimed at examining prc-
opcrational environmental conditions (a reference level) in terms of concentrations of
radioactive and non-radioactive polluting substances in components of the environment,
particularly in hydrosphere, and at predicting possible impacts of future operation of
Temelin NPP. Special attention paid to the hydrosphere is associated with requirements for
protection of water quality in the Vltava River, which serves as water resource for Prague
capital. The paper summarises selected interim results of the project, particulariy those
concerning pre-operational environmental conditions and impacts predicted for standard
operation of the plant. More detailed description of the results including possible impacts of
tboso called maximum project accident is presented in [1].

Key Words: Radionuclides / Operation of'Nuclear Power Plant /EnvironmentalImpacts/
Radiological Monitoring

INTRODUCTION

The Vltava River is an important resource of drinking water for Prague. Its water affects also
quality of the Elbe River on the territory of both the Czech Republic and the Federal Republic of
Germany.

Two of the reservoirs which have been constructed
on the Vltava River will serve for water management
purposes of Temelin NPP (see layout map in Figure 1).
Water for the plant will be abstracted from the
Hnevkovice Reservoir (put into operation in 1991)
and pumped to storage tanks with capacity of 2 x
15 000 m3, from which it will flow by gravity. For the
operation of two reactors, the total mean abstraction
will be I 600l.s"\ The plant will return 500l.s' (as
maximum) of remaining cooling water and purified
waste water. This water will be discharged into the
Vltava River at the Kofensko Reservoir through
hydroelectric power station located at Kofensko Dam.

The observation and assessments of pre-operational
environmental conditions involved radioactive and non-
radioactive polluting substances in surface water,
groundwater, precipitation water, suspended solids,
bottom sediments and biomass in wider environs of

Figure 1 Temelin NPP water supply system, the Temelin NPP, and also temperature and transport
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conditions in the Orlik and other reservoirs built downstream from the Temelin on the Vltava River. The
examination of the hydrosphere prior to the operation of Temelin NPP is particularly important
in terms of radioactive substances because some of the radionuclides (such as 3H, 90Sr, 134Cs and
137Cs) potentially present in effluent returns from Temelin NPP are identical to those remaining in the
environment after the Chernobyl accident and tests of nuclear weapons.

Methods used in carrying the project were verified and recommended by the International Atomic
Energy Agency in Vienna in the framework of its technical assistance organized in co-operation
with the Ministry of the Environment of the CR and the State Office for Nuclear Safety [2]. These
methods ?rc described in report [3].

PRE-QPERATIONAL ENVIRONMENTAL CONDITIONS

The results of the study involve data on levels of naturally occurring and artificial radionuclides in
the environment. Chernobyl accident in 1986 and tests of nuclear weapons performed in sixties are main
factors responsible for the environmental levels of artificial radionuclides. A peak after the Chernobyl
followed by a decrease is a typical pattern of their concentration in all of the observed components of
the environment. This can be demonstrated by the following examples.

Concentrations of radionuclides in surface water have been observed in the Vltava River (upstream
and downstream from Temelin) and in its main tributaries since 1990. Figure 2 shows trend curves
derived from I37Cs concentrations measured in the Vltava River at Hnevkovice (water abstraction for
Temelin), in the Luznice River (at Kolodeje) which discharges into the Vltava upstream from Kofensko
Dam, in the Otava River (at Pisek) discharging into the Vltava upstream from Orlik Dam (downstream
from Kofensko), and in the Vltava at Solenice (outflow from the Orlik Reservoir). We can see a

,decie#sing trend in the concentrations at all of the above sites, and, in addition, the lowest
concentrations' M the Vltava at Solenice indicate that large amount of I37Cs is deposited in the Orlik
Reservoir./, / / ' •• / /

6 r

s

In av = 3,5438 - 0,3893.t (Otava at Pisek)!

uznice at Kolodeje) |_ _In av = 2,7184-0,270l.t (L

av = 2,2603-0,2591. (Vltava at Hnevkovice

In av = 1,8729 - 0,2642.t (Vltava at Solenice)!

Extrapolation |
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Figure 2 Time change in Cs concentration (av) in surface water sampled from selected rivers.
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Figure 3 A trend curve predicting tritium concentration in surface water in the Temelin vicinity,
derived from data observed in 1991-1997.
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Data on tritium concentrations in surface water in the vicinity of Temelin from the period 1991-1997
were used for derivation of a trend curve and prediction of the concentration for time period till 2010
(see Figure 3). For the period when nuclear weapons were tested it was derived that the decrease in
ritium concentration in surface water was relevant to radioactive decay with the half-fife of about 5

years. Since this period, the slope of the decrease has been decreasing which is attributable to
natural tritium occurrence responsible for about 0.4 Bq.l"1 (see Figure 3). The decrease is presently
at level relevant to half-fife of about 10 years and the mean concentration is about 2 Bq.l"1.

Figure 4 shows vertical distribution of 226Ra, 228Ra and 137Cs in bottom sediments in the Orlik
Reservoir in 1995. Maximum concentration of 137Cs amounting 820 Bq.kg"' was observed in subsurface
layer (in the depth between 10 and 15 cm), which indicates that contamination resulting from the
Chernobyl is overlaid. Concentrations of 134Cs, 137Cs and 90Sr in the bottom sediments are high. It was
calculated, that about 57 GBq of 137Cs is deposited in the upper 10 cm thick layer. However, the
concentrations are decreasing with time. In 1990, the average concentration of 137Cs was 214 Bq.kg"1,
while it was 57 Bq.kg1 in 1995. For the period 1986-1997, Figure 5 shows time change in mean annual
concentrations of 137Cs and 134Cs in the bottom sediments and their ratio calculated from observed data
and from the Chernobyl mixture. Concentration of naturally occurring radionuclides is stable both in
time and in vertical profile (see 226Ra and 228Ra in Figure 4). In the period 1990-1995, the mean
concentrations were 72 Bq.kg"1 of 226Ra and 96 Bq.kg1 of 228Ra.

In A2 = 4,9427 - 0,4149.t
R2= 0,9600

In Al = 6,0112 - 0,1664.tj
; = 0,6839 I

Calculation

•+- -+- -+- -+• -t-

2 3 4 5 6 7 8 9 10 1 1 12 13 14 15

Year .

Figure 5 Time change in mean annual concentrations of 137Cs (Al) and 134Cs (A2) in the bottom
sediments in the Orlik Reservoir and their ratio, calculated from observed data and from the
Chernobyl mixture.

For assessing conditions of surface waters under which productivity of aquatic ecosystems would
not deteriorate and diversity of aquatic species would not significantly decrease, fish species and aquatic
macrophytes were explored in the Orlik Reservoir. A peak after Chernobyl and subsequent decrease was
observed also in the concentration of artificial radionuclides (90Sr, 134Cs and I37Cs) in the biomass. Time
change in 137Cs concentrations in fish sampled in Temelin vicinity is shown in Figure 6. These
concentrations are presently at levels of units of Bq.kg'1 (fresh weight).
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Figure 6 Concentration of Cs in fish sampled in Temelin NPP vicinity in the period 1982 - 1995.

PREDICTION OF POSSIBLE IMPACTS

In predicting the impact of standard operation of Temelin NPP on the Vltava River at Kofensko,
water quality observed at this site during 1994 and 1995 was taken as a reference level. As a
consequence of the effluent returns discharged into the Vltava River at Kofensko, the concentration of
polluting substances downstream from the outlet will increase by 0.2 - 12.1 %. This applies to BOD5,
CODM,,, CODcr, N-NH4, N-NO3, P, Cl, SO4, Ca, Mg and also to radioactive substances except for
tritium. In terms of non-radioactive substances emitted from the plant under normal operation, the most
important are the returns from the cooling system. The amount of these substances is proportional to
quality of the abstracted water. This water, amounting for two reactors in average 1 600 l.s"1, will
substantially be concentrated by evaporation, which is main causing factor of the water quality
deterioration. However, water quality affected by the increased concentration of the polluting substances
will not exceed pollution limits specified by Czech Government Decree 171/92, which establishes
indices for acceptable water pollution in the Czech Republic.

Tritium is most important in terms of concentration of radioactive substances. Waste water
containing tritium is produced mainly in a reactor unit. Due to untightness in fuel rods, tritium could
leak into a primary circuit and it can also be produced in cooling medium by activation of
deuterium. Figure 7 shows results of a prediction of tritium concentrations in longitudinal profile of the
Vltava River for conditions of the operation of two reactors of Temelin NPP and alternatively mean
flow (Qn,) and minimum flow (Q355) in the river. For the minimum flow, the average concentrations of
tritium dc .vnstream from the outlet from Temelin would increase by 127 Bq.l"1 while short-term maxima
could reach 550 Bq.l"1. However, these concentrations would be diluted by water from the Otava River
and other tributaries and thus tritium average concentration in the Vltava River at Prague (the site
where water is abstracted for drinking water supply purposes) will be at level relevant to 2 % of the
limit, which is 700 Bq.l1 for drinking water supply watercourses (Indicators III of Czech Government
Decree 171/92). Average concentration of tritium in the Elbe River at Hfensko (Czech-German
boundary site) will be around 5 Bq.l"1.
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Figure 7 Prediction of tritium concentration in longitudinal profile of the Vltava River for conditions
of the operation of two reactors of Temelin NPP and mean flow (Qm) or minimum flow
(Q355) in the river.

CONCLUSIONS

The results of the study demonstrate that quality of water in the Vltava River at Kofensko (the site
where water will be abstracted for Temelin NPP) is a dominating factor and its additional deterioration
by pollution from Temelin would relatively be low. It is, therefore, important, that the quality of water
in the Vltava has significantly improved (this is attributable to newly constructed waste water treatment
plants). Results of a prediction of impacts of the operation of Temelin NPP on hydrosphere indicate
that pollution limits, as specified in the Czech Government Decree No. 171/92, will not be exceeded.

Water quality deterioration is predicted in terms of tritium concentration, particularly in the Vltava
River reach located directly downstream from the outlet of the waste and cooling water from the plant.
However, the resulting concentration in Prague will be far below the limit specified for watercourses in
use or intended to be used for drinking water supply purposes and thus the deterioration will not affect
this use of the Vltava River in Prague. For Czech-German boundary site of the Elbe River at Hfensko,
a fourfold increase in mean concentration of tritium is predicted as a consequence of the plant operation.
However, the resulting concentration is relevant to 1 % as compared of the above limit.

Data and results of the analyses conducted within the framework of the project (which is intended to
be continued) represent a reference level for future assessments of possible environmental changes
resulting from the operation of Temelin NPP.
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ABSTRACT

The source term is determined for MPR reactor at normal operation conditions for fuel
irradiated one year at full power in an equilibrium core.

Calculations were carried out using the code ORIGEN-JR and results obtained for different
time intervals after shutdown were:
- Decay heat (thermal power) in Watt and the peak heat flux in the core,
- Radioactivity in Curies for the light, heavy, and fission product elements,

- Isotopes inventory

Results were compared with those given in the safety analysis report of the reactor.

Key Words: Source Term/ Decay Heat/ Peak Heat Flux/ Radioactivity/ Isotopes Inventory.

INTRODUCTION

The ET-RR-2 core grid consists of an array of 6x5 positions in which 29 fuel elements are
placed and one in-core central irradiation position filled with water. Six control plates with guide
boxes placed between the fuel elements in two rows as shown in fig. (1). The fuel elements are of
MTR type with 19 fuel plates each and uranium enrichment 19.7%. The U-235 content is 404.7 gm
per fuel element More details about the reactor core structure and fuel are given in the safety analysis
report of the reactor01.

The ET-RR-2 reactor went critical at 27 November 1997. At the present the reactor is
operating at its full power of 22 MW to accomplish the commissioning tests.

The ET-RR-2 is a multipurpose reactor of type MPR. Source term calculation has been carried
out for reactor fuel using the code ORIGEN-JR (2). In these calculations we simulated the case of a
fuel after a continuous irradiation time of 27S days at a power for one fuel element of 0.759 MW, burn
up of 2.03x10'* MWD and flux of 2.98x10" n/cra2. sec. In the following are the results of these
calculations as obtained by the code<2).

REACTOR DECAY HEAT IN WATT PER FUEL ELEMENT

The reactor core decay heat or thermal power in Watt per one fuel element at different time
intervals after shutdown is as follows:
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L.E.

H.E.
F.P.

Totals

Ref. (1)

Percentage from Power

Time after shutdown
4 sec

379.44

412.85

33685.60

34837.89

4.59

100 sec
460.10

402.58

23004.80

23867.48

3.14

1 day

4.89x10"'

116.87

2731.82

2849.18

3096.0

0.37

22 day
1.53x10-'

8.17x10-'

651.12

651.94

1016.0

0.08

600 day

1.43X10'9

2.34x10'2

12.75

12.77

33.0

0.002

10 year

1.16x10*

2.44x10"2

1.43

1.45

6.5

25 year

9.02x10-'°

2.53x10"2

0.95

0.97

4.4

Where:
L.E. for light elements
H.E. for heavy elements
F.P. for fission products
Ref. (1) for values in reactor safety analysis report (SAR)

Values given in the reactor safety analysis report*0 seem to be quite high specially that for
600 day, 10 year, and 25 year after shutdown which are expected to be about 3 to 4 orders of
magnitude lower.

As expected, the main contribution to the reactor decay heat after shutdown is due to the
fission products.

PEAK HEAT FLUX IN THE CORE

Following reactor shutdown, four seconds are required for water in the core to reach the
saturation temperature.

For four seconds after shutdown the reactor decay heat per one fuel element = 34837.89 /
19456 = 1.79 W/cm2

Where:

The total heated area per one fuel element = 2 x 6.4 x 80. x 19 = 19456 cm2

A design basis peaking factor = 3 is used for the reactor(1).

Thus the peak heat flux in the core = 3 x 1.79 = 5.37 W/cm2.

In the safety analysis report"' the corresponding values for the peak heat flux in the core is
7.75 W/cm2.

Both values 5.37 W/cm2 or 7.75 W/cm2 are well below the bumout heat flux, which as
estimated for a 29 fuel element core is 20 W/cm2

RADIOACTIVITY IN CURIES PER FUEL ELEMENT

Radioactivity in Curies per one fuel element of the ET-RR-2 reactor core for light (L.E.),
heavy (H.E.). and fission product (F.P.) elements at different time intervals after shutdown is as
follows:
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L.E.

RE.

F.P.

Totals

Total source term

Time after shutdown
4 sec

4.13x10*

2.26x10'

2.9ixlO6

3.l8xl06

9.2xlO7

100 sec
2.56x10*

2.22x10'

2.20x10*

2.44xlOs

7.1xlO7

1 day

1.74x10'

8.89x10*

5.24x10'

6.13x10'

" 1.8xlO7

22 day
2.46x10'

1.03xl03

I.40xl05

1.41xlOs

4.1xlOs

600 dav
2.26x10-'

5.54x10°

3.29xl03

3.29xlO3

9.5x10*

10 year
1.51x10-'

4.02x10°

4.78xlO2

4.82xI02

1.4x10*

25 year
7.93X10"6

2.40x10°

3.04xl02

3.06xl02

8.9xlO3

The source term as given in the last row of the above table is calculated for a full core with 29
fuel elements at normal conditions. At accidental conditions a part of this source term will release
from the fuel in the core. This part depends on the accident type and the accident conditions. If the
accident conditions were specified, this part of the source term that would release to the environment

•could be estimated.

ISOTOPES INVENTORY

The following table gives the elemental radioactivity in Curies per one fuel element at reactor
shutdown and at different time intervals after the shutdown:

Site
No.
1

2

3

4

5
6

7

8

9

10

11

12

13

14

15

16

17

18

19

Element

Al

U j

Np

Pu

H

N

Na

Mg

Am

Ga
Ge

As

Se

Br

Kr

Rb

Sr

Y

Zr

At
shutdown

4.19x10*

1.17x10'

1.09x10'

1.09x10'

6.16x10-'

1.44

5.28 x 10'

2.52 x 102

1.03

2.28 x 10'

1.90 xlO2

1.15 xlO3

1.61 x 10*

8.91 x 10*

1.37 x 10s

1.09 x 106**

2.00 x 10'

1.60x10'**

1.76 x 1O5

2.50 x 105

8.71 x 10*

1.98x10***

Time after shutdown
4 sec

4.11x10*

1.17xlO5

1.09 x 10s

1.09x10' -

6.16x10-'

1.03

5.28 x 10'

2.50 xlO2

1.03

2.15x10'

1.88 xlO2

1.04 xlO3

1.55 x 10*

7.23 x 10*

1.20x10'

1.61x10'

1.74x10'

2.38 x 10'

8.54 x 10*

100 sec
2.54 x 10*

1.12x10'

1.09x10'

1.09x10'

6.16x10"'

0.0*

5.28 x 101

2.24 x 102

1.03

7.19

1.58 xlO2

4.76 x 102

7.95 x 103

2.15x10*
6.86 x 10*

8.46 x 10*

1.32 x 10s

1.98x10'

6.34 x 10*

1 day
0.0*

7.37 x 103

8.15 x 10*

5.95

6.16x10-'

0.0*

1.74x10"

0.0*

2.05 x 10'

0.0*

4.52
3.61x10'

0.0*

1.09x10'

2.59 x 102

6.28 x 10'

2.15x10*

2.94x10*

3.04 x 104

22 day
0.0*

8.54 x 102

1.66 x 102

5.95

6.16 xlO"1

0.0*

0.0*

0.0*

0.0*

0.0*

0.0*

0.0*

0.0*

0.0*

2.07 x 10'

4.11 x 10"'

1.17x10*

1.36x10*

1.37x10*
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Nb

Mo

Tc

Ru

Rh

Pd

Ag

Cd

In

Sn

Sb

Te

I

Xe

Cs

Ba

La

Ce

Pr

Nd

Pm

Sm

Eu

Gd

Tb

2.15 x
4.98 x

1.28 x

1.27 x

2.13 x

5.33 x

3.02 x

1.47 x

1.49 x

4.72 x

8.95 x

6.51 x

1.30 x

3.41 x

1.69 x

2.87 x

2.58 x

1.94 x

4.66 x

1.69 x

8.68 x

1.76 x

1.79 x

1.32 x

1.06 x

l . lOx

2.38 x

1.90 x

2.92 x

3.82 x

1.31 x

2.48

10s

104**

10'

10'

10*

10***

10*

103

103

IO2

102

10*

10'

10***

10'

10'

10'

10'

10s**

105

10***

10'

105

10s

10s**

10'

10*

10*

103

102

101

2.13x

1.26 x

1.27 x

2.13 x

2.98 x

1.46 x

1.47 x

4.66 x

7.82 x

6.41 x

9.47 x

1.66 x

2.46 x

1.82 x

1.43 x

1.71 x

1.62 x

1.31 x

1.09 x

2.38 x

1.90 x

2.89 x

3.82 x

1.31 x

2.48

10'

10'

10'

10*

10*

103

103

102

102

10*

10*

10'

10s

10s

10'

10'

105

10'

105

10*

10*

103

102

10'

1.63x

1.00 x

1.11 X

2.07 x

2.59 x

1.26 x

1.27 x

3.68 x

4.97 x

4.52 x

7.97 x

1.34 x

1.77 x

1.28 x

8.81 x

1.43 x

1.43 x

1.06 x

1.04 x

2.36 x

1.84 x

2.83 x

3.80 x

1.31 x

2.46

10'

10'

10'

10*

10*

103

103

102

102

10*

10*

10s

10'

105

10*

10'

10'

10s

10'

10*

10*

103

102

10'

3.41 x

2.83 x

2.69 x

1.22 x

1.44 x

1.84 x

3.41 x

5.11x

5.32 x

1.63 x

9.43 x

2.46 x

5.98 x

4.91 x

3.67 x

3.53 x

3.76 x

5.23 x

3.74 x

1.33 x

1.15x
1.77 x
2.96 x

1.27 x

1.44

104

10*

10*

10*

10*

102

102

10'

101

102

102

10*

10*

10*

102

10*

10*

10*

10*

10*

10*

103

102

101

1.05 x

1.55 x

1.48 x

8.42 x

8.42 x

0.0*

2.07 x

1.85

0.0*

4.21 x

2.22 x

1.07 x

3.02 x

2.77 x

2.69 x

1.14x

1.30 x

2.15 x

1.59 x

3.59 x

6.84 x

3.49

1.08 x

0.0*

4.10x

10*

102

102

103

103

10l

10'

101

103

103

103

102

10*

10*

10*

10*

103

102

10:

IO-1

* Values of radioactivity less than 10"* Ci per one gram of uranium are neglected.
** Values at discharge as given in reactor safety analysis report0'.

RESULTS AND DISCUSSION

The radioactivity values given at discharge for the isotopes of the elements Kr and Xe are
unrealistically high. They are as if they were calculated for the reactor at accidental conditions. To this
conclusion came also the authors of the report(3) about ET-RR-2 reactor safety analysis report review
and assessment.
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Meanwhile, the radioactivity values at discharge for the isotopes of the elements:
Rb, Zr, Ru, I, Cs, and Ce in the safety analysis report^ agree with our calculated values as given in the
above table.
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ABSTRACT

Phosphogypsum (phph) is a by-product in the manufacture of phosphoric acid
for the artificial fertilizer industry. In the present work, qualitative and
quantitative radioactive analysis arc carried for phph of National Company of
Abuzabal for chemical fertilizers. Gamma ray spectroscopy techniques are
applied.

The present study reveals that the radioactivity resulted from these wastes is
out of the international standards, and it is strongly not recommended to be used
as a construction material or for dwellings.

Key Words: Chemical Wastes / Phpsphogypsttnt /Phph /Radioactivity/ y- ray
Spectroscopy / Building materials

INTRODUCTION

Phosphogypsum (phph) is a by-product in the manufacture of phosphoric acid
for the artificial fertilizer industry (1). Wet process phosphoric acid plants
produce 4.5 -5.5 tons of gypsum for each ton of fertilizer (P2O5 equivalent). In
other words, for every ton of phosphate rock, about 1.5 ton of phph arc formed
(2).Various radioactive elements are present as trace elements in the
phosphogypsum. The most important of these is cadmium and the uranium and
thorium decay scries.

The worldwide production of P2O5 and phosphogypsum has been increasing
gradually. As for phosphogypsum, the annual worldwide production has increased
from 120-150 million tons in 1983 to 150-200 million tons in 1990, and 220-280
million tons will be produced annually by the year 2000.About 12 tons of these is
cadmium (1). About 3.3 million tens of gypsum is produced in the united sntc each
year, and about 330 million tons are contained in existing stockpile (2). About 6000
tons of gypsum arc produced in Egypt in 1990 (3). Most recent estimates indicate
approximately 85% of all phph is cither dumped into water bodies, ponds, or
rivers and seashores rather than used. Other ways of disposal like application to
agricultural soils or stored in near the artificial fertilizer plants (4).
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USES OF PHPH

Regardless of the fact that phph is a by-product of the fertilizers industry; it
has many commercial uses, either in the building industry as well (5). In Louisiana
(USA), the primary use has been as a soil conditioner in agriculture. However,
new ways of utilizing this material are being investigated, mainly as a base or sub-
base for roadway construction (6). In the building industry, phph can be used in
producing the following the following building products (5):

1- Decorative tile and wallboard. 5-Gypsum plaster.
2- Sandwich brick. 6-PIaster of paris.
3- Blocks. 7-Production of cement.
4- Brick specimens. 8- Floor tile.

Some of the phph special uses are summarized below (5):
1-A potential sulfur source by using it in sulfuric acid manufacture.
2-A source of rare earth elements since 60 to 80 % of the total rare earth

Contents of the phosphoric acid are lost to the waste.
3- A fertilizer source.

In principal, all radionuclides of the23 U,and 32Th decay series are found in
the phosphate ore and consequently in the phph (1). However, not all of them are
of equal importance with respect to possible environment effects (1). The
important elements may be considered to be 226Ra ,231Pa ,210Po, and 210Pb (1).

Although most of the uranium initially present in phosphate rock is dissolved
when the rock is acidulated to produce phosphoric acid, a fraction of it remains
not dissolved and the gypsum contain 13-36 grams of uranium per ton (2).
Gypsum produced at phosphoric acid plants in the USA each year contains 1 to 2
million lb. of uranium, and the stockpiled gypsum may contain a total of 20
million-lb. (2).

From a radiological point of view the possibility of an extra radiation dose
from radon exhaled by an uncovered phph stack needs attention ((1). El-Thawy
et al. (7) indicated that the use of some types of gypsum might be strongly not
recommended because of their high radiological index in comparison with other
types of gypsum.

EXPERIMENTALWORK

21 samples of PliPh are formed in cubic form of 5 cm side and 23 samples of
the same chemical compassion are crushed to be in fine powder form. The
crushed samples are sieved of about 1-Mm grain size. The powder is then dried to
100°C for 24 hr. After cooling, the samples are packed in Marinelli beakers of
100CC. Then sealed for 4 weeks to reach secular equilibrium among 226Ra (of
23SU) and its short lived decay products.
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ACTIVITY MEASUREMENTS

The activity measurements are performed with an IIPGe -based
gamma ray spectrometer. The resolution of the spectrometer is 1.95Kev
forl332 Kev gamma ray from 60Co. The 226Ra activity (of 238U)
determination is based upon the gamma ray spectrum line 351.9 Kev
212Pb and 609.3,11203,and 1764.5 Kev of 2l4Bi. The "^Th activity is
calculated on the bases of the gamma ray spectrum lines of 238.6 Kev of
212Pb, 338.4, 911.2, and 969.0Kev of 228Ac and 583.1 Kev
of 208Tl . The 40K activity is based on 1460.8 Kev peak of gamma ray spectrum
Hneof40K.

RESULTS AND DISCUSSION

As expected all the PhPh samples show 22<5Ra series activity only. The 232Th
and 40K activities are under the detection limits of the system. Table (1) , and
Table (2) show the analysis of the crushed and cubic PhPh samples respectively.

The maximum and minimum of the crushed samples are 525.2 ±31.9 Bq/Kg
for sample No. 11, and 186.1+3 Bq/Kg for sample No. 12 as shown in Table (1).
The average activity is 319.40 Bq/Kg. The maximum and minimum activities of
the cubic form samples are 384.8 Bq/Kg, and 181.9 Bq/Kg for samples No.18-2
and 9-1/2 respectively. The average activity is 267.9Bq/Kg.

RADIUM EQUILALENT ACTIVITY

A common index has been introduced and is called radium equivalent activity
Racq. It is defined as (7), (8),(9),(10),(ll)

Ra t q = ARa + 1.43ATh + 0.077AK (1)

where ARa , Am, and AK are the specific activities of 226Ra, ^ T h and 40K
respectively. This common index is convenient for comparing the specific
activities of materials containing different concentrations of these
radionuclidcs. It is defined based on the assumption that 10 Bq/Kg of 226Ra,
7 Bq/Kg of 232Th and 130 Bq/Kg of 40K produce the same y-ray dose rate.
Table 1 shows all the investigated PhPh samples radium equivalent Raeq

given by Eq.2.the maximum permissible radium equivalent activities Raeq—
370 Bq/Kg.

As mentioned before these samples have 226Ra (of 23SU) activity only. So,
to represent the specific activity of all the radioactive nuclides, 226Ra
activity (of 238U) should be considered only. Equation (1) will be:

(2)
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EXTERNAL HAZARD INDEX

An advising group of experts of OECD's Nuclear Energy Agency (NEA-
OECD, 1979) (8) suggested some criteria for definitions of different levels
(representative, first enhanced and second enhanced) of external y-radiation due
to different combinations of specific natural activities in specific building
materials. T""' ceding from these recommendations, another radiation hazard
index, representative level index may be defined as:

IYr=0.0067CRa +0.01CTh +0.0067 CK (3)

This index can be used to estimate the level of y-radiation hazard associated
with the natural radionuclides in specific building materials. Recalling that the
samples have only 226Ra (238U) activity. Thus, Eq.(3) will be:

1^= 0.0067 CRa (4)

The values of Iyr are calculated according to Eq. (4) for all the studied samples
and are listed in tables (1) and (2) for the crushed and cubic form samples
respectively.

The cubic forms of the samples show lower radioactivity for the same crushed
samples as shown in Table (2). This is due to their cubic form is considered as 100
cc in volume for radioactivity calculation purpose. However, it occupies a volume
more than that occupied by the corresponding crushed one. In addition the
detector homogeneously views the crushed sample (disk form of the same
detector surface dimensions), whereas the detector does not view a part of the
cubic form.

Table (3) shows compression between the levels of radioactivity of the studied
samples and that recorded in some other countries. From Table (3) one may state
that the Egyptian phsphogypsum has one half of the radioactivity of that of
Florida and its minimum radioactivity is five times higher than that of UK and
Germany. Generally, one may point out that the radioactivity of the Egyptian
PhPfa is within the international limits and it could be used safely as a building
material.

However, El-Tahawy et al. (7) indicated that the use of some types of Egyptian
gypsum may be highly unrecommended because of their high radiological index
in comparison with other types of gypsum, e.g. Raeq of some gypsum samples
reached 569% of averaged Raeq. As shown in Table (1) Raeq ranges from 186.1 to
525.2 Bq/Kg. Samples No. 6-1,11-113-1,21-1,23-l,and 25-1 in this study are not
recommended types of building materials, due to their high radioactivities.

The ITr values for all the crushed samples as directed in Table (1), show higher
values than unity. This means that all these samples are actually not
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recommended types as building materials. The same results are remarked for the
cubic form samples. Table (3) shows that the minimum value for the depicted
activity in Table (1) is higher than seven times the activity shown by the Phph of
Poland, while the maximum limit of the Egyptian PhPh is 0.71 of the
corresponding value for the same country. The maximum limit of the Egyptian
PhPh is comparable to the corresponding value of that of Germany.

CONCLUSION

From this study, one may conclude that the PhPh of industrial waste is
strongly not recommended as building material in Egypt for the safety of
populations.
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Table (1) Analysis of the crushed samples

Sample
No.

2-1
3-1
4-1
5-1
6-1
7-1
9-1
10-1
11-1
12-1
13-1
14-1
15-1
16-2
17-1
18-1
19-1
20-1
21-1
22-1
23-1
25-1
26-1

"6Ra(of 2i8U
=Rae Bq/Kg,
(Eq.2)
276. 3 ± 17. 8
352 ± 15.5
234. 2 ± 18.3
267. 4 ± 12. 9
470. 4 ± 14. 5
312. 9 ±15.7
361. 7 ±25. 9
338. 4 ± 20. 5
525. 2 ± 31. 9
186. 1± 11.3
376. 3 ±26.8
253. 3 ± 16. 9
318. 3 ±21. 2
239. 7 ± 19. 5
267. 1 ± 19.3
374. 6 ± 18. 4
266.1 ± 19.4
265.2 ± 9. 3
373. 9 ± 13. 0
357. 4 ± 16. 3
427. 7 ±20. 4
291. 7 ±14.4
210. 2 ± 10. 9

I -0.0067 i-<
yr *-Ra

(Eq.4)

1.85±0.12
2.36±0.10
1.57±0.12
1.79±0.09
3.15±0.10
2.10±0.11
2.42±0.17
2.27±0.14
3.52+0.06
1.25±0.08
2.52±0.18
1.70±0.11
2.13±0.14
1.61±0.13
1.79+0.13
2.51+0.12
1.78±0.13
1.78±0.06
2.51±0.09
2.40±0.11
2.87+0.14
1.95+0.1
1.41±0.07
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Table (2) Analysis of the cubic samples

Cube
Code
5-2
6-2
7-2
8-2
9-1/2
10-2
11-4
12-1
13-2
14-2
15-1/2
16-2/3
17-1/2
18-2
19-1/2
21-2
22-1/2
23-1/4
25-1/2
26-1/2

Activity
(H6Ra)Bq/Kg
233.3
313. 7
295.8
352.4
181.9
302.9
309.9
238.7
289. 1
238.5
270.0
191.3
245.6
384.8
315.3
289.8
274.4
249.6
316.8
313.8

1^=0.0067 CRa

From Eq. (4)
1.56
2.10
1.98
2.36
1.22
2.03
2.08
1.60
1.94
1.60
1.81
1.28
1.65
2.58
2.11
1.94
1.84
1.67
2.12
2.10
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Table (3) Activity comparison between some countries
(UNSCEAR)

Country

Florida
USA
UK

Germany

Poland

Egypt
(from this
work)
Abuzabal
Abuzabal
company
Abuzabal
company
Kafr
Alzaiat
company
Kafr
AlZaiat
company
Assut
company
Assut
company

Type of Material

Gypsum (PhPh
rock)
Natural Gypsum
PhPh
Natural Gypsum
PhPh
By-product
Gypsum
PhPh

Ore
Monophosphat^
fertilizer
Triphosphate
fertilizers
Ore

Monophosphate
fertilizer

Ore

Monopliosphate
fertilizer

226Ra
Activity
(Bq/Kg)
1221

22
629
<19
555
26-740

186.1-525.2

498
276

159

756

493

667
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ABSTRACT

Air pollutant dispersion from a continuous elevated point source in the atmosphere
for a combination of varying meteorological parameters is studied in the frame of
Gaussian plume model. The gaussian basic formula for the concentration is
reformulated in polar coordinates. The study derives a general formula for the annual
or seasonal integrated concentration over sixteen angular sectors surrounding the
source. A computer program is developed to determine the frequency of occurrence of
the wind velocity and direction together with the stability classes for the sake of
evaluating the integrated pollutant concentration as a function of the distance from the
source in the different angular sectors. The results have been applied to the area
surrounding the reactor of the Nuclear Research at Inshas-Egypt

INTRODUCTION

In recent years, the problem of transport and diffusion of air pollutants has received growing
interest. The prediction of possible environmental effects of radioactive release from a nuclear reactor is
of considerable importance. Many studies have been made to develop atmospheric diffusion models with
varying degrees of sophistication, to allow the calculation of pollutants concentration. The most
common model used for atmospheric diffusion is the Gaussian plume model. Due to its simplicity and
economy, uncountable versions of the fundamental model exists.

In this work we present a straightforward coordinate transformation to polar coordinates which
relates the pollutant concentration at a given point in space, the plume dimensions and the varying
meteorological parameters over a range of temporal and spatial scales. Through this reformulation, the
time integrated concentration (TIC) during long period of release have been found in sixteen angular
sectors surrounding the source, under changing meteorological conditions (wind speed, wind direction
and stability category). This treatment has been applied to the case of release from Inshas nuclear
reactor, where three months input meteorological data have been used. Finally, estimated concentration
distributions around the source are represented in an illustrative map.

1. MATHEMATICAL BASIS

A simple realistic formula for the ground level concentration due to continuous release from an
elevated point source according to the Gaussian plume model(l) is given by

X(x,y,O) =
JtUOyCx
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where,

X is the pollutant concentration (g/m3)
x is the downwind distance from the source (m)
y is the crosswind distance (m)
Q is constant emission rate (g/sec)
u is the downwind velocity (m/sec)
H is the effective stack height (m)
ay and az are the standard deviations of plume concentration distribution in the lateral and vertical
directions respectively (m)

Recalling that crv and az are functions of downwind distance x and atmospheric stability it is convenient
to let(2).

ay = a x b and a2 = cxd (2)

where the coefficients a, b, c and d will depend on the stability class(3).

For a point source located in the origin of the reference frame, the concentration profile, Eqn. (1), at
a point (r, 9) in polar coordinates is re-written as:

X (r, 6) = G exp [k + L) (3)

where,

7cuac(rcos0)b+d

/ ) \ b (3.2)
2a2(rcos6)2 b

TT2

L = = : rj (3.3)
2c2(rcos9)2 d

The area surrounding the source is divided into sixteen sectors of angular width (A9 =22.5°). The
seasonal or annual emissions of the source are attributed to each sector Q, according to the frequencies
of wind blowing towards that sector i such that:

Qi = fiQ (4)

where f| is the wind direction frequency of occurrence in the 1th angular sector. The (TIC), X(r,s), in
each sector s is attributed to the emission in the sector itself together with the contribution of the six
neighbouring sectors having projection on it.
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s+3

X(r,s)= Z fi * (r,|i - s| A0) (5)
j=s-3

It is to be noted that, the centerline of each sector is considered as the downwind direction. Due to
variations in wind velocity during the considered year or season, the wind velocity scale is divided into
five categories of equal ranges, associated with frequency of occurrence "g". Eqn. (5) is summed over
wind categories to give:

s+3 5

X(r,s) = Z Z fi 8* X (r'lJ - s! A6) • (6)
i=s-3 k=l

where the wind speed u in Eqn. (3.1) should be substituted by the mean value of each wind speed
category Uk.

The effect of atmospheric stability change, during the considered period, is taken into account by
summing Eqn. (6) over the well-known six stability classes (A-F)(4);

s+3 5 6

X(r,s) = Z Z Z fi 8 * PU X (r,|i - s| A9) (7)
s+3 5 6

Z Z
i=s-3 k=l l=i

where Py is the frequency of occurrence of stability class "1" in the "i*" sector. The constants a i , bi , Ci
and di for different stability classes should be used instead of a, b, c and d given in Eqns. (3.1), (3.2)
and (3.3) respectively.

Eqn. (7) is the final form of the Gaussian model in the polar coordinates, taking into account the
variations of available meteorological data. It can be employed to evaluate the (TIC) over a season or
one calender year, all over the area surrounding the source.

2. CASE STUDY

Since the Atomic Energy Authority in Egypt is planning to construct other facilities beside the
already existing Inshas research reactor, an understanding of the meteorological parameters variation,
and hence, the probability distribution of concentration of radioactive material released from the site,
was essential. The previous analytical treatment is, therefore, applied to the case of pollutant dispersion
from the research reactor in Inshas, for which the ventilation system is described in an earlier paper(5)

(the total ventilation rate at which cloud could be emmited from the reactor stack of 43 m height and 2
m internal diameter is 7850 m3/hr). The meteorological data (hourly wind velocity and direction) are
obtained from the meteorological tower of the Radiation Protection Department, located at the
considered site. These collected data were measured hourly for the period January-March 1990. The
atmospheric stability class associated with each measurement is determined using combination of the
wind speed and estimate of insolation during the day and cloud cover during the night(6). Insolation
could be estimated from the solar angle (using latitude, longitude, time and data). The calculation
assumes that the windfield- in the region under consideration is homogeneous and is represented by the
wind direction in the 16 sectors.
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A computer program is developed to determine the frequency of occurrence of wind velocity, wind
direction and stability classes in the sixteen angular sectors surrounding the reactor. The wind rose of
the site in the considered season is shown in Fig. 1. The program also utilizes the above frequencies fj
g,,i and Pjj as input data for the evaluation of the ground level integrated concentration given by Eqn.
(7). This value is found to be maximum at 550 m away from the source and lies within the sixteenth
angular sector, while it falls to 10% of this maximum at 5000 m. In Fig. 2, the results are represented
graphically for distances 300, 500 and 700 m, where the magnitude of the position vector of each point
indicates the value of the integrated concentration.

CONCLUSION

An investigation of the long term release of air pollutant is presented, based on the Gaussian plume
model reformulated in polar coordinates and summed over the varying meteorological parameters (wind
speed, direction and stability classes). The ground level integrated concentration all over the area
surrounding Inshas reactor is deduced. The calculations are based on very simple assumptions and a
small set of data, which restricts the use of the model to get just a rough idea of the concentration
distribution close to the nuclear reactor. From the analysis, it is found that the area confined by SSW
and ENE directions, refered to the reactor position, are the most polluted areas. This trend can be
justified, since the calculations have been performed over a season (3 months duration) and the winds in
the area under consideration which explains why the concentrations appear more peaked in certain
direction. During this period, we assumed a constant uniform source strength. The zones beyond 5000
m, even in these directions, are recommended to be unrestricted area for population, due to the drop of
concentration to less than 10% of its maximum. The wind rose, concentration distribution and the
atmospheric stability configuration (which is found to be 46.22% unstable, 14.81 neutral and 38.94
stable) should be taken into account before the construction of a radiation detection network and any
other nuclear facility at the site.
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ABSTRACT

The Waste Isolation Pilot Plant is a mined, geologic repository designed for permanent disposal of
transuranic waste. The facility is owned by the United States Department of Energy, and licensed for
operations by the Environmental Protection Agency. Compliance with license requirements dictates
that the repository must comply with regulatory stipulations that performance assessment calculations
include the effects of resource exploitation on probable releases. Scenarios for these releases
incorporate inadvertent penetration of the repository by an exploratory drilling operation. This paper
presents the scenarios and models used to predict releases from the repository to the biosphere during
an inadvertent intrusion into the waste disposal regions. A summary of model results and conclusions
is also presented.

Key Words: Transuranic Waste /Modeling Scenarios / WIPP

INTRODUCTION

The Waste Isolation Pilot (WIPP) is a mined, geologic repository designed for permanent
disposal of transuranic waste. The facility is located in southeastern New Mexico, USA, and was
developed by the U.S. Department of Energy. The repository horizon is located approximately 650 m
below the surface in a sequence of bedded salt deposits known as the Salado Formation. A
sedimentary sequence comprised primarily of sandstones, siltstones, and carbonates overlays the
Salado. Site characterization studies of the overlying formations indicate the presence of only limited
groundwater. The inherently low porosity and low permeability nature of the Salado Formation
isolates the waste from other groundwater sources and essentially eliminates the possibility of
transport of contaminants from the repository horizon along groundwater pathways. The WIPP site
selection was based on these positive attributes as well as on the ability of salt to creep around the
waste, thereby forming a virtually impermeable barrier between the disposal regions and the
biosphere.

The WIPP was licensed for operations in the spring of 1998. The licensing process required
that the Department of Energy demonstrate that the WIPP complies with U.S. Environmental
Protection Agency regulations. Compliance with the applicable regulations is demonstrated by
comparison of a summation of probable releases over the 10,000-year regulatory period with an
allowable standard. Release pathways include groundwater releases associated with advective and
diffusive contaminant migration from the waste disposal areas and direct releases that occur as a
consequence of natural resource exploitation (i.e., mining or drilling). Regulations state that
repository performance assessment calculations must include effects of inadvertent and intermittent
intrusion into the disposal areas by drilling for resources. Because the geology of the WIPP site
essentially eliminates groundwater releases from the facility, an inadvertent drilling intrusion into the

'repository area represents the most probable release scenario. In addition to regulatory oversight, the
Department of Energy encourages review by stakeholder entities concerned with issues of public
health, safety, and economics. Procurement of government and public approval of the first licensed
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permanent disposal site for radioactive waste presented unique challenges to the project. Many of
these challenges were related to perceptions regarding the effects of petroleum industry activities and
the associated direct releases on repository performance.

Petroleum exploration and production activities are common in the vicinity of the WIPP;
extrapolating the current drilling rate into the future results in hypothetical penetration of the
repository several times during the regulatory period. For each probable intrusion, a quantitative value
for release of contaminated material is calculated. Evaluation of repository performance depends on
the volume of material released and on the radionuclide loading, or activity, of the contaminated
material. The activity is estimated from that of the expected waste inventory. Total releases are
calculated through incorporation of stochastic uncertainty in a series of performance assessment
calculations included in the WIPP compliance certification application'0. Uncertainty is captured
through variation of conceptual models of the repository and variation of model parameters. A
detailed discussion of the probabilistic approach utilized for WIPP performance assessment can be
found in the compliance application(1). The performance assessment system includes conceptual
models of the direct release processes associated with petroleum exploration; these models are
presented in this paper. A description of direct release processes is followed by discussion of models
used to evaluate the consequences associated with direct releases. A retrospective review of the
conceptual model assumptions and consequences concludes this paper.

Direct Releases at the WIPP

Evaluation of the events associated with petroleum exploration led to the formulation of a set
of four mechanisms whereby contaminated material could be transported from a penetrated waste
panel to the surface during a drilling operation. These mechanisms are as follows:

1. cuttings, which include material intersected by the rotary drilling bit;
2. cavings, which include material eroded from the borehole wall during drilling;
3. spallings, which include solid material carried into the borehole during rapid depressurization of

the waste-disposal region; and
4. direct brine releases, which include contaminated brine that may flow to the surface during

drilling.

Understanding of the WIPP direct release scenarios requires a perspective on the repository
and disposed waste. Disposal rooms are mined from the salt in a series of panels, as depicted in Figure
1. Each panel consists of ten rooms, which will be filled with containers of waste and magnesium
oxide (MgO) backfill material. The backfill material acts as a chemical buffer in the waste disposal
regions. Table 1 provides a summary of the initial waste inventory.

The original waste, consisting of a diversity of materials, will evolve as a consequence of host
rock response and chemical reactions within the disposal areas. Creep of the incumbent salt formation
into the excavated openings will dominate the system response during the first few decades following
waste disposal. Within 100 years, WIPP rooms will close to approximately one half of their original
height, thereby compacting the disposed waste and backfill material(2). Although the incumbent salt
formation has relatively little water, field evidence suggests that some brine will flow into waste areas
following disposal. This moisture could, in turn, cause corrosion of steel drums and iron-based
materials within the waste containers. Current conceptual models consider microbial degradation of
cellulosics, plastics, and rubbers present in the waste stream to be probable. These degradation
processes lead to alteration of the waste form and to possible generation of hydrogen, carbon dioxide,
and methane gas in the repository. Calculations predict pressures could rise from atmospheric at the
time of waste disposal to approximately lithostatic pressure (14.8 MPa) within several hundred years
following repository closure(1).
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Waste Storage Rooms

TRU Waste Storage Area
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Figure 1. Schematic of WIPP underground layout. Disposal areas are mined from the Salado
Formation, approximately 650 m below ground surface.

Table 1. Initial Waste Concentrations

Waste Category

Iron-base metal, alloys
Steel container material
Aluminum-base metal, alloys
Other metal, alloys
Other inorganic materials
Vitrified
Cellulosics
Rubber
Plastics
Plastic container/liner material
Solidified inorganic material (including cement)
Solidified organic material (not including cement)
Solidification cement
Soils
MgO backfill

Inventory average
(m3)
170
139
18
67
31
54
54
10
34
26
54
5.6
50
44
451

Inventory
Concentration (wt%)

14
12

L _ 1
6

L__ 3
5
4
1
3
2
4
0
4
4
37

Figure 2 presents a schematic of waste evolution over the regulatory period. This schematic is
based on several assumptions regarding future processes. The volume of brine in a disposal room is
assumed sufficient to generate steel corrosion. Possible sources of brine to the repository include
seepage from the Salado Formation, upward flow from a punctured brine reservoir below the
repository (Figure 3), and downward flow of brackish groundwater via a plugged exploratory
borehole (Figure 4). It is further assumed that the backfill material (MgO) will function only as a sink
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for carbon dioxide gas generated as a consequence of microbial degradation; it is otherwise assumed
inert. It is assumed that creep closure of salt into disposal rooms will cause container rupture, thus
exposing waste directly to fluids present in the repository. These assumptions, as well as those
discussed in the next section, result in a bounding model of waste evolution over the regulatory
period. Implementation of bounding, or conservative, assumptions are consistent with the global
strategy to take a conservative approach in the modeling of WIPP performance.

Modeling Strategy

The modeling strategy applied to human intrusion scenarios at the WIPP incorporates
conceptual models of the waste, the drilling process, and the incumbent host rock. A review of
scenario development and implementation demonstrates that calculations for the four direct release
mechanisms rely on four assumptions:

1. waste rooms and panels are hydraulically connected,
2. waste properties are analogous to a weakly consolidated, particulate material,
3. transient wellbore processes can be neglected, and
4. drilling of exploratory wells in the vicinity of WIPP will continue at present-day rates and current

technology.

Figure 2. Artist's schematic of WIPP waste evolution over time.

350



Drilling Rig
• Land Surface

IS
=T -5"

5

-8
$

Subsurface
Boundary of
Accessible
Environment

* • • • I
Wkste Disposal Region

Culebra

Upper Seal System

rr

MB138

Shaft -

Lower Seal System-

• /

MB139 Access Drifts

n
Pressurized

Brine

(Not.to Scale)

Note: Borehole penetrates waste and pressurized hrihe in the underlying Castile Formation.
Arrows indicate hypothetical direction of ground^aterflow andradionuclide transport:

Anhydrite layers a and b

Culebra

Groundwater flow and
radionuclide transport
Disturbed rockzone

Repository and shafts

Increase in Culebra
hydraulic conductivity
due to mining

Figure 3. Schematic of a human intrusion scenario resulting in penetration of the waste regions and a
pressurized brine pocket by an exploratory borehole. Brine from the pocket could migrate
upward into the waste disposal regions.

The logical model of the repository (Figure 5, not drawn to scale) captures the first
assumption. This model represents an abstraction of the physical domain into a two-dimensional
region. Although the model does not retain details of stratigraphy and geometry, the volume and
properties of each region are captured. Note that the single panel (Component 23) intersected by an
intrusion borehole is modeled as a homogeneous segment; the remaining panels are lumped together
(Component 24), with properties uniformly distributed. Although a more detailed mesh was created
for direct brine release®, the assumption of hydraulic connectivity of waste areas was maintained
within the model depicted in Figure 5.
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Figure 4. Schematic of a human intrusion scenario in which an exploratory borehole intersects a
waste disposal panel. Groundwater from the Culebra could migrate downward to the waste
disposal regions following plugging of the borehole.

Material properties assigned to the waste, as shown in Table 2, imply complete degradation of
waste containers and contents. As discussed in Hansen et al.(4), these products include ferrous and
ferric oxides mixed with salt fragments, reacted and unreacted magnesium oxide, and undegraded
materials. Porosity of waste regions is calculated using a synthesized model of room closure resulting
from salt creep and resistance to closure caused by pressure created by gas generation. Rooms that are
originally about 4 m in height will reduce to between 1 and 2 m in height at the time of a hypothetical
intrusion.
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1. Borehole (first 2DDyears)
1A. Borehole concrete plug
IB. Upper unrestricted borehole
1C. Lower unrestricted borehole

2. Shaft
3. Earth fill
4. Rustler compacted clay column
5. Asphalt
6. Concrete
7. Crushed sat (compacted salt column)

Boundaiy of accessible environment

B. Upper Saladocompacted clay column
9. Lower Salado compacted clay column

10. Lower clay component
11. Concrete monolith
12. Units above the Dewey Lake
13. Dewey Late
14. Forty-niner
15. Magenta
16. Tamarisk
17. Culebra
18. Unnamed lower Member
19. Impure halite

20.MB13B
21. Anhy drite lay er a and b
22. Disturbed rock zone
23. Waste panel
24. Rest of repository
25. Panel closures
26. Operation region
27. Experimental area
2B. MB139
29. Castile
3D. Brine reservoir

I- A

Figure 5. Model grid and material designations for numerical model used to simulate fluid flow
performance assessment calculations; grid includes schematic of an intrusion borehole.

Transient wellbore processes include actions taken by the driller to. control a blowout. Current
drilling pr aices within the WIPP vicinity utilize common well control technology, such as blow-out
preventers. However, since the repository horizon lies above those formations expected to produce
high-pressure gas pockets, the conservative assumption of no well control was applied. Other transient
processes include ejection of drilling mud, transport of cuttings, and dynamic processes associated
with a spallings scenario. Spallings will be discussed in more detail later in the paper.
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Table 2. Material Properties Assigned to WIPP Waste

Property
Hydraulic Conductivity (cm/s)
Particle Size (cm)
Specific gravity
Unconfined Compressive Strength (kPa)
Porosity

WIPP Value
10-3

lO"4 - 2
2.65
6.85

0.2-0.85

Silty Sand Value
10'-10°
10 2- 10'
2.5 - 2.6*

Not Applicable
0.25 - 0.75

Sandstone Value
i o - 3 - io-5

10 2 - 10'
2.5 - 2.6

6.8 -137,000
0.05 - 0.3

* Iron oxide specific gravity is 5.4; salt specific gravity is 2.1.

Present-day drilling rates in the WIPP vicinity result in approximately four wells drilled per
acre within the Delaware Basin, which includes the WIPP region. Activity in the Delaware Basin has
increased «nib fantialiy over the past ten years. Regulations dictate a drilling rate that results in
approximate^, sixteen wells drilled per acre over the 10,000 years simulated. Wells are drilled using
saturated brine as a drilling mud, with penetrations rates varying from about 15 to 60 m per hour.
Although these assumptions can be considered conservative for the WIPP, they also preclude
speculation regarding future drilling objectives and technology. The geometry (Figure 6) of a
hypothetical drilling intrusion is based on current practices.

These assumptions lead to the initial and boundary conditions for the direct release models.
Cutting releases are calculated from the cylinder defined by wellbore diameter (Figure 6) and room
height at the time of the intrusion. Cavings releases require calculations of the erosional shear stresses
of the flowing drill mud, as defined by the fluid viscosity, density, and helical velocity. Erosion of
waste material occurs if the fluid shear stress exceeds a threshold value known as the critical shear
stress. The absence of data on critical shear stress for disposed waste necessitated use of literature
values for this parameter. A minimum value of 0.05 Pa can be assigned based on field and laboratory
experiments on fine-grained, cohesive sediments. The maximum value of 80 Pa was assumed
correlated to a waste particle size diameter using the Shield's diagram(5). This diagram, derived from
experimental data, presents critical shear stress for noncohesive particles as a function of grain size.

Spalling is assumed to occur if repository pressure exceeds the hydrostatic pressure of a
column of drilling mud, or about 8 MPa(4). Because the waste panels are assumed hydraulically
connected, the entire gas storage volume of the disposal area is accessible to a drillhole penetrating
the repository horizon. Production of solids from a formation in the petroleum industry is generally
divided into two categories: dynamic response resulting from a gas kick during exploratory drilling(6),
and steady-state production of solids from a producing formation<7). The modeling strategy for
spallings releases at the WIPP incorporates both of these processes.

Three conceptual models for spallings releases currently exist for the WIPP. These models
include the first conceptual model for spallings, as implemented in the October 1996 submittal of the
licensing application; a mechanistically based model developed to address peer review concerns; and
a model that will be implemented in recertification calculations. Federal regulations governing the
WIPP specify that conceptual models used to predict repository performance must undergo peer
review. A Conceptual Model Peer Review Panel, convened to ensure that the conceptual models used
in the WIPP performance assessment reasonably represent possible future states of the disposal
system, found the first conceptual model for spallings inadequate for performance assessment
calculations. The mechanistically based model was developed to demonstrate that, although the initial
model is missing some of the physics considered necessary to fully capture the process, predictions of
the resultant releases are bounded by the original model. The third model is under development and
will be used in future performance assessment calculations of spallings releases at WIPP. This model
adopts features of the two earlier models. Each of these models will be briefly reviewed.
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Figure 6. Schematic of typical drilling configuration for the Delaware Basin. WIPP is within the
Delaware Basin

The original conceptual model for spallings assumes that the dynamic response of the system
can be included in the results of a steady-state model. Laboratory experiments of a simulated blowout
were conducted using sand as a waste surrogated Results indicated that production of solids would
cease under steady-state conditions. In order to develop a mathematical model of the observed
spalling process, it was assumed that experimental results could be correlated to the geometry of the
apparatus, particle size of the surrogates, and cohesive forces between particles. Capillary and other
cohesive forces are assumed to account for all adhesion between sand grains. An abstraction of these
forces was devised, with fitting parameters identified to capture effects of geometry and scale. Details
regarding the mathematical formulation of the model are found in the the certification application*1'.
Experimental results and interpretations are found in Lenke et al.(8). The original model calculates
removal of solid material from the repository to the surface through assumption that erosional forces
dominated the process. Solids transport within the waste regions and drillhole are assumed to be
inherently incorporated in the mathematical formulation of the model.
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Principal concerns of the peer review related to an apparent mismatch between the
mathematical model of spallings and the experimental results{9). Experiments and analyses conducted
subsequent to publication of peer review concerns resulted in development of a mechanistically based
conceptual model for spallings<4). Rigorous evaluation of waste character was the first objective of the
new model. A review of performance assessment predictions of iron corrosion, brine inundation, and
pressure history supports a model of the waste as a heterogeneous mixture of variably sized materials.
Chemical reactions within the waste lead to cementation of the original waste as well as cementation
of degradation byproducts. Technical studies, including laboratory experiments, theoretical
evaluations, and analog comparisons, provide the basis for a mechanistically based conceptual model
for spall. A systems approach was applied to model development, as illustrated in Figure 7. The
mechanistically based model is logically divided into three elements: motion of the mud column, gas
flow within and from the repository, and variation of stresses in the waste. As discussed in Veeken et
al.<7), seepage stresses and erosional processes contribute to production of solids. However, peer
review concerns focused on calculation of stress and potential material failure in the waste. Model
calculations therefore focus on the volume of waste subject to tensile stresses likely to result in
material failure. Erosional processes and solids transport are not included in this model. Instead,
calculations of the volume of material subject to tensile failure are compared to solids releases
predicted using the erosional model. Embodied in this approach is the assumption that the waste will
consist of a competent, nongranular material unless stresses result in material failure. Such failure
may disaggregate waste matter and degradation byproducts, thereby making this material available for
transport. The volume of material (Figure 8) likely to experience tensile failure is, in all cases, smaller
than solids releases predicted using the erosional model. Peer review concerns were thus addressed,
and the mechanistically based model was then retired. Development of a model that captures all the
physical processes leading to spallings releases is under way.

^- -v
Underground

Setting for
Spall Event

Waste Characterization^

Conceptual Model
•Mud Evacuation -
•Gas Outflow
•Waste Stresses -

-Bottom Hole Pressure

COMPUTATIONAL APPROACHES

SEMI-ANALYTICAL APPROACHES

•Quasistatic Solution
•Cavity Growth Transient

Solution

Verify/Confirm / )
^J Validation

Conceptual * '
Model

Verify/Confirm

Semi-Analytical
Approaches

Analog Comparisons |

NUMERICAL APPROACHES

One-way Coupled
•Two-Phase Finite Difference Pressure

Decay (TOUGH28W)
•Poroelastic finite Element Stress

Analyses (SPECTROM-32)

Failed Volume Determinations

I Compare Volumes to CCA Model I

Figure 7. Diagram illustrating systems approach used to develop the mechanistically based
conceptual model for spallings releases.
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Figure 8. Volume of waste material predicted to fail in tension as a funtion of initial fluid pressure
and tensile strength; direct releases predicted using the original model ranged from 1 to
4 m3.

The current model for direct releases resulting from spalling integrates the erosional
processes of the first model with the coupled response of the mechanistically based model, and adds a
solids transport feature to the system. In this model, releases to the surface are limited by the carrying
capacity of gases flowing from the repository; a chemical engineering method based on fluidized beds
transport forms the basis for this component of the spallings model. Transient drilling effects are
directly coupled with gas flow and stress calculations in the waste. Uncertainty in the coupled
physical processes and parameters is included via a probabilistic assessment based on engineering
judgment. Waste evolution studies also support the model; reevaluation of the conceptual model of
the entire waste disposal area is included in the new conceptual model for spallings.

The direct brine release mechanism is active when repository fluid pressures exceed the
hydrostatic pressure (8MPa) of the drilling mud. Other parameters include the flowing bottom-hole
pressure and brine saturation of the waste regions. To determine the flowing bottom-hole pressure, an
iterative procedure is used based on a petroleum industry multiphase flow correlation developed by
Poettman and Carpenter(10). Flow up the intrusion borehole during drilling is governed by complex
physics dependent on frictional effects and two-phase fluid properties. This behavior is much studied
in petroleum engineering, and many correlations have been developed to predict flow rates and
pressures in vertical two-phase pipe flow. The Poettman-Carpenter approach was chosen to calculate
the necessary bottom-hole pressure because it accounts for multiphase frictional effects based on
empirical (field) data from flowing wells, is one of the few correlations that includes flow between the
drilLpipe and open hole (annulus) in its development, and is easy to implement.

The wellbore is discretized into finite segments to capture the geometry of the open hole, drill
pipeT drill collars, and casing(s). Similar to the spallings model, brine is assumed to flow to the
surface through the annular area only. This is consistent with gas well blowout behavior since the
inside of the drill pipe is filled with drilling fluid. The fluid saturations and panel pressures in the
waste are calculated in a probablistic manner(1) for each intrusion time; it is necessary to match these
parameters to values predicted using the Poettman-Carpenter approach. As discussed in O'Brien et
al.(3)

r an iterative process is applied to achieve this.
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DISCUSSION AND CONCLUSIONS

The relative importance of direct releases to WIPP performance can be deduced by
examination of the distribution function depicted in Figure 9. The curves presented on this plot
represent the summation of total releases over the regulatory period as a function of probability.
Regulatory compliance is demonstrated if the curve of total releases falls to the left of the limit. In
addition to the curve showing total releases, curves are also presented for cuttings and cavings (as a
single summation), direct brine releases, and spallings. Groundwater releases are not shown on this
plot; these releases are several orders of magnitude smaller than releases resulting from direct
releases. The cuttings and cavings mechanisms are the most significant contributors to the summation
of releases. Because cuttings and cavings releases occur during every hypothetical intrusion into a
waste panel, this contribution is largely a consequence of the assumption that the present-day drilling
rate continues throughout the regulatory period. Although drilling within the WIPP area is currently
prohibited, it o assumed that future generations will be unaware of this restriction. Direct brine
releases are comparatively quite small, at least one order of magnitude less than those predicted for
the other mechanisms. Contributions due to spallings releases become important at lower

'probabilities. The curve presented here represents spallings releases calculated using the original
conceptual model. It is expected that the current model, discussed previously, will result in a smaller
contribution to total releases for this process.
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Figure 9. Summary of the total normalized releases (top curve), and normalized releases for
spallings, cuttings and cavings, and direct brine release from WIPP. Normalized releases
resulting from groundwater transport are several orders of magnitude less than direct
refeases and do not plot at the scale of this figure.
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The assumptions regarding waste character and properties presented early in this papei
significantly influence the magnitude of direct releases'1'. These waste properties derived from the
assumption that prediction of the physical evolution of the waste represented an insurmountable
challenge. Recent studies show that waste character and properties can be predicted on the basis of
known and expected processes within the disposal areas. This recognition has led to the support of an
experimental program for waste surrogate development. Li addition to providing material properties
for the spallings release model, an additional benefit is reduction in uncertainty in the critical shear
stress parameter implemented for cavings releases. The lower bound for critical shear stress is based
on a literature value for extremely soft sediments; these sediments represent a conservative analog for
the materials presented in Table 1. It is reasonable to expect that direct releases resulting from cavings
will also be reduced as a more realistic evaluation of waste evolution is made.

A retrospective review of the conceptual models for the waste disposal areas and direct
releases shows that the conservative approach implemented in model development has mixed results.
A perceived benefit of implementing conservative models was that these models could be easily
defended to regulatory and stakeholder entities. Defensibility of the models as conservative can only
be achieved if the audience is cognizant of the expected system response, as compared to the
predicted response, and if it is clear that the essential physical processes are included in model
abstractions. For example, in the case of spallings this clarity was lacking, and a significant effort was
required to demonstrate model conservatism. Strong coupling between repository and release models
renders it difficult to convince stakeholders that the predicted response represents a conservative
approximation of all direct releases. The assumption of disposal panel connectivity is an example of
this difficulty. Predicted inflows from a punctured brine reservoir (Figure 3) provide sufficient brine
to the waste such that 100% of the iron could theoretically corrode in an intruded panel. This scenario
produces a degradation pathway that could produce a waste form consistent with the model of a
weakly cemented, granular medium. Presenting a concise argument to public stakeholders of the
exceedingly small probability that this same panel would have high gas pressure sufficient to generate
a gas blowout or spallings event, or that the erodability of the degraded material was representative of
all the remaining waste, remains a challenging exercise. At the same time, scientific stakeholders
question the use of conservative models; instead, these entities favor implementation of engineering
models and methods to demonstrate system performance.

The WIPP experience generally supports the typical position of the scientific community that
adherence to realistic and expected processes in conceptual model development represents a preferred
option. Predictions made using this approach are more likely to withstand public, regulatory, and
scientific scrutiny. Waste evolution and form comprise a clear example of the success of the
approach. Rational arguments made regarding expected processes and products provided a basis for
waste surrogate development. Surrogates were developed for the most degraded scenarios such that
material properties could be deduced and implemented in the mechanistically based model. Both the
rationale for surrogate development and material properties estimates were presented for peer review
and were deemed acceptable. Concerns of stakeholder entities were similarly addressed through
logical presentation of the expected physical processes, rather than relying on abstract mathematical
models. Although a need remains for some abstractions so that quantitative results can be obtained, it
has become evident that the benefits derived by direct consideration of complex problems outweigh
the computational difficulty of addressing these complexities.

Experience has shown that the use of simple and abstract.models of the waste and direct
releases is computationally straightforward and can be conservative. However, the difficulties that can
arise defending simple abstractions should be considered when choosing models to simulate physical
phenomena in performance assessments. Experience has also shown that it is possible to incorporate
more realistic models and that use of these models yields improvements to predicted performance.
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ABSTRACT

A hypothetical core melt down accident is assumed to occurs at the Egyptian
Material Test and Research "MTR" reactor site in Inshas area. The radioactive
inventory of the reactor is calculated assuming maximum operating conditions. The
release of Sr-90; Cs-134 and Cs-137 radionuclides from the molten core to the core
basement and then to the "hydrosphere layer" are estimated. The radionuclides transport
from the hydrosphere to the Miocene and the Quaternary underground water and
therefore to the nearest canal "Ismailia" across a shortest pathway are modeled using
two approaches: a- slope permeability, and b- recharge to water table. The travel time for
the released radionuclides from the molten core to reach the canal area through the
ground water Miocene aquifer is found to be in the range from 2 to 12 years. Liquid
pathway via the Miocene aquifer from the reactor site to the canal area is obtained.

Key Word:Core-Melt/Hydrosphere/Release/Radionuclide$/Transport

INTRODUCTION

It is highly recommended to consider the consequences and probabilities of a range of accidents
involving the release of radionuclides to the hydrosphere of Inshas site, where several pathways for
radionuclides release are possible. Accordingly, an assessment of groundwater occurrences at the site
is necessary, where aquifer system and configuration in addition to different boundary condition are
tried in the present study.

Atmospheric release of thejradionuclides to the environment from nuclear reactor core-melt
accident is well studied. Release through hydrosphere is still lacking behind. There are several
pathways for radionuclides release to hydrosphere01 ; (a)direct release to surface water through
normal channels of water flow at the site, (b)atmospheric deposition of radionuclides to land and
water surface and thereby contaminate surface and ground water bodies, (contamination of the
groundwater under the reactor by a major release of molten core debris and highly contaminated water
following basement melthrough.
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Of the above three liquid pathways; the groundwater route is considered because of its potential
importance. A core-melt accident is extremely unlikely, in the event of containment breaching(2); the
airborne pathway consequences are greatly exceed liquid pathway. The isolation of the source or
interdiction of the liquid pathways following a core-melt accident is probable(3).

The Egyptian MTR reactor at Inshas site is considered for the present core-melt accident study.
The accident is assumed to release core debris to the ground in the form of molten mass that passes
through the reactor building basement. A series of analytical models are used to calculate: 1-release to
the ground water ; 2-travel time of the contamination through the groundwater; 3-resultant doses to
populations.

SITE CHARACTERISTICS

Physiography and Location :

Inshas area is located at about 50 km north -east of Cairo city. The area studied is fixed by
longitude 31° 24 and latitude 30° 17 (4). The site is bounded from the west by the Ismailia canal
(Fig. 1). The geologic cross section along the site area<4) is represented in Fig. 2. The site of the two
research reactors is located at the downstream of Inshas drainage system whose upper reaches lie to
the east of Inshas. The mean land elevation varies from 110 m above mean sea level(amsl) for the
upper reaches to about 48 m (amsl) for the downstream area. The 10CFR(5) requires that the upstream
drainage area should be minimized to decrease the amount of runoff which could erode or inundate
the waste disposal units. However Inshas site is located in the downstream area of Inshas drainage
system where eolian and fluviatile processes are at minimum

MATHEMATICAL MODELS

Aquifer System

Two main aquifers are identified at Inshas site, the Quaternary aquifer which represents the water
table aquifer type and the Miocene aquifer which represents the confined to semiconfied aquifer
type(6) The aquitard is represented by the frequent occurrences of clay to sity clay layers that ranges
in thickness from 3 to 10 meters(Fig.2).

Release model

The release model is divided into: (l)Releases of radionuclides to the ground water and (2)
Ground water transport; as follows

1-Release to the ground water ( source term)

Nearly all of the populations doses are caused by Sr-90, Cs-134, and Cs-137 radionuclides. The
source term of radionuclide "i" is given by(1> :
M=Msi* Fsi (1)
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where

Mi: quantity of radionuclide "i" entering the ground;
M s i : " " t " present in the core at the time of meltdown;
Fsi : the fraction of radionuclide "i" that enters the sump or suppression pool water and readily
available for groundwater transport

Table 1 gives values of Msi and Fsi with the transmission factor for the common transporting
radionuclides, while Table 2 presents the hydraulic data of Inshas site.

Table 1 Source term parameters^ for liquid

nuclide

Sr-90

Cs-134

Cs-137

Inventory " Msi"
(curies)

1.3 E 4

7.73 E 3

1.31 E4

sump release
fraction

0.24

1.0

1.0

pathway

transmission factor

0.3773

2.024E-17

6.024E-02

Table 2 Hydrological data of Inshas site

L

LI

H

3000 m

1500 m

12.9 m

ne

k

w

0.004

600.2 m/y

0.007 m/y

2- Groundwater Transport

Two approaches were considered for modeling the ground water transport (a)slope permeability
and (b)recharge to water table models. The aquifer water table height and the traveling time of
radionuclides were calculated for each model as follows;

a-SIope Permeability Model

In this model the ground water gradient "i" is assumed constant along the traveling distance of the
radionuclides from the source "reactor" to the sink "Ismailia Canal" as shown in Fig. 3. Applying
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Darcy's law; the traveling time "T" of radionuclides from reactor site to Ismailia canal can be
written as:

T=L1 ne

',7k
(2)

where;

LI: distance between reactor site in Inshas to Ismailia canal; m,
ne : effective porosity in %,
i: ground water hydraulic gradient, dimensionless,
k: hydraulic conductivity; m/yr

y
[r
/

•

Rea

b?

/

ctor

^ y - > ^ , . . . .

Impermeable
' y y

jj ^ ^ ^ ^ ^ Ismailia
X^H Canal I

I /

r J L . <

Fig. 3 Ground water transport using Slope Permeability model

b-Recharge to water table using slope- permeability model

In this model a continuous infiltration rate is taken into consideration as a supply for ground
water aquifer. Fig. 4 shows a schematic diagram of this model.
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Infiltration rate
Reactor

Ismailia
+ Canal

Fig. 4 Recharge with slope permeability model

From continuity equation:
w.Al=Vx. A2
but: Al= x . d , A2 = h . d
therefore;
w.x = Vx. h

where:
w: infiltration rate; m/yr,
Vx: Darcy's velocity; m/yr,
x: horizontal distance across shortest path ; m,
d: lateral distance; m,
h: water table height; m,
the Darcy's velocity is given by;

w t
 dh<

dx
where;
h'=h+(L - x). s
and;
k: hydraulic conductivity; m/yr,
h': water table head,
L: distance from top of hill to canal,
s: slope of Impermeable layer

(3)

(4)

(5)

(6)
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From the above equations one can rewrite the following;
dh _ w.x

~dx~~~Lh + S (7)

The travel time of radionuclides from reactor location(source) to canal area(sink) is derived as
follows: •

* V a

therefore;

tne.h

(8)

T-J. dx
w.x

(9)

where
Va: actual velocity = ne . Vx ;
rie: porosity
A computer program is written to solve the differential equation (7) using Runga Kuta technique and
to evaluate the integral (9) by Guass quaderature method.

RESULTS
The calculated water table height as well as the variation in the hydraulic gradient with distance from
recharge area is given in Table 3 and presented in Fig. 5. The calculations are carried out using
recharge to water table model. The travel time for nuclides transport from the core location to
Ismailia canal is determined and tabulated in Table 4 for the two models; slope permeability and
recharge to water table.

Table 3 Water Table height vs distance from hill
dist. from
hill (m)

3000
2850
2700
2550
2400
2250
2100
1950
1800
1650
1500

Water table
height (m)

12.9
13.29075
13.65113
13.98348
1 4.28977
1 4.57162
1 4.83045
15.06742
15.28357
15.47976
15.65675

ground water
gradient

-2.712274E-03
-2.500906E-03
-2.306732E-03
-2.126801E-03
-1.958791E-03
-1.800846E-03
-1.651456E-03
-1.509377E-03
-1.373566E-03
-1.243145E-03
-1.117356E-03
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Fig. 5 the variation of the water table height with traveling distance

Table 4 Traveling time (years)

Model 1

5.2206

Mode 2

5.794052

CONCLUSIONS

1- An estimated travel time for Sr-90 and Cs-134 and Cs-137 are calculated using two different
approaches ; slope -permeability method and recharge to water table method. The estimated travel
time amounts to 5.2 years for the first mode! while it amounts to 5.7 years for the second model.

2-The calculations used the Miocene aquifer as the conducting hydrosphere where groundwater
movement in this aquifer is found to be from reactor site to Ismailia canal.
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3- The validity of the used model is checked by comparing the predicted groundwater level below the
reactor site (15.6 m amsl) with the actual measured value(15.0 m amsl)[4 ], which seem to be greatly
conformable.
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ABSTRACT

The geometries of liquid waste storage tanks are not generally safe against criticality.
Normally, this does not cause problems as fissile materials exist in nitric acid solution
only as depleted uranium or in insignificant concentration of the originally reprocessed
inventory of plutonium. However, if sedimentation of solid particles would occur, the
deposited material would cause criticality safety problems. Particularly, non -horizontal
installation of the storage tanks would increase the Eigen value. The effect of the
storage tank inclination and the presence of transplutonium elements on the criticality
safety are investigated using the NCNSRC code packages. The results are compared
well with a similar German published results.

Key Words: High radwaste / Criticality safety/ Waste Storage/

INTRODUCTION

During the past years, large number of experimental and theoretical work had been
performed to improve the basis for establishing criticality control on high level radioactive
waste to help ensure freedom from nuclear accidents in chemical or metallurgical operations
or on storage locations. Factors affecting criticality have been studied, with one of the
principal purposes being to establish accurate critical sizes and masses over a range of
significant parameters from experiments in selected assemblies. As it is not always feasible to
establish experimentally all the data points that one might wish to obtain, calculations which
are correlated to experiments , establish more firmly the critical dimensions and masses
between measured points.

Moreover, calculations are used to assess criticality conditions for cases with specific
conditions and parameters.
In the national center of nuclear safety and radiation control NCNSRC, criticality safety for
transported or stored fuel were subject to a number of studies [1-9]. Most of these studies
were concerned with more or less reactor fuel for research or MTR reactors type. Wj{h
growing interest in fissile materials in laboratories, the previous criticality safety studies .aw
extended in the present study to cover high level waste not necessarily research reactor waste.

There are many factors to be considered in determining safe operational limits for
chemical and metallurgical handling fissile material. Process variables, control philosophy,
environmental conditions, interaction effects, etc. must be taken into account; but all of these
considerations, to a greater or lesser extent, are founded on the criticality parameters of a
single homogeneous units.
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The basic unit of all criticality data is the isolated spherical core consisting of an idealized
mixture of a single fissile isotope and moderator, usually water. In such a system the number
of variables is reduced to a minimum and thus a common ground is established for the
comparison of the critical parameters of one particular isotope with those of another. Further
this simple system would be the basis against which the effect of additions of other materials
can be measured.

Following this approach, in the present work such a simple system is adopted .
The different cases studied using one dimensional spherical geometry are:
1- Different uranium enrichment;
2- The uranium concentration in UO2-water mixtures;
3- Plutonium 240 concentration in Pu metal water mixtures
4- Critical systems of plutonium nitrate solutions
5- The concentration of nitric acid in Pu nitric acid solutions

. 6- The presence of neutron poisons in the form of metals.
However in order to study the effect of storage tank inclination on criticality three
dimensional geometry were adopted.

CALCULATION PROCEDURE

The first step in criticality calculation is to generate cross sections suitable for the type of
calculation in question. For the purpose of the present calculation the cell parameter code
WIMSD4 [12] was used to generate multigroup cross section set for each case listed above.
It is well known that even the multigroup microscopic cross section well be affected by the
spectrum variation as a result of varying the fissionable material density or fissionable
material to hydrogen atomic ratio or to the presence of neutron poisons. As a result one has to
generate a new cross section set for each value of the above parameters. The cross section has
then to be transferred to ANISN [13 ] or TRITON [ 14] format using the routines in the
NCNSRC codes library [10].

The code ANISN is then used for all spherical system calculations, While the three
dimensional diffusion code TRITON is used to calculate the problem of tank inclination.
Both search option (critical radius, zone thickness search ) and straight forward criticality
calculation are used in ANISN calculation.

CALCULATION AND RESULTS

Criticality calculations for water reflected spheres of UO2 water mixtures for two different
enrichments (5% and 10% ). In this calculation the total uranium concentration was varied in
the range .1-10 g/cm3 . The results are shown in fig. 1.
The minimum critical mass of the total uranium was found to be 8.6 kg for concentration
lg/cc and enrichment 10%. While the minimum critical mass in case of 5% enrichment was
found to be 45 kg total uranium for concentration .94% g/cc.
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Figure 1: Critical mass of water reflected spheres of 5% and 10% enriched UO2 H2O mixtures

The above results were compared with earlier experimental and theoretical calculation by
Chamles [13] .In Chamles calculation the four groups diffusion theory were used. The
difference between the present and the earlier results amounts to less than 1% in most cases.

Plutonium systems

The criticality calculation results for plutonium metal water systems are shown in fig.2.
The calculation showed that the minimum critical mass of Plutonium in the system is 0.57
which is in good agreement with earlier calculation performed using the SCALE system
using 218 multigroup cross section library [14 ].

a.

Dl

75u

u
0.01 0.1 1

Plutonium concentration
(g/cc)

Figure2 : Critical mass of water reflected spheres of plutonium metal water mixtures
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As the plutonium waste is usually stored in nitric acid solution , the criticality calculations
were performed for plutonium nitrate solution with different plutonium concentration. The
results are shown in fig .3. In this case the minimum critical mass is calculated to be .62kg of
plutonium.

0.01
Plutonium concentration

Figure 3 : Critical mass of water reflected spheres of plutonium nitrate solutions.

The effect of the presence of higher plutonium isotopes in the solution on criticality is
shown in fig.4. In this figure the presence of Pu240 in the solution were varied between 0 to
15%. As it is shown from this figure a marked variation in the critical radii were found as the
pu240 concentration increases as this particular plutonium isotope has a large neutron
absorption cross section.

239PU

2.2%240PU

• 8%240Pu
15%240Pu

Pu
Concentration in

Figure4: Calculated critical radii of reflected spheres of Pu-water mixtures with Pu 240 up to 15
wt%.
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The effect of nitric acid concentration on criticality is shown in fig.5 .This figure
represents the variation of the critical mass for hydrogen to plutonium atomic ratio ranging
from 100 up to 1000 and nitrogen to plutonium atomic ratio ranging from 0 up to 70.

i.
en
i

vo
S

- N / P L F O

-N/PU=25

- N/PU=70

1000

H/Pu Atomic Ratio

Figure 5: Critical masses of water reflected spheres of plutonium

metal nitric acid mixtures

The results of plutonium system calculations agree within <2% with earlier results by
Chamles [17] and by Claton et.el. [18].

Tank Installation

Highly active liquid waste is generally stored in a large tanks whose geometry's are not
safe against criticality, because fissile materials exist in the nitric acid solution only as
depleted uranium (<1% U-235) or in insignificant concentrations (< 300mg Pu per liter; < 1%
of the originally reprocessed inventory of uranium, < 0.3% of the originally reprocessed
inventory of uranium). Since the concentrations are below critical data, there are no
criticality problems when the distribution of the fissile materials is homogeneous. But often
there is a phase of solid material in homogeneous dispersion which contains plutonium
(oxide) compounds in low concentration. This phase may form a sedimentary layer on the
bottom of the tank and thus causing criticality hazard. In a recent German study [ 15], the
influence of non-horizontal tank installation of the waste tank and of transuranium and
transplutonium nuclides on reactivity of sediments containing plutonium .

Typically the tank is a lying cylinder with an outer diameter of 400 cm and a length of 562
cm. The thickness of the stainless steel wall is 1.2 cm. The computation model makes the
following assumptions:

The uranium nitrate solution has a concentration of 7.4g/l (1%U235)
The chemical compound of the fissile particles in this solution is unknown
All fissile materials except U-235 precipitate on the bottom of the tank
Plutonium 239 mass in the solution is 11 kg, present as oxide. A water reflector of 30 cm
thickness surrounds the cylinder.

In the German study the Monte Carlo code MORSE-K were used. In the present work the
three dimensional diffusion code TRITON was used.
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The problem of the tank inclination is treated as variation of non uniform precipitate
material on the tank bottom. Both the present and the German results are given in fig.

•0%incline

•1.2% incline

•0%incline

•1.2%incline

11
Sediment Thickness cm

16

Figure 6: Effective multiplication factor as function of plutonium sedimentation thickness and
tank inclination

The figure shows reasonable agreement with the German results. For inclined tank geometry
the results worse but still good .

The presence of neutron poisons
Many of the wastes from processing fissile materials contain metals that serve as neutron

poisons. It would be advantageous to the criticality evaluation of these waste to demonstrate
that the poisons remain with the fissile materials and to demonstrate an always safe poisons-
to-fissile ratio. Demonstrating that the materials may stay is the job of the chemists while
calculating an always safe ratio is one of the objects of this paper. In earlier work by
Williamson et. el.[16 ] safe ratio for iron manganese, and chromium oxides to different sub-
critical arrangements of uranium wastes have been calculated using a Monte Carlo Code
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HRXN with the Hansen-Roach 16 group cross section library . In Williamson work
multiplication factors were computed, and safe ratios were defined such that the neutron
multiplication values (k values) were < 0.95.
This safe ratio were found to be very sensitive to metal cross-section data in the intermediate
energy range and the processing methods that are used. In the present work this safe ratio
problem is studied using more elaborate cross section library and a sophisticated criticality
code.
In the present work a detailed neutron cross section library based on ENDFBVI[17] was
used. The library which contains 171 neutron energy group were used in the ANISN
calculation.
Table 1 gives comparison for the safe ratios of different metals to uranium using the present
cross section library and earlier data. The safe ratio is defined to be the ratio that gives a
multiplication factor < .95.

Table 1 : Safe weight ratios for different metals in uranium assemblies.

Element Earlier calculated ratio Present calculated ratio

r e : sup/ sup j sup 3 u
M n : sup 2 sup 3 sup 5 U
Cr: sup 2 sup 3 sup 5 U

77:1 68:1
30:1 34:1
52:1 47:1

SUMMARY AND CONCLUSIONS

Criticality safety is the major concern in radioactive waste. In the present work some the
NCNSRC codes are used for parameteric study for selected cases containing uranium or
plutonium as fissile material. The one dimensional Sn code ANISN was found quite suitable
to study problems of one dimensional nature. The minimum critical masses for reflected
uranium water spheres at different u235 enrichement
,for plutonium water spheres and for plutonium nitrate solutions were determined.
All the results were found to be in good agreement with earlier results. The effect of nitric
acid concentration and the presence of the plutonium isotope 240 were shown

The problem such as storage tank inclination had to be treated in three dimensional. The
diffusion simulation of such problem led to reasonable results however this has to be treated
using Monte Carlo technique to allow for accurate representation of the problem. The
problem of the presence of metal poisons were found to be very sensitive to the cross section
used. A detailed cross section set allowing for detailed description of the neutron resonance
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and epithermal ranges were used. The present calculation showed different results than
earlier results [16 ]. The present result are considered to be more accurate because off the
detailed update cross section library use.
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ABSTRACT

Inspke of all precautions that being taken during radioactive materials transport
accidents to ensure safe transportation of these materials; there is still a probability for
accidents to occur which, may be accompanied by injury or death of persons and damage
of property .So, in response to the increasing possibilities of accidents in Egypt, the
government had prepared an emergency response plan for radiological accidents to
coordinate the response efforts of all the national agencies.

Trends for use of the radioactive materials and sources inside the country for the
purpose of medical diagnosis and treatment as well as in industrial applications, are
increasing. The radioactive waste resulted from these activities are transported from the
centres where these materials being used to the waste management facility where they
are treated and finally disposed safely at disposal site.

The aim of the emergency exercise scenario is to test not only the main components of
the emergency plan but also the level of emergency preparedness; mat is the effectiveness
with which the actions or combined actions of the different organizations involved in an
emergency can be put into practice.

The motivation of the present paper was undertaken to give a scenario proposal for
the radiological emergency actions taken in case of a transport accident for a radioactive
waste material (type A- package) transported by a vechile from one of the medical
centers to a disposal site, 40 Km northeast of Cairo.

KEY WORDS .-Radioactive Waste/Transport/Accident/Emergency

INTRODUCTION

Radioactive materials are a part of modem technology and life. They are used in
medicine , industrial manufacturing in research, for generating electrical power and in a
host of other ways that assist our daily lives. There are tens of millions of packages
containing radioactive materials consigned each year throughout the world. The amount
of radioactivity in these packages varies from negligible amounts used in consumer
products to very large amounts in shipments of irradiated nuclear fuels.

In order to ensure the safety of people, property and the environment national
and international transport; regulations and guides have been developed and are used by
appropriate authorities in each country to control the transport of radioactive materials .
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There have been no reported transport accidents with significant radiological
consequences . However in spite of all the measures taken to ensure the safe transport of
radioactive materials, there is still a possibility that accidents may take place . An
accident resulting in a significant release of radioactive material or loss of shielding,
while highly unlikely, could have considerable consequences . These consequences can be
controlled or mitigated by proper emergency response actions .

The type of emergency planning and preparedness that is needed for responding
to transport accidents involving radioactive materials is , to some extent, similar to that
required for responding to transport accidents involving non - radioactive hazardous
materials0-1.

There are variety of radiological sources within Egypt. No nuclear power reactors
hive yet been built, but there are two research reactors used for experimental reactor and
nuclear physics research. These reactors are located in the Nuclear Research Centre at
the Inshass Site, 40 km (20 miles) northeast of Cairo. There is an operating 2 MW water-
moderated reactor used for experimental research; a 22 MW Argentinean-reactor starts
operation on February 1998. The more powerful reactor is going to be used for isotope
production. More over there is in operation an approximately (370,000 Ci) cobalt
sterilization facility operates at the National Centre for Radiation Research and
Technology in Cairo . The facility being used for sterilization of medical products .

Radioisotopes are used throughout the country for medical diagnosis and treatment,
and in industrial applications, such as gamma radiography, as well as for research.
Radioactive materials arrive regularly by plane. These radioisotopes and other
radioactive sources are transported throughout the country.

Egypt has an additional unique problem—the Suez Canal. Radioactive cargoes
traveling through the canal includes new and spent reactor fuel and about 1000 metric
tons of uranium hexafluoride each year. Futhermore, nuclear-powered ships pass through
the canal several times each year, escorted by Egyptian vessels.

PLANNING PROBLEMS & THE RADIOLOGICAL PLAN

In response to the increasing possibility of radiation accidents within Egypt or
impacting the country, the government is preparing an Egyptian Emergency Response.
Plan for Radiological Accidents to coordinate the response efforts of the national
agencies. This plan, which is have been finalized, provides information on agency roles
and responsibilities during a response. The plan will also provide a basis for initiating
needed training, planning for emergency public information, and developing public
education efforts®.

Use of radioactive materials and sources is increasing within the country With this
increase, it comes a need to prepare for accidents involving these materials. For years
there has been an informal agreement between the National Centre for Nuclear Safety
and Radiation Control (NCNSRC), which is one of the four centers operated by the
Atomic Energy Authority (AEA), and the Civil Defense Authority (CDA) to cooperate in
a radiological emergency. CDA currently has the responsibility for responding to all
types of emergencies. The increasing use of radioactive materials and the complexity of
the response required by accidents creates a need for a more formal arrangement.

382



Four national agencies have signed the completed plan. These agencies are Atomic
Energy Authority (AEA), the Ministry of Interior (MOI), which contains the CD A, the
Ministry of Defense (MOD), which operates the Crisis Management Centre (CMC), and
the Suez Canal Authority (SCA). AEA and CDA are the principal response agencies. A
Supreme Council of Civil Defense, composed primarily of cabinet ministers, has the
decision; authority in the response. One of these three agencies will serve as the lead
technical agency during the emergency; this agency will coordinate the agencies'
response. The designation of the lead agency will depend upon the size and nature of the
response.

NCNSRC will serve as the radiological expert and coordinate all radiological
monitoring. AEA personnel from the other research centers will assist with the NCNSRC
monitoring efforts, if needed. NCNSRC has a counting laboratory and background
radiation data from all over the country, as well as a mobile radiological laboratory.
There is a network of 29 radiological monitoring stations in place throughout the country.
This network is currently being expanded to 57 stations. Monitoring stations now
measure ambient gamma levels, moreover, another new stations have already been
installed in the network to measure ambient beta radiation and gamma levels in water.
The rest of the stations are still being in the construction stage. These stations transfer
their data remotely to the NCNSRC offices in Cairo and can provide an early warning of
a large accident.

CDA coordinates all functions other than radiological assistance and can act on its
own authority in responding to any emergencies throughout the country, without
obtaining permission from the governor. CDA does not now have the technical knowledge
to deal with a radiological incident by itself. The military's CMC enters the response only
if CDA needs additional resources or specialized equipment and personnel that are not
available from the other agencies. SCA becomes involved only if the radiological incident
occurs in the Suez Canal. Their role is limited to notification.

Other agencies that may be asked to assist in the response include the Ministries of
Agriculture, Interior, Health, Social Affairs, Information, Transport, Local Governing,
Irrigation and Water Resources, Housing and Construction, Agriculture, and Foreign
Affairs; Ain Shams Specialized Hospital; Organization for Environmental Safeguarding;
Red Crescent Society; and the Meteorological Authority.

Egypt has already made arrangements for the medical care of any people who are
injured and contaminated or who have received large radiation exposures. There is an
existing arrangement (August 1993) with Ain Shams Specialized Hospital in Cairo to
take such patients. Personnel at Ain Shams have already been trained for this task. The
Institute de Protection et de Surete Nucleaire in France has agreed (July 1993) to accept
more severe cases for medical treatment there.

REVIEW OF SELECTED NUCLEAR TRANSPORT
EVENT CASE HISTORIES

Here given a brief review of information on 13 selected case histories of transport
events. While these case histories do not generally include details of the emergency
response actions they are very useful in assessing the effect of transport accidents on
packages and can yield lessons which can be of value to shipper as well as carriers in
reducing the frequency recurrences. In addition they provide information which may be
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used to set up scenario for local drills and exercises involving radioactive material
transport incident emergency response'" . More detailed information about radioactive
material transport accidents can be found in the bibliography listed in this article .

1- Case History No.l - Boston, Massachusetts, 23 February 1968

This event involved the air shipment of a 540 Kg lead/steel "pig" from warm
California to frigid Boston, Massachusetts in mid- winter . The "pig" had been
underwater by its shipper with a sealed irradiation canister of quartz ampoules containing
mixed irradiation samples . After arrival at Boston, the "pig" was transferred to storage
outdoors within a delivery vehicle where it sat for several days. Later, leakage was
observe? from the drain spigot, which was then surveyed and found to be contaminated.

Cleanup and survey effort then ensued to track down and remove any spread of
contamination, which generally remained confined to the delivery vehicle itself.

This incident served as an early reminder of the importance of procedural quality
control requirements in preparation of packages for shipment.

2- Case History No.2 - North Stonington, Connecticut, 13 February 1970

This was a single vehicle transport incident involving an unirradiated Uranium scrap
shipment which occurred on Interstate Highway NO. 95 in Eastern Connecticut. The
accident was caused when both left rear wheels came off the truck, causing it to veer off
the highway, crashing through the guardrail. It continued on down the steep slope on the
side of the roadway for several hundred meters eventually coming to rest upside down in
a drainage ditch.

The driver of the vehicle suffered minor injury . The five cylindrical shipping
containers each containing 95% U-235 as Uranium - Zirconium Scrap, were torn loose
from their tie- down within the vehicle; however, no release of contents took place.
Leaking gasoline was in evidence but no fire occurred the speed of the vehicle was
estimated to be 77 Km/h.

3- Case History No.3 - Harrisburg, Pennsylvania, 4 May 1970

This event was probably the very first known incident in which type B packages were
subjected to a actual fire condition which was equivalent to, or greater than, the
Regulatory thermal test for a type B package. Four wooden overpackas each with an
empty inner US Department of Transportation Specification 55 shielded "pig" were
exposed to a 2-1/2 hour fire which began after the vehicle had collided with an
overturned vehicle in its pathway .

The exact temperature reached in the fire was uncertain, but was estimated to be well
in excess of 800C . Detailed examination of the packages indicated only charring of the
exterior of each overpack to a depth of about 4 cm with no damage at all to the inner
packaging.



4- Case History N0.4 Clinton, Tennessee, 8 December 1970

This incident occurred on a major highway near Clinton. Tennessee. The driver of a
vehicle carrying an irradiated spent fuel cask swerved to avoid colliding with an
approaching vehicle lost control, and overturned off the roadway while attempting to
negotiate a wide turn. As a result, the cask assembly was thrown into a ditch, traveling
more the 30 m before coming to rest upside down in the ditch off the roadway .

No release of contents or increase in radiation occurred . Minor damage to the outer
thermal insulation was suffered . The cask was recovered and subsequently returned to
service after repairs . The experience gained in the accident provided a useful
demonstration of the adequacy of the design standards for type B packages with respect
to an actual highway accident involving a very severe impact situation .

In this incident the driver of the vehicle fatally injured due to the normal forces of
impact and crushing .

5- Case History No. 5 Houston, Texas, 31 December 1971

This event was and remains probably one of the most widely publicized nuclear
transport incidents to date . It involved contamination which spread from a leaking
package abroad a passenger - carrying civil aircraft .

An approximate 250 ml quantity of high specific activity molybdenum -99 in sodium
hydroxide liquid leaked from a type B package in the course of transport by a passenger -
carrying aircraft on its way from New York to Houston, Texas on 31 December 1971,
The cargo hold of the aircraft became contaminated and 917 passengers had traveled
abroad the aircraft on a total of 9 flights into cities before discovery of the contamination
and removal of the aircraft from service two days later. The aircraft decontaminated
under supervision of public health officials and returned to service after one day . Due to
reported cases of contaminated luggage in different locations, the air carrier, in cO-
operation with government agencies established monitoring locations in various cities .
By telephone contacts and press releases, passengers who had no the aircraft during the
period of its contamination were afforded an opportunity to have their luggage monitored
for possible contamination.

6- case History NO.6 Baton Rouge; Louisiana, 5 April 1974

This incident involved the shipment of a type B quantity as a 1.2 TBq indium -192
special form source in a radiography source changer device aboard a passenger - carrying
aircraft . Due to an improper source exchange procedure by the consignor prior to
shipment, the package, as transported, contained the source in an unshielded position,
causing a high radiation dose rate to be present in the vicinity of the package. The
shipment was transported by private truck to a Washington, DC airport, hence via
commercial passenger carrying aircraft to Atlanta, Georgia via a second aircraft to Baton
Rouge, Louisiana, then by commercial truck to the consignee . At location, the abnormal
situation was first detected by the setting off of the consignee's area alarm radiation
monitor as the truck backed up to the plant loading dock.

During the course of transport, passengers on the two aircraft involved, cargo
handlers at the airports, employees of the consignor and local delivery carrier received
unnecessary radiation exposure . The incident was investigated by two federal agencies,

385



This incident occurred on a major highway near Clinton. Tennessee. The driver of a
vehicle carrying an irradiated spent fuel cask swerved to avoid colliding with an
approaching vehicle lost control, and overturned off the roadway while attempting to
negotiate a wide turn . As a result, the cask assembly was thrown into a ditch, traveling
more the 30 m before coming to rest upside down in the ditch off the roadway .

No release of contents or increase in radiation occurred . Minor damage to the outer
thermal insulation was suffered . The cask was recovered and subsequently returned to
service after repairs . The experience gained in the accident provided a useful
demonstration of the adequacy of the design standards for type B packages with respect
to an actual highway accident involving a very severe impact situation .

In this incident the driver of the vehicle fatally injured due to the normal forces of
impact and crushing.

5- Case History No. 5 Houston, Texas, 31 December 1971

This event was and remains probably one of the most widely publicized nuclear
transport incidents to date . It involved contamination which spread from a leaking
package abroad a passenger - carrying civil aircraft .

An approximate 250 ml quantity of high specific activity molybdenum -99 in sodium
hydroxide liquid leaked from a type B package in the course of transport by a passenger -
carrying aircraft on its way from New York to Houston, Texas on 31 December 1971,
The cargo hold of the aircraft became contaminated and 917 passengers had traveled
abroad the aircraft on a total of 9 flights into cities before discovery of the contamination
and removal of the aircraft from service two days later. The aircraft decontaminated
under supervision of public health officials and returned to service after one day . Due to
reported cases of contaminated luggage in different locations, the air carrier, in cO-
operation with government agencies established monitoring locations in various cities .
By telephone contacts and press releases, passengers who had no the aircraft during the
period of its contamination were afforded an opportunity to have their luggage monitored
for possible contamination.

6- case History NO.6 Baton Rouge, Louisiana, 5 April 1974

This incident involved the shipment of a type B quantity as a 1.2 TBq indium -192
special form source in a radiography source changer device aboard a passenger - carrying
aircraft . Due to an improper source exchange procedure by the consignor prior to
shipment, the package, as transported, contained the source in an unshielded position,
causing a high radiation dose rate to be present in the vicinity of the package. The
shipment was transported by private truck to a Washington, DC airport, hence via
commercial passenger carrying aircraft to Atlanta, Georgia via a second aircraft to Baton
Rouge, Louisiana, then by commercial truck to the consignee . At location, the abnormal
situation was first detected by the setting off of the consignee's area alarm radiation
monitor as the truck backed up to the plant loading dock.

During the course of transport, passengers on the two aircraft involved, cargo
handlers at the airports, employees of the consignor and local delivery carrier received
unnecessary radiation exposure . The incident was investigated by two federal agencies ,

386



who subsequently levied civil penalties against the consignor for non- compliance with
shipper requirements .

7-Case History No. 7 - Rockingham, North Carolina, 31 March 1977

This widely published event was a classic case - study of on - scene emergency co-
ordination aspects of a nuclear transport incident. It involved the derailment of 24 out of
102 cars from a freight train in a remote, swampy area. Three derailed cars were carrying
ammonium nitrate, and two others were each carrying two 14 tone cylinders of uranium
hexafluorids on a "piggyback" trailer. Upon impact of derailed ail of the cylinders broke
away from their trailers and flat cars and were thrown away from the track . No releases
or breaches of the cylinders occurred, although at various times some persons mistakenly
believed that a radioactive release had taken place . The car carrying the ammonium
nitrate catch fire and burn . One of the cylinders was adjacent to this burning car.

During this incident and post- accident operation, at least 17 different agencies or
organization were in some way involved . Communications and information flow
appeared to emerge as one of the major problems . In its special investigation report, the
US National Transportation safety Board made several conclusions relating to emergency
response plans, on - scene co-ordination and hazardous material identification aspects.
The overall property damage was estimated at US $ 750,000 .

8- Case History No. 8 - Springfield, Colorado, 27 September 1977

This event involved the collision, the truck overturned and came to a sudden stop in a
drainage culvert, causing 32 of 50 drums to be thrown from the vehicle, with 17 drums
suffering lid closure failure . Of the remaining 18 drums in the vehicle, 12 also suffered
lid failure . A total of 5400 Kg of yellowcake spilled from the opened drums . The two
occupants of the vehicle were badly injured but survived .

9- Case History No.9 - Wichita, Kansas, 22 March 1979

This accident involved a shipment of 19,833 Kg of yellowcake being transported on a
tractor trailer, in fifty - four 2501 steel drums . It occurred when the trailer wheels left
the traveled portion of the interstate highway and overturned while attempting to return to
the traveled portion from the soft shoulder. Both lanes of the highway were blocked the
overturned vehicle . 51 of the drums were thrown suddenly through the roof of the trailer
, with 22 of them suffering drum lid failures and spillage of about 800 kg of material.

10-Case History No. 10 Hilda, south Carolina, 3 November 1982

This accident occurred at a highway intersection near the Bamwell, South Carolina
Low- Level Waste Burial Facility when the driver of a tractor - trailer, while swerving to
avoid hitting an automobile which had turned onto the roadway in front of him, lost
control of his vehicle and ran off the road. The vehicle overturned as skidded a hundred
meters and came to rest upside down in a drainage ditch. Two empty type B radwaste
casks which had been tied down to the bed of the open trailer were torn free of the
vehicle. The driver of the vehicle was trapped within and was fatally injured . The two
occupants of the automobile were not seriously injured. A number of different law
enforcement and emergency response organizations responded to the accident, as well as
State Health and consignee/ carrier personnel. No damage was sustained to either of the
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casks although the forces of impact were estimated to have been quite severe. This event
was rather typical of a number of other reported highway accidents , where the initiating
cause of the accident was a driver having to take sudden evasive action to counter other
vehicles which swerve or stop in front of the transport vehicle.

11- Case History No. 11 Buenos Aires, Argentina, 24 June 1975

A Large scale fire occurred at about 7.30 Am. on 24 June in a dock used to store
dangerous goods in transit at the port of Buenos Aires, Argentina. The fire involved a
type B(U) package Model F79, containing a cobalt -60 source with an activity of about
2,000 ci . This package was erroneously stored (administrative error) in a place for goods
in transit instead of being speedily dispatched .

The fire was detected by personnel who immediately notified the fire brigade (primary
emergency group), because the fire quickly spreading . The two - story warehouse,
having dimensions 340m x 30m x 10m, that was involved in the fire was built of masonry
with a stone roof. The extent of the fire was about 50m x 30m x 10m . The fire involved
paper and rubber bobbins, a lorry parked on the first floor and packages containing spare
engines on the second floor . The package containing the cobalt source was near the
lorry.

Two hours after the fire began, the main roof stone collapsed, falling on the package
with the cobalt source .

When the fire ended, the emergency group put up warning signs around the type b (U)
package . Then, the primary group removed the debris to permit the documentation of the
event and to begin recovery .The fire protection casing withstood the fire and adequately
protected the package.

12- Case History No. 12 - Toronto, Ontario, Canada, 26 march 1989

This accident involved a package of 814 MBq of thallium 201 which was crushed
under the wheels of a forklift in an air cargo terminal at person International Airport.
The contents escaped and contaminated the floor of the cargo terminal (250 mSv/h on
contact) and the forklift wheel (0.17 mSv/h on contact). The gloves of the driver became
contaminated when an attempt was made to move the package, the radioactive label was
only noticed at this time .

The accident caused considerable disruption to activity in the cargo terminal. The area
was cordoned off and emergency response personnel from the shipper were called in to
assess the situation clean up the radioactive materials . Due to the nature of the terminal
floor (rough concrete with oil and grease), it was decided as a temporary measure, to
allow the remaining contamination to decay under a lead plate in the cordoned - off areas.
This allowed terminal activity to resume . The forklift wheel, as well as the contaminated
gloves, were removed and stored, portions of the floor were later removed by the terminal
owner despite the negligible hazard. There was no significant radiological risk to the
public nor to the transport workers.

The accident illustrates the importance of training transport employees in the correct
response to accidents involving radioactive cargo and the disruptive effect of accident
with even small activities of radioactive material.
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13- Case History No. 13 Montreal, Quebec, Canada 23 May 1989

A shipment of nine 48Y cylinders containing uranium hexafluoride (UF6) residue
was involved in a sea accident on a journey from Europe to Canada via the ports of
Rotterdam, the Netherlands and Montreal, Canada. During a mid- Atlantic storm, three
UF6 cylinders which were inadequately secured insider a 40-foot closed freight container
mounted on the deck of the ship, broke loose and damaged the freight container and two
other neighboring freight containers. Valves were broken off two of the cylinders. The
radioactive material residue escaped and contaminated the deck of the ship, other
equipment and cargo in the neighboring freight containers. A section of the dock area was
also contaminated when the freight containers were unloaded in the port of Montreal.
Over three weeks , the deck of the ship, UF6 cylinders, freight containers and cargo were
progressively decontaminated to acceptable levels. The dock area was the last to be
completed. Some of the damaged freight containers had to be scrapped. There was no
significant radiological risk to the public nor to transport workers . The accident was
caused by the improper stowage of the UF6 cylinders within the 40-foot freight
containers.

The accident prompted a change to in preparation for transport procedures of the
shipping company . Port authorities also modified and improved their emergency
response procedures .

SCOPE OF THE PROBLEM

Inspite of all the measures taken to ensure the safe transport of radioactive materials
there is still a possibility that accidents may occur(2"4) . An accident which lead to a
significant release of radioactive material or loss shielding could have considerable
consequences . These consequences could be controlled or mitigated by proper emergency
response actions.

The following list gives examples of basic operations or tasks associated with the
implementation of an emergency response plan, for which the use of drills and exercises
may be relevant :
1- Communications
- notification (national)
- notification (international authorities, in the event of a transboundary accident)
-communication procedures

2- Initial communication response
- safe evacuation and assembly of plant personnel
- accounting for plant personnel

3- radiological monitoring
- availability and correct functioning of equipment
- in plant surveys
- initial rapid environmental monitoring
- ingestion pathway monitoring
- sample collection and analysis
- data assessment
- trend monitoring
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4- Off- site exposure assessment
- source term evaluation
- meteorological data evaluation
monitoring data evaluation
projected dose estimation
correlation of in - plant and environmental data

5- Personnel dose assessment and control
- dosimeter processing
- dose assessment
- issuing of work permits
- specific radiation protection measures

6- Off- site protective
- provision of advice for decision - making
- control in the public sector
- distribution of radioprotective prophylactic drugs
- sheltering procedures
- evacuation procedures
- access and egress control
- establishing evacuee reception centres
- agricultural controls

7- Medical service
- first aid
- screening of potentially exposed persons
- treatment of contaminated and / or highly exposed persons

8- Accident analysis
- status of main safety systems and fission products barriers
- accident classification
- possible corrective actions
- possible actions to mitigate release of radioactive materials

9- Public information
- prompt warning of the public
- activating a public information centre
- maintaining information to the public
- prevention of public alarm

10- Administration
- activating emergency control and co-ordination centres
- record keeping
- implementation of special security arrangements
- shift staffing
- logistics support

11- On -site recovery measures
- emergency rescue
- fire - fighting
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- use of respiratory protection equipment
- access control to affected plant
- damage assessment and repair

This scenario should reflect the nature and time sequence of events and condition
that must be postulated in order to exercise the relevant sections of the scenario.

Test of Individual and Organizational Response Exercise

Description

On day early morning , a vechile transporting radioactive waste material consist
of highly active empty "mTC generator capsules (type A package) (30 packages) were
moving on a public road from one of the nuclear medical centers in Cairo to a disposal
site 40 Km northeast of Cairo . Suddenly a car emerged from side road and blocked its
way . In an avoidable collision the driver of the vechile was injured and fell unconscious
on the road.

The thirty packages were damaged to the extent that their outer packaging was
destroyed .With the radioactive waste material fell from the vechile, rolled away and
stopped in the vicinity of the driver. The thirty packages were damaged to the extent that
their outer packing were destroyed; 4 out of these packages having activities of (200
MBq) had their radioactive material vials ejected from their shielding and subsequently
broken.

Organization

In the following is the summary of team roles and responsibilities for a scenario in
case of radiological emergency for transport accident for a radioactive waste material:

Team No 1: Response Initiator
This team plays the role of local police officer in charge who gets initial

notification on an accident.

Team No.2 : First Responders
This team plays the role of the local police team that is first on the scene

(1 regular policeman) .

Team No. 3 : Emergency Medical Responder
First Aid Team responsible for providing first aid and all necessary steps for

rescue of the injured driver .(3 participants possibly 1 medical practitioner).

Team No.4 : Emergency Manager
This team is in charge of all emergency operations . It is also responsible for

coordinating public information

Team No.5 : Radiological Assessor
Teams : Environmental Survey Team-

Personal Monitoring / Decontamination Team
These teams are responsible for area (environment) and personal survey , isotope
identification, clean up operations and for dose assessment
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In order to provide guidance on managing the actions to mitigate the
consequences, limit exposure to the public and emergency workers, limit the spread of
contamination , recover the radioactive material and / or clean up in emergency involving
radioactive materials; the emergency manager should immediately asses the radiological
and non radiological situation based on information from response initiator and the on
scene controller . Based on this assessment, initial response actions to mitigate the
consequences should be implemented and appropriate protective actions being taken . The
response actions in any accident can be divided into three phases, the initial phase, the
accident control phase and the post emergency phase . However in any actual accident
many of the response action on the accident control phase may be commenced in the
initial phase of the accident^ •7 •8). The event consequences are given in the following :

Stepl

Obtain briefing about the accident from the Response Initiator and any other
person already involved in the management to the emergency e.g. (On Scene Controller,
Radiological Assessor if already at scene) . Through Response Initiator alert/ activate
any other need responders .

Step 2

Initiate a personal log to record the critical actions and decisions made during the
emergency, including:
- time activated
- persons called and time of call
- emergency responder units at the scene, time contacted and time arrived
- decisions on protective actions, including changes from previous decisions
- decisions on other response actions
- major changes to the situation and time

Step 3

Assess the initial information gathered about source, intensity .

Step 4

If required the Radiological Assessor could alert the source owner (if known).
Obtain additional information on the hazards related to the source and update advice to
the people at the scene if required .

Step 5

Designate the senior official on the scene as On- Scene Controller and establish
communication with the scene . Provide initial instructions to the On- Scene Controller

Initial instructions should address the following considerations, as applicable
- rescue injured persons first
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- fight conventional hazard (e.g fire) first
- confine the source or contamination
- set security perimeter at a safe distance (300 m around)
- isolate people who may be contaminated
- protect emergency workers
- perform radiological survey
- limit the spread of contamination

Determine weather the event is serious enough or has a sufficient public interest
to warrant sending a national level On - Scene Controller to assume overall control.

Step 6

If not already done, dispatch all necessary necessary emergency responders to
the scene . Inform them what radiological hazards may be present . Brief them on
personal protective actions .Determined in cooperation with the On - Scene Controller, if
additional relevant and necessary resources may be required as :
- other emergency response service (firemen, police, medical responders, etc.)
- regulatory authorities
- emergency staff
- other departments within the Atomic Energy Organization (e.g. waste management,
clean up teams, heavy equipment supplier)

Step 7

Ensure that the On-Scene Controller is informed of resources contacted, which
could arrive the scene .

StepS

Get regular reports from the On- Scene Controller on:
- status of the conventional hazards
- status of the radiological hazards
- public safety
- recommended and implemented protective actions

Step 9

Based on monitoring results and recommendations from Radiological Assessor
reassess protective actions . Make decisions on additional protective actions for the
public and instruct the On-Scene Controller if needed.

Step 10

Ensure that Radiological Assessor monitors contaminated or potentially
contaminated people and that, if required based on the advice from the Radiological
Assessor, they are sent by appropriate means to Ain Shams Specialized hospital. If so,
notify the hospital that contaminated or potentially contaminated patients are being sent,
and arrange for radiological support to the hospital.

393



Step 11

Inform the media and the public as required in cooperation with On- Scene
Controller The public has a right to know the facts, and the media has a legitimate
interest in telling the public about these . The truth about a radiation emergency is almost
certain to be less alarming than the exaggerated ideas that will circulate in the absence of
public understanding based on factual public announcements .

Field teams DO NOT provide data to the public but may provide phone number for
contacting Emergency Manager. Field teams may explain WHAT they are doing and
WHY

Step 12

When the source and the contamination, if present, have been confined,
coordinate source recovery and clean up activities . It may be necessary at that point to
consult with the Radiological Assessor on the best options and on additional resources
required It may also be necessary to designate another On-Scene Controller to allow
part of the emergency response services to return to their normal duties.

Step 13

Reassess the situation whenever there is any major change of status of the
emergency

Step 14

Initiate and supervise rehearse of the planned course of action before actual
recovery

Step 15

Once the emergency is over •
- obtain dose assessment from the Radiological assessor
- ensure continued medical follow - up of people sent to Ain Shams Specialized hospital
- inform all organizations which have been activated that the emergency is under control.

Step 16

Insure that all actions, decisions and/ or recommendations have been registered .
Save all records, maps, status boards, etc.

Step 17

Reconstruct the accident, evaluate the response and sum up lessons learned . If
needed, and update the response plan accordingly Prepare final report about the
accident

It has to be notified that the emergency will be terminated when :
1 The source material has been returned to the normal controlled condition
2 There are no potential further abnormal exposures
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3. The radiological consequences in items of health effects on those exposed have been
properly dealt with

DISCUSSION

The objectives of this type of scenario will help to provide a means to determine
if there are any response deficiencies . It will provide groups sharing in this exercise
scenario with means to measure response capabilities . Since there is an element of risk
with real life responses, risks associated with exercises should be minimized . As with all
response activities safety should be first last and always with exercises as well.

This accident scenario and response can be used as a model for the proper
handling of such incidents . Each group involved in the response action reacted promptly
and new its part well.
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ABSTRACT

A review of the seismicity and seismic history of Egypt indicates some areas of high activity
concentrated along Oligocene-Miocene faults. These areas support the idea of recent
activation of the Oligocene-Miocene stress cycle. There are similarities in the special
distribution of recent and historical epicenters. From the tectonic map of Egypt, distribution of
Intensity and magnitude show strong activity along Nile Delta. This due to the presence of a
thick layers of recent alluvial sediments. The released energy of the earthquakes are effective
on the structures. The present study deals with the computed released energies of the reported
earthquakes in Egypt and around Inshass area. Its effect on the urban and nuclear facilities
inside Inshass site is considered. Special consideration will be given to old and new waste
repository sites. The application of the determined released energy reveals that Inshass site is
affected by seismic activity from five seismo-tectonic source zones, namely the Red Sea, Nile
Delta, El-Faiyum, the Mediterranean Sea and the Gulf of Aqaba seismo-tectonic zones. El-
Faiyum seismo-tectonic source zone has the maximum effect on the site and gave a high
released energy reaching to 5.4E+2I erg.

Key words: Inshass, Earthquakes distribution, Seismic energy.

INTRODUCTION

Egypt is situated in the north-eastern corner of the African plate, interacting with the
Arabian and Eurasian plates through divergent and convergent plate boundaries, respectively
(Sofratom, 1984 and Ben-Avraham, etal. 1987). Low and intermediate level nuclear wastes
have been treated, packaged and stored temporary insitu until final desposai. A design of
shallow ground desposal is under investigation. Site selection is one of the important aspects
which taken into consideration for the final decision. One of the important factors is the
evaluation of the regional and local seismological sitting. Inshass area is a part of the Eastern
Nile Delta. It is featureless plain bounded by Damietta branch to the west and to the north by
El-Ismailia Canal. It is located between latitudes 30° 10' N and 30 ° 25' N and between
longitudes 31 ° 20' E and 31o 40* E. The main target of the present study is reviewing the
seismicity of Egypt, and determination of the released seismic energy emancipated from the
reported earthquakes affecting the investigated area.

In order to achieve this target, the seismicity of Egypt should be reviewed. A released
energy map for the studied area should be also constructed. The seismic energies emanated
from the faults related ro Inshass as a part of Nile Delta included in the present investigations.
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According to the regulations of International Atomic Energy Agency (IAEA), specific geologic
conditins as structure, stratigraphy, tectonics and seismic activities have to be studied in the
considered area. Therefore, carrying out site evaluation for constructing the second nuclear
reactor and repository for low and intermediate levels of radioactive wastes at Inshass area is
important objective.

HISTORICAL SEISMICITY

A search in some of the recently published compilations of historical earthquakes of the
Middle East was made to colect the desired events in and around the studied area, with special
interest in many works (Maamoun and Ibrahim, 1978; Ambraseys, 1978 and 1980; and Porier
and Taher, 1980). It was found that, for Egypt, a total of 60 earthquakes were felt, with
intensities of V-IX, during the period from 2200BC to 1900. Some of these earthquakes are
reported with poor information regarding their epicenters, while some have locations outside
the Egyptian border (Alam et al, 1979). Altogether, 22 of the earthquakes have reliable
information concerning the location. Eleven of these caused destruction (Table 1). The
assigned intensities, based on the historically reported damage, may not be homogeneous,
neither in time nor in space. Therefore, only general conclusions can be made regarding the
characteristics of the historical seismicity as follows: .

• Destructive earthquakes that have occurred in Egypt which report major and regional
destruction are available.

• A general concentration of the historical activity is quite clear around the Nile Valley
and Nile Delta. These areas are densely inhabited, but the presence of thick sediments is
likely to be the main cause of high intensities.

• The historical and recent epicenters are distributed in similar ways, indicating the same
areas have been active for many centuries.

• There are similarities in the intensity distribution of some historical earthquakes and
recent earthquakes in the respective areas. As an example, the events in 1210 BC, which
was located close to the event of 14 November 1981 near Abu-Simbel, as well as the
events in 600 BC, of 12 November 1955 and Of 31 March 1969 near luxor. These
similarities give some help in the argument about the location of the historical epicenters.
The event in 1303 was placed south of Cairo near El-Faiyum. Maamoun et al (1984)
considered the location erroneous and placed it near Crete. The event of 12 October 1992
near Cairo is similar to the 1303 events according to the distribution of reported damage
and intensities, which yields strong support for the location of the 1303 earthquake.

• The events in 1210 BC and 1854. are close to Aswan as well as tectonic studies
concluded. Water and sediment loads could have been triggering factors. The recent
micro seismicity is likely, to a large extent, induced by the water reservoir.

• The epicenters of historical earthquakes seem to correlate well with general tectonics of
the region. The 600 BC and 1778 events have epicenters close of the Red Sea. The rest of
the earthquakes are located in other three major tectonic zones .
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Table (1) :Destructive earthquakes in Egypt [modified after Alam et al, 1979 ]

Date

Y

2300BC
1210BC
600 BC
28 BC
320 AD
956

976

M

01

1111 : 05
1303 : 08
1754 • 09

1847 . 08
1955
1969

1981

09
03

11
1992 ; 10

D

01

26
08
10
07
12
31

14
12

Latitude
in

Degrees

( North)

30.5
23.6
27.6
27.6
32.0
32.0

25.5

30.0
29.9
30.0
29.5
32.2
27.6

23.6
29.9

Longitude
In

Degrees

( East )

31.7
32.6
33.9
33.9
30.3
30.0

64.5

32.0
31.0
32.0
30.5
29.6
32.9

32.6
31.0

I

VII
VII
VIII
VIII
VII
VII

VII

VII
VIII
VII
VII
VII
IX

VII
VIII

n i b

5.4
5.4
6.1
6.1
6.0
6.0

5.4

5.4
5.4
5.4
5.4
6.0
6.1

5.6
5.4

Remarks

I=VH (Lower Egypt)
I=V (AbuSimbel)
I=V (Thebes)
I=VI (Thebes)
I=VI (Alexandria)
I=VT (Alexandria)
I=VI (Cairo)
I=VI (Luxor)
I=V (Aswan)
I=V (Cairo)
I=VII(Alex. & El-Fayium)
2/3 of Cairo destroyed
I=VI-VII (Cairo)
I=VII-VIII (Alexandria)
I=VI (Nile Valley

and Nile Delta)
I=VII (Aswan)
I=VTI (Cairo); strongly felt in
large parts of Egypt.

Note: Y means Year. M means Month. D means Day. I means Intensity. mh means body wave
magnitude. BC means Before Christ. AC means After Christ.

INSTRUMENTAL SEISMICITY

Data related to earthquakes which occurred around Egypt in period 1900-1997, have
been collected and evaluated. Epicenter distribution pattern suggests four seismic active
trends, mostly in good agreement with the distribution of major tectonic features.

Recent activities of earthquake recording in Egypt started since 1899 with Helwan
station. Its instruments have been upgraded several times. Late 1975 three other stations
were added at Aswan , Abu-simbel and Mersa Matrouh. As from July 1982 a radio-
telemetry network of thirteen vertical short period stations was operated for monitoring
microearthquake activity around the northern part of Lake Nasser.

Collected seismic data (Ismail, 1978) showed that a number of microearthquakes were
located around Cairo in the period from 1903 to 1950. Moreover, Gergawi and El-Khashab,
196b) have located a large number of microearthquakes around Cairo, the Gulf of Suez and
the Nile Delta region, and defined an active trend that runs along the Gulf of Suez and
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passes through the Nile delta to the Mediterranean Sea. Kebeasy et al 1994 using Helwan
observations found a microearthquakes active trend that starts from Cairo and runs to the
north along the west side of the Nile Delta. They attribute this activity to a probably active
fault along this trend as shown in Fig (1).

SEIASMIC ENERGY DETERMINATION

The total energy released from an earthquake is the best physical parameter
characterizing the size of the earthquakes. The total energy (ET) can be estimated in the
following way (Kasahara, 1981) :

Et = A * Ao * u,
= u 2A u / H
= u 2 L u (1)

where:
Aa is stress drop, i.e., the difference between the stress immediately before and after
the occurrence of an earthquake, Aa for shallow earthquakes ranges usually between 0.1
and 100 bars and does not depend on the Ms>6. Ms is the surface wave magnitude,
\i is the average shear strength of the faulted rock over the fault plane surface,
H is the depth of the fault,
L is the length of the fault,
u is displacement.

The total energy could be divided into mechanical energy spent to cruch rocks by the
fault which dissipated due to friction, and into seismic energy (Es) associated with the seismic
wave propagation according to the following relation (King and Knopoff, 1958):

Es=Ee (2)

where Es is the seismic energy and Ee is the elastic energy. The released elastic energy is
calculated applying the next relation (Bath, 1956 and Bath, 1982):

Log Es = 4.78 +2.57 mb (3)

Where
Es is the released energy from a single earthquake,
mh is the corresponding body wave magnitude.

The moving block unit in the present study has a size of 1° latitude times 1° longitude and is
shifted by steps of 0.5° in both latitude and longitude. These values are chosen to get
reasonable smoothing.

The released energy was calculated for earthquakes of mb > 3 in the period 1900 -1997.
The indicated data completed for that events of these magnitudes. It should be noted that the
threshold magnitude varies for different areas. The resulting pattern of released energy, as
shown in Fig. (2) describes the following:
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1. Agreement with the distribution of earthquake epicenters. However, the released energy
map is more easy to interpret in terms of tectonics (Compare Fig. (2) with the map of the
tectonics as displayed in Fig. (1) after Kebeasy, 1990 ).

2. High energy released in northern Red Sea is possibly caused due to tectonic activity
connected with northern Egypt.

3. Contour lines running NNE-SSW as shown in Fig. (2 ) are well agreeing with the Gulf
of Aqaba-Levant and northern Red Sea and Suez-Cairo-Alexandria fault systems,
respectively. These contour lines matched with boundaries of the Sinai Peninsula plate

4. High anomalies of the released energy agree properly with major fault in the area. As
shown in Fig. (2). These anomalies extend from Egypt NNE to Turkey and NW to Crete.

5. A single large earthquake in southwestern Egypt (24°N, 26.5° E) gives high released
energy anomaly and suggests a possible continuation of the Eastern Mediterranean -Cairo -
El-Fayium zone to the southwest.

Another way to determine seismic energies could be applied using the relationship
between the earthquake magnitude and common logarithm of the released energy in the form
of seismic waves. This relationship is represented by an empirical linear equation determined
by treating 10 earthquakes in California and Nevada by the method of least squares, which is
given by Bath (1979), as follows:

Log E, =12.24+1.44 M (4)

where:
Es is the energy in ergs, and
M is the calculated magnitude of earthquake.

Applying this technique, the seismic released energies through the implied system of
faulting around Inshass during the successive phases of tectonic activities can be defined
utilizing the computed earthquake magnitudes. By studying the fault parameters, the fault
downthrow was selected to compute, the comparable earthquake magnitudes. The relation
between the magnitudes and the fault downthrow was used. The applied relationship
(Moustafa, 1995) is :

M, =3.71 + 0.8 log D for 3.6 « ML « 5.3 (5)

Where:
Mi is the local magnitude,
D is the displacement (fault downthrow) in cm.

RELEASED SEISMIC ENERGIES DISTRIBUTION

Subsurface structural features of the studied area, in terms of fault elements, have
delineated on the basis of seismic, gravity and well depth data, which carried out by El-
Hemamy (1994) as shown in Fig. ( 3 a,b,c,d ). The determined released energies of a certain
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rock unit represent the total sum of energies emanated through the considered fault during the
growth ot its throw by the increment increased during the deposition of the total thickness of
the considered rock unit. Accordingly, the seismic energies of the various rock units at Inshass
and its surrounding area were calculated at different depths (0.5 km, 1.0 km, 1.5 km, and 2
km). After El-Hemamy, (1994), these depths represent the Miocene and Pleistonce-Recent
Epochs, Oligocene, Eocene, Upper Cretaceous, respectively. Every type of these rocks will be
discussed in terms of energy maps.

MIOCENE AND PLEISTOCENE - RECENT ROCKS:

It exhibits high released energies in the west southern part in the map. The energies
decrease in the NE direction. Seismic released energies ranged from 2.5E+20 ergs in the north
east pan of ihe map to 9.5E+20 ergs in the south west part in the area, as displayed in Fig.(4).
More or less the energies reflect the fualt positions as shown in Fig. (3a).

OLIGOCENE ROCKS:

At the surface of Oligocene rocks as displayed in Fig. (5), all the released seismic
energies associated with the definite number of faults are moderate as compared by the
underlying rock units. The maximum value of the released energy is 8.5E+20 ergs. The
minimum \alue if the seismic released energy is 5.2E+20 ergs.

EOCENE ROCKS:

The constructed seismic released energy map on the top of Eocene rocks reveals four
high energy anomalies in the area as shown in Fig. (6). All the energy values released through
the initation of these faults as shown in Fig. (3c) are very low. The released energies ranged
between 1 OE+19 and 6.1E+20 ergs.

TOP UPPER CRETACEOUS ROCKS:

The energy map on the Upper Cretaceous rocks (Fig.7 ) reveals only one very high
released energy anomaly located to the southwest of the Fig. (7). The maximum determined
released energy value for this anomaly reaches 5.4E+21ergs. In general, this map reflects that,
the intensive tectonic activity during the formation of Upper Cretaceous rocks are restricted to
the major longitudinal faults of Egypt. As displayed in Fig. (3d), the most effective faults
located in El-Faiyum area.

DISCUSSION OF RESULTS

The tectonic setting of Egypt is complex. According to the authors (El-Gamili, 1982;
and Bayoumi, 1983), four different stress cycle have played a big role in the geological history.
The most important stress cycle is that of the Oligocene -Miocene period. The Nile Rift Valley
and many other main structures in Egypt were developed during this cycle (Said, 1981).

El-Gamili (1982) and El-Hemamy (1994) studied the gravity anomalies around the Nile
Delta and concluded that the Nile area is a major graben (ranged from 2 km to 20 km in
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depth) filled by loose alluvial and river sediments. They also concluded that the tectonic
movements all around the block of the Nile Delta gave this region some tectonic independence

The presence of loose sediments in a narrow band (Nile graben) in the hard rock could
act as a yood conductor and amplifier of the seismic waves. The distribution of the intensities
for the earthquake of 12 October 1992 shows a clear NNW-SSE extended pattern (Ibrahim,
1994).

The empirical relationships between the fault parameters and earthquake energies
emanated from these faults of the consecutive time intervals of the accompanying
lithostratigraphic units represented a new constructed released energy map for the four rock
stratigraphic units.

There is a good agreement between the distribution of the released energy and
seismotectonic provinces given by Kebeasy (1990). The high released energy observed at the
entrance of the Gulf of Suez from the Red Sea, is considered as the most active zone in Egypt.
There is further a good agreement with the NNE-SSW oriented Gulf of Aqaba transverse fault.
In general, the released energies are in spatial compatibility with fault systems.

High anomalies of the released energy are associated with the suggests a possible
continuation of the eastern Mediterranean Cairo- El-Faiyum zone to the southwest.

Finally, it could be concluded that, the application of determined released energy
reveals that the concerned Inshass site is affected by seismic activity from five seismo- tectonic
source zone, namely the Red sea, Nile Delta, El-Faiyum, the Mediterranean sea and the Gulf of
Aqaba seismo-tectonic source zones. The present investigations showed that, El-Faiyum
seismotectonic source zone has the maximum effect on the Inshass site and give high released
seismic energy anomalies reaching 5.4E+21 ergs.

El-Fayium seismo- tectonic source zone acts as an efficient fault, added to the scarcity
of seismological data, especially the microearthquakes. Anyhow, the repository system should
be erected taking into account to that it must resist damage affect of an earthquake generated
with high energy at the site.
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FIQ (1) Epicentral distribution of all earthquakes, focal Mechanism
of princlble earthquakes and active seismic trends.
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Fig (2): Distribution of released seismic energy in Egypt.
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Fig (3a) A map showing the fault elements dissecting the depth range of
I 0.5 km (after El-Hemamy)
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Fig (3b) A map showing the fault elements dissecting the depth range of
1.0 km (after El-Hemamy)
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IMPACT OF INDUSTRIAL RELEASES ON INSHAS AREA

A. M. EL-Messiry and M. M. Aly.
National Center for Nuclear Safety and Radiation Control. Atomic Energy Authority,

Postal code: New City 11762, B.O.Pox. 755L, Cairo, EGYPT

ABSTRACT

Two Egyptian research reactors are located within the nuclear research center at Inshas
area, 30 km north east of Cairo. This area are crowded by different industrial plants. The
releases from them has a hazardous and economical effects on the research center
workers and the surrounding inhabttance. In the present work we study these effects. A
meteorological regional specific data is considered all over the year, including a windrose
characterization. The study considered both normal operating conditions and an accidental
releases. The results shows that there are a considerable risk due to normal releases in
some areas downwind direction of the major releases, and a highly risk in areas subjected
to major exposure. Regional maps of emission distribution, economical damage, pollutant
concentration are obtained. The study helps to identify solutions to problems of
atmospheric protection. It can be used as a decision support for the environmental,
economic, and innovation planning at the national levels taking into consideration the
national pollution standards and variety of existing emission sources.

Key Word: Air Pollution /Environment /Atmosphere /Dispersion /Releases

MNTRODUCTION

Inshas area has its important because it contains dttTcrcnt nuclear facilities as Egypt Test and
research reactors number 1 &2 , Cyclotron . Hot bb and waste management center, and others,
unfortunately the region is full of many industrial plants as ceramic, chemical, cement, etc.., Therefore
a technological risk assessment has to be made to forecast and analyze what will be taken place in
reality; which is the millstone of the present study An environmental decision support system IAEA
code "INTER-CLAIR" for risk assessment and air pollution estimations'1' is used for the present
work.

II-RECION DESCRIPTION

A map of Inshas arc: is showiwn Fig.I. The main factories lie near the reactors location arc: I-
Glass manufacturing group. 2-Hl-Nasr company for fertilizers. 3-dico for dyeing. . 4-Abu Zaablc
company for special chemicals. 5-Arab ceramic manufacturing company, 6-intcrmcdiate chemical
products company. The population distributions'1' for 16 sectors around the rectors site arc presented
in Table 1. The meteorological dataU) for the considered area arc stated in Table 2.
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Table 1 Population Around Reactor Are*
sector

IN
2NNW

3NW
4WNW

5W
6WSW
7SW
8SSW
others

0-1
0
0
0
0
0
0
0
0
0

i (Inhapitance)
Radius (km)

1-2

0
0

393
0
0
0
0
0

2-3
0

15000
0
0

8836
0
0

655
0

3-4
0
0
0

1300
10308
540

0
490

0

4-5
0
0
0

16000
0

1060
0

1031
0

Table 2 Meteorological Data of Inshas

Wind Directions
Reiteration, %

South
5

S-West
5

West
9

N-West
17

North
37

N-East
23

Mean Annual surface wind speed m/s
Mean Annual air temperature Oc

Average air temperature in the hottest month OC

East
1

S-East
1

8.5
27
34

II-MATHEMATICAL MODEL

The code uses the modified version of the well- known atmospheric diffusion equation'1', i c
u dq/dx -w dq/dz = d {k(z) dq/dz}/dz + d{k(y)dq/dy}/dy - aq (1)
where:
x,y,z : coordinates;
q : concentration;
u,\v : exchange coefficients in the turbulent flow along x.z axes;
k(y), k(z) . vector components of the average speed of the pollutants displacement along y and

z axis;
a : coefficient determining concentration change due to chemical transformations of

pollutant.

The poilutant emission per time arc can be compared by means of toxicity a|k[ and aggressiveness1".
A[kJ. The coefficients determine the negative impact degree of the k-th pollutant w.r.t carbon oxide; In
general.
K[k]=b[k,l] ,b[k,2] .alk] (2)

where:
b[k,l] , b[k,2]: correction factor;
a[k] = square root {{PCO[1] . PCO[2] }/{P[k,l] . P[k,2J}} (3)
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P[l] , P[2] : maximal permissible concentrations for 20-30 minutes interval and longer, up to 1 year (for
humans only).

The integral emission M of pollutants into atmosphere at the set of sources f is expressed as :
M = sum M[k] (4)
where:
M[k] = sumf A[k] . M[f,k] (5)

The code utilizes the following expression for evaluating the economic damage of the lower layer of
the atmosphere:
Y = g . s . f . M (6)

where
Y : economic damage ( monetary units /year)
g : average specific economic damage (monetary units / comparison ton )
s : dimensional value characterizing the structural of recipients located in the zone of a source

active pollution
f : dimensional correction for the mode of a pollutant dissipation in the atmosphere .

Concentration indices<5) are based on calculated concentration obtained for every cell of regular cell;
i.e.:
E[k,q]=sumq {C [k,q]/P[k]} , for C[k,q]/P[k]>l (7)

where:
k : pollutant number
q : regular grid cell number,
C[k,q] : calculated concentration,
P[k] : maximal occasional permissible concentration (MOPC).

Ill- CALCULATIONS

The calculation strategy<6>7) are carried out on the bases of the following data :
1-Selected factories having different types, different locations near the reactor site , different emission
rates, these specifications are given in Table 3
2-The pollutants depend on the type of the plant, and their given standard maximum permissible
concentration MPC and maximum permissible occasional concentration MPOC, these information are
described in Table 4 .

Table 3 Selected industrial Air Pollution sources data in Inshas region
index

1
2
3

factory name

Glass manufacturing group
El- Nasr company of fertilizer

Dico for Dying

coordinates (km)

8.5,4
4.5,3
6.5,4

pollutant index

1,2,4,6
1,3,4,5,6,7

3,4,5,7

emission rate
cb. m/s

2.5
3.5
18.5
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4

5
6

Abu-Zaable company for
specific chemicals

Arab ceramic
Intermediate chemical products

5.5,3.5

7.5.4.5
7.5.3.5

1,2,3,4,7

1,2,3,4,6
3,4,5.6,7

5.0

13/0
14/0

index

1
2
3
4
5
6
7

name

Nontoxic Dust
Silicon Dioxide
Sulfur Dioxide
Nitrogen Oxide

Ammonia
Carbon Monoxide

Chlorine

Table 4 Pollutants Properties
MPC

(mg/ m3)
0.15
1.0

0.05
0.04
0.04
3.0

0.03

MOPC
(mg/.m3)

0.5
0.05
0.5

0.085
0.2
5.0
0.1

total emission
rate (kg/lir)

87.01
37.0
22.0
25.0
10.20
7.5

7.45

IV RESULTS AND DISCUSSIONS

Fig, 2 shows a landscape model of Inshas area. It represents "over the interested area" population
distributions, activities as agricultural . economical, industrial, etc. and factories locations. The
reactor site lies in the rectangular x= 6:9 ,v =5:7.5 km , the industrial plants located at the south west
direction of the reactor site ; their coordinates arc given in table 3. The eastern and northern areas of
the site arc desert.

The emission distributions of the considered pollutants arc calculated over Inshas area, The
pollutants with high emission rate and therefore distributions are Nontoxic dust, silicon dioxide, sulfur
dioxide and nitrogen oxide . The pollutants of low emission values arc ammonia, carbon dioxide
chlorine. Fig 3.5.X and 9 show 3- D graphs of the emission distributions of selected pollutants
(Nontoxic dust, sulfur dioxide, carbon dioxide chlorine).

Economical damages arc calculated as a result of direct effects of: (1) decrease in quality of and
production output, decrease in the quality of life . decrease in the recreation capacity of the area; (2)
increase complexity of production technology, increase necessity and capacity of purification
technology, increase wear and tear industry , increase complexity of new product developments and
innovations. The results arc tabulated in table 5 and sketched for a selected pollutants: Nontoxic dust,
sulfur dioxide, and total pollutants ; in Fig. 5,6,7 .

Nontoxic
dust

3.02
56.05

Silicon
dioxide

1.48
27.55

Table 5 Total Economic Damage (M $/y
Sulfur
dioxide

0.19
3.45

Nitrogen
oxide

0.45
8.39

0.08
1.43

Carbone-

0.00!
0.02

r.)
Chlorine

0.16
3.01

Total

5.39
100%
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Fig . 8,9 and 10 show the maximal concentration of Silicon Dioxide, Non Toxic Dust, and Nitrogen
Oxide. Nontoxic dust reach a maximum value 2.76 of MOPC while Silicon Dioxide reach a value 9.67
of MOPC. Table 6 collects the concentration values at Inshas research center.

Table 6 Pollutant concentrations (in terms of MOPC) at Inshas research center
index

1
2
3

Pollutant

Nontoxic Dust
Silicon Dioxide
Nitrogen Oxide

Inshas research center
(x =6 : 9, y= 5:7.5)

2.16 : 0.06
7.527:0.145
0.273:0.015

reactor site
(x = 8 : 8.5, y= 6.5:7)

0.236
0.925
0.038

IV-CONCLUSIONS

The following remarks and recommendations are obtained :
1-The areas located at the south and south west of reactor site are highly subjected to air pollution and

economical damages due to presence of industrial plants.
2- The reactor site are less subjected to air pollution and consequently economic al damages from the

nearby industry due to stability of whether conditions all over the year, and the major wind direction
are come from the north ( 37%) and north east (23%) where there ::.rc no industrial plants,

3-The maximum pollutant total emission rate is for Nontoxic dust («7.01 kg/hr) while the minimum is
for Carbon Monoxide (7.5 kg/hr)

4-Economical damage is highly resulted from Non Toxic dust (3.02 M $/yr.), Silicon Dioxide (1.48 M
$/yr.). Nitrogen Dioxide (0.45 M$/yr.)

5-Thc concentrations of Nontoxic Dust and Silicon Dioxide exceed the MOPC inside the research
center, that must be taken into decision making considerations.

6-Thcreforc the Governmental decision on environmental protection must take into account a-new
emironmcntal protection technology, b-neip and existing enterprises locations evaluation; c-
mcreasing enterprises environmental investments strategics to reduce the hazardous effect of the
plain releases especially whose having high economical damages (comment no 4 ).
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Fig. 1 Geographical Map of Inshas area

Fig .2 Landscape of Inshas area
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Fig.3 Emission Distribution In Inshas Region of Nontoxic Dust
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Fig.4 Emission Distribution In Inshas Region Of Chlorine
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Fig.5 Ecodamage Distribution In Inshas Region Of Nontoxic Dust
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Fig.6 Ecodamage Distribution In Inshas Region Of Sulfure Dioxide
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Fig.7 Total Ecodamage Distribution In Inshas Region

Fig.8 Maximal Concentration In MPOC Inshas Region Of Silicon Dioxide
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Fig (9) Nontoxic Dust Maximal Concentration in MOPC Inshas Region
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Fig (10) Nitrogen oxides Maximal Concentration in MOPC Inshas Region
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PREFACE

The International Conference on Hazardous Waste, Sources, Effects and
Management "HAW A 98" was the first of its kind held in Cairo, Egypt Topics
addressed in that conference were rather diversified and dealt with various aspects
related to waste management (radioactive and non-radioactive) and the associated
safety issues, and the overall impact of the waste management activities on health and
environment. These problems were covered in more than 200 papers (29 sessions)
including two plenary lectures and about twenty keynote lectures.

The conference attracted wide participation both nationally and internationally.
About 450 participants from Egypt and from other 17 countries took part in the
conference. International representations included the USA, Germany, Japan, Canada,
Russia, Spain, Sweden, Morocco, Saudi Arabia, Libya, Cuba, the Ukraine, the Czech
Republic, Slovakia, Hungary and Yugoslavia, and Jordan.

Due to the tightness of time and also to the repeated requests for publishing the
Conference Proceedings, only about 130 papers (out of about 200 presented papers)
were in a suitable form for printing in June 1999, when the material had to go into
press. However, it was evident that all these papers (more than 1500 pages) can not be
accommodated in one single volume. Hence, it was decided that the proceedings
should be divided into three volumes. Volume I covers topics related to waste
management, environmental, health hazards, safety in addition to the two plenary
lectures and the contributions in the Egyptian national policy session.Volume II is
devoted to topics covering monitoring and characterization, migration, Storage and
disposal and treatment (radioactive). Volume UJ contains contributions in the fields
of treatment (non-active) and recycling.

I hope the material included in these volumes, which represents the thinking,
experience and wisdom of a distinguished group of scientists both from Egypt and
from respected international institutions, shall be of benefit to the scientific
community, and will help in enhancing efforts for maintaing a safe and healthy
environment for mankind

I wish to express my sincere thanks to all who contributed to the success of this
remarkable event and to those who made the issuance of the proceedings possible in
this short span of time. These thanks are also extended to the Sponsoring
Organizations, to the National and International Scientific Committees, to the all
members of the Conference Board and to the Organizing Committee.

Conference Chairman

Prof. H.F.Aly
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Atmospheric Deposition of Pb, Zn, Cu, and Cd in

Amman, Jordan

kamal A. Momani, Anwar G. Jiries, Qasem, M. Jaradat

Chemistry Department, Mu'tah University, Al-Karak, JORDAN

Abstract

Atmospheric samples were collected by high-volume air sampler

and dustfall containers during the summer of 1995 at different sites in

Amman city, Jordan. Heavy metal contents in settleable (dustfall) as well

as in air particulates (suspended ) were analyzed by graphite furnace

atomic absorption spectrophotometry. The atmospheric concentrations of

Zn, Cu, Pb, and Cd were 344,170,291, and 3.8 ng/m3, respectively. On

the other hand, the levels ofthese elements in dustfall deposition were

505, 94, 74, and 3.1 jag/g, respectively. The fluxes and dry deposition

velocities ofthese heavy metals were determined and compared with the

findings of other investigators worldwide. Significant enrichment

coefficients of heavy metals in dustfall were observed. The enrichment

coefficients were 12.1, 6.1, 11.7, and 1.1 for Zn, Cu, Pb, and Cd,

respectively.

Keywords: heavy metals, air particulates, dustfall, atmospheric

deposition, Jordan.

Introduction

Anthropogenic impact on natural environment and especially on

atmospheric pollution is well known in many parts of the world1'3. These

pollutants can be in many forms and toxicities and among them, are trace

elements, which are known for their toxicity when existed above certain
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levels. These pollutants are emitted in the atmosphere continuously

through various man activities, especially in large cities where

inhabitants and industrial activities are concentrated. These aerosol

pollutants are also depleted continuously from the atmosphere through

two major pathways; dry, and/or wet deposition. The predominant path

depends upon the type of chemical species and upon some

meteorological factors such as intensity and distribution of rain fall.

The atmospheric particuiates are usually of two types; suspended and

settleable particles. However, the settling velocity depends upon the size

of the particles. Differences can be expected in the physical and chemical

properties between both types of particles. Studying such differences

could be helpful in producing information about air quality and sources

of pollutants. Heavy metal pollution of atmosphere could be estimated

from determining the concentration of these heavy metals in the

suspended and settleable particles. This is because the heavy metals are

associated in many forms with the solid particulate matter.

Lead, is one of the most metals of interest in environmental

samples. Many investigators were concentrated on the determination of

lead alone in particulate matter4'5. Other heavy metals were also

extensively studied6"9.

Atmospheric pollution in Amman was scarcely studied, mostly, in the

form of internal reports. In previous investigations, we studied cationic

and anionic composition of air particuiates in Amman!0'H. This study

aims to investigate heavy metal concentrations in settlealbe and

suspended particulate matter as well as their deposition rates in the

atmosphere of Amman. In fact, this is the first data published in the open

literature on the levels of heavy metals on aerosol in Amman, Jordan.
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Experimental, Sites, and methods

Setlleable and suspended particulates were collected from the atmosphere

at different sites in great Amman (Figure 1), during the summer of 1995

to show the effects of different activities on the level of Pb,Zn, Cu, and

Cd on the atmosphere.

Dustfall samples were collected from the same sites as those of

suspended matter, at a height of 10 m, by using dry polyethylene

cylindrical containers. The dimensions of these containers were 31 cm in

height, 15.5 cm in diameter and mounted on 1.5 m high tripods to avoid

collection of dust picked up by wind eddies. A bird ring was provided on

each holder to avoid material gained by birds. The collectors were

exposed to the atmosphere for a sampling period of 30 to 44 days. It is to

be noted that measurements represent dry deposition only, as there was

no rainfall during the sampling period.

The dry deposits (settleable particulates) was quantitatively transferred

from the collectors to quartz crucible using milli-Q water. The content of

the crucibles was dried at 105 °C to constant mass, weighed and the

quantity of dustfall was computed in ug/m2.month. About 0.10 g of the

dried samples were accurately weighed and extracted with concentrated

ultra pure nitric acid, sonicated for 30 min in a test tube heater for one

hour, then left overnight. Blanks were treated in a similar way as the

samples.

Suspended particulate matter was collected simultaneously from these

sites by drawing air through weighed Whatman membrane filters (47

mm in diameter, 0.2 jim pore size). The suspended particles were

collected for 12 hr periods using low volume air sampler (Stuplex Air

Division, Brooklyne, NY, USA), at a flow rate of 20 L/min. The sampler

was mounted at 10 m above the ground to avoid dust collection from the
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ground in order to obtain only local airborne particulates. The Pb, Cu,

Cd, and Zn were leached from air particulates samples by treating the

filter samples with 5 ml concentrated nitric acid, 1 mL HCl (both acids

are of ultra purity) and 19 mL Milli-Q water. The samples were left

overnight after being treated in ultrasonic cleaner for 30 min, then

filtered and the filtrate were evaporated to near dryness and filled up to

25 mL with 1% nitric acid (ultra pure). Blank filters were treated in a

similar manner as the samples.

Analytical determination of Pb, Zn, Cu, and Cd in dustfall as well as

in suspended particulate samples was carried out by using Graphite

Furnace Atomic Absorption Spectrophotometry ( GF-AAS), varian

model, GTA 100.

Results and Discussion

Heavy Metal Concentrations in Air

The average amount of particulate matter collected on filters was 0.417

mg/cm2 with a range of 0.06 in site 11 , which represents a suburban

area, to 0.56 mg/cm2 in site 9, which is an urban area of heavy traffic and

a large automobile station.

The levels of Zn, Cu, Pb, and Cd in the atmosphere of Amman city are

summarized in Table 1. Zinc shows the highest abundance , 21.6 - 1539

ng/m3 , while Cd has the lowest, 0.20 - 16.6 ng/m3. Highest values of

heavy metals were found in densely populated parts of the city with high

traffic density, such as sites 1, 9, 12, and 14. The large variability in the

concentration range and standard deviation is expected, since the samples

were collected from different sampling sites that have different activities

and different pollution sources.

426



The correlation coefficient ( r ) was calculated between the element

concentrations in order to predict the possibility of a common source.

The r values were low, except that between Pb and Cd ( r = 0.76), which

could indicate a common source contributing to these metals; possibly

automobile emissions.

Table 2 represents a comparison of the heavy metal concentrations in

the atmosphere of Amman city with other places worldwide. The table

illustrates that our results are generally greater than those of Cairo3,

Black sea12, New-Zealand14, Trombay22, for lead and comparable to those

found in Santiago13 for zinc. However, our findings are much less than

those of Riyadh2 and Cartagena23 for Cu and Pb and comparable to

those of Bombay8 for Cd, Cu, and Pb.

Dry Deposition

The average amount of settleable particulates deposited at the

seventeen sampling sites was 163.6 mg/m2.day, with a range of 80.4 in

site 6 to 212.4mg/m2.dayinsite7. The mean value, in this work, is less

than that found in other places such as in Jamaica6,198.6 mg/m2.day, and

that in Cairo3,475 mg/m2.day. These figures may indicate that Amman

is less polluted than Jamaica and also significantly, less polluted than the

crowded Cairo by settleable particulate matter.

The dry deposition was sampled and analyzed for zinc, copper, lead,

and cadmium. The results are shown in Table 3. A large variation in the

concentrations of these metals was observed. The table shows that zinc

has the highest and cadmium has the lowest levels. This phenomena is

similar to that found in the suspended particulates shown in Table 1.

Comparison of the average concentrations of heavy metals in suspended

and settleable particles, expressed in terms of ug/g, shows higher values



in suspended particles; about 2, 8, 7.5, and 4.8 times higher for Zn, Cu,

Pb, and Cd, respectively. This indicates that small portion of these heavy

metals are removed from the atmosphere by gravitational settling, which

may be due to small particle size of the suspended dust, that makes them

suspended for long periods in air.

The enrichment coefficients of heavy metals were estimated and

summarized in Table 4. The enrichment coefficient was computed as the

ratio of the heavy metal concentration in the settleable particulates

(dustfall) to the concentration in the soil collected and analyzed at the

same time6. The values in the table indicate high enrichment of dustfall in

Zn, Pb, and Cu. The high values of enrichment coefficients suggest the

anthropogenic origin of these elements such as emission of motor

vehicles. On the other hand, the enrichment coefficient for Cd was close

to unity, which suggests that the origin of cadmium is mostly the local

soil.

The dry deposition rates (fluxes) of heavy metals are represented in

Table 5. Zinc has also the highest rate, while Cd has the lowest rate of

deposition. This is consistent with what was concluded previously from

Table 3. Zinc has the highest deposition rate as well as the lowest

distribution ratio in suspended to settleable particles.

Evaluation of correlation relationships between fluxes of heavy metals

revealed that some correlations exist, such as those between Cu and Zn (

r = 0.66), Cu and Cd ( r = 0.65), Zn and Cd ( r = 0.48 ). These values may

indicate the possibility of a common source that contributing to these

heavy metals. "*

A comparison between our results and with other data worldwide,

Table 6, indicates that Zn and Cu levels are higher than those in

Jamaica6, and North sea15, West Mediterranean16, but they are less than



that in Bombay8. The cadmium level is also higher than those other

places, except that in Jamaica5 and North Sea15. However, lead levels are

comparable to other values worldwide.

Dividing the dry deposition fluxes by the atmospheric concentrations of

metals gives the dry deposition velocities of these metals. Table 7

summarizes the mean dry deposition velocities of Zn, Cu,.;Pby and Cdin

Amman's atmosphere. Large variation in deposition velocities have been

noticed. Zinc shows the highest deposition velocity while Pbha$the

lowest. Table 8 shows some values of deposition speeds found by other

investigators. Generally our results show lower deposition speed than

most of those found in the table. This can be due to local sources and

meteorological factors. The low deposition speeds indicate that these

elements may present in small particles, which will have low deposition

velocities.

Conclusions

Based on our study of toxic heavy metals in Amman's atmosphere, the

following conclusions could be drawn:

Zinc is the major heavy metals pollutant in settleabl$ as-well as in

suspended particles. However, Cadmium is the minor in both types of

particles. .

The concentrations (jig/g) of Zn, Cu, Pb, and Cd are higher in

suspended than in settleable particulate matter. This may indicate that

these heavy metals are found as fine particles. The dry deposition

velocities of the studied elements were generally found to be less than

those found worldwide. The enrichment coefficients of heavy metals in

dustfall were found to be greater than unity, which suggests

anthropogenic sources.
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Table 1. Atmospheric concentrations of Zn, Cu, Pb, and Cd (ng/m3) in

Amman city (n = 51, 3 samples were taken from each site).

Element

Zn

Cu

Pb

Cd

Meant SD

344 ± 582

170 ±224

291 ±223

3.8 ±3.6

Min

21.6

6.4

2.2

0.2

Max

1539.0

1139.0

1091.2

16.6

Table 2. Average atmospheric levels of Zn, Cu, Pb, and Cd (ng/m3)

compared with other results reported in the literature.

Location

Bombay / India

Riyadh / Saudi
Arabia

Black Sea

Santiago / Chile

Cairo / Egypt

New-Zealand

Amman

Zn

600

207

-

310

428

34.9 '

344

Cu

116

1257

-

220

904

10.4

170

Pb

300

1850

51

-

47.6

112.6

291

Cd

5

-

-

-

-

0.41

3.8

Reference

8

2

12

13

3

14

This study
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Table 3. Heavy metal concentrations (jig /g) in dustfall in Amman (n = 51,3

samples were taken from each site).

Element

Zn

Cu

Pb

Cd

Mean ± SD

505 ± 476

94 ± 202

74 ±49

3.1 ±3.3

Min

65.1

7.1

17.9

0.3

Max

1754.8

882.2

182.9

12.0

Table 4. Enrichment factor of heavy metals deposited at the 17 sampling

sites of Amman.

Element

Zn

Cu

Pb

Cd

Average

12.14

6.06

11.74

1.11

Enrichment factor

Range

1.78-35.88

0.59 - 54.46

3.14-25.76

0.45 - 3.75
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Table 5. Fluxes of Zn, Cu, Pb and Cd (jig m'2 mon'1) in dry deposition at

Amman city.

Element

Zn

Cu

Pb

Cd

Mean ± SD

2474.4 ±2596

462.8 ± 1057

349.8 ±245

12.5 ± 12.7

Min

385.0

20.1

64.9

1.2

Max

9262.8

4656.8

990.1

45.7

Table 6. Fluxes of heavy metals (p.g m2 mon*1) compared with other results

reported in the literature.

Location

Bombay /India

North sea

Jamaica

W. Mediterranean

Amman

ZH

3097.0

920.5

1525.5

361.6

2474.4

Cu

735.8

167.7

332.1

31.6

462.8

?b

269.9

453.7

450.4

345.2

349.8

Cd

3.28

19.4

184.8

4.3

12.5

Reference

8

15

6

16

This study
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Table 7. Deposition velocities of Zn, Cu, Pb, and Cd (cm s'1) in Amman.

Element

Zn

Cu

Pb

Cd

Mean

0.274

0.104

0.046

0.12.5

Min

0.023

0.030

0.010

0.023

Max

0.564

0.401

0.110

0.431

Table 8. Deposition velocities (cm s*!) of heavy metals compared with some

results reported in the literature.

Zn

0.50

-

0.40

0.50

-

0.35

-

0.22

0.27

Cu

-

-

0.29

0.81

-

0.48

-

0.22

0.10

Pb

<0.50

0.30

-

0.28

0.25 - 1.80

0.25

0.04

0.22

0.05

Cd

-

-

0.20

0.10

-

0.39

0.05

0.22

0.12

Reference

17

18

19

8

4

15

20

21

This work

435



Figure 1. Location map of the sampling sites (*)
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ABSTRACT

This work presents The results of the ecotoxicological characterisation of 22 defined
wastes from steel foundry activities. The wastes have been selected from three
processes, stee! mill (smelting), sand casting and cleaning and finishing of steel
products, with the common characteristics of represent an important industrial
activity in the area and generate a great amount of wastes. Two factories located in
Cantabria (Spain) generated the wastes considered in this study.

The ecotoxicological characterisation obtained applying the Spanish regulations on
hazardous waste is compared to the hazardous attributions considered by the

European Union in order to characterise a waste as hazardous (non hazardous). The
results allow to conclude that a acceptable concordance between both

methodologies is reached and remark the need to split the broad generic types of
wastes given by the Spanish regulation (Ecotoxic / non ecotoxic) into clearly

identifiable specific types of waste.

Key words: Foundry activities/ industrial wastes/ biological characterisation/ European
waste catalogue

INTRODUCTION

The different industrial activities are associated to a great production of industrial
wastes. The flow of products with commercial value is generated together with wastes
without any economic value. Steel foundry activities are considered generate environment
impact due to the great amount of atmospheric and liquid emission and the solid wastes
generated in their different processes. An environmental problem from Foundry activities
may be associated to the management of industrial wastes, which are generated in different
processes as foundry dust, refractaries, acid / basic slags , obsolete broken molds and
sludges from waste water treatment.

Environmental regulations all over the world are becoming more restrictive in those
aspects concerning water and soil conservation encouraging wastes management and as a
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consequence of the continuous changes in policy in relation to both, landfill of waste and
develops of reuse waste as a secondary raw material, wastes are being treated to meet
environmental criteria (1). From a technical point of view, toxicity evaluation according to
the current regulations is the first step to establish the correct management of each waste.

Those countries belonging to the European Union (E.U.) must attend the E.U.
regulations concerning to these aspects. The Directive 75/442/EEC(2) required to draw up a
list of wastes belonging to the categories listed in the Annex I of the Directive. This list was
defined in the Commission Decision of 20 December 1993(3). This list is commonly referred
to as the European Waste Catalogue (EWC), and applies to all wastes, irrespective of
whether they are destined for disposal or for recovery operations. The inclusion of a
material in the EWC does not mean that the material is a waste in all circumstances. The
entry is only relevant when the definition of waste given in the 75/442/EEC has been
satisfied, that is the

In order to construct a list which allows to identify hazardous wastes the consultant
experts group elaborating the EWC considered necessary to split the broad generic types of
wastes into clearly identifiable specific types of wastes, which makes the determination of

non hazardous without discussion, NH*, non hazardous but hazardous wastes may occur, H,
hazardous without discussion, H* hazardous but non hazardous waste may happen(4).

Wastes generated in steel Foundry activities are mainly included in the groups
10.02.00 wastes from the iron and steel industry and 10.09.00 wastes form casting of
ferrous pieces both included in the more general group 10.00.00 INORGANIC WASTES
FROM THERMAL PROCESSES. The EWC differences the following waste types inside
the groups 10.02.00 and 10.09.00. (Table 1). The hazard attribu'tion approach is given in
Table 1 as well.

Table 1. classification of wastes generated in iron and steel activities attending to the EWC

Wastes included in group 10.02.00

10.02.01

10.02.02

10.02.03

10.02.04

10.02.05

10.02.06

10.02.99

Waste from the processing of slag (H*)

Unprocessed slag (NH)

Solid wastes from gas treatment (H)

Sludges from gas treatment (H*)

Other sludges (H*)

Spent linings and refractories (NH*)

Wastes not otherwise specified (H*)

Wastes included in group 10.09.00
10.09.01

10.09.02

10.09.03

10.09.04

10.09.99

Casting cores and moulds containing

organic binders which have not
undergone pouring (H*)

Casting cores and moulds containing

organic binders which have undergone
pouring (NH*)

Furnace slag

Furnace dust

Wastes not otherwise specified (NH)

438



The classification of a material as a waste involves the need of a correct management.
It is then necessary to classify the waste as hazardous or non hazardous. The Directive
91/689/EEC on Hazardous Waste (5) indicated that a list of Hazardous wastes should be
established and consequently the Council of the European Union adopted the Decision of 22
December 1994 establishing a list of hazardous waste (L.H.W.)(S>. The groups 10.02.00 and
10.09.00 are not included in this list, this means that the hazardous (non hazardous)
character of these wastes has to be determined in each case. Each member of the E.U.
regulates the way to determine the hazardous (non hazardous) character of a waste. The
Spanish regulation for characterisation of toxic and hazardous wastes prescribes the use of
the Toxicity Characteristics Leaching Procedure (TCLP) and evaluation of the leachate
ecotoxicity by means of a luminescence bioassay(7). The aim of this work is to compare the
results of biotoxicity obtaining according to the Spanish regulations and the information
from classification of foundry activities wastes based on the EWC.

MATERIALS AND METHODS

Two factories situated in Cantabria (North Spain) dedicated to Foundry activities are
considered in this work, 22 wastes generated in three different processes, described in
Figures 1-3, carried out in the factories are evaluated. Table 2 shows the identification and
origin of each waste.

Table 2. wastes considered in this work

Waste
Code

Wl

W2

W3

W4

W5

W6

W7

W8

W9

W10

W l l

W12

W13

W14

W15

W16

W17

W18

W19

W20

W21

W22

Waste description

slags

Acid slags

Cr steel basic siags

C steel basic salgs

Fining dusts

Electric arc furnace dusts

Cyclone particles

sludges

Wet gas treatment waste

Homogeneous mixed sands

Cement +

Cement + chromite

Resin +

Resin + chromite

dusts

Hot-box process waste

Cold-box process waste

Screnign sand

Molding sand purge wastes

dusts

Shot blasting waste

Molding sand waste

Generation process

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Steel mill (smelting)

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Sand casting

Cleaning and finishing

Cleaning and finishing

Cleaning and finishing

Cleaning and finishing

Cleaning and finishing

EWC
Code

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.02.02

10.09.02

10.09.02

10.09.02

10.09.02

10.09.02

10.09.02

10.09.01

10.09.01

10.09.02

10.09.02

10.09.02

10.09.02

10.09.02

Included
in LHW

No
No

No
No

No
No

No
No
No
No

No
No

No

No

No
No
No
No

No

No

No

No

Amount
(TWyear)

13,510

9,000

2,880

720

360

2,700

251

15,717

5,687

124

3.191

1.056

5.609
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Fresh air ^

Burner
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i

Scrubber
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ifH

f
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Heat exchanger
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r
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, H2O,NaOH
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coke
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r
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A—
raw materials

1
Wastes from the Ladle

Figure 1. Steel mill (smelting) section flow chart

Sand core

Hot-box
process wastes

Molding sand
Caking coal

Bentonite

dusts

Hot-box process

Arija sand
Jerez sand ±JL

Clear resin
Dark resin

Cold-box process coremaking

Cope mold

Drag mold

Mold and core assembly

Molten metal
Casting

Dusts

•Screening sand

Molding sand waste

Descasting I C o l d . b o x

process
waste

Pieces to cleaning and finisinhg

Figure 2. Sand casting section flow chart
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and control

Figure 3. Cleaning and finishing section flow chart

Characterization methodology

In order to characterize the former wastes attending to the Spanish regulations on
hazardous waste a TCLP leaching test and biological characterization of the leachates have
been performed.

Leaching tests have been carried out according to the standard protocol TCLP
described by the U.S. EPA(8). Luminescence bioassays have been carried out in TCLP
leachates according to the Microtox test which is based in the inhibition of the
luminescence of the marine bacterium Photobacterium phosphoreum. The lyophilised
bacterial reagent was supplied by Microbics. The Microtox bioassay was conducted at
recommended time and temperature (15min, 15 (7). Bioassays were performed according
to the instructions (Microbics 1992) in a Microtox- M-tftter500. Results
were expressed as 15 minutes EC50 values calculated with the Microtox reduction software
supplied by Microbics Corp. where ECS0 (mg/1) is expressed as the effective concentration
of toxicant (leachate) that causes 50% decrease in light output. Results are compared to the
values imposed by the Spanish regulations (EC5Os 3.000 mg/1) to consider a waste as
hazardous(T>.

In order to characterize the hazardous (non hazardous) behavior of these wastes
according to the E. U. considerations a review of the hazard attibutions determined for each
group of the E.W.C. has been carried out. The codes NH, NH*, H, H*, formely described(4)

have been attibuted to thw wastes.considered in this study according to the attibution given
to these wastes in the elaboration of the E.W.C.
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RESULTS AND DISCUSSION

Results from the biological characterization and EWC hazard attribution of the wastes
considered in this work is showed in Table 3.

Table 3. Results form wastes characterization attending to Spanish and E.U.
methodologies.

Waste

Wl

W2

W3

W4

W5

W6

W7

W8

W9

W10

Wll

W12

W13

W14

W15

W16

W17

W18

W19

W20

W21

W22

PH
(TCLP,leachate)

5.30

9.70

10.17

7,26

12.05

6.75

6.41

5.26

8.47

4.71

5.91

4.86

4.67

4.65

11.29

5,04

5.05

4.75

5.90

5.40

6.25

4.80

EC50(mg/l)

12,106

196,500

501,007

440,130

1.717

2.232

3,470

475

1.585

11,992

224,850

8,274

7,532

8,792

52,744

4,771

6,183

8,779

8,348

22,642

48,980

6,718

EC5(A000

4.03

65. .50

167.00

146.71

0.57

0.74

1.15

0.15

0.52

3.99

74.95

2.74 '

2.51

2.93

17.58

1.59

2.06

2.92

2.78

7.54

16.32

2.23

Ecotoxicity
behaviour

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Ecotoxic

Ecotoxic

Non ecotoxic

Ecotoxic

Ecotoxic

Ecotxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Non ecotoxic

Hazard
attribution

NH

NH

NH

NH

H

H

H

H

H

NH*

NH*

NH*

NH*

NH*

NH*

H*

H*

NH*

NH*

NH*

H*

H*

The EWC criteria consider five wastes to present a hazardous character (H code), four
are expected to be hazardous but non-hazardous samples can appear (H*), nine wastes are
expected to be non hazardous although hazardous samples may appear (NH*), and 4 wastes
are considered non hazardous (NH). The percentage distibution of hazard attribution bases
in the EWC code is shown in Figure 4,
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2 3 %

1 8 % 1 8 %

4 1 %

E1NH

• NH'
EH
B3H*

Figure 4. hazard attibution for steel foundry wastes

In the same way, the biological characterization carried out with photobacterium
phosphoreum and, applaying Spanish regulation, characterises four wastes as ecotoxic as
they give EC50 values iower than 3,000 mg/1. Eighteen wastes have to be considered non
ecotoxic as their ECSO values are higher than 3,000 mg/1, but some authors(9'10) indicate the
convenience of consider a broader distribution considering than wastes with EC50 values
ranging 3,000-30,000 mg/1 should be considered as moderate ecotoxic and wastes with
EC50 values higher than 30,000 could be considerered non ecotoxic. Attending to this
distribution four wastes are ecotoxic, twelve wastes present moderate ecotoxicity and six
wastes are non. ecotoxic. The percentage distribution is shown in Figure 5.

• EC50 < 3,000 mg/1 133,000 < ECSO < 30,000m g/l [3EC50 > 30,000 mg/1

Figure 5. ecotoxicological characterization of steel foundry wastes

Considering each generation process separately it can be observed that the Steel mill
(smelting) processes generate two different types of wastes and both, the Spanish regulation
and the E.U. codes, give the same characterization for both types:

i) Non ecotoxic / non hazardous (NH) wastes corresponding to slags from the shaft
furnace (Wl-4, W7).
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ii) ecotoxic /hazardous (H) wastes correponding to fly ashes and sludges from wet
gas treatment.

From this results a great concordance in the characterisation criteria of both
regulations is obtained.

In the sand casting processes the Spanish regulation classifies all the wastes as non
ecotoxic and the E.U. code indicate two hazardous cateories for these wastes, NH* and H*,
both of them indicate that despite a non hazardous behavior is expected in most cases
hazardous wastes could appear usually as a function of the characteristics of each particular
production process and raw materials used.

It can be observed that despite the character of the wastes given by the Spanish
regulation is always Non ecotoxic, the EC50 values given by the Iuminiscence bioassay
range from 4,771 to 224,850 mg/l. This fact indicates that the use of an only limit value to
determine the ecotoxic character of any type of wastes can lead to incorrect characterization
and consecuently mismanagement of the wastes.

A similar behaviour is observed in those wastes from cleaning and finishing
processes, the Spanish regulation classifies all the wastes as non ecotoxic and the E.U. code
indicate two hazardous cateories for these wastes, NH* and H*. The range of EC50 values is
narrower in this group (6,718 48,980 mg/l) but still can lead to characterisation problems.

CONCLUSIONS

22 wastes generated in steel foundry activities in Cantabria (Spain) have been
characterised according to the actual Spanish regulations on hazardous waste in order to
determine their ecotoxic (non ecotoxic ) character. The hazardous (non hazardous) character
of this wastes has also been determinated attending to the hazard attibutions considered in
the elaboration of the European Waste Catalogue (E.W.C.).

The results obtained using both methodologies show a great concordance. Steel mill
(smelting) processes generate ecotoxic / hazardous wastes clearly identificated with both
regulations and the study can lead to the conclusion that a deeper study focussed in these
wastevS should be carried out in order to consider the convenience of including these wastes
in the List of Hazardous Wastes.

The results obtained in the sand casting and cleaning and finishing processes lead to the
conclusion that althought all the wastes considered in this work show the same ecotoxic
/hazardous character the hazard attibution considered by the E.U. gives a more detailed
description of the possible hazadous behaviour of the waste and consecuently is a better tool
to help to decide the appropiate management of steel foundry wastes.
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ABSTRACT

The purpose of this study is the physico - chemical characterisation of Santander Bay
(North Spain) inter-tidal sediments, with the determination of levels of selected
organic compounds pollution. A sampling strategy has been developed based on
characteristic parameters of the stuary. The physico-chemical seasonal
characterisation of sediments has been performed by determination of water content,
pH, density, humidity, lost on ignition (LOI), particle size distribution, and chemical
analysis of three categories of organic compounds (VOCs, EOX and PAHs) selected
for its ubiquity, persistence and high potential of environmental hazard. The EOX
analysis give a picture of the total load of organohalogen compounds in the estuarine
area and the VOC and PAH values obtained, allow the characterization of sediments
in two areas in function of the closeness to the urban and industrial activities.

Key words: dredged sediments/ characterisation/ organic pollutants/ VOC/ PAH/EOX

INTRODUCTION

Coastal zones represent one of the most dynamic and complex natural environments in which
anthropogenic activities, ecology, economy and geomorphology interact. These areas are particularly
vulnerable and a better knowledge of the inter-relationships between natural and socio-economic
variables is essential for sustainable coastal zone management. From this point of view the recent
sediments can act as indicators of this relationships'1'. Particularly, sediments are important in the
characterisation of the estuaries due to, i) the prolonged influence of the discharges over them, which
make long-term studies possible, ii) vertical studies allow the determination of the period where a
certain contaminant was introduced to the system, making it possible to associate it to specific situations
and iii) their action as contaminant trap makes the study of the mobilisation of the pollutants and its
introduction into the food chain very important, and a decisive factor in determining the assimilative
capacity of the medium (3*:>).

Current pressing problems with contaminated sediments are mainly related to the dredging of
harbours and waterways. The. main issue is the management of these contaminated sediments. In
environmental policy, standards are used to define what constitutes a polluted environment, to decide on
the necessity of cleaning up unwanted situations and so on. This requires the establishment of standards
that can be used over larger regions. Tables 1 and 2 describe the system of norms for the management
of the quality of sediment that is being developed by several governments'6-75. These norms are divided in
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parameters included in International Conventions and Country Standards (Table 1), and PAHs standard
values in sediments (Table2).

Table 1. Parameters related to the marine sediments included in legal frameworks.

Water

PH
Metals

Phosphates

Sulphates

PAHs

PCBs

Organo-Cl
TBT
Oil and Fat

Biological

Others

International Conventions
Oslo
Paris

^ n o n

• y "8

^ n o n

• y e s 4
• y e s 7
•»"3
•yes

^ , n o n

^ n o n

• Silt

MARPOL

,/ n o n

^ n o n

j / n o n

^ n o n

^ n o n

•n0I>

London

^ y » 4

• y"

Country Standards
Spain

(Cedex)
^ n o n

y,non

• y e s 8

•^7

•non

Netherlands

• y e s 1 2

•yes

• y r a 1 2
• y e s 7

• > e s l l
• y e s 3
•non

• EOX

France

•""8

•yes

Sweden

• y M 7

Canada

• y K 8

EEUU

• y e s 8

•.•Regulated parameter; Yes/non:with/wirhout limit value; 3:Number of individual compounds regulated

Table 2. Classification
STANDARD

COMPOUND
Naphtalene

Benzo(a)anthracene
Benzo(ghi)perylene
Benzo(a)pyrene
Phenanthrene

Indeno<123cd)pyrene
Pyrene
Dibenzo(ah)anthracene
Anthracene
Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene
Fluoranthene
5PAHs(6ofBorneff)

^PAHs (10)

of sediments in function of PAH contents

Yes
0.1

0.5

0.1

0.1

—

OSLO/PARIS
Moderate
0.01-0.1

0.05-0.5

0.01-0.1

—

0.01-0.1

—

—

Non
0.01
—
—

0.05

0.01
—

—
—

0.01
—
—

—

M-list

0.05
0.05
. . .

0.05
. . .

—
—

0.2
0.2
—

0.3
0.6

Target

1

NETHERLANDS
I-Iist

0.05
—
—

0.05
—

0.05

0.05
0.05

. —
—

0.05
—
...

Threshold

1

Test

0.8

0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8
0.8

0.8
2

4.5

Test

10

Warning

3
3
3
3
3
3

3
3
3

3
3
7
17

Action

40

The most detailed and most specific set of rules now in existence is being developed by Dutch
government^. Four levels, determined per type of risk, are used for direct application in management of
aquatic sediments, i) Target value (non-polluted), ii) Threshold value (slightly polluted), iii) Test value
(moderately polluted) and iv) Action value (heavily polluted). The class of sediment determines which
destinations for the material are allowed.
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Contaminants discharged in the water become preferently attached to the sediments due to their
chemical properties. Organic micropollutants are found accumulated in organic substances, not in the
inorganic clay fraction. Apolar compounds like PAHs are almost exclusively associated with the
sediment phase and the concentrations in solution are extremely low.

Santander estuary is an area partially enclosed water bodies at the rim of land and sea where fresh
water and seawater mix. only 14,980 of its 88,250-Km of coast are natural, being an important tourist
destiny due to its beaches. There are four main areas in the Bay: urban, rural, industrial and the harbour
areas(2). There is a total population of 318,300 inhabitants around the Bay, 59.3% discharge their
sewage systems untreated into it. Most of the industries in the area discharge their untreated effluents
into the sewage system as well. The harbour is divided between fishing, and private crafts, but most of it
is dedicated to the movement of the raw materials required or produced by the industries in the area.
Inter-tidal sediments consisting of decomposing organic matter, mineral matter and inorganic material of
biogenic origin were chosen as the subject of the study. The three categories of organic compounds
selected in this study, fall down into three major categories characterized for its ubiquity, persistence
and high potential of environmental hazard: Volatile Organic Compounds (VOCs), Polycyclic Aromatic

Hydrocarbons (PAHs), and Extractable Organic Halogens (EOX). The work constitutes a tool for the
assessment of potential environmental impacts on an area without data about the sediment conditions.

MATERIALS and METHODS

This section present the normalized methods of sampling and analysis used in this work*9"1 ]). The
study was divided in two stages: a) first, the Bay was divided in zones according to its geographical
characteristics, the nature of the sea bottom and surrounding areas, and the measure and type of
anthropogenic activities and b) second, several physical determinations (water content, humidity, pH,
density, grain size distribution, Lost On Ignition (LOI) value), and chemical analysis (VOCs, PAHs,
and EOX) were performed.

Sampling strategy

To the sampling location, eleven zones were characterised on the Bay according to ten
antrophogenic and natural parameters (A to J). The zones with their characteristic parameters are
detailed in Table 3. Only the first 25-cm in the inter-tidal area were collected. For this, a stainless steel
handcorer with Teflon caps was used. The collected sample was stored in glass jars at 4
The jars were completely filled with bay water in order to eliminate head space for VOCs analysis.
Zones 0 and 10 were characterised as control areas out of the Bay, but were not sampled since there is
only sandy sediment, which, due to its inert character, is not of interest for this study. Zones 1 and 2
were not sampled due to the lack of an inter-tidal area in the commercial harbour. The number of
independent samples that were collected was one integrated sample per season (Summer, Fall, Winter
and Spring). Each sample was divided in three subsamples to physico-chemical determinations.

Physico-Chemical Determinations

The water content was determined using a Millipore Zero Head Space Extractor (ZHE) to extract
by pressure the interparticle water and the percentage in relation to the total weight of the sample
extracted was established (25g of sample). Humidity was determined taking the sample to dryness on a
stove at 105 24h, homogenized, and introduced in an oven
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at 550 4h. The grain-size distribution was determined by wet sieving using the Udden-Wentworth

Scale for the classification of sediments; Size range < 60 ^m was determined by laser diffraction

(Malvern Autosizer equipment). Method EPA 9045

20%) was used to determine the sediment pH. Bulk density was calculated by ASTM D 5057-90
Standard Test Method.

Table 3 . Santarider Bay zones and characteristic parameters

Zone

0
1
2
3
4

5
6
7
8
9

10

A
_
D

D,F
D,F
F

—

F
F

—

B
—
—
_

Wa,Sr,M
Sr

Sr
...
—
._
Q

—

C
—
Sw
Sw

Sw.Si
Sw.Si,

Sh
Sw,Si

Sh
Si

Sw,Sf
Sw

—

D
T
Ul
Ul
Ul

U2.U4

U4
U2.U4

—
_

U4,T

_

E
—
_.

Tr,C
Rw
Rw

Rw
._
- -
—
Tr

—

Parameters

F
._
- -
14

n
D

12
._
12
15
—

—

G
Su,In

Su
Su
In
In

-
In
In
In
In
In

Su,In

H
S,R
S,R
R

S,R,L
R,V,L,Mr

L
L.V

S,R,V,L
S,R,V,Mr

S,R,V

S

I
PI
PI

P2.F1
Fl.U
Fl.U

U
PI
_.
_.

P1FI.B,
Bv

B,Bv

J
O,Se,W

Se
—

Se,Rc
Rm

Rc,Rm
Se

Se,Rc
Re

Se,Rc,Rm

O,Rc,Cc,Se

A) Human action over the configuration of the Bay: D: Dredged area. F: Fillediip area polluting
B) Deposits as possible sources of pollution: Q: Quarries. Wa: Water deposits. Sr: Solid deposits. M: Mineral

C) Wastewaters directly on the Bay (rivers): Sh: Hospital Si: Industrial. Sf: Farm disposal discharge into the

sewage system. Sw: Sewage system discharge point
D) Characteristics of the populations around the Bay: T: Touristic area. Ul: Urban area > 50000 inhabitants

. U2: 10000 - 20000 inhabitants. U3: 2000 - 5000
inhabitants. U4:1000 - 2000 inhabitants

E) Harbour activity: C: Recent construction. Tr: Ships' touristic routes. Rw: Dock for raw materials
load/unload
F) Industries in the area. I I : High number of industries and high potential. 12: Low number, high potential. D :
Moderate in both aspects. 14: High number, low potential. 15: Agricultural area.
G) Nature of the sea bottom. Su: Subtidal area. In: Inter-tidal area
H) Tide - sea bottom relation: V: Sea bottom with vegetation. L: Limes. Mr: Marshes. S: Sand. R: Rock.
I) Characteristics of the beaches and terrain around the Bay: PI : Important forest area P2: Park. Currents. FI:
Flood area. U:Unstable terrain. B: Beaches. Bv: Beaches with vegetation.
J) Tides, currents and other sources of sediment movement: Se: Sedimenting area. W:Important waves. O:
Opensea currents. Cc: Coastal. Re: Recycling currents Rm: River mouth

A Toxicity Characteristic Leaching Procedure (TCLP)(12) with ZHE test, was used to determine the
VOCs present in the sediments. The extraction fluid used was a solution of 5.7 ml of acetic acid and
64.3 rni of IN NaOH in 11 of reaction grade water. The Liquid/Solid ratio was of 2 0 / 1 , with a
rotation time of 18 hours at 30 rpm. 'A gas chromatography equipment with a mass spectrometer
detector (GC/MS, HP 6890) with Purge and Trap injecting system was used for the analysis with

method 8260 USEPA(13). The temperature program utilised: 35 4 mm)6- 180 2 min). The
MS worked in SCAN mode (mass range: 34-300 a.m.u.) and the NBS 75KL spectrum library was used
?o identify compounds. For EOX the sample extraction method used was DIN 38414-S4 leaching
iest(14). The 20g of sample were air dried and extracted in a 50 ml Soxhlet Extractor with paper thimbles
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using a contact time of 20h. at a rate of 4 cycles/h with hexane. EOX analysis was performed using an
Euroglass ECS 2000 Coulombimetric Equipment.

The extraction process to the analysis was based on method 3540B USEPA{13) with certain
modifications. A 50 ml Soxhlet extractor with paper thimbles was used to extract 5g of dried sample
and 5g of anhydride sodium sulphate with a dichloromethane/acetone mixture 1/1 (v/v), for 20 h at 4
cycles/h. The extract was concentrated in a 250 ml Kuderna-Danish with a 10 ml reception tube and a 3
ball Snyder Column. Silica gel cartridges were used to cleanup the extract prior to concentration, using
0.5g silica/ml sample, and eluting with 3 ml dichloromethane/ml sample. Finally a solvent exchange
process in two stages to acetonitrile was carried out and a reduction to 1 ml under nitrogen at 35
samples were analysed using high performance liquid chromatography (HPLC Analysis, Waters 2690),
with a photo diode array detector (Waters 996 working with a wavelength range of nm), a C-18

column; and an acetonitrile/water elution. The flow was of 1 ml/min, wjth a run time of 80 rain., and an

acetonitrile gradient of 55(2 min) 28_min 35^3 j ^ 2min iQ0(30 min ) 5 - ^ 55.

RESULTS AND DISCUSSION

The obtained values of water content, pH and bulk density are shown in Table 4. As it can be seen,
the values of water content obtained are between a wide range (0% and 20.4%) depending on the sample
point, season and tidal effects. These values will be taking into account in the determination of VOCs by
TCLP lixiviation method. However the sediment is dried prior extraction to determine organic
pollutants. Bulk density values are near 1 g/cm3 except sample 8, which shows a higher value of 1.9
g/cm3 due to her mayoritary coarse size distribution. pH values range from 7.3 to 8.3.

In Figure 1 it is shown the obtained humidity values; These values are nearly constant seasonally
with low variations. Point 3 shows the higher value (49.7%) and point 8 the lower value ( 24.2 %). In
the same way the values of LOI are showed in Figure 2. The highest value of LOI correspond to the
samples 3 (10.5 %) and 7 (10.3 %) with additionally presence of high number of VOCs, and high
values of EOX and PAHs. Sample point 8 shows the lower LOI value (2.3 %) according to his grain
size distribution with high values of particles > 63 (Am.

Sample point

5 6 7

Sample point
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Figurel. Seasonal average values of Humidity Figure 2. Seasonal average values of L.O.I.

Table 4.

Sample

3
4
5
6
7
8
9

'''^

Physico-chemical parameters

(9
1.2

4
0-

8.4
13.6
0
0-

20.4
9.2
18
15.2
-20
10
14

-pp..

8.34
7.27
7.37
7.28
7.27
8.30
7.49

0.966
0.979
0.994

tL079_
1.133
1.927
1.120

Table 5. Grain size distribution of silt particles

Sample

3
4
5
6
7
8
9

5,17
4,37
4,12
5,80
6,07
5,77
5,14

6,59
5,44
5,35
9,02
8,96
8,03
6,60

3,98
3,60
3,37
4,34
4,51
4,39
3,96

S3?
6,79
4,64
2,56
6,90
7,05
6,68
6,77

The grain-size distribution obtained using the Udden-Wenrworth Scale for the classification of
sediments is showed in Figure 3. The size-classes studied were size range >2000 jxm or graves, 2000-
63 ĵ m or sands and <63 ĵ m or clay + silt fraction. All of the samples shown high values of silt fraction.
Point 7 shows high values of coarse fractions. The size range <60 ^m (Silt content) determined by laser
diffraction, shows similar distribution in all of the analysed samples with statistical values Sauter
diameter D[3,2], and volume distribution average size (Herdan) D[4,3] shown in Table 5.

•a
8

Figure 3. Grain size distribution from sample point in October

The qualitative analysis of VOCs identifies the compounds showed in Table 5 by comparison of
the mass spectra obtained by GC-MS with those in the NBS 75KL library (>85% match quality is
required to consider identification). As it can be seen, the tetrahydrofurane is the major class of VOC
present in sediment samples, related to the industrial pollution due to the presence of a chemical plant of
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styrene-butadiene rubber manufacture near to the bay. However this compound does not appear in
spring, season that show the presence of chloroform in all the samples (except point 7). Sample 7 shows
the presence of VOCs compounds from the byproducts of the industrial activity.

Table 5. Seasonally VOCs identified in the Santander Bay sediments.

Sample

3

4

5

6

7

8

9

VOCs Identified

Summer

Tetrahydrofurane

Tetrahydrofurane

Tetrahydrofurane
2,2-dimetylpropane

Eucalyptol
2,2-dimetilpropanol

4,4-dimetyl-2-pentanone

Tetrahydrofurane

Fall

Tetrahydrofurane

Tetrahydrofurane

Tetrahydrofurane

2,2-dimetylpropane

4,4-dimetyl-2-pentanone

Winter

Tetrahydrofurane

Tetrahydrofurane

Tetrahydrofurane

Tetrahydrofurane
2-metil-2-nitropropano

4,4-dimetyl-2-
pentanone

Tetrahydrofurane

Spring

Chloroform

Chloroform

Chloroform

Chloroform

2,2-metilpropanol

4,4-dimetyl-2-
pentanone

Chloroform

Chloroform

The upper and lower limits of a 95% confidence interval to EOX and PAHs experimental
values in sediment samples are presented in Figures 2 and 3 respectively. The obtained values of EOX
show two differentiated areas relevant to two sides of the stuary i) one of them (samples 3,4,5 close to
the city) shown values higher than 1 mg/kg and ii) value of samples 6, 8 an 9, located in front of the
city, are below 1 mg/kg. Sample 7, influenced by industrial activities, shown values between both of the
regions.

3,0

0,0

• Lower Limit

^Higher limit

H 1 H 1
3 4 5 6 7 8 9

Sampling Point

30,0

| I 20,0

II
U » 10,0

0,0

B Lower Limit

M Higher Limit

Sampling Point

Figure 4.Four seasons' average values of EOX Figure 5. Four seasons' average value-* "t PAHs
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The average value of EOX from samples 3,4 and 5 is 1.53 mg/kg, whereas the average value of
EOX from samples 6, 8 and 9 is 0,65 mg/kg. Both of the average values are lower than the Dutch test
value of 7 mg/kg because of, at the moment they could be classified as moderately and non-polluted
sediments.

The behaviour of the PAHs average values is similar. Samples located close to the town (3, 4 and
5) show average values of 18 mg/kg, 24 mg/kg and 9 mg/kg respectively, whereas the other side of the
stuary (6, 8 and 9) shows average values of 3 mg/kg, 4 mg/kg and 4 mg/kg respectively. Sample 7
shows a value of 20 mg/kg. In relation to the seasonal variation of PAHs as sum of the seven samples, it
is from 7.5 mg/kg in summer to 15 mg/kg in winter. Sample 7 shows an EOX and PAH values higher
than the average value from this area, due to the direct influence of chemical industrial activities.

The seasonal values obtained along a year confirm the previous conclusion obtained(13) allowing
a fraction of the Santander Bay in the two mentioned areas. In the same way, the J P A H S values
obtained to the sample points analysed, show a differentiation between two areas, with higher values
around 20 mg/kg and lower values around 3 mg/kg. Sample 7, shows values between both of the
regions. Related to the individual compounds, it is outstanding the important presence of pyrene in five
of the samples analysed. In Figures 6 and 7 it is showed the individual PAHs seasonal distribution in the
analysed samples.

10,0

9,0

8,0

7,0

6,0

1 5,0
S

4,0

3,0

2,0

1,0

0,0

•summer
Qfall

•winter

39 spring

I

3 g

I I
>,
a.

H o

Components

Figure 6. Sampling point 4. Seasonal values of PAH's
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4,0

3,5

3,0

24

1,2,0
S

14

1,0

04

0,0

•summer

•winter

•spring

S

J 1
f I-
z S 3

3

Components

Figure 7. Sampling point 9. Seasonal values of PAH'S

CONCLUSIONS

The characterisation of the Santander Bay in 9 areas based on 10 parameters, provides the dev c» M •
of a sampling strategy based on 7 inter-tidal points. The physico-chemical characteristics hi r
water content, bulk density, pH, LOI and grain size distribution were determined. Analysed -•••
show values of these characteristics in the expected range due to their location and visual corm>
(silt or sands).

The following compounds: tetrahydrofurane, chloroform, 2,2-dimethylpropanol, 2,2-dimethyli"
4,4-dimethyl-2-pentanone and eucalyptol, were identified by GC/MS analysis of the Tf
leachates. The EOX analysis of the Soxhlet sediment extract gives a picture of the tota
organohalogen compounds in the estuarine area, obtaining average values from 0.7 mg/kg to
The total PAHs contents in the sediments range from 1 mg/kg to 43 mg/kg depending on the Nt-,.-
sample point. The most abundant individual PAH compound is pyrene.

The values of organic contaminants parameters obtained show three differentiated areas with •
levels of contaminants, i) an area with high values of organic contamination, located close u
which supports the majority of industrial and harbour activities and sewage system discharge H
with low values of organic contamination, located in front to the town with low number ot :n<>-
activities, and iii) point 7, characterized by the direct influence of a chemical plant of styrene-n..
rubber and black carbon manufacture.
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ABSTRACT

The paper presents the results obtained in the characterisation of metahvorking
wastes, with the sampling of wastes and characterisation data interpretation subjects as
the main studied steps. The results of this work allow to establish the environmental
impact assessment of the inorganic wastes from a wide range of metalworking processes
in order to determine the optimum options to their management (treatment and/or re-
use).

Key words: characterisation, metal wastes, leaching tests.

INTRODUCTION

Assessment of industrial wastes management options is a previous requirement to design the
product in the metal working industries, which requires a previous characterisation of the wastes. The
wastes considered in the present work come from a wide range of metal working activities as sludges
generated in metal finishing industries with high contents of heavy metals, inorganic anions and minor
amounts of organic compounds. These sludges were originated after the specific physico-chemical
treatments of waste galvanic waters"'", the characterisation of these sludges is required to assess their
environmental impact and to establish the best way of management'4'5). On the other hand it has been
considered foundry slags from aluminium, stainless steel and brass due to a high degree of metal
mobility in aqueous solutions and its potential ecotoxicity and dust produced by steelmaking and
foundry activities, mainly the electric arc furnace (EAF) dust, which contains important amounts of
zinc, lead and cadmium that are known by their high toxicity to the environment. These industrial
waste products studied were from Portugal, Italy and Spain. A brief description of them is shown
forward.

Initially the wastes were characterised in accordance with the European and Spanish legal
framework that established a classification by listing of the wastes and hazardous wastes. By this way,
the current rules taking into account for this purpose have been: the European Waste Catalogue
(EWC) from the European Commission16', the European Hazardous Waste Catalogue (EHWC)'7) and
the Spanish rule R.D. 952/1997 (BOE. 1997)(S1. In second place, the characterisation was based on
European Directive 9 l/689/CEE (COM, 1991 a)''" relative to hazardous wastes, which defines classes
of" dangerous substances according to their characteristics, where classification HI4 concerns
potential and differed danger of substances to environment.

It was also performed the ecotoxicological and chemical characterization in compliance with the
Spanish and the European Union legislation by means of leaching tests procedures for wastes.
Leachability of substances is determined using iwo standard methods: a) DIN 38414-S4 leaching
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method"0' with determination of contaminants on the leachate, and b) TCLP extraction method"0

with evaluation of chemical composition and luminescence bioassay on the leachate.

With the integration of Spain to the European Union the legal issue on waste is being developed
constantly to improve its management. Currently the Spanish legal framework is based on the 20/1986
law (BOE, 1986)<l2) about hazardous waste products, this basic rule established the framework in
which during the production and management of hazardous wastes it is guaranteed the protection to
human health, to the environment and the preservation of natural resources. This law was developed
by the RD 833/1988 rule (BOE, 1988)(13) and the methods of characterization of hazardous wastes are
explained by the Ministerial Order of 13.10.1989 (BOE, 1989)(14). Both Spanish rules were based on
the European Directive 78/319/CEE about hazardous waste which was later modified by the Directive
91/689/CEE and so did the Spanish law with the Decree 952/1997 (BOE, 1997)(8). Nowadays the
characterization tests for ecotoxicity are being reviewed and new assays are proposed as substitution
of luminescence bioassay (Ministry Proposal 25/11/1997).

METHODS AND SAMPLES

1.- Characterization Methods:

Leaching tests were carried out according two standard protocols: Toxicity Characteristic
Leaching Procedure (TCLP) and DIN-S4. The test TCLP was performed in accordance with the
methodology described by the Environmental Protection Agency (EPA)(m. The Chemical
characterization of TCLP leachates were analyzed by Atomic Absorption Spectrometry in a Perkin
Elmer 1100B- AAS device. The experimental results obtained were compared with the concentration
levels regulated for heavy metals on the Toxicity Characteristic (U.S. EPA, 1997)(!5).

Luminescence bioassay was carried out on TCLP leachates according to the Microtox® test<16)

which is based in the inhibition of the luminescence of the marine bacteria Photobacterium
phosphoreum. The lyophilized bacterial reagent was supplied by Microbics. The luminescence
bioassay was conducted at recommended time and temperature (15 minutes, 15 °C) (BOE, 1989)(14>

and following the manufacturer's instructions (Microbics 1992) in a Microtox® Model 500. Results
were expressed as 15 minutes EC50 values, calculated with the Microtox reduction software supplied
by Microbics Corp. (Microbics 1992) where EC50 (mg/l) is expressed as the effective concentration of
toxicant (leachate) that causes 50% decrease in light output. Results are compared to the values
imposed by the Spanish regulations (EC50 < 3000 mg/1.) to consider a waste as hazardous (H 14)
(BOE 1989).

The European Draft Directive on the Landfill of Wastes(COM, 1991 b)<l7> prescribes the use of the
agitated extraction test DIN 38414-S4, that uses deionized water to obtain a leachate to be evaluated
the chemical composition. In this case-the eluate analysis has been done by Atomic Absorption
Spectrometry (GBC 904 AA) for metals and by colorimetric methods for anions. The results have
been compared with the limit values indicated in the EC Proposal of Directive 91/C190/0 \, to classify
each residue as inert or dangerous for the purpose of controlled landfiiling.

2.- Samples:

In table I it is shown a brief description of the samples studied and the code used to identify them.
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Table 1.- Description of samples.

PORTUGUESE SAMPLES
PI
P2
P3
P4
P5

r. P 6
P l l

ITALIAN
11

*I2
13
14
15
16
17
18
19
110
111
112
113
114

SPANISH
S !
S2
S3
S5
S6

Sludge from the physico-chemical treatment of galvanic waste wawrs.
Sludge from the physico-chemical treatment of anodizing waste waters.
Carbon steel slags.
Stainless steel slags.
Electric arc furnace steelmaking dust.
Washed aluminium drosses.
Non washed aluminium drosses.

SAMPLES
Metal droplets in oxidic slag.
Sludge from brass pickling. >
Mill brass sludge.
EAF dust from the production of high manganese steel (Mn 13%).
EAF dust from the production of high manganese steel (Mn 7%).
Aluminium dust from scrap remelting.
Washed aluminium drosses.
Aluminium drosses.
Filter press cake from the physico-chemical treatment of galvanic waste waters.
Copper galvanic sludge.
Electric arc furnace steelmaking (EAF) dust.
Brass foundry dust.
Brass foundry dust (Cu rich fraction).
Brass foundry milled dross.

SAMPLES
Filter press cake from the physico-chemical treatment of zinc plating waste waters.
Filter press cake from the physico-chemical treatment of mixed galvanic waste waters.
Sludge from the chromium bottom bath.
Electric arc furnace steelmaking (EAF) dust.
Refining sludge from steel production.

RESULTS

1.- EUROPEAN WASTE CATALOGUE.

The different wastes from metai working industries were first catalogued by means of the
European Waste Catalogue (EWC)(6) and the European Hazardous Waste Catalogue (EHWC)(7).

The results are shown in table 2. Four main groups can be done in order to study the variety of
wastes in a logical way:

10.02 - Wastes from the iron and steel industry.
10.03 - Wastes from aluminium thermal metallurgy.
10.08 - Wastes from other non-ferrous metallurgy (brass).
19.02 - Wastes from specific physico-chemical treatments of galvanic wastes*.

The most remarkable observation of this cataloguing is that wastes not considered hazardous by
the European Hazardous Waste Catalogue had proved to be dangerous by its characterisation, while
on the Draft of the European Waste Catalogue™ they were already classified as dangerous with
hazard criteria and qualitative justification.

* It is ulsu included a waste from the chromium bottom bath (S3).
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Table 2.- Samples classified by European and Spanish Wastes Catalogues.

Sample

P 1

P 2

P 3

P 4

P 5

P 6

P 11

S 1

S 2

S 3

3 5

S 6

I 1

X 2

I 3

X 4

I 5

I 6

I 7

I 3

I 9

X 10

I 11

I 12

I 13

I 14

(91/689/EEC) Directive

(TCLP Leachates)

Appendix

I . B

33

33

22

22

23

22

22

33

33

27

28

29

22

27

27

28

28

28

22

22

33

27

28

23

28

22

11

C3, C5, C6, C7, C11, C18

C3, CS, C6, C7, C11,018

C3, C5, C6, C7, 011

03, C5, 06, C7, C11,018

C3, C5, 06, 07, C11,C18

C3. C5, CS. C7.C11.C18

03, C5,C6,C7, 011,013

C3.C5, C6, C7, C11,C18

C3, CS, 06, C7, C11.C1B

C3, CS, C6.C7, C11.C18

C3, CS, C6.C7, C11.C18

C3, CS. C6.C7.C11.C18

C3. C5.CS.C7, C11.C13

C3, 05, 06, 07,011, 018

03, 05, 06, 07, C11.C18

03, cs, C6, C7, cn.cia

C3, CS, C6.C7, C11.C18

C3, 05, CS, 07, C11.C18

C3. C5. C6.C7, C11.C18

C3, 05, 06, C7, C11.C18

03, 05, C6, C7, C11.C18

03, 05, 06,07, 011.C18

03, C5, 06, 07, C11.C18

C3, C5, C6, C7, C11.C18

CS, 06, 07, C11.C18

03, C5, 06, C7.C11.C18

I I I

H14

H14

>

H14

H14

H14

H14

H14

H14

H14

H14

H14

H14

Draft ng 4 rev. 2 of 31.1.93.

Draft of the European Waste Catalogue

Code

19.3.1

19.3.1

10.2.2

10.2.2

10.2.3

10.3.6

10.3.5

19.3.1

19.3.1

11.1.3

10.2.3

10.2.5

10.8.2

10.8.7

10.8.7

10.2.3

10.2.3

10.3.7

10.3.8

10.3.4

19.3.1

19.3.1

10.2.3

10.8.3

10.8.3

10.8.2

Hazards

H*

H*

NH

NH

H

NH*

H

H*

H*

H

H

H"

H"

H-

H*

H

H

H

NH*

H

H*

H*

H

H

H

H-

Criteria

H14

H14

H05,14

H14

H14

H14

H14

H04, 5, 8

H05, 14

H14

H14

H14

H14

HOS, 14

H05, 14

HOS, 14

H14

H14

H14

H14

H05, 14

HOS, 14

H05, 14

H14

Qualitative

Justification

HM, HSF

HM, HSF

HM

HM, HSF

HM, HSF

HM, HSF

HM, HSF

HM, pH, Crv:

HM

HM, HSF

HM, HSF

HM, HSF

HM, HSF

HM

HM

HM, HSF

HM, HSF

HM, HSF

HM, HSF

HM, HSF

HM

HM, HSF

HM, HSF

HM. HSF

(94/3/CE)

European

Waste

Catalogue

190201

190201

100202

100202

100203

100310

100308

190201

190201

110103

100203

100204

100801

100899

100899

100203

100203

100312

100310

100308

190201

190201

100203

100804

100804

100801

94/904/CE

European

Hazardous

W.Catalogue

190201

190201

100310

100308

190201

190201

110103

100310

100308

190201

190201

RD 952/97

Spanish

Decree

190201

190201

100310

100308

190201

190201

110103

100310

100308

190201

190201

C3 - Cr VI compounds, C5 - Ni, C6 - Cu, C7 • Zn, C11 - Cd, C18 - Pb.
NH: non hazardous without discussion.
NH": non hazardous but hazardous wastes may occur.
H: hazardous without discussion.
H": hazardous but non hazardous wastes may happen.
HM - Heavy metals.
HSF - High Sulfur Fumes.

Under the 91/689/EEC Directive, the wastes are considered as hazardous when they are included

in the list of appendix land its composition presents some of the components listed in appendix II and

the characteristics of appendix HI. The content of the compounds referred was determined by

chemical characterisation on TCLP leachate.
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2.-TCLP RESULTS.

2.1. Toxicity due to Luminescence bioassay (EC50).

Fig. 1.- TCLP -ECso Toxicity -
(10.02)

TOXIC
38%

NON
TOXIC

62%

Fig. 2.- TCLP - EC50 Toxicity -
(10.03)

TOXIC

0%

NON
TOXIC
100%

Fig. 3.- TCLP - ECso Toxicity - Fig. 4.- TCLP - ECso Toxicity -
(19.02)

TOXIC
57%

NON
TOXIC

43%

2.2. Toxicity due to metals.

We have studied three metals of those regulated on TCLP leachatesll5>, these are cadmium,
chromium and lead with a limit concentration of 1 mg/l. for Cd and 5 mg/1. for Cr and Pb.

Fig. 5.- TCLP • Meta! Toxicity Fig. 6.- TCLP - Metal Toxicity -
(10.03)

TOXIC
0%

c
NON

TOXIC
100%
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Fig. 7.- TCLP - Metal Toxicity - Fig. 8.- TCLP • Metal Toxicity

The most toxic wastes for both, luminescence and metal content criteria are the group of 10.08 -
Wastes from other non-ferrous metallurgy (brass) and the ones which are non toxic at all are those of
the industrial group of aluminium. While the toxicity of 10.02 - Wastes from the iron and steel
industry- is 38 % for both criteria and in the case of 19.02 - sludges derived from the physico-
chemical treatment of waste galvanic waters- the results vary depending on the method used to
analyse the TCLP leachate. This is shown more clearly in figure 9 where is represented the percentage
of toxicity between the four industrial groups studied.

Toxicity % EC5Q METALS

10.02
10.03
10.08
19.02

38
0
100
57

38
0
83
29

PERCENTAGE OF TOXICITY

1
i DECS0

i

Figure 9.- Percentage of toxicity between EC50 and metals.

More restrictive results are obtained with the luminescence bioassay for the same samples in the
groups 10.08 - Wastes from the brass industry- and 19,02 - Wastes from specific physico-chemical
treatments of waste galvanic waters- than with the metal content evaluation. While the percentage of
toxicity is the same in both cases for 10.02 (38%) and 10.03 (0%).

In figure 10 it is represented the contribution of the metals that cause the toxicity. Having into
account that only three, of those studied, are regulated on TCLP leachates (Cd, Cr and Pb), it is
observed the presence of cadmium and lead in all the toxic groups and only are presented the three
metals in the group of galvanic sludges.



Fig. 10.- Contribution of metals to the toxicity.

3.- DIN 38414-S4 RESULTS.

Chemical characterisation (metals and anions) is carried out on DIN-S4 leachates according to EC
suggestions for landfilling of wastes. The experimental results obtained were compared with the
concentration levels proposed by the EC Draft of Directive 91/C 190/01 in order to classify the wastes
as inert or hazardous for the purpose of controlled landfilling. Figures 11-14.

Fig. 11.- DIN Toxicity (10.02)

TOXIC
33%

INERT
67%
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The group of wastes without any toxicity are those of aluminium thermal metallurgy (10.03), while
group 19.02 (wastes from specific physico-chemical treatments of galvanic waters) constitutes 100%
of the considered as hazardous; in figure 15 it can be seen the contribution of the different elements
that causes the toxicity. As it can be expected due to the process that generates this waste, is 19.02
group which presents more variety of metals and anions, it can be found sulphates, Cr, Pb, Zn and in
less quantity Cu and Ni. In the other groups only Pb, Zn and sulphates are presented.

HNi
DCu
DZn
• Pb
BCrVI
0 Sulphates

Fig. 15.- Contribution of metals and anions to the toxicity.

CONCLUSIONS

The classification of the wastes as hazardous originated in meta! working activities that have been
studied in this work, revea! a noticeable disagreement between the catalogues established in the
different European regulations. It seems to be more restrictive the Draft of the European waste
catalogue than the final law approved by the Community.

The detailed ecotoxicologic and chemical characterisation showed the same toxic character for the
wastes coming from the aluminium group 10.03. The rest of the groups showed opposite toxic
character depending on the methodology applied, which induces to study in deep the causes of this
variation that will be developed in the next future,
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ABSTRACT

Laser ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS) is widely accepted as a rapid and sensitive technique for
trace elemental analysis of solid materials and for local analysis of
inhomogeneous materials (such as geological samples). Due to its direct
solid sample analysis capability, LA-ICP-MS (using a quadrupole-
based ICP-MS and at the Research Center Jiilich developed laser
ablation system: Nd-YAG-laser, 226nm, lOHz and 5 ns) is applied for
the analysis of geological (granite) samples from Hiroshima. In order
to prepare homogeneous targets, these samples were melted together
with a lithium-borate mixture in a muffle furnace at 1050 °C.
Furthermore, for investigating of matrix effects the powder of these
samples is mixed with graphite and pressed as targets for laser
ablation. The quantification of the analysis results was carried out
using granite (GM) as standard reference material. The relative
sensitivity coefficients (RSCs) for most elements, which were
determined for correction of the measured values, varied between 0.3
and 3.

Key words: laser ablation / Inductively coupled plasma-mass spectrometry /Granite

INTRODUCTION

Laser ablation was developed as a special sample introduction system for solid
samples into the ICP-MS. LA-ICP-MS is mostly applied with low cost and fast
scanning mass spectrometers. The evaporation of the solid target material was carried
out in a laser ablation chamber(1>. The evaporated and dissociated material (atoms,
molecules, ablated particles) was transferred by transport gas (argon) in the
inductively coupled plasma where the neutrals are dissociated and ionized. In contrast
to HMS, where evaporation and ionization occur simultaneously by a focused laser
beam in a high vacuum chamber, both processes- the evaporation process of the solid
samples material in the laser ablation camber and the post-ionization of neutrals in the
inductively coupled plasma ion source- happen in LA-ICP-MS under normal pressure
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and are separated in time and space<2). An advantage of LA-ICP-MS compared to
ICP-MS of aqueous solutions is not only the simple sample preparation but also the
significant reduction in interferences of oxide ions, hydroxide ions and hydride ions
with the analyte ions.

EXPERIMENTAL

The experimental setup of the LA-ICP-MS is shown in the Fig.(l). It consists
of an arrangement for laser ablation and a commercial ICP-MS (Perken-Elmer
SCIEX ELAN 6000, Germany). The equipment for laser ablation(3"5) comprises the
laser, the optical arrangement for transferring the beam to the sample and the ablation
cell containing the sample. The operating parameters for the Nd.:YAG laser and the
ICP mass spectrometer are summarized in Table (1).

Table (1): the experimental conditions used in the measurements

Laser ablation conditions

Wavelength

Pulse duration

Spot diameter

Repetition frequency

Power density

Energy pulse

Raster width

266 nm

5 ns

0.2 mm

10 Hz

1010 w/cm'

11 mJ

5mm x 5mm

ICP-MS conditions

Plasma power

Dwell time

Carrier gas flow

Plasma gas flow rate

Auxiliary gas flow rate

1200 W

100 ms

0.9 1/min Ar

141/min Ar

0.8 1/min Ar

All of the optical components in the laser beam path, excluding the window
through which the laser beam penetrates into the ablation cell, are anti-reflection-
coated for 266 nm. This helps to suppress greatly reflection losses for this
wavelength. The optical components and their arrangement are chosen in such away
that they can cope with all wavelength ranging from the far UV to the near IR. For
beam deflection a prism is therefore employed instead of a mirror. For the same
reason, a beam splitter is used instead of dichroic mirror for monitoring the surface of
the sample. In order to switch from one wavelength to another it is only necessary to
install or remove the frequency multipliers and to change the dichroic mirrors inside
the laser.

The ablation ceil has been especially designed and constructed for this setup.
It consists of an outer and an inner cylinder. The outer cylinder is made of BK7 glass
and separates the surrounding air from the argon transport gas flow through the cell.
The window through which the laser beam penetrates into the ablation cell is simply
sealed by a vacuum grease. The inner quartz glass cylinder should prevent memory
effects. The window and the inner cylinder can be changed very easily as required.
The ablation cell is mounted on a computer-controlled transitional xyz-stage so as to
position the sample.
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SEM quadrupole

ELAN-6000, Perkin Elmer

ion optics

Focus lens

laser ablation

chamber

Fig. (1): schematic diagram of the laser ablation system coupled to the
quadmpole mass spectrometer.
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As the ablation rates vary non-linearly with the laser power, it is essential that
the laser operates very stably. Unfortunately, it is very difficult to obtain a stable laser
operation for X = 266 nm with pulse energies of some tens of ml The best way to
achieve stable laser operation is to turn the laser continuously for many hours and to
select a particular laser pulse with the aid of shutter directly behind the laser. This is
expected to enhance the reproducibility of the energy from pulse to pulse
considerably. A second shutter in front of the video camera should protect it from too
high intensities during the ablation process. The energy of the laser pulses during the
ablation process is monitored with a laser energy meter (pyroelectric detector ED-
200-SU from Gentech, Sainte-foy, Canada) by splitting the beam.

The laser, the two shutters, the transitional xyz-stage, the energy meter and the
ICP-MS are synchronized and operated under computer control.

SAMPLE PREPARATION

Mass spectrometric methods allow the analysis of powdered or compact solid
samples or layers directly without any expensive sample preparation. Two methods
were used in order to prepare homogenizing targets of granite samples. A schematic
diagram shown in Fig. (2) describes the steps of the method.

Sample Preparation

Fused Lithium-Borate target

sample

Pressed Graphite Target

,t; ^V C&IOOfl3go£granite sample,

r
purity graphite po-vvdet wem ackied

to-tfee sample powder

H e iiaaaogaieify of the mixture was.
achieved by uskc* a shaker (30 min>

50 kH-csxt4 is a\
cylinder to mmd e

(target diamder; 0.7 mm.
thictoess; 1.5 mm}
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RESULTS AND DISSCASION

Limits of Detection

The determination of the limits of detection for solid-state analytical methods
is always hampered a lack of suitable ultra high purity matrix-matched materials
which can be used for the determination of the blank values. Therefore the gas
blank(6) (intensities measured without laser shots) is sometimes used. Limits of
detection obtained in this way certainly do not account for the increase of the
background signals by the higher total number of ions increasing the pressure inside
the mass spectrometer and the detector, for intensity increases by the peak shoulder of
a neighboring matrix element or for interferences arising from molecules of matrix
elements with argon, oxygen or nitrogen, double-charged ions, etc.. Becker et. al.t?>

showed that the degree of metal argide ion formation (MArTM") in ICP-MS was in
the order of 10*7—10"4. This leads to a background interference up to several 1000
counts per second and thus to higher detection limits.

In this work we determined the detection limits (LOD = XB + 3xcr, where XB is
the mean value of background signal and a the standard deviation) in matrix-matched
blank samples were found to be lower. The limits of detection for impurities in granite
GM in Lithium-borate and high purity graphite targets for LA-ICP-MS are
summarized in table (2). Because of our determination procedure these values are on
the safe side, as they can still be represented by real element concentrations. In case of
Lithium-borate target the higher detection limit for Ni and Ag is due to iron oxide
and contamination during sample preparation with Pt-Au crucibles, respectively. The
higher detection limit for Cr, Ta and W are due to interference with 40Ar12C ion and
contamination during sample preparation, because graphite target were pressed with
Tantalum plat.

Quantification of analytical results

The quantification of results was carried out using granite GM as a standard
reference material. The relative sensitivity coefficients (RSCs) were determined as
shown in Fig. (3) to correct the measured values. RSCs are a function of the
atomization energy and ionization potential of chemical elements and of the
experimental parameters of mass spectrometric analysis. Correcting the measured
concentrations of trace elements in granite GM with RSCs provides the accuracy of
the analysis results with deviations of 10-20 %.

Trace Elements In Hiroshima Granite Samples

To establish general trends in trace-element results presented in tables (3) and
(4) for Hiroshima Granite samples, the measured concentration of each element was
compared with the reference values measured by different methods as explained in
tables.

For sample I, it was concluded that Sc, Cu, Ga, Nb, Mo, Sn, Gd, Tb, Dy, Ho,
Er, Yb, Lu, Hf, Th and U showed accurate results with the reference values using high
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Table (2): The detection limits (ppm) using granite (GM) standard reference material.

Analyzed
Isotope

yBe
4>Sc
MV

>2Cr*
)JCr

5 S N i ( F e )
"Co
bV>Ni
wCu
6 4 Z n
MCu
bt>Zn
"'Ga
71Ga
"Ge
74Ge
7>As
*>Rb
*sSr

yuZr
"Nb
y4Zr

y i Mo
y!iMo

i"'Ag**
l u yAg**

H!iSn
U 0Sn
121Sb
m Sb
l J JCs

* Lnterference witl

Graphite
Target

0.94
0.26
0.27

—
7.68
0.05
0.60
0.56
0.35
2.15
0.28
2.58
0.10
0.07
0.05
0.04
0.05
0.13
0.44
0.02
0.83
0.02
0.85
0.25
0.39
0.02
0.01
2.13
2.13
0.01
0.01
0.002

Lithium
Borate
Target

8.04
1.05
19.16
12.39
11.23

3207.83"
2.24
7.69
3.52
13.18
4.17
23.64
2.86
1.17
1.53
0.38
2.01
0.30
1.20
0.10 j
0.95
0.16
1.25
1.32
1.46
—
—

1.30
1.37
0.74
1.04
0.21

Analyzed
Isotope

14UCe
14lPr
142Ce
144Nd
146Nd
147Sm
1 MEu
i y i Sm
153Eu
°'Gd
L 5 8 Gd
nyTb
16JDy
164Dy
165Ho
166£r

167Er
raYb
174Yb
173Lu
l / s Hf
180Hf

181Xa***

iUUHg

« * p b

232Th
2 J 8U

# due to iron oxide.

Graphite
Target

0.02
0.003
0.02
0.01
0.02
0.02
0.01
0.01
0.01
0.02
0.01
0.002
0.01
0.01

—
0.01
0.01
0.01
0.01
0.002
0.02
0.01

—
—
—

0.05
0.05
0.03
0.04
0.002
0.001

Lithium
Borate
Target

0.19
0.04
0.23
0.21
0.33
0.33
0.10
0.14
0.07
0.42
0.35
0.05
0.27
0.19
0.05
0.10
0.14
0.16
0.13
0.03
0.15
0.10
0.05
0.86
1.11
0.59
0.33
1.37
1.26
0.16
0.03

** Contamination during sample preparation with Pt-Au crucibles.
*** Contamination during sample preparation, because graphite targets were pressed with Tantalum plat.
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Fig. (4): Ion intensity of Uranium vs sample gas flow rate and RF power

473



Table( 3): Comparison of the determined concentrations by LA-ICP-MS
in the granite Sample 1 from Hiroshima (strontium is internal standard).

Element

Sc

V
Cr
Co
Cu .
Zn
Ga
Ge
As
Rb
Y
Zr
Nb
Mo
Ag
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Yb
Lu
Hf
Pb
Th
U

Reference value

method
NAA

DCP
ICP

NAA
ICP
ICP
ICP
ICP

NAA
ICP
ICP
XRF
XRF
ICP
ICP
XRF
NAA
NAA
XRF

NAA+ICPMS
ICPMS
ICPMS
ICPMS
NAA

ICPMS+NAA
ICPMS

ICPMS+NAA
ICPMS
ICPMS
ICPMS
NAA
NAA
NAA
ICP

NAA
NAA

5.73

16.3
3.5
3.9
5.5
89.5
22.2
<10

1
86.7
22.3
216
22.3
<1
0.5

<2.0
0.2
2.4
931
29.5
58
6

24.9
4.92
1.43
4.8
0.7
3.6
0.68
1.7
1.61
0.22

• 5.69
10.7
4.4

0.95

Graphite
target
rwfl/fll

5.6 ± 0.43

9.9 ± 0.56
<8

5.7 ± 0.24
5.6 ±1.26
129 ±13

25.4 ± 0.83
1.6±0.11

0.75 ±0.107
121 ±6.9

14.9 ±1.07
204 ±44.5
20.4 ±1.12
0.86 ±0.377

0.2 ± 0.04
<2.1

0.05 ±0.013
3.4 ±0.44

1054 ±70.2
12 ±3.9

21.3 ±6.02
2.5 ±0.53
13.4 ±2.81

2.74 ± 0.354
1.02 ±0.109
3.6 ±0.38
0.5 ±0.05
3.6 ±0.37

0.67 ± 0.062
1.2 ±0.13

1.36 ±0.136
0.16 ±0.018

4.8 ±1.03
21 ±1.3

3.95 ± 0.705
0.54 ± 0.043

Lithium borate
target

[ng/g]
7.1 ±0.42

<19
<11

2.1 ± 0.40
<3.5

119 ±2.9
23.9 ±0.61
1.4 ±0.25

<2
101 ±4.1
24.8 ± 0.9
267 ±16.6
14.0 ±0.61

<1.3
-

2.2 ±0.39
<0.7

3±0.16
871 ± 59.2

37 ± 4.7
65 ± 4.9

7.6 ±0.51
38 ±2.5

6.8 ± 0.46
1.8 ±0.15
8.1 ±0.32
1.0 ±0.04
6.8 ±0.29
1.1 ±0.05
2.0 ±0.12
2.2 ±0.09

0.26 ± 0.022
6.7 ±0.30
25 ±1.1
7 ±0.5

0.52 ± 0.023
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Table (4): Comparison of the determined concentrations by LA-ICP-MS
in the granite Sample 4 from Hiroshima (strontium is internal standard).

Element

Sc

V
Cr
Co
Cu
Zn
Ga
Ge
As
Rb
Y
Zr
Nb
Mo
Ag
Sn
Sb
Cs
Ba
La
Ce
Pr
Nd
S.m
Eu
Gd
Tb
Dy
Ho
Er
Yb
Lu
Hf
Pb
Th
U

Reference
value

method
NAA

DCP
ICP

NAA
ICP
ICP
ICP
ICP

NAA
ICP
ICP
XRF
XRF
ICP
ICP
XRF
NAA
NAA
XRF

NAA+ICPMS
ICPMS
ICPMS
ICPMS
NAA

ICPMS+NAA
ICPMS

ICPMS+NAA
ICPMS
ICPMS
ICPMS
NAA
NAA
NAA
ICP

NAA
NAA

(ng/g)
5.73

16.3
3.5
3.9
5.5

. 89.5
22.2
<10

1
86.7
22.3
216
22.3
<1
0.5

<2.0
0.2
2.4
931
29.5
58
6

24.9
4.92
1.43 j
4.8
0.7
3.6
0.68
1.7
1.61
0.22
5.69
10.7
4.4
0.95

Graphite
target

(usfe)
6.5 ± 0.64

11.4 ±1.22
<8

6.3 ± 0.43
5.5 ±0.57
136 ±13

27.8 ± 2.92
1.9 ±0.14

0.95 ±0.118
137 ±8.5

15.7 ±1.04
174 ±43.1
22.2 ± 1.22
0.80 ±0.154
0.3 ±0.12

<2.1
0.08 ± 0.025

3.9 ±0.41
1135 ±30.2
14.5 ±4.59
25.6 ±7.04
3.2 ±0.61
15.2 ±3.93
3.3 ± 0.40
1.1 ±0.09
3.9 ±0.33
0.5 ± 0.03
3.9 ±0.43

0.69 ± 0.070
1.3 ±0.13

1.41 ±0.146
0.17 ±0.014
4.5 ±0.67
27 ±6.5

5.2 ±1.75
0.81 ±0.372

Lithium borate
target
(|ig/g)

8.3 ± 0.34

<19
<11

2.6 ± 0.33
6.1 ± 2.74
133 ±11

29.4 ±3.15
1.6±0.17

<2
105 ±3.6

24.9 ± 0.84
281 ±12

15.2 ±0.71
<1.3

-
2.2 ± 0.46

<0.7
3.3 ±0.16
953 ± 27
45 ±2
75 ±3

8.6 ± 0.36
43 ± 1.5

7.8 ± 0.41
1.9±0.13
8.9 ±0.59
1.0 ±0.05
7.2 ±0.50
1.2 ±0.03
2.1 ±0.14
2.3 ±0.18

0.25 ±0.034
6.9 ±0.63
20 ± 0.6

8.2 ±0.38
0.83 ± 0.034
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purity graphite matrix. Ga, Sn, Tb, Ho, Er, Yb, Lu, Hf and U showed good agreement
values in case of lithium-borate fusion and high purity graphite with the reference
values. Cs, Pr and Eu also showed good accuracy in lithium-borate fusion. The
measured values for Zn, Rb, Cr and Pb showed higher values above the reference
values.

Inspection of the measured values in sample 4, shows the same trend and
showed an agreement with the measured values as in sample 1. However, no
significant differences in data obtained by the two methods of sample preparation and
this differences are due to inhomogeneity of sample in case of high purity graphite
target and small amount of sample required to prepare target by lithium-borate fusion.
Finally, a comparison of the results obtained for Hiroshima samples and that obtained
for granite GM standard reference material, it demonstrated that there is no large
difference between them. So, it is concluded that the irradiated granite sample form
Hiroshima are naturally occurance with a normal trace element concentrations.

Isotope ratio

For the isotope ratio measurements it is necessary to optimize the laser
ablation system and the ICP-MS instrument. The most important parameters are the
radio frequency power and carrier gas flow rate. It is found that the maxim ion
intensity of Uranium appears at 900 Watt RF-power and 0.7 1/min carrier gas flow
rate, as shown in Fig. (4).

Table (5): Uranium isotope ratio 235U/238U determination in a pressed graphite target
from Hiroshima granite samples.

Measurement
n

1
2
3
4
5
6
7
8
9
10
11

Mean(n-ll)
SD(n=ll)
RSD (%)

Sample 1

0.0093
0.0089
0.0094
0.0095
0.0076
0.0081
0.0080
0.0082
0.0076
0.0076
0.0096

0.0078
0.0008

10.5

SD (n=6)
0.0022
0.0033
0.0028
0.0030
0.0021
0.0020
0.0027
0.0019
0.0023
0.0028
0.0015

Sample 4

0.0083
0.0071
0.0073
0.0071
0.0076
0.0085
0.0088
0.0078
0.0089
0.0089
0.0091

0.0075
0.0008

10.4

SD (n=6)
0.0033
0.0019
0.0019
0.0019
0.0023
0.0023
0.0023
0.0011
0.0025
0.0013
0.0030

Uranium has three naturally occurring isotopes 2?4U (0.06%), 235U (0.72%)
and 238U (99.28%). The principle limitations for the precise measurement of U isotope
ratios are the large difference in abundance between the natural isotopes and the low
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concentrations which often occur. The measured isotope ratios of Uranium (235U/238U)
of Hiroshima granite sample using high purity graphite target are 0.0078 ± 0.0008 in
sample 1 and 0.0075 ± 0.0008 in sample 4. High standard deviation are caused by the
inhomogeneity of the sample, as shown in Table (5). Sixty replicate determinations
gave a precision of 10.5 % and 10.4 % in case of sample 1 and sample 4, respectively.
So, the measured isotope ratios are higher than expected in natural samples are due to
possible interferences on 235ir form the ions 15iGd40Ar2

+, 208Pb27AT, 207PbI6OI2C+,
f03Tl16O1Vand203Tl16O2

+.
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ABSTRACT

Abu-Tartor phosphate mine, New Valley district, is one of the biggest phosphate mines in
Egypt which will start full production soon. The planned ore rocks (24.8 % P1O5) annual production is
4 miilion tons. The aim of this study is to estimate the natural radioactivity levels in Abu-Tartor
phosphate deposits and the surrounding region. The environmental radioactivity levels in the
surrounding region will be considered as pre-operationallevels which are essential to determine the
radiological impacts of phosphate mining later on. Phosphate samples (ore rocks, wet rocks and
beneficiation wastes) and environmental samples (soil, water and plant) were collected. The specific
activities of Ra-226 (U-238) series. Th-232 series and fC-40 were measured using gamma-ray
spectrometry based on Hyper pure Germanium detectors. The specific activities of uranium isotopes
(U-238, U-235 and U-234) were measured using alpha spectrometry based on surface barrier
detectors after radiochemicai separation. The specific activity of Pb-21O was measured using low
background proportional gas counting system after radiochemicai separation. The results were
discussed and compared with national and international values.

Keywords: Natural radioactivity, phosphate, mining, Abu-Tartor

INTRODUCTION

Awareness of exposure to natural radioactivity and its technological enhancement, in both the
industrial and environmental domains is growing. Unfortunately common errors frequently arise,
namely associating ambient radioactivity only with the nuclear industry and indeed the assumption
that radioactivity is regarded to be unnatural.1"

Phosphate rock is starting raw material for all phosphate products. It can be of sedimentary,
volcanic or biological origin. Normally, the sedimentary phosphates have higher radioactivity than
igneous phosphates.'2' Phosphate rocks of sedimentary origin are the main sources of phosphorus for
man-made fertilizers. The majority of phosphate rocks of sedimentary origin show elevated
concentrations of uranium and its decay products, with values in the range of 1500 8q/kg. A minor
contribution (5%) of radioactivity in phosphate rocks is due to Th-232 series in addition to the
naturally occurring K-40. Phosphate rocks of volcanic origin contain natural radionuclides in
concentrations similar to that of typical soils.13'4' Investigators have reported a wide variation in the
concentrations of uranium and radium in phosphate rocks from various parts of the world. They
reported uranium to be in the range from 3 to 400 ppm (from 37.2 to 4960 Bq/kg of U-238) and Ra-
226 ranges from 100 to 10,000 Bq/kg.(5)

It is widely believed that the radioactivity associated with phosphate rocks of marine origin is
formed by the adsorption and co-precipitation of uranium with calcium. Several investigators have
indicated that, in general, the radionuclides content of a phosphate deposit increase with increasing
P1O5. Others suggested that a better correlation may exist between the uranium content and the
product of the organic substance and PiO.^.'6' Due to the similarity in ionic size between U4' (0.99 °A)
and Ca (0.89 "A\ the tetravalent uranium can readily enter the apatite structure. While the uranyl (if*)
is much larger (3.1 x 1.4 "A) it can only be fixed in the exterior part of the structure by various
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adsorption processes. The presence oftetravalent uranium implies strongly reducing organic mud in
which apatite is formed. Hexavalent uranium exists under more oxidizing post-sedimentary conditions
that occur generally during emergence. The latter state corresponds to a high mobility of the element
which can be concentrated during secondary recrystallization of iron and aluminum phosphates in the
altered zone near the top of the deposit.'7'

The primary potential environmental radiation problem associated with phosphate rocks
mining and beneficiation concerns mining spoils and beneficiation wastes products. While these
materials do not present a direct radiation hazard, problems may be created by their use. Exposures to
the public results from the effluent discharges of radioactive materials of the U-23 8 decay series into
the environment from phosphate mining and processing, use of phosphate fertilizers, and use of by-
products and wastes. Occupational exposures mainly occur during mining, processing and
transportation of phosphate rock, as well as during transportation and utilization of phosphate
fertilizers/8'

Abu-Tartor phosphate mine:

Geological Features:

Abu Tartar plateau forms a part of the rugged stretch that separates Dakhla and Kharga Oases
in the Western Desertof Egypt. The plateau has an area of about 1200 km2. Unusual thickness of the
phosphate deposit is developed for a distance of 15 km along the Maghrabi-Liffiya sector on the
central part of the scarp face that marks the eastern limit of the plateau. This sector lies at a distance of
about 50 km to the west of Kharga town. The geological section in this area includes from bottom to
top the following major rock units( '10>:

• The Nubian Formation, consisting of cross-bedded sandstones, clays, siltston, quartzitic
sandstones and variegated clays. It has a thickness of about 100 m.

• The phosphate formation, which overlies the Nubian Formation, has a thickness ranging
from 20 to 30 m. It is of upper campanian to lower Maastrichtian and being divided into
three members. The lower member has a thickness varying from 0.3 to 10 meters. The
middle member is mainly consisting ofgypsiferous shale with glauconitic sandstone beds
and has a thickness varying from 18 to 22 m. The upper member consists mainly of shale
beds intercalated with gravellitic phosphorite with a maximum thickness of 5 m.

• The Dakhla formation, consisting of shale intercalated with concretional low grad
phosphorite bed with clayey silty carbonate. It is of Maastrichtian to Paleocene age and its
thickness varies from 85 to 102 m.

• The Kurkur formation, consisting mainly of limestone and shally limestones, is of
Paleocene age and its thickness varies from 18 to 53 m.

Phosphate Mining and Beneficiation:

In Abu-Tartor mine, the phosphate matter occurs as pellets, ooiites, coprolites, organic
remains, nodules and concretions. The non phosphatic minerals are represented by dolomite, ankerite,
montmorillonite, caicite, gypsum-anhydrite, iron oxides, pyrite-melnicovits, marcasite, glauconite,
quarry and carbonaceous matter. The current reserve estimate in the exhaustively investigated area
runs in the order of a billion tons.(11)

The planned ore rocks annual production is 4 million tons with 24.8 % P2O5 The ore rocks will
be beneficiated to produce 2.2 million tons per year of wet rocks with 30.5 - 31.2 % P2O5. In the
beneficiation process, the ore rocks are crushed, sieved and transferred to the beneficiation plant. In
the beneficiation plant, the ore rocks are washed, wet screened and flotation separated to produce wet
rocks and different rejects. These rejects include clay suspension (slimes), magnetic separation and
primary (clay rocks and dolomite rocks) rejects. The magnetic separation and primary rejects are
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returned back to the land. The slimes are pumped to impoundment. The wet rocks are stocked in large
open piles for sale or transport to a phosphate chemical plant. Water is recycled to the greatest possible
extent. The material balance for the mining activities in Abu-Tartor mine is shown in Table 1. (6> l2)

Table 1: Material balance for Abu-Tartor phosphate mine, New Valley region, Egyptf12'

Product ton/y P2OS % Content %
1) Delivery:
1-Row ore 4.0 E 6 | . . 24.8 100

H) Discharge:
1- course concentrate
2- Fine concentrate
3- Primary rejects
4- Wet screening rejects
5-Magnetic separation rejects
6- Slimes
7- Mechanical losses

1.6 E 6
0.6 E 6

13.2 E 4
21.2E4
28.1 E 4
1.08 E 6
9.8 E4

31.2
30.5
9.9

21.0
25.5
13.7
-

40.0
15.0
3.3
5.3
7.0

27.0
2.5

EXPERIMENTAL WORK

Sampling and samples preparation:

Twenty-one phosphate and environmental samples were collected from Abu Tartor phosphate
mine and the surrounding region in March 1997. Seven phosphate samples were collected, including
ore rocks, wet rocks, primary rejects (Dolomite rocks and clay rocks), wet screening rejects, magnetic
separation rejects and slime. All phosphate samples (except ore rocks sample) were collected from the
beneficiation pilot plant. Five soil samples were collected from cultivated and uncultivated lands: two
from the main farm, two from the newly reclaimed farm (new farm), and one from the future farm.
The future farm is closer to the mine than the other two farms. Three samples of underground water
and two samples of recycled water (from the beneficiation pilot plant) were collected. There are 13
underground water wells. Their water is pumped into a pipe network to the treatment station for
public uses, the beneficiation plant and agriculture purposes. The underground water well near the new
farm (well number 13) is used directly for agriculture purposes. Some of the water from the
beneficiatton plant will be used for irrigation of the future farm. Also, five plant samples were
collected, two from the main farm and three from the new farm.

The soil samples were collected using a template of 25 x 25 cm2 with a depth of 5 cm. The
water samples were acidified to pH 1-2 by adding nitric acid directly after sampling to prevent the
microbial growth and the interaction with the container walls. lb)

Phosphate, soil and plant samples were dried at 110 °C, mechanically crushed, mixed and
sieved through a 2 mm mesh. For uranium and lead analysis a portion of the dried samples was ashed
at 550 °C, then moistened with concentrated nitric acid, fumed off to dryness and ashed again at 550
°C for 12 hours. The water samples (about 5 liters each) were evaporated to one liter.(131

Analytical methods:

For gamma spectrometric analysis, a portion of the dried samples was transferred to a
Marrinelli beaker of 1000 ml volume and sealed for about four weeks to reach the secular equilibrium
between radium and thorium and their progenies. The water samples were transferred to a Marrinelli
beaker of 1000 mi volume. Ra-226 series, Th-232 series, and K-40 were measured using a gamma
spectrometry based on Hyper pure Germanium detectors. The gamma transmissions used for specific
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activity calculations are 351.9 (Pb-214), 609.3, 1120.3 and 1764.5 keV (Bi-214) for Ra-226 series,
338.4, 911.1 and 968.9 keV (Ac-228) for Th-232 series and 1460.7 keV for K-40. The gamma
spectrometers were calibrated using a Ra-226 point source and KCI solutions.(14>

For uranium isotopes analysis, 1-5 g of the ashed samples were spiked with U-232 tracer and
dissolved using mineral acids (HNO3, HF and HC1). The uranium was extracted with Trioctylphosphin
oxide in cyclohexan, backextracted with NH4F/HC1 solution, then co-precipitated with La(NO3)3 and
purified by passing through anion exchange column. Uranium then was electroplated on a stainless
steel disk from oxalate-chloride solution. The prepared samples were measured using alpha
spectrometry based on surface barrier detectors.(l5>

For lead-210 analysis, 5 g of ashed samples were spiked with Pb2+ carrier and leached with 3
M HBr as tetrabromo-complex. This lead complex was extracted with trioctylamin /toluene and
backextracted with concentrated HCI. After Bi separation as BiOCl precipitation, Pb was precipitated
as PbCrC>4 and brought up on a filter paper. After waiting for about 8-10 days, the precipitate was
covered with another filter paper of an equal size (7- 9 mg/cm2), to hold back the low energy beta
radiation of Pb-210 and the alpha radiation of ingrown Po-210. The beta radiation of the daughter
product Bi-210 is measured using a low background alpha/beta gas proportional counter. The lower
detection limit of the procedure is in the range of 150 mBq/ sample (1000 min. measuring time). Pb-
210 specific activities were calculated from the specific activities of the daughter product Bi-210.(I6)

Quality control of the measurements was performed by measuring background, blank, and
reference samples on a regular basis, as well as participating in some international and regional
quality control intercomparison exercises.<l7)

To compare the specific activities of materials containing Ra-226, Th-232 and K-40, the
radium equivalent activity is used to obtain the sum of activities. The radium equivalent activities have
been calculated based on the estimation that 370 Bq/kg Ra-226, 259 Bq/kg Th-232 and 4810 Bq/kg
K-40 produce the same gamma ray dose rate. Therefore, the radium equivalent activity of a sample
can be written as:

Ra-eq = A R,+ 1.43 A* + 0.077 AK

where A Ra, An, ,and AK are the activities of Ra-226, Th-232 and K-40 in Bq/kg respectively.(4)

Results and Discussion

The specific activities of Ra-226 (U-238) series, Th-232 series, K-40, Pb-210 and radium
equivalent activity in Bq/kg dry weight, Ra-228/Ra-226 and Pb-210/Ra-228 activity ratios and organic
matter contents are given in Table 2.

For phosphate samples, it is obvious that the main radioactivity content of phosphate rocks is
due to U-238 series and its decay products. Th-232 series and K.-40 specific activities together are
25% and 16 % of Ra-226 specific activity in ore and wet rocks respectively. In beneficiation process,
the changes in radioactivity contents cou-ld be due to mechanical separation of radionuclides between
the wet rocks and the different rejects and/or solubility of radionuclides. The specific activities of Ra-
226 in ore and wet rocks are 287 ±3.6 and 284 ±5.1 Bq/kg dry weight respectively. So, the Ra-226
contents in ore rocks were not disturbed by the beneficiation process. That could bs explained by the
chemical behavior of radium. Ra3" is moderately soluble in natural water, although a high SOT"
content will favor its removal as mixed sulfate crystals. High sulfate concentrations may provide for
the formation of RaSO4, although rarely do Ra2+ concentrations approach the solubility limit(I8). The
specific activities of Ra-226 series in wet screening, magnetic separation and s!ime rejects are 228 ±
2.5, 241 ± 3.7 and 190 ± 4.7 Bq/kg dry weight respectively. The elevation of radium content in
magnetic separation reject could be explained by the adsorption of some radionuclides by hydrous
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Table 2: Specific activities of Ra-226 series, Th-232 series, K-40, Pb-210 and radium equivalent in Bq/kg, Ra-228/Ra-226
and Pb-210/Ra-226 activity ratios and organic matter content in phosphate and environmental samples.

Sample code and description

Phosphate Samples

PI Ore rock
P2 Wet rock
P3 Wet screening
P4 Magnetic separation rejects
P5 Slime
P6 Primary rejects (clay)
P7 Primary rejects (Dolomite)

Soil samples

S1 Main Farm (east side)
S2 Main farm (west side)
S3 New farm (cultivated land)
S4 New farm (uncultivated land)
S5 Future farm

Plant samples

PI 1 Gasuarina Equestilblia *
PI 2 Gasuarina Equestifolia *
PI 3 Gasuarina Equestifolia • •
PI 4 Eruca Sativa **
PI 5 Trifolium**

Water samples

Wl Well 13
W2 Raw water
W3 Raw water treated
W4 Recycled water

Ra-226± E

284.0 ± 5.1
287.0 ± 3.6
228.0 ± 2.5
241.0 ± 3.7
190.0± 4.7
59.4 ± 1.2
70.7 ± 0.8

Th-232 ± E K-40 ± E
Bq/kg dry weight

23.7 ± 2.8
23.7 ± 2.3
22.4 ± 1.3
24.9 ± 2.4
24.9 ± 3.1
28.7 ± 1.6
14.9 ± 0.6

45.9 ± 8.4
21.4 ±4.1
71.8 ±3.6
17.6 ±4.3
28.8 ± 7.3

297.0 ±3.3
229.0 ± 2.2

Pb-210 ± E

259.3 ± 2.7
223.7 ± 1.9
286.2 ± 3.3
299.3 ± 2.8
120.4 ± 1.3
44.4 ± 0.9
67.3 ± 1.0

Radium

Equi.

321.4
322.5
265.5
277.9,
227.8
123.2
109.6

Ra-228/

Ra-226

0.08
0.08
0.10
0.10
0.13
0.48
0.21

Pb-210/

Ra-226

0.91
0.78
1.26
1.24
0.63
0.75
0.95

O.M. %

2.71
1.94
3.30
2.83
1.28
0.88
0.99

27.8 ± 0.6
32.8 ± 1.0
19.0 ± 1.3
27.7 ± 0.6
21.4 ± 0.6

44.2 ± 0.8
41.5 ± 1.1
17.6± 0.6
24.8 ± 0.7
16.8 ± 0.7

74.5 ± 0.9
152.0 ±3.1
127.0 ±2.8
163.0 ±2.1
127.0 ±2.0

14.0 ± 0.7
17.4 ± 0.6
15.1 ± 0.8
18.3 ± 0.8
17.2± 0.7

96.7
103.8
53.9
75.7
55.2

1.59
1.27
0.93
0.90
0.79

0.50
0.53
0.79
0.66
0.81

0.73
0.63
0.79
0.80
0.65

8.0 ± 0.7
5.1 ± 0.9
2.8 ± 0.4
3.6 ± 0.6
8.2 ± 2.0

<0.7
<0.7
<0.7
<0.7
<0.7

457.0 ± 7.0
752.0 ± 8.3
802.0 ± 7.0

1220.0 ± 10.3
1848.0 ±15.5

Bq/I

<0.6
<0.6
<0.6
<0.6

<0.7
<0.7
<0.7
<0.7

1.2 ±0.1
2.5 ± 0.2
1.4 ± 0.1
0.7 ± 0.3

: main farm 1 new farm



oxides of Fe(III) and/or Mn(lV).°9> Ra-226 specific activities in the primary rejects (clay and
dolomite rocks) are 59.4 ± 1.2 and 70.7 ±0.8 Bq/kg dry weight respectively. It is less than that of
phosphate rock and comparable to the published values for sedimentary rocks. (18) Th-232 series
specific activities in all phosphate samples are ranged from 14.9 to 28.7 Bq/kg dry weight. Except for
the primary rejects (dolomite rocks), there is no differences in Th-232 series specific activities in ore
rocks, wet rocks and the different beneficiation rejects. That could be due to the poor solubility of Th
during mining and beneficiation processes. The K-40 specific activities in ore rock, wet rock and
rejects ranges from 17.6 to 7! .8 Bq/kg dry weight, the highest value measured in wet screening rejects
and the lowest value in magnetic separation rejects. The specific activities of K-40 in primary rejects
(clay and dolomite rock) are 297.0 ±3.3 and 229.0 ± 2.2 Bq/kg dry weight which is much higher than
in the other phosphate samples. These differences are due to the different geological rock types. The
differences in K-40 contents in wet rock and the beneficiation rejects (excluding the primary rejects)
could be explained due to the high solubility of K in water, the organic matter content and the particle
size (clay content).(20>

For soil samples, the specific activities of Ra-226 series, Th-232 series and K-40 are ranged
from 19.0 to 32.8, 17.6 to 44.2 and 74.5 to 163.0 Bq/kg dry weight respectively. For Ra-226 and Th-
232, the higher values were measured in the main farm soil and the lower in the cultivated land of the
new farm. Also, the values for the uncultivated soil sample from the new farm are higher than that of
cultivated soil sample and comparable to the value of the main farm soil samples. However, the
specific activities of Ra-226 series, Th-232 series and K-40 are comparable and are in the range for
Egyptian and international values reported for soil. The average (range) specific activities of Ra-226
series, Th-232 series and K-40 for Egypt and international values are 16.6(5-63.7), 18.1 (2.5-95.6)
and 316 (29-653) Bq/kg dry weight, corresponding to 25 (!0-50), 25 (7-50) and 370 (100-700) Bq/kg
wet weight respectively.<8>21)

The specific activities of Pb-210 in Bq/kg dry weight in phosphate range from 44.4 (primary
rejects, clay rocks) to 299.3 (magnetic separation rejects). For soil samples, Pb-210 specific activities
(Bq/kg dry weight) range from 14.01 (main farm east side) to 18.3 (new farm, uncultivated land).

For plant samples, Ra-226 series and K-40 specific activities range from 2.8 to 8.2 and 457.0
to 1848.0 Bq/kg dry weight respectively. Th-232 series specific activities are below the minimum
detection limit (0.7 Bq/kg for a measuring time of 8 hr). The typical levels of Ra-226 in most
component of the diet range from 4 to 200 Bq/kg.<22)

For water samples, Ra-226 and Th-232 and their decay products are below the minimum
detection limits (0.6 and 0.7 Bq/I respectively for measuring time of 8 hr) in all samples. The specific
activities of K-40 range from 0.71 to 2.51 Bq/1. The maximum value was measured in raw water
sample and the minimum in recycled water sample from the beneficiation plant.

The radium equivalent activities for phosphate samples range from 109.6 to 322.5 Bq/kg.
Except for primary rejects (clay and dolomite rocks), all phosphate samples have the same trend as
Ra-226 where Ra-226 is very high comparing to Th-232 and K-40. For soil samples, the radium
equivalent activities range from 53.9 to 103.8 Bq/kg dry weight.

The activity ratios of Ra-228 (Th-232 series) and Ra-226 (U-238 series) for all phosphate
samples (except primary rejects) range from 0.08 to 0.13. For primary rejects the ratios are 0.48 for
clay rocks and 0.21 for dolomite rocks. The typical U/Th activity ratios for phosphate and clay rocks
are < 0.1 and 0.4-10 respectively.l24) For soil samples, the ratios are ranged from 0.8 to 1.59.

The Pb-210/Ra-226 activity ratios in ore rocks and primary rejects (dolomite rocks) are close
to unity (0.91 and 0.95 respectively). While, wet screening and magnetic separation rejects the ratios
are more than unity and for the other phosphate and soil samples the ratios are less than unity. That
implies the disequilibrium state between the two rad ion uci ides. To explain She differences in the
activity ratios of Pb-210/Ra-226, we should remember that Ra-226 is decaying to Rn-222 gas which
usually escapes from the matrix (soils and some geological formation) depending on the porosity of
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the matrix. In case of rocks with no porosity, the Rn-222 gas is enclosed inside the rocks and decays
with keeping the equilibrium condition of the series. The mobility of radon isotopes is regarded as one
of the main causes of disequilibrium in the uranium and thorium decay series (23). The general
principal of interpretation of uranium and thorium series disequilibrium data is that if the activity of a
daughter radionuclide is deficient relative to its parent then recoil aided and /or solution caused
mobilization has occurred. On the other hand, if the daughter-parent activity ratio is greater than unity
that implies preferential leaching of the parent or preferential precipitation of the daughter
radionuclides. ^3)

The specific activities of U-238, U-235 and U-234 in Bq/kg dry and U-234/U-238 activity
ratios for phosphate and environmental samples are given in Table 3.

For phosphate samples, the specific activities of U-238, U-235 and U-234 (alpha
measurements) range from 42.3 to 436.5, <1.41 to 16.0, and 45.1 to 398.0 Bq/kg dry weight. From
these results, it is obvious that the ore rocks, wet rock and the magnetic separation rejects have almost
the same* uranium isotopes specific activities. The same note is true for wet screening rejects and
slimes. The uranium isotopes specific activities for primary rejects (clay and dolomite rock) are much
lower than those of the other phosphate samples. The variation of uranium specific activities in
phosphate samples could be explained duetotheP2Os percentage and uranium solubility. (6'23) Ore
rocks, wet rocks and magnetic separation rejects contain 24.8 %, 30.85 % and25.5%ofP2Os
respectively. Wet screening rejects and slime contain 21.0 % and 13.0% of P2O5 receptively.
Primary rejects rocks (clay and dolomite rocks) contain only 9.9 % P2O5. From these results the
relation between P2OS percentage and uranium specific activities becomes understandable. This
relation is not given for wet screening rejects which could be due to the difference in the mineralogy
of this rejects. From the organic matter content in the phosphate samples (Table 2), we could not find a
relation between uranium and organic matter content.

For soil samples, the specific activities of U-238, U-235 and U-234 range from 17.1 to 25.2,
< 0.30 to 1.78 and 16.6 to 25.8 Bq/kg dry weight respectively. The differences in the uranium
isotopes (U-238, U-235 and U-234) specific activities are not large specially with considering the
statistical errors. Although, it seems that the uranium specific activities in uncultivated lands are little
bit higher than that in cultivated lands. This depletion of uranium in cultivated land due to soil
reclamation process has been expected. This process includes washing the soil (mostly sand with high
permeability) which leads to some leaching of salts content (such as uranium). This effect had been
diminished with increasing the organic content in soil by cultivation.

The activity ratios of U-234/U-238 in phosphate and soil samples range from 0.91 to 1.07 that
is close to the equilibrium condition (the unity). The typical U-234/U-238 activity ratio is unity for the
unweathered rocks and less than unity for weathered rocks. It is known that disequilibrium state
between U-234 and U-238 is rather common in nature. The key factors in the development of U-234/
U-238 activity ratios out of equilibrium are the relative rates of leaching, mechanical erosion, and
daughter haif-life.<23)

Specific activities of Ra-226, U-238, Th-232 and K-40, and radium equivalent activity in
Bq/kg in Abu-Tartor phosphate and other phosphate deposits from different countries are given in
Table 4. For radium equivalent activity, the minimum is for USSR (Kola) phosphate. Its origin could
be volcanic because it is comparable to the levels in soil. For the phosphate deposits from the
sedimentary origin, Abu-Tartor phosphate has the minimum activities (radium equivalent) values,
321.4 Bq/kg, followed by the phosphate ore from other Egyptian mines (Abu Zaabal phosphate plant)
and Kurun phosphate from Sudan with 557.5 and 568.3 Bq/kg respectively.ajA>i) From these data it
derives that the Egyptian phosphate rocks have the minimum radioactivity contents for the phosphate
rock of sedimentary origin. The higher is the radioactivity content in phosphate rocks, the higher are
the radiological impacts and the radiation doses through mining, processing and using the products
and the by-products.
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Table 3: Specific activities of uranium isotopes (U-238, U-235 and U-234) in Bq/kg dry weight

and U-234AJ-238 activity ratios in phosphate and environmental samples

Sample code and description

PI
P2
P3
P4
P5
P6
P7

ET
S2
S3
S4
S5

Phosphate Samples

Ore rock
Wet rock
Wet screening
Magnetic separation rejects
Slime
Primary rejects (clay)
Primary rejects (Dolomite)

Soil samples

Main Farm (east side)
Main farm (west side)
New farm (cultivated land)
New farm (uncultivated land)
Future farm

U-238 ±

370.6 ±
407.7 ±
2IO.O±
436.5 ±
191.8 ±

42.3 ±
56.9 ±

21.5 ±
20.8 ±
17.1 ±
25.2 ±
24.1 ±

20.0
23.5
6.8
31.8
12.1
2.4
2.7

1.3
2.7
1.1
1.7
1.4

U-235 ± E

Bq/kg dry weight

13.6 ± 2.0
16.0 ± 2.3
7.7 ± 2.0
5.9 ± 1.9

14.1 ± 2.7
< i.4i
< 1.45

<0.39
<0.45
<0.40
1.8 ± 0.4

<0.42

U-234 ±

372.5 ±
393.3 ±
197.7*
398.0 ±
180.0 ±
45.1 ±
55.6 ±

22.3 ±
19.0 ±
16.6 ±
23.3 ±
25.8 ±

E

27.4
31.1
9.6
41.8
17.9
2.9
3.5

1.8
1.5
2.3
2.1
1.9

U234/

U-238

1.01
0.96
0.94
0.91
0.94
1.07
0.98

1.04
0.91
0.97
0.92
1.07

9 0



Table 4: Specific activities of Ra-226, U-238, Th-232, K-40 and radium equivalent in Bq/kg

In phosphate rocks from different countries.

Country

Abu-Tartor (Egypt)
Ore rocks

Wet rocks
Abu-Zaabal plant (Egypt)
Morocco
Morocco
Tiba Togo (calcined)
Bu-Croa (Western Sahara)
USSR (Kola)
USA (Florida)"
USA (Western)**

USA (North Florida)
Matrix (ore)
Pebble
Rock concentrate
Tailing

Jordan
Tunisia
Algeria
Israel
Sudan (Uro)
Sudan (Kurun)

Ra-226

284.0
287.0
514

1600
1600
1100
900
30

1600
1000

318.2
954.6
647.5
99.9
1044
821
619
1852

2262.5
554.5

U-238

370.6
407.7
523

1700
1700
1300
900
40

1500
1000

281.2
832.5
473.6
629

2597.8
683.5

Th-232

23.7
23.7
37

10
20
30
7
80
20
20

2
29
64
11

2.5

0.83

K-40

45.9
21.4
19

20
10
4
30
40

8
32
22

51.7
23

Rad. eq.

321.4
322.5
568.3
1615.8
1629.3
1143.2
912.3
147.4
1628.6
1028.6

1047.5
864.9
712.1
1867.7
2270.0
557.5

Ref.

*

4

6

5

3

2

* This study ** K-40 activity is not included in radium equivalent activity calculation
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ABSTRACT

Phosphate mines that may contain radioactive traces in the composition of their ores
represent source of hazardous radioactive waste in the environment. Radioactivity
measurements have been conducted in nine underground phosphate mines in the
Egyptian Eastern Desert in order to estimate the occupational radiation exposure of
mine workers in those mining sites. Measurements were carried out of airborne radon
and its short-fived decay products (progeny) and thoron progeny, as well as radiation
from mines walls, ceilings and floors. Conventional, well established techniques,
methods and instrumentation were used to make these measurements. Comparison of
experimental data and theoretical predictions showed partial agreement between these
two sets of data. This result is partly attributed to the complex layout of these mines,
which causes undesirable ventilation conditions, such as recirculation airflow patterns,
which could not be adequately identified or quantified. The radiation data obtained
were used to estimate the maximum Annual Dose (MAD), and other important
occupational radiation exposure variables. These calculations indicate that in eight out
of the nine mines surveyed, the MAD exceeded (by a factor of up to 7) the maximum
recommended level by ICRP 60. Numbers of suggestions are made in order to reduce
the MAD in the affected mines. This study could help in the estimation of the
environmental impact of these mine operations on the environment.

Key Words : Radon Progeny/Phosphate mines/ Hazard/ Annual Dose

INTRODUCTION

The chemical elements Uranium (U) and Thorium (Th) are widely distributed in the lithosphere.
Two isotopes of these elements, namely, U8U and :32Th are, respectively, the parents of two naturally-
occurring radioactive decay chains which through a series of radioactive decay steps lead to the
formation of 22SRa and 224Ra. These radionuclides, in turn, decay into the radioactive gasses mRn and
"'"Rn. respectively, and their short-lived decay products (progeny). It has been indicated that 222Rn and
its progeny constitute the largest single contributors to human radiation exposure from natural or man-
made radioactive sources {l)

Phosphorus (P) does not occur free in nature but its compounds are widely distributed, mainly a
phosphates, and are found in many rocks and minerals. Phosphorus ranks 11 th in abundance in the
lithosphere. of which the .average content is about 0.! 2%. There are over 150 species of phosphate
minerals of which the most common are appetite, phosphorite, wavellite and vivianite.
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Organic phosphate compounds are present in the structural units of every animal cell. Inorganic
phosphate is associated with calcium (Ca) in bone and teeth. Phosphates play a fundamental role in life
processes as indicated by their occurrence in large biomolecular structure such as RNA DNA and
ATP.

Large deposits of rock phosphate, and other phosphorous compounds, are found in many
geographical localities.These deposits are of great economic value for the manufacture of:

• Agricultural fertilizers (superphosphates)
• Defloculants of colloidal particles
• Synthetic detergents
• Pharmaceutical compounds such as toothpaste
• Plasticizers that have flame proofing properties
• Gasoline and oil additives
• Chemical compounds for the formation of soluble complexes
• Building materials that may contain phosphate (e.g., phosphogypsum).
• Phosphogypsum may also be used as agricultural gypsum to deal with salinity.

The manufacture and use of phosphates can lead to the contamination of agricultural land during
cultivation, as well as contamination of the air and water supplies. This contamination is compounded
by the fact that natural U can substitute for Ca in the phosphate rock structure and over long periods,
i.e., geological time, accumulate in the phosphate reserves. Thus, U is present not only in fertilizers
manufactured from phosphate rock but in other chemical derivatives used for industrial, building and
pharmaceutical purposes. Hence, phosphates have a potential radiological health concern in addition to
its chemical toxicity.

Typical concentration of U in phosphate rock is between 30 and 260 ppm<2) which exceeds by a
significant amount its average abundance in the lithosphere (~4ppm)(3). It should be noted that 226Ra is
the main contributor of radioactivity in phosphate rock.

Radioactivity content of phosphate ore (extracted from Egyptian phosphate mines), as well as
phosphatic'fertilizer (i.e., superphosphate) and by-product phosphogypsum in an Egyptian phosphate
plant gave the following values(4).

mU: 523, 473 and 134 Bq kg1

226Ra: 514, 301 and 411 Bq kg4

232Th: 37, 24 and 19 Bq kg1

where the first, second and third quantity above refer, respectively, to phosphate ore, phosphatic
fertilizer and phosphogypsum.

Other fertilizer analyses show values for the 2nU concentration ranging from 750 to 4300 Bq kg"
1(5). The U content of some Egyptian phosphate rock in the Red Sea coast and several Nile valley sites
show values in the ranges of 19-'.42 ppm and 48-185 ppm, respectively'6'. It is clear that extraction of
phosphate ore present potential health hazards, particularly when the ore is located at soil subsurface
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levels and, hence, requires building subterranean facilities, i.e., underground mines, for its recovery.
The problem is compounded by poor or inadequate air ventilation.

This paper deals with radioactivity measurements conducted in several underground phosphate
mines in the Egyptian desert and the estimation of occupational exposure to radiation of workers in
these mines. Preliminary work regarding the above has been conducted by A. Z. Hussein'7'. The present
work has been conducted under the National Programme for Radiation Safety of the Atomic Energy
Authority of Egypt. The experimental data presented here should prove useful in limiting or reducing
the radiation exposure associated with the extraction of phosphate minerals from underground Egyptian
mines, as well as in providing relevant information in the areas of radiation safety and safety
regulations.

EXPERIMENTAL SITE

Radioactivity measurements (222Rn progeny, 220Rn progeny, 222Rn and y-radiation) were
conducted at nine (9) underground phosphate mines in the Egyptian desert, along the Red Sea shore in
the area between Safaga and EJ-Quser. There are three regions in the general area, which are
considered as the phosphate producing mines, namely: Safaga, Hamraween and El-Quser. The three
regions are separated by about 60 and 20 km from each other (see Fig. I). The depth of the mines
ranges from 10 to 50 m. The height and width of the mine tunnels are in the range 1.5-2.0m and 1.0-
1,2m, respectively. In most cases, natural ventilation was the main method of pollutant removal.

EXPERIMENTAL MEASUREMENTS AND PROCEDURES

The following measurements were conducted at the phosphate mines:
222Rn concentration, [222Rn];
^ R n progeny concentration, i.e., PAEC(Rn) and individual decay product concentration;
220Rn progeny concentration, i.e. PAEC(Tn) and212 Pb concentration, [212 Pb ] ;
Total y-ray from the mine walls, roofs and floors.

It should be noted that in the above, the square brackets are used to indicate activity
concentration, and PAEC stands for Potential Alpha Energy Concentration. The symbols Rn and Tn
are used to denote, respectively, 222Rn progeny and ^ R n progeny.

Radon-222 concentration, [222Rn], was measured by the scintillation cell method'8'. Radon-222
progeny, e.g., PAEC(Rn), was determined by the Rolle method'9'. Individual 222Rn progeny
concentration measurements, i.e., [ 2l3Poj, l"uBiJ, [2MPb|, were carried out by the Tsivoglou method'10'.
Radon-220 progeny, e.g., PAEC(Tn), measurements were conducted using the Rock method". The
lead-212 concentration, l212Pb], was calculated from PAEC(Tn) measurements. The y-ray radiation
exposure in air was measured using a conventional y-ray survey meter.

• Mine measurements were conducted along the length of the tunnels and at equally spaced
locations whenever practically possible. Five air samples of 222Rn (220Rn) progeny were taken at each
experimental site and the results were averaged. Radon-222 progeny and 220Rn progeny measurements
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were made on each of the samples collected. Radon-222 samples were taken at only certain specific
locations, one sample per experimental site. Usually, more than one y-ray reading was taken at each
experimental site. Depending on the physical dimensions and geometry of the mine, the number of
experimental sites selected ranged between 16 and 39, exception made for one mine where 10 sampling
locations were chosen.

Temperature (T) and relative humidity (RH) were taken regularly. Depending on the mine, T and
RH were in the range 18-30 °C and 70-88%, respectively. Except for a few instances in some mine
locations, natural ventilation was the main means of mine aeration. Only sporadic measurements of
airflow rate were made. In general, however, airflow values were rather low. Analysis of the
radioactivity data presented here was complicated by multiple air openings, air stagnation or air
recirculation, and by the mine layouts, e.g., branching. Whenever possible mine (radiation) models have
been applied to interpret the data.

EXPERIMENTAL RESULTS AND DISCUSSION
Experimental results are shown in Figs. 2 to 5 and Tables 1 to 8. The data presented here

corresponds to measurements carried out in the following underground phosphate mines: Safaga
Omelhoytat mine, Safaga South mine, Hamraween mines Al , Bl and B2, Qusser Yonus Cl mine, West
Yonus mine, Zog el Bohar North mine and Zog el Bohar South mine. The mines have been labelled for
the purpose of identification by the upper case letters A to I, with no particular reference to alphabetical
order, geographical location, or ore grade.

Table 1 shows the number of workers, N, working at each mine, the number of hours per day
worked in a working shift, W, as well as the total number of hours worked during the year, Texp. The
quantity T^p is calculated according to: T ^ - 240W where 240 is the number of working days per year
(20x12). Also shown in Table 1 is the total Maximum Annual Dose, MAD(total) calculated for miners
working at the nine mines under study. Details on the calculation of MAD (total), and of its individual
components, i.e., 222Rn progeny, 220Rn progeny, and y-radiation, are shown in the Appendix.
Discussion of the relevance of the values for these variables shown is the above table, and in Table 5
and 6, will be deferred to the end of this section.

Table 2 shows the average experimental values obtained for PAEC(Rn), PAEC(Tn), and [222Rn].
The (calculated) values for the variables R and F represent the values for the ratios
PAEC(Tn)/PAEC(Rn) and 177.88 PAEC(Rn)/[222Rn|, respectively. [It should be noted that the F-
value, or equilibrium factor, is defined in "old units" as (WL(Rn)/[2:2RnJ) x 102, where [^Rn] is given
in pCi/L] Table 2 indicates that the airborne radioactivity conditions for the nine mines investigated
differed substantially from one another, e.g., up to an order of magnitude for PAEC(Rn). The values
for the ratio R shows that a very substantial contribution to the total PAEC arises from 220Rn progeny
(from <10% for mines D and H, to >50% for mine B, with an average value for the nine mines of
~25%). The experimental values for the variables R and F provide information regarding the residence
time of mine air, which is an important and useful engineering quantity. This variable often referred to
the "age of mine air" is a measure of ventilation performance and underground airflow conditions. The
residence time is the average time that mine air spends in the mine. There is an inverse relationship
between the concentration of airborne radioactivity in mine air and the air residence time. For this
reason, mechanical (forced) ventilation is conventionally used as an effective way of controlling
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W, N mid T«^ staiidj respectively. For the number of vvntking hours per day per worker, Hie
number of workers, aiuUhe total exposure !!me per ycnr per woiker. The qwmtity MAlJ (total)
represents Ute lota! iiiaxinrnm calcttinted radiation toad to which Hie wot Seer Is exposed. Itts
cRJculated flout 1'«i» and O for each Independent radioactivity variable (see the Appendix).Three
independent measutemoiits at ettdi sampling locnlion were made.

TABLE 2
Some Radioactivity Variables of interest in Nine Egyptian Phosphate Mines (average values)

Mine

A
B
C
D
E
F
G
H
!

PAEC(Rn)
|.U/m3

1.66 ±0.46
2.10 ±0.96
2.64 ±2.30

21.43 ±2.56
9.05 ±5.70
6.9?, -i 4.59
4.97 ±2.00

16.87 ±4.65
7.7! ±0 .7 !

PAEC(Tn)
(Xi/lil1

0.45 ±0.14
1.07 ±0.43
0.54 ±0.29
0.84 ±« . 16
1.27 ±0.58
1.43 ±0.79
1.6! ±0.77
1.655 ±0.59
1.53 ± 0.1 H

0.27
0.52
0.29
0.04
0.16
0.23
0.3 i
0.09
0.20

R"

±
±
i

±

•i-

±
±

±

0.03
0.06
0.14
0.003
0.03
0.05
0.04
0.02
0.01

l2»Rn|
Bc|/m'

131! ±446
1794 ±370

8701 ± 135?,
6927 ± 1704

3726± 193!
6946 ± 291i
1669*394
12448 ±27*6

8427± !6»7

0.20 ± 0.05
0.21 ±0.11
0.05 ±0.05
0.57 ±0.12
0.44 ±0.11
0.12 ±0.07
0.50 ±0.12
0.23 ± 0.05
0.17 ±0.05

\ represents R ratio PAEC(Tn)/PAEC(Rn) and'F is the ratio 177.88 !'AEC(Rn)/[222Rn]
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TABLE 3
Radon Progency Disequilibrium Ratios for Nine Phosphate Mines

Mine

A
B
C
D

* E
F
G
H
I

(214PbJ / [21sPo]

0.17 ±0.02
0.35 ± 0.22
0.40 ±0.21
0.36 ±0.04
0.92
0.70 ±0.11
0.42 ± 0.33
0.25
0.75 ± 0.43

[214Bi] / [ 218Po]

0.26 ± 0.04
0.48 ±0.27
0.22 ±0.15
0.90 ±0.06
0.65
0.74 ± 0.24
0.75 ±0.15
0.90
0.67 ±0.21

Remarks

outside
outside
inside
outside
outside
outside
outside
outside
inside

NoterTheoretical considerations require [2lsPol > (2MPb] > [2WBj] and, hence [ 2MPb]/[2l8Po] > [
214Bi]/{2ISPo].
+ The remark "outside" and "inside" refer respectively to whether the value for the pair of the above
ratios fall outside or inside the theoretical limits predicted by several (radiation) mine models.

TABLE 4
Maximum Personal Dose - Rate Value Attained Measured During the Survey

Mine Dmas(Rn)
uSv/h

Dmw(Tn)
l^v/h |iSv/h

A
B
C
D
E
F
G
H
1

6.4
12.6
21.2
80.0
55,9
41.7
25.3
76,2
26.8

0.7
1.8
1.0
i.2
2.3 •
2.6
2.9
2.6
1.8

0.15
0.20
0.15
0.30
0.15
0.30
0.25
0.30
0.30

Note: The symbols Rn, Tn, and JTdenote, respectively, 222Rn progeny, 220Rn progeny, and y-radiation
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TABLE 5
Average Dose Rate (D)

for Several Egyptian Phosphate Mines

Mine D(y) D{RnD) D(TnD) D(totai)
((iSv/h) (nSv/h) (|iSv/h) (nSv/h)

A
B
C
D
E
F
o
H
I

0.15
0.20
0.05
0.30
0.15
0.30
0.25
0.30
0.30

4.99 ±
6.32 ±
7.85 ±

64.44 ±
27.20 ±
20.99 ±
14.93 ±
50.72 ±
23.19±

1.40
2.90
7.06
7.50

17.10
13.80
6.00

13.96
2.15

0.45
1.07
0.55
0.83
1.28
1.44
1.61
1.68
1.52

±
±
±
±
±
±
±
±
±

0.14
0.43
0.29
0.16
0.59
0.79
0.77
0.60
0.18

5.59
7.59
8.45
65.57
28.63
22.73
16.79
52.70
25.01

TABLE 6
Individual Components and Total Maximum Annual Dose (Calculated)

Mine

A
B
C
D
E
F
G
H

MAD(Rn)
mSv

10.8
27.3
30.5
S34.4
93.9
70.1
54.6
128.1
51.4

MAD(Tn)
mSv

1.1
4.0
1.5
2.0
3.9
4.4
6.2
4.4
3.5

MAD(y)
mSv

0.25
0.43
0.22
0.50
0.25
0.50
0.54
0.50
0.58

MAD(total)
mSv

12.1
31.7
32.2

136.9
98.0
75.0
6). 3

133.0
55.5

Note: The symbols Rn, Tn and | denote, respectively, 2nRn progeny, "°Rn progeny and y-radiation.
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TABLE 7
Range of Values for Several Radioactivity Variables

PAEC(Rn):
PAEC(Tn):
PAEC(Tn)/PAEC(Rn):

f>]:
F-value:

D(y):
D(RnP):
D(TnP):
D(Total):
MAD(total):

1.66 ± 0.46 to 21.43 ± 2.56 jiJm'3

0.45 ±0.14 to 1.68 ± 0.59 |xJin"J

0.04 ±0.003 to 0.52 ±0.06
1311 ± 446 to 12448 ± 2786 Bqtrf'
0.046 ±0.046 to 0.57 ±0.12
0.05 to 0.3 nSvAi
4.99 ± 1.40 to 64.44 ± 7.5 jiSv/h
0.45±0.14 tol.68 ± 0.60 uSv/h
5.6 to65.6 (iSv/li

12.2 tol37 mSv

Notes: Recommended !imitsa)20 mSv/y (radiation workers)
b) 1 mSv/y (general public)

1 WL = 62.5 jiSv/li; 1 uJ/m3 ~ 3 uSv/h for Rn and 1/3 of these valuer

progeny (1CRP-32)

TABLE 8
Range of Values for the Dose Rate (D) and Maximum Annual Dose (MAD)

Radiation
Variable

222Rn progeny

^ R n progeny

y-radiation

Total"

Dmax*
HSv/h

6.4 - 80.0

0.7-2.9

0.15-0.30

Df*
nSv/li

4.99 .64.44
(±l.40)(±7.5)

0.45-1.67
(±().!4)(±0.6)

0.15-0.3

5.6-65.5

MAD **
mSv

10.8-134

1.1-6.2

0.22 -0M<

12.1-136 ^

+ Sum of the contributions from 222Rn progeny, 22nRn progeny, and y-radiation
++ Average dose rate
* Maximum dose rate
** Maximum Annual Dose
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radioactivity and other airborne pollutants in underground mines.

Table 2 shows that except for two mines, R was in the range 0.16-0.52 (average value:-0.28).
Similarly, except for one mine, F was in the range 0.12 - 0.57 (average value: - 0.3). The above
experimental values are in agreement with theoretical predictions for a single-drift (radiation) mine
tunnel model with ventilation (MTMV) with an air residence time, RT>30 min (30-360 min). These
values also agree with predictions made by other mine models for which the airflow rate is not an
explicit part of their formulation02'. Since the surveyed mines are of relatively small size, namely 200-
1000 m as the longest mine section over which measurements were conducted, the linear air velocity of
mine air calculated assuming RT=30 min is in the range < 0.1 t o - 0 . 3 m/s. Correspondingly lower
values are obtained for RT > 30 min. From these observations, one may conclude that the mines under
consideration are. in general, poorly ventilated. Furthermore, the layout of some working areas in these
mines suggests that air recircuJation could present a potential overexposure problem for miners working
in these locations. Table 3 shows that except formines C and 1, the average values for the pair of ratios
[214Pb]/[218PoJ and [ 2!4Bi]/[218Po] fall outside the theoretical boundaries calculated according to several
(radiation) mine models02'13'. Also, a great variability in values for each mine has been observed for
these two ratios. These results are attributed to the following factors:

1. "Adverse" underground conditions, e.g., poor ventilation, recirculation, and presumably low
submicron aerosol concentration, and hence, significant selective plate-out of 322Rn (and 220Rn) progeny
in mine walls;
2. Non-optimized 222Rn progeny measuring method used. In this particular series of limited
measurements, the original Tsivoglou method00' was used, rather than the optimized method version04'
now in common use.

Although of practical and theoretical interest, the variables R and F. as well as the ratios
[2l4Pb]/[218Poj and [ 2MBi]/[ 2l8Po] are seldom measured by mining companies as this is not a
requirement by regulatory agencies. These variables, however, provide very useful information
regarding underground airflow conditions and other engineering parameters of relevance to the mining
engineer, health physicist and occupational hygienist. When the experimental F-factor is plotted against
d, i.e., the distance of the sampling iocations to the main reference mine air opening, see Fig. 2, it is
seen that F increases with increasing values of d until a constant value for F is attained at d > 300 m.
(Indirect calculations indicate that this value corresponds, depending upon the mine and the mine
section under consideration, to air residence time, RT>20min.) The general behaviour of the data
shown in Fig. 2 agrees with mine mode! predictions, which anticipate a fast growth of the ratio
PAEC(Rn)/[222Rn] during the initial build-up of activity in the mine tunnel followed by a less rapid
growth of this ratio as time, and, hence d, increases until a steady-state (constant) value is reached. The
rate of growth of F with time, and the time required for F to attain steady-state condition depends on the
mine air residence time (RT), which in turn depends on airflow conditions and mine lay-out
characteristics. Figure 2 suggests that the data for F can be grouped into three sets of data seemingly
differentiated by their residence times.

Figures 3 -and 4 show the ratio PAEC(Tn)/PAEC(Rn) versus d (distance) for several mines. The
data shown in these figures provide a far kss dear picture than that corresponding to the variable F
discussed above. Mine models (Bigu, 1985) predict the ratio PAEC(Tn)/PA£C(R.n) to decrease as
time, i.e., d, increases unti! a steady-state (constant) value is reached. The rate of change and time at
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which steady-sconditions are attained depend on air residence time. Our data show on
agreement with theory (see Fig. 3). The experimental data shown in Fig. 4 is rather ambiguou
clearly understood. It is suspected that recircuiation, leakage and other airflow conditions '
information is lacking are responsible for the rather unclear picture presented by these data
presented in Figs.3(B) and 5 are more in accordance with theory. The results shown in n
correspond to two different branches of mine C . In summary, the data of Fig. 4 are ••
understood but presumably have to do with some of the factors indicated above, namel<
ventilation characteristics, multiple branching out, recirculation (and other undesirable airflow pai
and selective:22Rn (and 220Rn) progeny plate-out on mine walls.

Underground radiation exposures to which the phosphate miners were subjected are sh>
Tables 4 to 6. A summary of radioactivity data, i.e., airborne radioactivity levels and (expose
rates is given in Tables 7 and 8. .

Tables 4 and 5 show, respectively, the maximum dose rate, DmM, and the average dov
JD.These two quantities are calculated using the conversion factor p5vh*'/Jm'3 for radon progen
1/3 of this value for thoron progeny''5^ (see Appendix A). Table 6 shows the Maximum Annual '
MAD, and the total MAD, i.e., MAD (total), calculated as indicated in the same Appe.-..
[MAD(total) is also shown in Table 5]. Tables 5 and 6 show the individual contributions, narm
those corresponding to 222Rn progeny, 220Rn progeny, and y-radiation, as well as the total oi •<•>••.
components. It should be noted that in the case of DmM (Table 4) no totals are given as the maxi.'
values for the three components for a given mine location do not always coincide.

Since the MAD (total) limit applied to occupational workers in Egypt is set at 20 mS' •_•
yearci6). The data shown in Tables 5 and 6 indicate that 8 out of the 9 mines surveyed clearly exceeds
the above limit, and in fact in some of these underground phosphate mines this limit was exceeded o*
factor of up to-6-7 in some cases.

CONCLUSIONS AND RECOMMENDATIONS

The experimental data presented in this paper is of practical interest from both the im •!!•..
engineering and the occupational health and safety standpoints.

Comparison of experimental data and theoretical expectations has only met with partial succev
The reasons for this are attributed to the lack of reliable and vital engineering information •. :
ventilation characteristics regarding the underground phosphate mines investigated, as well i-
complex layout of these mines. The latter is presumed to be responsible for recirculation and
undesirable airflow conditions for which some or no information is available.

The most relevant data in the context of this paper is. however, personal dose and Mavu
Annual Dose (MAD). The results shown in several tables indicate that the MAD for radiation w "i
working in the phosphate mines in the area under consideration was exceeded up to a factor of
out of the 9 phosphate mines surveyed. This clearly indicates the urgent need for imp;
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underground conditions in order to reduce airborne radioactivity concentrations to presently accepted
levels recommended by ICRP-60(l6). This can be accomplished by one or a combination ofthe
preventive and remedial measures suggested below.

1. Improvement ofthe underground ventilation characteristics, e.g., increase of airflow rate;

2. Job rotation; and

3. Reduction ofthe worker's underground exposure time.

What remedial measure or combination of remedial measures is ultimately implemented depends a
great deal on sound health and safety practices, as well as economical considerations. It is also
suggested that periodic surveys be conducted to ensure compliance with standard health and safety
regulations and recommendations.
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APPENDIX A

The total Maximum Annual Dose. MAD(total), is made up of three components corresponding
the contribution arising from 222Rn progeny. MAD(Rn). "''Rn progeny, MAD(Tn). and v-radia'
MAD(y):

MAD(total) =^iMADj = MAD(Rn) + MAD(Tn) + MAD (y)

The quantities MAD(Rn) and MAD(Tn) were estimated according to die following expression

MAD(Rn, Tn) = ..PAEC (Rn, Tn) "CF * TM])

where, in the above expression (Rn, Tn) stands for either222Rn progeny,or2M Rn progen\
brackets are used to indicate the average value. The symbol, CF and T,xp stand, respectiveK •
numerical conversion factor and the total exposure time of the worker (in hours per year). The quam
Texp is given by

. Te*p = vv, • wm * wv

where, ws, wm, and wy are the number of working hours per shift, the number of working da\
month, and the number of working months per year. In our case (see Table 1):

w, = 6,7,8 or 9 hours/day

wm = 20 days/month

wy = 12 months/year

The value of Tcxp ranged from 1440 h to 2160 h {see Table !) with an average 1820.! h/y.

The conversion factor CF has the following numerical value:

CF, = 62.5 nSvh'AVL, or

CFj~3 nSvh'V/Ujm'1 for radon progeny and 1/3 of these values for thoron progen\

The first value for CF has been taken from ICRP-32 (1980). The second value is a con*-
from WL to PAEC.

T!ie Average Dose Rate (ADR) is given by the expression:

ADR = aWL ' nCF, = aPAEC * nCF: (A.4)

In our case, aPAEC is taken as the value obtained for this quantity averaged over ••

measurements carried-out at any given mine. However, this is not correct as the truea PAEC ^Rr

should be calculated according to:

aPAEC(Rn,Tn) - B i LPAEC (Rn,Tn) ;
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) L PAEC{Rn,Tn)i (A.5)

or more accurately: PAEC(Rn,Tn) = j{fJpAEC(Rn,Tn)dt (A.6)

provided PAEC (Rn, Tn) is a continuous function.
However, due to lack of pertinent data, it was not possible to evaluate PAEC (Rn, Tn)

according to either Eqns A.5 or A.6.
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ABSTRACT
To determine traces of radiocaesium in water solution, the sorbent on the base of ferric -

potassium hexacynoferrate on cellulose carrier "ANFEZH" was worked ou t The sorbent is
capable to extract effectively the isotopes of caesium from various natural solutions ( fresh and
sea water, milk, juices and so on).

. The usage of sorbent allows practically completely concentrate the isotops of caesium
from water samples with the volume of tens and hundreds litres.

The sorbent in quantity of 50-500 grams allows to extract 98±1% of caesium from natural
water samples with the volume up to 1000 litres during 1-5 hours.

The usage of this sorbent allowed to conduct the express analysis of multiple, bore holes
within the area of 30 Km of Chernobylskaya NPP, drinking water and milk in the regions of
Belorussia, Ukraine and Russia, hit by Chernobyl disaster and around NPP in Russia and
America. The use of this express analysis reduced the time and required labour as compared with
to precipitation methods.

Key Words: Radiocaesium/Sorption/ Pre-concentration

INTRODUCTION

The analysis of small quantities of radiocaesium isotopes contained in water solution requires
the caesium-ions pre-concentration on some substance, which could be suitable for the subsequent y-
spectrometry. Usually in the world practice ion-exchange resinsm or some methods of scavending (e. g.
AMP-scavending/"1 are used.

The sorbent «Anfezh» on the base of Berlin blue was developed for the same purpose The
sorbent «Anfezh» is the ferric-potassium hexacyanoferrate applied to cellulose carrier.. The technique of
synthesis of «Anfezh» have been described earlier^. This compound has high sensitivity for caesium-
ions by forming a stable complex. It permits to make the caesium' extraction from the water even within
a very low concentration i'vel. After this procedure the quantity of extracted radiocaesium is being
determined easily by y-spectrometry method.

EXPERIMENTAL

The method of radiocaesium pre-concentration on the «Anfszh» sorbent is very simple'4'.
Before the analysis the sorbent 'Anfezlw is steeped in hot water (60° - 80°C) for 30 minutes.

After that the sorbent is loaded into a sorption column in the condition which precludes the formation of
bubbles. A natural water sample is filtered to avoid solid particles and then is passed through a sorption
column which is loaded by «Anfezh». The- rate of filtration flow is about 50 - 60 ml / cm : min.

When the filtration is over, the sorbent is unloaded from the column, homogenized by mixing it
carefully and measured by y-spestrometry.

The proposed method is much simpler than the known co-precipitation methods'5' . This
technique is very good for the expedition and have been recommended by the Russian Federal
Committee for Hydrometeology for express-analysis of radiocaesium traces in natural water.

The amount of sorbents for one analysis depends on expected activity of testing water samples.
Based on numerous experiments optimal correlation of geometrical parameters of the column

with «Anfczh», specific activity of water and sample water volume were obtained (see Table I)
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Table 1

The optimal parameters of the sorption procedure using «Anfezh»

1.
2.
3.

Specific activity
of solution,
Bq/1

1
0,1

0,01

Solution volume
for one analysis, 1

10
50
100

Column cross-
section area, cm2

1,5
5
10

Volume of
«ANFEZH» for
one analysis, cm3

12
50
100

Depth of a column
filling, cm

S
10
10

The radiocaesium extraction efficiency in fresh water samples was determined by passing
water samples through two sequentialy connected columns. The amount of «Anfezh» in the first column
was enough to avoid all initial activity of water sample according to parameters collected in the table 1.

The control batch of 'Anfezh» was loaded into the second column. It removed from the water
sample the remainder of radiocaesium which overstepped the first column.

In the series of experiments die cross-section area of the sorption column was 113 cm2.
«Anfezh» filled the column to the depth of 4-5 cm. The flow rate was maintained at about 100 ml / cm2

min. The efficiency of 'Anfezh» sorbent was determined as the relation between caesium-137 collected
in the first column to ceasium-137, collected in the second column (see table 2).

Table 2
Determination of «Anfezh» efficiency

Date of test

30.12.91
25.03.93
11.05.94
16.05.94
09.06.94
26.06.94
28.06.94

Water sample
volume, 1

200
600
427
700
500
1100
500

Specific activity,
Bq/1
1 column
0,0410
0,0290
0,390
0,1090
0,0260
0,0039
0,0270

2 column
<0,0007
0,0017
0,0018
0,0018
0,0015
0,0002
0,0006

Activity distribution, %

1 column
>98,2
94,3
95,5
98,4
94,6
94,0
97,7

2 column
<1,8
5,7
4,5
1.6
5,4
6,0
2,3

In the series of experiments, even when the flow rate was about 100 ml/cm2 min, the efficiency
of «Anfezh» was more than 94 %. If it was reduced to 50-60 ml/cm2 min, the efficiency of radiocaesium
extraction by «Anfezh» reached up to 98 ± 1 %.

In 1993 - 1995 investigations of radionuclides water migration within the framework of the
scientific project ECP-3 «Radiological consequences of the Chernobyl disaster for water ecosystems»
were carried out in the Ukraine. The work was arranged over the full cycle (sampling, preparation of
sample, measurements) by two independent organizations: Ukrainian Institute of Hydrometeorology,
used the method with «Anfezh» pre-concentration and ENEA-DISP (Italy), which used ion-exchange
resin as a pre-concentrator. The basins of Desna-river, Dnieper, Pripyat, Uzh-river, Ilia-river with the
wide range of Cs-137 concentrations (from very low activity, as before the disaster, to value of 5 - 10
pKu /1 were investigated.

Water sampling was executed by two separate pumps, placed on the same boat. The
conditions of sampling, preparing samples and measurements are given in the Table 3.
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Comparative conditions of sampling, preparing samples and measurements

Water sample filtration to
remove suspended particles

Sorbent for pre-concentration
Water sample volume, 1
Filtration time, h
y - spectrometer

Ukraine
Dense filter for finest deposits in
tandem with the filter $1111-15-
1,5
Anfezh
200 - 1000
1-2
AMA-02<S with detector WRfc
100

Italy
Metal screen filter 105 jikm-cell
and membranes with 3 stage. 40
10; 0,95 ukm
Ion-exchange resin
500 - 1500
7-8
ORTEC with detector GEM
type 30185, series HPGe.

The amount of solid particles in water samples was determinated by weighing the filters before
and after filtration. To determine the soluble caesium concentration, the results of y-spectrometry
accurate to 15 % were normalised to water volume passed through the filter. To determine the
insoluble caesium concentration these results were normalised to the weight of solid particles.

RESULTS AND DISCUSSION

Numerous tests showed that the usage of «ANFEZH» allows to obtain the' complete caesium
extraction from the water solution within the wide range of concentrations. For example, initial
concentrations of radiocaesium in the water of Dnieper and Pripyat were within 0,002 - 0,11 Bq/1. The
comparison of two different methods using «ANFEZH» and ion-exchange resin as pre-concentrators
showed convergence and reliability of results which are acceptable for the control monitoring purpose.
The systematic divergence of results connected with difference in samples preparation.

«ANFEZH» can be used as a pre-concentrator for radiocaesium contained in the water
solution because of

- the high selectivity to caesium-ions
- the simplicity of the method for extraction of radiocaesium from different water

media even during expedition
- the possibility of radiocaesium extraction from complex solutions, such as sea

water(<5), milk, juices and so on.
- the low cost.

«ANFEZH» now is widely used in caesium contaminated regions of Russia, the Ukraine
and Belorassia.

The standard method using «ANFEZH» was approved and recommended for use by the
Russian Federal Committee for Hydrometeorology.

CONCLUSIONS

1. The express-analysis of radiocaesium in natural water with sorption pre-
concentration on «ANFEZH» sorbent was developed and certified.

2. Composite sorbent «ANFEZH» (ferric potassium hexacyanoferrate on a
cellulose carrier) is a high-selective sorbent for caesium-ions.

3. The efficiency of «ANFEZH» for caesium radionuclides reaches up to 98±1%
4. Intercalibrating tests show a acceptable convergence of results obtained by the

Russian standard method using «ANFEZH» and Italian standard method using ion-
exchange resin.
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ABSTRACT " 'EG0000152

A developed fluorometric method, using acridme orange is proposed for
estimating uranium expected to be wasted during phosphoric acid purification
process. Concentrations of phosphoric acid and acridine orange (3,6 dimethyl
diamiao acridinium chloride) basic dye are optimized to enhance the uranyl
fluorescence emitted throughout utilization of a simple filter fluorometer. The
proposed new method is sensitive and comparable with the laser fluorometer and
can be used for controlling uranium concentration during phosphoric acid
purification process. The relative standard deviation is better than 3.0% at the
95% confidence level for samples containing 5 to 25 jug U/L Application of this
method for tracing the route of U in different solutions during its extraction,
scrubbing and stripping processes at Inshas pilot plant for purification of
phosphoric acid and inspecting the waste quality of the unit will be discussed
later.

Key wards: Uranium, trace analysis, fluorometry, phosphoric acid, acridine
basic dyey.

INTRODUCTION

Most analytical methods used for uranium analysis in phosphoric acid are
either not highly sensitive or involve considerable interferences (1"6>, The use of alkali
metal fluoride fusion method (7) requires strictly controlling conditions since the
fluorescence yield of the glass beads is highly dependent on their composition,
surface characteristics and several fusion parameters, e.g. time, temperature and
oxidation-reduction conditions (8). Laser fluorometer, on the other hand, shows some
difficulties in the presence of phosphate ions with the measured uranium (VI)(91. A
significant phosphorescence is measured, due to intense excitation laser beam, beside
the uranyl fluorescence. This will lead to as much as a 20% low error since the signal
which is assumed to be background will actually be uranium signal which would be
nulled in normal analysisll0>.

The following investigation is a continuation of the author's studies on using
acridinic basic dyes for uranium analysis in different matreces and acids. The element
was determined in phosphoric acid spectrophotometrically by using acridine orange
basic dye(11). The disadvantage of the previous methods were the great dilution
requirements (more than 10000 times) and therefore lowering their sensitivities.

* The author to whom all correspondances should be addressed.
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MATERIALS

The used materials, in the present work, are:

Uranyl nitrate UO2(NO3)2. 6H2O (MAY &BAKER, UK).
Sodium benzoate C6H5COONa (ADWIC,EGYPT).
Acridine orange (3,6 dimethyl-diamino acridinium chloride)(MAY & BAKERm UK).
Organic Solvents, dichloroethane and isoamyl acetate (ADWIC, EGYPT).
All materials used are highly pure for analysis.

INSTRUMENTATION

PATIO-2 FILTER FLUOROMETER (USA) is used for all measurements in the
present work.

The light source is a 100 watt high intensity mercury vapour lamp radiates a
full UV-visible spectrum of energy starting from 200 till 700 nm.
Fluorescence intensity levels are digitally displayed.

Filter Selection
The excitation filter is selected so as to allow the excitation wavelength passes

between 420-460 nm(II>. Further more, the emission optical filter is selected to reject
all excitation wavelengths and pass only the uranyl-acridinium fluorescence spectrum
at wavelength ranged between 480-500 nm ( U ) .

Figure (1) shows that filters "3-71" or "3-72" can be used for exciting the
uranyl ions associated with acridinium orange cation while, on the other hand, filter
"3-69" is selected for the emission of the uranyl acridinium complex.

EXPERIMENTS, RESULTS AND DISCUSSION
10"2M stock solution of the dye is prepared monthly throughout dissolving

0.03015 gm into acidified water (10 M H2S04) then filtering off the solution and
completed up to 100 ml.

lO^M of the dye, uranyl nitrate and benzoate are daily prepared. Concentrated
phosphoric acid is successively diluted to prepare a serial of different molar
concentrations from 5M to 0.1 M H3PO4.

The sensitivity of the instrument is periodically checked by measuring diluted
ammonia and constructing a standard calibration graph for ammonia as in figure (2).

The border (lowest and highest) readings for the instrument measurements are
repeated 10 times to calculate the reproducibility and error of the instrument.

The illumination operator wheel is selected at position number " 1 " which was
found the most suitable in the case of exciting uranyl ions.
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Blank fluorescence back ground is always adjusted at zero (suing the zero
panel) then adjusting the "full scale" panel at a specific number.

1,2 and 1 ml of the uranium, benzoate and the dye solutions (lO^M) are mixed
respectively into different ten separating funnels. The solutions are completed up to
10 ml using H2O, 0.1M, 0.2, 0.25, 0.5, 1,2,3,4 and 5MH3PO4 (a blank solution is
prepared for each point). Extraction is then carried out for each solution (including the
blanks) using 10 ml dichloroethane for 5 minutes.

Solutions are prepared again then repeating extraction with 10 ml
dichloroethane-isoamylacetate mixture (4:1) for 5 minutes. Separated organic phases
are left for 20 minutes then measured fluorometrically against their corresponding
blanks. Figure (3) shows that dichloroethane organic solvent seems to be more
effective for uranium extraction than using mixture of dichloroethane-isoamylacetate
mixture. Extractions can be carried out, using dichloroethane, from solutions
containing 0.05M H3PO4. The molar ratio between uranium, benzoate and the dye
was examined and selected earlier by author(!I).

Benzoate used as an intermediate ligand forms an anionic association with
uranium (VI). Introducing of the cationic basic dye to the uranyl-benzoate anion
becomes possible to give "uranyl-benzoate-acridinium" triple complex in the organic
phase.

Electrostatic association between the three components was suggested earlier
by Ovsepyan et. al.(i2). High dipole moment and dielectric constant of the used
organic solvent were suggested to be the main factors affecting the
extractability(1U3).

Concentration of the dye is corrected in figure (4) and found to be 5x10"7 M.
Uranyl and benzoate are also mixed by the ratio 1:2 and diluted to 10'7M.

Construction of the calibration curve is plotted in figure (5) and compared
with be Laser-fluorometer calibration curve for uranium in H3PC>4( . The detection
limit is 5 jig U/L (5ppb) and the relative standard deviation (R.S.D) is 2.5%. The
maximum detectable concentration is 25 ug U/L (25 ppb) and R.S.D. is 3%.The
method can be therefore used in beside the Laser-fluorometer, for uranium assay in
phosphoric acid using simple fluorometer unit.

The amount of the extracted uranium can be recovered when repeating
extraction of U, benzoate and the dye from the remained (refined) aqueous phase two
times-using dichloroethane organic solvent. Three separated organic phases, with
their blanks, are therefore obtained and measured fluorometrically. Summation of the
three recorded readings represents 100% extraction and fount to be 50+3+1= 54. The
amount of U extracted by this method is therefore :
50
— x 100 = 92.6% of the total U present in 0.05M H3PO4.
54
where 50 represents the first extraction reading.
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(©) For laser-fluorometer:

Uranium is measured directly in prescence of lO^M H3PO4 using fluorane (10).

Instrumental error=± 2%
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SUMMARY AND CONCLUSION

Acridine orange basic dye is improved for microdetermination of uranium in
phosphoric acid solution using simple fluorometer.

Uranium, benzoate Iigand and the dye are transferred, by the ratio 1:2:5 from
aqueous solutions containing <0.05M H3PO4 to dichloroethane organic phase
throughout five minute extractions.

Traces of phosphate are assumed to be transferred, with the three components
to the organic phase as

[UO2
2+(C6H5COO)2".3PO4"] 5.AC+ ; AC+: acridinium orange cation (CisHuN*).

Traces of phosphate, together with the dye in the organic phase cause
considerable enhancement of the uranyl fluorescence and therefore lowering the
detection limit so as to be comparable with the laser fiuorometer.
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Precise isotope ratio measurements of long-lived actinides at trace concentration levels are requ-.

for the characterization of environmental samples (e.g. evidence and extent of 236U contarruruu

from radioactive waste; geological samples for dating, using the U-Pb method), and radioa-

waste material [1-6].

TIMS with a multiple collector ion detection system is in general the method of choice for hr

precision (down to 0.002%) isotope abundance ratio measurements, [7,8] whereas the pre..

achievable with the presently commercially availabte ICP-QMS is typically limited to 0.1-0 -̂  --

[9] and Liezers et al. [10] demonstrated that a precision for long-term measurements of lead iso:<

ratios down to 0.06% in quadrupole-based ICP-MS is possible.

The aim of this work is to study the stability of ICP-QMS for precise isotope

determination at prolonged durations.

EXPERIMENTAL

A Perkin Elmer ELAN 6000 quadrupole ICP-MS with the original crossfiow nebulizer (CFN

the microconcentric nebulizers (MCN-100, Cetac Technologies Inc. Omaha, Nebraska. I. s - •

MicroMist with mini-cyclonic spray chamber, Glass Expansion, Australia) was used co • •<>•

isotopic abundance ratios. The solution aspiration was performed by a pulse-free peristar

(Perimax 16, Spetec GmbH, Erding, Germany). The experimental parameters are sump- •

Table I.

The following uranium standard solutions were investigated: CCLU-500 laboratory standar.

NIST U-020 SRM, and NIST-3164 spectroscopic uranium, with natural isotopic composit--
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We considered as a sample the data acquisition of 12 runs within a solution aliquot, monitoring all

isotopes for up to 90 sec in each run, i.e. a total of 18 min. Inthecaseofthemicroconcentric

nebulizer the aliquots comprised 10 (_lg/L of U x 18 min x 0.037 mL/min = 6.7 ng U.

With the crossflow nebulizer and for 1-10 jjg/L solutions, the consumption of uranium is 18-180

ng. Between the aliquot measurements, the instrument was flushed with a 2% HNO3 solution for an

interval of 1 to 3 hours. The long-term overall stability of the instrument was tested for periods of

up to 20 hours, measuring 8 aliquots, using an autosampler.

RESULTS AND DISCUSSION

The CCLU-500 laboratory standard. Table 2 summarizes the results of isotope ratio

determinations of 8 aliquots during a measurement period of 16 hours. The mean for each aliquot,

the RSD values for the 234U/23SU,235U/238U and 236U/238U ratios, the mean of the means and their

precision, i.e. the RESDs are presented. Under optimum conditions a RSD of about 0.1% for short-

term and a RESD of 0.050% for long-term isotope ratio measurements of 235U/238U was observed.

A repetition of the long-term isotope ratio measurement of uranium under the nearly same

conditions (for a slightly different nebulizer gas flow rate) yielded the isotope ratio of 2 3 DU/2 3 8U =

0.9906 ± 0.0005 with a RESD of 0.051%.

The uranium isotope ratio values for the CCLU-500 laboratory standard have been

established by calibration against the NIST-500 SRM by Dietze [11]. Using the correction

procedure (background, mass bias and molecular ion interference correction) on measured uranium

isotope ratios, from these corrected isotope ratios the calculated uranium isotope abundances of the

CCLU-500 are in excellent agreement with the TIMS values (see Tables 3).

The analysis of a 5 ug/L NIST U-020 SRM (235U/238U = 0.02) and 10 ug/L NIST U-3164

natural uranium solution (233U/23SU = 0.0725) result in uranium isotope ratios of
B5U/238U=0.0207712±0.00G013 and 235U/238U=Q.007227±0.000006, respectively. The precision oi

these determinations is 0,064% and 0.085%.. A slightly higher RESD was observed for the natural

uranium sample with lower 2j3U abundance.

Table 4 summarizes TIMS and ICP-MS isotope ratio measurements of the NIST U-500

SRM and the laboratory CCLU-500 standards. The RESD results for U isotope ratio measurements

in this work by ICP-QMS are clearly compatible with single collector thermal ionization mass

spectrometry, (SC TIMS). In comparison to TIMS ICP-MS requires much less sample preparation
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in terms of analyte separation/purification; nearly all the elements can be analyzed; the ICP

ionization process is less limited by elemental ionization potential and the ionization efficiency is

consequently much higher. Furthermore, in ICP-MS the sample throughput is significantly larger;

the required sample size is reduced (especially if micronebulizers are used); the instrumental cost is

lower and the operational skill requirements are less. Therefore the importance of ICP-MS in

precise isotope ratio measurements at ultratrace level in increasing.
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Table 1: Experimental parameters for the ELAN 6000 ICP-QMS

Crossflow nebulizer

Rf power, W 1250
Nebulizer type standard ELAN
Sample uptake rate, mL/min 1.00

For both nebulizer types:
Cylindrical lens potential (automatic setting), V
Nebulizer gas flow rate, L/min
Auxiliary gas flow rate, L/min
Coolant gas flow rate, L/min'
Dwell time, msec
Detection system dead time, (calibrated), ns

Microconcentric

1150
MCN-100

0.037

10.2
0.92
0.8
14
30
53

nebulizer

1250
MicroMist

0'.2

Table 2: Uranium isotope ratio determinations vs. time in a 10 |ig/L solution of the CCLU-500
laboratory standard, using a crossflow nebulizer

n

1

2

4

5

6

7

8

t (hours)

0

1

3

6

9

11

14

16

234U/238U ( ± 1 R S D )

0.011210 (±0.13%)

0.011221 (±0.36%)

0.011227 (±0.61%)

0.011206 (±0.44%)

0.011264 (±0.31%)

0.011231 (±0.42%)

0.011221 (±0.44%)

0.011226 (±0.44%)

0.011226 ±0.000176
(0.16%)

™U/n%U (±\RSD)

0.99517 (±0.21 %)

0.99658 (±0.08 %)

0.99566 (±0.09 %)

0.99604 (±0.12%)

0.99566 (±0.10%)

0.99562 (±0.11%)

0.99507 (±0.14%)

0.99632 (±0.11%)

0.99576 ± 0.00053
(0.050 %)

236U/238U (±1RSD)

0.002926 (±0.48 %)

0.002962 (±0.55 %)

0.002954 (±0.43 %)

0.002954 (±0.92 %)

0.002861 (±0.88%)*

0.002942 (±0.60 %)

0.002951 (±0.49%)

0.002947 (±0.63 %)

0.002948 ±0.000011
(0.39 %)

"'rejected

522



Table 3: Comparison of CCLU-500 isotopic abundances in the present work with results of TIMS

Isotope

238U2 3 5 u2 3 4 u2 3 6 u

Present work

(49.657 ±0.013)%
(49.652 ±0.013)%
(0.552 ± 0.001)%
(0.139 ±0.001)%

TIMS16

(49.660 ± 0.02)%
(49.658 ± 0.02)%
(0.543 ±0.03)%
(0.139 ±0.03)%

Table 4:Comparison of isotope ratio data for the NIST U-500 SRM and the CCLU-500
laboratory standard with TIMS and ICP-MS.

1

2

3

Certified
NIST U-500

4

5

6

7

Accepted
CCLU-500

Conventional
SC-TIMS

Conventional
MC-TIMS

Total
Vaporization

MC-TIMS

DF-ICP-MS

ICP-QMS
crossflow neb.

ICP-QMS
MicroMist

ICP-QMS
MCN-100

234U/238U
(±1RESD)*

0.010449
(0.17 %)

0.010424
(0.086%)

0.0101422

0.011226
(0.16%)

0.011122

235U/238U
(±1RESD)*

(0.04%)

1.001902
(0.035%)

0.999768
(0.007%)

0.99970

0.9992
(0.07%)

0.99576
(0.050%)

0.98607
(0.044%)

0.98020
(0.055%)

0.99991

236U/238U
(±1RESD)*

0.001541
(0.73%)

0.001523
(0.45%)

0.001519

0.002948
(0.39%)

0.002789

Sample size

500-1000 ng

500 ng

100-200ng

(lOug/L)

50 ng

18 ng
(Ing/L)

6.7 ng
(lOng/1)'

Ref.

f81

[8]

[121

[13]

[14]
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The determination of long-lived radionuclides at uhratrace concentration levels in environmental

samples and for the characterization of radioactive wastes from nuclear reactors for their

recycling and final storage is a challenging task for analytical chemistry [1-3]. Since the

establishment of ICP-MS in ultratrace analysis, this technique has been applied to an increasing

extent as an extremely efficient and sensitive analytical mass spectrometric method for the

determination of long-lived radionuclidic ultratraces and their isotopic compositions in aqueous

solution. The study of long-term stability over 24 hours [4] has demonstrated that isotope ratio

measurements of uranium and thorium using a cross-flow nebulizer and Scott spray chamber

with a relative external standard deviation of about 0.05% ICP-QMS can compete favorably

with isotope ratio measurements using thermal ionization mass spectrometry (TIMS).

The aim of this work is to study various commercial nebulizer types [cross-flow nebulizer with

Scott spray chamber, ultrasonic nebulizer and different micronebulizers with Scott spray

chamber and minicyclonic spray chamber] coupled to a quadrupole-based ICP-QMS for the

determination of concentrations, detection limits, precision and sensitivity of long-lived

radionuclides in the ultralow concentration range.

EXPERIMENTAL

A Perkin Elmer ELAN 6000 quadrupole ICP-MS with the original cross-flow nebulizer (CFN),

or an ultrasonic nebulizer (USN), a microconcentric nebulizer (USN - U-6000AT and MCN-

100. Cetac Technologies Inc. Omaha. Nebraska, USA), and a micronebulizer (MicroMist) with

minicyclonic spray chamber (Cinnibar, both from G!as Expansion, Australia) were used to
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measure the sensitivity, detection limits and precision of long-lived radionuclides in aqueous

solution at low concentration levels. Solution aspiration was performed with a peristaltic pump

(Perimax 12, Spetec GmbH, Erding, Germany). The experimental parameters are summarized in

Table 1. The optimization of experimental parameters (see Table 1) was performed with respect

to the maximum ion intensity of 238U+.

In this work the total acquisition time per replicate for the measurement of all long-lived

radionuclides was 60 sec (with 3 replicates, i.e.. a total measuring time of 3 min of each sample).

In the case of the cross-flow nebulizer, ultrasonic nebulizer and micronebulizers the sample size

(10 ng I'1 concentration) comprised 30 pg, 66 pg and 2.55 pg, respectively, of each long-lived

radionuclide in the investigated aqueous solution.

The element concentrations used to determine the detection limits were 0.1,1, 5 andlO ng 1"'.

The detection limits were determined using calibration curves applying the 3 c criterion. Fig. 1

shows the calibration curve of 237Np using the micronebulizer (MicroMist) and minicyclonic

spray chamber (Cinnibar) for the determination of the detection limit in ICP-QMS.

The determination of precision (short-term stability) and sensitivity by ICP-QMS using

different nebulizer types was performed at a concentration of 10 ng 1 * of each radionuclide.

For the characterization of different nebulizer types by the analysis of long-lived radionuclides a

mixture of 226Ra, 230Th, M7Np, a 8 U and24! Am was investigated.

Thorium isotope mixture solutions (23OTh/232Th «0.Ql%, 0.001% and 0.0001%) using the

isotopic reference material IRMM-060, (99.85% 230Th and 0.15% 232Th) and«99.99%of the

NIST-3159 spectrometric solution, (natural, pure 232Th) were used for isotope ratio

measurements with a microconcentric nebulizer.

RESULTS AND DISCUSSION

The results of measuring the sensitivity and detection of long-lived radionuclides of interest -
226Ra, 230Th, 237Np, 238U and 241 Am - are summarized in Table 2and 3.

For CFN, under the conditions described above the sensitivity for different long-lived

radionuclides was approx. 47 - 93 MHz/ppm (see Table 2). The application of USN

demonstrated for the investigated radionuclides the highest sensitivity about one order of
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magnitude higher - between 420 and 853 MHz/ppm - in comparison to the cross-flow nebulizer.

But USN requires the highest sample size, for each measurement 6.6 ml sample volume was

used. For micronebulizers (MCN with Scott spray chamber and MicroMist with minicyclonic

Cinnabar spray chamber) the sensitivity for long-lived radionuclides at a solution uptake rate of

0.085 ml min"1 (in contrast to USN total analyzed sample volume was only 0.255 ml) is in the 22

- 70 MHz/ppm range. An increase of sensitivity (by a factor of approximately 2) was observed

for a higher sample uptake rate (0.2 ml min'1 instead of 0.085 ml min'1) for measurements using

MicroMist with minicyclonic Cinnabar spray chamber.

All detection limits for the determination of long-lived radionuclides were in the sub-ng/1 ,

concentration range (see Table 3). The lowest detection limits were observed using USN for

solution introduction. It should be considered that most authors and ICP-MS companies used

the 1, 2 or 3 G criterion of standard deviation of noise. The detection limits determined in the

present work (considering the 3 a criterion) using calibration curves are mostly higher than

determined by the 3 c criterion of standard deviation of noise (e.g., the latter approach would

yield a detection limit for the determination of U by MCN-ICP-QMS of 0.008 ng I'1).

Isotope ratio measurement of thorium isotope mixture solutions

In a recent work [4] we determined the relative external standard deviation (RESD) for 1.25 mg

I'1 solutions (230Th/232Th = 0.22) by ICP-QMS using the Elan cross-flow nebulizer. The RESD

by long-term stability measurements (over «10 hours) was 0.067% , which under these

conditions is more typical of TIMS than ICP-QMS.

Tables 4 summarizes the thorium data, which were obtained by analyzing a thorium isotope

mixture with significant lower isotope ratios (23oTh/232Th - 10'2, 10'3 and 10"4 at lug I'1) by the

rnicronebulizer (MicroMist with minicyclonic spray chamber) over 24 hours.

The precision (RESD) for lug 1"'Th isotope mixture solution with 23OTh/232Th isotope ratio of

10"2,10"3 and 10"4 was found to be 0.17%, 0.6% and 2.7%, respectively.

It has been shown that an ICP-QMS system can be applied successfully for the sensitive and

precise determination of long-lived radionuclides at a low concentration level. The application

of all the different nebulizers studied yielded detection limits (3 a criterion using calibration
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curves) in the pg I*1 concentration range, these are one to two orders of magnitude higher than

those found in double-focusing sector field ICP-MS.
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Table L Experimental parameters for the ELAN 6000 ICP-QMS

CFN

Nebulizer type standard ELAN

Spray chamber Scott type

Rf power, W 1250

Sample uptake rate, ml min" 1.00

Cylindrical lens potentiai,V 7.00

Nebulizer gas flow rate, 3 min"1 0.92

Sample size, pg (10 ng I"1 solution) 30

USN

U-6000 AT

1050

2.2

6.55

0.95

66

Microconcentric Nebulizers

MCN-100

Scott type

1150

0.085

7.25

0.92

2.5

MicroMist (AR3

Mini-cyclonic, Cinnabar

1250(1375)

0.085 (0.2)

7.20

0.98

2.5 (6)

For all nebulizer types:

Auxiliary gas flow rate, 1 min"'

Coolant gas flow rate, 1 min"'

Dwell time, ms

Number of sweeps per replicate

Total acquisition time per replicate, min

Number of replicates

Detection system dead time, (calibrated), ns

0.8

14

50

30

1

3
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fable 2. Comparison of sensitivity (MHz/ppm) for determination of long-lived radionuclides by ICP-QMS using different nebulizers

Radfionuclide

226

230.

237

238,

Ra
iUTh

'Np
U
'Am

CFN

(1 ml min"1)*

47
52
84
50
93

USN

(2.2 mi min"1)*

499
420
853
667

MCN-100

(0.085 mi min'1)*

23
54
38
70
39

MicroMist

(0.085 ml min"1)* (0.2 ml min"')*

22
34
39
45
42

47
80
84
90
93

j
US
O

Table 3= Comparison of detection iimits (ng/i) for determination of long-lived radionuclides by ICP-QMS using different nebulizers

Radionuclide

226Ra
23OTh
237Np
238U
241Am

CFN

(1 ml min"')*
0.420
0.390
0.429
0.350
0.536

USN

(2.2 mi min'1)*
0.194
0.011**
0.186
0.026
0.196

MCN-300

(0.085 1 min'1)*
0.171
0.157
0.080
0.350
0.315

(0.085
0.217
0.567
0.106
0.342
0.480

MicroMist

mi min'')* (0.2 ml min"1)*
0.433
0.186
0.257
0.330
0.612

•Sample uptake rate; ** 232Th,

Table 4 Results of Song-term isotope ratio measurements of 1 jig/1 thorium with different isotope ratios

Isotope ratio Isotope mixture

230T h /232T h a}Q.2

B0Th/2327h « iO"3

Measured isotope ratio RESD

0.010209±0.000019 0.17%
0.001148±0.000007 0.62%
0.000128±0.000003 2.66%
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Introduction

The characterization of radioactive waste materials from nuclear reactors for recycling and

final storage requires fast, sensitive and precise analytical methods, which are able to

determine long-lived radionuclidic ultratraces in a short time. For the determination of long-

lived a- and fi-ray-emitting nuclides besides the classical radiochemical methods which are

mostly include time-consuming radiochemical separation procedures, to an increasing extent

inductively coupled plasma mass spectrometry (ICP-MS) has been used successfully as a

powerful trace, ultratrace and isotopic analytical method for the determination of long-lived

radionuclides in aqueous solutions [1-3]. Kim et al. [1] determined the detection limits for the

long-lived radionuclides 99Tc, 226Ra, 232Th, 237Np, 238U, ^9Pu and 240Pu with half-lives of 103

- 1010 years in aqueous standard solutions using a double-focusing sector field ICP-MS

("PlasmaTrace", Fisons) coupled with an ultrasonic nebulizer (USN) and obtained detection

limits ranging from 2 to 20 fg/ml. In our laboratory detection limits of 233U, 2j6U and 2*3Am

of 1-2 fg/ml were found in high purity water by double-focusing sector field ICP-MS

("ELEMENT", Finnigan MAT) with an USN [4]. In addition to the analysis of aqueous waste

samples, a direct method for the determination of long-lived radtonuclides in non-conducting

solid samples without any sample preparation should be available for the characterization of

solid nuclear waste. The mass spectrometric methods which are allow the direct analysis of

trace elements in non-conducting solids without sample digestition steps include laser

ionization mass spectrometry (LIMS) [5], radiofrequency glow discharge mass spectrometry

(rf GDMS) [6] and laser ablation ICP-MS (LA-ICP-MS). LA-ICP-MS is an established solid-

state mass spectrometric method with increasing importance for the analysis of geological

materials with detection limits in the 10 ng/g concentration range [7,8]. In a previous

publication we described the first application of LA-ICP-MS as a promising and powerful

analytical tool for sensitive multi-element determination of long-lived radionuclides in non-

conducting materials [9]. The main problem in the quantification of analytical results is that

no suitable sta;- 'ard reference materials are available. Therefore synthetic laboratory standards
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(concrete matrix doped with some long-lived radionuclides) were investigated by a laser

ablation system coupled both to a quadrupole ICP-MS and to a double-focusing sector field

ICP-MS [9]. Comparing measurements with NAA (neutron activation analysis) on these

standards showed that the relative sensitivity coefficients (RSCs) of the investigated elements

differ for most elements by a factor of less than 3. That means a semiquantitative

determination of the concentrations of long-lived radionuclides (and other trace impurities)

in the concrete matrix is possible with LA-ICP-MS without using a standard reference

material.

With double-focusing sector field LA-ICP-MS, the limits of detection are in general one order

of magnitude lower and reach the sub ng/g range for 233U and 237Np [9]. The aim of this paper

is the improvement of LA-ICP-MS in order to decrease the detection limits of selected long-

lived radionuclides in non-conducting waste materials.

Experimental

In these experiments the laser ablation chamber is coupled to the very sensitive double-

focusing sector field mass spectrometer (ELEMENT, Finnigan MAT) which allows a high

mass resolution of up to «10 000. The experimental setup of LA-ICP-MS using the double-

focusing sector field ICP-MS and a quadrupole based ICP-MS is shown in Ref. [9]. The UV

wavelength of a Nd:YAG laser (4th harmonic, 266 run) is used for laser ablation. The

experimental parameters applied for laser ablation are: pulse duration - 5 ns; spot diameter -

0.2 mm; repetition frequency - 5 Hz; power density-1010 W cm"2; energy per pulse -15 mJ

and raster width - 3 mm * 3 mm. The mass spectrometric measurements were carried out at

low mass resolution (m/Am * 300), at inductively coupled plasma power -1400 W, and

carrier gas flow rate (Ar-plasma gas) of

11 min"1. All experimental parameters are optimized to maximum analyte ion intensities. The

preparation of synthetic laboratory standards and the analytical method for determination of

some long-lived radioactive nuclides (e.g. 99Tc, 233U, 234U, 236U and 237Np) in non-conducting

concrete matrix by LA-ICP-MS is described in [9]. In order to prepare a synthetic laboratory

standard a concrete sample with Th and U (1.8 p.g/g Th and 0.7 ug/g U) was doped with 4.3

ug/g 232Th, 1.04 ug/g 233U and 2.27 ^g/g 237Np.



Results and Discussion

Part of the mass spectrum of the laboratory concrete standard using the double-focusing sector

field LA-ICP-MS in the mass range of 230 u to 240 u is shown in Fig. 2. Besides the atomic

ions of Th, U andNp, hydride ions of U are detected. A study of disturbing interferences is

necessary for the determination of long-lived radionuclides at ultralow concentration. E.g. the

formation of 232ThH+ should be considered for the determination of233U in a Th-containing

solution. The formation rate of 232ThH+ relative to 232Th+ was determined to be 8.7* 10'5 using

LA-ICP-MS. The formation rate of 238UH+ relative to 238U+ is in the same order of magnitude

(238UH+/238U+= 8.8* 10'5). The hydride formation rate of Th and U is comparable to that

measured, on aqueous solution by the application ofa pneumatic nebulizer in ICP-MS. The

intensity ratios of UO7U+ and ThO+/Th+ were determined to be 0.9*10'3 and 2.0*10"3 in LA-

ICP-MS compared to 3.4* 10'2 and 5.6*10"2 in ICP-MS (using pneumatic nebulization) by

the analysis of aqueous solution [3]. Whereas 232Thl6O+ ions disturb the determination of
48Cm by isobaric interference, no long-lived radionuclides were expected. at mass 254 u

where 238U16O+occurs. •

The limits of detection (LOD) of 99Tc, 233U, 234U, 236U and 237Np were determined from the

mass spectrum of the undoped concrete sample using the 3CT criterion (the limit of detection is

given by mb+3at,, where mb is the mean value of the blank measurements and Cb the standard

deviation of five independent measurements of the blank value). All mass spectra are

averaged over 50 single measurements in order to minimize the influence of plasma

instabilities, variations of the amount of ablated material and local inhomogeneities of the

samples. Concentrations were evaluated from measured ion intensities of background in the

undoped concrete sample using the known concentrations of the laboratory standard samples

doped with well known concentrations of long-lived radionuclides.

The LOD using the double-focusing sector field LA-ICP-MS in concrete matrix are in the

ng/g concentration range and lower. Whereas for 99Tc and 237Np the LOD was determined to

be 1.5 ng/g and 110 pg/g respectively, for the uranium isotopes the LOD are 170 pg/g (233U),

60pg/g(234U)and20pg/g(236U). '

The detection limits are more than one order of magnitude lower using double-focusing sector

field ICP-MS in. comparison to LA-ICP-QMS.
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The ultratrace and isotope analysis of long-lived radionuclides in environmental materials (in

biological or geological samples and waters) is relevant of increasing importance [1-5]. E.g., the

determination of long-lived radionuclides is for the detection ofradionuclide contamination in

environmental materials in which several radioactive nuclides (e.g. wTc, l29I ^ N p , ^ 'Pi^ 240Bur

241 Am) are present from fallout due to nuclear weapons testing, nuclear power plants orrracfear

accidents. Especially, isotope ratios of uranium and plutonium [6] can indicate the origin of

contamination in the environmental samples. Furthermore, very sensitive, correct and^grecise

determination of long-lived radionuclides is required for characterizing low-radioactive materials.

from nuclear reactors for recycling and final storage of radioactive waste (e.g., U, Th,

transuranium elements). Radwaste control - that is the routine analysis of radioactive samplesJxk...-

nuclear power plant for the final storage of radwaste - therefore requires fast analytical methods

which allow many samples to be measured in a short time with a high degree of accuracy and

good precision. In addition, the determination of possible isotopic variations in nature due to

radioactive decays of unstable nuclides has been applied in geochronology for age dating of

geological materials in geochronology based on the decay of natural long-lived radionuclides,

e.g., 37Rb, 187Re or 233U and 238U (including the concentration determination of naturally

occurring radionuclides). For such investigations precise determinations of isotopic ratios are

necessary with a relative standard deviation of better than 0.05% [1,7.8]. Long-lived

radionuclides are used for tracer experiments in biological and geological research and of

isotopic dilution methods are appled using long-lived radioactive isotopes [9,10]. C&rthe'oSttr:

hand, the determination of long-lived radionuclides by the isotope dilution procedure was

carried out with the application of stable enriched isotopes [11].

Using conventional radiochemical methods for the determination of long-lived radionuclides at

low concentration levels requires a careful chemical separation of the analyte, e.g. by extraction

or chromatography. Such separation steps and enrichments of long-lived radionuclides in order

to achieve low detection limits are mostly time-consuming. Compared to classical radioanalytical

measurements ICP-MS possesses a high isotopic selectivity and sample preparation is often

easier. Owing to the excellent sensitivity of ICP-MS fewer separation steps arcoccessary. In
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some publications better detection limits have already been reported for certain long-lived

radionuclides using ICP-MS compared to decay counting methods. Due to its multielement

capability, excellent sensitivity, very good precision, easy sample preparation and simple

measurement procedures inductively coupled plasma mass spectrometry (ICP-MS) has been

increasingly applied for the determination of long-lived radionuclides with detection limits down

to the pg/1 concentration range especially using a double-focusing sector field ICP-MS with

ultrasonic nebulization [1,2]. ICP-MS also allows the simultaneous determination of long-lived

radionuclides in solid samples, where the solid samples are analysed after digestion and dilution

of the investigated solid sample (a matrix separation is useful to improve the of detection limits

and precision of the mass spectrometric determinatfon of long-lived radionuclides) or the solid

material is directly measured using laser ablation ICP-MS [12,13].

Performance of ICP-MS for determination of long-lived radionuclides

At present for the determination of long-lived radionuclides different commercial quadrupole-

based and double-focusing sector field ICP mass spectrometers are available on the analytical

market. In general, the sensitivity of double-focusing sector field mass spectrometers is higher vy

several orders of magnitude and background is lower in comparison to quadrupole ICP-MS.

Three commercial double-focusing sector field ICP mass spectrometers - all have a reverse Nier-

Johnson geometry - which are available on the analytical market: "ELEMENT" (Finnigan MAT,

Bremen, Germany), "PlasmaTrace 2" (Micromass Ltd, UK) and "JMS-Plasma X2" (Jeol, Japan)

are compared briefly in [4]. The performance of these double-focusing sector field ICP-MS is

quite similar with respect to achievable high sensitivity (n*107 ions s"1 per ug/ml at In) and very

low noise (<0.2 counts s'1). The detection limits of most elements attained by double-focusing

sector field ICP-MS at low resolution (m/Am ~ 300) were in the low fg/ml range for high-purity

water [14]. Recently, we are able to improve the detection limits for the determination of long-

lived radionuclides by double-focusing sector field ICP-MS using the plasma-shielded torch by

about one order of magnitude up to the sub fg/ml concentration range by direct measurements

without any enrichment of analyte. For Th, Np, Am and Pu we determined a detection limit of

0.3 pg/l using a micronebulizer (MicroMist) and mini-cyclonic spray chamber at a solution

uptake rate of 0.085 ml/min. The sample size was 2.6 pg for an acquisition time of 3 min.

The detection limits for difficult-to-analyse elements using double-focusing ICP-MS at higher

mass resolution (m/Am ~ 3000) are in the 10"2 pg/ml to about the 10 pg/ml concentration range,
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this is an increase in sensitivity ofabout one order ofmagnitude in comparison to quadrupole

ICP-MS.

Determination of selected long-lived radionuclides

For some applications ICP-MS is used for the selective determination of only one long-lived

radionuclide, especially in such cases where the detection limits are influenced by isobaric

interferences or matrix effects. The determination of 79Se (xm - 6.5* 104 y) is therefore restricted

by possible interferences with different isobaric singly and doubly charged atomic ions (79Br+,
158Gd2+, '^Dy2^ and different molecular ions (39K40Ar+, 63Cu160+, ^Ar^ArH*). By the

application of a hydride generator for efficient sample introduction of aqueous solution in the

ICP torch most ofthe possible interferences were eliminated. The 38Ar40ArH+ ions, which were

formed by the expansion ofthe plasma in the interface of ICP-MS, could not be influenced. The

detection limit of 79Se was determined to be 100 pg/ml [15].

Special sample introduction equipment was applied for the highly sensitive analysis of long-lived
129I as described in [16]. Iodide was oxidized with concentrated perchloric acid to gaseous iodine.

By the desolvation ofthe initial aqueous solution an increase in ion intensity ofabout 2 orders of

magnitude was achieved in comparison to a conventional Meinhard nebulizer with a detection

limit of 100 pg/ml in solutions. The relatively high detection limit for determining 129I is

restricted due to interference with the 129Xe isobar. Additionally the accuracy of determining the
!29I concentration could be improved by on-line isotope dilution with the stable 127I using the

flow injection principle [16].This experimental arrangement was used for the sensitive

determination of !27I concentration in biological standard reference materials using a long-lived
I29I isotopic tracer by the well-known isotopic dilution method.

The determination of long-lived radionuclides by ICP-MS is often hindered by the occurrence of

isobaric interferences with atomic ions, which cannot be corrected because the isotopic

composition of the disturbing element- especially in radioactive waste materials - is unknown.

For instance, 99Tc with a half-life of T1/2 = 2.14* 105 y was expected in environmental samples in

the ultralow concentration range. The origin of 99Tc in sediment samples is sought in the global

fallout from nuclear weapons tests and in lear fuel reprocessing plants. For the determination of
99Tc in environmental sediment samples Yamamoto et al. [17] developed a selective separation

of 99Tc by different solvent extraction and purification techniques using anion exchange after

leaching ofthe soil sample, in this way the authors avoid the disturbing isobaric interference with
99Ru which is responsible for the high detection limit. By measurements using double-focusing
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sector field ICP-MS after the proposed separation procedure the absolute detection limit of "Tc

was determined to be 0.25 pg.

We determined 99Tc in the high matrix content cooling water of a nuclear power plant after

different separation steps: using an alumina column for separation of Tc from Mo (due to

possible interference of 99Tc+ and 98MoH+) and using anion exchange for purification of Tc

solution. The detection limits with quadrupole-based ICP-MS were 100 fg/ml whereas the

detection limits by double-focusing ICP-MS was determined to be 5 fg/ml, this corresponds to

an activity of 3uBq/mL. We determined the Tc-99 concentration in different cooling water

solutions after Tc separation with concentrations in the low and sub pg/ml concentration range

using two ICP-MS with good agreement.

The radionuclide 237Np with a very long half-life ofti/2 = 2.1* I016y is difficult to measure by

alpha-ray spectrometry owing to extremely low activity. Similar to "Tc analysis 237Np was

determined by double-focusing sector field ICP-MS after leaching of the soil sample, solvent

extraction and anion exchange in order to evaluate the fallout radionuclides from nuclear

weapons tests. Yamamoto etal. [18] studied the behaviour o f ^ N p in paddy field soil by using

the integrated deposits of 237Np as well as 239Pu,240 Pu and I37Cs. The authors found that the

greatest deposition rates correlated with the high number of nuclear tests in the mid-sixties.

Determination of spallation nuclides in an irradiated tantalum target

An important task in our institute is the nuclide analysis of an irradiated tantalum target.

Tantalum was used as the target material in a spallation neutron source with 800 MeV protons.

The determination of the concentration of spallation nuclides of Ta in the concentration range

from 1 ng/g to 50 ug/g should serve to verify the theoretical results of spallation yields of

tantalum. For the determination of spallation nuclides in irradiated tantalum, double-focusing

sector field ICP-MS will be used after liquid-liquid extraction of the tantalum matrix in order to

reduce the high 182Ta activity.

The analytical method for the determination of trace impurities after matrix separation was

developed using high-purity inactive tantalum.

A main problem in the determination of spallation nuclides in an irradiated tantalum target is

isobaric interferences of stable and long-lived nuclides, such as the long-lived 154Dy and stable
154Gd. Therefore, HPLC-ICP-MS was developed in order to separate isobaric interferences. [19]

If the sample solutions of spallation nuclides were determined using only ICP-MS without any

preceding chromatographic separation technique, we found an increasing amount of spallation
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nuclides for lanthanides in the mass spectra of the tantalum sample. According to the theoretical

prediction the concentration of the spallation nuclides in the higher mass range increases with

increasing mass. Furthermore our experiments with HPLC-ICP-MS demonstrated a good

agreement of measured nuclide abundances with those calculated, as demonstrated for

dysprosium in this figure [20].

Application of flow injection for the determination of long-lived radionuclides

In order to minimize the radioactive contamination of the ICP-MS small sample volumes are

required. To handle some ul of an aqueous solution of long-lived radionuclides a commercial

HPLC injection valve was coupled to a micronebulizer for small droplet formation. The small

sample volume of long-lived radionuclides (concentration of uranium and thorium is 1 ug/1) is

introduced in a continuous flow of 2 % nitric acid according to the flow injection principle. The

transient signals of a I ng/ml uranium solution are measured by double-focusing sector field

ICP-MS using a sample loop of 4 ul and 1.5 ul.

The concentrations of long-lived radionuclides were determined with a precision of about 4-5 %

(RSD) using a sample loop of 2ul with a uranium concentration of 6 ng ml'1 .

Table 1: Results of isotope ratio determination by FI-ICP-MS

(double-focusing sector field ICP-MS "Element"; Sample loop: 2 -10 ul)

Isotope ratio

234U/238U

235U/233U

236U/238U

Wipe tests

sample 1:

sample 2:

Reactor sample 1

0,

0

0

,0021*0.0015

.191±0.013

,024±0.004

239

239

Reactor sample 2

<0.002

0.16U0.018

0.020±0.004

Pu/240Pu - 0.26 ±

Pu/240Pu - 0.56 ±

Table value

0.000055

0.00725

-

0.02

0.03

The flow injection ICP-MS with a sample loop of 2-10 ul is applied for isotope ratio

measurements of radwaste samples-for determination of uranium in 2 reactor samples and of

plutonium in wipe tests (see Table 1 [21]).
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In contrast to the isotope ratio of uranium in nature, 236U was detected and a significant

enrichment of 235U was found.

Performance of different nebulizers in quadrupole-based ICP-MS

In principle the quadrupole-based ICP mass spectrometers are significantly cheaper and more

widespread in comparison to double-sector field instruments. Therefore we applied in our

laboratory a Perkin Elmer "Elan 6000" ICP-QMS for the routine determination of long-lived

radionuclides using different micronebulizers as well.

Table 2: Sensitivity (MHz/ppm), detection limit and precision (for 10 ng/1 solution) for

determination of long-lived radionuclides by ICP-QMS using DIHEN and MicroMist (solution

uptake rate: 0.085 ml min"1)

Long-lived

radionuclide

230Th

B7Np
2 3 8 u
24IAm

B 'Pu

Sensitivity (MHz/ppm)

CFN

47

57

84

60

93

-

*MCN -MicroMist,

MCN

22

34

39

45

42

-

•DIHEN

130

150

132

180

142

111

Detection limit (ng/1)

CFN

0.420

0.390

0.429

0.350

0.563

-

Cinnabar; **(RSD over 3 min)

MCN* DIHEN

0.217

0.567

0.106

0.342

0.480

-

0.110

0.068

0.115

0.157

0.200

0.169

Precision**

CFN

1.3%

1.8%

1.9%

1.2%

0.9%

-

MCN*

4.0%

3.8%

0.8%

5.8%

3.4%

-

DIHEN

0.98%

0.90%

1.58%

0.91%

1.40%

1.45%

Recently a simple and relatively low-cost direct injection high-efficiency nebulizer was

introduced by Montaser in ICP mass spectrometry, which is used for direct solution

introduction into the inductively coupled plasma of an ICP-MS for the sensitive determination of

long-lived radionuclides. For the determination of long-lived radionuclides in the ultralow

concentration range we used the DIHEN (from Meinhard), which works a very low nebulizer

gas flow rate in comparison to MicroMist with a mini-cyclonic spray chamber (from Glass

Expansion) with solution uptake rates of 85 ul/min and an original Elan cross-flow nebulizer
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with Scott spray chamber with solution uptake rates of 1 ml/min for sample introduction into the

inductively coupled plasma of an ICP-MS [22,23]. We studied the application of the DIHEN in

ICP-QMS for the precise determination of long-lived radionuclides in the ultralow concentration

range.

The sensitivity of DIHEN is significantly better in comparison to cross-flow nebulizer and

microconcentric nebulizer so that the detection limits are lower.

The detection limits in quadrupole-based ICP-MS are about two order of magnitude higher

compared to double-focusing sector field ICP-MS. The precision for the DIHEN was better than

1.6 % RSD for all measurements in the determination of analytes at 10 ng/1 concentration level.

These results demonstrated a very good short-term stability of DIHEN using a quadrupole ICP-

MS. A better precision of measurements using DIHEN compared to other nebulizers can be

explained by a better counting statistic due to significantly higher sensitivity.

Determination of isotope ratios of uranium in standard solutions

For high-precision isotopic ratio measurements (down to 0.005 % relative standard deviation-

RSD) in geochronology, thermal ionization mass spectrometry with a multicollector system has

been the method of choice up to now. In contrast, the precision of the isotopic abundance ratios

has typically been limited to 0.1 - 0.5 % RSD with the presently commercially available

quadrupole ICP-MS.

The results of uranium isotope determination of the CCLU-500 laboratory isotope standard using

a CFN are summarized in Table 3. In this experiment where 5 aliquots were analysed over 10

hours (each aliquot summarizes 6 measurements of 3 minutes each) the excellent long-term

stability of a quadrupole-base ICP-MS is demonstrated.
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Table 3. Uranium isotope ratio determinations vs. time in a 1 ug/l solution of the CCLU-500

laboratory standard, using a cross-flow nebulizer. Long-term stability over 10 hours.

1

2

3

4 ..

5

"<U/"8U

0.01116 (±0.32%)

0.01129 (±0.39%)

0.01131 (±0.67%)

0.01124 (±0.47%)

0.01120 (±0.33%)

0.01124±0.00006

0.56%

0.963026 (±0.26%)

0.963709 (±0.31%)

0.962492 (±0.26%)

0.962854 (±0.19%)

0.963530 (±0.20%)

0.96312 ± 0.00048

0.05%

0.00317 (±1.05%)

0.00310 (±1.04%)

0.00313 (±0.62%)

0.00313 (±0.79%)

0.00318 (±0.45%)

0.00314±0.00003

1.00%

Whereas the short-term isotope ratio measurements were performed with a precision of 0.2 -

0.3% the long-term precision was observed to be 0.05% RSD for the ^U/2 3 3!! isotope ratio of

nearly 1 at 1 ug/l uranium concentration. The accuracy of the 235U/238U isotope ratio determined

(compared to the accepted value: ^ U / 2 3 ^ = 0.9995 ± 0.0009) in this experiment was 3.7 %

without correction of mass bias. For precise isotope ratio measurements the mass bias correction

should be applied using certified isotope standard reference materials as described elsewhere [8].

Under optimum experimental conditions using a uranium isotopic standard (235U/238U=1) the

precision of isotopic ratio measurements at a uranium concentration of 10 ng/ml was determined

in our laboratory as 0.07% RSD [19]. At a uranium concentration of 100 pg/ml of an isotopic

standard NIST-U-020 (^"U/ 2 3 8 ^ 0.0208) the precision of isotopic ratio measurements of

Precise long-term measurements of uranium and thorium isotope ratios was carried out in

1 ug/l solutions using a quadrupole inductively coupled plasma mass spectrometer (ICP-QMS).

The isotopic ratios of uranium (23SU/238U =1, 0.02 and 0.00725) were determined using a cross-

flow nebulizer (CFN, at solution uptake rate of 1 ml/min) and a low-flow microconcentric

nebulizer (MCN, at solution uptake rate of 0.2 ml/min) over 20 hours. For 1 ug/l uranium

solution (23SU/238U =1) relative external standard deviations (RESDs) of 0.05% and 0.044%

using CFN and MCN, respectively, can be achieved. Additional short-term isotope ratio

measurements using a direct injection high-efficiency nebulizer (DIHEN) of 1 ug/l uranium

solution (235U/233U =1) at a solution uptake rate of 0.1 ml/min yielded a RSD of 0.06 - 0.08

543



% [24]. It is well known that the major limiting factor on the precision of isotopic ratio

measurements by ICP-MS is the instability of the plasma. Therefore the application of

simultaneous multi-collection compared to a single ion collector, which was realized by a

double-focusing ICP-MS Plasma 54 with nine Faraday detectors or by the commercial "Iso-

PlasmaTrace" from Micromass, yielded a significant improvement of precision in isotopic ratio

measurements with precisions down to 0.002% [25]. Such precise isotopic analysis is essential in

order to characterize e.g. uranium of natural origin in environmental samples. The isotopic ratios

of uranium of natural origip are for 234U/238U=5.59*10"5 and for 235U/238U=7.25*10'3 [26]. A

depletion of ^ U and the presence of U in environmental samples prove a contamination by

uranium of non-natural origin. Hamilton and Stevens [27] found both as a contamination of non-

natural uranium in marine and terrestrial samples in the vicinity of the British Nuclear Fuels'

processing plant at Sellafield, Cumbria, UK. Because 236U is produced in nuclear reactors by

neutron capture on 235U, its appearance is associated with uranium contamination of nuclear fuel

or nuclear weapons. Therefore, environmental samples (lichen and moss or soil and sediment

samples) would be good indicators for the detection of non-natural uranium.

Determination of long-lived radioauclides by LA-ICP-MS

In order to analyse solid samples by mass spectrometric methods without dissolution steps a non-

commercial laser ablation system was coupled to the double-focusing sector field ICP-MS

("ELEMENT", Finnigan MAT) in our laboratory [12]. We studied the determination of long-

lived radionuclides in non-conducting materials using a synthetic laboratory standard with a

concrete matrix which was doped with low-concentrated long-lived radionuclides (e.g. ?9Tc, !2SI3

232Th, 233U, 237Np, 238U). Different long-lived radionuclides were directly measured in a concrete

laboratory standard by LA-ICP-MS using a double-focusing sector field ICP-MS with detection

limits up to 20 pg/g for 236U.
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ABSTRACT

Devices for remote monitoring of gamma-ray contamination develop • at
RECOM Ltd. are described and typical examples of their application are shov. • The.
following devices are discussed: spectrum-sensitive collimated devices for mapp. :g of
radioactivity on contaminated surfaces - scanning collimated Gamma Locator, dew e for
field Cs-137 contamination mapping - CORAD; devices for gamma-ray imaging -
computer-controlled High-Energy Radiation Visualizer (HERV) and Coded 4ask
Imager.

Key Words: radioactive contamination mapping /gamma-ray imaging

INTRODUCTION

The manufacture of nuclear fuel, its use and processing, the accidents on nuclear piar".s, removed
from operation the nuclear objects, nuclear tests and etc. result in radioactive combination of
territories, buildings and constructions. The probability of such contaminations grow ;onnection
with threat of nuclear terrorism, accidents on nuclear objects, unauthorized sale and .T- ng nuclear,
fuel and radioactive nuclides.

The main problem at decontamination of territories and constructions is a determinat;- of a Ievef
of radioactive contamination and its spatial distributioa As an experience of the - -unation of
consequences of Chernobyl NPP accident has shown, the being available measuring equipment did not
allow to provide productivity of measurements and maximum safety. Therefore sear.n of new
methods and approaches in the decision of these problems is required. The devei; .'ment and
application of such methods is the main scientific field of "RECOM" Ltd established b\ mercom of
Russia and RRC "Kurchatov Institute". The employees of firm have a large experience ->e work on.
elimination of consequences of accident on ChNPP, and also the investigation of the tones and
buildings, contaminated by radioactive substances. The activity of firm develops on se' • iirectionS"

- development of remote scanning gamma spectrometers for measurement adioactive
contamination of buildings and constructions (gamma locators) and of soil contaminat >rad>

- realization of measurements of soil radioactive contamination and buildings. lg of
contamination distribution, numerical accounts and mapping of the exposed dc • e (EDS-/
distribution, of its penetrafion depth and the stock of radionuclides into the sc deling: ot
decontamination;

- development of devices' for search and visualization of gamma sources (gammav
Portable devices for remote monitoring of radioactivity developed at RECOM and typic;:

application are presented.
<es

549



REMOUT CONTROLLED SCANNING COLLIMATED DEVICE - GAMMA-LOCATOR

Gamma locator is provided to map contamination, to measure spectra of gamma radiation, to
calculate dose-rate distribution inside the contaminated areas and to predict optimal decontamination
consequence (1). Some manual prototypes of this system were used in the autumn of 1986 for search
and identification of intense gamma radiating sources in and around the Chernobyl NPP Unit#4.

This family of devices allows to carry out the complete measuring of the contaminated building in
an automatic mode without presence of the people. The gamma locator registers the flux of gamma
quanta defined by the solid angle of the collimator. The registered flux of quanta is related to the
effective surface activity density in case of surface contamination or to the specific activity density in
the case when there is a volumetric source of radiation. Measuring the energy spectra of a quantum
flux, information about the gamma radiating radionuclide is obtained and the distribution of exposed
dose rate (EDR) can calculate for individual radionuclides. In current of the last years a several
variants of the device was developed and made. Using it a number of the most contaminated rooms (4-
machine hall, reactor shaft, room N318 and other) were studied in 1986-1991.

Fig. 1. The function block scheme of the Gamma Locator.

. In Fig. 1 the principal scheme of the gamma locator is presented The measuring part of the device
consists of the Csl (Tl) crystal+photodiode (1) placed in the lead shield with a collimator installed on
the scanning unit (2), allowing to scan all 4n solid angle, a laser distance device (3), determining the
distance between the collimated detector and measuring object; interface block of scanning unit
positioning control (5); and the signal-registration unit of the gamma detector (6). For identification of
the most contaminated places of a building the device is supplied by the TV-camera (4). The gamma
locator is completely computer controlled and can be removed from the computer (7) up to 200M

distance. To receive and process energy spectra of gamma radiation a 256 channel analyzer is used.
The developed software allows one to control all units of the system, to superimpose visible images of
the contaminated area and contamination levels, to present superimposed images and measured
information on the computer screen, and to process spectra and all other measured data. Thus, the
device allows to receive the complete information about contaminated building and to reduce the dose
loads of operators. It enables to develop optimum strategy of decontamination of a building. The
device was successfully applied in works of elimination of the accident consequences on the 4-th Unit
of ChNPP. The software calculates the distribution of EDR in the whole volume of the measured area
in the reactor hall presented on Fig. 2.

550



Currently two new prototypes of the system have been developed for the detailed studying of a
central hall of the ChNPP. The first one has following parameters:

- total weight of measuring head is 30 kg; the scanning unit weight is 10 kg;
- scintillation crystal Csl (Tl) with the sizes 10 x 10 x 10 mm3;
- energy resolution is nearly 8% for Cs-137 radiation (662 keV);
-minimum detection Cs-137 surface activity is 1.0 kBq/cm2; the determined point sources activity

is 40 MBq at 10 m distance.

20 40 60 80 100 nSv/hr

Fig. 2.

COLUMATED SPECTRUM - SENSETIVE DEVICES (CSSD) FOR SOIL DEPOSIT
MEASUREMENT

This technique was developed for in situ measurement of 137Cs deposit and their penetration depth
in a soil(2) and was implemented in device for field contamination mapping - CORAD. The method is
based on photon flux measurements in a fixed solid angle of collimator. The CSSD is placed above the
contaminated soil in a standard position and measures the count rates in several energy ranges.

The count rate of the detector in the photopeak is determined by registration of nonscattered
radiation only. The reading of the detector in photopeak is proportion to surface activity of
contamination and may be the basis for deposit determination when radionuclides are concentrated in
the top thin soil layer. In a real situation radionuclides penetrate in the soil and the soil scatters the
gamma radiation, and makes this approach the definition of the cesium deposit measurement
impossible without knowledge about vertical distribution of deposit in soil. To measure the 137Cs
deposit taking into account its penetration depth in the soil it is necessary to determine the count rate
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in the Compton part of the spectrum (Ni) in addition to count rate in the photopeak (Na). The optimum
boundaries of the energy range in Compton part of spectrum (400 keV- 560 ke"V) was chosen on the
basis of numerical Monte-Carlo calculations and experimental modeling with a volumetric 137Cs
source.

The count rate N! is proportional to the value of the cesium deposit and weakly depends on the
value of penetration depth. This is connected with the character of dependence of two main
components of radiation contributed to the N t on the penetration depth. The nonscattered radiation
(first component) decreases with the increasing of penetration depth. The number of unitary scattered
in soil on small angles gamma-ray quanta (second component) increases with an increasing of
penetration depth. Thus both processes practically compensate one another, providing a weak
dependence of Ni on the value of radionuclide penetration depth in a soil.

For a small penetration depth the count rate in the indicated Compton part of the spectrum weakly
depends not only on cesium penetration depth in a soil, but also on its vertical distribution. As
mentioned above, the count rate in the photopeak energy range N2 strongly depends on the penetration
depth. Nj and N2 are proportional to cesium deposit in a soil; therefore, the ratio of these values Ni/N2

characterizes the 137Cs penetration depth. To take into account the background component in Ni and
N2, connected with penetration of gamma-ray quanta through a lead shielding, turning of a detector
around a horizontal axis of 180° is used. The background count rates measured in this detector
position are subtracted from. The actual device measures the count rates in three energy ranges:
Compton, photopeak (600 - 720 keV) and an auxiliary range (740-900 keV). The auxiliary range is
used to account for natural background radiation (a presence of radionuclides of U and Th decay
chains,4 0^ and m Cs . j

With the help of "CORAD" devices by the employees of firm tens of thousands of measurements
was carried out in Russia, Belorussia, Ukraine and Germany. The maps of contamination level
distributions of tens settlements in these regions with the spatial resolution of a few meters are created.

The radiation survey of the Techa river bank territory in Chelyabinsk area with the help of
radiometer CORAD was carried out Maps of contamination levels of bank territory are made and the
total stock of Cs-137 inside the settlements is evaluated. Results of contamination measurements in
Haltch town, Belorussia are presented in Fig. 3 (A - deposit; B - contamination depth; C - clean layer
depth; D - exposure dose rate; 1-school; 2-yard (asphalt), 3-garden (uncultivated soil), 4-kitchen
garden (cultivated soil), 5-sports ground (asphalt), 6-game ground (uncultivated soil)).

The developed techniques allow to determine an activity density of various radionuclides (Cs~137,
K-40, Ra-226) in soil with the spatial resolution 2M. The measurements of specific activity of Ra-226
and Ra-222 in the storage of" Vismut" facility in Germany were carried out together with the Germany
experts.
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HALCH September 1994

Fig.3

DEVICES FOR GAMMA-IMAGING (GAMMAYTSER).

We describe of a novel portable gamma-imaging system for radioactive sources mapping. The first
versions of this devices was created and used in summer 1986 for search and visualization of intensive
radioactive sources at the Chernobyl NPP unit#4 and around of it. 3h the Table 1 you can see the
parameters of the different type of the gammavizors created in RECOM.

The sketch of imager's measuring head is shown in Fig.4. The computer-controlled high-energy
radiation visualizer (HERV) based on combined detector: scintillator (7) + image intensifier(s) (Imln)
(3, 6) + CCD matrix (2) and is intended for visualization in X- and gamma-ray emission regions for
nuclear industry(3). The detector placed in the lead shield (1,4). The industrial prototype of the HERV
system for imaging in range 0.06 -1.3 MeV was tested in conditions of complex gamma-ray field of
strongly contaminated nuclear facilities in Russia and Germany iA\ In the HERV system pinhole
collimator (8 - changed part: pin-hole collimator or coded mask) is used.

For last version of detector (with two Imlns) the minimum detected activity of Cs-137 point source
for pinhole collimator (total field of view is 20x20 degrees, angular resolution is 1.2 degree) is 7.4
MBq for imaging time 2 min., distance 1 m and SNR=5.
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Table 1. The main parameters of the different type of the gammavizors.

Angle of view
Aperture

Scintillator

Scintillator
parameters, (D-
diameter, h-
thickness)
Image
Mensifiers

Fotodetector

Thickness of
shilding
Application

1986

22°
U, two cone
collimator

Cellular
CsI(Tl),

D=28mm,
ceU=2x2m
m h=4mm

TwoMCP
[mlns

Eyes

3cm

Manual or
placed on
tripod,
ChNPP.

1986

22°
U, two cone
collimator

Cellular
CsI(Tl),

D=28mm,
cell-2x2mm,
i=4mm

TwoMCP
[mlns +scaling
F.O.
CCD-matrix,
(124x124
pixels) + tape
recorder +
monitor.
6cm

Special car,
ChNPP.

1986

10u

U, two cone
collimator

1/2 field of
view-cellular
CsI(Tl), 1/2 -
visible image
D=28mm,
cell-2x2mm,
l = 4mm,

TwoMCP
inlns

Video Camera
'Sony"+ tape
recorder +
monitor.

10cm

Helicopter,
ChNPP.

1988-89

22°
W, two
cone
collimator
Cellular
CsI(Tl)

Cel l -
l x l MM,

D=18mm,
h = 4mm
MCPImln

eyes

6cm

Manual or
placed on
tripod,
ChNPP.

1993-95
22°
Ta, two
cone
collimator
Cellular or
plate
CsI(Tl)

Cell-lxl MM
h=3MM,
D=40mm

[mlnwith
scaling 1:5

Cooling
CCD
(512*512
pixels) +
PC
3cm

Pan and
title table.
Research
reactor in
Russia and
Germany.

1996-97
22U-25U

Ta, coded
aperture 6
and 9 rank.
Plate
CsI(Tl)

D=40mm,
tl=3MM

2ImIns with
scaling 1:5

Cooling
CCD
(512*512
pixels)HPC

2.5cm

Laboratory
prototype.

For imagers with pinhole aperture the sensitivity is connected with angular (spatial) resolution. To
overcome this limitation the coded aperture may be used. In coded mask imaging (fig. 4) the hexagonal
URA masks (8) of rank 6 and 9 were used(S>6). Masks were made from brass and tantalum; transparent
elements of mask were cylindrical holes of diameter 1.3 - 2.2 mm. Combined detector with CCD
matrix of 512*512 pixels allows different subdivisions of detector area into domains corresponding
the pattern of mask, e.g. one detector may be used for different masks. Moreover it is possible to
divide area of detector into smaller domains to produce a special image processing. The main features
of reconstruction procedures are:

*- multiple mapping of mask pattern <• for improvement of spatial resolution;
*- iterative processing for reduction noise and improvement quality of reconstructed image;

*- in case of low X-ray intensity imaging process has accumulation character (addition of separate
CCD frames of coded image) and decoding of image is carried out in real-time after every
accumulation step.
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Fig. 4

Fig. 6 shows the gamma-ray image of circular radioactive source, obtaned with the coded mask
(left - the reconstracted gamma image, right - coded image). The images of the same objects were
obtained with coded masks and pinhole collimator (pinhole and holes of the mask have the same
diameter) to compare their imaging characteristics. The coded mask gives fivefold sensitivity increase
in comparison with pinhole for complex circular objects of Am-241 and may be used for study of
temporal dynamics of physiological processes by radioactive tracers.

Possible further application may be connected with single events imaging, and recording tracks of
high energy particles.

Fig.6

CONCLUSION

The application of developed devices have shown their high efficiency for creation precise picture
of contamination in cases of hard radioactive disasters as Chernobyl NPP unit #4 explosion.
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ABSTRACT

HERV- high energy radiation visualizer is a system for imaging in X- and gamma-ray
regions developed by RECOM during recent years. Its later version provides the real
industrial prototype that has been already tested under the complex gamma-field
conditions of highly contaminated nuclear facilities in Russia and Germany. New special
options for initial CCD camera frames processing (CCD camera operates in slow
repetition mode) allow one to perform imaging without heavy shielding during a long
exposure time. Image processing options allowing one to take into account background
radiation, noise and drift of electronics are described The contaminated pipelines and
vessels HERV .imagery results are presented Background dose rate in rooms with
contaminated equipment appeared to be up to 1 R/hour and from imR/hour up to
50mR/hour at detector's head location. The major contaminating nuclides proved to be
Co-60 and Cs-137. Imaging time was chosen to be 0.2 -1 hour. Data acquisition and
processing procedures enabled to avoid, the high background dose rate influence at the
device measuring head location. Superposition of gamma images over optical images
indicates that the major contaminated parts of the pipelines were their bends, places of
their connection, arid their valves. . ' •

Key Words: Nuclear Physics,' /RaMonucli^es/Gamma Image

Nowadays many industrial and research nuclear reactors have worked out their reserves and are
removed from operation. In the course of reactors' operation an internal radioactive pollution of the
equipment (e.g., pipelines of primary cooling loop) occurred. The reactors' disassembly arrangements
require the performance of certain decontamination works and, first of all, the identification of the
equipment's mostly polluted parts. At the majority of research reactors, the premises of the first
circulation loop of cooling are of;the small dimensions. The dose rate in these premises is determined
both by direct radiation from pipelines' contaminated internal surfaces and by scattered radiation from
the premise walls and equipment located in it. Therefore the localization of the most active radiation
sources by usual methods (e.g. .by integrated dosimeters) is not always effective. One of new methods
of the radioactive pollution mapping is y-radiation sources imagery. Several reseach groups have
recently developed portable devices for gmma-imaging(l0). •
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We describe an application of a novel portable gamma-imaging system HERV (high energy
radiation visualizer) for radioactive sources mapping in nuclear facilities. A short description of
HERV is presented either. Its first, simple version was created and used in summer 1986 for search
and visualization of intensive radioactive sources at the Chernobyl NPP unite #4 and around of it(4>5).

DESCRIPTION OF THE HERV

HERV is an automatic computer controlled measuring system, intended for the y-radioaetive object
imaging. The device's external appearance is shown in Fig. 1. HERV consists of the following main
components: the measuring head for y-image acquisition; video camera for grabbing of the object
optical image and stopper, which automatically opens and closes a collimator aperture of a measuring
head.

Fig.l

Rotary gear serves for continuous selection of viewing direction, and the onboard computer is used
for reading out and preliminary processing of the optical and y-images and the HERV systems control.
The device is operator controlled by means of a personal computer connected by cable with onboard
computer. The cable length may be varied up to 200 m. A HERV measuring head detailed description
may be found in{S>,

Two cone collimator from tantalum is used in it to form the y-image at a detector. Scintillating
crystal CsI(Tl) serves as a detector. The light produced in scintillator is amplified by the image
intensifier. It reduces the image size by 5 times, that permits to adjust the scintillator geometrical
parameters to that of photo detector. Low noise CCD-matrix with thermo electric cooler serves as
photo detector. All elements of measurement head are onboard computer controlled Lead shielding of



25 mm thickness is used for reduction of y-quanta's quantity coming to a detector apart from
collimator. To escape the influence of electronics thermal and electrical noises, as well as y-quanta
coming to detector through shielding besides collimator aperture on image quality computer
controlled lead mechanical stopper is placed in front of collimator. The measuring head weight is 35
kgs, whilst the net device weight with rotary gear equals to 55 kgs.

For general system components handling, as well as for optical and y-images acquisition,
processing, storage and representation an appropriate software has been developed. The image
processing procedures allow to take into account high background level, noise and drift of electronics.
These procedures allow to exclude the influence on image quality the drift with linear and square time
dependence that is especially urgent for so far considerable exposure times for weak sources imaging.
The proper background dose rate account permits to have thin shielding and low device weight. This is
very important for application in industrial conditions.

The exposure time is selected by the operator. The device can operate in a single-frame mode or in
a mode of frames accumulation. The single-frame mode is used for preliminary device calibration. For
y-imaging, as a rule, mode of accumulation is used, i.e., the certain sequence of reading out, so called,
informative (stopper being opened) and background (stopper being closed) frames. The obtained y-
image is displayed periodically on an operator's computer screen. The operator being able to halt the
accumulation, if will decide, that the obtained image has good enough quality. For convenient visual
representation on a display y-images are interpolated and displayed in pseudo-colors.

As a result of laboratory testing with Cs-137 sources (E=661keV) the following device parameters
are gained: the total angle of view - 20°; the angular resolution -1° ; the minimum detected activity for
the point source at 1 m distance for measurement time of 1 hour is 7.4 MBq (SNR=5), for the
continuously distributed source Cs-137 - 2.43*106 Bq/cm2. It is possible to detect point source image
in presence of other y-radiating objects placed outside of device field of view if their additional dose
rate is up to 200 times higher (Cs-137 sources) than that of imaged source.

RESULTS OF GAMMA-IMAGING AT NUCLEAR RESEARCH REACTORS IN RUSSIA
AND GERMANY.

The system HERV was applied for first stage water circulation loop survey of two research
reactors, removed from operation several years ago. The device worked in an automatic mode and was
operator controlled from the laboratory premise under normal dose conditions. Background dose rate
in premises with the contaminated equipment was up to 1-R/h. The device was placed near door or
inside premises where dose rate was relatively low (10-50 mR/h). The major dose contributed
elements were Co-60 and Cs-137.

A number of good images were obtained for measurement time of 0.2 - 1 hour. Superposition of y-
images on optical images shows that the major contaminated parts'of pipelines are their bends, places
of their connection and their valves. The distance between device and sources was within 3 - 6 meters.
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Thus numerical procedure for parallax compensation between gamma and optical images which axes
are shifted by 5 cm was created too. As a result of the present study, the mostly active source images
and pipeline-activity maps were obtained. The images of a fragment of the primary reactor coolant
circuit are presented in Fig.2 (Russian Research Center "Kurchatov Institute").

In the left-hand part of a figure the superposition of the facility optical image, acquired with a
video camera, and the y-image of objects (shown by isolines) is presented. On the right, the same y-
image is shown in gray scale palette. The scale on the right part of the figure shows the activity of the
object in relative units. The angular vertical size of all pictures shown in figures 2 - 4 is 34°. One can
see the most contaminated objects in it.

100

J 50
•M

125

Fig.2.

.In Fig. 3 the activity map inside thermo exchanger is shown as an example (Research Center
Karlsruhe, Germany). In the left-hand part of a figure the superposition of the premise optical image,
acquired with a video camera and the y-image of objects (shown by isolines) is presented and in right -
the same y-image is shown in gray scale palette. The scale in right part of a figure shows activity of
object in relative units. On the operator computer screen the optical view and y-image of objects are
shown in two conjugate windows. Gamma-image is presented in pseudo colors, which palette may be
matched by operator. The superposition is made in pseudo colors too and relative intensities of optical
and y-images in it may be adjusted. These possibilities allow to identify completely the activity
location.

The comparison of the activity maps obtained by imaging with data being collected earlier by usual
methods has shown, that new device locates the activity distribution more completely and clearly. For
example, in spite of surveyed premises were studied by integrated dosimeters some times, new
unknown sources of radiation were found out after survey by HEE.V. In a number of cases, for
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example for case shown in Fig. 3 results obtained by HERV were not correspond to initial
assumptions. Obtained activity map indicates, that the activity is distributed on the bottom of thermo-
exchanger. It was assumed earlier that activity is concentrated in one bright point only.

Fig.3

Experimental researches on nuclear facilities have shown, that HERV application may be
extremely useful at planning of the decontamination work sequence in contaminated premises and the
device may be used effectively at realization of disassembly work on nuclear reactor, removed from
operation. Really, as Chernobyl experience has shown, the elimination of the most active objects of
radiation permits to reduce value of dose rate significantly. This simplifies considerably realization of
further work. We conclude that after last improvements HERV is real industrial prototype of y-
imaging and visualization system for operation in nuclear industry.

CONCLUSIONS

The application of a new automatic radioactive objects visualization system for surveying of the
nuclear reactors equipment has allowed to obtain important practical results, This system differs from
similar devices'1"^ by better angular resolution, low weight and has comparable sensitivity. Work on
further improvement of the device parameters, in particular, sensitivity is continued. The results of
preliminary experiments have shown that it is probable to increase the device sensitivity more than one
order of magnitude.
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ABSTRACT

The plutonium isotopes concentrations inmost environmental samples are extremely
low, so they can only be determined using sensitive radiochemical analysis. In this work, the
specific activities of :3*Pu and a**I'"Pu isotopes, in soil and shore sediment samples collected
on Alexandria Mediterranean Sea Coast were measured using a-spectrometer based on surface
barrier detectors after applying a very sensitive radiochemical separation. The 3"iPu/i3'*:4"Pu
activity ratios were also determined. The results were compared with other different Marine
Ecosystems. The results prove that the level of plutonium on Alexandria Mediterranean Sea
Coast is caused by global fallout from nuclear weapon tests in the atmosphere.

Keywords: Contamination/Fallout/Plutonium/Radioactivity

INTRODUCTION

The major objective of marine radioecological investigations is to help create a
scientific basis to predict the impact of radioisotopes, which have been released into.rivers,
lakes, and seas on the marine ecosystems(1>. Studies of natural and artificial radionuclides and
especially actinides in the environment are important not only because of their radiological
impact, but also from the fact that some of them act as excellent biochemical and geochemical
tracers in the environment. The accumulation hazardous radionuclides in the marine
environment, and especially actinides and fallout isotopes, started after the first nuclear test-and
has continued ever since. As a consequence of the atmospheric nuclear weapon'tests in the
sixties, man-made plutonium is now widely distributed all over the world. The sources of
plutonium isotopes in the nature are the nuclear weapon tests in the atmosphere, the reentry
burn up of a asPu auxiliary powered navigational satellite (SNAP-9A). the nuclear fuel
reprocessing plants, nuclear accident and the nuclear reactor effluents (~3>. From nuclear
facilities only very small amounts of plutonium are discharged with liquid effluents and the
exhaust air into the environment, (n the environment, the mean specific activity of man-made
.a9Pu isotope is very close to H)u g/g (0.23 Bq/kg) for the surface soil. In some places, nuclear
weapon test sites, plutonium extraction from the nuclear fuel elements, the specific activity of
Pu can exceed the "normal" level by a factor greater than 10: (4). Although the contribution of
plutonium discharged from a nuclear facility to the total plutonium concentration in the
surrounding normally is negligibly tow, still it is possible to identify this contribution by the
change of the isotope ratio of the. plutonium isotopes n*Pu and 23!":JOPti. Whereas the activity
ratio •a*Pu/2M*2J"Pu due to the fallout of weapons tests and the burning of the power supplies of
sattellites was 0.081(", the ratios in the discharges of nuclear installations were up to 2.4(6).

Alexandria is considered one of the biggest Egyptian cities with different beaches and
a big international Seaport. This work aims to initiate a radiolgical assesment program for
Egypt, for establishing a baseline map of radioactivity background levels in the Egyptian
environment to .be. used as reference information to assess any changes in the radioactivity
background .level, due to any geological processes or artificial influences on the Egyptian
environment.
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EXPERIMENTAL WORK

Sampling and sample preparation

In summer time, eighteen soil and eighteen sediment samples were collected from
different beaches in Alexandria. The sampling locations are shown in the map given in Figurel.
From each beach one sediment sample and one soil sample were collected using a template of
dimensions 25 x 25 cm2 and thickness 5 cm, only from Abou-kir beach four sediment samples
and four soil samples every 500 m and from Sidibishr beach, two sediment samples and two
soil samples were collected at distances 1 km from each other, because they are long beaches in
comparison with the others. Also from El-Max coast the nearest point that could be reached to
the Seaport two sediment samples and two soil samples were collected at distances 1 km away
from each other. The samples were weighed, dried at 100°C, pulverized, homogenized and
sieved to pass through a 2 mm mesh.

Alpha spectro metric measurements

The samples were ashed at 500 °C after drying at 100°C and the weights recorded.
lOOg of ash soil and ash shore sediment samples were taken for analysis. 2JSPu was added as a
tracer to all the samples for the determination of the chemical yield. Then plutonium isotopes
were leached out of the ashed sample material first with a HNOj/HF-solutton and then with a
HNO3/Al(NO3)3-so!ution. Separation of plutonium from most of the matrix elements and
interfering alpha emitters, like Po, Ra, Am and Cm, is achieved by solvent extraction with
0.2M TOPO (trioctylphosphine oxide) in cyclohexane. Plutonium fraction is radiochemically
cleaned from U, Th and Np by coprecipitation with LaFsand anion exchange. Then plutonium
is electrodeposited from oxalate solution and measured in an alpha spectrometer. Silicon
surface barrier detectors were used for measurements because of their excellent resolutions,
high permissible counting rates, low background and excellent stability. Also there is no
significant variation of the detector efficiency in the energy interval 2.5 to 8.8 MeV. The
specific concentrations of 238Pu and 23*"MOpu Were calculated with respect to the recovery of
^ P u . In case of ^ 'Pu and 240Pu, the sum of these two nuclides is measured, because M8Pu and
240Pu are not separated, in the alpha spectrum, as their alpha energies are very similar and the
resolution of alpha spectrometers commonly used are not sufficient to separate them. With the
used analytical procedure(ses scheme in Figure 2), chemical yields in the range of 70 to 90%
are achieved. The lower limit of detection on a 95% confidence level for a measuring time of
1000 min. is below 0.001 8q per sample and nuclide<7). <'/•

RESULTS AND DISCUSSION

Table 1 presents the specific activities of H!Pu and 23S*240Pu in Bq/kg dry weight of soil
samples collected on the Mediterranean Sea Coast. ""Pu is detected in eight samples only and
for the other samples it is below the detection limit. For the eight samples the specific activities
range from 0.012 to 0.090 Bq/kg dry weight with average value of 0.034 Bq/kg dry weight.
The specific activities of Mi>*34OPu range from 0.009 to 0.180 Bq/kg dry weight with an average
value of 0.090 8q/kg dry weight. The 338Pu/239+MOPu ratio range from 0.07 to 2.16 with an
average of 0.67 (0.46 excluding soil 8).

Table 2 presents the specific activities of^ 'Pu and ^ " " P u in Bq/kg dry weight of
shore sediment samples collected on the Mediterranean Sea Coast. 238Pu is detected in twelve
samples only and for the other samples it is below the detection limit. For the twelve samples
ths specific activities range from 0.013 to 0.073 Bq/kg dry weight with average value of 0.031
Bq/kg dry weight. The specific activities of """"Pu range from 0.010 to 0.242 Bq/kg dry
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Table 1: Specific activities of plutonium in the soil samples

Sample description
Soil la
Soil lb
Soil lc
Soil Id
Soil 2
Soil 3

• Soil 4
Soil 5

Soil 6a
Soil 6b
Soil 7
Soil 8
Soil 9

Soil 10
Soil 11
Soil 12
Soil 13a
Soil 13b

Specific activity concentrations in Bq/kg drv weight
a8Pu

=£0.012
< 0.011
S 0.013

0.013 ±0.006
S 0.012

0.045 ±0.008
S 0.019
S 0.013
£0.011
< 0.021

0.016 + 0.007
0.054 ±0.008

£ 0.023
0.090 ± 0.024
0.012 ±0.004
0.023 + 0.007

<0.212
0.021 ±0.006

239 "-WOn

0.079 + 0.009
0.059+ 0.008
0.071 ±0.009
0.055 ± 0.008
0.128 ±0.012
0.083 ±0.010
0.088 ±0.012
0.009 ± 0.003
0.175 ±0.014
0.180 ±0.020
0.076 ±0.011
0.025 ±0.005
0.149 + 0.019
0.078 ±0.021
0.185 ±0.013
0.129 ±0.014
0.018 ±0.004
0.026 ±0.005

:nPu/2i9ntmPa
-
-
-

0.24
-

0.54
-

-
-

0.21
2.16

1.15
0.07

0.18
•

0.81

Table 2: Specific activities of plutonium in the sediment samples

Sample description
Sediment la
Sediment ib
Sediment lc
Sediment Id
Sediment 2 :

Sediment 3
Sediment 4
Sediment 5
Sediment 6a
Sediment 6b ••
Sediment 7
Sediment 8 .
Sediment 9

Sediment 10
Sediment 11
Sediment 12

Sediment 13a •
Sediment 13b

Specific activity concentrations in Bq/kg dry weight

238Pu

< 0.178
0.019 ±0.008
0.051 ±0.012

.0.016 ±0.008
<0.013
< 0.070
< 0.015

0.019 ±0.006
- 0.055 + 0.008.

0.073 ±0.017
0.034 ± 0.009
0.017 + 0.006

< 0.123
0.013 ±0:006
0.032 ± 0;008

< 0.015 ,
0.017 ± 0.005 .
0.028 + 0.008

:39+yopu

0.056 ±0.012
0.060 ±0.011
0.058 ±0.011
0.049 ±0.010

, 0.100 ±0.011
0.147 ±0.032
0.113+0.012
0.010 + 0.003
0.168 + 0.013
0.242 ±0.031
0.046 + 0.009
0.012 ±0.004
0,136 ±0.028
0.079 + 0.010
0.145 ±0.015
0.076 ±0.010 ,
0.027 + 0.005 •

• 0.046 ±0.009

• • • - l s P u / 2 3 * 2 4 O P u

-

0.32
0.88
0.33

-
- • •

- .

1.87.
0.33
0.30
0.74
1.42

- .
, 0.17

0.22
. . - . . .

0.63
; 0.61
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weight with an average value of 0.087 Bq/kg dry weight. The " ' P u / ^ ^ ^ P u ratio range from
0.16 to 1.87 with an average of 0.65 (0.54 exciuding sediment 5).

Table 3 gives a comparison of the specific activities of 238Pu and 23!H24CPu in Bq/kg dry
weight of the sediment samples from Alexandria Sea Coast with other different Marine
Ecosystems (S"n>. It is clear from this comparison that the results obtained in this study are
close to the data cited in the literature.

No significance difference in the plutonium specific activities was observed between
soil and shore sediments from the same beach, this is because Alexandria beaches are narrow
beaches and the soil samples collected were at distances not exceeding 10 meters from the
shore and it is expected that in winter time the outflowing sea water covers the whole beach.

It is clear that different plutonium isotopes measured in the soil and shore sediment
samples on the Mediterranean Coast of Alexandria are all below the lower range of the global
contamination of plutonium caused by fallout of nuclear weapon tests and burning of nuclear
power supplies of satellite (SNAP-9A) in the atmosphere and this was expected as there is no
nuclear facility which may discharge plutonium. The uptake of plutonium is uniform, because
the soils and shore sediments are of the same nature, and the contamination migrates from a
single source which is global fallout.

Table 3 : Specific activity concentrations of plutonium in
sediments from different Marine Ecosystems

Region
Black Sea (Bulgaria)
Mediterranean Coast (spain)
Mediterranean Coast (Algeria)
Yellow Seas (China)
Mediterranean Coast (Egypt)

Specific activity concentrations in Bq/kg drv weight
23SPu

0.01-0.08

0.02-0.05

0.01-0.07

0.07-0.75
0.18-5.22
0.34-0.60
0.01-0.47
0.01-0.24

Ref.
(8)
(9)

(10)
(ID

This Work
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ABSTRACT

This work aims at radiological assessment of environment of some industrial activities
of (he IOlb of Ramadan city. Ores, final products, waste water and environmental samples
( soil and plant} of five factories: Heavy industries. Ceramics. Granite, detergents and Sponge
were collected and analyzed hy using y-Spcctroscopy . The results show that "'K ,"*U series
and a l Th series are found in some of the collected factories samples with different
concentrations . The results indicate that J0K, 1WU series. a2Th series and the man-made "7Cs
are found in all the soil samples . White the collected plants samples contain """K. only . The
radioactivity levels in the water samples are lower than the system detection limit, The
absorbed dose rales due to soil are calculated and compared with the UNSCEAR data. It is
concluded that the industrial activities did not contribute in increasing of the natural radioactive
levels of the city environment.

Key Wards: - Radioactivity measurements / y-Spectronieiij•/ J0n of Rammttm city/
Industrial activities. '

INTRODUCTION

The Tenth of Ramadan city is located 55 Km from Cairo, on Cairo-Ismailia desert
Highway, lo the south o f die Sharkia Govemorate Fig. (I). Full description of the city and its
industrial activities are given in other reference"1.

This work is considered as an extension for a work carried out on the city dealing with
drawing a radiological map for ihc city environment (water, soil, plant,...)ll>.

1'iii. 11):- The liK:iiiou ni:iji of the Tcnih of Knmadan city .

571



EXPERIMENTAL W O R K '

A) Sampling and sample preparation: -
The soil samples around the factories and near the input and output of each oxidation ponds

were collected by using a 25x 25x5 cm Template. The collected samples were dried, sieved,
packed in 1 liter Mariniili beaker and sealed for 4 weeks to reach secular equibllium between
l26Ra and 232Th and their corresponding daughters'2' .The water samples were taken by using a
water sampler

The prepared samples were packed in 1 liter Mariniili beaker and then measured by
y-spectrometry. The cultivated plants around the factories and near input and output of the
oxidation ponds were cut and taken in plastic bags.

The samples of ore and product of granite and ceramic factories were crushed and
packed in 250 cm3 Marinilii beaker. The samples of detergent, sponge and heavy industrial
factories were also prepared and packed in 250 cm3 mariniili. Full details on sampling and
sample preparation are given in Environmental Monitoring Laboratory procedures'3'. Fig. (2)
represents the map showing locations of the collected samples.

B) Methods of analysis: -
i] y - Spectrometry:-

All the collected ores and products of the factories; soil, water and plant samples were
analyzed by using a Hyper pure germanium detector. The system used is 30 % efficiency and
1.95 keV resolution at 1332 keV y-line of *°Co . The system was energetically calibrated by
using a standard l37Cs and a Co sources.

The y-energy lines of 351 keV, 609 keV, 1120 keV were used to represent 238U (^Ra)
series. While 338 keV, 583 keV, 911 KeV were used to represent 232Th series. Both 4Ok and
man-made 137Cs were considered by their y -lines; 1460 keV and 661.6 keV respectively. The
radioactivity concentration calculations were carried out by using reference materials of well-
known radioactivity concentrations. The reference materials were supplied by the Internationa!
Atomic Energy Authority (IAEA) - Analytical Quality Control services (AQCS).

RESULT AND DISCUSSION

The radiometric analysis results of the collected ore and product factories samples are
shown in figs. (3,4,5,6,7). The ore and products samples were collected from :-
1-Detergent factory. 2-Ceramic factory . 3-Granite and Lime stone factory.
4- Sponge factory . 5- Heavy industries factory .

It is observed that the radioactive concentration of 238U series in the samples collected
from detergent, Sponge, Ceramic, Granite and lime stone and heavy industrial factories ranges
1.07-1.177, 1.06-1.07, 25.7-50, 4.9-27.7 and 9.84 Bq/Kg respectively. For 7J2Th series the
concentration are 0.63 - 0.7 Bq/Kg . less than detection limit, 11.2-32.44, 1.2-18.1 and 10.15
Bq/Kg respectively . For *'K ths level are 20.7-26.7,15.2-18.5,444,36-487.2,12.8-933.18 and
129.95 8q/Kg respectively. Ths highest concentration of 33aU series and B2Th series are
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found in Ceramic factory samples. While the highest concentration of 40K are observed in
Granite and Lime stone factory.

Work(4) observed that the specific radioactivities for granite, range between 806 -1315
Bq/Kg for 40K, 9.1 - 79.3 Bq/Kg for 235Ra and 12.2 - 75.7Bq/Kg f o r ^ T h . In industrial
building materials, the values range between 2.9 - 680 Bq/Kg for 4<5K, 6.8-150 Bq/Kg for
^ R a and 2.1 - 53.7 Bq/kg for B2Th .

The specific radioactivity for sand stone in U.S. are 26.27,24.05,325.6 Bq/Kg for
226Ra, 232Th, and *°K respectively'5}

The radiometric analysis results of the soil samples collected around the factories are
depicted in figs. (8,9).

It is observed that the average radioactivity concentrations of 23XU series, 232Th series,
40K and137Csare 7.47,7.6,121.8 and 0.79 Bq/Kg respectively. The highest concentrations of
233U , 232Th, 40K and l37Cs are 13.04 , 12.02, 149 and 0.32 Bq/kg . While the lowest
concentrations are 3, 5.02, 83.02 and 1.01 Bq/kg respectively

The radiometric analysis results of the soil samples collected near input and output of
the oxidation ponds are depicted in figures (10,11,12,13,14,15 ). It is observed that the average
radioactive concentrations of 238U series, 232Th series, 40K and 137Cs are 6.6, 5.65,75.4 and 1.4
Bq/kg respectively. The highest concentrations of ^ U , B2Th, ^K and l37Cs are 12.84,10.95,
129.9 and 3.2 Bq/kg respectively. While the lowest concentrations are 1.06, 1.13,15.95 and
0.2 Bq/kg respectively

All the results obtained are within the international levels as given in UNSCEAR; 35,
35 and 370 Bq/kg for B 8 U , "2Th and 40K respectivelyl s '

Based on the measured radioactive concentrations of the radionuclides in the soil
samples, calculations of the total absorbed dose rate were made by using the following equation
(5).-

D = FR, CRa + F-n, C-n, + FK CK
Where D is the absorbed dose rate ( nGy/h),

F is the dose coefficient ( 0.0414 , 0.623 , 0.461 n Gy/h per Bq/Kg for K , Th, Ra
respectively(5)

CRS , Cm, CK are concentrations of 238U , 232Th and 40K (Bq/kg) in the samples

The total absorbed dose rate due to the soil collected near the factories and the
oxidation ponds are also depicted and compared with the UNSCEAR values (figs. 16,17,18,19)

The radiometric analysis results of the plant samples collected around the factories and
near the input and output of the three oxidation ponds are given in figs.(20,21,22,23). It is
observed that the 40K is the only detected radionuclide. The average radioactive concentration
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of 40K in the plant samples collected around the factories is 93.47 Bq/kg. The plant samples
collected around the three oxidation ponds contain 131.2 Bq/Kg of 40K.

The chemical analyses of the water samples collected from input and output of the
three oxidation ponds and from the drinking well no. 7 were made by the Fustat central
laboratory ( General Organization for Greater Cairo Water Supply )(S) .The result is shown in
table (1).

It is observed that the Chromium, lead, mercury, arsenic, and selenium are detected in
the groundwater with concentration lower than that given in the Egyptian guideline.

It was expected that thewellno. 7 will be contaminated from leakage of the oxidation
ponds. The chemical analyses show that there is no any chemical pollutant in the well No. 7
resulted from the oxidation ponds. The y-spectrometric analyses of all the collected waste water
samples and water of the well no. 7 show a negative results. In other words, the radioactive
concentrations of the 40K, 238U, ^ T h and l37Cs are lower than the system detection limits.

Table (1):- Chemical analysis of the water samples collected from the oxidation ponds and

No

1

2

3

4

5

6
7
8

9
10
11

12

13

from drinking water of well No. 7 :-
Parameter

Benzene

Toluene
(pg/L)
Ethyl
Benzene

Xylene

J f f i £ k l _ _
Chromium
(ppb)
Copper (ppm)
Lead (ppb)
Mercury
(ppb)
Arsenic (ppb)
Nickel ( ppb)
Selenium

Oil and

Cyanide
(ppm)

Oxidation
pond no.l
(input)

ND

0.4066

4.334

11.8025

26.91

ND
18.88
3.40

UDL
59.40
2.08

6.79

Nil

Oxidation
pond no.l
(output)

ND

ND

ND

ND

5.25

ND
0.4
2.40

0.96
f 1 0

1.58

Nil

Result
Oxidation
pond no.2
(input)

ND

ND

ND

4.72

234.20

0.02
33.6
3.3

0.43
55
1.85

Nil

Oxidation
pond
no.2
(output)
ND

0.180

ND

1.863

72.4

ND
4.53 1
1.9

1.64
56.5
1.71

Nil

Oxidation
pond no.3
(input)

ND

1.0518

14.685

61.851

70.60

0.06
116.2
4.3

UDL
176
2.06

Nil

Oxidation
pond no.3
(output)

ND

ND

ND

ND

31.64

ND
0.66
3.3

UDL
74.3
2.80

Nil

Well
7

ND

ND

ND

ND

i0.20

Nil
8.47
4.50

2.76
0.74
2.35

[Nil

Egyptian
guideline

0.01

no value

no value

no value

50

1
50
1

50
no value
10

0

0.05
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Based on the results obtained, it is clear that the industrial activities did not contribute in
increasing of the natural radioactivety levels of the lO™ of Ramadan city environment (soil,
vegetables, water , ores,...) . The results obtained are considered as a baseline level and as
reference values that can be used in emergency action .
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ABSTRACT

As a part of the Egyptian environmental radioactivity monitoring program, the fallout
radioactivity levels in Qarun, Bardawill and Edku lakes bottom sediments have been measured.
The specific activities of U7Cs were measured using gamma ray spectrometer based on Hyper
pure germanium detector. The Specific activities of plutonium isotopes (:33Pu, 239*2*Pu and
241Pu) were measured using alpha spectrometry b?sedion surface barrier detectors and liquid
scintillation spectrometry after radiochemical separation. The activity ratios :3^:40Pu/137Cs,
23«4opu/24ipU) a n d a8pu /23^4opu w e r e calculated. The results seemed'to confirm that fallout
radioactivity is mainly due to nuclear weapons testing fallout.

INTRODUCTION

Substantial amounts of artificial radionuclides have been released to the environment
as a result of the atmospheric nuclear weapon testing. The artificial radionuclides are initially
injected into the upper atmosphere and moved slowly to the lower atmosphere and then to the
ground. The majority of the fallout radionuclides come down with precipitation and are
deposited on the ground. Among the various radionuclides released to the environment, many
scientist have focused on the distribution and the behavior of wSr, :*'Cs and ̂ ^ P u due to
their long term radiological hazards(l).

In the aquatic environment, sediment is the main reservoir of artificial radionuclides
from the global fallout. It acts as a medium of migration for the transfer of these radionuclides
to the biosphere. For this reason, both to assess the radiation dose and to make it easy to
evaluate any potential deposition of artificial radionuclides, it is essential to obtain the present
levels of these radionuclides in the environment. That is essential even for such countries (e.g.
Egypt) which have not big nuclear installations (e.g. nuclear power plants). Chernobyl nuclear
accident have been a prove and good example of the world wide radiological impacts of such
accidents(".

The major objective of marine radioecotogy investigations is to create a scientific base
to help in predicting the impact of radioisotopes, which have been released into the aquatic
ecosystems 13rCs (P-, Ti/j= 30 y) is a fission product while 134Cs (0-, Ti/;= 2.1 y) is an
activation product resulting from 133Cs (n,y) l34Cs reaction. Both isotopes occur in waste from
nuclear power production. 137Cs is also produced in nuclear weapons testing(:). Recent studies
have conformed that the earth crust and its surface contain only a negligible quantities of
natural plutonium (j). The sources of plutonium isotopes in the nature are the atmospheric
nuclear weapons testing, the reentry burn up of a ^"Pu auxiliary powered navigational satellite
(SNAP-9A), the nuclear fuel reprocessing plants, nuclear accident and the nuclear reactor
influents (4). The Chernobyl nuclear accident, as a nuclear catastrophic event, provides not
more than 2% of the total plutonium content in ti. -environment. The determination of Pu in
environmental samples has been mainly directed at Lie alpha emitting isotopes * Pu, ~" Pu and
240Pu which have high radiotoxicity. However, the largest contributor to the total plutonium
radioactivity in the environmental samples is the241 Pu isotope, a beta emitter \vith_a half-life of
14.4 years and maximum beta energy of 21 kcV. Although the radiotoxicity of "41Pu itself is
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much lower than that of the alpha emitting plutonium isotopes, the ingrowth of 241Pu daughter,
241 Am, an alpha emitter of high radiotoxicity, has to be considered. In the environment, the
mean specific activity of man-made 239Pu isotope is very close to 10"13g/g (0-23 Bq/kg) for the
surface soil. In some places, nuclear weapon test sites, plutonium producing nuclear reactor
sites and close to the chemical factories of plutonium extraction from the nuclear fuel elements,
the specific activity of Pu can exceed the "normaT level by a factor greater than 102(5). The
137Cs and Pu isotopes activity ratios can provide information on the identity of the source (s) of
these isotopes in the sediment. Global fallout has deposited t37Cs and Pu isotopes world wide.
There has been some disagreement on the fallout value of the 239+240Pu/I37Cs ratio but most
estimates place it close to 0.012 in 1962 (6). The M?v/

aMmPu and ^ P u / ^ ^ P u activity
ratios vary very much depending on the origin of plutonium isotopes. For fresh fallout from
nuclear weapon tests, the 241Pu/239+240Pu activity ratio is about 12-16 and for spent nuclear fuel
from power reactors about 130 (7>8). For weapon tests fallout and the burning of the power
supplies of satellites, the 238Pu/239+:MOPu activity ratio is about 0.081(9).

In Egypt, there are six natural lakes having a great importance from the economical,
social and environmental point of view. The Pu content and distribution in bottom sediments of
the three lakes have been investigated. Qarun Lake is located in the Middle Egypt region,
Bardawill Lake in the North Sinai region and Edku Lake in the north region of the Nile Delta.
Each of the three selected lakes have different environmental and hydrological features. Qarun
Lake (226 km2; average water depth: 4m), originally a fresh water lake, is a saline water lake
because of the intensive evaporation of the inflow drainage water which is coming in through
two main drains. Its salinity ranges from 32 to 35 g/1 Bardawill Lake (600 km2), a system of a
shallow water body, is a saline water lake. Its salinity ranges from 46.6 to 81.1 g/1. It is located
in an arid region with low precipitation (100 mm/y) and high evaporation rate (2000 mm/y).
The main water source is the sea water which is coming in through three inlets. The water
depth ranges from few centimeters to about 2.9 m. Edku Lake (131 km2; average water depth:
lm) is a shallow brackish water lagoon, with inflow drain water (fresh water) and outflow
water to the sea through one outlet. It is divided into a fresh water region near the drain mouth,
a saline water region near the inlet and a mixing water region in between(1<M2).

EXPERIMENTAL WORK

1. Sampling and sample preparation

Twenty two, seventeen and ten bottom sediment samples were collected from Qarun,
Bardawil and Edku lakes respectively. The samples were collected using a grab sediment
sampler according to Lenz. It is constructed of steel with sampling surface of 15 x 15cm2. The
sampling locations are shown in the maps given ir> Fig. 1. The samples were dried at 100°C,
crushed, mixed and sieved through a 2 mm mesh. A portion of these samples were ashed again
at 550°C to remove all organic matter.

2. Gamma spectrometric measurements

A portion of the dried samples were transfered to Marinelli beaker for 137Cs
measurements. I37Cs specific activity in Bq/kg dry weight was measured using a gamma
spectrometry based on Hyper pure germanium detector.The gamma transmission at 661.6 keV
is used for specific activities calculation. The gamma spectrometers were calibrated for energy
and efficiency using 226Ra point source and KC1 solution(13).
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3. Alpha spectrometrie measurements

100 g of ashed samples were taken for analysis. 236Pu tracer was added to calculate
the chemical yield. The samples were leached using HNOj/HF and HNO3/A1(NO3)3 solutions.
Plutonium was extracted into trioctylphosphine oxide in cyclohexane. This is a very effective
step to separate Pu from most of the matrix elements like Si, Fe and alkaline earth elements. Pu
was back-extracted using ascorbic acid in KCl-solution. The Pu fraction was purified by
coprecipitation with LaF3 and anion exchange. Finaly, Pu was electrodeposited from oxalate
solution on stainless steel disk and measured using alpha-spectrometry. The chemical yields
attained with this analytical procedure ranges from 70 to 90%. The lower detection limit is
0.37 mBq/sample. Since the procedure can be used for large samples, for soil up to 100 g ash
and for plants up to 20 g ash, the lower detection limit is 0.0037 mBq/ash for soils and 0.0185
mBq/g ash for plants. The analytical procedure is given in details(3).

4, Liquid Scintillation measurements

For some selected sediment samples, 241Pu specific activity was measured. After alpha-
spectrometric measurement, the disks were transfered into a polyethylene vial with scintillation
cocktail. The beta activity of 24lPu was measured using a Quantulus 1220 low-level liquid
scintillation spectrometer. Self absorption was corrected using the linear dependency of
counting efficiency in the liquid scintillation counter and the resolution in the alpha-
spectrum ( m 6 ) .

RESULTS AND DISCUSSION

The specific activities of I37Cs, m?n, 23*fMOpu and 241Pu in Bq/kg dry weight of Qarun,
Bardawill and Edku Lakes bottom sediment samples are given in Tables 1, 2 and 3
respectively. The average (range) of 137Cs, m?u, 239f240pu and 241Pu in Bq/kg dry weight and
their activity ratios, and clay, silt, sand, and organic matter percentages are given in Table 4.

For Qarun Lake 137Cs average specific activity is 4.41 Bq/kg dry weight, with a range
from 1.66 to 6.81 Bq/kg dry weight. a8Pu is detected in five samples only and for the other
samples it is below the detection limit. For these five samples the average specific activity of
a8Pu is 0.028 Bq/kg dry weight, with a range from 0.006 to 0.094 Bq/kg dry weight. The
average specific activity of 23*"240Pu is 0.078 Bq/kg dry weight, with a range from 0.021 to
0.156 Bq/kg dry weight. The average specific activity of 241Pu, in four selected samples, is 2.45
Bq/kg dry weight, with a range from 1.1 to 3.4 Bq/kg dry weight. The average 23^240Pu/137Cs is
0.018 with a range from 0.007 to 0.031. The average 24lPu/ 23^M0pu activity ratio is 33.3, with
a range from 19.0 to 44.0, while the average 2 3 8 Pu /^^Pu activity ratio is 0.40 (0.12 by
excluding S7 value), with a range from 0.07 to 1.5.

For Bardawill Lake, !37Cs average specific activity is 2.41 Bq/kg dry weight, with a
range from 0.35 to 5.88 Bq/kg dry weight. B8Pu is detected in eight samples and for the other
samples it is below the detection limit. For these eight samples the average specific activity of
^Pu is 0.057 (0.032 excluding S16 value) Bq/kg dry weight, with a range from 0.008 to 0.237
Bq/kg dry weight. The average specific activity of 239+240Pu is 0.213 Bq/kg dry weight, with a
range from 0.018 to 0.415 Bq/kg dry weight. The average specific activity of241 Pu, in four
selected samples, is 1.9 Bq/kg dry weight, with a range from 1.7 to 2.1 Bq/kg dry weight. The
average ^ ^ f t i / ' ^ C s is 0.11 with a range from 0.018 to 0.331. The average 2 4 1Pu/^""Pu
activity ratio is 9.93, with a range from 6.2 to 14.0, while the average ^'Pu/ ^ ^ P u activity
ratio is 0.30 (0.19 by excluding S16 value), with a range from 0.023 to 1.1.

For Edku Lake, l37Cs average specific activity is 4.16 Bq/kg dry weight, with a range
from 1.11 to 11.5 Bq/kg dry weight. 238Pu is detected in two samples only Mid for the other
samples it is below the detection limit. For these two (S4 and S8) samples the specific activity
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of a8Pu is 0.013 and 0.017 Bq/kg dry weight respectively. The average specific activity of
239+240̂  i s 0 0 8 4 g ^ g dry weight, with a range from 0.007 to 0.125 Bq/kg dry weight. The
average specific activity of 241Pu, in five selected samples, is 1.12 Bq/kg dry weight, with a
range from 0.8 to 1.3 Bq/kg dry weight. The average 23!H240Pu/B7Cs is 0.023 with a range from
0.009 to 0.033. The average 241Pu/ 23*fMOpu activity ratio is 15.60 (10.48 by excluding S5
value), with a range from 6.4 to 36.1, while the average ^Pu/ 23*"M0pu activity ratio (two
values only, 0.178 and 0.136) is 0.16.

Table 3: Specific Activities of U7Cs,
Edku Lake Bottom Sediments

238TPu, "^- w Pu and '41Pu and their activity ratios in

Sample
Description

SI ..
S2
S3
S4
S5
S6
S7
S8
S9
S10

S
l37Cs

4.65 ±0.63
3.37*±0.32
4.94 ±0.37
2.80 ±0.27
1.37 ±0.12
4.03 ±0.40
1.11 ±0.10
3.82 ±0.31
4.04 ±0.08
11.5 ±0.44

jecific activities in Bq/kg dry weight
a s Pu

<0.012
<0.012
<0.011

0.013 ±0.005
<0.012
<0.012
<0.010

0.017 ±0.005
<0.015
<0.014

0.070 ±0.009
0.103 ±0.012
0.102 ±0.011
0.073 ±0.008
0.036 ±0.006
0.092 ±0.012
0.017 ±0.004
0.125 ±0.012
0.121+0.011
0.101 ±0.011

"'Pu

-
1.2 ±0.3

.
1.3 ±0.3
1.0 ±0.3

.
0.8 ±0.4

1.3+0.4

Activity ratios
B9*wpu/

l37Cs
0.015
0.031
0.021
0.026
0.026
0.023
0.015
0.033
0.030
0.009

M'Pu/
239+240J),,

-

12
.

36
11
-

6.4
.
13

asPu/
239+24OPJJ

-

-

0.178

0.136

-

The specific activities 137Cs in Qarun, Bardawill and Edku Lakes are in the range from
< 0.1 to 11.5 Bq/kg. It is comparable to the values of Nasser Lake bottom sediment, Egypt, in
a range from <0.1 to 19.7 Bq/kg dry weight(!7). Also it is higher than the level of 137Cs in Suez
Canal bottom sediment, 1.6 Bq/kg dry weight08'. The average specific activities of I37Cs in
Qarun and Edku Lakes are higher than in Bardawill Lake. That could be explained due to the
Afferent of water resource where in Qarun and Edku Lake the main water resource is the drain
water from cultivated land. Due to the solubility ofCs, it can be leached from the soil to the
drain water and accumulated in the Lake bottom sediment over years. Also the clay and slit
percentages in Qarun and Edku Lakes are higher than in Bardawill Lake.

The specific activities of 239tM0pu in Qarun, Bardawill and Edku Lakes are in the
range from 0.007 to 0.415 Bq/kg dry weight. These are close to the lower range of the data
cited in the literature which is 0.4-4.0 Bq/kg dry weightCI9). That is quite understandable, as
there is no nuclear facility which may discharge plutonium and the only possible source here is
fallout. The specific activity of 239+2"°pu in Bardawill Lake is more than 2.5 times higher than
that of Qarun Edku Lake. The reason for this might be the high evaporation rate of the sea
water in Bardawill Lakg and/or the differences in plutonium content of sea water (Bardawill
Lake) and drain wate¥4(Qarun and Edku Lake). The 239f24Opu concentrations in sea and fresh
water are 0.008-0.21; 'and 0.02 Bq/m3 respectively(20). Also, we found out that in Qarun and
Edku Lake samples with maximum and minimum specific activities of 23^f240Pu are correlated
with the differences in clay, sand and organic matter percentages. The maximum values are
associated with high clay and organic matter percentages and low sand percentages. This
relation is not clear marked in Bardawill Lake, may be because of the intensive evaporation of
sea water and/or the high sand percentages (average of 80% sand).

The specific activities of the different Pu isotopes measured jn the bottom sediment samples
from the three lakes are alt below or in the lower range of the global contamination of Pu
caused by fallout of nuclear weapon tests and burning of satellites in the atmosphere. As all
measured specific activities are very low (see Table 4), the 24lPu/239+240Puandthe m?u/
23SH'240Pu r. "tivity ratfqg can only be calculated with large errors. Nevertheless, the obtained
ratios confirm the expected values. From the results obtained it can be concluded that the Pu
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measured in @m <&aBom sediments of the three Egyptian lakes has its origin from the global
fallout of the weapon tests and the burning of the power supplies of satellites (SNAP-9A) in the
atmosphere.

Table 4: The average (range) of the specific activities of U T Cs, M 8Pu, 23*W40Pu and 2 4 IPu
(Bq/kg der weight) and their activity ratios, clay, silt, sand and organic matter
percentages in Qaran, Bardawill and Edku Lake bottom sediments

Specific activities
137Cs

23*-240pu

a 8 P u

241Pu

238pu/239+24Opu

24 l p u /239+240p u

239+M0 p u /137C s

Clay

Silt

Sand

Organic matter

Qarun Lake
4.41

(1.66-6.81)
0.078

(0.021-0.156)
0.028

(0.006-0.94)
2.45

(1.10-3.40)
0.40

(0.07-1.52)
33.18

(18.75-44.74)
0.018

(0.007-0.031)
26.52

(6.742.0)
16.79

(5.10-21.5)
46.47

(19.6-80.9)
13.44

(5.50-23.4)

Bardawill Lake
2.41

(0.35-5.88)
0.213

(0.018-0.415)
0.057

(0.008-0.237)
1.88

(1.70-2.10)
0.26

(0.02-1.07)
8.15

(6.14-13.71)
0.106

(0.018-0.331)
11.32

(4.20-21.7)
10.42

(2.70-21.4)
68.94

(47.9-85.5)
9.48

(0.60-20.8)

Edku Lake
4.16

(1.11-11.5)
0.084

(0.0178-0.125)
0.015

1.12
(0.80-1.30)

0.16

15.6
(6.40-36.11)

0.023
(0.009-0.033)

23.30
(11.7-52.0)

23.15
(11.7-38.0)

48.71
(17.4-73.7)

10.5
(5.30-18.8)
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ABSTRACT

The results of the measured values of gamma dose rate in the air at the location of
Sar-mountain (Balkan Peninsula ) using autonomous ADL - probe Gamma
Tracer system. The difference between levels of the natural background radiation
and natural environment has been pointed out at the different chosen measuring
points depending on the see level. These presented result are an initial step of an
overall research of natural radioactivity at the location of Sar-Mountain.

Key Wards: Natural Radiation, Gamma Dose Rate, Sar-Mountain

INTRODUCTION

During the whole history of Earth, radiation comes to earth surface from cosmos as well as from
radioactive materials which can be found in earth's crust. In normal conditions, earth resoures are the
biggest part of human exposure to natural radiation. More than a five sixth effective equivalent dose a year
goes for earth resoures. absorbed by individuals, mostly by intern radiation and sixth goes for cosmic rays,
mostly fay extern radiation. Cosmic radiation flux, which comes to earth surface changes in dependence on
geographical latitude and sea level(t>

Table I. Shows the dependence between cosmic radiation and sea level{1)

Sea level

Urn]
0

0.28
0.71
1.16
1.62
2.11
2.63
3.17
3.75

Air Kerma rate
[Gy/hl

31.5
33.5
37.7
43.5
S2.2
64.4
82.1
108
143

Zero level is default radiation value, which is detected in undestroyed natural surroundings. From that
level we calculate other contributes of human radiation. Precise knowledge of zero level of natural
radioactivity in some regions is basis for appraising of declined, founded situation, which can be initiated
by raise of natural radioactivity level caused by technological process. National park Sar-mountain, with
its gcografical location, geological base height, climate and water resources, with heterogeneous flora and
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fauna, is considered to the biggest complexes undestroyed human environment in Serbia and Balkan. Sar-
mountain extends to southwest part of Serbia and northwest part of Macedonia and takes a central location
on Balkan(3). It has dominant geomorphological location above valleys around and occuppies 1,607.2 km2

MATERIAL AND METHODS

In this first phase of research, chosed locations for measuring were part between Hotel "Narcis"
(920 m s.l.) and Piri Breg (2522 m s.l.). Measuring started on the bottom of turistic complex of Brezovica,
whose sea level is 900-950 m, on leaned balcon in the wide part of valley of Lepenica. Next, we continued
to meansure through the valley of the river Murzica, the tributary of Lepenica, on 950-1200 m sea level.
This area is a week-end zone for this touristic complex. Measuring points on highest sea level of the
mountin were on 1700-2522 rn between Stojko's house and "Piri-Breg".

The gauging of the equivalent gamma radiation dose rates in the air was implemented by an autonomic
ADL - drill "Gamma Tracer", the system for the continual gauging of the natural radiation level. The
autonomic radiation dose gauging instrument Gamma Tracer y - registers continually within the time
intervals selected. The electronic set and the power supply are located in the water-proof box. The chip
technology for power supply is free of any maintenance within full operation of the Gamma Tracer device
within the three years operation with no recharging required(4). Registered values can be, at any moment,
disposed through the interactive infrared port. The gamma professional software operation communication
program, as well as the analysis software, guarantee simple, fast and safe approach to the data collected
and their visualization(3). Figure 1 indicates the most important components of the Gamma Tracer system.

At all measured points, probe was placed 1 m from the ground. Because there was only one probe,
average data recording time interval was 8 hours.

!C
. Trans /\-;: ,,-*
| ceiver ^Transmission/^-;

GM-detektor

IR
Transceiver

- * -

V IT
GM-detector

URI- CHIP Li -battery

PC

/v

Fig.l. Indicates the most important components of the Gamma TRACER system.
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RESULTS AND DISCUSSION

Table 2 shows measured values of gamma doses rates, measured on 10 representative locations, which
where on different sea levels.

Table 2. The gamma dose equivalent rate in the air at the locations

No.
location

1
2
3
4
5 .
6
7
8
9
10

Location

Hotel Narcis
Weekend
Tresnja
Velike livde
BaciJa
Crvena karpa
Grcke livade
Beveracke rupe
Piri bregl
Piri breg II

Sea level
(m)
920
1000
1171
1730
1803
1891 *
2050
2150
2266
2522

Gamma dose equivalent rate (nSv/h)
Average value

117
119
123
136
138
148
151
159
173
211

Min
35
38
41
78
72
77
78
83
96
102

Max
186
192
199
217
213
223
229
233
241
298

In Fig. 2. are shown gamma dose equivalent rate in the air at different locations

i l
1

i
o 4 5 6 7

Locat ions

8 9 10

Figure 2 . Averige values gamma dose equivalent rates at locations

When we look at Table 2. and Figure 2. we can see that values gamma doses equivalent rates in air
depend on sea level. The highest values were measured, as we expected, in the highest regions of tourist
complexes, where the cosmic radiation is stroger. However, measured values on the same places where
different depending on various times of day. During those researches done in august, meteorological
parameters heve been rashly changed which caused various concentration of radon and, of course, natural
radiation.

Measuring where done in the same time of the day and in the same time intervals to preserve measure
conditions. The biggest variations of intensity where recorded on the highest sea level (location 10.- "Piri
Breg") and at the beginning of the tourist complex (location l.-Hotel "Narcis").

Mostly on all locations, the biggest values of recorded data where recorded early in the morning (about
6 o'clock), than about 12 and 18 o'clock. Those daily variations can be imputed to changes of atmosphere
stability. Early in the morning, before the sun raise, temperature inversion prevents vertical air flow which
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causes extremely stabile atmosphere. Consequence was morning maximum concentration of radon in
beckground layers and, of course, bigger gamma radiation value.

Figures 3. and 4 show of gamma dose equivalent rate in the air measured from two measuring points.

A: Gamma dose equivalent rate-.. '• Hotel Narcis

_UL
B: Temperature- V-V

29.00
27.00
28.00
25.00
24.00
23.00
22.00
21.00
20.00

I3L
16:30 t

ZZ33

-ul.

Gamma dose equivalent date (nSv/h)

Average value

115

Mia

35

Max

186

JS.

Figure 3. Gamma dose equivalent rate in the air at the location No. 1. - Hotel Narcis

A: Gamma dose equivalent'rate Crvena karpa

o.oo

pnr
06:00 12:00 15:00 18.08.

B: Temperature C:..

Gamma dose equivalent rate (nSv/h)

Average value

148

Mia

77

Max

223

Figure 4. Gamma dose equivalent rate in the air at the location No. 6. — Crvena karpa
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CONCLUSION

Gamma dose equivalent rate in the air of autonomous device ADL-Gamma Tracer is measured. It is
pointed to existence of difference in natural background radiation on chosen measuring points, in the
dependence of sea level. The results which are shown bellow, are beginning steps of the universal research
of natural radioactivity at the location of our national park of Sar-Mountain. However, this difference
could be caused by variations of contents of natural radionuclides in the ground, although this variation is
very small.
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Abstract
The economic importance of aluminum metal pushed us to evaluate

a rapid and accurate method for its separation and determination. The
study introduces Girard' s reagent P(HAPH) as a good chelating agent for
the flotation of Al(III). The different parameters affecting the flotation
separation process are investigated in detail. It was found that lxl 0"4

mol/L HAPH is sufficient to separate 2.5x10° mol/L Al(IH) using ixlO"3

mol/L oleic acid as a surfactant at pH = 6 and at room temperature (25°C)
with % 100% efficiency. The effect of foreign ions is also studied and the
data obtained show that most of the investigated cations and anions have
no adverse effect on the flotation efficiency of Al(III). The decrease in the
efficiency in the presence of some heavy metals may be due to the
formation of metal oleates. The flotation procedure is successfully applied
to remove 2.5x10° mol/L of Al(III) added to some natural samples
obtained from different locations. Trials are made to suggest the
mechanism of flotation depending on the data obtained from the
physicochemical studies on the solid complexes isolated in the absence
and presence of oleic acid. The use of HAPH was extended to the
spectrophotometric microdetermination of Al in the presence of
K3[Fe(CN)6], PFC, giving Al-HAPH-PFC compound with blue colour.
This gives a new spectrophotometric method for determining 2x10"* mol/L
of Al(III) at 730 nm with molar absorptivity of 3.42xlO3L mol*1 cm'1. The
different analytical parameters are investigated.

Introduction
Aluminum is the most abundant metal0' in the earth's crust (8%). Its

compounds are used in fire retardants to refractories, cement to paper,
paint to toothpaste, abrasives to catalysts and water treatment feedstocks
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to ceramics. Moreover, it is used for the extraction of other metals from
their oxides due to the great affinity towards oxygen(2). Therefore, the
recovery of Al(III) from water, industrial effluents and wastevvater is one
of the goals of many workers.

Numerous techniques have been used to separate metal ions form
aqueous solutions(3'8). Although precipitate, ion flotation and solvent
sublation are used for the separation of different metal ions, little work(9'll)

have been done concerning aluminum.
Several procedures have been reported(l2"16) for the

spectrophotometric determination of Al(III). However, no attention has
been paid towards the use of hydrazine derivatives in combination with
ferricyanide as colouring agents for the microdetermination of the analyte
under investigation.

Experimental
Reagents: Unless otherwise stated, all chemicals used were of analytical
grade. Oleic acid (HOL) was used directly as supplied and its stock
solution (6.36xlO"2 mol/L) was prepared by dispersing 20 mL HOL in 1 L
kerosene. AICI3 (lxlO'3 mol/L stock solution) was prepared in double
distilled water. The hydrazine derivatives, pyridiniumchloride
acetylhydrazine (HPAH), 1-acetylpyridinium chloride-4-phenylthiosemi-
carbazide (HAPPT), 1-acetylpyridiniumchloride-o-hydroxyacetophenone
hydrazone (HPPHH), trimethylarnrnoniumchloride acetylhydrazine
(HATH), and 1-acetyltrimethylammoniumchloride o-hydroacetophenone
hydrazone (HATHH) stock solutions (lxl 0"2 mol/L) were prepared by
dissolving the calculated amount in double distilled water.
Apparatus: The flotation cell was as previously mentioned(17). IR spectra
of the ligand and its Al(III) complexes were recorded on MATTSON 5000
FTIR Spectrometer using jCBr disc. The pH readings were measured using
HANNA Instruments 8519 digital pH meter.
General procedure for the separation and determination of Al(III)
a- For the separation

Suitable concentrations (specified for each investigation) of both
Al(III) and reagent (HPAH, HAPPT, HAPHH, HATH or HATHH) were
mixed followed by 3 ml distilled water. The pH was adjusted to the
optimum value. The solution was then transferred quantitatively to the
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flotation cell and completed to 20 ml with double distilled water. The cell

was shaken well for few seconds to ensure complete complexation. To this

solution, 3 ml of HOL (having definite concentration) were added. The

flotation cell was then inverted upside down twenty times by hand. After

10 minutes, for complete flotation, the concentration of Al(III) in the

mother liquor or in the scum was determined. The floatability (F%) was

calculated from the concentration in the mother liquor according to the

relation: F = (Ci - Cf)/ci x 100%, where Cj and ct- denote the initial and final

concentration of Al(III), respectively. The solid precipitate in the scum

layer was separated from the cell, filtered, washed with double distilled

water, then dried in an oven and dissolved in 5 ml aqua regia and diluted to

the suitable volume required for the complexometric determination. The

F% was calculated as: F% = cjci x 100%, where c; and cs denote the initial

and scum concentrations of Al(III), respectively.

b- For the determination

To 2 ml of Al(III) solution, excess amountof HP AH sufficient for

the determination and 4 ml of 10"3 mol/L of K3[Fe(CN)6] were added and

the solution was completed to 10 ml with double distilled water. The

solution was kept in a water path, thermostated at 100°C, for 5 min to

ensure the complete development of the bluish-green colour. The

absorbance was measured at 730 nm.

Results and Discussion
Separation and microdetermination of Al(III)
Flotation - separation

As mentioned in the introduction part, the separation and
determination of aluminum, especially in aqueous media, are of vital
importance. Flotation technique is simple, rapid, inexpensive and accurate
tool for the preconcentration of trace aluminum from different matrices.
Hence, the present investigation is intended to introduce some of hydrazine
derivatives as chelating agents for the selective separation of Al(III)
through the formation of stable chelate.

Initial experiments were carried out to float aluminum(III) from
aqueous solution using oleic acid without any addition of reagent, it was
found that the separated amount of aluminum does not exceed 75% in a
wide range of HOL concentration. This relatively high value may be
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attributed to the formation of aluminum oleate (since HOL begins to
dissociate at pH>5.2). Moreover, aluminum hydroxide may be formed at
this pH and floated. Therefore oleic acid alone is not the suitable floating'
agent for giving complete flotation.
Selection of chelating agents

Attempts were made to find suitable reagent(s) for complete
flotation. The successful trials prove that the formation of aluminum
complex with some of hydrazine derivatives is the preferable one. All of
the investigated hydrazine derivatives (HAPH, HATH, HAPPT, HAPHH
and HATHH) succeeded for complete separation of aluminum(III) from
aqueous solutions and natural waters. The data obtained are shown in Fig.
1. It is noticed that the higher concentrations of HAPH, HAPPT and
HAPHH do not affect the maximum efficiency while it decreases with
increasing the concentration of HATH and HATHH. This means that the
use of HAPH, HAPPT and HAPHH is valuable in the separation of Al(III).
Moreover, it is obvious that all the investigated hydrazine derivatives
initially give lower flotation efficiency than 100% which may be attributed
to the insufficient amount of the additive reagents, so forming the species
[A1L]1+ and [A1L2]

3+ capable of flotation with oleate ions (OL'). The
maximum flotation is obtained at 1:3 (aluminum: ligand) molar ratio and
exceeds in the case of HAPH, HAPPT and HAPHH. Finally, two of the
three ligands, HAPH and HAPPT, are chosen with concentration equals
four fold that of the analyte.
Effect of metal concentration

Series of experiments were carried out to float different
concentrations of aliiminum(III), 1 -20 x 10° mol/L, in the presence and
absence of lxKT* mol/L of HAPH or HAPPT using lxlO'3 mol/L HOL at
pH ~6. The data are graphically illustrated in Fig. 2. In the absence of
HAPH or HAPPT (curve a), the efficiency (75%) was achieved up to
3X10'3 mol/L of aluminum. On increasing the aluminum concentration, the
floatability decreases due to insufficient oleate ions capable to float all of
the aluminum ions present. In the presence of lxl 0"4 mol/L concentration
of HAPH or HAPPT (curves b and c) the floatability reaches 100% at 1:3
ratio. Thorough sight to the data in curves b and c one can notice that the
complete flotation (100%) was achieved at > 1:3 ratio and below 1:3, it
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decreases due to the existence of insufficient amount of ligand to form
aluminum complex capable to float.
Effect of pH

Different solutions containing the recommended concentrations
(2.5xlO'5 mol/L, Al(III), 1x10"* mol/L of HAPH or HAPPT and lxlO"3

mol/L HOL) were floated at different hydrogen ion concentrations. The
data obtained are graphically illustrated in Fig. 3. As clearly seen, the
flotation efficiency of Al(III) in the absence of chelating agents (curve a)
increases gradually with pH reaching maximum value (-75%). This in
good agreement with the aforementioned data obtained from Figs. 1,2.
Moreover, in the presence of HAPH (curve b) and HAPPT (curve c) the
floatability of Ai(III) increases sharply and reaches-100% at pH 5.5-7.
This maximum efficiency may be due to the presence of OL" ions capable
of floating [A1L3[3+. Above pH 7, the flotation efficiency decreases which
may be attributed to the formation of white emulsion and excessive foams
from sodium oleate that formed in alkaline medium. For further
experiments, pH «6 was chosen and this is obtained from direct addition of
the reagents.
Effect of surfactant concentration

Figure h presents the floatability of 2.5x10° mol/L of Al(III) using
different concentrations of HOL in the absence of chelating agents (curve
a) and in the presence of lxlO"4 mol/L HAPH (curve b) and l x l 0 4 mol/L
HAPPT (curve c) at pH « 6. Close inspection shows that the flotation
efficiency of Al(III) (curve a) slightly increases reaching 75% over a wide
concentration range of HOL and then decreases. Also, curves b and c gave
a similar behaviour but with maximum flotation (100%). It is worthy
noting that, the higher and lower concentrations of HOL (curves a,b and c)
led to a decrease in flotation efficiency of Ai(III) to bind the free Al(III)
ions or Al-complex species. At higher concentration, the decrease in
flotation may be attributed to the fact that the particles change from
coagulation precipitation through coagulation flotation, to redispersion
with an increase in the added amount of surfactant*18). lxlO'3 mol/L HOL
was used throughout the other experiments on flotation of Al(IH).
Effect of temperature

It is worthy noting that the flotation efficiency remains constant
(-100%) in the temperature range 10 - 40°C above which the flotation
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efficiency gradually decrease which may be due to the redistribution of the
floated species or to the instability of the foam layer.
Effect of ionic strength

Table 1 represents the effect of ionic strength on the floatability of
2.5X10'5 mol/L of Al(III) using HAPH or HAPPT (ixlO"4 mol/L)and lxlO"3

mol/L HOL at pH « 6. All the investigated salts have no adverse effect on
the flotation efficiency of Al(III). Only CaCl2 decreases the efficiency to
about 92% or 90% in the presence of HAPPT or HAPH, respectively. This
effect may be due to the formation of calcium oleate. This in consistent
with literature data(19) that the heavy metal and polyvalent metal salts of
soap e.g. Mg2"1", Ca2+, Ba2+

} Fe3+ and Al3+ are insoluble in water and form
curds or lime-soap precipitates that reduce the effective concentration of
the surfactant and adversely affect the performance. An excess of
surfactant can be used to disperse the curd and render it innocuous.
Effect of foreign ions

Using the recommended experimental conditions, 2.5x10'4 mol/L of
Al(III) was floated in the presence of different foreign ions. The data
obtained are given in Table 2. As can be seen, most of the investigated
cations and anions have no adverse effect on the flotation efficiency of
Al(III) at concentrations relatively high in comparison with that of Al(III).
The decrease in flotation efficiency in the presence of some heavy metals
may be due to the formation of metal oleates. This in competition with the
flotation of Al-chelates.
Application

The flotation procedure is applied to remove 2.5xl0'5 mol/L of
AI(III) added to some natural samples obtained from different locations.
The data obtained are listed in Table 3. It is clear that the recovery of
Al(III) using HAPPT is about 100% for all the samples. However, the
concentration of HOL .surfactant is relatively high to overcome the
interferent effect of Ca2+ and Mg2* present in sea and underground waters.
This in good agreement with literature data(19) that if the hardness of water
is not to great, an excess of surfactant can be used to disperse the curd
precipitate which are calcium and magnesium oleates and render it
innocuous.
Mechanism of flotation

In order to propose a mechanism for flotation of Al(III), the
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complexes formed on the reaction between HAPH and Al(III) chloride
were isolated either from aqueous solution or in the presence of HOL
surfactant (the floated layer). The isolated solids were analysed and the
obtained data are listed in Table 4. The nature of the two complexes may
give insight about the flotation mechanism. The results indicate the
formation of [A1(APH)3] in the aqueous phase, whereas the complex
isolated in the presence of HOL has the formula [A](HPAH)Cl3.3H2O] as
shown'in the following equations

AICI3 + 3HAPH Aqueo^solutiO" >A1(APH)3 + 3HC1

AICI3 + HAPH Scmn layer >AJ(HAPH)C13.3H2O

The infrared spectrum of HAPH indicates that it exists mainly in the

keto form. This suggestion is confirmed on the basis of: i) the v(CO) band

(amide I) is observed at 1692 cm"1, ii) the other amide bands(20), II

(SNH+vCN), III (vCN+5NH) and IV (50C=N) are observed at 1536,

1300 and 674 cm"1, respectively, iii) the two bands at 3664 and 3340 cm"1

are due to the symmetric and asymmetric stretching vibrations of NH2

group while that observed at 1631 cm"1 is due to the 8(NH2) vibration, iv)

the v(NH) band is located at 3246 cm"1 and v) the v(N-N) band is

observed at 1001 cm"1. The i.r. spectrum of [A1(APH)3], shows the

absence of v(CO) and v(NH) bands with the simultaneous appearance of a

strong band at 1573 cm"1 due to a combination of the new azomethine

vibration with that present in the ligand due to v(C=N) vibration of the

pyridine ring. Also, the shift to lower wavenumber of the NH2 bands may

be considered as a strong evidence for the nitrogen chelation. Further

support for oxygen and nitrogen chelation is the appearance of new bands

at 310 and 360 cm"1 due to v(M-N) and v(M-O) vibrations. The above

evidence support that HAPH acts as a mononegative bidentate ligand

coordinating through the oxygen atom of the enolic carbonyl group and

NH2 group. The suggested structure of the complex may be presented as

sliown__in_j;i). The i.r. spectrum of [A1(HAPH)C13.3H2O] shows the

existence of the carbonyl group at 1690 cm"1 but its intensity is very weak

indicating its participation in chelation. Also, the v(NH2) band is shifted to

lower wavenumber indicating the involvement of this group in

coordination. The other functional group bands are more or less

unchanged. The suggested structure is as shown in (2).
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Spectrophotometric microdetermination of aluminum(III)
The application of HAPH is extended to the determination of Al(III)

spectrophotometrically. However, the reaction between HP AH and Al(III)
gives a colourless complex, the addition of potassium ferricyanide (PFC),
to the A1(III)-HAPH system forms a blue coloured compound which is the
basis of a sensitive spectrophotometric method for the determination of
aluminum(III).

The absorption spectra of HAPH, A1(III)-HAPH, HAPH-PFC,
A1(III)-PFC and A1(III)-HAPH-PFC systems are depicted in Fig. 5 (curves
a, b, c, d ande, respectively). Comparing the absorption spectra of these
systems, one can observe that: the spectrum of A1(III)-HPAH-PFC system
has a maximum absorption band at 730 nm. The great blue shift(21) in Xmax

permits an accurate spectrophotometric determination of Al(III); the
absorption spectra of HAPH, A1(III)-HAPH, HAPH-PFC and A1(III)-PFC
exhibit bands at 238, (300, 380), 460 and (255, 348) nm, respectively. The
absorbance of HAPH-PFC system (curve c) at 730 nm is relatively
appreciable, therefore, the measurements must be carried out using a blank
solution containing the same concentrations of HAPH and PFC as that in
die sample solution to compensate the absorption due to this system. The
sequence: [Al], [HAPH] and [PFC] respectively, is the best one for the
formation of the complexes. Solution for measuring the spectrum of
A1(III)-HAPH-PFC system was prepared by mixing 0.5 ml of each Al(III),
HAPH and PFC (10'2 mol/L, each) and the volume was completed to 10
inL with bidistilled water in a calibrated flask. After keeping the mixture
for 3 min. at about 60°C in a water bath, the absorption spectrum was
measured against a blank solution containing the same ingredients except
the analyte, Al(III).

To establish the stoichiometric ratio of the formed compound in
solution, the well known .molar ratio method(22) has been applied. In this
method two series of experiments were conducted at 730 nm. In the first
series, the concentrations of Al(III) and HAPH were kept constant at
SxlO"4 mol/L (1:1 ratio) while that of PFC was varied in the range 1 -
15x10^ mol/L (curve a). In the second series, the concentrations of Al(III)
and PFC were kept constant at 5x10"4 mol/L (1:1 ratio) while that of
HAPH was varied in the range I -15x10"4 mol/L (curve b). The combining
ratio of Al(II): HAPH: PFC is found experimentally to be 1:1:1. On the
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basis of these results, the formed new compound is [Al(HAPH)]—
[Fe(CN)6] .

The apparent formation constant of the formed compound has been
calculated using Harvey and Manning equation23: The values were found
to be 0.71xl05 (first series) or 2.73xlO5 (second series), respectively.
These values reflect high stability of the formed compound.

To variable concentrations of Al(III) (1-32x10° mol/L), constant
concentrations of HAPH and PFC (15X10"4 mol/L, each) were added. The
absorbance values of A1(III)-HAPH-PFC system were measured at 730 nm
under the optimum conditions (sequence of addition, temperature, time).
Plotting the absorbance values versus the aluminum concentration gives a
straight line passing through the origin. Beer's law was obeyed only at
concentration up to 2x10^ mol/L (5.39 ppm Al3+). The molar absorptivity
(s) was calculated to be 3.42x1031 mol*1 cm'1. Thus, a reliable sensitivity
and reproducibility is obtained when the chemical compound of Al(III)-
HAPH and PFC, is" formed indicating that this method can be used for the
microdetermination of Al(III) ions.
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Table 1. Effect of ionic strength on the floatability of 2.5xlO"5 mol/L of

Al(III) in the presence of HAPPT or HAPH (ixlO^4 mol/L) using

lx!0-3mol/LHOLatpH6.

Salt

NaCl

KC1

CaCl2

Na2SO4

Concentration

mol/L

0.001

0.01

0.1

0,001

0.01

0.1

0.0001

0.001

0.01

0.001

0.01

0.1

% Floatability in the presence of

HAPPT

100

100

99.9

100

99.9

99.7

99.90

99.8

92.0

100

99.9

99.8

HAPH

100

99.9

99.8

100

99.7

99.5

99,85

99.6

86.0

99.9

99.7

99.6
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Table 2. Effect of some foreign ions on the floatability of 2.5x1 O^mol/L

Al(III) in the presence of PIAPPT or HAPH (lxlO'3 mol/L) using

lxlQ-3mol/LHOLatpH6.

Foreign i#n

Na+

r
Zn2+

m2+

Co*
Fe*

Ag+

Cua+

Li+

Ti3+

w+

Ca*

Mrt2*

Cd2 +

Cf3*

Baa +

Concentration

(xlO3 mg/L)

100

100

100

0.1

0.05

0.05

100

0.05

100

0.5

100

1.0

0.5

0.1

0.05

1.0

0.1

% Floatability ir

HAPPT

99.9

99.8

99.8

99.9

99.9

99.8

99.9

99.9

99.9

99.8

99.9

98.0

98.0

99.8

99.9

99.9

99.8

I the presence of

HAPH

99.9

99.8

99.2

99.8

99.7

99.7

98.0

99.9

99.7

99.6

99.6

96.0

96.0

99.6

99.9

99.8

99.7
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Table 3. Recovery of Al(III) (2.5xlO'5 mol/L) added to some natural

samples (obtained from different locations) using ixlO"4 mol/L

HAPPT in the presence of lxlO'3 mol/L HOL at pH 6.

Type of water (location)

Bidistilled water

Drinking water (Mansoura)

Nile water (Mansoura)

Sea water (Alexandria)

Sea water (Gamasa)

Underground water (Nawasa El-Bahr)

Recovery of Al(ffl)(%)

100

99.9

99.1

99.7

99.4

99.2

Table 4. Chemical analyses of A1(III) complexes.

Formula

A1(APH)3

(in aqueous)

A1(HAPH)C13.3H2O

(in oleic acid)

% Calc.

Al

4.6

7.2

CI

18.1

37.0

% Found

AJ

5.2

7.2

17.8

37.3
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100-

10

Fig. j - FJoatability of 2.5xlO's mol/L Al(lll) at different pHs in the absence of
ligands (curve a) and in the presence of lxlO"1 mol/L of HAPH (curve
b) or R\PPT (curve c) using 1x10° mol/L HOL.

100-

10 15 20

t HoL^mot/l

25 X104

Fig. 2." Floatability of 2.5xlO"J mol/L Al(IIl) using different concentrations of
HOL in die absence of ligand (curve a) and in the presence of U10J

mo!/L of HAPH (curve b) or H APPT (curve c) at pH 6.
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25X10,-s

Fig. 3 •• Floatability of 2.5x10'' mo!/L A1(I!1) using different concentrations of
hydrazine derivatives in the presence of U10"3 mol/L HOL at pH 6.

100-

20 X10"5

Fig.i^ .Floatability of diffcrem concentrations of Al(Ill) in the absence of
iigands (curve a) and in the presence of HAPH (curve b) and HAPPT
(curve c), lxlO"1 mol/L, of each, using lx lO J mo!/L HOL at pH 6.
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Fig. 5 Absorption spectra of: (a) SxlCT4 mol/L HAPH; (b) 5x10"* mol/L Al(III)
+ SxlO-4 mol/L HAPH; (c) SxlO"4 mol/L HAPH + 5x10* mol/L
K3[Fe(CN)6], (d) 5x10" mol/L Al(III) + 1x10° mol/L K3[Fe(CN)<J; and
(e) 5x10^ mol/L Al(III) + c.
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ABSTRACT

The organic ligands acetate, lactate, oxalate and EDTA have been identified as
components of wastes targeted for disposal in the Waste Isolation Pilot Plant (WIPP)
located in Southeastern New Mexico. The presence of these iigands is of concern
because complexation of the actinides with the ligands may increase dissolved actinide
concentrations and impact chemical retardation during transport. The current work
considers the complexation of Am(in), Th (IV), Np(V), and U(VI) with two of the
organic ligands, acetate and lactate, in NaCI mediafrom dilute through high
concentration. A thermodynamic model for actinide complexation with the organic
Hgands has been developed based on the Pitzer activity coefficient formalism and the
Harvie-Moller-Weare, Felmy-Weare database for describing brine evaporite systems.
The model was parameterized using first apparent stability constant data from the
literature. Because of complexation of other metal ions (Fe, Mg, Ni, Pb, etc.) present in
the WIPP disposal room with the organic ligands, preliminary results from model
calculations indicate the organic Hgands do.not significantly increase dissolved actinide
concentrations.

INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) located in southeastern New Mexico is a
U.S. Department of Energy facility designed for the disposal of defense-generated
transuranic wastes. The facility is located in an evaporite salt bed at a depth of
approximately 655 m. The waste is a mixture of materials including machining
equipment, protective clothing, glove box parts, and process waste streams such as
pyrochemicaf salts and solidified sludges.(1) Presently the waste is stored in steel drums
and waste boxes and the WIPP design involves emplacement of these containers directly
into the disposal rooms without reprocessing. A magnesium oxide backfill will be used
to control the disposal room chemistry. Creep closure of the bedded salt is expected to
seal off the waste, inhibiting the ability of the actinides to move away from the disposal

617



room. Associated with the bedded salt are inter- and intragranular brines with ionic
strengths as much as 10 times greater than that of sea water. The brines are composed
predominantly of Na+ - C!" or Na+- Mg 2+-CI" with smaller amounts of K*, Ca2+, SO*2",
and C03

2\(2)

Because the waste will remain untreated before emplacement, it will still contain
organic acids that were used as decontamination or process agents, including: acetic,
oxalic, citric and ethylenediaminetetraacetic (EDTA) acids. Also, microbial degradation
of certain components of the waste may lead to the formation of lactic acid. In the event
brine contacts the waste, complexation between the organic ligands and dissolved
actinides may increase dissolved actinide concentrations, thus impacting repository
performance. This work quantitatively evaluates the effect of acetate and lactate on
dissolved actinide concentrations by constructing a therm6dynamic model to describe
complexation of the organic ligands with the actinides. The variation in brine
compositions necessitated development of a model for actinide-ligand complexation as a
function of ionic strength. Because NaCl is the dominant electrolyte affecting acetate
complexation in all of the brines, the model was constructed to calculate actinide-ligand
complexation as a function of NaCl concentration.

The model constructed in this work is an extension of the Harvie and coworkers
(''S) parameterization of the Pitzer activity coefficient model(6) which was later modified
to include borate speciation by Felmy and Weare.<7) The Harvie and coworker database
has been augmented to include Pitzer parameters and standard chemical potentials for
calculating acetic acid and lactic acid complexation with the actinides Am(HI), Th(TV),
Np(V) and U(VT). The model is based on complexation data in NaCl media up to 5 m.

ACTIVITY COEFFICIENT MODEL

The Pitzer ion-interaction model (Sl8) is a semi-empirical model for calculating
activity coefficients to high ionic strength, and has been proven accurate for calculating
solubility in multicomponent electrolyte solutions.(4) In the Pitzer modei, the excess free
energy is represented by combining a modified Debye-Hiickel equation for the dilute
solution region with a virial expansion for higher ionic concentrations. The model is
reliably extended to multicomponent systems using parameters derived from binary and
ternary systems.t3>4>9)

For mixed electrolytes, the Pitzer equations representing the activity coefficients
for cation, M, and anion, X, are given by:

In YM = ZM 2 F + s m a (2B Ma+ Z C Ma) + ^ mc (2 * Me + 2 ma v)/ Mca)

+ 1 £ mama V Maa' +1 ZM I S I me ma C c a + 2 I mn A-nM + - U]
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+ 1 1 mcmc ' V cc'X +1 zx I Z I mc ma C c a + 2 I mn X-nX +••• [2]

where Z represents the summation over all species and F is a modified Debye-Huckel
expression given by

B'ca + Z I m a mc<t>' aa [3]

2 [4]

Z = Z I Z i I mi [5]

Pitzer gives phenomenological expressions defining the ionic strength dependence of the
second virial coefficient B as

B MX » PMX(O) + PMX(1)g(aWl) + PMX(2) g M l ) [6]

B ' MX = PMX (0) + pMX(1)g'(ai 'A) + P M X ( 2 ) g'(cxWl) [7]

where g(x)=2 [1-(l+x) e-x] / x2 [8]

g'(x)»-2 [ 1- (1+ x + x2/2 ) e'x] / x2 [9]

The second virial coefficients <&, are given by

The complete set of parameters in the Pitzer equation are pMX > PMX >

PMX > a nd C*MX for representing interactions between binary cation-anion pairs, 0y
for representing like ion interactions, y yt for ternary ion interactions, Xy and for neutral-
ion interactions. A complete description of the Pitzer formalism and compilation of
model parameters for many ionic species are given by Pitzer.(8)

The Pitzer model has been successfully applied to marine evaporite systems,
cuo.u) m j n e r a i precipitation in lakes, <7'12) and actinide and lanthanide solubility in high
ionic strength brines. (U"23) Additionally, a model based on the Pitzer formalism for
NpCVacetate complexation has been reported Novak et al.(24)
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THERMODYNAMIC DATABASE FOR WEPP

Numerous models exist for accurately calculating equilibrium concentrations in
low ionic strength aqueous solutions. Very few methods can adequately describe solution
behavior in concentrated electrolytes. The activity coefficient formalism of Pitzer(8) has
been parameterized for concentrated aqueous electrolyte systems by Harvie et al. ^\ who
have demonstrated the reliability of this formalism and data base for predicting mineral
solubility using chemical equilibrium in electrolyte solutions from zero to high ionic
strength. The Harvie et al. (4> data base includes all parameters necessary to predict

equilibrium in the Na+-K+-H+-Ca2+- Mg 2 + - OH"- SO42"-HSO4'-C1" - HCO3"- CO32" -
CO2 - H2O system, and serves as the reference data base for the parameterization
described in this work. A complete description of the Pitzer parameters used to describe
actinide speciation is given by Novak et al.(25)

MODEL PARAMETERIZATION

The general expression describing complexation reactions between an actinide
and organic ligand is:

actinide m + organic ligand" <=> actinide-organic(tt+m) [12]

P101 = [actinide-organic complex] / [actinidelfceforganic ligand]&« [13]

where {3lOi is the first apparent stability constant for the complexation reaction, and the
square brackets signify molality. Apparent stability constant data used in this work for
actinide complexation with acetate and lactate were taken from results reported by
Choppin et al.(26) Values were determined in NaCl media with concentrations of 0.3,1,
2,3,4 and 5 m NaCl. All data were measured using a solvent extraction technique.

Pitzer parameters for the actinides in chloride media have been reported by
Felmy et al.,(27) Neck et al., (28-30) Pitzer,<8) and Roy et al.-00 Data and Pitzer
parameters for lactic acid deprotonation are reported by Mizera et al.(3l) Parameters for
the deprotonation of acetic acid have been reported by Mesmer et al.,<32) Pitzer,(8) and
Novak et al.p4) A complete model for acetic acid complexation with Np(V) is reported
by Novak et al.(24) Pokrovsky et al.(33) has reported stability constants and Pitzer
parameters representing the data for NpO2* and UO2

2" complexation with EDTA species
in high ionic strength NaCl media. In this work model parameters were determined
using the NONLIN (version 2.0M) computer code developed by A. Felmy and run on a
Power Macintosh. NONLIN uses the MINPACK nonlinear least-squares program
combined with a chemical equilibrium program based on the Gibbs free energy
minimization procedure of Harvie and coworkers.(5) AH data points were given equal
weight in the modeling calculations.

Table 1 lists all standard chemical potentials used in this work and values
located in the literature for actinide-organic complexation including the EDTA values of

620



Table 1. Standard chemical potentials for actinide-organic complexation.

Values determined in the present work were calculated using the

data of Choppin et al. using a Gibbs energy miniization calculation.

species

Brine system (Na+ - K+ - Mg2+ -Ca*

standard chemical

potential, n°/RT
(dimensionless)

h-H*-cr-so4
2"-

OH" - HCO," - CO,2' - CO : - H2O - B)

Am3*

NpO2*

UO2
2*

Th4*

C2O:H4 (acetic acid)

C:O2H3'(acetate ion)

0,0,}^ (lactic acid)

CjO3H5' (lactate ion)

UO2-EDTA2"

UO2-HEDTA"

NpOj-EDTA3"

NpOrHEDTA2'

NpO2-H2EDTA'

Am - acetate2*

Am - lactate2*

Th - acetate3+

Th- lactate3*

NpO2 - acetate2*

NpO ;-lactate2*

UO2-acetate*

UO2- lactate*

-241.694

-369.1

-384.259

-284.23

-158.3

-147.347

0*

8.798

-361.555

-374.787

-335.708

-351.852

-364.098

-395.239

-241.436

-448.525

-291.152 ,

-526.061

-364.837

-538.585

-382.596

reference

Harvieetal.1'*

Felmy and Weare*"

Felmyetal.(27)

Fanghanel et al.<35)

Pitzer(S>

Felmy etal.{:0)

Novak etal.<:<)

Novak etal.p4)

Mizeraetal.'30

MizeraetaL(31)

Pokrovskyetal.(33)

Pokrovskyetal.03'

Poicrovskyetal.(33)

Pokrovskyetal.1331

Pokrovskyetal.(33)

present woric

present woric

present work

present work

present work

present work

present work

present work

1 set to 0
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Pokrovsky et al.(33) Values for acetate are from Novak et al.(i4) The standard chemical
potential for lactic acid was set txiQ because of a lack of data for this species in NaCl
media.<3l) All other standard chemical potentials for lactate and actinide-lactate
complexes were calculated based on this zero reference value. For use in WIPP
calculations, this simplification is of no consequence since organic acid solubilities do
not need to be determined. Concentrations in WIPP brines are based on inventory limits
and are well below solubilities reported in the literature.0>M) Data on organic acid
solubility as a function of NaCl concentration are needed to add additional parameters
for organic acid solubility.

Table 2 lists binary, neutral-ion, and like-ion, and ternary Pitzer parameters for
actinide-ligand complexation developed in this work and located in the literature. As
previously discussed, in this work, the values for lactic acid were set to 0. Parameters
for Pitzer equations are not unique and different sets of parameters may be used to
provide an identical description of the same data.(25) For the systems in this work, no
accurate measurements of data could be located below an ionic strength of 0.3 in NaCl
media. Therefore, values for (3(1> had to be estimated. It has been recommended to fix
P(1) to a certain value.(35) For 1:1 and 2:1 interactions values of 0.29 and 1.74 were
calculated based on the data compilation of Pitzar.(S-p102'l06) Values for j3(0>and C*
were calculated based on the average (3(I) values.

The literature data along with the Pitzer model for acetate and lactate are
plotted in figures 1 and 2, respectively. For all of the data modeled in this work the
Pitzer equation gave an excellent representation of the data using only binary
parameters. The parameters PC) as well as mixing parameters of cationic, anionic (0^)
and ternary (iyijk) interactions were set equal to 0, since no experimental information
was available to separate these effects from the binary interactions. For Am-Ac2+, Am-
Lac2+, and Th-Lac3* it was necessary to use large values for C* to represent the data.
All other parameters are reasonable for the type of interactions they represent.

EFFECT OF ACETATE AND LACTATE AT WIPP

Because organic ligands may complex with actinides, resulting in increased
dissolved actinide concentrations, the potential effect of organic liquids is important in
assessing the performance of nuclear waste repositories. While this effect may be
significant, organic ligands also complex strongly with other multivalent metal cations,
possibly mitigating the ability of the organic ligands to impact repository performance
with respect to actinide solubility. In support of the compliance application for the
WIPP, an assessment of the ability of multivalent metal cations to effectively sequester
the organic ligands was performed. The analysis, summarized below, demonstrates that
organic ligands will not generally be available to complex the actinides and thus will not
significantly impact dissolved actinide concentrations and transport in the WIPP.
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Table 2. Pitzer parameters used in this work and reported in the literature. Values

determined in this study study were calculated using a Gibbs energy

minimization routine.

Binary Pitzer Parameters

Species t

brine system: Na* -

H : O - B

Am3*

NpO2+

UO2
2*

Th4*

Na*
Na*
Na*

Na*

Na*

Na*

Na*

Na*

Na*
Am - Ac2*

Am - Lac2*"

Th-Ac3*
Th-Uc3*
UO2-Ac*

UO2-Lac*

Species j

K*-Mg2*-Ca2*-H

cr
cr
cr
cr

HAc
Ac'

NpOrEDTA3"

NpCvHEDTA2'

NpO2-H2EDTA"

UO2-EDTA2-

UO2-HEDTA'

HLac
Lac

cr
cr
cr
cr"
cr
cr

pou

"-cr-so4
2"

1.537

0.1415

0.4274

1.092

0

0.1426
0.683

0.04733

•0.8285

-0.1516

0.382

0

-0.0S63
1.014
1.584

1.061
0.6677
0.0124

-0.042

-OrT-HCOj'-COj

4.185

0.281

1.644

13.7
0

0.22
5.9U

-1.504

0.2575

1.74

0.2575

0

0.29

1.74
1.74

5.22

5.22
0.29

0.29

2--co2-

0
0

0

-160

0

0
0

0

0

0

0

0

0

0
0

0
0

0

0

-0.286
0

•0.0184

•0.122

0

-0.00629

0

0

0.256

0.095

0.172

0
0.047

-0.265

-0.486

0.109
0.341

0.007

0.091

reference

Harvie«a!.<4)

FelmyandWeare(7>

Felmyetal.<27)

Necketal. (M)

Pitzer<*

Roy eta!.12"

Novak etal.3*'

Picsr !S),Mesmeretal.02)

Pokrovskyetal.03'

Pokravskyetal.031

Pokrovskyetal.033'

Pokrovskyetal.03'

Pokrovskyetal.<33>

present work1"

present work
present work

present work

present work
present work

present work

present work

' values set to 0

Neutral-ion, like-ion and ternary Pitzer Parameter:

Species i Species] reference

Ac
NpO2-Ac2*

NpO2-Lac°

cr
cr
Cl-

-0.09

0

0.015

0.01029
0

Novak et al.1MI

Novak et a!.{24)

present work
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To assess the ability of competing metals present in the waste disposal area to
complex with the organic ligands, simplified competition calculations were performed.
These calculations involved the simultaneous solution of equations representing the
complexation of the organic ligands of interest (acetate and lactate) with each of the
actinides of interest to WIPP (i.e. Am, Pu, Th, and U) and the competing metals which
are known to be in the disposal area (e.g. Fe, Ca, Mg, Ni, Cr, Pb, Ga) along with an
equation representing mass balance. Complexation constants for the non-actinide metals
at low ionic strength are reported in Smith and Martell.{36) These calculations utilized
low ionic strength complexation constants and solubilities for the competing metals due
to the lack of data at high ionic strength. While no significant change to the
complexation constants are anticipated with an increase in ionic strength, the solubilities
of the competing metals may increase in high ionic strength solutions, particularly when
chloride complexation is considered. The solution of these equations demonstrated that
the presence of the organic ligands acetate and lactate do not have a significant impact
on actinide solubility. Complexation and solubility data for the competing metals (Mg,
Fe, Ni, Pb, etc.) are being collected to support the quantification of this effect, if any.

CONCLUSIONS
1

A thermodynamic model for describing acetate and lactate complexation with Am(IH),
Th(IV), Np(V), and U(VI) in NaCl media has been developed. The model accurately
represents the data to high ionic strength using the Pitzer activity coefficient formalism,
and the Harvie et al. database describing brine evaporite systems. The model can be
used to calculate acetate-actinide complexation in high ionic strength NaCl brines such
as those encountered at the WIPP. In order to fully evaluate the effect of organic ligands
on dissolved actinide concentrations, data must be available for other metals (Fe, Ni, Pb,
Mg, etc.) that can "compete" for binding sites on the organic ligands for complexation.
We are currently developing Pitzer parameters to describe complexation of actinides and
other "competing metals" with oxalate, citrate, and EDTA,

This work was conducted under the Sandia WIPP Quality Assurance Program
which is equivalent to NQA-1, NQA-2 (Part 2.7), and NQA-3 Standards. This work is
supported by the United States Department of Energy under Contract DE-AC04-
94AL85000.
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ABSTRACT
RAW storage enterprise safety assessment proposes prediction of radionuciide migration
out of repository. The experience of authors testifies the necessity of migration parameters
obtaining immediately for each object of researches. The complexity of researched process
requires studying the actual contaminated solution and specific ground interaction. Such
kind of researches was carried out for one of Radon facility in Russia. Cs-137
distribution coefficient for multi-nuclide contaminated water and site ground was
obtained In laboratory tests and specified in field conditions. The authors have developed
a complex of laboratory and field researches, which, from their point of view, allows
receiving reliable data for radionuciide migration prediction in specific conditions.

Key WordszRAW Storage Sites/ Radionuciide Migration/ t37Cs Sorptionj

RAW storage sites safety assessment needs to obtain migration parameters immediately for each
object of researches. The complexity of researched process requires studying the actual contaminated
solution and specific ground interaction. Such kind of researches was canied out for one of "Radon"
facility in Russia. Cs-137 distribution coefficient for multi-nuclide contaminated water and site ground
was obtained in laboratory tests and specified in field conditions. The authors have developed a complex
of laboratory and field researches, which, from their point of view, allows receiving reliable data for
radionuciide migration prediction in specific conditions.

Proceeding from experience of researches executed earlier for migration parameters
obtaining, the authors suppose, that such researches should be executed on each site for its
safety assessment. The researches can be executed during short period of time - 2 years. They
allow to obtain necessary input data for the prediction of radionuciide migration in specific
conditions. Such researches should contain:

- Stagel. Prospecting drilling for rock variability clarification in the top of geological
section;

- Stage 2. Field tests for obtaining of filtration properties of rock underlying basis of the
vaults: unsaturation, transport porosity, hyrdaulic conductivity, dispersion;
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- Stage 3. Chemical and radionuclidal analysis of actual contaminated water, which
have accumulated in the vaults (a continuous storage of not processed liquid waste is
forbidden);

- Stage 4. Laboratory study of interaction of host rocks with the actual contaminated
water in static and dynamic (filtration for sandy rock or diffusion for clay rock): Kd, sorption
isotherm, adsorption velocity, diffusion coefficient, etc.;

- Stage 5. Field tests for actual sorption parameters clarification.

The first object of such researches was the site of Saratov zone specialized enterprise "Radon". The
goal was to study protective properties of host rocks for safety assessment of the RAW storage site in
specific conditions.

On the first stage the geologic and hydro-geologic information was investigated and
updated. The researches have shown that the bottom of the vault is on the level of a powerful
diluvial loamy sand layer with high filtration properties. Farther geological investigations showed
that in spite of the presence of rather nontight rock layers there was no temporary aquifer and,
more over, there was no real possibility to format it due to availability of dense loam layer (0.4-
1.4 m) on the top of aeration zone and due to large slope of land surface, causing practically all
precipitation to spent for a surface drain, transpiration and evaporation. Rock humidity
distribution and granulornetric distribution also were obtained.

During this stage host rock samples have been got close enough to the vault. Those samples were
investigated in laboratory and used for farther laboratory experiments.

Tab.l

Rock sampling schedule

1
1
2

3

4
5
6

D e p t h
From

2
0.0
0.5

1.0

1.5
2.0
2.5
3.0

3.5

To
3

0.5
1.0

1.5

2.0
2.5
3.0
3.5

4.0

Rock

4
ground
ground +
brown hard-plastic loam
brown hard-plastic loam +
medium bright-brown loamy sand
light bright-yellow loamy sand
light bright-yellow loamy sand
light bright-yellow loamy sand
light bright-yellow loamy sand +
bright-yellow fine-and-coarse clayey sand
yellow-brown fine-and-coarse clayey sand

Sample

5
1c
2c

3c
4c
5c
6c
7c

8c

Moisture

7
15.503%

16.288%

13.781%
13.007%
9,716%
12.088%
9.119%

10.202%



Jfe

1

10
11
12
13
14
15

16'

17
18

19
20
21

De
From

2
4.0

4.5
5.7
6.0
7.0
8.0
10.0

11.0

12.0
12.65

13.85
14.0
15.0

pth
To
3

4.5

5.5
6.0
7.0
8.0
10.0
11.0

11.6

12.65
13.85

14.0
15.0
16.0

Rock

4
yellow-brown fine-and-coarse clayey sand +
light yellow-brown loamy sand
light yellow-brown loamy sand
yellow-brown fine-and-coarse clayey sand
medium yellow-brown loamy sand
medium gray-brown loamy sand
medium-to-heavy gray-brown loamy sand
medium yellow-brown ferruginate loamy
sand
yellow-brown ferruginate fine-and-coarse
clayey sand
gray-and-brown hard-plastic loamy sand
gray-and-brown heavy ferruginate hard-
plastic loamy sand
gray hard-plastic clayey loam
dark-gray sandy clay, daze
dark-gray hard-plastic sandy clay.

Sample

5

9c
10c
lie
12c
13c
14c
15c

16c

17c
18c

19c
-

20c

Moisture

7

10.558%
10.663%
8.359%

-
-
-
-

-

8.358%
-

-
7.432%

The granulometric composition analysis for host rocks (except clays) shows, that all samples are
rather similar and represent an inhomogeneous sandy-clay rock with the following fraction content:

clay (<0.005 mm) - 9.34-14.83 %,

fine dust (0.05-0.005mm) -18.39-33.92 %,

sand (1.0-0.05mm) - 72.27-51.25 % with a dominance of fine-grained particles of diameter 0.1-0.05
mm (44.54-56.66 % from general structure).

The heterogeneity coefficient Kh = d6O/dlO is in the range of 11.15-22.26. It means, that all
researched samples of host rock are inhomogeneous.

On the stage 2 the field tests were carried out to obtain filtration properties of rock in an interval of
depth 1.25-2.0 m. The experiments were carried out in a distance of 5 m from the vault. It was dug a dm...
hole of 1.5 x 1.4 m in plan and 1.5 m depth. Three filtration tests were fulfilled in it according to standar
methodology. It allowed to obtain such data as: transport porosity - 0.53, hydraulic conductivity (filtratic
coefficient) - 0.69 m/day, factor of hydrodispersion - 0.00206 sq.m/day, water unsaturation - 0.33.

On the third stage chemical composition of contaminated water from the closed vaults was
determined: HCO3- - 96.1 mg/1, NO3- - 3.7 mg/1, SO42-- 7.5 mg/1, K+-100.0 mg/l, Mg2+-16.8 mg/1,
Ca2+-16.0 mg/1, pH - 7.65. Underground water chemical analysis is rather different: HCO3- - 488 mg/1,
SO42-- 720 mg/1, Na+ & K+- 37.5 mg/1, Mg2+- 42.9 mg/1, Ca2+- 326.6 mg/1. As a whole, chemical
composition of investigated solutions testifies that they were derivated owing to interaction of the
atmospheric precipitation with solid radioactive wastes disposed in the vault. It may be supposed that the
water has been accumulated in RAW facility before it was closed.
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Radionuclidal composition: 226Ra -13.1 Bq/1, 6OC0 - 41 Bq/1,137Cs - 8407.5 Bq/1. Cesium - 137
can be considered as the main contaminant and the most important indicator.

This water was used in {aboratoty and field tests on the next stages.

To research the host rocks adsorption ability for Cs-137 the distribution coefficient was determined
under the following formula:

„ A.-AV
K~ = (2>

where Ao is Cs-137 specific activity in water before the test, Bq/ml;

Ai - specific activity in water after the test, Bq/ml;

V - contaminated water volume, ml;

m - the weight of rock sample, g.

For such a little Cs-137 concentration it was used 500 ml of contaminated water and 1 g of sand,
loamy sand and loam. These tests have shown, that the greater part of activity transition from liquid in a
rigid phase within the first 70-100 hours and installation of balance(equilibrium) only after very long
duration interaction is characteristic of interaction of the polluted solutions with researched rocks.

The correlation of distribution coefficient for Cs-137 in solid and liquid phases with the total content
of dusty and clayey particles in a rock is characteristic of Saratov grounds. The term Absorption in the
present researches is meant total laccess of Cs-137 absorption by the rock irrespective of its gear: an
adsorption, ionic exchange, dep^Pon etc. The dependence of distribution coefficient on a sum of dusty
and clay particles for considered contaminated water has linear character and can be determined under the
formula:

Kd= 402,83993 x Sd - 5592,20348, (1)

where Sd is the sum of dusty and clayey particles.

For investigated samples distribution coefficient varyes in 2,7 times.

Thus, the host rocks for closed vaults in the depth from 1,5 down to 14,0 m can be described as a
whole as homogeneous-inhomogeneous sandy-clayey layer described by linear dependence of distribution
coefficient on the total content of dusty and clayey particles.

The rock occuring directly at a level of the vault bottom was investigated in more details. It was
classified by field definition as "loamy sand". To accentuate it from all other host (surrounding) rocks it
also is called an "underlying" rock.
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For definition of the sorption isotherm 5 experiments were carried out. In identical glass bulbs loamy
sand, approximately on 1 g of air-dried soil with the indicated characteristics, and active solution with
different levels of activity (table JV°2). The strengthening of activity was conducted by adding in an actual
solution of cesium, and reduction - by adding of tail inactive solutions. In all bulbs volume of solutions
was 500 ml (LiqiudrSolid = 500).

Table Ks2
Cs-137 Sorption Dinamics from Different Level Solutions.

Initial activity, Bq/1
37655

Soil weight
1,0002a

Time,
hour

1

72
235
331
403
475
571

Activity

2

4000
3050
2800
2040
2180
2150

18090

Soil weight
0,9993g

Time,
hour

3
0,5
1
2
3
5
72,5
102
168
240
336
456

Activity

4
5750
5490
4080
3440
2620
1090
1040
810
670
710
640

11170

Soil weight
1,0000K

Time,
hour

5

5
72,5
102
168
240
336
456

Activity

6

2720
1110
1160
630
510
500
400

8240

Soil weight
l,0003g

Time,
hour

7

5
72,5
102
168
240
336
456

Activity

8

2040
590
470
380
370
320
340

5550

Soil weight
0,9992g

Time,
hour

9

5
72,5
102
168
240
336
456

Activity

10

980
650
510
330
280
280
260

Using three last values of the activity of the solutions with Cs-137, the average levels, accepted for
equilibrium values, were determined, the Kd values and specific activity in solid phase (table 3) were
calculated.

Table3
Distribution Koefficient at Different Levels of the Solutions

Initial
concentration, Bq/1
Equilibrium
concentration in
the liquid phase,
Bq/1
Equilibrium
concentration in
the solid phase,
Bq/g
Distribution
koefficient, ml/g

37655

2147

17755.6

.8271

18090

673

8714.4

12942

11170

470

5350.0

11393

8240

343

3947.1

11497

5550

273

2640.4

9660
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The obtained outcomes may be approximated in the best way with linear dependance N = 8872,3044
C with correlation coefficient equal 0.981 and degree function N = 10013806 C °'89175 with correlation
coefficient equal 0.988.

As the correlation of both functions is very close, for the simplified accounts it is possible to use
linear model of sorption with distribution koefficient equal 8872,3044 ml/g.

Thus, as a result of the static laboratory researches of sorption properties of the loam sand in relation
to Cs-137 at interaction with actual solutions from one of Saratov repositories, it was revealed, that in
investigated range of activity (Cs-137) from 5550 up to 37655 Bq/1 distribution koefficient is in the
interval of 8271-12942 ml/g, and the sorption isotherm has close to linear character.

Practically not depended on initial concentration of cesium at Liquid:Solid = 500, the interaction of
the polluted solutions with the investigated host rocks is characterized with sorption process up to 90 %
of initial activity within the first 70-100 hours and with getting equilibrium state only after 250 hours of
the interaction.

The outcomes obtained in a during the laboratory researches in static mode, are important and useful.
At the same time, it is natural to assume, that in dynamic conditions, more appropriate to the actual
situation, the obtained values may differ.

The experiments were conducted on a sample of the ground with infringed structure. The soil was
previously dried up to air-dried condition, then crushed and blended by intermixing.

During the laboratory researches solutions from the subsurface repository, sampled at the same site
were used. Initial specific activity on Cs-137 and salt content was submitted earlier.

For absorption capacity determination in dynamic conditions the air-dried soil with 6 g weight was
loaded into a glass column with 1 sm. diameter. Soil height was 5 cm, volume - 3,93 cm3. Filtration of
water, containing Cs-137, through the examinee sample was executed from top to bottom. Filtrate
sampling, going out from the column, was conducted constantly. Cs-137 content in the filtrate was
determined with gamma-ray spectrometry with use of the amplitude multichannel analyzer with
germanium-lithium detector.

As it may be visible from the given table, during the experiment with 450 day duration (more than
one yaer), Cs-137 was not detected in filtrate within the limits of the analysis sensitivity. Altogether 5,4
litres of solutions from the repository was passed through the column with the ground. Total amount of the
absorbed cesium was 45394 Bq. The concentration, reached at present moment, (or specific activity) of
the ground on calculations is 7565 Bq/g or 1,7.10-8 mg-eq/g.

It is necessary to mark, that for 450 day experiment the speed of solution filtration decreased on
comparison with initial more than in 7 times (with 0,39 up to 0,042 m/day).

On the base of the obtained outcomes, it is possible to approve, that the dynamic absorption capacity
of Cs-137 for the studied grounds is more, than 7565 Bq/u or 1,7.10-8 mg-eq/g.

Thus, the laboratory research of interaction of containing rocks from Saratov site with the actual
solutions which had been accumulated in repository N° 2, have shown, that for the given range of activity
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the containing rocks have rather high sorption-capacitive properties. The calculations, executed iri i.%6,
showed even at "infinite" seepage of these solutions they will be sorbed by the 25-centimetric I&yerof
loamy sand. These data allow safely to pass from laboratory to field researches for obtaining actttal
parameters of Cs-137 migration in grounds with not infringed structure.

In September 25-27, 1996, at Saratov site the first field works on study of sorption properties of a
zone of an aeration were conducted. The researches included sampling the actual polluted solutions and
their preparation, by pouring indicator solutions in pit, study of section under the pit bottom after top
filling, clarification of the filtration characteristics and sorption-capacitive parameters of a layer.

After one year in that place new series of experiments on study of interaction of rocks of the aeration
zone with radioactive solutions were conducted. For new work the last year's pit was extended and
profound. -Its sizes in the plan was 110 x 270 cm, the bottom placed on depth 164 cm in relation to the site
with inhibited storehouses.

The solutions for experiment were taken from repository Kit 2, as well as for laboratory experiments
and at realization of field work of the last year. In connection with large volume of necessary solutions
they were taken not once, but for each of three top filling separately. Chemical and radionuclide content of
the solutions was considered as the same, determined earlier. Thus the average activity of solutions on Cs-.
137 was little bit below last year's and below, than in laboratory experiments (6.4 Bq/ml). The difference
of activity of solutions in three experiments among themselves did not exceed 5%. It is possible to
assume, that because of sampling large volume of solutions from the repository there was happened their
intermixing with more fresh layers and dilution. This problem claims of separate consideration and will
be decided in future.

The experiments were conducted under the same scheme, as in 1996: at first water saturatioaof th>
soil was conducted, then in order to prevent of lateral spreading top filling was conducted by pouring
through two concentrically established infiltrometer. In the internal infiltrometer (0= 19,44 cm) the
radioactive solution was delivered, in external infiltrometer ( 0 = 30.35 cm) the water from a technical
water-supply well fed. The level of liquid in the infiltrometers was supported identical. All experiment*
were conducted with an identical gradient J = 1,2. Thus radioactive solutions were sent accordingly 1, 2
and 3 meters of the general pole or, in recalculation on volume, 29,681,59,361 and 89,041. Directly afMf
each top filling the opening tested layer of host rocks under bottom of the nfiltrometer and sampling,
control of lateral spreading and contamination of the containing rocks were conducted. The outcomes o<
three experiments are shown in table JN°3

Table 3
Field Sampling Results

Total height of the
liquid pale, m
Duration, hours
Specific activity, Bq/1
Volume of delivered
solutions, 1
Summarized activity,
Bq

Experiment 1
1

32
6800
29,681265

201832,60

Experiment 2
2

62
6600
59,362529

391792,69

Experiment 3
3

87
6100
89,043794

543167,14
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Average depth of
sampling, m
0,01
0,015
0,035
0,04
0,065
0,075
0,095
0,125
0,13
0,175

Experiment 1 Experiment 2
Soil activity on Cs-137 (Bq/g)

—
77530
--
47500
—
3180
—
2640
~
760

161200

59900
—
—
10200
—
1740
—
760

Experiment 3

223400
—
86000
—
69650
—
14320
—
2070
850

The processing of the results was conducted on each experiment separately and included selection of
empirical dependence of specific concentration of the ground (loamy sand) from depth.

For all three top fillings the empirical dependence has next kind:

N- Ae

x- A

(4)

where: N specific activity Cs-137 in the soil,

A i, Ai, A3 parameters of the experiment;

The determination of the dependence for these parameters from total activity of the solutions or from
duration will allow effectively to use this formula. Further works provide search of relations of these
parameters from other characteristics of experiments.

Taking into account, that valid height of repository does not exceed three meters and, accordingly,
height of the pole of the accumulated there liquid, cannot exceed this size, it is possible to consider the
conducted experiments as full scale physical model, which, in difference from laboratory experiments,
considers porosity and valid variability of rocks in the zone of aeration.

It follows from results of the experiment, regardless of time, delivered solution volume and total
activity, that the depth of contamination in the host rocks remains constant and does not exceed 15-17 cm.

Such data confirm possibility of using as migration model for Saratov "Radon" facility conditions
the analytical solution of this problem in conditions of "unlimited" sorption capacity.
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ABSTRACT

The migration of the dispersed radionuclides in the vicinity of a radioactive waste
repository with groundwater have a predominant role in confirming the suitability of
the disposal site. For such assessment process* the sorption of Np(V and Sr2* on
different soil samples, collected from the proposed repository site in Inshas area, was
studied in batch technique. The uptake percent of NpOz+ ions increases with a varied
sensitivity, with increasing the pH value, giving a sigmoida] shape. While the uptake
of Sr2* ions shows a slight increase as the pH value increased. The distribution
coefficient (Ka) of NpOj* decreases by increasing the humic acid concentration butiTd

value of Sr2+ displays a constant value. Also, the mean relative migration velocity of
NpO2

+, in the studied zone, is 5.53xlO"3 cm/day enhanced by the presence of 100 mg/1
humic acid to 326xlO"3 cm/day^ while that of Sr2+ is 2.19xlG"3 cm/day and is
independent of the coexistence of humic acid.

The revealed data were mathematically treated using a developed computer model
for the dispersion of radionuclides in the geosphere to elucidate the migration
behavior of these radioactive species in the selected site and to quantitatively predict
their concentration at different distances in both x and z directions over long time
scales.

Key words: Radioactive Waste/Migration/ Humic Acid/Modeling

INTRODUCTION

The nuclear activities, in Egypt, have been increased in the last decades and will be more in the
future after the operation of the second reactor. The large scale utilization of this nuclear technology
implies the safe management of the given rise radioactive wastes. In this concern, shallow burial of
these wastes has become the most viable disposal option that receiving a great attention nowadays to
provide the radiological safety for man and his environment ° \ Hence, there are planes to construct
some radioactive waste repositories in die Egyptian Atomic Energy Authority, Inshas area, for
intermediate and low level radioactive waste disposal. For such disposal processes, the radiochemicai
composition of the waste, the geocherriical behavior of the contained radionuclides and the site
characteristics must be carefully studied. •

The. migration of the released radionuclides in the region adjacent to the repository with
groundwater, that jnay be imbibed by capillary through fractures, is one of the most important respects
in the repository site assessment. This radionuclides transport is often influenced by complexation with
the dissolved organic compounds, as humic acid, that have a substantial chelation properties
Therefore, this work is devoted to study the sorption ofNpO/ and Sr+ on different soils from the
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proposed repository site under the coexistence of humic acid as a complexing agent. The Rvalues
were experimentally detennined in presence and absence of humic acid and mathematically processed to
calculate the relative migration velocities of these radionuclides in the studied zone. Finally, the
obtained data were modeled to elucidate the migration behavior of the studied radionuclides under the
coexistence of humic acid in the repository vicinity and to give full confidence to the performance
assessment for the these radionuclides disposal in the selected site.

MATERIALS & METHODS

The soil samples used in this study were sampled from the proposed site for the construction of the
radioactive waste repository in Inshas area. The samples were collected at different depths from two
wells. They were physically, chemically and mineralogically analyzed and their physico-chemical
properties are listed in table (1).

Tabled): The
Soil

Code

Si

Sj

s3

s4

Depth

(m)

3 - 6

7-11

67-69

7-10

physico-chemical properties
Well

no.

1

' 1

1

2

Litho-

logy

Sand

Shale

Basalt

Silt

Miacralogical

Components

calcite, quartz &
montmorillonite.

quartz, kaoluiite

anortkita, qiiartz
& calcite.
kaollinite &
mntmorillonite.

of the studied soils.
Main Chemical Components

SiOj |

54.2

65.2

5.6

54.1

AljOj I

5.50

10.12

16.20

15.20

Fe2Oj

0.13

2.10

7.50

7.35

MnO

0.22

0.10

0.15

0.30

MgO

1.55

2.10

6.50

6.20

CaO |

20.3

4.20

S.76

1.20

Na2O

0.32

2.10

1.90

1.65

K2O |

0.31

1.03

1.10

0.85

Groundwater samples were collected from different locations in the investigated area and chemically
analyzed according to the standard method of analysis<5). A synthetic groundwater has the same
chemical composition of Inshas area and free form any complexing agent were prepared. The physical
properties and chemical composition of this water are presented in elsewhere(6). Humic acid purchased
from Aldrich company was purified following the procedure described by Nash etalF \ A certain
weight of the purified humic acid was dissolved in ~3 ml of 0.01 M NaOH and the desired
concentrations were prepared by diluting with synthetic groundwater.

The radionuclide "J Np was obtained from Amersham International LTD, Amersham, UK in 3M
HNOj solution while the radioactive strontium was prepared by irradiating an accurate weight of
SrCl;.6H2O at the Egyptian reactor 2MW-ET-RR-1 at Inshas for 48 hr. After cooling time, the sample
was dissolved in 1M HC1, then evaporated on a hot plate and redissolved with distilled water.

The sorption experiments were performed by contacting 0.1 gm of each soil samples with 10 ml of
synthetic groundwater labeled with the radioactive tracer. The pH value of the solutions was adjusted at
pH = 8.4. The mixtures were shacked at room temperature for equilibrium time using Julabo SW-20C
shaker. After equilibrium, aliquots were sampled and radiometrically assayed. The solutions traced
with a-emitter ^7Np radioisotope were . radioassayed by fuming a 50 p.\ of each solution in a bottom
car/ed stainless steel tray using a UV- lamp for five minutes. The trays were counted for a-particles
for a certain periods of time using EG & G ORTEC a-counter of model 142 A, USA. The S9Sr-spiked
solutions were assayed gamma radiometrically. In this concern, a liquots of a known volume of the
solution under treatment were counted using a well type Na(TI) Scintillation crystal connected to a
sinsle channel analvzer model Nucleus 2010 series scalar time.



RESULTS AND DISCUSSION

Preliminary experiments were performed to determine the equilibrium time and the sorption extent of
Np(V and Sr2* on the investigated soils. They attain equilibrium time after 24 and 2 hr with a percent
uptake amounted to 51 % and 87 % for Np and Sr respectively. Also, the sorption extent was found to
depressed by the presence of competing ions for both of them.

1-Hydrogen Ion Concentration.

The effect of varying the solution pH value on the amount sorbed (in percent) of NpC>2* and Sr2* is
shown in Figs.(1-2). The sorption of NpC>2+ changed obviously over different pH regions in a varied
sensitivity giving a sigmoidal shape, Fig.(l). The sorption extent increased to - 38.7 % with increasing
pH to 6.02. While, the uptake was enhanced to ~ 40 % by increasing pH to 8.1 (1.3 % increase).
Upon further raising pH upto 10.0, the sorption was increased to 50 %. This change in sorption
sensitivity may be attributed to varying the hydrolysis products of NpCK* and changing the net charge at
the interface between the solution and the solid phase. The cationic NpOi+ species may be the likely
predominating species in the pH range below 6.4 (pH £ 6,4), where the species exhibit an overall
positive charge. Over a narrow range in the region of 6.4 S pH < 8.5 the neutral species NpO2(OH) are
recommended to be the predominant where the surface is not electrically charged. The anionic species

^ ^ net negative charge are expected to be the predominant at pH value up 8 J(8>9).

The amount of Sr+ sorbed (in percent) exhibits a slight increase as the groundwater pH value
increased from pH = 3 upto ~ pH =8 and then a relatively sharp increase was observed above this
value, Fig. (2). The slight increase in the uptake percent with increasing the pH value upto pH = 8 can
be attributed to the gradual decrease in the proton competitive effect as pH increased, where strontium
has completely soluble hydroxide and so the hydrolysis of such ions has approximately no effect on their
sorption behavior00'. At higher pH values, the presence of carbonate ions limits the solubility of Sr2*
species through the formation of SrCO3 salts that is almost insoluble01}. Hence, the precipitation of Si1*
ions as SrCO3 may be the dominating factor in increasing the sorption of Sr2+ at high pH values.
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2-Complexing Agent.

The effect of the presence of different humic acid (HA) concentrations on the sorption of NpO2
+ is

represented in Fig.(3). The results show a gradual decrease in the distribution coefficient (ATd) by
increasing the HA concentration for all soil samples. The average Rvalue reduced from 77 to 20 ml/g
by increasing the HA concentration upto 100 mg/1. Comparing with zero HA concentration, the Kd

value was decreased by 3.85 order of magnitude. The reduction in Kd value with presence of humic
acid would be mainly related to the formation of Np(V)-humate complex(12). Also it was observed that
the sorption behavior is not changed markedly by the presence of high concentrations of HA. This trend
is given rise because the HA concentration upto 50 mg/1 is sufficient for all the present Np cations to be
completely complexed with humic acid.

The influence of HA concentration on Kd of Sr2* is shown in Fig.(4). The figure reveals that the Kd

value was slightly reduced with the increase in HA concentration upto 10 mg/1 for all studied soils. At
higher HA concentrations upto 100 mg/1, the Kt attains a constant value and seems to be not affected
with the coexistent HA. This clarifies that humic acid, firstly, contributes to an interaction with Sr2*
and forms soft Sr-humate compound03', therefore the Kd display a reduced value with HA concentration
upto 10 mg/1. Based on such soft attraction, the reduction in cationic Sr2+ (free cation) concentration in
the solution may be supplied again by dissociation of the less stable Sr-humate compound. The
dissociation process proceeds until reaching the equilibrium in the solution. Hence, the ATd value
achieves a constant value with increasing HA concentration and appears to be unaffected. Therefore, the
effect of humic acid on the sorption behavior of Sr+ is relatively small.

100 -•

10 r

e

9

, 1 . t . 1 ..,

• - • - - -V

•m

• a

••• Basalt

•- Sand
• » - Shale

•-•—Silt

l . l

1000

IOO r

10

'̂

' * • • a

•

I . I . I

— •

••'-•Basalt
- • Sand
-»-• Shale
• » - Silt

I . i

0 20 40 60 80 100
HurrtK ae/cf concentration, (m&O

PiQ.(3): Effect of humic acid concenlratktf on scrptkxt
of neptunium (V) 6y different sal samples.

20 40 60 80 100
Humic sckS concentration, (mg/ 0

Fig. (4): Effect of ftum/c acid concentration on zorplion
of strontium by different soil samples.

640



3-Radionuclides Migration

The migration of radionuclides with groundwater through homogeneous porous media with uniform
one dimensional flow in the geosphere of radioactive waste repositories was processed by the following
equation1 .

YL (1)

where: Vn is the relative migration velocity of the nuclide; Fw is the groundwater velocity in the studied
area; Kd is the distribution coefficient of the nuclide between the soil and the aqueous phase; p is the
soil density (g/cm3) and s is the soil porosity. Using this equation, the relative migration velocities (Va)
of NpO:* and Sr2+ in the different geological sheets were calculated relative to the groundwater velocity
in Inshas area (Fw = 4 cm /day)(l5) and the data are given in table (2)

Table (2): The relative migration velocities of the studied radionuclides
in absence of complexing agent.

Sample
code

s,
s2
s3
s4

mean

Density

(P) :

g/cmJ

1.81
1.53
2.10
1.85
1.82

Porosity

(e)

0.215
0.135
0.132
0.255
0.184

Sr2+

• Kd

ml/g
75

304
620
651
413

cm/day
6:33xlO'3

1.16xlO3

4.05X10"4

8.47x10^
2.19xlO"3

NpO,+

Kd

ml/g
55
77
67
107
77

yn
cm/day

8.62xlO-3

4.58x10°
3.75xlO'3

5.15xl0"3

5.53xl0"3

The data in the former table show that NpCV ions migrate faster than Sr1* and the mean migration
velocities are about 723 and 1826 time slower than V^ for NpO2

+ and Sr* respectively.

On the other hand, the presence of HA as a complexing agent has no effect on the retardation of Sr+

ions by the studied soils, where the Kd value was not apparently affected. At contrast, the presence of
minor amounts of this complexing agent reduces the tendency of NpO2

+ to be adhered by the soil
samples and so the Kd was obviously decreased. The reduction in KA value due to the presence of HA
can be defined by(14):

K*= Kf T (2)
l + p[HA]

where: K* is the distribution coefficient in absence of HA;/? is the stability constant of the formed
humate complex; [HA] is the HA concentration. By substitution with Eq.(2) into Eq.(l), we have:

PtHA]
(34

Hence, the relative migration velocity of NpO2
f ions complexed with HA was calculated by applying

Eq.(3) and the data are represented in table (3).
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Table (3): The relative migration velocities of N p O / in presence of humic acid,
[HA1
mg/1

5
10
20
50
100

[HA]
eq/1

2.1xlO-5

4.1xl0"5

8.2xlO-5

2.1x10^
4.1X10-4

NpO2
+

P[HA]

4.7xlO"3

9.2xlO"3

1.8xl0"2

4.7xlO-2

9.2x10'2

Ki
ml/g
65
46
38
26
20

K?
ml/g
65.3
46.5
38.7
27.3
21.9

vn
cm/day
2.7xl0-5

7.4xlO'3

lJxlO"4

6.4X10"4

1.6xlQ-3

The data obtained reveal that the presence of HA as a complexing agent accelerates the migration of
Np(V ions. This migration was enhanced by about 59 order of magnitude with increasing HA
concentration from 5 upto 100 mg/I, where the Fn of NpO/ become 13 time slower than Fw .
Comparing the data obtained in presence and absence of HA, the Va of NpO?" is higher in presence of
HA than in its absence by about 56 order of magnitude (723/13 =55.6). This clarifies that the
coexistence of complexing agent accelerates the migration of radionuclides with groundwater.

Depending on the relative migration velocities, the time required for Sr^ions to reach Ismailia canal
(~3 km) with maximum groundwater velocity, assuming a porous media is 3.8xl05 year. This shows
that the migration time is full sufficient for the complete decay of all strontium isotopes before reaching
the canal stream. For NpCV ions, the migration time is 5xlO5 year in absence of HA, and reduced to
2.5x105 year with coexistence of 100 mg/1 HA. It is obvious that the migration time is not enough even
for the first half-life decay of neptunium that will decay out to negligible levels, through the repository
vicinity, after the transport through the vicinity of the proposed repository to the canal stream and so the
need to introduce the model efforts.

4-The Modeling Efforts

To quantitatively predict the migration and dispersion behavior of radionuclide by groundwater
through an aquifer system, the following equation is applicabletl0).

d d
— G -
dx

d d
-— C. - V* — G
dy cz 5x" ay-

d
— r G
Of

-XRf G - R r S(t)

where Kt- is the retardation factor of the soil for the radionuclide, Ci is the concentration of the
radionuclide in the solution at point (x,y,z) at time (t); Vx, Vy and Vz are the groundwater velocities in
x, y and z directions; Z>%. t>? and V? are the despersivity coefficients in x, y and z directions; X is the
radioactive decay constant and S(t) is the rate of radionuclide release into the water. The geochemical
interaction between the radionuclide and the host rock, that control the radionuclide dispersion, may be
adequately described by the following equation<17):

C; = Qi Ci x(x,t) C; ,(y,t) C/ x(z,t) A/(t) (5)

where Qi is the initial concentration of radionuclide (i) at the source; Cix,Oy and C/Zarethe
concentration of the dispersed radionuclide (/) in the three directions x , y and z; Ai'(t) is the decay of
radionuclidc (i) and sc is the effective porosity.
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Using the former equations, a computer model was constructed to elucidate the migration behavior
of these radioactive species and to quantitatively predict their concentration in both x and z directions
over long time scales. The data obtained show that the concentrations of the studied radionuclides
generally decrease with increasing the distance at any period of time. The concentrations of NpCV
after 100 year are predicted to be 1. lxlO7, 7.2xlO4, 1616.3 and 1.04 x 10"2 Bq/cm3 at the distances 2,
6, 10 and 20 m, respectively in X direction, Fig.(5). While the concentrations 2.8xlO7,5.2xlO5,
5.8xlQ'2 and 1.6x10"B Bq/cm3 are expected at the distances 1, 2, 4 and 6 m, respectively in Zdirection,
Fig.(6).

Concentration
CorxxntPsSofi

Rg45): The Orange In Np(V) concentration
with distance in X direction.

FigJG): The change in Np(V) concentration
with distance in Z direction.

The concentration of strontium after a period of 30 year are predicted to have the values 8.2xlO6,
3.9xlO6, 1.7xlO5 and ixlO'5 Bq/cm3 at the distances 10, 100, 200 and 500 cm respectively in
X direction, Fig.(7). In Z direction, the concentrations 7.3xl07, 532.2, lxlO"13and zero Bq/cm3are
predicted at the comparable time and distances, Fig. (8).
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Concentration

(Bq/orf)

Conxtiticilcn

(afar?)

FigfT): The change in strontium concentratfon
wr'tfi dstance in X cfreef on.

Vim
(Yex)

Rg.(3): The change in strontium concentrdation
with distance in Z drecHon.

On the other hand, the influence of HA coexistence on the migration rate of the studied radionuclides
is illustrated in Fig.(9-10). It can be concluded from Fig.(9) that the migration of Sr2+is unaffected by
the presence of increased concentrations of humic acid, where the potential radioactivity attains
approximately a constant value with increasing humic acid concentrations up to 100 mg/1 at the same
distance. Conversely, the migration rate of NpO2* is highly affect with the coexistent humic acid,
where the concentration decreases obviously with increasing HA concentration at the same distance.
This concentration reduction implies the enhancement in the migration of NpCVrate with coexistence of
HA and so the concentration is decreased, Fig.(lO).
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CONCLUSION

This study is a trial to throw a light on the migration behavior of supposed accidentally released
radionuclides, of nuclear and environmental importance, aiming to construct a data base enable in
confirming the suitability of Inshas area to be a site for radioactive waste disposal. The study raveals
that the transport of radionuclides with groundwater is stabilized by sorption onto the soil surface.
Also, the sorption behavior of the radionuclides is strongly dependent on their speciation. A principle
result is represented in the enhancement in the radionuclides mobility due to complexation with the
artificially introduced humic acid. Such enhancement indicates the effect of complexing agents in
accelerating the rate of radionuclide transport. Therefore, we have to pay attention to these mobilizing
agents and try to, chemically, exclude them from the radioactive waste before disposal process.
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ABSTRACT

' Although colloidal particle, affect Kd, this does not explain changing Kd with sediment
concentration, as Kd. shown to decrease with sediment concentration even after
equilibrium has been applied. For mCo and luCs, the loss of activity during
ultrafilteration of seawater is not significantly different from zero. For IS2Eu and
63Zn however, a different picture emerges, with 13% of6SZnand37% of'52Eu,
being removed by ultrafilteration . After employing filtration and U. V treatment of
semvater, the loss of activity for 6SZn is not significantly different from zero. For
111Eu, the amount of radioactivity lost using seawater which had not been treated with
U.V. is significantly higher than that lost when using U. V. irradiated water

Key Words-.Colloidalparticles/centrifugation/ultrafilteration/Kd/60Co/luCs/*sZn / m E u

INTRODUCTION

By convention, marine chemists define dissolved material as that which passes a 0.45 um
membrane filter. This operational definition is recognized as arbitrary, but it is readily usable in
practice, and usually yield reproducible results. However, it is increasingly being realized that seawater
contains an appreciable quantity of "colloidal" particles, which pass a 0.45 um filter but are
nevertheless, not in solution, Wells and Goldberge(1), have reviewed the subject, and presented data on
submicron particles separated from Califolnian coastal waters by ultrafiltration, They classified
particles as organic (both living and detrital); inorganic, such as iron colloids, and clay minerals. The
greatest abundance of particles ocurred in the smaller thanl20 nm size category, and they estimated the
concentration of particles of 5 to 120 nm at between 0.03 and 0.09 mg/1 (more than 109 particles/ml).

It is possible that submicron particles have a significant effect on partitioning of metals and
radionuclides between sediment and water, in particular, the presence in the liquid phase of solid
particles which cannot be separated by fi ltration or centrifugation may explain the commonly observed
dependence of partition coefficients on sediment: water ratios.

If submicron particles are present in the seawater before it is used in the experiments, estimated
Kd values will increase as sediment concentration decrease, as the colloids become gradually a more
important part of the system, If die submicron particles originate from the sediment, as a result of
abrasion between sediment particles, the reverse will be true.

Assessing the importance of submicron particles in partitioning is not however straightfonvard. It
has usually entailed the use of large and rather complicated apparatus<:) and much of the simplicity and
rapidity of batch tecliniques is lost. Here we report a rapid novel method for assessing the significance
of colloids, using a commercially produced ultrafilteration apparatus. Partitioning between water and
sediment can bo measured using standard batch techniques. Then the liquid phase is passed through a
dialysis membrane and the concentration of the substances of interest which are associated with
colloidal particles e:m bo determined by subtraction.
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Many authors have suggested that the adsorption by "non-settling" colloids is the main reason of
the strange observation which related to the effect of sediment concentration on the Kid values. The
problem to be answered would be whether or not there is any relationship between the sediment
concentration used in the experiments and the amounts of non-settled particles left with the solution
phase after centrifugation. The second point which needs to be clarified is whether or not there is a
relationship between the expected amounts of non-settled particles and the activity of the elements which
adsorbed to these particles. In this paper this points will be discussed in details.

EXPERIMENTAL

Sediment was collected from the intertidal zone of Breydon Water, Norfolk, UK. Grinding
dispersants or other chemical treatments were not used to avoid the possibility of chemical modification
of sediment. Grinding were dispersed by htgh speed mixing in distilled waterC3), then the sediment was
wet sieved to discard material coarser than 90 um and air dried the lower fraction at 35 °C.

Partition coefficients were estimated using batch techniques, as this has been shown to yield the
most consistent results(4).

Ultrafilteration was carried out using Centricon centrifugal concentrators {Amicon, Beverly,
Massachusetts) with a 10000 Mwt cut off dialysis membrane, allowing the passage of dissolved
species, small complexes and very low molecular weight colloids. In this apparatus, Fig, I, a sample is
forced through a dialysis membrane by hydrostatic pressure generated by centrifugation (Fig,la,b). As
dialysis membrane may have appreciable affinity for metals(S\ deionized water spiked with
radionuclides were passed through concentrators to examine for loss of radionuclide. The steps of the
procedure are shown in Fig 2. Radiotracers were chosen as: l34Cs from alkaline earth metals, ^Co and
b5Zn from transition metals and m E u from lanthanides.

The batch technique was carried out using 50 ml screw-top centrifuge tubes. Aliquots of 25 ml of
seawater filtered with 0.45 um filter, were transferred to the centrifuge tubes, dilute tracer was added
and the pH was adjusted at pH 8 using dilute HCl or NaOH. Calculated amounts of sediment fraction
<90 um were added to give sediment concentration of: 0.2, 0.6, 1.2, 4.0 and 20.0 g/l (i.e 0.005, 0.015,
0.03, 0.1 and 0.5 g for each batch respectively).

Two replicates were made for each sediment concentration together with 2 blank tubes i.e without
sediment. The tubes were closed and placed in a shaker water bath at 25°C for one day. The tubes were
then centrifuged at 2400 g for 30 minutes. 10 ml of the supernatant were transferred for counting using
GeLi detector and 15 ml has been transferred to the concentrator for ultrafiltration. The dialysis
membrane together with the concentrator were rinsed with seawater for one day and normal seawater
has been centrifuged throughout the membrane just before starting the experiment to saturate any active
site of the dialysis membrane if present. 10 ml were taken from the ultrafiltered solution for counting.
The different procedures of the different experiment are given briefly in Fig. 2.

The Kd was calculated for each sediment concentration and for each radiotracers according to the
following equation :

Kd=Ao-A/A V/M
Where:
Ao : is the initial activity in the aqueous solution before addition of soil sample (plank tubes).
A : is the activity in the supernatant after the elapse of experimental time,
v : is the volume of the aqueous solution (25 ml)
M : is the mass of dry sediment sample (~ 0. I g).
The percentage adsorption or uptake is given by :

% adsorption -•= (Ao-A/Ao) *100
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RESULTS AND DISCUSSION

Table 1 indicates the effect of ultrafiltration and U. V treatment on the uptake system using
deionized water and seawater without sediment. In case of deionized water, significant amount of
radiotracers were lost (retained in the concentrators). Taking into consideration that the concentrations
of the radiotracers are within or smaller than their concentrations in seawater and stream water which
may imply that this loss is directly due to adsorption on the dialysis membrane and other surfaces of the
concentrator. Since chosen tracer Cs, Co, Eu and Zn are of different physical and chemical properties
then their affinities for such adsorption should not be so identical to each other.

Unlike deionized water, seawater contains significant amounts of cations which compete with
cesium and its adsorption on the concentrators surface became of insignificant value. Shell et al.(4) and
Sibley et al.(5) found that less than 1 % of total I37CS is in particulate phase. Clayton et al.(<s> found that
there is.no effect of dissolved organic compound on the Kd values of cesium due to introduction of
organic legends. *

Cobalt was found (as seen in the table) to behave similarly to cesium, but some authors(5>7> found
that it co-precipitates by itself or by other elements such as iron oxide. It was suggested <8'9) that the
adsorption of ionic metals onto colloids and subsequent coagulation of these colloids into larger
particles might be the dominant removal processes of metals in aquatic environments of low suspended
particle concentration.

For b2Eu and 55Zn, using ultrafiltrated seawater (before spiking) decreased the percentage loss of
activity due to adsorption on colloidal particles greater than 10000 Mwt. already present in seawater.
Using U.V treatment and ultrafiltration of seawater twice, once before spiking and the other after
spiking, the percentage loss of activity was found to be negligible for both !52Eu and 63Zn. This
confirms the complex formation possibly chelation by organic legends which is in agreement with other
workers00'10

Effect of ultrafiltration and sediment concentration on Kd:

The results of this study are seen in Fig. 3-6 for m Cs, ^Co, 152Eu and 65Zn respectively. As has
been stated before the dialysis membrane of the concentrators will prohibit the submicron particles of
physico-chemical species or colloidal particles greater than 10000 nominal molecular weight to affect
the reaction. But during the reaction between sediment and liquid phase and shaking of the centrifuge
tubes was working, another amount of non-settled particles may originate from the solid phase.

Further ultrafiltration to separate the new non-settled particles was found to be a useable step in
determining the Kd more precisely. The general effect of this step was the significant increase of Kd for
all radiotracer and almost for all sediment concentration. Also, it can be observed that this increase in
Kd is maximum at low sediment concentration.

This behavior can be explained according to the statement given by Olofsson et al.<12b), They
said that such effect may be due to minute amount of colloidal particles which absorb the elements and
remain in solution. The same trend was reported (l4) during elements released from nuclear power
reactors into aquatic systems, although the major sink is sediment, some fraction tends to recycle into a
soluble phase and go through complicated processes such as hydrolysis, inorganic and organic complex
formation, adsorption with suspended particles.
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CONCLUSION
The following can be concluded:
1. In general, ultrafiltration of the solution after equilibrium with sediment using concentrators can be

considered as an efficient tool to avoid under estimation of the Kd values.
2. In the experiment with seawater without sediment, the submicron particles considerably effect the

fate of Eu and Zn where significant amounts of both element are shown to be adsorbed to colloidal
panicles > 10 000 M.wt., while the adsorption of Cs and Co to these colloids particles was found to
be negligible.

3. In experiment with variable sediment concentration for all elements, the Kd decrease with increase
sediment concentration. Although colloidal particles affect the Kd values, the effect of sediment
concentration on Kd is stiil apparent even after ultrafiltration. The higher the sediment concentration
the lower amount of radionuclides adsorbed onto colloidal particles and left in solution after
centrifugation.
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Table 1 : Loss of activity during ultrafiltration (UF) and ultravilot(UV) treatment of seawater
and deionized water (see Fig. 3)

Initial activity

Deionized water:
cps

%loss

Seawater:
Exp. I : cps

% loss

Exp. I I : cps
% loss

Exp. I l l : cps
% loss

1 3 4Cs

15000 + 450

10272 +148
31.6%

14809 +
1.3%

—

—

15000 + 1876

10280+1500
31.5%

14956 + 717
0.3%

—

I52Eu

12864 + 1565

8402 + 812
37.5%

8080 + 360
37.7%

11350 ±630
•11.8%

12696 ± 424
1.3%. .

6 5Zn

13440+1435

7829 ±1131
41.8%

11703 ±650
41.8%

13006 ±600
3.3%

13290 ± 600
1.2%
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ABSTRACT

Soil exhibits a marked capacity for retaining radionuclides from the aqueous to
the solid phases. The interaction of Cs-134 radionuclide dissolved in canal water
with natural soil (water bearing layer) at depth more than 40 m down the surface
of the ground was studied. Batch experiments were used to investigate the
influence of various factors on sorption of Cs radionuclide and other cations such
as Na, K, Mg, and Ca. These factors include, Cs ion concentrations, pH, presence
of competing cations and contact time. The fractional occupancies of Cs and other
cations on the soil samples was found to dependent on the structure changes of the
soil and the competing cations dissolved present in the aqueous solution. K was
found more competing for Cs ion than other cations (Na, Mg and Ca).
Distribution coefficients of Na, K, Ca and Mg was found to be constant at initial
aqueous Cs concentrations ranging from 10"4 to 10*2 moi/I, sorption coefficient of
Cs-radionuclide was found increased by decreasing the initial aqueous Cs
concentrations and was found increased by increasing the pH of the aqueous
solution from 5 to 9. Fractional uptake of Cs sorhed by the soil samples reached
to an equilibrium condition after 30 minutes for compacted soil samples and was
reached to an equilibrium condition after 24 hours for loosely bound soil samples.

Key words: Sorption/ Uptake /Soil/Cs-radionuclide /Groundwater.

INTRODUCTION

Soils exhibit a marked capacity for retaining cations in a loosely bound or exchangeable state.
The ability of the soil to remove and retain cations from aqueous solution is considered the basis
for disposal of radioactive waste w. Sorption includes all physical or chemical process of transfer
of radionucUde from the aqueous solution to the solid phase expressed by any reversible or
irreversible process m. Ismailia canal, a natural fresh water, is adjacent to the Nuclear Research
Centre, Atomic Energy Authority, can be assumed as the main pathway of the natural water into
soil layers.. Sorption of Cs nuclide dissolved in the canal water and stable cations present in the
aqueous phase (Ismalia canal water) at equilibrium condition present at the deep soil layers
(water bearing soil layer) is principally governed by the cation exchange of the soil and water
constituents. The distribution of. an element between the aqueous and the solid phases at
equilibrium conditions is often representing by distribution coefficients. The distribution
coefficients values depend on the relative ion-occupanciesl3>. In the present work, sorption of Cs
radionuclide on loosely and compacted Egyptian soil-samples was investigated .This approach is
useful for extending the laboratory experimental sorption data to the natural system.
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MATERIALS AND METHODS

Soil samples were obtained from the drillhole E3/390 by the Geological survey
administration at different depths ranged from 3 to 52 m down the surface of the ground.
Chemical, mineralogical and cation exchange capacity (CEC) of these soil samples have been
previously carried out<4). The CEC of the soil samples have been measured using ammonia
method (5> .Cs-sorption experiments were carried out using water bearing layers soil samples
(E-10 and E-l 1) at depths 40 - 44 m down the surface of the ground, natural Ismalia canal fresh
water was assumed to flow through these deep soil layers. Batch technique was used for Cs
sorption experiments.

The soil samples were crushed and grinded, 15 ml of natural canal water was contacted with
0.5 g soil samples in polyethylene bottles , at 30 °C, for 7 days , the samples were shaken,
centrifuged, filtered through 0.45 |i.m . The major cations Na, K, Ca and Mg present in the
aqueous phases were measured using liquid ion chromatography DIONEX, then the aqueous
phase was removed and replaced by the same volume of natural canal water, the water was
equilibrated with the soil samples for another 7 days and the cations, Na, K, Mg and Ca present in
the aqueous phase were analysed. These steps were repeated several times until concentrations

of the major cations present in the aqueous phase reached to the same concentrations of Ismalia
canal fresh water This soil samples were used for all Cs sorption experiments.

0.5 g of soil samples were contacted with 15 ml of bidistilled water and with natural canal
water containing CsCl solution of aqueous concentrations ranging from 10"* to 10"2mol/l labelled
with Cs-134 radiotracer. The soil samples were left contacted with CsCl solution of various
concentrations until the steady state of all concentrations of CsCl and major cations, Na, K, Mg
and Ca in the aqueous phases have been reached.

Effect of the pH values of the aqueous solution on sorption of Cs by the soil samples was
studied, by equilibrating 0.5 g of the soil samples with 15 ml canal water containing CsC!
solution of concentration 0.01 mol/l labelled with Cs-134 radiotracer, the pH of the aqueous
solutions was adjusted at 5,7 and 9. The bottles were shaken for 7 days and then centrifuged.

Effect of contact time on Cs sorption by loosely and compacted soil samples was studied.
Natural air dried soil sample of weight 10 g and another samples compacted and pressed at 100
Kg/cm3 in a press of diameter 3 cm and thickness 0.5 cm, was immersed in 100 ml of natural
canal water containing CsCl of concentration 10'3 mol/l labelled with Cs-134 radiotracer. The
aqueous solutions for both loosely and compacted soil samples were analysed at different time
intervals for the cations Na, K, Mg and Ca as well as Cs ions. The volume of the aqueous
solution remained constant during all the sorption experiments.

RESULTS AND DISCUSSIONS

Table 1 gives the values of the extracted soluble cations Na, K, Mg and Ca in the aqueous
phase from the soil samples E-10 and E-l 1, using bidistilled water and ammonium acetate.
The CEC of the soil samples was calculated by sum of the exchangeable cations in terms of
meq/100g.. The CEC values of sample E-30 and E-l I was found to be 16.57 and 23.95
raeq/!00g. Table 2 giyes the results of natural Ismailia canal water analysis.
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Table 1: Extracted Cations and the Calculated Cation Exchange Capacity from Ammonia
Tests and from Distilled Water Tests.

Soil Sample of the code no.
Extracted Cations in the

Aqueous Phase (meq/lOOg)
Ammonia Method
Bidistilled Water

E-IO
Na

11.8
4.73

K

1.4
0.4

Mg

3.19
0.67

Ca

7.56
0.89

Sum
(meq/lOOg)

23.95
6.68

E-ll
Na

5.28
4.66

K

1.08
0.63

Mg

3.38
1.78

Ca

6.83
4.67

Sum
(meq/lOOg)

16.57
11.74

Table 2 : Physical and Chemical Composition of Natural Ismailia Canal Water.

Parameter
pH
Temperature °C
Specific conductivity (ji moh/cmj
TDS(g/l)
D.O (mg/1)
B.O.D. (mg/I)

Value
7.8
23

495.7
0.03
6.5
1.93

Major Cations and Anions
Na (mg/1)
K(mg/1)
Ca(mg/1)
Mg (mg/1)
HCO,(meq/l)
Cl (mg/1)
SO4 (mg/1)
SiO4 (mg/1)

30.78
5.44

28.74
12.83
178.3
9.3

31.27
4.95

The uptake of Cs ion and extracted cations of, Na, K, Mg and Ca by the soil samples E-10
and E-11 at the initial Cs concentrations ranged from 10"1 to 10'2 mol/I expressed as meq/lOOg
is given in Table 3. While Table 4 gives the sorption coefficient (Rd) of Cs and the cations
Na, K, Mg and Ca at intial Cs concentrations ranged from 10"* to 10'2 and at pH values of the
aqueous solution of, 5, 7, and 9.
Figure (1 a and 1 b)give log fractional occupancies of Cs sorbed and other cations (Na, K,

Mg and Ca) by the soil samples E-10 and E-ll as a function of equilibrium Cs aqueous
concentrations (meq/ml).

The fractional occupancies of the ion A is given and defined as(6);

Fractional occupancies of the ion A = Equivalents of ion A on the soil sample per
100 g / CEC in equivalents per 100 g of soil sample
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Table 3: Sorption of Cs at Different Concentrations Dissolved in
Bidistilled Water by the Soil Samples, £-10 and £ -11 .

Sample E-10
Cs cone,
(mol/l)

0.01
0.005
0.001
0.0005
0.0001

Extracted Cations (meq/lOOg)
Cs

10.97
7.18
8.12
2.64
0.1

Na
2.44
2.18
1.79
1.77
1.66

K
0.32
0.12
0.18
0.33
0.05

Mg
3.4
2.56
2.29
2.12
0.76

Ca
4.42
1.63
1.63
1.04
1.16

Sum (meq/lOOg)

10.57
6.48
5.9

5.26
3.63

Sample £-11
Cs cone,
(mol/l)

0.01
0.005
0.001

0.0005
0.0001

Extracted Cations (meq/lOOg)
Cs

4.04
4.69
5.6

0.92
0.05

Na
0.42
0.31
1.14
0.4
0.03

K j
0.71
0.09
0.15
0.22
0.33

Mg
0.37
2.17
1.8

0.22
0.33

Ca
2.1
1.52
2.36
3.32
3.36

Sum (meq/lOOg)

3.61
4.09
5.46
4.4
3.95

Table 4: Sorption Coefficients (Rd) of Cs and Na, K, Mg and Ca at Different Cs
Concentrations and at Different pH Values Using Natural Ismailia CaBal
Water as an Aqueous Phase.

Sample E-10
Cs cone.
(rnol/I)

0.01
0.005
0.001

0.0005
0.0001

pH

5
7
9

Rd (ml/g)
Cs

19.75
40.33

153.48
214.56

210

Na
9.66
9.93

14.71
14.64
13.06

K
18.91
16.57
17.43
19.02
15.46

Mg
9.47
6.34
3.08
2.51
3.02

Ca
7.01
6.3

7.04
6.86
7.81

Rd(ml/g)
Cs

20.4
37.16
63.22

Na
23.2
20.9

7.8

K
128.5
75.02
57.3!

Mg
78.4

25.61
9.5

Ca
8.8

1.92
1.14

Sample E-l l
Cs cone.
(mo!/I)

0.01
0.005
0.001
0.0005
0.0001

pH

7
g

Rd(ml/g)
Cs

9.69
6.56

14.17
19.15
35.35

Na
0.52
3.62
2.49

K ]

19.25
6.9

9.24
4.35J 15.34
5.04| 4.08

Mg
8.97
9.74
8.62
6.67
7.69

Ca
10.49
6.99
8.24
6.43

10.09
Rd(ml/g)

Cs
4.17
6.41

13.22

Na
11.8
6.92

3.3

K
80.97
21.29
18.53

Mg
7.18
7.16
5.07

Ca
5.8

2.06
0.5
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log[Cs}aq (meq/ml)

Figure 1 a: (Sample £-10)

•1 -

- 2 -

log[Cs] aq (meq/1)

Figure 1 b: (Sample £-11)

Figure 1: Log Fractional Occupancies of Cs Ion and Other Cations (Na, K, Ca and Mg)

as a Function of Cs Aqueous Concentrations (meq/ml) for Soil Samples £-10 and

andE-11, Cs, Na, K, —* - Mg, and • • Ca.
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From Figure 1 a and 1 b, it can be shown that, the maximum Cs and Na fractional
occupancies for sample E-10 was found to be > 0.01 and for sample E-11 < 0.01 at equilibrium
Cs aqueous concentrations > 0.001 meq/ml. Fractional occupancies of Mg was found to be
variable and that of Ca was found to be nearly constant at equilibrium Cs aqueous concentrations
ranging from < 10"* to > 10"2 meq/ml.

The observed fractional occupancies of the sorbed Cs and other cations (Na, K, Mg and Ca)
which is given in Figure la and lb using soil samples E-10 and E-11 was found to be varied
from sample to another. The variation of the fractional occupancies depending on the chemical
constituents and the cation exchange capacity and the heterogeneity of the soil materials and
consequently on the spacing between the silicate layers of the soil sample. For this reasons the
fractional occupancies of the sorbed cations by the soil samples is very important to be studied .

Jacob and Tamura<7>, Jacob(8) and Tamuram found similar maximum for the sorption of Cs
on different minerals (hydrobiotie, chlorite, an interstratified mica vermiculite). They explained
this sorption maximum by collapse of vermiculite interlayers. It was suggested that a small
fraction of the interlayers in this minerals has a vermiculite-like character and the amount of this
fractions can be estimated from the cation -exchange capacity of the minerals.

Sorption coefficient of Cs and other cations at equilibrium conditions are different for
different soil constituents.
Distribution coefficients are generally defined as(6):

Distribution coefficient (Rd) = S/C (ml/g)
where S is the concentration of an element sorbed in the solid phase (meq/g) and

C is the concentration of the same element in the aqueous phase (meq/ml).

Sorption coefficients of Na, K, Ca and Mg sorbed on the soil samples in presence of CsCl of
concentrations ranging from 10"4 to 10'2 M were calculated using natural Ismalia canal water as
an aqueous phase. Figure 2 a and 2 b , represent log Rd (ml/g) of Cs and other cations for soil
samples E-10 and E-11 as a function of log Cs ion occupancies (log [Cs], /CEC). Rd (ml/g) of
Cs was found to be close to Rd of K ions, it changed from 10 to 100 ml/g. These results
indicate that the sorption behaviour of Cs and K from the natural Ismalia canal water as an
aqueous phase by the soil samples E-10 and E-11 as solid phase are nearly similar. This shows
that K ions are more competing to Cs ions than other cations.

Figure 2a and 2b also showed that, the sorption coefficients of the different cations using
sample E-10 (Cs, Na, K, Mg, and Ca) decrease the order Cs > K > Na ~ Ca > Mg while for
sampie E-11 the order is Cs> K> Ca ~ Mg ~ Na as increasing Cs fractional occupancies from
0.01 to < 0.1. The variations in this order can be related to the heterogeneity of soil samples.

The fractional occupancies of Cs ion and other cations as a function of pH values was studied
in pH ranging from 5 to 9 . The results are given in Figure 3a and 3 b.

Figure 3 a show that, log fractional occupancies of Cs and K for sample E-10 are slightly
decreased by increasing the pH. At pH 8 both fractional occupancies of Cs and K have an equal
values. Figure 3 b shows that, log fractional occupancies for Cs and K of sample E-11 are also
decreased by increasing the pH. At pH 7.0 , both fractional occupancies of Cs and K having an
equal values. In case of sample E-10 (Figure 3a), the fractional occupancies of Na ions
is slightly increased by increasing the pH values, while in case of sample E-11 (Figure 3b), the
fractional occupancies of Na was slightly decreased by increasing the pH values. The fractional
occupancies of Mg ion is decreased for both samples (E-10 and E-11) by increasing the pH.
Finally, the minimum log fractional occupancies of Ca ions at pH > 8 is found ; -1.25 for sample
E 10 and is between -1.5 and -1.25 for sample El l , which corresponding to the fractional
occupancies value > 0.03 for sample E 10 and corresponding to the value between 0.03 and 0.06
for sample E H . The above results are very important for describing the geochemical reaction of
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Figure 2 a: (Sample E-10)

Figure 2 b: (Sample E-ll)

Figure 2: log Rd (ml/g) as a function of fractional occupancies of Cs ion

and other cations (Na, K, Mg and Ca) on the solid phase

—•— Cs, _ • — N a > __^_ K
~ Mg, and • • ' Ca,
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the major cations of the water with the soil samples at different pH values.
Fractional of Cs occupancies loading with loosely bound and compacted soil sample as a

function of contact time was studied, the results are given in Figure 4 .

70
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/

S ' /

4 -

3 -

2 -

1 -

* Loose soil sample (£-10)

• Compact Soil Sample (£-10)

I
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i
20

I
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T
40

1
50 60 2000 4000 6000

Time (min.)

Figure 4: Effect of Contact Time On Cs Fractional Occupancy Using

Loose And Compacted Soil Sample (£-10)

Soil sample E-10 was taken for this part of the experiment because it has a higher CEC An
equilibrium state was attained for loosely bound soil samples after 24 hours and for compacted
soil after 30 minutes. The maximum fractional occupancies of Cs for the loose soil sample was
found to be equal to 68 while it was found to be nearly 1 for the compacted soil
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CONCLUSION

From the above mentioned results, the following are concluded, sorption of the cations, Cs,
Na, K, Mg and Ca by the two soil samples £-10 and E-11 (water bearing layer soil) at the initial
Cs aqueous concentrations ranged from 10"1 tol02mol/I dissolved in bidistilled water is

calculated and expressed as meq/lOOg. The observed uptake Cs-134 radionuclide by the soil
samples E-10 and E-l 1 was found to decrease by decreasing Cs aqueous concentrations. The
uptake ofCsby sample E-10 have a double value of the uptake of Cs by sample E-l 1. The
order of decreasing of the major sorbed cations are Cs > Ca > Mg > Na > K .

Sum of the sorbed cations, Na, K, Mg, and Ca are nearly equal to the values of the uptake of
Cs as meq/lOOg at initial Cs aqueous solution of concentrations 0.01,0.005 and 0.001 mol/l.
This approach described by ion exchange process between Cs and the major cations Na, K, Ca,
and Mg extracted from the soil samples. At a lower Cs ion concentrations of, 0.0005 and
0.0001 mol/l, the sum of the sorbed cations was found higher than the uptake of Cs radionuclide
at the same concentrations. This may be related to possible dissolution of some cations from the
soil samples to the aqueous phase in addition to the ion exchange process .
Sorption coefficients of Na and Cs increased by decreasing aqueous initial Cs concentrations. Rd
of Cs was found to increase from < 10 to < 100 ml/g by decreasing the initial Cs concentrations
for both samples E-10 and E-l 1 . Rd of Ca and Mg are nearly constant at all initial Cs
concentrations, Rd having a highest values for the two samples at initial Cs concentrations 0.01
mol/l and then it was nearly constant. Rd for Cs was increased by increasing the pH from 5 to
9, while the Rd values of other cations Na, K, Mg and Ca were decreased by increasing the pH a
highest Rd (ml/g) values was found for K ions at a pH value 5 for both samples.
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ABSTRACT EG0000169

Stability of goethite colloid particles (a-FeOOH) is important in studying colloid -
facilitated transport of radiocontaminant in groundwater. As apart of performance
assessment of Inshas disposal site, goethite (a-FeOOH) was prepared and studied. In
nature goethite could be initiated as a result of corrosion of steel waste drums,
engineering barrier reinforcement steel or as impurities in the soil around the disposal
site. Colloidal particles are potential vehicles for pollutants, migrating rapidly through
the medium because of their average velocity within the solid medium which is
somewhat greater than the solute average velocity.

The objective of this work is to ascertain under what conditions radioactive waste-
derived colloids will remain in suspension.

The results show that goethite colloid particles were affected slightly as a result of
changing the pH in the range 4.0 -10.5 and NaCI ionic strength in the range 10"* -10'1

and exist in the colloidal form.

Key words: Colloids/ Goethite/ pH/ Ionic Strength/ Zeta Potential / Electrophoretic
Mobility/ Stability/ Particle Size Distribution.

INTRODUCTION
Synthetic a-FeOOH {goethite) is important in waste management as well as in industry-. In
waste management , it could affect the transport of radionuclids in unsaturated and saturated
(groundwater) zones. In industry, a-FeOOH is used as a pigment and as the precursor of the
y-Fe: O5 (maghemite) U) used in magnetic tapes. In the laboratory it is widely used as a model
system for studies as diverse as dissolution kinetics, photochemical reactions, sorption,
magnetic interactions and phase transformations.

It has been reported that mobile subsurface colloids can carry groundwater contaminants
adsorbed onto their surfaces*"' . In liquid waste disposal projects, groundwater quality can be
endangered by suspended clay and silt particles migrating from the formation adjacent to the
well bore. McCarthy and Zachara noted that failure to account for the role of colloids in
facilitating contaminant transport can lead to serious underestimation of the distances the
groundwater contaminants can migrate. Vinten et al'3). found that the extent of facilitated
pesticide transport depends on the clay or organic matter mobilized from the topsoil, colloid
mobility and capture, the mass partition coefficient between the pesticide and colloids, and the
kinetics of desorption of pesticide from the mobile colloid surfaces.

Alexandria I mv., Suclear Engineering Dept.. Alexandria, Egypt.

Tin- Vntv. Of Xcw Mexico. ISNPS. Albuquerque. NM 87131-13-11 USA.
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Puls and Po\vell(4) studied some parameters such as flow rat, pH, ionic strength, electrolyte
composition, and colloid size, in studying arsenate transport in the presence of Fe2 O3 particles
in a sand and gravel column. The extent of colloid breakthrough was highly affected by particle
size of colloid and anionic composition of the electrolyte. Satmark et al(5). studied the chemical
effects of goethite colloid on the transport of 137Cs, 22Na, and 131I through a quartz-packed
column. They concluded that pH is a controlling parameter for goethite transport. At pH 4,
goethite is strongly retained by the quartz and the deposition seems to be irreversible. A small
alteration of the breakthrough curve for cesium was noticed compared to the tritiated water at
pH 4 and 10.5. No such effect could could be seen for sodium at these pH's. Goethite has no
effect on the transport of Na at pH 10.5.

Stability of goethite colloid in Inshas groundwaters could be of great importance in
assessing colloid-facilitated radionuclide transport at the nuclear waste disposal site. The
objective of the stability experiments is to ascertain under what conditions radioactive waste-
derived colloids will remain in suspension.

In this work, goethite colloid (a-FeOOH) was synthesized and its stability was studied as
a part of an integrated study about the performance assessment of Inshas disposal site. The
effect of pH and ionic strength of NaCl on the goethite colloid particle distribution, zeta
potential, and electrophoretic mobility were studied. All the experiments were conducted at
room temperature (25±2°C).

MATERIALS AND METHODS

All the chemicals used in this work are Analar Grade Reagent. Solutions were prepared using
deionized double distilled water.

Goethite colloids were prepared according to the method of Atkinson et al.(6), in more detail
by Machesky and Anderson(7) , using Fe(NO3)3. The particle dimensions were analysed by
means of an instrument based the principle of laser diffraction for particles in the size 0.04-
2000 urn ; Coulter LS, Coulter Scientific Corporation, USA. Electrophoretic mobility and zeta
potential of goethite colloid (a-FeOOH) particles were measured using an instrument model
Delsa 440 SX, Coulter Scientific Corporation, USA. Goethite colloid was suspended in NaCl
solution, pre-adjusted with NaOHandHCl to pH range 4.0 -10.5. The ionic strength range
of NaCl is 10"* - 10"1 M.The concentration of goethite colloid (a-FeOOH) in solution was
measured using an instrument based on electrical pulse counting technique; Coulter Multisizer
II, Coulter Scientific Corporation, USA. The concentration of goethite colloid (cc-FeOOH)
particles was adjusted to be about 5.0 * 107 particle/ml.

RESULTS AND DISCUSSION

Colloidal dispersion will undergo rapid agglomeration to form agglomerates large enough to
settle by gravitational forces when the solution ionic strength results in a reduction in the
magnitude of the repulsion between colloids to the point where the attraction forces between
individual colloids become greater This electrolyte concentration is termed the critical
coagulation concentration, and is usually expressed as molarity(8)

Electrophoretic Mobility

When a particle suspended in a liquid is subjected to an applied field, the particle
accelerates until it reaches a terminal velocity. At this point the viscous drag of particle's
motion through the liquid equats the force of the electric field acting on the particle. The
terminal velocity is reached in microseconds. The electrophoretic mobility of a particle (U) is
given by(9>:

U= v/E (1)
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Where : V is the terminal velocity (um /s)
E is the applied electric field (V/cm), and the units of U is um .cm /V.s

The electrophoretic mobility depends on pH, ionic sterength, viscosity, temperature and
dieelectric constant of the suspended Iiquid.So the electrophoretic mobility can be written as :

U=s/r)K (2)
Where s is surface charge density of the particle (statcoulombs/cm2), rj is viscosity of the
solution (poise), and K is Debye-Huckel parameter (cm'1).
Assuming goethite colloid particles(a-FeOOH) are spherical surface charge density s can be

given by:
s= ZeAtor2 (3)

and Debye-Huckel parameter K given by:
K=(8*NAe2r/103 ekBT)1/3 (4)

where Z is the particle charge, e is charge on the electron (4.8*10*10 statcoulombs), r is particle
radius (cm), NA is Avogadro's number (6.02*1023 /gmole), T is solution ionic strength, sis
dielectric -constant, kB Boltzman's constant (1.38*1O'10 erg/ ° K), and T is the absolute
temperature (° K). Ionic sterength F of the solution can be given by :

r ^ s . Q Z i 2 (5)
Where Cj is the concentration of i* ionic species and Z-, is the charge on the i"1 ionic species.
Substituting equations 3 and 4 in equation I, it gives the relation between electrophoretic
mobility (U) of the particles and ionic strength (F) of the chemical solution :

U=( Ze/4itr|r2). (103 skB T/8itNA e2 T)m (6)
At constant temperature and constant physical and chemical conditions , electrophoretic

mobility (U) of a particle can be given by:
U = Constant. T1/2 (7)

Fig.(l) shows the effect of pH and NaCl ionic strength on the electrophoretic mobility of
goethite colloid (a-FeOOH) particles. It is clear from the figure that the electrophoretic
mobility of goethite colloid is positive in low pH range i.e acidic zone and it tumes negative in
alkaline range. Also increasing NaCl ionic strength leads to decrease in the electrophoretic
mobility. These results agree well with the equation (7).

Zeta Potential (Q

Zeta potential (Q is the measurable value to determine the electrostatic potential at the
beginning of the diffuse part of the double layer of the particle; it is the electrical potential
between the bulk solution and the shear plane around the particle. The shear plane is an
imaginary sphere around a particle inside which the solvent moves with the particle as the
particles move through the solution. The zeta potential (Q has units of m V and is given by the
equation:

C, = 47tnU/s (8)

The magnitude of the zeta potential (Q is directly correlated to the colloid stability.
Fig. (2) shows the effect of pH on zeta potential (Q of goethite colloid particles (a-FeOOH)

The results have a trend similar to the electrophoretic mobility (U) i.e agree with equation (8)
which states that zeta potential (Q of a particle is directly proportional to the electrophoretic
mobility (U) of the particle. Goethite colloid particles (a-FeOOH) have a zero (Q potential at
pH 6.8 which called isoclectric point. The surface of goethite colloid particle is positive at low
pH range , zero charge at pH = 6.8 and negative at high pH range.
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Percentage Particle Size Distribution
Fig.(3) shows the effect of NaCl ionic strength on the percentage differential number of

goethite colloid (a-FeOOH). It is clear from the figure that (a-FeOOH) is slightly affected and
the peak of particle distribution lies at 0.064 urn . All the percentage differential number of
other goethite colloid particles at different NaCl ionic strengths and pHs have similar
distributions exactly the same as in Fig. (3).
Percentage Differential Surface Area
Fig.(4) shows the percentage differential surface area of goethite colloid particles as a function

of NaCl ionic strength at pH 7.5. The majority of particles lie behind 0.2 urn, so the peak of
particle surface area lie at 0.081 um. This could be attributed to the decrease in the diameter of
the particles. There is also a small peak at 0.54 urn for particles suspended in 10'3 and 10'2 M
NaCl chemical solution. Also it is clear from the figure that increase the solution ionic strength
led to decrease in the goethite particle surface area. This could be attributed to the
coagulation due to compression of diffuse double layer .
Percentage Differential Volume
Fig. (5) shows the effect of NaCl ionic strength on the differential volume of goethite colloid at

pH 10.5. It is clear that the percentage differential volume has a normal (Gaussian)
distribution(9). The distributions of colloid goethite suspended in NaCl were affected by
increasing solution ionic strength compared with distilled water due to particle coagulation.

Fig.(6) shows the effect of pH on the differential volume of goethite colloid at 10'3M
NaCl. It is clear from the figure that increasing the pH of goethite colloid particles chemical
solution led to decrease the percentage differential volume from 8% for the distilled water to
6%forpH 10.5.

CONCLUSION
Goethite colloid particles (a-FeOOH) were affected slightly as a result of changing the pH in
the range 4.0 - 10.5 and NaCl ionic strength in the range 10^ -10'1 . In spite of the change in
goethite particle size distributionn, the particles still exist in the colloidal range i.e of diameter
less than lum. The electrophoretic mobility (U) of goethite colloid particles is positive in low
pH range (acidic) and negative m the high pH range (alkaline) and U value ranges from about
5 to -5|im.s'I.cm.V1 in the range 10"4 to 10'' M NaCl. Also goethite particles have a positive
surface charge in the low pH range and negative surface charge in the high pH range. Goethite
colloid particles suspended in NaCl chemical solution has a zero zeta potential (Q and zero
point charge at pH about 6.8. The differential volume of goethite colloid (a-FeOOH) were
slightly altered due to change of pH and NaCl ionic strength but the goethite particle still stable
under the working chemical and physical conditions used in this work.
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ABSTRACT

Delayed Neutron Activation Analysis technique (DNNA) was applied for
investigating rare-earth elements and some heavy metals content of some locally
organic fertilizers namely cattle manure (CM), dried sewage sludge (SS),
municipal solid waste (MSW) and mixture for a (SS+MSW). The y-ray spectrum
of each s'ample was investigated using a HPGe detector equiped with computer
unit. Fourteen elements were determined. Some of them were confirmed by the y-y
cascades using a HPGe-HPGe coincidence spectrometer. The concentration of
these elements in each sample was measured in \xglg. Some of these elements may
lead to undesirable environmental effects. The undiscriminating use of organic
waste as organic fertilizers may result in the increase of toxic elements (Cr, Sc, Sb,
Th, etc.) in soil environment- which may transfer through food chain to human
health.

Key Words: Organic Compost/Agricultur Soil/Environment

INTRODUCTION

Agricultural land not only receives heavy metals inputs from application of chemical fertilizers,
pesticides, and atmospheric deposition but also from organic fertilizer application i.e. cattle manure
(CM), sewage sludge (SS) and municipal solid waste (MSW).Little attention has been paid to relative
importance of these sources, despite the possibility that such inputs may together result in the long-
term accumulation of rare-earth elements in agricultur soils. These accumulation in arable soils is of
particular concern"1 as this can lead to enhanced concentrations in crop plants and hence increased
human dietary exposure. In a land application . the most limiting constituent of the waste will
determine the rate of application. The upper limit is necessary to prevent waste applications from
breaching the environment constraints. Organic waste application can serve as a source of a so-called
"metal time bomb" if it is not regulated in u proper way. which involve time delay between chemical
accumulation and the adverse effects caused by the accumulation of metals. Neutron activation
analysis (NAA) technique used in conjunction with gamma-ray spectrornetry has been applied to
many trace element determinations in various fields . such as geological, biological, industrial and
agricultural. The main advantages of NAA technique are its high sensitivity, high efficiency and
freedom from cross-contamination during sample preparation.

The aim of this study is to determine the elemental content of common used organic fertilizers to
evaluate its potential effect on cultivated land.
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EXPERIMENTAL PROCEDURE

1. Sampling

Four representative organic fertilizers (locally produced) were collected. CM, SS, MSW and
mixture of SS+MSW (1:1) , samples were ground , sieved and prepared for neutron activation
analysis . Known weights of five samples of each fertilizer were packed in a clean aluminum foils .
An empety aluminum foil of known weight was irradiated in the same conditions with samples for
identifying and calculating the background gamma-lines due to the aluminum envelopes . A monitor
of gold sample was also used as a single compartor to estimate the thermal neutron flux . Also, a
standard reference material (NBS-No 1571) was irradiated at the same conditions for purpose of
relative calculation.

2. Irradiation

Samples were irradiated for 48 hours at an average thermal neutron flux of 4.4x1012n. cm"\s''. At
the core of the first Egyptian reactor (ER-RR-l).Samples were left to cool for 72 hours to be ready for
counting . The data reported in this work are repeated several times for two hours counting time to
ensure good statistics for each type of organic fertilizer.

3. Detection Equipment

A HPGe detection system including PCA computer program was used for collecting and measuring
all gamma-ray pulses emitted from radioactive nuclides of irradiated samples. The HPGe detector was
a coaxial type with ciystal of 76.11 cm3 with FWHM of 1.7 KeV at 1332.5 KeV gamma-ray line of
Co-60: the peak-to-compton ratio was 55:1 with efficiency of 25%.The detector was connected
with a 4096 multichannel analyser through a suitable electronic system in conjunction with a
preamplifier to decrease the noise of input. Also, the electronic system attached to spectroscopy
amplifier to amplify the input signal. Samples and standard sources were at 10 cm distance121 form the
HPGe detector. Energy and efficiency calibration up to 3 MeV was carried out using standard multi-
gamma source1'* MGS-4.

A HPGe-HPGe coincidence spectrometer is also used to study the different complex y-y cascades.
Each detector is connected to an ORTEC preamplifier, spectroscopy amplifier and a single channel
analyzer (SCA). The two outputs of these two SCA fed the coincidence unit, then to the 4096
multichannel analyzer. Fig. 1 shows a block diagram of the y-y coincidence spectrometer.

RESULTS AND DISCUSSION

The concentrations of 14 elements measured in the four tested organic fertilizers are listed in Table
1. Fig. 2 shows a portion of y-ray spectrum for SS sample of the tested fertilizers in the rang (110-
330 KeV).In case of complex spectra, selection of photopeaks using y-y spectrometer measurements
allows very accurate data due to the overlapping interference of the y-line (602.7 KeV) which
represents 100% intensity for both Sb-124 and Cs-134. The y-y coincidence spectrometer must be
used to confirm the presence of Sb-124, a gate with the energy range (1680-1700 KeV) including
the 1691.0 KeV of Sb-124. The y-ray transition 602.7 KeV has to be observed, which belongs to the
Sb iniclide. and incascade with 1691.0 KeV. Fig. 3 shows a portion of y-ray spectrum for MSW
sample with the coincidence spectrum in considered gate. Organic fertilizers content of heavy
metals, rare-earth and actinide elements (Sc, Cr. Sb, La, Ce, Stn, Eu, Yb, Lu, Hf, Ta, Au, Hg and Pa)
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Table 1. Heavy metals and REE content in organic waste used as
organic fertilizers (in ppm).

Element
Sc
Cr
Sb
La
Ce
Sm
Eu
Yb •
Lu
Hf
Ta
Au
Hg
Pa

CM
5.45

275.00
4.30

36.77
18.04
1.23
0.36
2.81
0.18
9.28
0.91

SS
17.00

575.00
5.80

37.83
90.22

1.88
0.89

16.04
0.90

39.60
2.20
1.03
0.18
0.50

MSW
0.36

458.00
4.48
9.47

13.62
1.33
0.17
2.88
0.20

21.63
0.92
0.16
0.01
0.07

SS+MSW
7.65

660.00
2.19

33.80
28.70

1.45
0.42
8.11
0.55

13.06
1.00.
0.62
0.09
0.29

HPGe Oetector

Preamp

•

Spec. Ampl.

S.C.A.
Oiff
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Fig. 1 A block diagram of the (HPGe-HPGe) gamma-gamma
coincidence spectrometer.
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Fig. 2 A portion of the gamma-ray spectrum for the SS organic fertilizer sample.

varied due to the source origin of metals entering the organic waste and the treatment history of
produced fertilizers. In general, heavy metals content (i.e. Sc, Hf, Sb, Au, Hg, and Pa), bS samples
contained higher levels of these metals if compared with CM and MSW samples.

Concerning Sc levels were ranged between 0.36-17.00 p.g/g, while the reported Sc values in
mineral fertilizer phosphats;4> and inorganic-N fertilizers'51 ranged between 0.12-9.20 j.ig/g and 0.30-
3.11 jug/g, respectively. A higher Sc content 25.1 |.ig/g was found in coal fly ash samples'6'7'.
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observed in coincidence with the 1691.0 keV Sb-124, for MSW sample.

Chromium total content in tested samples was relatively higher than the levels previously
reportedl8>. They determined Cr in fourteen Egyptian fertilizers using Ion Coupled Plasma Technique.
Howevers , Abdel-Sabour and Mohamed19' reported that Cr levels in Cairo sludge were 275-295 ppm
which is lower than the permissible limit for Cr according to the European Community00' standards.

Antimony level in tested samples ranged from 2.19-5.80 ppm. which lay within USA and UK
permissible levels (about 2.6-44.4 ppm). Super phosphates can in some cases reach 100 ppm and
therefore act as a significant source of this metal"'1.

Lanthanides . also called rare-earth metals, comprise a group of 15 elements. The terrestrial
abundance of the rare-earth metals shows a general peculiarity. Their contents decrease with the
increase in. their atomic weights , and the element with the even atomic number is more frequent than
the next element with the odd atomic number"2'. Two subgroups of lanthanides are distinguished, the
first composed .of more basic and more soluable metales from La to Gd and the second composed of
less basic and less soluble metals from Tb to Lu. Data on rare-earth levels in soil, chemical and
organic fertilizers are scarce. As shown from Table 1, La levels ranged from 9.47 to 37.83 ppm whicl,
is lower than the reported(U) values for phosphate rock and phosphate based fertilizers. The same
trend was generally observed for other tested rare-earth elements .
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Concerning levels of Hg in tested samples, they were less than 0.2 ppm while the reported'141

values for sewage sludge ranged from 5-10 ppm. Although, organic waste composts usually applied as
fertilizer on arable land, but often restrictions should be imposed on the use of organic waste compost
because of the high content of some heavy metals found in this material, including Cr, Hg , etc.
Yet, not enough data are available on rare-earth elements. The presence of some of these rare-earth
elements like Hg causes some danger to human life.

To calculate the annual load due to the application of such organic fertilizer, assuming that 50 T/ha
of composts are applied to the soil, the added amount of each tested element are shown in Table 2. As
shown in Table 2, the resulting annual metals load is always higher in case of SS application
compared to other tested organic fertilizers. For example the addition of SS at the rate of 50 T/ha will
accumulate about 3, 2, 5, 6, 5 and 4 times higher levels of Sc, Cr, Ce, Yb, Lu and Hf, respectively,
compared to CM application.

CONCLUSION

In general, the application of SS may cause a higher accumulation of tested metals in soil which,
may transfer through food chain to man. These metals have adverse effect on human health. For
example, high Jevels of Cr may cause carcinoma05* and small levels of Hg shows several health
hazard symptoms such as nephritis, headache and nausea or vomiting which case weight loss and
anemia. Thus the clean organic composts only should be considered for agricultural use and heavy
metals in applied organic fertilizers and soil should be monitored continuously to avoid the potential
hazardous effects of such practices.

Table 2. Annual load (g/year) of some trace and rare-earth elements
due to organic fertilizer application (based on 50 T/ha rate
of application).

Element
Sc
Cr
Sb
La
Ce
Sm
Eu
Yb
Lu
Hf
Ta
Au
Hg
Pa

CM
272.5

13750.0
215.0

1838.5
902.0

61.5
18.0

140.5
9.0

464.0
45.5

SS
850.0

28750.0
290.0

1891.5
4511.0

94.0
44.5

802.0
44.5

1980.0
110.0
51.3
9.1

25.1

MSW
18.0

22900.0
224.0
473.5
681.0

66.5
8.5

144.0
10.0

1064.5
46.0

8.1
0.5
3.7

SS+MSW
382.5

33000.0
109.5

1690.0
1435.0

72.5
21.0

405.5
27.5

653.0
50.0
31.0
4.6

14.4
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ABSTRACT

The Waste Isolation Pilot Plant (WIPP) is the U. S. Department of Energy's (DOE)
mined geologic repository in southeastern New Mexico, USA- This site is designed
for the permanent burial of transuranic radioactive waste generated by defense
related activities. The waste produces gases when exposed to brine. This gas
generation may result in increased pressures over time. Therefore, a future driller
that unknowingly penetrates through the site may experience a blowout. This paper
describes the methodology used to predict the resultant volumes of contaminated
brine released to the surface.

Key Words: Waste Isolation Pilot Plant/ Direct Brine Release/ Blowout/ Wellbore Flow/
Radioactive Waste/Performance Assessment/U. S. Code of Federal Regulations: 40 CFR 194

INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) is the U. S. Department of Energy's (DOE) mined
geologic repository located 42 km (26 miles) east of Carlsbad, in southeastern New Mexico, USA.
Constructed in bedded salt deposits 655 m (2150 feet) below the ground, this site is designed for the
permanent burial of transuranic radioactive waste generated by defense related activities. WIPP
destined waste consists primarily of 208 L (55 gal) drums containing radioactive contaminated tools,
rags and other materials.

The DOE submitted an application (October 1996) to the U. S. Environmental Protection Agency
(EPA) for certification that the WIPP repository complies with strict environmental regulations
designed to safeguard humans and the environment for the next 10,000 years even if future
generations cease to maintain control over the site. WIPP is located in an active drilling area in the
Delaware Basin; and therefore, the EPA's regulations (U. S. Code of Federal Regulations: 40 CFR
194{1)) require that the consequences of future inadvertent drilling penetrations into the WIPP
repository be quantified.

The waste contains, in part, steel, cellulosics, plastics, and rubbers which produce gases (mainly
hydrogen from corrosion and carbon dioxide or methane from biodegradation) when exposed to brine.
This gas generation may result in increased pressures over time. Therefore, a future driller that
unknowingly penetrates through the site may experience a blowout. The methodology used to predict
the resultant volumes of contaminated brine released to the surface includes the Poettmann-Carpenter
multiphase flow correlation to describe wellbore flow in combination with other models that define
blowout wellbore conditions and future brine and gas saturations in the repository.
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PETROLEUM DEVELOPMENT NEAR WIPP

The WIPP repository is located within a U. S. government owned sixteen-square-mile land area
in southern New Mexico, USA (Figure 1). Natural gas was discovered near the WIPP in the deep
Wolfcamp, Strawn, Atoka and Morrow formations in the 1950s, and sporadic drilling continued into
the 1980s. Extensive drilling for oil did not occur until the 1990s when oil was discovered in the
Delaware Mountain group (shallower Bell Canyon, Cherry Canyon, Brushy Canyon and Bone Spring
formations). By 1996, over 500 wells were drilled in the 324-square-mile area surrounding the WIPP
site.

0 10 »> 30 «kn>

TRI-8342-5844-O

Fig. 1- Location of the Waste Isolation Pilot Plant in Southeastern New Mexico, USA(7)

Approximately 90% of the wells have been drilled to oil horizons that are located in several fields
adjacent to WIPP. A typical completion diagram for a well located on the east side of the WIPP
boundary in the Livingston Ridge Field is shown in Figure 2.
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Fig. 2-Typical Livingston Ridge Completion(7)

DIRECT BRINE RELEASE MODELING

Multidisciplinary Approach to Intrusion Problem

A multidtsciplinary team addressed various aspects of the intrusion problem. Berglund<2) et al.
and Wilson(3) et al. described how solids removed during the drilling processs were determined.
Hansen(4) et al. provided a more realistic conceptual model for the release of solids. Stockman(5> et al.
addressed gas generation and radionuclide transport in the waste panels (series of excavated rooms
that will contain the drums of waste). Helton(6) et al. converted the volume of solids and contaminated
brine released at the surface into the EPA-approved Complementary Cumulative Distribution Function
(CCDF) format to determine compliance. The calculation of brine releases brought to the surface (in
cubic meters) during drilling are addressed specifically within this paper.
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Conditions for Direct Brine Release

Certain conditions must exist within the waste in order for contaminated brine to flow directly to
the surface during a drilling intrusion:

• Pressure in the waste must be greater than that exerted by the dynamic column of drilling fluid
that penetrates a waste panel (8 MPa). This is the minimum pressure needed to overcome the
hydrostatic and frictional forces associated with fluid flow up the annular space between the drill
string and open hole (,the assumed flow path for direct releases) as shown in Figure 3.

Psurfaee-10!.32kPa
Tsurface-27C

Kelly Joint

i

655.32 m

i

182.88 m

239.56 m

182.88 m

t

/

Surface

Borehole

311.2mm

Fig. 3 - Borehole Representation^'

• There must be mobile brine present in the waste panels to flow to the surface. Corrosion and
biodegradation processes consume brine and release gases as by-products, and it is possible for
the brine volume in the waste pores to drop below its "mobile" (residual) saturation. Gas-only
blowouts are also possible but result in no liquid releases and are therefore not included in this
model.

Model Description

A "repository scale" model was set up as a two-dimensional finite difference mesh of 39 X 39
grid blocks to be solved using the Sandia National Laboratories developed brine and gas flow code
with acronym BRAGFLO(7) (hereafter the direct brine release version will be called DBR_BRAGFLO
-- see Figure 4). The mesh compares to a regional 10,000 year model (hereafter called BRAGFLO) in
the following ways:



The DBR_BRAGFLO mesh is oriented in the areal plane, with the z-dimension (height) one
element thick. BRAGFLO is oriented as a cross-section, with multiple layers in height and the
thickness (y-dimension) one element thick.
DBR_BRAGFLO models flow only in the waste area. The BRAGFLO model includes the
surrounding geology as well as the entire WIPP excavation (including operations, experimental
and shaft regions).
Local scale heterogeneities are included in the DBR_BRAGFLO model, including the salt pillars,
rooms, panel seals, and passageways which contain waste. These are not fully represented in the
BRAGFLO mesh.
The DBR_BRAGFLO mesh uses constant thickness, while BRAGFLO radially flares the element
thickness to account for 3-dimensional volumes in 2-D space.
The disturbed rock zone (DRZ) is included in both models, but exists above and below the
excavated regions in the BRAGFLO model, whereas the DRZ surrounds the waste rooms on the
sides for the DBR_BRAGFLO model. The DRZ is a region of rock adjacent to the excavated
areas containing microfractures caused by the excavating process and therefore has enhanced
permeability compared to the undisturbed rock.
Both models include one-degree formation dip through the excavated regions.
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Principal Parameters Defined by Model

The pressure and saturation time-histories for each realization from the 10,000-year BRAGFLO
calculations provided the basic input needed for the direct brine releases. The pressure and saturation
at specified times for each consequence furnished the initial and boundary conditions needed for the
DBR_BRAGFLO model to determine the volume of direct brine releases to the surface. The model
assumes no-flow boundary conditions beyond the footprint of the waste region for the (several days)
flow period of direct releases, i.e. there is no connection to the surrounding geology, All relevant
flow parameters (permeability, porosity, characteristic curves, etc.), both sampled (stochastic) and
unsampled (deterministic), are the same as those used for the 10,000-year BRAGFLO model.

Coupling DBRJBRAGFLO with BRAGFLO

The DBR_BRAGFLO mesh was coupled to BRAGFLO by subdividing the waste area in
BRAGFLO into four regions. Region one represented the farthest up-dip repository grid blocks in
BRAGFLO that contained waste. This corresponded roughly to the up-dip> quarter of the
DBRJBRAGFLO mesh. Region four represented the farthest down-dip section of waste in
BRAGFLO, which was the "panel" region. This corresponded to the farthest down-dip quarter of the
DBR_BRAGFLO mesh. Similar subdivisions were made for the middle two sections of each grid
(Figure 5). Pore-volume averaged brine saturation and pressure within each region of the BRAGFLO
model were used to initialize similar regions in the DBR_BRAGFLO mesh at each intrusion time.

rION 2 'sPore volume averaged Pressures
and Saturations from each region

transferred to similar region in
DBR BRAGFLO grid

1GI0N 4 • Panel
(Region 4}"

Rgfiaed DBRJRAGFLO grid geometry Representation of waste area in BRAGFLO grid
(not to scale)

Fig. 5 - Representation of coupling between the two grids to obtain initial conditions
for the DBR BRAGFLO mesh at each intrusion time(7)
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FLOWING BOTTOM-HOLE PRESSURE

Transient and Steady-State Flow Duration During Blowout

Work conducted by Santos(8> concerning diverter systems for offshore platforms provides insights
into differences between the transient and steady-state flowing conditions during a blowout. Figure 6
shows an illustration of the transient spike during a blowout on a shallow gas well (~ 100 m deep)
versus the steady-state period. As shown in the right side of Figure 6, the transient spike lasts for only
20 seconds. If this is scaled up to the WIPP configuration well of 655 m (Figure 3), this implies that
the transient spike will last only minutes. Therefore, steady-state flowing conditions during the
blowout were assumed.
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Fig. 6 - Transient and Steady-State Comparisons during Shallow Gas Well Blowout (^ 100 m)(S)

Theory

The driving force behind expulsion of brine and gas from the WIPP repository to the surface via
a wellbore during an uncontrolled blowout is determined by the static panel pressure and flowing
bottom-hole pressure at the time of intrusion. The flowing bottom-hole pressure, defined as the
dynamic pressure at the inlet to the wellbore adjacent to the point of entry into the repository, is less
than the static pressure due to elevation, friction and acceleration effects. The ability of the well to
produce brine and gas is governed by the drop in panel pressure and the productivity index (assuming
steady-state flow) by the following well deliverability equation(9):

[Equation 1]

where:
qp = well flow rate of the produced phase (brine or gas)
Jp= phase productivity index ,.
pe - phase pressure at the outer boundary of the well drainage area (panel pressure)
pwf = flowing bottom-hole pressure , .

In a radial drainage area where saturation is uniform over the drainage region (which is valid
throughput the assumed blowout period), the productivity index, Jp can be determined from Darcy's.
iaw ( U UV
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Jp - —p~7—^ -=\ [Equation 2]

In ^

where:
k = absolute permeability (assumed to be constant through time at 1.7E-I3 m2)
krp = relative permeability to phase
h = crushed panel height (calculated from porosity surface), h = hj( 1 - §i)/(\ * <j))

hj = initial uncrushed panel height
(j>i = initial uncrushed porosity
<j> = volume-averaged porosity of the waste at intrusion time

Pp = viscosity of fluid phase (assumed to be constant through time for brine, ubrine = 1.8E-03 Pa-
sec, and for gas ugas = 8.92E-06 Pa-sec)(I2)

r e= external drainage radius which for rectangular gridblock dimensions, re is taken as the
equivalent areal radius, i.e. for gridblock'dimensions of 10 m by 32.7 m (these are the
dimensions of the DBR_BRAGFLO gridblock which contains the intrusion well location):

V
rw = wellbore radius (assumed to be constant through time at 0.1556 m)(!3>

c = -0.50 for pseudosteady-state flow
s = skin factor, incorporating well stimulation caused by sotids released

The solids removal model can be coupled through the skin factor according to the petroleum
engineering well testing relationship'14':

s = | ~ - 1 ] lnf &*• | [Equation 3]

where:
s = skin factor
k = absolute permeability
kjidn = permeability of an open channel as a result of solids removal releases (assumed to be infinite)
rw = wellbore radius
fskia= effective radius of the wellbore with the solids volume removed

The effective radius of the wellbore can be determined using the total area removed from the solids
removal mode! (AreaTotal) by assuming a radius (r^j,,) such that:

AreaTotal = nrS|an
2 [Equation 4]

Rearranging Equation 4 to solve for x^KtL gives:

= J
v

AreaTotal „ .. o

[Equation 5]
« •

Substituting Equation 5 into Equation 3 and assigning infinity to k̂ ,-,, gives the desired relationship
between skin (s) and total area removed according to the solids removal model (AreaTotal):
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-l In '

AreaTotal

[Equation 6]

The relative permeability to a phase (k,p) using the modified Brooks-Corey(7) model shown in
Equation 2 is defined using the following expressions for brine (br) and gas (g) respectively:

Calculate an effective saturation (Se) for each phase as follows:

Ssir = ——^ (0 ̂  Sw £ 0.552) [Equation 7J

Seg =
 S'"~Sw' (0 < Sgr < 0.15) [Equation 8]
1 ~ S ~ 5

where:
Sw = brine saturation in panel at time of intrusion
S w = residual brine saturation (sampled parameter, from 0% to 55.2%)
S^ = critical gas saturation (sampled parameter, from 0% to 15%)

Calculate the relative permeability for each phase as follows:

[Equation 9]

[Equation 10]

where:
kw = relative permeability to brine
ktg = relative permeability to gas
X - pore size distribution parameter

Parameter values in combination with Equations 6, 9 and 10 when used in Equation 2, yield the
productivity index for brine and gas. These values are available with the panel pressure at the time of
intrusion. The only variable unknown is the flowing bottom-hole pressure which when used in the
well deliverability equation (Equation 1) gives the expelled brine and gas flow rates.

Flowing Bottom-Hole Pressure using Poettmann-Carpenter

To determine the flowing bottom-hole pressure (FBHP), an iterative procedure is used based
upon a petroleum engineering iri'istry multiphase flow correlation developed by Poettmann and
Carpenter(15) (for a discussion of liv*. Poettmann and Carpenter correlation, refer to Appendix A). Flow
up the intrusion borehole during drilling is governed by complex physics dependent on frictional
effects and two-phase fluid properties.
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This behavior is much studied in petroleum engineering, and many correlations have been
developed to predict flow rates and pressures in vertical two-phase pipe flow. The Poettmann-
Carpenter approach was chosen to calculate the necessary flowing bottom-hole pressures to be used in
the DBRJ3RAGFLO model. The Poettmann-Carpenter model (P-C model) was chosen because it
accounts for multi-phase frictional effects based on empirical (field) data from flowing wells, is one of
the few correlations that includes flow between the drill pipe and open hole (annulus) in its
development and is easy to implement.

The wellbore is descritized into finite delta lengths of 7.62 m (25 feet), each being described by
the diameters of the open hole, drill pipe, drill collars, and casing(s). Note that for the
DBRJBRAGFLO model, brine was assumed to flow to the surface through the annular area only.
This is consistent with gas well blowout behavior since the inside of the drill pipe is filled with drilling
fluid. Figure 3 shows the wellbore configuration used.

To calculate the flowing bottom-hole pressures, the flow rates used in the P-C model have to
match those predicted by the DBR_BRAGFLO well model. Since the fluid saturations and panel
pressures are known for each realization at each intrusion time, it is possible to calculate the FBHP
iteratively. A starting FBHP is assumed, and the gas and brine flow rates are calculated from the
DBRJ3RAGFLO well deliverability equation. These flow rates are then used in the P-C model to
determine finite pressure drops up the wellbore to the surface. If the resulting surface flowing
pressure does not equal atmospheric, a new FBHP is assumed and the process repeated until the
surface pressure is calculated to within 5% tolerance of atmospheric. A 5% tolerance amounts to a 0.7
psi (4827 Pa, or ~0.005 MPa) allowance for convergence of the Poettmann-Carpenter method to
achieve atmospheric pressure. Figure 7 shows a flowchart of this process.

3olv« for brtrt* tnd gas flow

diRv*r*uity •qustfon

Look-upCurKUon* I
!«n«f»ttd PorOtrvct 1
>tiMR«ttinModM |

Look-
Q

Fig. 7 - Flowchart of Iterative Process used to Estimate FBHP(7)
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The method begins by assuming an initial flowing bottom-hole pressure slightly less than the
panel pressure. With the productivity index computed from Equation 2, flow rates for brine and gas
(100% hydrogen assumed) are computed using Equation 1. Using the Poettmann and Carpenter
method which takes into account elevation, friction and acceleration impacts on the flowing pressure
gradient, a surface pressure is computed. If the surface pressure is equal to atmospheric pressure, the
iteration ceases using the last flowing bottom-hole pressure used. If the surface pressure is not equal
to atmospheric pressure, another flowing bottom-hole pressure is assumed and the process of
computing the brine and gas flow rates and subsequent surface pressure is repeated until the surface
pressure is at atmospheric pressure. This iterative procedure is illustrated in Figure 8.

•Q=tJ(P-Pw)

What is Pw such that
it reproduces pressure
at surface?

Fig. 8 - Poettmann-CarpenterMethod, Trial and Error Procedure for FBHP(7)

Application of theory

Flowing bottom-hole pressures were generated using this method to represent expected ranges of
panel pressures, brine saturation, critical gas saturation, panel permeability, crushed panel height and
skin factor due to solid releases. These results were then developed into correlations based upon
relationships between FBHP versus panel pressure and log of well productivity index (as shown in
Figure 9), and FBHP versus panel pressure and log (krg/krw) (as shown in Figures 10 and 11 for brine
dominated and gas dominated flow, respectively). The continuous fit equations (shown in Figures 9-
11) are used as "look-up" functions in DBRJ3RAGFLO to determine FBHP.

CONCLUSIONS

This wellbore flow treatment method has helped in estimating the amount of radionuclide releases
to the surface due to inadvertent drilling into the repository area. The method is part of a new analysis
tool that uses various techniques to quantify release rates according to government regulations for
underground nuclear waste repositories. The method also demonstrates how petroleum engineering
methods were applied in a multtdisciplinary team to solve a complex environmental problem.
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FBHP aa a function of Srln* W»H Index and Panel Pressure (Kig»Q, Srlnt only)
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Fig. 9 - FBHP as a Function of Brine Well Index and Panel Pressure (brine only)(7)
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Fig. 11 - FBHP as a Function of Relative Permeabilities and Pane! Pressure (gas dominated)*0

696



R E F E R E N C E S

(1) Environmental Protection Agency, 40 CFR Part 194; "Criteria for the Certification and Re-Certification of
the Waste Isolation Pilot Plant's Compliance with the 40 CFR Part 191 Disposal Regulations; Final Rule,"
Federal Register, vol. 61, no. 28, Rules and Regulations (Feb. 9,1996).

(2) J. W. Berglund; "Analysis Package for the Cuttings and Spallings Calculations (Tasks 5 and 6) of the
Perfonnance Assessment Calculation Supporting the Compliance Certification Application (CCA), AP-
015 and AP-016," Analysis Package SWCF-A: 1.2.07.4.1: PA: CCA: QA, Sandia Central Files WPO
#40521, Sandia National Laboratories, Albuquerque, New Mexico (1996).

(3) C , Wilson, D. Porter, J. Gibbons, R. Oswald, and G. Sjoblom; "Waste Isolation Pilot Plant Conceptual
Models Peer Review: Final Report," DOE/CAO-1996-1995, United States Department of Energy, Waste
Isolation Pilot Plant, Carlsbad Area Office, Carlsbad, New Mexico (1997).

(4) F. D., Hansen, M. K. Knowles, T. W. Thompson, M. Gross, J. D. McLennan, and J. F. Schatz;
"Description and Evaluation of Mechanistically Based Conceptual Model for Spall," SAND97-1369,
Sandia National Laboratories, Albuquerque, NM (1997).

(5) C. T., Stockman, A. Shinta, and J. W. Garner; "Analysis Package for the Salado Transport Calculations
(Task 2) of the Performance Assessment Analysis Supporting the Compliance Certification Application
(CCA), AP-023, Analysis package," SWCF-A: 1.2.07.4.1:PA:QA:CCA, Sandia WIPP Central Files WPO
#40515, Sandia National Laboratories, Albuquerque, NM (1996).

(6) J. C. Helton, J. E. Bean, J. W. Berglund, F. J. Davis, K. Economy, J. W. Garner, J. D. Johnson, R. J.
MacKinnon, J. Miller, D. G. O'Brien, J. L. Jr., Ramsey, J. D. Schreiber, A. Shinta, L..N. Smith, D. M.
Stoelzel, C. T. Stockman, and P. M. Vaughn; "Uncertainty and Sensitivity Analysis Results Obtained in
the 1996 Perfonnance Assessment for the Waste Isolation Pilot Plant," SAND98-0365, Sandia National \
Laboratories, Albuquerque, NM( 1998). N

(7) United States Department of Energy; "Title 40 CFR Part 191 Compliance Certification Application for the
Waste Isolation Pilot Plant, DOE/CAO-1996-2184," United States Department of Energy Carlsbad Area
Office, Carlsbad, New Mexico (1996).

(8) O. L. A. Santos; "A Dynamic Model of Diverter Operations for Handling Shallow Gas Hazards in Oil and
Gas Exploratory Drilling," Ph.D. dissertation, p. 12 and 114, Louisiana State University (1989).

(9) C. C. Mattax, and R. L. Dalton; "Reservoir Simulation, SPE Monograph 13," Society of Petroleum
Engineers Inc., (equations 7.1 and 7.2) p. 79, Richardson, Texas (1990).

(10) A. S. Williamson, and J. E. Chappelear; "Representing Wells in Numerical Reservoir Simulation: Part 1 -
Theory," Society of Petroleum Engineers Journal, vol. 21, no. 3, pp. 323-338 (June, 1981).

(11) J. E. Chappelear, and A. S. Williamson; "Representing Wells in Numerical Reservoir Simulation: Part 2 -
Implementation," Society of Petroleum Engineers Journal, vol. 21, no. 3, pp. 339-344 (June, 1981).

(12) D. W. Kaufmann, editor; "Sodium Chloride, The Production and Properties of Salt and Brine, Monograph
No. 145," Washington, DC, American Chemical Society, Reinhold Pub. Corp., New York, NY (1960).

(13) C. Gatlin; "Petroleum Engineering: Drilling and Well Completions," Prentice-Hall, Inc., Englewood Cliffs,
(table 14.7), p. 292 (1960).

(14) J. Lee; "Well Testing," American Institute of Mining, Metallurgical and Petroleum Engineers, Inc., SPE
Textbook Series Volume 1, Society of Petroleum Engineers of AIME, New York, NY, (equation 1.10) p.
5, (equation 1.19) p. 7 (1982).

697



(15) F. H. Poettmann, and P. G. Carpenter; "Multiphase Flow of Gas, Oil, and Water Through Vertical Flow
Strings with Application to the Design of Gas-Lift Installations," Drilling and Production Practice,
American Petroleum Institute, pp. 257-317(1952).

(16) J. F. Ely, and M. L. Huber; "NIST Thermophysical Properties of Hydrocarbon Mixtures Database
(SUPERTRAPP), Version 1.0, User's Guide," United States Department of Commerce National Institute
of Standards and Technology, Standard Reference Data Program, Gaithersburg, MD, WPO#41636 (July,
1992).

A U T H O R S

Darien G. O'Brien, PE is a petroleum engineering consultant for Sandia National Laboratories in Albuquerque,
New Mexico specializing in innovative computer solutions to practical field problems, production and field
operations, simulation and well completion technology. Mr. O'Brien has worked on the Prudhoe Bay Field,
Alaska; offshore Santa Barbara, California, Gulf of Mexico, Rocky Mountain region, Kentucky, southern New
Mexico, Nevada, Russia and Kuwait; especially with drilling and production companies. He holds a BS in
Petroleum Engineering from the Colorado School of Mines, Golden, and a MBA from the University of Alaska,
Anchorage. He is a registered professional engineer. Mr. O'Brien is Director of Engineering for Solutions
Engineering, a petroleum and environmental engineering consulting firm located in Lakewood, Colorado.

Daniel M. Stoelzel was formerly a Senior Member Technical Staff with Sandia National Laboratories in
Albuquerque, New Mexico providing expertise in petroleum reservoir modeling, groundwater flow and
transport, and risk-based performance assessments of geologic systems. Mr. Stoelzel was the principal
investigator for the WIPP direct brine release calculations. As a Production-Operations Engineer his background
includes well completion design, transient pressure analysis, well stimulation, and on-site supervision of
workover and drilling rigs. He holds a BS in Petroleum Engineering from Texas Tech University, Lubbock and
a MS in Petroleum Engineering from the Colorado School of Mines, Golden. Mr. Stoelzel is currently a
Petroleum Reservoir Engineer with Bass Enterprises Production Company, Midland, Texas.

Palmer Vaughn, Ph.D. is a Senior Member Technical Staff with Sandia National Laboratories in Albuquerque,
New Mexico overseeing numerical modeling of the WIPP repository fluid flow and transport for performance
assessment. Dr. Vaughn was the principal author and code consultant for BRAGFLO. His areas of expertise
include numerical methods and analysis, mathematics, petroleum and reservoir engineering, thermodynamics
and multi-phase fluid flow in porous media. As a Senior Research Engineer, he has modeled in-situ combustion
of tar sands, enhanced oil recovery, underground coal gasification, oil shale retorting, hydrologic transport in
aquifers and geochemistry. Dr. Vaughn holds BS, MS and Ph.D. degrees in Chemical Engineering from Lehigh
University, Bethlehem, Pennsylvania.

Teklu Hadgu, Ph.D. is a reservoir engineering consultant for Sandia National Laboratories in Albuquerque,
New Mexico, developing numerical methods of compositional and thermal simulation capabilities, and
participating in performance assessment of the WIPP project. Dr. Hadgu has extensively developed and
implemented mechanistic methods for two-phase flow in pipes, and coupled reservoir-wellbore simulations of
geothermal reservoirs. As a member of the Lawrence Berkeley National Laboratory, he participated in research
on semi-analytical methods for fractured rocks and drilling of slimhole wells. He also has a wide experience in
geothermal reservoir modeling, clean-up of contaminated sites and groundwater hydrology. He is currently
advancing direct brine release calculations for future performance and probabilistic risk assessments. Dr. Hadgu
holds a BS in Mechanical Engineering from Addis Ababa University, Ethiopia, and DipEnTech and Ph.D.
degrees in Mechanical Engineering from Auckland University, Auckland, New Zealand.

SI Metric Conversion Factors
inch X 2.54* £ + 00 = cm gai X 3.785 E + 00 = L

ft X 3.048* E - 01 = m • bbl X 1.589873 E - 01 = m3

mile X 1.609344* E + 00 = km md X 9.869233 E - 16 = m2

inch3 X 1,6387 E + 0 2 = cm3 bbl/MMscf X 5.614583 E - 0 6 = nrVm3

lb/ft3 X 1.602 E - 0 2 = g/cm3 °F (°F-32)/l.8* = ° C
psi X 6.894757 E + 00 = kPa °C + 2.7316 £ + 02 = K

* Conversion factor is exact



APPENDIX A - POETTMANN AND CARPENTER EQUATIONS

For vertical flow, the general pressure gradient equation can be written as:

dh \dh)el ^dh)f \dhJace

The total pressure drop is the sum of the pressure drops due to elevation, friction and acceleration,
respectively. The pressure drop caused by elevation change depends on the density of the mixture.
The pressure drop caused by' friction losses requires evaluation of a friction factor. The empirical
correlations differ in the manner used to calculate the three components of the total pressure gradient.
To calculate the flowing bottom-hole pressure using the method of Poettmann and Carpenter, the
following information is required:

n} 7Al3E+lODs)

where:
dP
— = pressure gradient (psia/ft)
D = annular diameter [using "hydraulic radius" concept] (ft)

^ ft3

Vm = volume of mixed gas and brine at pressure P per barrel of stock-tank liquid, based on the ratio
of fluids flowing into and out of the flow string (ftVstbl)

Rp = producing gas-liquid ratio (scfi'stb)
Bw = formation volume factor of brine = 1 (rbl/stb)
Pb = base pressure at which gas is measured (101.32 Pa)
Ta = average temperature of flow (300.1 °K)
Tb = base temperature at which gas is measured (300.1 °K)
z = compressibility factor of the gas in the annulus at temperature Ta (300.1 °K) and pressure P
Rj = solution gas-liquid ratio at pressure P (scfi'stb) [assumed to be 0]
Vw = cubic feet water produced (scf/stb) [assumed to be 0]
Q = bbl of stock-tank liquid produced per day (bbl/day)
M = (5.615)(62.4)(Gst0) + 0.0764(Gg)(Rp) + 62.4(Gb)(Vw), M will remain constant in annulus and

represents the total mass of gas and brine, Ib, associated with 1 bbl stock-tank liquid
flowing into and out of flow string

Gsto = specific gravity of stock-tank oil = 0
Gg= separator gas gravity (air = 1.0) [function of the gas composition, determined with

SUPERTRAPP program developed by NIST°6)]
Gb = specific gravity of produced water = 1.23

M
p _ — yfj j jj J) which is the flowing density

f = friction factor determined from" Poettmann and Carpenter as a function of M, Q & D

— is determined from the original expression above so that the new pressure may be obtained

dk dP
For delta h increments up the wellbore, P2 = Pi + ~3T(deIta h )
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ABSTRACT EG0000172

• Protective barrier integrity is a guarantee of radioactive waste storage safety.
Therefore protective barrier safety assessment during long term radioactive storage
is very important for subsurface repositories. In this paper in-sity testing results of
changing surrounding rock properties and constructional material of protective
packages and the storage are presented. Storage site hydrogeological conditions are
reviewed. Possible action of protective barrier integrity destruction also as probable
radionuclide migration into Environment are demonstrated and analized Partial
destruction of protective barrier integrity occurs during long-term storage operation
and this fact increases hazard of radionuclide migration into Environment

Key Words: Low and Intermediate Level Wastes/Subsurface Repository/Safety/Protective Barriers

The subsurface repositories are used wide in the world for storage of low and intermediate level
of radioactivity waste (LDLW)

Safety requirements increased constantly and the main task for the subsurface repositories is
reliability control of the natural and engineering barriers.

Present LILW subsurface repositories are made from reinforced concrete and have multibarrier
protection, that consist of

• Matrix, that includes LILW;

• Construction material of the repository;

• External natural and engineering protective barriers.

Essential disadvantage of the subsurface repository is it the nearest to surface placement. In this
conditions the storage construction falls under intensive action of the climatic factors, such as
precipitation, temperature difference and so on.

During long-term service of the LILW repository the whole protective barrier complex may be
destroyed, so the integrity of each element of the multibarrier complex serves as guarantee of LILW
storage safety.

Fault of one of the protective barrier leads to disintegration of the whole system and,
consequently, danger of radionuclide migration in Environment grows. So, the constructive material
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of the repository should prevent of water invasion in the matrix with LILW. For providing the high
impermeability of the building, it is necessary to choose special technologies and materials, but it is
impossible to reach the absolute impermeability for long-term period.

The probable reasons for destruction of the construction material integrity are:

• Deformation of the building elements during freezing and defrosting cycles;

• Defects in the building materials;

• Building element deformation as a result of shrinkage and so on.

In consequence of these processes partial destruction of the construction integrity happens. It
leads to crack system formation on the building surface. The cracks and microcracks are often
connected with each other. Under atmosphere water action the system grows and water resistance of
construction material of the repository decreases significantly. The crack system developing may open
ways for water to infiltrate in LILW matrix. Corruption of the matrix may go both from outside (the
atmospheric 2> NOj and so on-generating
in the matrix).

Deprivation of the construction material impermeability may be possible as a result of integrity
damage in the protective clay cap. This clay cap is to protect the subsurface repository from rainfalls,
but there are some negative factors that may impair waterproof properties of the protective layer:

e Soil erosion;

3 Vegetation expansion;

e Drought, leading-to fracture formation;

9 Rough temperature difference.

Besides, the disturbance of the protective properties of the surrounding rocks may be caused by
the technology of repository development. The technology provides for the site preparation or forming
a pit where the building is placed. At the end the free space of the pit is filled with the soil, excavated
before. In this case clay, that should serve as the antimigration barrier base, takes up excess filtration
properties.

Thus, at LILW storage safety assessment it is very important to study the protective barrier state.
The studying should include investigations for each element and it consist of:

• Geophysical explorations for determination of the possible damages of the repository
construction and LILW matrix;

0 Exploration drilling in matrix and the protective cover soil;

• Sampling of the matrix, protective cover soils and opened liquid phase;

• Gamma-ray logging of the boreholes;

• Laboratory studying of ihe samples;
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• Hydrogeological investigations of the LILW storage sites.

Besides the studying of the protective barrier impermeability their radiation state should be
considered.

The collection of received data will allow getting objective assessment of LILW storage safety in
the moment of the studying.

This safety assessment approach was applied while considering subsurface LILW repositories,
built in the sixties, in the Mos SIA "Radon" facility.

The state of each element of the multibarrier complex was analyzed. The investigations revealed"
that protective clay cap damage has happened in one repository, and the clay lost its waterproof
properties.

*
If the initial vafue of the hydraulic conductivity of the protective cap was l*10*3 1 *10*4 m/day,

in the moment of the studying it was 1*10"' m/day. The clay impermeability reduction led to the
repository integrity destruction. After soil removal the crack system came to light on the surface of the
repository. The fulfilled explorations showed intensity of flow may reach 0.01 irrVday on 1 m2 of
surface.

Geophysical and drilling explorations discovered fracture and cavity presence into LILW matrix.

Considering hydrogeology conditions of the site it was determined that clays of the natural
barrier are water saturated.

At present time in the site works for rehabilitation of the impermeability of the natural and
engineering barriers are going on.

Conclusions

1. During long time storage destruction of integrity of the multibarrier system may occur
in the subsurface repository.

2. The protective barrier damage increases the danger of radionuclide migration into
Environment.

3. During LILW storage it is necessary to carry out continuous monitoring of protective
barrier state. The standard technique of the monitoring should be developed.

4. Technology of protective property regeneration should be developed for each element
of the multibarrier complex.
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ABSTRACT

Management of radioactive waste of nuclear power plant origin comprises
two main tasks: management of the high-level (spent fuel) and the low-and
intermediate-level waste (LILW). With a plan to start operation of a
repository for low-and intermediate-level waste (LILW) at the beginning of
the next century, a site investigation programme was started in 1993. The site
selection process and the associated investigation programme follow a step by
step procedure. Between 1993-1995 some 300 geological objects were
identified as potentially suitable for either near surface or tunnel-type
disposal. The first stage of the site exploration has been performed and the
decision on the continuation of the programme is due to by the end of 1998.

Key Words: radioactive waste / repository / site investigation/disposal

IiNTRODUCTION

Generation of electricity by nuclear power plants inevitably produces radioactive waste. The
challenges of radioactive waste management are not unique to Hungary, they are faced by all countries
with such wastes.

The disposal of low- and intermediate-level radioactive waste (LILW) is based on proven and
well-demonstrated technologies. If repositories are properly sited, constructed, and operated - and the
radionuclide contents of the waste are controlled and limited - safety can be satisfactorily assured for
long periods of time. This can be done by applying multiple protective measures, including engineered
and natural barriers, operational and institutional controls.

The majority of the radioactive waste that is generated in Hungary arises from the operation of
Paks Nuclear Power Plant (NPP)(l). Much less radioactive waste in terms of volume is generated by
small scale isotope producers and users, as illustrated in Fig. 1.

The disposal capacity currently available at an engineered near-surface facility ( )
ensures disposal of institutional wastes for many years, but for LILW coming from Paks NPP a new
facility should be built.

The quantities of different NPP waste forms can be estimated pn the basis of a 30-year operating
life and the waste production rates recorded to date during operation. Most dry waste is compacted at
the reactor site and the total volume of compacted and uncompacted waste for disposal will be
approximately 3500 nr" (17500 drums). The volume of evaporator concentrates for disposal is
expected to be 7500 ml and used ion-exchange resin 320 m\ Evaporator concentrates are planned to
be mixed with cement to form a grout. The grout mixture will be placed in 400 1 carbon steel drums.
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There are expected to be 40000 of these. The ion-exchange resins will similarly be mixed with cement
to produce a grout. There are expected to be 5300 drums of 2001. It has been assumed for repository
planning purposes, that the total decommissioning waste as conditioned for disposal will comprise
some 20000 m3LILW.

Non-fuel cycle solid
waste 30 m3

and 1000 items of
spent sources

NPP solid waste
370 m3

NPP liquid
waste
250 m3

Radioactive
waste water

3.5 m3

Non-fuel
cycle

liquid waste,
5 m3

Organic
solvent
0.5 m3

Biological
waste
l m 3

Fig.1. Sources, types and average quantities of LILW in Hungary

Disposal of operational and decommissioning short-lived low-level waste (LLW) and
intermediate-level radioactive waste (ILW) is planned at the same site and at the same depth. It is
anticipated that long-lived ILW will be disposed of together with high-level waste.

After two siting attempts failed in Hungary, a national siting project for LILW disposal was
initiated by the Hungarian Atomic Energy Commission in 1992. It was found that the most appropriate
means of achieving the basic objective - to select a site with public acceptance - v/as the establishment
of an inter-departmental project (National Project) in which all the governmental organisations
concerned would be involved. Basically, the National Project aims at establishing a repository for
LILW in accordance with a two-step approach, i. e. provide the basis for decision on the siting of the
facility, then construction and operation of the facility. To achieve the first goal a site selection
process started in September 1993 with nation-wide screeningf7"3*. Fublic acceptance is considered as
one of the main parts of the programme, together with safety assessments and cost analysis. In
accordance with the recommendations of the Project Management of the National Project, detailed
exploration of the potential site would take place only if public acceptance is guaranteed.

SITE EXPLORATION

The method used in site exploration was one of gradual approximation, whereby the exploration
was performed in stages, thereby limiting more expensive investigations to progressively smaller
areas.

The first step (stage 1) of the desk-top study illustrated in Table I was an evaluation of the
geological units on the surface and upper part of the subsurface (<300 m deep) all over Hungary. The
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goal of this step was to get an impression of their properties and potential suitability as geological
barriers for radioactive waste disposal, and also to rank them on the basis of this evaluation. In the
scheme of the National Project, geological barriers can only be taken into account in areas, which have
not been excluded by the negative screening. Negative (disqualifying) screening of the country on a
scale of 1:500000 revealed that due to an unfortunate combination of the exclusion criteria and the
geology of Hungary, most of the prospective geological formations fall into excluded areas and had to
be rejected. Negative screening meant that only loess hills remained for near surface disposal and
Upper Pannonian sediments, together with some granite, for underground disposal.

Table I: Stages in site exploration

Stage

1

2

3

4

5

6

name

Preliminary negative
and positive screening

Final negative and
positive screening

Site selection

Preliminary exploration

Final exploration

Engineering exploration

Exploration

scale

1:500000

1:100000

1:50000

1:25000

1:10000

1:5000

object

the whole of
the country

prospective
area

prospective
object

potential object

potential sites

suitable site

task

outlining prospective
areas

outlining and ranking
prospective objects

outlining and ranking
potential objects

outlining and ranking
potential sites

suitability assessment

information for
designing

method

desk-top>
study

desk-top
study

field study

drilling study

drilling study

drilling or
mining study

Preliminary positive screening revealed the only area for near surface disposal was Mezof 3d and
an area to the south. Numerous prospective areas were outlined for underground disposal, including
Mezof <kl. Since the task was to study possibilities for both disposal types, all further investigation
was restricted to the Mezof 4d region, -5000 km2 (as shown in Fig. 2.). Positive screening with
criteria similar to those in the previous stage resulted in numerous prospective objects. 128 of these
were near surface and 193 for underground disposal including one granite object. Sedimentary objects
of both types were listed and ranked separately. However, after checking public acceptability of sites
only 12 near surface and 18 underground objects (including the granite) remained.
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Fig. 2. The three areas designated for research, and the boreholes

Field reconnaissance for disposal was started in and Udvari for near surface sites, and
in for an underground granite site. Data on the underground sedimentary objects were
analysed more widely and more intensively than previously, and it was concluded that further studies
even on those with public acceptance should not be undertaken.

In the next step, in 1995-1996 on the basis of the scientific investigations, preliminary safety

) were selected where on-site excavations were to be started; an additional three
municipalities were kept in reserve. Both the drilling and studying were performed under quality
assurance and round-the-clock technical control; this means that they would pass any international
test. In all the boreholes geophysical well logging by a wide spectrum of methods was performed.
Potential sites were studied in two different geological environments: in loess for near surface at
Udvari, and in granodiorite

The site exploration resulted in much higher return periods of the potential contaminants for
granite rocks than for loess. In addition, the flow pattern was symmetric and stable for granodiorites
but asymmetric and unstable for loess, to a great extent depending on the profile geometry. Both
circumstances seemed to increase the suitability of the granite site.

In view of their objectives and nature, the investigations performed can be considered pioneering,
with no previous Hungarian experience and with no possibility to apply directly the experience gained
in other countries. An important consequence of this was that in the course of the exploration, major
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problems were encountered which needed to be solved in order to perform the tasks successfully. The
conclusions for the objects studied are only supported by one borehole at each location. Nevertheless,
the conclusions have so far been based on a thorough evaluation of the available geological data, and
were verified by the experts of Cassiopee (a consortium formed from the radioactive waste managing
organisation of the EU) in the framework of PHARE assistance projects.

SAFETY ANALYSIS

Deterministic and probabilistic performance assessments for the two repository projects at the
o be carried out on the

overall systems.

The completeness and robustness of the performance assessment depend on the extent and quality
of the data in terms of site characterisation, waste package performances and the role and performance
of the engineered barriers. Other important points are the methodology of analysis of performances
and the computation tools. Concerning the last point, computations of the performance assessment
have been carried out with software under the acronym RIP (Repository Integration Program).

The major relevant scenarios concerning human activities, natural processes, and waste and
repository processes have been identified, modelled and computed except for a number of disruptive
events, e.g. human intrusion and earthquakes, which should be taken into account in a further step of
the safety assessment. The methodology comprises extensive sensitivity analysis of the main
governing parameters. •

Sensitivity analysis confirmed that most of these parameters should be further investigated for the
two sites, in order to reduce their uncertainties. Amongst these parameters, safety assessment could be

knowledge of the following issues:

• long-term behaviour of waste packages, waste forms, concrete overpacks and their interaction
with groundwater;

• forecasting of degradation with time of repository materials and possible modifications of
leaching and migration characteristics of nuclides.

• effect of bentonite content in the backfilling material:
• acquisition of site specific data concerning the transport and retardation processes,

particularly in the engineered barriers and geosphere.

In the next stages of the Project studies and experiments should be undertaken to reduce
uncertainties on governing parameters and to attempt to quantify the critical events and processes
which lead to radionuclide release and transfer.

PUBLIC RELATIONS ASPECTS

It was planned that a public relations campaign be carried out at three levels: general public,
special groups (government, media, environmentalists, anti-nuclear activists) and the population of the
areas found suitable for the construction of the disposal, facility.

The objectives of the campaign were:
• to inform the public about the activities of Paks NPP and the importance of its reliable

operation (it generates nearly half of the electricity produced in Hungary)
• to present the power plant as a reliable partner that attaches great importance to quality and

safety
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• to help the population to understand that it is necessary to properly dispose of all wastes, and
convince them of the harmlessness of the facility

• to motivate the potential host communities to develop and maintain a long term partnership
and co-operation.

In the course of the on-site investigations the public information programme was continued.
Besides the local municipalities involved, the neighbouring villages were also kept informed. The
press and the scientific community were provided with information in a carefully considered manner
(press conference, scientific days, etc.)

The new Act on Atomic Energy No. CXVI of 1996 foresees that the licensee of a radioactive
waste disposal facility, in order to provide information regularly to the population of the communities
in the vicinity of the facilities, will promote the establishment of a public control and information
association and can grant assistance to its activities. In line with that provision it was ananged that the
relevant bodies receive appropriate assistance and be provided with the framework the co-operating
with the public.

ONGOING AND FUTURE ACTIVITIES

On the basis of the results of the on-site drillings as well as the site specific safety assessments,
more exact locations and parameters of the candidate sites were known by the end of 1996. A flow-
chart of the decision-making process is shown in Fig. 3.

In early 1997, the Hungarian Atomic Energy Commission decided to continue the Project by
stigations. Priority was given to the underground

studies started in the middle of 1997. Prior to deciding on the last stage, i. e. the suitable site where
engineering exploration can start, two additional investigation phases are to be completed. Firstly a
site should be selected within the region explored in the previous stages, then suitability assessment of
the potential site is to be conducted mainly by drilling and safety assessment studies.

The decision on the suitable site, following which detailed characterisation can start, is scheduled
for 1999. In case of any indication of unsuitability of the potential site under investigation at

of the sites kept in reserve may be subject to further study by carrying out the same
investigation steps.
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1:500000 I
I Screening g

Identification
4 Communities (Underground-Granite)

3-4 Communities (Surface-Loess)

1995 Limited Field Reconnaissance

Limited Site Characterization
3 holes + Field Tests

CA i

SA: Safety Assessment
CD: Conceptual Design
CA: Cost Analysis
PA: Performance Assessment
RIP: Repository Integration Program

1999

Fig. 3. Flow-chart of decision making process

THE CENTRAL NUCLEAR FINANCIAL FUND

Since the efficient accomplishment of the performance of tasks related to the final disposal of
radioactive waste as well as to the interim storage, the final disposal of spent fuel and to the
decommissioning of a nuclear facility are of national interest, responsibility was given under the new
Act on Atomic Energy No. CXVI of 1996 to an organisation designated by the Government. This
organisation was established by the 1st of January in 1998 and named with the acronym PURAM.

Before 1998, no reserve fund for the future costs of nuclear waste management and
decommissioning of nuclear facilities had been set up in Hungary. The new Act on Atomic Energy,
which entered into force on 1st June 1997, provided for the Government to take steps aimed at setting
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up a financial system to implement a coherent and comprehensive solution for the back-end of the
nuclear fuel cycle and disposal of radioactive waste.

All costs for managing and disposing of radioactive waste and spent nuclear fuel must be paid by
the waste producers. The member of the Government, who supervises the Hungarian Atom Energy

associated with the operation of the Fund.
The licensee (or, in the case of budget funded organisations, the budget) is liable to cover the

costs of the final disposal of radioactive waste, as well as the interim storage and final disposal of
spent fuel. For this purpose the Central Nuclear Financial Fund was established. The Fund is a
separate State fund exclusively earmarked for financing the construction and operation of facilities for
the final disposal of radioactive waste, as well as the interim storage and final disposal of spent fuel
and the decommissioning of nuclear facilities. Payments into the Fund by licensees of nuclear
facilities will be determined in such a way that the Fund fully covers all the costs arising from the
waste management, both from the operation of the facility and its decommissioning. In case of the
nuclear power plant, payments made by the licensees to the Fund should be taken into account as
expenditure when pricing electricity. In order to ensure the stability of the value the Fund a certain
amo
return.

The payments into the Fund started on January 1,1998.

CONCLUSION

In the framework of a National Project exploration for a LILW waste disposal site has been in
progress since 1993. Near surface and underground (maximum 300 m deep) disposai sites have been
evaluated. The exploration was performed in four stages. Firstly the whole of Hungary, and secondly
the Mezof M area were covered by desk-top studies. Public approval was given to just a few dozen
out of several hundred potential objects. Four prospective areas, three for near surface and one for
underground disposal, were covered by field reconnaissance. Boreholes were drilled at two near
surface (loess) sites and one underground (granodiorite) site. Granodiorites seem to be more suitable
when compared with loess, but further exploration is needed in the forthcoming years to confirm these
conclusions.
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Interaction mechanism of 137Cs and 238U in the host rock of a proposed waste
disposal site at Inshas is studied. It is observed that 80 % and 95 % of 137Cs and 63%
and 70% of uranium were adsorbed on the sandstone and claystone rocks respectively.
Radioactivity levels of the collected soil, rock and water samples were measured by
gamma spectroscopy and found to be in the natural background levels. From the points
of views of the radiological assessment and leaching behaviour of the radionuclides in
the host rocks, it may be concluded that the adaptability of the site to be used for the
shallow disposal of low and intermediate level radioactive wastes are justfied and
fulfilled.

INTRODUCTION
Many aspects should be taken into considertion in determination of the suitability of

a site to receive a disposal system for low and intermediate level radioactive wastes.
Among them, the radioactivity level. leaching behaviour of wastes,the population
distribution, tectonic and seismicity, geologic setting, hydrogeological setting,
geochemistry of the host rocks and the prevailing meteorological conditions (1,2).

According to the International regulations (3), the natural radioactive measurements
are considered as an important step in the evaluation of a site proposed for the disposal
of radioactive wastes. The main purpose is to measure the natural radioactivity
background in the soil and water in the area of interest and determine the behaviour of
the proposed host rocks against the radionuciides which may seep from the disposal
system during either its life time of operation or after decommissioning.

This work is mainly devoted to trace the behaviour of caesium and uranium and to
measure the radioactivity background of the proposed site at Fnshas area to evaluate its
suitability to be used for shallow disposal of radiactive wastes. The present work
repesents an extension for the work conducted in the same site and dealing with the
geologic setting, tectonic, seismicity and hydrogeology (4).

SITE LOCATION AND DESCRIPTION
The site considered is located inside the fence, that determines toe land belonging to

the EAEA at Inshas area (Fig. 1). This land has an area of 5 km' and is located in the
governorate of Kaliobiah desert zone, in the NNE direction from Cairo. The site lies
about 10 km from Abu Zaaba! and about'55 km from Heliopoiis (asubrub of Cairo).
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The site is surrounded by the Ismailia canal from the west and a desert land from the
east. In the other directions, it is bounded by agricultural and industrial neighborhoods.
Moreover, the site is connected to the national roads Cairo-Belbies and Ismailia
highways via two secondary roads.

EXPERIMENTAL WORK
I- Field Work and Sampling:

Soil samples have been collected by using the template technique, in which a 25 x 25
cm2 area sample was cut out a template for guidance to a depth of 10 cm (5). Five soil
samples have been obtained from the proposed site. The locations of these samples are
shown in Fig. ( 2).

In addition to the soil samples, three rock samples have been collected at shallow
depth (less than 25 m). The first sample is sandstone. The other two samples are
claystone (collected from two different boreholes). To get the rock samples, a number of
shallow boreholes have been dug in the site using a drilling machine belonging to the
Egyptian General Authority for Geologic Survey and Mining Projects. The
distribution of such boreholes are showin in Fig. ( 2).

To measure the radioactivity background in the underground water in the near site
area, six water samples have been collected from the piezometers designed in the
surroundings,in which a sample from the Ismailia canal has been picked to represent the
surface water (Fig.2).

The water samples were collected using water sampler, that consists of polyethylene
tube with a whole capacity of ,200 mi. The sampler can be closed-up at the desired depth
by the messenger, which is controlled; by the person who collects the samples by
dropping the messenger down the connecting cable. The water samples were acidified
with the HCS to suppress the interaction of the water contents with the container walls
and/or to suppress growth, of the mico-organisms (6).

II- Samples Preparation:
To prepare the soil and rock samples for y measurements, each sample was weighed

and dried in an oven at a temperature of 110° C (6). The dried samples were crushed
and exposed for sieving. The sieved samples were weighed and packed in Marinefli type
beakers (100 or 1000 ml capacity) for gamma activity analysis. Each sample was
carefully sealed and stored for 4 weeks (this time is about seven half lives of 222 Ra

1/2 = 3.823 days) to reach a secular equilibrium between 2Z5Ra and its progeny (7).
One litre volume from each sample was packed, sealed and stored in Marine!li

tvpe beakers for gamma ray analysis {6).
For studying the leaching behaviour of " C s a n d u i n t h e encountered rocks, the

rock samples were crushed and sieved. One gram of each sample was added and
shaked with fifiv milliters of bidistilled water, containing a well known radioactivity
concentration of 13'Cs. The procedure was carried out in polypropylene bottles of total
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volume 100 mi fitted with screw caps at the ambient temperature. A sample of 1 mi of
the supernatant was taken at different contact time for radiometric assay. The same
procedure was repeated with Uranium.

Ill- Systems Description and Calculations:
The radiometric assay of the supernatant containing U7Cs have been achieved by

using 2" x 2" well type Nal detector. The counting time was one minute. The gamma
line 661.6 keV was used to represent Cs. In case of uranium a planer hyper pure
germanium detector (Cannberra type) of 30 % efficiency and 1.95 keV FWHM at 1332
keV of Co-60 was used. The gamma line 63 keV was used to represent"' U. The
spectra obtained were analyzed using PCA software.

The percent adsorption of Cs-137 and U-238 was calculated by:

% ads. = (Io - 1 / Io) x 100 (1)
where: Io is the initial activity in the solution before adding the crushed rock.

1 is the activity in the supernatant after adding the crushed rock.
The radioactiviy of the soil, water and rock samples was measured by using 25% co-

axiai hyper pure germanium detector (Silena type). The transitions; 351.9 keV (Pb-214),

609.3 keV (Bi-214) and 1120.3 keV (Bi-214) were assumed to represent 2 38 TJ series.
The gamma lines of 338.4 keV (Ac-228), 583 keV (Tl-208), and 911.1 keV (Ac-228)
were used to represent 232 fh series. 40 K was measured by its garn;rja line 1460 keV.

The activity concentrations in the samples were calculated using the following
equation.

A = CRXNF/Q (2)
Where: A is the activity in the sample |Bq/kg)

CR is the counting rate of each gamma line.
NF is the normalizing factor (it is calculated from the relative efficiency and the
branching ratio of each gamma transion)(8).

Q is the density of the sample (g/cm3).

RESULTS AND DISCUSSION
The results of Cs and Uranium behaviour in the rocks of the proposed radioactve

waste disposal site are depicted in Fig.(3). It is observed that 80% , 95.6 % and 94% of
13'Cs are adsorped on sandstone, claystone-1 and claystone-2 respectively. The
saturation state (equilibrium state) was obtained after 20 minutes for the sandstone and
about one hour for claystone. The increase of adsorption percent of daystone as
compared with sandstone is mainly attributed to their day minerals structure. The X-ray
diffraction analysis of (he claystones showed that, the main mineral constituents are

. kaotinite, quartz and little amount of montomorillonite. As a matter of fact, this mineral
composition enhances the adsorption capacity of claystones. The ion exchange cf
rnonovaiem IC with monovalent Cs+ of similar ionic radii {).33 A° for K and 1.65 A"
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for Cs) has been formulated as the adsorption reaction in the clay minerals
(9,10).

At zero contact time (the time of addition of rock to the uranium solution), it is
observed that, 63% and 70% of uranium are adsorped on sandstone and claystone
respectively.

These results lead to an adequate understanding of the leaching behaviour of wastes
which will be disposed at the site.

The hydrogeological studies carried out in the site revealed that, the sources of the
underground water are two aquifers, the first one belonges to the Quaternary period,
while the second one belongs to the Miocene period (11). The radioactive analysis of
the water samples collected from the site shows that the radioactivity levels of the
natural radionuclides;4 K , U series and lh series and man made 137Cs, are low and
within the system detection limits, 4, 0.7 , 0.6 and 0.1 Bq/l respectively.

The gamma spectroscopic analysis of the soil samples are given in Table (1) and
Figs.(4, 5). The results obtained indicate that, the levels of the natural radioactivity are
normal and within the international level (12). The man-made 137Cs is lower than the
system detection limit (0.1 Bq/kg). The low concenterations of 238U series, 232Th series
and 4 K are attributed to the sandy nature of the samples, where the increase of the grain
size decreases the radionuclides adsorption capacity (13).

Concerning the rock samples, there are two types of rocks, sandstone and
claystone. In case of the first type, the levels of radionuclides concenteration are also
normal and within the international level (12) as shown in Table (1) and Figs. (4, 5).
The radiometric analysis ofv the ciaystone (Table 1) , shows that the high
concenterations of 23SU, "" ih and K (30.9, 38.6 and 275.5 Bq/kg respectively) are
expected due to the clayey nature of thisroek (13).

CONCLUSION
Based on the above-mentioned results and discussion, it is shown that the natural

radioactivity levels of soil water and rock samples of the site are within the
international radioactivity levels. It is also observed that the sandstone and claystone
have high tendency to adsorb most of the radionuclides which may release from the
proposed shallow disposal system.

From the points of views of the ratSioiogical assessment and leaching behaviour of
the radionuclides in the host rocks, il may be concluded that the adaptability of the site
to be used for the shallow disposal of low and intermediate level radioactive wastes are
justfied and fulfilled. Funhor studies in-situ with the natural conditions are
recommended to be carried out.
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Fig. (3): The % Adsorption of Cs-137 on Sandstone and Claystone
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Table (1): The Gamma Spectrometric Analysis of the Soil
and Rock Samples.

Serial

No.

SI

S2

S3

S4

S5

S6

S7,S8

Sample

Code

E3 / 385

E3 / 380

Fl/385

F/380

E3/375

Sandstone

Oaystone

Activity Concentration (Bq/ kg)

U-238

18.8 +0.4

9.5 ±0.3

15.3 ±0.7

6.8 ±0.3

16.7 ±0.8

14.2 ±0.3

30.9 ±1.4

Th-232

13.9 ±0.3

5.9 ±0.2

11.8 ±0.5

5.5 ±0.5

10.8 ±0.7

7.6 ±0.5

38.6 ±3.6

k-40

177 ±3.7

133 ±2.9

188 ±7.8

108 ±3.3

173 ±7.8

55.3 ±2.1

275.5 ±12

Cs-137

<DL

<DL

<DL

<DL

<DL

<DL

<DL

* DL : detection limite of the system
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Fig. (¥•): The Activity Concntation of K-40 in the Soil and Rock Samples
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ABSTRACT

The destruction of spent TBP/Kerosene(odourless Kerosene(OK)) with potassium
permanganate have been investigated. Comparative studies on the immobilization of spent
TBP/Kerosene and its degradation product into different matrices have been carried out.
The matrices used include, ordinary Portland cement, silica fume, treated fly ash, epoxy
resin and cement mixed with epoxy resin. The different factors affecting solidified waste
forms such as, compressive strength, water resistance, thermal stability, chemical
resistance, radiological stability and teachability have been investigated. It was found that,
epoxy resin and cement mixed with 5,10,20* and 50% of epoxy resin enhance the
compressive strength of the solidified waste forms with spent TBP/OK more than that
obtained from degradation products. The leaching rates of' 4Eu and l8lHf from waste
forms containing TBP/OK was found lower than that with degradation product.

Key Words: Conditioning/TBP/OK Wastes / Compressivn Strength/ Resistances
Stabilities / Leachubility.

INTRODUCTION

solvent extraction separation processes are used to recover nuclear materials from
spent fuels. These processes involve the use of an extractant / diluent for separating of the
reusable actinides from fission products. The most widely used extractant is tri-butyl
phosphate(TBP) diluted with a normal paraffin hydrocarbon'1'2*' After repeated recycling,
the solvent is seemed unstable for further use and contains uranium, plutonium and fission
products'3* . A variant of the process is being developed for destroying reprocessing
solvent, in which processing is at 100°C and the atmospheric pressure, using a copper
catalyst and hydrogen peroxide(4) . Wet oxidation technique is still very much in the
experimental stage for breaking down organic materials to carbon dioxide and water and
leave a concentrated inorganic waste which contains the most of radioactivity. The aim of
this work deals with conditioning methods of spent TBP/OK and its degradation
product(DP). The matrices used are.Portland cement, cement with some additives, epoxy
resin and epoxy mixed with cement<5>6). Various physical and chemical properties of the
conditioned waste have been investigated to avoid premature disintegration of the waste
form which could lead to exposure of the radioiuiclides to the environment. The different
parameters affecting the properties of the solidified waste packages which investigated
are, compressive strength, water resistance, chemical resistance, thermal stability,
radiological stability and teachability.
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EXPERIMENTAL

Chemicals
All the chemicals employed were of analytical grade and used withaut further

purification. Tri-butyl phosphate was obtained from Aldrisli Chemical Co. ordinaiy
Portland cement(OPC) was obtained from National cement company, Helwan, Egypt(7)

silica fume (SF) was obtained from Ferro silicon company, Eddfo, Egypt, fly ash was
obtained from the North Cairo , electric power station and was treated as reported before®
Epoxy resin was obtained from Chemicals for Modern building company, Egypt.
Odourless Kerosene (OK) , obtained from the Miser petroleum company and used as
diluent. Radioactive tracers IS2&IMEu , and 181Hf were obtained from Egyptian Nuclear
Reactor, Inshas, Egypt.

Degradation product preparation
Preparation of oxidative degradation product (DP) wos carried out by making

reflux of 25ml of 30% TBP in kerosene (vol.%) with excess of KMnO4 (0.1N) in around
bottom flask at 100 -110 °C for 6-8hi . The precipitate was cooled, filtered and washed
with double distilled water for many times and then the precipitate was dried using 1R-
lamp. Finally the weight of the precipitate was evaluated.

Compressive strength
Specimens of Portland cement and cement have benn prepared mixed with

different percents of organic phase (30% vol.TBP/OK) at W/C ratio of 0.35. The resultant
cement mixture was stirred for 5 minutes and the grout was then poured in 30 mm right
cylinder mould . Also specimens of Portland cement mixed with 5% of silica fume or
treated fly ash and epoxy resin with different percents of 5,10,20 and 50% by weight and
immobilized with different percents of organic phases have been prepared, specimens of
epoxy resin mixed different percents of organic phase have been prepared. The principle
problem in dealing with epoxy was the bad effect of liquid waste on the polymerization
process of epoxy. Hence, the polymerization of epoxy was carried out separate from the
hydration process of OPC(9l The same specimens with degradation product of TBP/OK
have been prepared. The compressive strength of these samples was measured according
toBS1881( } using Instron Universal testing Instrument Model 1178. .

Water immersion
The effect of water immersion on the compressive strength of the 30mm right

cylinder specimens of solidified waste forms of organic phase (30% vol. TBP/OK) or
degradation product of the organic phase mixed with Portland cement, Portland cement
with additives, epoxy resin mixed with cement, atd .epoxy resin after immersion, in
leachant, sea water(ll), tap water, and deionized water for one t;nd three months has been
investigated

Thermal stability
The effect of heat at 105 °C for one week on the compressive strength of the

samples prepared as mentioned above and immersed in the leachants for one month was
studied. '
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Chemical resistance
The effect of HNO3, NaOH, and NaCl with concentration 10% and distilled

water on the same samples prepared before for one week was studied. The weight loss and
swelling of the samples was evaluated*12*

Radiation stability
The effect of radiation dose rates in the rang between 10 and 100 M Radon the

compressive strength of the solidified samples prepared as mentioned before was studied.
The irradiation was carried out by a cobalt -60 source of the gamma cell 220 type having
maximum dose rate of 30 Gy/s.

LeachabiHty
Specimens of cylinder moulds with dimensions 2xlmm were prepared by mixing

radioactive organic phase (30% vol.TBP/OK) with 152&IJ4Eu, and 181Hf with Portland
cement, Portland cement plus silica fume or treated fly ash,, epoxy resin mixed with
cement, and epoxy resin. The samples were taken out from the moulds and subjected to
rapid leaching test (soxhlet). The leaching rates for each sample have been determined'13*
The same samples were prepared with degradation product of the radioactive organic
phase, and subjected to the same test. Specimens of 30mm right cylinder were prepared as
mentioned above and subjected to long-term leaching in deionized water for 93 days. The
leaching test was carried out according to the method recommended by IAEAfl4)

RESULTS AND DISCUSION

Compressive strength
The compressive strength of the solidified waste forms with organic phase

(30%TBP/OK) or its DP mixed with Portland cement, Portland cement plus silica fume
or treated fly ash , epoxy resin mixed with cement and epoxy resin as a function of % of
TBP/OK. with or without degradation is shown in Fig.(l) From this figure we found that,
the compressive strength is achieved when the amount of TBP/OK in cement samples is
around 3%. Beyond this value,. the compressive strength decreased and the maximum
compressive strength was obtained for the solidified waste forms with 3% of TBP/OK. A
maximum compressive strength was obtained with all samples mixed with degraded
TBP/OK when the waste loading equal to 15%. This means that: when direct
immobilization of TBP/OK'(non degraded) was carried out, the waste loading should not
be higher than 3% while 15% waste leading was recommended in case of degraded
TBP/OK.. The results indicate that, addition of epoxy resin, SF or TFA, develops the
compressive strength of Portland cement paste.

In all cases the compressive strength takes the following sequence :

Plain epoxy>OPC+50%Epoxy >OPC+20%Epoxy >OPC+10% Epoxy >
OPC+ 5%Epoxy> OPC+5% S.F> OPC+ S% TFA >plain OPC

This sequence can be generally attributed to the smaller cavity volumes and decrease in
porosity for the hardened pastes yield greater compressive strength"5'16*
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Water immersion
The percentage change in compressive strength of the solidified waste forms with

TBP/OK or degraded product after immersion in leachants for one and three months are
given in Table 1. From which it can be concluded that, sea water has bad effect on sample
of TBP/OK and Portland cement plus 5% silica fume and sample of Portland cement with
DP where, the compressive strength decreased. Solidified waste forms of epoxy resin
additives improved the compressive strength more than the other additives. Tap water and
distilled water enhance the compressive strength more than sea water. The enhancement in
the compressive strength for waste forms of TBP/OK took the following sequence:

Epoxy > OPC > OPC + 5% TFA> OPC + 10% epoxy > OPC + 20% epoxy >
OPC + 50% epoxy

The increase in epoxy'resin content when mixed with Portland cement decreased the
compressive strength while for samples of DP the improvement in the compressive
Strength took the following order :

Epoxy > OPC+5%SF> OPC + 5% TFA > OPC + 10% epoxy > OPC + 20% epoxy
>OPC + 50% epoxy

The immersion of waste forms with degraded product in leachants for long period
enhance the compressive strength more than the waste forms of TBP/OK.
The % sorbed water of the immobilized waste forms employed after immersion in sea
water, tap water and distilled water for one and three months are shown in Table2. The
results indicates that, the sorbed water is varied and depends on the degree of swelling of
the matrices employed.

Thermal stability
The effect of heating at 105°C for one week for waste forms of TBP/OK and

degraded product previously immersed in sea water, tap water and distilled water for one
month on the compressive strength is given in Table 3. The results indicate that,
compressive strength of waste forms with epoxy resin or epoxy resin mixed with Portland
cement decreased, while for solidified waste forms of Portland cement, cement containing
treated fly ash or silica fume the compressive strength increased. The compressive
strength of waste forms with degraded product was found higher than TBP/OK. The
enhancement in the compressive strength took the following order:

OPC > QPC+5%SF > 0PC+5%TFA

Following the sequence of these samples, it is found that,
i- Sea water increases the compressive strength to 85,52 and 33%, respectively,
ii- Tap water increases the compressive strength to 81, 39, 30%, respectively.
iii- Finally distilled water increases the compressive strength to 76,25, and 15%

respectively.

Chemical resistance
The effect of acid, base, salt solutions of 10% and deionized water on solidified

waste forms of TBP/OK or degradation product have been studied and the results obtained
are given in Table 4. From which it can be concluded that, waste forms with DP are more
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swelling than that with TBP/OK. The swelling values decreased according to the
following sequence:

Epoxy > OPC + 5%epoxy > OPC + 5%SF > OPC + 5%TFA > OPC

samples of epoxy are less resistant to swelling when immersed in different media used
than other samples. 10% HNO3 has bad effect on both solidified waste forms with
TBP/OK or DP containing cement, cement mixed with silica fume or Ueated fly ash and
epoxy resin where a decrease in weight change was obtained. Waste forms with epoxy are
more resistant to acid attack. The dissolution of samples TBP/OK are less titan samples of
DP. We can concluded that, waste forms of TBP/OK are more resistant to swelling and
dissolution in acid, base and salt attack than that DP forms.

Effect of radiation
The effect of radiation dose on the compressive strength of t̂he waste forms of

TBP/OK and DP are given in Fig 2. From this figure, it is clear that, the compressive
strength decreased with increasing the irradiation doses. This may be explained by the
possible increase in the total porosity of the hardened cement pastes and polymerized
waste forms by irradiation or particle interaction and the chemical effects resulting from
radiolysis of loosely bound molecules of waste forms. The effect of radiation doses on
compressive strength of waste forms with TBP/OK was found lower than with DP. The
decrease in the compressive strength are arranged as following :

Epoxy > OPC+5%epoxy > OPC+5%SF> OPC+5%TFA > OPC

Solidified waste forms of TBP/OK mixed with epoxy resin or cement plus 5% epoxy are
more resistant to y-irradiation at high doses.

Leacbability
l.Test Rapid leaching

The leaching rate of the radioactive isotopes 152&154Eu , and 18!Hf from solidified
waste forms of TBP/OK or DP immobilized with different matrices have been
determined. The results obtained are given in Table 5. from which it can be concluded
that, waste forms with TBP/OK have a lower leaching rates than waste forms of DP. The
leaching rates of 18lHf was found lower than of 152&15'tEu from all solidified waste forms
employed. The decrease in the leaching rates are arranged as follows : •

OPC > OPC+S%SF > OPC+5%TFA > OPC+5%epoxy > Epoxy

2. Long Term teachability
The cumulative fractions of !S2&i54Eu ,and !SIHf from waste forms( with 3% by

weight) of TBP/OK or DP at( w/c=0.35) immersed in distilled water for 93 days as a
function of total times are represented in Fig.(3,4). It is seen from these figures that, the
cumulative fractions of 152&154Eu , and 18lHf through waste forms of TBP/OK are lower
than from waste forms with DP. The cumulative fractions of l81Hf is lower than of
U2&i54gu from ^ different waste products. The decrease in the cumulative fractions for
both radionuclides has to the following order:

OPC > OPC+5%SF > OPC+5%TFA> OPC+5%epoxy > Epoxy
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The diffusion coefficient of l52&IHEu and l8IHf through the waste products used are given
in Table 6. From which it can be concluded that, diffusion coefficient for both
radionuclides are lower in case of TBP/OK, and I52*'HEu has a higher diffusion
coefficient more than l8lHf. The decrease in diffusion coefficient of the radionuclides
from the different matrices takes the same order as in leaching rates. Solidified waste
forms of epoxy resin was found to give lower leaching rate and diffusion coefficient
followed by cement with 5%epoxy and finally cement mixed with 5% TFA or 5%SF
compared with plain cement.

CONCLUSION
Several conclusions can be drawn from this study:

1. Spent waste TBP/OK or degraded product can be incorporated into epoxy resirij cement
mixed with epoxy resin and cement with silica fume or treated fly ash with loadihg up to
3% wt % of the samples to give a package with properties suitable for storage, transport
and final disposal more than plain cement.
2. Addition of 5 wt % of silica fume or treated fly ash to Portland cement as weli as
cement mixed with epoxy resin and plain epoxy resin improves the compress ive strength
of solidified waste forms in the following order:

Epoxy > OPC+5%epoxy > 0PC+5%SF> 0PC+5%TFA > OPC

3. Solidified waste forms of degraded product are more resistant for immersion in sea
water or tap water for long period where the compress ive strength increased compared
with TBP/OK.
4. Solidified waste forms with cement, cement plus silica fume or treated fly ash mixed
with degraded product are more resistant to heat after immersion in sea water or tap water
compared with epoxy resin or cement plus epoxy resin. •, • '
5. Solidified waste forms with TBP/ OK are more resistant to swelling and dissolution in
acid, base and salt attack compared with samples of degraded product.
6. Solidified waste forms with degraded product are more resistant to y-irradiation at high
doses compared with all samples of TBP/OK
7. Leaching rates and diffusion coefficient of l52&l54Eu , and l81Hf waste forms
containing TBP/OK was significantly less than from waste forms with degraded product.
The decrease in leaching rates and diffusion coefficient of the solidified waste products
are in the order:

OPC > 0PC+5%SF > OPC+5% TFA > OPC+5%epoxy > Epoxy
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Table(l): Effect of water immersion on the compressive strength of solidified waste
forms with TBP/OK and DP after immersion in different leachants for one
and three month

Leaching
solution

Sea
water
Tap

water
Distilled

water

Period,
month

1
3
]
3
1
3

% Change in compressive strength, (Kg/cm2)

TBP/OK

1
+65

+79

+74

187

+67

+69

2
-53

-59

-44

-5l>

-27

•33

3
+37

+45

+44

147

+43

+46

4
M5

+18

+29

>.!3

+20

+30

5
+5

+ 12

+12

MS

+12

+ 14

6
+i

+6

+8

>y

+6

+10

7
+69

+92

+82

>Xt.

+80

+87'

Degraded TBP/OK

1
•22

-42

+77

'K'J

+75

+80

2
+ 14

>-22

+4i

ill!

+33

+68

3
+ 35

+50

+ 53

it*

+37

+40

4
+33

+35

+47

•140

•M5

5
+20.

+28

+27

+SO

+26

6
+7

+ i l

+ !0

UN

H

10

7
+75

+S8

• 67

+82 !

• 83

(1) Plain OPC (2) OPC+(S%)S.F (3) O'PC+(S%)TFA (4) OPC+(10%)Epoxy

(5) OPC+(20%)Epoxy (6) OPC+(50%)Epoxy (7) Plain Epoxy

Tab!e(2): % Sorbed water of solidified waste forms with TBP/OK raid i>? after
immersion in leachants for one amd three months

Leaching
solution

Sea
water
Tap

water
Distilled

water

Period,
month

1
3
1
3
1
3

% Sorbed water

TBP/OK

1
+9.8

+10.1

+8.3

+7.3

+7.8

+7.1

2
+ 10.5

+ 10 9

+9.8

+ 10.3

+9.3

+9.8

3
+9.3

+9.4

+S.9

+9.1

+9.2

+95

4
+9.8

+9.2

+7.8

+8.5

+7.6

+7.9

5
+2.9

+5.0

+3.6

+3.8

+3.0

4.3

6
+2.9

+3.2

+2.5

+2.6

+2.6

+2.8

7
+ 1.5

+ 1.7

+0.7

+2.6

+1.4

+ 17

Degraded TBP/OK

1
+H.I

+ 11.5

+1U2

+ !0.6

+103

+10.7

2
+13.2

+137

+ 14 0

+ 15.0

+14.2

+14.9

3
+ 12 7

+ 13.3

+ 12.0

+ 12.5

+12.2

+12.8

4
+ 8.3

+8.6

^8.3

+8.7

+8.1

+8.3

5
+5.3

+ 5 8

'•5 9

+ 62

+59

+6J

6
M.4

• 4.7

+4.7

+4.9

M.5

+4.7

7
+1.7

+1.8 !

+ 11

+ 1 3 ;

H 2

4-1.3

(1) Plain OPC (2) OPC+(5%)S.F (3) OPC+(S%)TFA (4)OPC*(10%)Epoxy

(5) OPC+(20%)Epoxy (6) OPC+(S0%)Epoxy (?) Plain Epoxy
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Table(3): Effect of heat at 105 °C for one weak on the compressive strength of solidified waste
forms with TBP/OK and DP after immersion in different leaching solution for one month

Leaching
solution

Sea
water
Tap

watqr
Distilled

water

Change in compressive strength,(Kg/cm2)

TBP/OK

1

+81

+74

+69

2

+42

+32

+21

3

+25

+17

+12

4

-19

-32

-26

5

-33

-36

-40

6

-42

-45

-47

7

-88

-92

-96

Degraded TBP/OK

1

+85

+81

+76

2

+52

+39

+25

3

+33

+30

+15

4

-16

-19

-23

5

-30

-32

-36

6

-35

-Ii9

-42

"1

7

-82

-86

(1) Plain OPC

(5) OPC+(20%)Epoxy

(2) OPC+(5%)$.F (3) OPC+(5%)TFA (4) OPC+(10%)Er<

(6) OPC+(50%)Epoxy (7) Plain Epoxy Liquid/Solid Ratio =0.3.:

Table(4): % Swelling and % weight change for solidified waste forms with TBP/OK. aiid (Dl
various media for one week

Matrix

Plain OPC
OPC+5%TFA
OPC+5%SF
OPC+5%epoxy
Plain epoxy

(%)Swelling
TBP/OK

l

4.6

4.1

3.3

2.8

0.5

2

9.3

5.0

7.5

5.0

' 0.6

3

10.0

9.2

8.0

6.0

0.60

4

2.5

2.3

2.0

1.9

0.6

DP
l

5.0

4.5

4.1

3 0

0.60

2

9.5

9.6

4.9

6.0

0.«5

3

no
9.4

8-5

6.4

0.70

4

JQ

5.6

2.4

XI

O.«

% Weight change
TBP/OK

l

5 1

1!

9.4

5.5

I.I

2

ftO

18

14

9 0

1J

3

TA

-1.5

-1.7

-1.1

1.4

4
• • - ' • • • - * —

ltt.5

8.0

SO

5.0

10

D

^
13.5

11.6

10.0

5 -V

: 5

•art
!6 3 T

i144 i

10 3 1

'-' i

liquid / solid ratio — 0.35
temperature = 22 ±2 "C
amount of solution = 6 ml/cm2

l=NuCU0%
3 = HN03 10%

2 - NaOH 10%
4 -Dist H-, O 10%
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Table(5): Soxhlet leaching rates of152134 Eu and ' " Hf of solidified waste forms with

TBP/OK and (DP)

Waste forms

Plain OPC

0PC+S.F(5%)

0PC+TFA(5%)

OPC+Epoxy(5%)

Plain Epoxy

Leaching rate, (gm cm'2 d1)

TBP/OK
isiiu Eu

8.2E-3

8.0E-3

8.0E-3

4.3E-3

4.0E-3

mHf

7.8 E-3

7.3 E-3

3.9 E-3

3.8 E-3

3.1 E-3

DP
m,iuEu

8.6E-3

S.4E-3

6.9 E-3

4.9 E-3

4.3 E-3

mHf

8.3 E-3

7.9 E-3

5.5 E-3

4.4 E-3

3.6 E-3

% waste in the matrix = 3%

Table(6) diffusion coefficient^) Of2&'54 Eu and'" Hf from waste forms of TBP/OK

and DP immobilized with different matrices

Wasteforms

Plain OPC

0PC+S.F(5%)

0PC+TFA(5%)

OPC+Epoxy(5%)

Plain Epoxy

Diffusion coefftcient(D)

TBP/OK
'"•'"Eu

4.5E-2

1.4E-4

4.0E-5

3.5E-5

1.8E-6

mHf

1.6E-4

3.1E-5

2.2E-5

1.0E-5

1.3E-6

DP
m,iuEu

7.9E-2

3.6E-4

4.6E-5

3.8E-5

2.0E-6

111 Hf -

3.1E-4

8.0E-5

3.5E-5

3.2E-5

1.6E-6

% waste in the matrix — 3%
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ABSTRACT

Low and Intermediate level radioactive waste (LILW) has been safely
disposed on land for several decades in countries operating large nuclear
programmes . Land disposal includes near surface disposal and subsurface
disposal . The safety requirements for land disposal implies proper siting, proper
design , proper operation , and surveillance.

The near surface disposal concept is used in Canada , France, Hungary,
Japan , Span , United Kingdom , and United States of America. Subsurface
disposal concept is used in Finland, Germany , and Switzerland. In Sweden and
ex Czechoslovakia both near surface and subsurface disposal is used. Some siting
features in different countries are discoussed.

Keywords : Radiactive Waste/ Near surface disposal / Subsurface disposal

INTRODUCTION

Land disposal is considered an integral part of radioactive waste management, which covers all
the actions undertaken for the purpose of protecting the public and the environment from unacceptable
risks under all reasonable circumstances. These risks can be determined taking into consideration
lengths of time and reasonable circumstances. The necessary decisions are generally based on safety
analysis and environmental impact studies.

Today, the world disposal sites for low and intermediate-level radioactive wastes (LILW) range
from near surface facilities to engineered geological repositories. More than one hundred LILW disposal
facilities are, or have been, operating, and more than 42 repositories, are under some stage of
development all over the world(1). The two general disposal concepts are t i - 6 ):
- near surface disposal, and
- subsurface disposal.

NEAR SURFACE DISPOSAL

It is the disposal in unlined trenches or pits or in engineered structure. The basic objective is to
isolate the waste from wato, and the human environment under controlled conditions, and for a period of
time long enough to allow the radioactivity to decay naturally to an acceptable level. Near surface
disposal can be with or witKuit engineered barriers. Near Surface Disposal is characterized by:
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- simplicity
- flexibility
- relatively low costs for investment and operation

SUBSURFACE DISPOSAL

Cavities located at various depths in different geologic environment. In relation to their origin,
the cavities may be classified into:
- especially excavated cavities,
- unused mines, and
- natural cavities.
Subsurface Disposal is characterized by:
- increased protection against human intrusion
- can provide better isolation of long - lived radioisotopes
- reduced land surface consumption

In this paper, the disposal systems in different countries are discussed.

CLASSIFICATION OF RADIOACTIVE WASTES

The International Atomic Energy Agency ( IAEA ) classifies the Radioactive Wastes into 5
categories in addition to the exempt waste. The classification depends on the content of radionuclides,
their type, and their half-lives. The IAEA classification is shown in table 2 <-T>.

Table 1 Six Categories of Solid Waste Classification

long lived
(heat)

long lived

short
lived

Shielding/heat
Category I
High Level Waste

Shielding

Category II
Long lived
Intermediate level Waste

Category IV
Short lived
Intermediate
intermediate level Waste

no shielding

Category III
Long lived
Low level
Waste

Category V
Short lived
Low level Waste

Category V
Exempt
Waste
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EXAMPLES OF NEAR SURFACE DISPOSAL FACILITIES

1- Canada
Site:
Location:
Repository type:
Type of waste:
Repository capacity:

IRUS (Intrusion Resistant Underground Structure.
Chalk River AECB Site
near surface disposal with engineered barriers (Fig. 1)
categories HI, IV, V
volume 8,000 m3

beta gamma emitters not specified
alpha emitters not specified
The regulatory' requirement is that serious health risks to individuals be less than

one in a million per year as a result of migration of nuclides from the waste through pathways in the
environment, or by inadvertent intrusion into the v/aste.

Start of operation:

2 - Czechk
Site:
Location:
Repository type:
Type of waste:
Repository capacity: volume

beta gamma emitters
alpha emitters

Start of operation: 1992
Safety analysis have shown that the rate of water percolation is 10"° m/s. To attain the required

rate( 10"9 rn/s ), an isolation layer.( 0.3m thick) of asphalto -propylene-concrete was added.

Dukovany
Trebic
near surface disposal with engineered barriers ( Fig.2)
categories IV, V

310,000 m3

15,000 TBq
0.4 TBq

3 - France
Site:
Location:
Repository type:
Type of waste:
Repository capacity: volume

beta gamma emitters
alpha emitters

Start of operation: 1992

Centre del ' Aube
Soulaines Dhuys - Aube
near surface disposal with engineered barriers ( Fig. 3)
categories III, IV, V

1,000,000 m3

7xlO5 TBq
7.4xlO2 TBq

4 - Hungary
Site: not specified
Location: not specified
Repository type: near surface disposal with engineered barriers ( Fig.4)
Type of waste- categories IV, V
Repository capacity: volume 42,000 m3 ( approx.)

beta gamma emitters 0.1 TBq
Start of operation: indefinitely postponed
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5 -Jnnnq
Site: Rokkashc disposal
Location: Rokk;tsho Village. Aomori Prefecture
Repository type: near surface disposal with engineered barriers ( Fig.5)
Type of waste: not specified
Repository capacity: volume 40,000 ni3

beta g:imrra emitters not specified
alpha emitters not specified

Start ot:operation: mid l')'.<0s
Writer table is aboui 2 m below the ground, and rises almost to the ground surface during snow

melting and after heavy or continuous rainfall. After the drums are placed in the pit, the void space
between the drums will be filled with mortar. Reinforced concrete cover will be placed thereon. The
burin! area will be backfilled, and there will be an earth covering of 4 m thickness over the top of the
pit.

6 • Spain
Site: El Cabiil
Location: Sierni Albarrana, Andalucia
Repository typs: near surface disposal with engineered barriers ( Fig.6)
Type of waste: categwics III, IV, V
Repository capacity: volume 50,000 m3

beta pirama emitters 103 TBq
alpha emitters 37 TBq

Scait of operation: mid l')V>2

7 - Sweden
Sire: Oskan.liamn/ Forsmark, Studsvik
Location: southeastern Baltic sea coast
Repository type: near sm face disposal without engineered barriers
Type of waste: catcgi n > V
Repository capacity, voluiiu- 10,000 m?

beta iKimma emitters 0.1 TBq
alpha i.in;:ters negligible

Start of operation: 1986
According to Swnlish policy nenr surface repositories for very low level wastes can be

established. Further, the r:n!ioactive mvsniory in rhe repository must be so low that institutional control
must u~t bs required for mme dun 100 y;iars after closure.

8 - United Kingdom
Site: Drigi;
Location: Cumbi i;i, northwestern England
Repository type: near sin face disposal with engineered barriers ( Fig. 7)
Type of waste. categui ics I i I, V
Repository- capacity, volunu 1.000,000 m3 ( approx.)

bi:ta i-.iinnw emitters 800 TBq
alpha iminers 20 TDq

Start of operation: 1988
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EXAMPLES OF SUBSURFACE DISPOSAL FACILITIES

1 - Finland
Site: Olkiluoto
Location: southwest of Finland
Repository type: subsurface purposed structure ( Fig. 8)
Type of waste: categories III, IV, V
Repository capacity: volume 8,400 m

beta gamma emitters 240 TBq
alpha emitters 0.016 TBq

Start of operation: 1992

2 - Germany
Site:
Location:
Repository type:
Type of waste:

Konrad
State of lower Saxony
subsurface abandoned mine( Fig.9)
categories IV, V

Repository capacity: volume 650,000 m3

beta gamma emitters lxlO5 TBq
alpha emitters not specified

Start of operation: 1996

3 - Sweden
Site:
Location:
Repository type:
Type of waste:

Swedish Final Repository (SFR) for reactor operational wastes
Forsmark
subsurface purposed structure with engineered barriers ( Fig. 10)
LLW, ILW

Repository capacity: volume 60,000 m3

beta gamma emitters not specified
alpha emitters not specified

Start of operation: 1.988

4 - Switzerland
Site:
Location:
Repository type:
Type of waste:
Repository capacity: volume

activity
Start of operation: 2000

not specified
not specified
subsurface, horizontal access, large overburden (Fig.l 1)
categories III, IV, V

200,000 m3

not specified

CONCLUSIONS

1- The choice of the disposal option depends on the safety philosophy of the country, the type and
concentration of the radionuclides, the available technology, and the economic considerations.
2- Both Near Surface and Subsurface Disposal options provide the required safe isolation of the
radwastes from the env: •< imcnt and the human intrusion.
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OPERAIIQN.IL PHASE

• FIG. 11RUS below ground concrete vault in Canada during the
operational phase.

nitn) nh mnttlYii tn f) I) i in 11) i (11) 111 il

FIG, J Section of disposal facility nt Dokpxany. Czechoslovakia.
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FIG.3 Disposal boxes at Centre de stockage de PAube , France
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FIG. 7 Drigg vault, United Kingdom .

CONTROL BUILDING

A. $^^$«W^:ZsWt?fr

FIG. 8 Repository for the TVO's operating wastes at Olkiluoto,
Finland.
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Principle of the planned excavation
and emplacement operations at the Konrad mine
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FIG. 11 Repository concept for LLW in Switzerland.
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ABSTRACT

A proposal is studied in an attempt to construct a dry storage of the spent fuel of the
ET-RR-1 reactor. The dry storage concept is choosen in order to minimize corrosion
problems and water chemistry control needed for the wet storage. It is supposed that fuel
elements taken from the core long time ago and undergone suitable activity and thermal
decay in the present storage pool will be transferred to this dry storage. These will be
placed in a steel lined holes in the storage. This storage is compact, making sure that
the system remains sub-critical as well as verifying other safety requirements. The in-
finite multiplication factor should be less than (0.65), the value recommended by other
authors. Subcriticality in the storage is assured by adjusting geometrical separation of
the assemblies. The multiplication factor is calculated for different scenarios of fuel
spacing and hole lining material. Also ,it is assured that if the fuel storage is flooded with
water, It will still be kept subcritical. The system will be ventilated , air pressure and
radiation level will be monitored and controlled.

Key Words: Spent Fuel Basket /Storage Subcriticality /Dose Rate

INTRODUCTION

In a previous work(1>, we have discussed some proposal to solve the short term problem of shortage
in the capacity of ET-RR-1 spent fuel storage. We have studied in details the following alternative
solutions:

a- Expanding the capacity of the present storage pool by addition of an other rack utilizing the large
designed safety margin of reactivity as well as radioactivity outside the pool Fig. 1.

b- Increasing the present storage capacity by addition of an absorber, high density rack,
c- Design of out of core spent fuel storage in the themal shield region outsid the reflector.

a a

Fig. I A Rack With Hooks Above The Old Fuel Storage Tank



A new storage pool is now under construction afler performing the necessary calculation for
criticality and dose rate . By building this new wet storage we can discharge all fuel present in the
core in emergency cases or in case of works related to maintenance, inspection of repair of core
components. Hence we have solved the short-term storage problem specially in case of emergency. After
commissioning of the new wet storage we still have the problem of long-term storage of spent fuel as
the fuel pool fill up or in case of necessity of wet storage evacuation for maintenance, repair, or
inspection. In this work, we are going to discus an air-cooled dry storage adapted to be used with cur
fuel(2). This type of storage is choosen and preferred as a stage of the spent fuel life for the following
reasons(3):-
- Corrosion problem is minimized.
- It is not expensive as the storage pools which need water treatment, filter, and cooling systems.

The fuel after discharging from the reactor is taken to be stored for a period of about 10 years in
the pool storage (4), then it will be transported to the proposed air-cooied drstorage for a relatively
long period before disposal.

SITE SELECTION AND REQUIREMENT

For die ET-RR-1 reactor one of the proposed dry storage sites lies beside the main reactor hall.
This will facilitate the transportation of the spent fuel from wet to dry storage .after a suitable
cooling period. Hence the existing mechanical system can be used for manipulation and nuclear
spent fuel management. The transportation process will be performed with aid of special cask to protect
the operator against hazards induced from nuclear radiations(5). The selected dry storage area is
suitable to accommodate large number of spent fuel assemblies satisfying the conditions of economic
and safety requirement. The fuel handling methodology consists of loading stainless steel jack with
fuel baskets under water. The basket is iifted, dryed and hoisted into a transfer cask which provide
adequate shielding. The cask is moved to the storage site, and the fuel assembly put in specified
position.

DESIGN FEATURES

A) Nuclear Design
The proposed dry storage facility consists of a number of blocks which contain holes. Each hole

houses a number of spent fuel baskets arranged vertically Fig.(2).

| . . ; " : , * S * $ • £ § . , . - r o
. @ ! £ % $ S Cover Conc re t e £ @

i • v\ \ \ v\\ \v\\\ wwwwwv

> Plug
- SS Liner

j.Fuel baskets

. @ t £ % $ & Bottom Concrete £ 8

: : * s % $ £ S I! ~ .. , , ;; ; : & % £

Air inlet R

•Fig. 2 The air cooled dry storage system
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The facility has compact design which satisfy sabcriiicality requiremenL(K*, <0. 65)<S) hi order to
evaluate the possibility for crittcality in tlie fuel storage trie multiplication factor lias been calculated
for different conditions of content and spacing between fuel assemblies [Fig. 3 j . For this purpose
the super cell technique, based on collision probability theory has been applied with a two-
dimensional calculation^6*.
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No restrictions regarding burnup, i.e. fuel baskets with maximum fissile content can be accommodated.
Long decay time before transfer is required as this would reduce heat produced<7) Energy released from
ET-RR-1 fuel with time in the dry storage is shown in Fig 6.

I ' 1—f I I I I I 1 71 !—i : I i 11 1 1 1—l—I—i0.0

Fig. 6 Energy release in dry storage

Calculation are repeated with the fuel storage flooded by water and stainless steel substituted with
aluminium. The facility is still kept subcritical in both cases as shown in Fig 4&5. Hottest fuel
element temperature is limited in an air atmosphere. From the structural point of view, 0.2 mm crack
width on the external concrete surfaces is permissible.
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The exposure rate on the external concrete surface should be less than 100 micro Sievert/hr as shown in
Fig 7.

100-

1 1 -

o

0.1 :

0.01 -

Dry storage
With floating

0 20 40 60 ' =0
Concreat thickness . cm

Fig. 7 Dcss rote from d-> scent fuel stc-'cge

B) Energy Released And Heat Transfer

Since air cooled dry storage concept is chosen . This demonstrates that the massive air currents
inherent in the dry design removes the amount of heat produced to maintain fuel and concrete
temperatures at acceptable values. Tne structure is passively cooled by natural convection through an
array of inlet and outlet gratings and galleries a central plenum where the vertical stored fuel assembly
is located. The storage is continuously monitored by means of a pressure monitoring. Thus the utility
can be assured of both positive cooling of the fuel and verification of the integrity of the fuel assembly
. Also it has been convinced that the use of concrete system for a higher capacity dry storage is more
suitable.

The energy released by fission products p(t,T) following a cooling time t after the shutdown of a
reactor that has been operating at a specified power level Po for a given length of timeT, is calculated
using the following expression w :

P(t,T)=4.1xlOn PO If52" (t+T)02] Mev/sec.

where P(t,T) is the total power emitted in the form of B -ray and
% - ray by the decay of fission products in a dry storage .

(1)
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Collected data were used to verify the analytical results and to assurance the effectiveness of heat
transfer and radiation shielding design of concrete structured The heat generated by the spent fuel in
dry storage (about 1 Kw/fuel basket) is removed from the exterior surfaces of the fuel baskets by the
natural convection of air ( l0l

Assume the energy released in the dry storage = Q Mev/fission.
= 5 Mev/fission(7).

For ET-RR-1 reactor we have:
the thermal power is = 2 Mw

= 6.242xlO16 fission/sec " (2)

The energy released in the dry storage per core loading = 10 Q Kw (3)

which is considerably a small quantity and can be removed by natural convection .

C) Radiation Shield And Dose Rate

To determine the thickness of radiation shield assuming it is concrete, the dose rate is calculated at
different distances from the fuel source.The Jf-ray flux at an external point of the dry spent fuel storage
as a cylindrical volume source with a slab shield of thickness L is given by l"':

0 = S*B(L,E)[E2(nL)-cos9E2(nLcose)]/(2u,) (4)

The dose - equivalent rate (u, Sv/h) is

D = 0.576 O E fafff* (5)

or the dose-equivalent rate can be written as:

D = S*B(L,E)[Exp(-uL)]/(4KTtr) (6)

where E is the average energy in Mev
(,Ua//) "s is the mass attenuation coefficient for tissue of receptor at E

B(L,E) is the build up factor and it can be written as:

B(L,E) = A(E)[Exp(-a, (E) uL) ]+{l-A(E)} [Exp(-a,(E) uL) ] (7)

where S source strength (cm'3 sec"')
u, macroscopic removal cross section of source material (cm1)

u. macroscopic removal cross section of the shield
9 source angle ,
r distance from source to receptor

K conversion factor from / . ray flux to dose rate
A ,cii. <x2 can be given from curves for shielding material
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EMERGENCY CONSIDERATION AND SAFETY ASPECTS

The proposed design for dry spent fuel storage when constructed should be made to satisfy the
following safety requirements:
- The structure should be siecmically designed.
- It can withstand accident events such as flooding.
- The dry air coolant path is virtually impossible to impede.

A system of radiation protection can be adopted. This system comprises monitoring, control and
individual dose limitation(l2)

CONCLUSION

Dry storage for the spent fuel of our research light water reactor was choosen as a stage of spent fuel
life. The spent fiiel storage facility uses air in the cooling system and concrete in the shield
design. This facility has a number of inherent advantages:
- Efficient use of construction materials and site space
- Cooling path is virtually impossible to impede.
- The ability to monitor fuel confinement.
- Economically address a wide range of storage capacity requirements.

The infinite multiplication factor of the dry storage is less than 0.65. The subcriticality in the
storage is assured by adjusting geometric separation of the assemblies. The multiplication factor is
calculated for different scenarios of the contents and fuel distributions. Also, it is assured that if it
happened that the fuel storage is flooded with water, it will still be kept subcritical.

According to our needs the proposed dimension of the dry storage will be 4x4x5 m
can accommodate 7x6x3 fuel baskets respectively.
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ABSTRACT
Cement and epoxy resin as chemical additives are proposed to incorporate different

types of wastes. The study was extended to prepare different mixtures of cement and epoxy
resin in presence of some toxic ions. The studied ions were Cd II, Ni!!, Cu II, Fe 111, Ce !V,
i54*!S2gû  phenol and toluene. The physical, mechanical and leaching properties of the
mixtures were studied. The thermal analysis and infrared spectra were also investigated. It
was observed that all the studied properties of the epoxy modified cement as a disposal matrix
was improved.

Key Words: Cement/ Polymer/ leaching / Radioactive waste/ Toxic waste.

INTRODUCTION

Ordinary Portland cement has been used as a matrix material to incorporate low
level radioactive and hazardous wastes ''""'.'However, cement incorporates low level
radioactive wastes while higher activities destroy the cement character'^. Therefore,
organic polymers were used as a matrix material for long term disposal Epoxy (2,2-
uis-4-hydroxy phenyl propane) could be cured by a variety of hardeners'namely
tertiary amines or imidazols as anionic catalysts or trifloride complexes as catiom'c
catalysts whose promote self polymerization. Epichlorohydrine is frequantly used as 3
hardener material for epoxy polymer (4). Rao.S.V.(5) prepared an epoxy polymer
modified cement matrices (EPMC) by adding 10 wt % of epoxy resin to cement
containing radioactive liquid waste. The physical and mechanical properties of the
matrix material were give better results than cement. Hafez, N. ( S ) used epoxy resin as
a matrix material to incorporate medium level radioactive and toxic wastes on the
condition that Sn2+ , Fe3* ,Ce44" and Li* ions should be eliminated from the wastes due
to their interaction with the epoxy resin.
The present work illustrates that 3% of epoxy resin mixed with cement forming the matrix
material used to incorporate toxic and radioactive wastes for iong term disposal.

EXPERIMENTAL

Ordinary Portland cement was mixed with 3% epoxy resin at w/c =0.3. The epoxy was a
commercial epoxy resin based on (Ciba Geigy Araldite) and cured by the epichlorohydrinc
with a ratio resin: hardener 10:6 by weight at S0°C for one hour'7'. This matrix was used for
solidification of toxic and radioactive wastes. Solutions of the studied ions were prepared at
different percentages in the range from 1-10 %. I5J'M52 Eu was used at activity equal to I MBq
as a function of 1,3 and 5% of CeCI3.
The density, sitting times, absorption and porosity percents of the studied samples were
determined as physical properties. Compressive strength properties were done using the
compression test complies with the design requirements of the British standard. The cubic
samples were if dimensions 4x4x4 cm3 of epoxy modified cement in presence ofdifferent
percentages of the studied ions and the samples were left for 28 days from preparation.
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Thermal analysis were done for the samples using thermogravitnetric analyzer (TGA) and the
differential thermal analyzer (DTA). The system was heated up to 800 ';C with heating rate
10 "C/min in nitrogen atmosphere in order to suppress' the oxidation of the organic matter.
Infrared investigations were done for the samples of epoxy modified cement mixed with sovne
of the studied ions. All the measurements were carried out in the range from 4000 - 600 cm"1.
Leaching experiments were carried out according to Hespe's method(8) using distilled water
as leachant solution. Quantitative determination of the ions were carried out using different
techniques:
1-Atomic absorption technique was used to measure the leached Cd 11, Ni ill and Cu II. The
samples were diluted 100 times to be suitable for measuring with the atomic absorption.
2-Multichannel analyzer was used to measures the leached t 3 4 + m Eu at 0,1,3 and5% CeCI4 as
a carrier ion.
3-UV/V spectrometer was used to measure Ce4+, phenol and toluene at wavelengths equal to
219,270 and 276 nm respectively.
Cubes with dimensions 2x2x2 cm were prepared of epoxy modified cement mixed with the
studied ions for the leaching experiments. Each sample was immersed in 50 ml distilled water
as leachant solution.

RESULTS AND DISCUSSION
Table 1, shows the density, sitting times, water absorption percent and porosity percent of

epoxy modified cement and epoxy modified cement mixed with the different percentages of
the studied chemicals at different concentrations. It was observed that as the chemical additive
percentage increased the density value decreased while the absorption and porosity percents
increased. For the initial and final sitting times, it was observed that an increase in these
times were observed as the percents of the additives increased except in case of adding CdCli.

Table 1: The physical properties of epoxy modified cement and epoxy modified cement with
the studied chemicals

EMC with
No additives
i%CdCl3

5%CdCl3
10%CdCl3
l%Nid3

5%NiCl3
10%NiCl3
0.5%CeCI3

!%CeCI3

3%CeCl3
0.5%FeCI3

l%FeCl3

3%FeCl3
!%CuCI3

3%CuCl3
5%CuCl3
0.5%phenol
l%phenol
5%phenol
l%to!uene
3%toluene
5%to!uene

P (fi/cm3)
2.2
2.0
1.78
1.65
1.70
1.60
1.43
1.87
1.80
1.60
1.90
1.82
1.70
1.80
1.62
1.45
2.00
1.85
1.76
2.00
2.10
2.30

Tt (min)
90
60
105 •

115
100
105
120
too
IIS
120
110
120
145
105
115
125
85
75
60
110
190
200

T2 (min)
225
2C0
225
230
235
245
320
235
250
270
240
250
270
•250

260
275
235
270
300
240
250
285

A% N%
8.6 j 13.2
10.0
13.0
19.0
14.0
•16.0
20.0
12.0
14.0
17.0
13.0
16.0
19.0
11.0
13.0
16.0
10.0
13.0
17.0
10.0
13.0
18

15.5
17.3
22.5
17.3
19.5
24.5
18.0
20.0
22.0
17.0
19.0
21.0
18.0
21.0
23.0
14.0
18.0
21.0
13.0
15.0
20.0
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Table 2, shows the compressive strength values of epoxy modified cement and epoxy
modified cement in presence of the studied toxic ions. The values of compressive strength
decreased as the additive percents increased in the order of FeClj >NiCl3 >CdClj >CuCl2

>CeCl4 >toluene > phenol >epoxy modified cement. Such results confirm that epoxy
modified cement conserves it's own properties and no chemicalinteraction occurred between
the studied ions and the epoxy modified cement leading to a complete damage of the system.

Table 2: The compressive strength of the epoxy modified cement
and the epoxy modified cement mixed with chemicals.

EMC with
No additives

l%CdCl3

5%CdCI3

10%CdCl3

* l%NiCl3

5%NiCl3
10%NiCb

0.5%C.eCl3
l%CeCI3

3%CeCI3

0.5%FeCl3

l%FeCl3

3%FeCl3

!%CuCl3

3%CuCI3

5%CuCI3

0.5%phenol
l%phenol
5%phenol
l%to!uene
3%toluene
5%toluene

Compressive strength (Kg/cm2)
700
612
575
535
640
560
500
680
630
600
630
580
520
650
590
540
630
600
560
600
580
560

Thermal stability of the studied samples were carried out by studying the thermogravimetrtc
analysis TGA Table (3). The TG curves show small but significant differences between the
studied samples. The total weight loss resulting from the heatifig of the samples is generally in
three steps Fig.l. Firstly there is a rapid loss due to the release of water of hydration in the
range from (90-110) °C. The amount of released water varies between 5.2-7.5 % and depends
on the reaction between the additive ions with the matrix material. The second step up to 450
°C only slight weight loss values was observed. The third range from 450-800°C an enhanced
weight loss again takes place, most probably generated by a raised reaction between the
studied ions and the matrix material. Finally we can say that the samples are thermally stable
when compared with the weight loss value of the epoxy-modified matrix. The samples were
also linearly heated for the differentia! thermal analysis. A characterization of the major endo-
and exothermic peaks is given in Fig.2. The most striking feature of all DTA curves is a large
and broad endothermic peak at about 100°C. This low temperature peak reflects the release of
interlayer water. The loss of interlayer water was quantified for all samples by means of TG
results. Samples of Cd, Cu and toluene show the highest amount of interlayer water. The next
strong deflection is a rather broad endothermic peak occurring at 450°C. This peak was
originated by the non-isotherma! release of OH from the matrix<9). Sharp exothermic peaks
were observed in the range from 700-720°C for some samples.
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Table 3 The weight loss percents of epoxy modified cement
and epoxy modified cement mixed with some chemicals

EMC with
No additives

10%CdCh
10%NiCI3

3%CeCl3

3%FeCl3
5%CuCl3
5%phenol

10%toluene

weight loss %
10.25
13.64
13.33
12.50
14.58
12.73
11.00
11.85

Infrared investigations of epoxy modified cement and epoxy modified cement in presence
of CdCl2, FeCl3, and phenol showed the bands at 3400, 1660, 1440, 1100, 1000,880 and 700
cm"1 Fig.3. These bands were due to the functional groups of hydrated cement. The presence
of these bands indicating that the added chemicals do not react with the epoxy modified
cement as a matrix material.

The development of processes for immobilizing toxic wastes in epoxy modified cement
to give a solid product limits the mobility of toxic and radioactive material by safe and cheap
storage of the waste was the goal of this work. Studying the characteristics of leaching for Cd
II, Ni 11, Ce 1111, Cu 11, Fe 111, phenol, toluene and™+152Eu from epoxy modified cement
according to Hesp's method were done. The atomic absorption results indicating that the
leaching factor of Cd II, Ni II, Fe 111 and Cu II were near to zero.
Fig. (4) shows the multichannel analyzer results of leaching of l54+l52Eu atO, 1,3 ami 5%
CeCU. In this figure it is observed that the leaching factor was minimum up to 5%
Fig. (5) shows the leaching concentrations of Ce 111, phenol and toluene. In this figure it was
observed that all the studied chemicals were mixed completely with the epoxy modified
cement

Finally, it is recommended that the epoxy modified can incorporate some of the studied
toxic or radioactive wastes. The leachability factor was very small when compared with the
leachability factor of cement. This behavior is attributed the poor interaction between these
toxic elements and the epoxy modified cement, epoxy resin also close the pores of cement
minimizing the leaching factor.
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SUMMARY
In the present study, an Egyptian Code of Practice for the safe use of

pesticides on farms and holdings is suggested. The Code has to lie issued for the
purpose of providing practical guidance to citizens especially farmers and
growers engaged in crop production or to the authorities of companies and |

plants manufacturing and formulating pesticides in Egypt. Tim Code will
facilitate the execution of provisions of the law of agriculture No 53/1966 that
regulates handling and use of agricultural pesticides in Egypt. Also the suggested
Code will help people to fulfill the legal obligations of important legislations
included in the Egyptian Act of Environment No 4/1994 (provision No. 29
dealing with hazardous wastes or provision No. 38 connected with pesticides).
The proposed Code can he prepared in accordance to that issued in (neat
Britain in respect of part III of the Food and Environment Protection Act, 1985.
Disposal of pesticide waste should occupy an important part in the proposed
(.'ode including the following items: (1) iiow can the production of waste he
minimized? (2) Disposal of waste concentrate (3) Disposal of dilute wastes
and washings (4) Disposal of containers (5) Disposal of waste packaging and
other contaminated materials. There are three recommended procedures for
disposal of pesticide wastes: Incineration, hydrolysis (for certain pesticides) and
burying or dumping in an approved land-fill, incineration is an effective and safe
means of disposing of the majority of pesticide waste materials and is currently
recommended as the generally preferred method. However, some pesticides such
as hormone weed killers should not he destroyed by incineration, hecattse the
combustion gases may contain hazardous compounds. Some major chemical
manufacturing plants and larger cities in industrialized countries have built,
rotary drum furnaces (kilns) or combustion rooms with ignition grate system fur
large-scale waste incineration. Several specialized companies arc involved in
designing mobile incinerators for use in . third world countries. Hydrolysis of
many pesticides of the organophosphaie, c-nbrwnte ami pyrethroid classes can
be achieved by mixing with curtain alkaline solutions. Before release of the
diluent into a sump or sewer, it should be checked by laboratory analysis to
determine whither ihe pesticide toxicity has been removed. Where facilities for
incineration are not available and hydrolysis is not practical, burial may remain
the most practical method of disposal.

INTRODUCTION
Pesticides are a necessary and integral, element of modern

agriculture. Appropriate use of them benefits all segments of society.
1 lovvever, pesticides can be dangerous if they are handled inappropriately
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or applied indiscriminately. Pesticide applicators have a major
responsibility to assure that they are handled and applied safely. A
problem that can be a serious hazard to the public is the improper disposal
of waste pesticides. In the present study, we suggest that an Egyptian
Code of Conduct on the distribution and use of pesticides has to be issued.
The objectives of the suggested Code are to identify the responsibilities
concerning agro-pesticides of the various segments of society and to lay
down standards for attitudes and behaviour which all public and private
parties involved should adopt or demonstrate voluntarily.

The Code also may give guidance on meeting responsibilities under
two important pieces of legislation, i.e., the Law of Agriculture No
53/1966 that regulates handling and use of pesticide and the- Law of
Environment No. 4/1994 (Provision No. 29 dealing with hazardous
wastes or Provision No. 38 connected with pesticides). The suggested
Code might solve safety problems related to exposure of pesticides during
their different stages of handling. The following discussion gives a brief
description of the Provisions laid down in the articles of the suggested
Code of conduct with special reference to those dealing with disposal of
pesticide wastes.

DISCUSSION AND RECOMMENDATIONS

I. Articles and provisions of the code:
The proposed Code can be prepared in accordance to that issued in

Great Britain in respect of Part 111 of the Food Environment Protection,
Act, 1985.

Thus, the Code may be divided into certain articles, of which the
main points for attention are mentioned below with special detail for the
article of disposal of pesticide waste.

Article 1. Definitions:
This article explains the meaning of concepts and important words

used in the Code in order to make the legal text more understandable for
the reader.

Article 2. User training and certification:
What are the duties of everyone involved with pesticides. What

duties do operators have. What duties do supervisors have. What duties do
employers have. What duties do the self-employed have. What training is
required. Training in legislation. Training in the hazards and risks of
pesticides. Training in safe working practices. Training emergency in
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action. Training in health surveillance and record keeping. Where can
training be obtained. How much training is needed.

Article 3. Planning and preparation:
Is it necessary to use a pesticide at all? Deciding to use a pesticide.

Selecting the right pesticide. CPSHH assessment Preventing an controlling
exposure to pesticides. How can wildlife and wild plants be protected?
Which application methods can be used? 'Which methods of application
demand special precautions? What should be done before applying a
pesticide?

Article 4. Working with pesticides:
The use of control measures. Dangerous practices. Handling

pesticide containers. What precautions should be taken when filling the
equipment? The protection of honey bees. How can unwanted pesticide
drift be prevented? Protection of neighbours and walkers. Monitoring
exposure during pesticide application. What should be done after a
pesticide has been applied? What are the maintenance requirements for
exposure control measures? How should control measures be maintained?
When is health surveillance appropriate?

Article 5. Keeping records:
Why should records be kept? How should pesticide records be

kept? How available should records be? Assessment records. Records of
monitoring. Records of respiratory protection equipment maintenance.
Health records.

Article 6. Disposal of pesticide waste:
6.L How can the production of waste be minimised?
6.1.1. Once it has been decided that use of a pesticide is necessary, an

estimate should be made of the quantity required and the package
sizes which need to be purchased. A.t the same time, consideration
should be given to the means available for the disposal of all the
wastes which will be produced and any disposal problems which
may be presented by the pesticide m relation to its hazards, the shelf
life of the product and its storage in a safe manner.

6.1.2. Effective management and control of pesticides should aim ro
produce no wastes, and practices should strive to achieve this.
Even though this situation will not be obtained in practice, if should
be pursued. For example, the volume of washings produced when
cleaning out equipment can be reduced significantly by using an
efficient flushing system, as opposed to filling the spray tank with
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water and pumping it through the equipment. Such devices should
be used.

6.2. Disposal of waste concentrates:
6.2.1. From time to time it can be expected that, for a variety of reasons,

pesticides kept in a store will need to be disposed of. Typically,
they may be categorised as being surplus to requirements; out of
date with respect to shelf life; unapproved or have had approval
withdrawn; split material with broken packaging; or degraded
containers and the like.

6.2.3. It is false economy to continue storing unusable pesticides as an
alternative to disposal, and it is illegal if the approval for its storage
and use has been withdrawn.

6.3. Disposal of dilute wastes and washings:
6.3.1. All filling and washing operations should be carried out in an area

designated and constaicted for the purpose such that spillages
cannot escape from the area. It is extremely likely that all spraying
operations will produce some liquid waste. It is necessary,
therefore the user of pesticides to provide arrangements for its
disposal in an environmentally acceptable manner. ,

6.3.2. On completion of spraying, all equipment involved in the operation
should be cleaned, washed and rinsed. The washing facilities
provided should be designed to ensure that back-syphoning of
pesticides into the water supply cannot occur. Such activities will
produce a relatively large volume of water contaminated at low
concentration with pesticide. If suitable, the contaminated water
may be usable later for making a further batch of the dilute
pesticide.

6.3.3. Alternatively, its disposal will need to be arranged in an
environmentally acceptable manner. Possible disposal routes
include:

a. Storage of the waste in a suitable container pending collection by a
reputable specialist waste disposal contractor;

b. Use of suitable equipment designed to treat liquid waste containing
pesticides, provided the treated effluent can be stored satisfactorily
and reused or used for another purpose or disposed of by
acceptable means.
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c. Use of a properly designed and constructed soakaway, which might
comprise a widely spread network of perforated or slotted pipes
laid over a suitable area of land;

d. Spray on to an area of uncropped land not stubble or fallow, of
minimal wildlife value, that is an area which supports only poor
vegetation and without hedges, trees or bushes on it or nearby. If
such an area of land is identified, its approval for use will require
that it must be capable of absorbing the volume of liquid to be
discharged on to it without rum off, the leaving of puddles or risk to
wildlife, watercourses, groundwater, septic tanks, field drains or
sewerage systems. Where necessary it must be signposted and
fenced to exclude people and livestock.

6.4. Disposal of containers:
6.4.1. Empty pesticide containers should never be re-used for any purpose

except possibly, if in good condition, to contain an identical
pesticide transferred from a deteriorated or leaking container
Containers, should always be cleaned thoroughly before disposal.
They may be cleaned either in accordance with the label
instructions or, in the absence of any instructions, by successive
rinsing. Ideally the cleaning should take place when a working
strength spray dilution is being prepared so that the rinsing liquid
can be added to and form part of the spray dilution.

6.4.2. After being cleaned, containers should be punctured in several
places or crushed to make them unusable. So far as is practicable,
their labels should not be disfigured. The perforated or'crushed
containers should be stored in a secure compound-preferably not a
pesticide store-pending their disposal. Where a spray dilution is not
being prepared, the rinsings should be collected in a suitable
container, labeled and stored in a safe place for subsequent disposal
elsewhere.

6.4.3. Because of the hazardous gases which they produced on contact
with moisture, empty containers in which hydrogen, cyanide
gassing powders or aluminium, magnesium or zinc phosphides have

• been supplied or kept should net be rinsed or cleaned. Instead they
should be filled with dry earth, and or other inert material.
Immediately before disposal the containers should be punctured in
several places. On no account should containers which are 'empty'
or which have been filled with inert material be taken into or kept
in a building. The treated containers may be buried.
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6.4.4. Clean, perforated or crushed, containers will generally be accepted
at licensed disposal sites, subject to conditions allowing acceptance
of such waste.

6.4.5. Containers cleaned or treated in accordance with the requirements
may be buried on premises used for agriculture which are owned or
occupied by the person wishing to dispose of those containers
However, the burial site must be carefully chosen, where no risk of
pollution of surface or groundwater. The containers should be buried
to a depth of at least 0.8 metre below the surface and below the level
of any land drains. The burial area should be marked so that its
location may be identified easily in the future, and a record should be
kept of the type and quantity of the materials buried there.

6.4.6. In certain instances, it may be permissible to burn lightly
contaminated combustible containers as a means of disposal.
However, the burning of such material may be subject to national
clean air legislation. Therefore, before it is carried out, advice
should be sought from the authorities. Fumes and smoke may present
a serious health risk, and advice from the supplier of the pesticide
should be sought for any activity other than a very minor operation.

6.4.7. When waste packaging is to be burnt, the operator should ensure
that:

a. Burning takes place in an open space at least 15 metres from a
public highway- and not in a location where any smoke produced is
likely to drift over people or livestock- or move towards any
highway, housing or business premises;

b. Any containers are open and are placed on a very hot fire a few at a
time.

c. The fire is supervised constantly;
d. Care is taken to avoid breathing any smoke produced;
e. The fire is extinguished before being left.

Any residues from the operation should be buried as described
before. Products classed as 'Highly flammable'; pyrotechnic devices, such
as smokes; and atomisable fluids should not be burned.

6.5. Disposal of waste packaging and other contaminated materials:
6.5.1. Packaging and other wastes, as well as discarded protective

clothing resulting from dealing with spillages, will also require
disposal. However, it is likely that disposal of such wastes on the
premises will not be acceptable. Holders of such waste, therefore,
should seek advice on a suitable authorised disposal route.
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6.5.2. The disposal of spent rodenticide or other pesticide baits and
carcasses should be in accordance with the requirements specified
on the product label.

6.5.3. The disposal of containers which cannot be cleaned thoroughly,
solid waste arising from the clean-up of spillages, including loose
pesticides, heavily contaminated equipment and protective clothing,
absorbents used on liquid spillages and the like should be arranged
through a reputable specialist disposal contractor.

n . Observations on the technological procedures for
disposal of pesticides:
Recommended procedures for disposal of pesticides wastes were

frequently reported (Wolfe, 1972; Gifap (1982, 1987); Oudejans, 1991;
Becker and Johnson, 1992).

There are three recommended procedures for disposal of pesticide
wastes: Incineration, hydrolysis (for certain pesticides), burying or
dumping in an approved landfill.

Incineration:
Incineration is an effective and safe means of disposing of the

majority of pesticide waste materials and is currently recommended as the
generally preferred method. However, some pesticides, such as hormone
week-killer, should not be destroyed by incineration, because the
combustion gases may contain hazardous compounds. If larger quantities
of pesticides are to be disposed of, advice should be sought from major
pesticide companies or the Association of Agrochemical Manufactures
(GIFAP), or agencies such as the Food and Agriculture of the United
Nations (FAO), the United States Agricultural Intentional Development
Agency (USAID) and the Overseas Development "National resources
Institute (ODNRII) of the United Kingdom.

The temperature and time required for effective destruction of
pesticide materials by incineration is specific to the type of material and
therefore the type of incinerator required and method of firing.

Hydrolysis: ' •
Hydrolysis of many pesticides of the organophosphate carbamate

and pyrethroid classes can be achieved, usually by mixing with a 10
percent solution of sodium carbonate (Na2CO3) or 5 percent solution of
sodium- hydroxide (NaOH, caustic soda). The time required for complete
hydrolysis is computed on the basis of the half life of a particular pesticide,
which is the time needed for the chemical break-down into metabolites of
the pesticide compound to 50 percent of its original concentration at a
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certain pH and temperature. The required hydrolysis period can be
determined by taking twice the half-life time plus some reserve. Before
release of the effluent into a sump or sewer, it should be checked by
laboratory analyses to determine whether the pesticide toxicity has been
removed.

Burial:
Where facilities for incineration are not available and hydrolysis is

not practical, burial may remain the most practical method of disposal.
However, this is not associated with safeguarding public health and the
environment. The main problem is to keep the buried pesticide in place, to
prevent leaking that would contaminate surface run-off water and
groundwater.

Local or area authorities, or waste disposal contractors, may be able
to advise on suitable dumping sites, e.g. land-fills, Pesticide wastes should
never be dumped on public rubbish-tips, nor in areas subject to flooding.

This procedure is the lest satisfactory of the three options for
disposal of pesticide material, but is suitable for disposing of empty,
decontaminated containers. Burial should preferably be on privately owned
land and in any even, in an isolated place away from ponds, water-courses
and boreholes. The area should be marked and a record kept of the site's
position and its burial load. Wastes should be buried to a depth of at least
one metre (about 40 inches).

Contaminated absorbents and surplus products should be thoroughly
mixed with crystals of sodium carbonate (washing soda) to help neutralize
the waste before burial. Adding powdered lime is also helpful.

Recommendations:
The suggested Egyptian Code provides practical guidance to whom

handling pesticides (e.g. fanners,
commercial crop grower, pesticide traders, employers the self employed
and generally user of pesticides. Following the practical guidance in this
Code will help those to fulfill the legal obligations of important legislations
issued in Egypt (e.g. the Law of Agriculture No. 53/1966 and the Law of
Environment No. 4/1994). The Code may be used in any legal proceedings
for breaches of legislations. The suggested Code can be developed after
wide consultation with all concerned ministries like, Ministries of
Agriculture, Health, Environmental Affairs, Industry and Others. Disposal
of pesticide wastes should be practiced adopting modem technological
procedures especially for large scale wastes.

Disposal processes are preferably under taken by specialized
companies or organizations.
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ABSTRACT

Low and intermediate level radioactive waste re presents 9 5 % of the total
wastes that is conditioned into special concrete containers. Since these
containers are to protect radioactive waste safely for about 300 years, the
selection and precise control of physical and mechanical characteristics of
materials is very important. After volume reduction and valuable
components recovery, waste materials have to be conditioned for transport,
storage and disposal. Conditioning is the waste management step in which
radioactive wastes are immobilized and packed. In this paper methods and
optimization of concrete container composition, used for storing radioactive
waste, is presented.

Key Words: Concrete, Radioactive Waste, Immobilization,
Conditioning, Container

INTRODUCTION

Radioactive waste materials generating in FR Yugoslavia established a task in front
of the organizations responsible for handling with the hazardous and radioactive waste
materials, starting with development of an idea project in such hazardous materials
safety treatment in collection to a final disposal. Numerous procedures that are adopted
in developed countries, having a great deal of experience in the radwaste materials
management, were adopted in the earliest stages of our investigations. First of all, we
had to establish types and quantities of the radwaste already stored on the "Vin~a"
Institute site, their generating frequency and to adopt safety procedures related to their
handling in transport, immobilization, storing and final disposal. Due to these safety
procedures, we were obligated to confirm safety of an each step in the radwaste
materials management. This task was related to investigations of the radwaste
materials.? chemical and mechanical treatment, before their introduction to an
immobilization processes and treatment of the mixtures of radwaste materials and
matrix materials, as well as materials that are anticipated for the final disposal facility
construction on prospecting' their physico-chemical and mechanical characteristics..
When the radwaste material is conditioned mechanically and chemically in aim to
decrease the volume of the waste form, such a treated material is immobilized in the
inactive matrix. In our investigations, as a matrix, domestic cements are used. After
solidification of the radwaste-matrix mixture form, hardened monoliths are obtained.
These solidified radwaste mixtures are investigated on their physico-chemical and
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mechanical properties, where the most important ones, from the safety contact of the
radwaste-mixture forms to environment point of view, are:

resistance on leaching, so that the release of the radionuclides that are
immobilized in the matrix material will be low even though flowing water may
contact them;
resistance on the action of the external mechanical forces, as well as,

Good experimental resuits of the investigations, performed in aim to confirm good
embedding properties of the matrix-radwaste mixture forms, which could guaranty
stability of the solidified waste forms during the operations of their transport, storing
and final disposal, even in the elapsed periods of time. (1"3)

QUALITY TESTING METHODS USED IN RADIOACTIVE WASTE MANAGEMENT

The testing methods, which are applied mainly in radwaste-mortar mixture form
properties examinations, are:
-testing of mechanical characteristics,
-permeability measurements,
-leakage test,
-leaching test in static conditions,
-leaching test in static semi-real conditions,
-leaching test in dynamic conditions,

Mechanical characteristics

Testing of concrete and mortar compressive strength is a classical method in civil
engineering practice. Cube shape samples, 10 cm in length are used. For the purposes
of the radwaste-mortar mixture forms mechanical strength examinations, hydraulic
press of 150 MPa range is used.
Mechanical strength examination of the bitumenized radwaste forms were performed
using hand press of the 7 MPa range.

Permeability

We are using permeability measurements as a method which defines property of a
porous material which characterizes the easiness with which a fluid may be made to
flow through the material by an applied pressure gradient. Permeability is the fluid
conductivity of the porous material. In aim to define permeability in terms of
measurable quantities, Darcy's low equation is used. Each concrete sample is subjected
to nitrogen permeability measurements on an absolute pressure of 1 MPa and the
temperature of 20°C. Samples have been conserved in air of 20°C and 60% of relative
humidity for 28 days. Flow of gas through concrete follows the Darcy's low with great
degree of approximation. By integrating the Darcy's low over height and cross section
(for cylinder shaped samples), Permeability coefficient K (cm2) is calculated as:
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K = Q^2L;Q = I ^ P L
S'(P-Po) Pm't

whereas:
Q-gas flow (cm3/s); H-sample height (cm); K-permeability coefficient (cm2);t-time (s);
P-starting pressure (Pa); Po-absolute pressure (Pa);dPj-actual pressure (Pa); 77,2-gas
viscosity (Pa • 3s); Pm-mean pressure (Pa).

Concrete samples have been cylindrical in shape (diameter 10 cm, height 10 cm).
Testing of mechanical characteristics and permeability was done on each of forty
investigated formulations. '\.~

Leakage test

Apparatus for concrete and mortar leakage test has been constructed in Institute of
nuclear sciences "Vin~a". This original method provides a virtual image about the ability
of matrix to prevent "washing out" of solidified radwaste materials by underground
water flows. The apparatus made possible simulation of real process with concrete
discs (diameter 10 cm, height 1 cm). Leakage test results enable time calculation, with
a great degree of approximation, after which radionuclide washing out from real system
(engineer trenches) can be expected. Expected period of time is 300 to 500 years.
These results may be expressejfby incremental leakage rate, R (crn/d), which has the
dimension of speed:

(2)4
Ao S tn

whereas:
an-radioactivity leaked during the leakage renewal period (Bq);
Ao-radioactivity initially presented above concrete or mortar disk (Bq);
V-volume of concrete or mortar disk (cm3);
S-exposed surface area of concrete or mortar disk(cm2);

tn-duration of leachant renewal period (d).

Leaching test

It is a classical leaching test by Hespe, recommended by IAEA.(4)

Determination of radionuclide migration through the cement-waste forms in
static semi-real conditions
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Final shallow land repository is under unsaturated conditions and the principal
process of the radioactivity release to environment is the hydrological transport of
radionuclides by the ground water. Therefore we consider only this pathway for
simplicity. Radionuclide release scenarios are consider in both of normal and special
cases:

1. Under normal condition, rainfall percolates through the trench cover and
concrete container and comes into contact with the waste matrix eventually.
Then, ttie radionuclides are leached from the immobilized waste material;

2. Under special condition, where 1 m column of water is above the concrete
container and water comes into contact with radionuclides in immobilized
cement matrix with additional pressure of 9.8 kPa.

In both of normal and special conditions, the leached radionudides percolate
downward through the concrete system and enter an aquifer. Based on these
scenarios, we have realized two environmental simulation testing apparatus, in which
we measured radionuclide migration velocities in semi real conditions.

Determination of radionuclide migration through cement-waste forms in
dynamic conditions

Based on described scenarios, we have constructed a simulation test apparatus,
which we used for measuring the radionuclide migration velocities in real conditions.
Dynamic conditions leaching test apparatus has been constructed in the "V5n~a"
Institute of Nuclear Sciences. This original method provides a virtual image about ability
of mortar and concrete barriers to prevent "washing-out" of immobilized radionuclides
by water. The concrete container, containing in mortar immobilized total activity of
7.72* 5107 Bq of ^Coand^Cs, was totally immersed in water and granulate, for period
of 365 days. A downward flow of water was carried out at a constant feed velocity of
500 ml/day. Leachants were removed at selected intervals in order to determine the
radionuclides leach-rates in leachants.

CONCLUSION

Performed experiments experience has given the possibility to choose, the best
formulations for cement mixtures and results gave us certain to claim that described
methods and used matrix materials will serve as < barriers to preserve radionuclide
migration to the surroundings for at least 300 years. Optimization of the processes and
matrix-radwaste mixtures is in progress and we hope that this work will influence the
design of the future Yugoslav storage, centre, shallow land burial type for low and
intermediate level radioactive wastes.
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ABSTRACT

Ilmenite was added to Ordinary Portland Cement to modify the characterise
properties of the matrix as density, compressive strength and thermal stability. Coal tar and
radiocesium were solidified as hazardous wastes in cement-ilmenite matrix. The physical
properties as density, sitting times and porosity were studied. The mechanical properties as
compressive strength values and the chemical properties as leaching were measured.

Key Words: Cement, Ilmenite,
Leaching properties, Economic studies.

Industrial waste, Coal tar, radioactive waste,

INTRODUCTION

Cement is the material, which has the adhesive and cohesive properties necessary to
bond the aggregates into a solid mass of adequate strength and durability. Ilmenite used in
this work was taken from Abu Ghalaga mines in the Estern Desert of the ARE. Ilmenite has a
specific gravity value of 4.694 g.crn'3. Addition of illmenite to cement modifies the studied
physical and mechanical properties of [he used cement*1'. Tl«e wastes coal tar and radioactive
cesium were fixed in cement -ilmenite matrix. Coal tar was a waste product, which obtained
during manufacturing of the cocking industry. Coal tar usually contains much solid matter(2).
Coal tar contains less phenol, naphthalene and toluene insoluble matterP). Cs137 was used as
example of radioactive waste, which may arise from many parts of nuclear fuel cycle and
from the application of radioactive isotopes.

EXPERIMENTAL

Ordinary Portland cement was provided from Helvvan Portland Cement Company,
Cairo, Egypt. The composition percent of the used Portland cement was given in Table 1.

Table 1: The chemical composition of ordinary Portland cement
CaO
61.0

SiO2

21.0
A12O3

4.74
Fe2Q3

4.00
MgO
2.50

K2O
0.60

SO3

2.43

Illmenite was provided from El-Nasr Phosphate Company, Cairo, Egypt. The chemical
analysis is given in Table 2.

Table2:
SiO2

4.00

The chemical composition of ilmenite.
A12O3

1.07
MgO
2.00

K 20+Na 20
0.25

TiO2

37.0
Fe2O3

27.00
FeO
26.00

S
0.20

P
0.02

Coal tar is the waste generated in the production of Coke from El-Nasr Company for Coke
and Chemicals. The chemical analysis is given in Table 3.
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Table 3; The chemical analysis of coaS tar.
Item

Coal tar deposits

Daily ral(lon)

10

Composition of the
waste

-heavy tar content
-Insoluble matter in
toluene
- ash content
-water content
••Ammonium salt

%

20-30%
50-60%

7%
7%
4%

I37Cs were used in the leaching experiments. The ground water used in the leaching
experiments was obtained from Abu-Zaabal well (No.202) which is one of the nearest ground
water well to Inshas nuclear site where the storage and disposal facilities for radioactive
wastes are under construction. The chemical analysis of the ground water is given in Table 4.

Table 4: The chemica
T.D.S. (ppm)
1050

! composition of the ground water.
pH
7.2

Soluble cations (ppm)
K+

23
Na+

149
Mg+

13
Ca+

74

Soluble anions(ppm)

cr
137

SO 4-
317

HCO3
272

EQUIPMENTS

-Thsrmogravimetric analysis system, TGA was used for all the samples. The analysis were
carried out in nitrogen gas as inert atmosphere to prevent oxidation of the phenolic
compounds. Heating of the sample from room temperature up to 800°C with heating rate
10°C/miu was take place.
-Gamma spectrometer was used to measure, the gamma snergy emitted from m Cs used m the
leaching experiments. The gamma spectrometer used has 2"x2" sodium iodide crysiui
activated with thaliurn. The multichannel analyzer used has 256 channels used for the gamma
measurements of different radioactive.ions.
-The mixer used has different speeds' high and low to facilitate the complete mixing of the
matrix material. The removable mixing bowl has a capacity of 4 liters.
-Vicat apparatus with different needles was used to determine some of the physical properties
as sitting tunes of the studied samples.
-Load compression machine was used to study the compressive strength tests. It has a rigid
frame assembly with type Wykeham France Eng. Model WF.

PREPARATION

The samples were prepared in the form of cubes of dimensions 7x7x7 cm3 to study
the compressive strength tests. Cubes of dimensions 2x2x2 cm3 were prepared to study the
leaching of the radiocesium from the matrix. Cylinders of 5 cm diameter and 1 cm height
were prepared to study radiation sheild experiments of the studied matrix. The gamma rays
emitted from 1.0 uCi cesium as a standard source which emites gamma energies at 662 Kev
(t ^ =30.7 year). For the measurements of the linear absorption coefficient, the following
relation was used:

Where:
X = the thickness of the sample in cm,
Ao = the activities of gamma source before the sample,
A = the activities of gamma source after the sample,
\x = the lineai- gamma absorption coefficient, cm'1.
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The specimen thickness was increased in gradual steps towards the source. The linear
absorption coefficient was determined from the slope of the semi-logarithm of the activity
against thickness.

RESULTS AND DISCUSSIONS

Ilmenite was added to Ordinary Portland Cement to modify its characteristic
property and forming a heavy concrete matrix suitable for long term disposal of the
radioactive waste <1]. Cement-15% ilmenite was used as a solid material in all the
experiments. Coal tar was added with different percentages to the solidified matrix and Table
5 gives the changes of the physical properties by adding different percentages of coal tar.

Table 5:The physical properties of cemeat-15% ilmeuite at different coal tar percents
Coal tar%

0
5
10
15

P (g/cm3)
2.90
3.00
3.20
3.30

A%
9.50
9.20
8.70
S.30

P%
17
16
15
14

Ti(min)
60
75
105
125

T2(min)
21C
200
245
270

From this Table, it is observed that as the coal tar percentage increases the density
value increase due to the coating of the cement particles by an oily layer which blocks the
voids in cement and hence, increasing the density values. In the same time decreasing the
absorption percent and porosity percent have been resulted. For the initial and final sitting
times, it was observed that as the coal tar percentage increases the sitting times increase dos
to the coating of the cement-15% ilmenite particles with the oily layer from coal tar
decreasing the contact between cement and water delaying the sitting times.

The compressive strength of all the samples were measured after 28 days to get
certain accidental stress during: the handling, storage or transportation for the final disposal
i

Coal Tar%

Fig. 1: Variation of the compressive strength values at different coal tar percentages.
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From this Figure it is observed that as the coal tar percent increase the compressive
strength value decreased. This can be explained by the coal tar coating of cement particles by
an oily film which reduces the contact between cement and water particles leading to a
decrease in the formation of gel and Ca(OH)2. This consequently, reduces the bonding
between the cement particles.

Fig. 2 determines the linear gamma absorption coefficient factor for cement-15%
ilmenite at different percentages of coal tar. It is clear that the linear absorption coefficient (fi)
increases as the coal tar content increases due to increasing the density values of the matrix
materialv'.

1.00

0.90

Coal Tar %

Fig.2: Variation of linear absorption coefficient with cement-15% Ilmenite at different
coal tar percents.

Thermogravimetric analysis (TGA) for cement-15% ilmenite at different coaitar
percentages was performed in Table 6. The samples were heated from room temperature up to
800°C in nitrogen atmosphere.

Table 6: Thermogravimetric analysis (TGA) of cement-15% ilmenite at different coal
tar percentages

CT%
0
5
10
15

Weight loss %
7.074
7.583
8.241
8.924

The general behavior of the weight loss values were characterized by three zones
according to the published cement hydration '5)

-The first zone was due to the release of water of hydration in the range from 30°C up to
120°C. This zone was rapid and with weight loss range about 0.9 mg.
-The second zone was ranged between 120cC and 400°C. This range was due to the
degradation of the coal tar content. It is observed that as the coal tar percentage increases the
weight loss value increases.
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-The third zone was ranged from 400°C up to 800°C. This zone was characterized by an
enhanced weight loss again according to the thermal reaction of coal tar at this high
temperature. It was observed that at coal tar percentages more than 15% a sharp increase in
the weight loss values was observed.
Incorporation of radioactive wastes into an inert matrix and lowering the release of this waste
to the environment were the main object of this work. Leaching properties of radioactive
cesium from cement-15% ilmenite at different coal tar percent were studied according to
Hespe's method(5). The whole area of the cubic samples was exposed to the Ieachant solution.
The ground water from Abu-Zaabal well (No-202) was used as leachant solution. The results
were expressed by plotting the cumulative leach fraction [(£an/A<,)/(F/V)] versus the total
leaching time(Ztn) where:

Ao = Radioactivity initially in specimen,
F = Exposed surface area of the specimen,
V = Volume of the specimen (cm ),
tn = Duration in hours of leaching at renewal period n,
an = Radioactivity leached during the leaching process at renewal period.

Fig. 3 shows the leachability results of cement-15% ilmenite at different coal tar percentages.
It is clear from this curve that all leaching results obtained show two distinct parts. An initial
first part shows a high leach rate due to the surface contamination. The second part shows a
slow diffusion process of the radiocesium up to 300 hours. The results of l37Cs leaching from
cement-15% ilmenite at different coal tar percentages show a decrease in the leaching factor
as the coal tar percentage increases. This can be attributed to the blocking of the pores by a
viscous coal tar, which hinders the access of the leaching water to the interior of the cement-
15% ilmenite.

150

Time(hr)

Fig. 3: Variation of cumulative leach fraction for Cs versus total leaching time for
cement-15% illmenite at different coal tar percentages.

Economic expense is themost important factor affecting the application of coal tar additives
to cement-ilmenite in waste treatment
A cumulative table for the different characteristics of cement, cement-ilmenite and cement
ilmenite at different coal t?.r percentages was given at Table 7.
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Table 7: Cumulative Table for the different characteristics of cement, cement-ilimenite and
cement -illmenite at different coal tar percentages

Type
Density gm.cra*3

Water absorption percent
Porosity percent
Compressive strength after 28 days
Kg/cm2

Cumulative leach fraction
Linear gamma absorption coefficient
(HcmVor^Cs
Cost

C
1.95
13.4
26
660

10.8
0.72

252

C-Il
2.90
9.5
17
800

5.10
0.92

227

5%CT
3.00
9.2
16
780

5.5
0.93

218

10%CT
3.20
8.7
15
750

5
0.95

210

15%CT
3.30
8.3
14
700

4.9
0.98

200

In fact from the results above, one can conclude that the addition of 15% coal tar to ordinary
Portland cement in presence of 15% ilmenite affects the characteristic properties of the final
solidified waste form toward the safety requirements, sufficient high density, suitable
compressive strength and low leachability. So we recommended to solidify the coal tar in
presence of radioactive wastes in cement-15%ilmenite as a matrix material for long term
disposal.
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ABSTRACT

Chemical precipitation processes have been used for the treatment of
radioactive elements from aqueous solution. The volume reductio'n is not very great
and storage facilities are expensive. There are some radionuclides which are so
difficult to be precipitated by this common method, so they may be precipitated by
adding solid materials such as natural inorganic exchangers. In this work,
improvement the removal of caesium, cobalt and europium with zinc sulfate as
coagulant and different clay minerals have been investigated. These include,
Feldespare, Aswanly, Bentionite, Hematite, Mud, Calcite, Basalt, Magnetite,
Kaoline, Sand stone, Limonite and Sand. The parameters affecting the precipitation
process such as pll, particle size, temperature and weight of the clay have been
studied. The results indicate that, the highest removal for Cs-137, Co-60 and Eu-
152&154 by Asswanly, Bentonite and Sand stone is more than the other clays.
Removal of Cs-137 from low level waste solution with these three natural clays took
the sequence, Aswanly (85.5%) > Bentontte (82.2%) > Sandstone (65.4%).

Solidified cement products have been evaluated to determine mechanical
strength and leaching rates of the waste products. The solidified waste forms were
found more acceptable for handling, storage and ultimate disposal.

Key Words: Radioactive Wastes/Removal % /Clays/Solidification /Leaching.

INTRODUCTION

Sir.ce caseium isotope constitutes a large part of the fission products and dominates the.biological
hazards from spent uranium fuel. The removal of Cs-137 is very important where it can cause
a dangrous effect into human body and environment. Several reports have been published on the
separation of Cs-137 in liquid wastes using inorganic adsorbents such as zeolite and clays (1*5). The
main objective of this study has been directed towards the testing and evaluation of natural clay
materials that are inexpensive and suitable for chemical precipitation of Cs-137, Co-60 and Eu-
I52&154 from radioactive liquid wastes. In order to achieve adequate decontamination by
precipitation of low concentration of radionuclides a carrier must be used<6). Waste a material is
material which its presence cause many hazards to man and environment. Increased emphasis has
been placed on studies the/use of industrial by-product pollutants(7). Industrial by-product produced in
large quantities from the Egyptian factories as well as additive materials were used. On the other
hand, different natural clay materials such as Aswanly, Bentonite, Hematite, Feldspare, Calcite,
Basalt, Magnetite, Kaoline, Sandstone, Limonite and Sand have been used in this investigation in over
to development the removal percent of Cs-137, Co-60 and Eu-152&154 from waste solutions. The
parameters affecting the precipitation process include, solution pH, weight and particle size fractions
of clay minerals, clay type and clay heated at different temperatures. Immobilization of radioactive
waste sludges loaded with clay minerals and mixed in with portland cement have been investigated.
Solidified cement products have been evaluated to determine optimum conditions of mixing,
mechanical strength and leaching rate of the products.
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2. EXPERIMENTAL

2.1. Materials:
Ail the chemicals employed were of analytical grade and used without further purification. Some

natural clay minerals of industrial by-products produced in large quantities from the Egyptian factors
and others are present in large amounts in different places in Egypt. The coagulant zinc sulphate of
Veb. Lab. Apoida and ordinary portland cement of National Cement Company (8)are used .

2.2. Radioactive Tracers:
The radioactive tracers Cs-137 and Co-60 were obtained from the Radiochemical Centre,

Amersham, England. Eu-152&154 was obtained from Egyptian Nuclear Reactor, Inshas, Egypt. The
composition of the simulated low level liquid waste is given in reference (9).

2.3. Precipitation Method:
The' removal of radioactive isotopes Cs-137, Co-60 and Eu-152&154 from low level radwaste was

carried out by adding 5% zinc sulphate to 100 ml waste solution. The pH is adjusted to the desired
value 9-11 by adding known amount ofsodiumhydroxid solution, lg of natural clay minerals with
particle size fraction 0.2 mm was added and stirred for 10 min. The mixture was left for overnight at
room temperature. The removal percent of each radionuclides were determined.

2.4. Measurements:
The pH values of the different solutions were measured using a pH meter of the type HI 8417

microprocessor bench pH meter. The radionuclides were assayed theiry-ray using a counter of the
type Multichannel Analyzer having a well type Naf (TL) crystal. The compressive strength of
solidified cement samples were measured using the challenger range of compression testing machine
(2000 KN).

X-ray diffration patterns were carried using Shimadzu X-ray diffractometer, Model XD 1180,
using a Ni filter and a Cu-ka X-radiation tube.

2.5. Investigations:
2.5.1. Effect of clay type :

Natural clay minerals; Aswanly, Bentonite, Sandstone, Magnetite, Hematite, Mud, Calcite, Basalt,
Lemonite, Sand, Fledspare and Kaoline are grind and sieved into particle size fractions ranged
between 0.08 to 1.25 mm have been used. l.Og of solid clay minerals are added to 100 ml waste
solution contained Cs-137 and 5% of ZnSO4 is added. The solution pH is adjusted to 10. The mixture
is stirred to 30 inin and level to overnight at room temperature. The effect of clay types on the
removal percent of Cs-137 from the waste solution have been measured.

2.5.2. Effect of clay particle size:
1.0 g of solid clay minerals; Aswanly, Bentonite and sandstone having different particle size

fractions ranged from 0.1 to 1.25mm are added to 100 ml low level radioactive liquid wastes prepared
as mentioned before. The removal percent of Cs-137, Co-60 and Eu-152&154 for the different particle
size are determined.

2.5.3. Effect of solution pll:
Prepare 100 ml of law level radioactive liquid wastes with different pH ranged between 2 and 14,

l.Og of solid clay minerals with particle sizes. 2 mm is added and stirred for 30 min at room
temperature. The mixture was left for overnight. Separate the waste sludge contained the
radionuclides. The removal percent of Cs-137, Co-60 and Eu-152&154 at different solution pH are
calculated.
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2.5.4. Effect of clay weight:
100 ml of law level radioactive liquid waste was prepared. Different weights ranging from 0.5 to 3.0g

of solid clayminerals are added to the waste solutions and strere for 30 min at room temperature. The
removal percent of Cs-137, Co-60 and Eu-152&154 have been determined for each clay weight used.

2.5.5. Effect of clay heated at different temperatures:
1.0 g of solid clay minerals with particle size fraction 0.2 mm are heated at different temperatures

ranging from 25 to 200 c f*r 24 h. The heated clay is added to 100 ml waste solution prepared as
mentioned before the removal percent of three radionuclides employed are determined.

2.5.6. Compressive strength:
The specimens were prepared by mixing ordinary portland cement (OPC) and different weight

percent ranging from 5 to 20% of dried waste sludge contained clay minerals (Aswanly, Bentonite and
Sandstone) at W/C ratio 0.4. The resulting cement mixture were stirred for 5 minutes and the grout
was then poured into cubic 7 cm mould and vibrated. The compressive strength of these samples are
measured in Kg / Cm2.

2.5.7. Leaching resistance:
Specimens 30 mm right cylinder moulds of dried waste sludge with the radioactive tracers Cs-137,

Co-60 and Eu-152&j54 were mixed with OPCat W/C ratio 0.4 were prepared. Also, specimens of
10% of dried waste sludge with the radionuclides and clayminerals with particle size 0.2 mm mixed
with 90% of OPC at W/C ratio 0.4 were prepared. The specimens were taken out from the moulds and
immersed in the ieachant ( deionized water, 300 ml) for 70 days at 25±5°C. Leaching rates of Cs-137,
Co-60 and Eu-152&154 through the solidified waste forms were calculated according to the method
recomencled by the IAEA(10).

3 . RESULTS AND DISCUSSION

3.1. Preliminary Studies:
Preliminary studies were carried out to investigate the removal percentage of radioactive tracers

Cs-137, Co-60 and Eu-152&154 from low level liquid wastes with coagulant ZnSO4 and solution pH
adjusted at 10 at ambient room temperature. The mixture was left overnight. The waste sludge was
separated from the mother solution. The removal percent of the radionuclides were determined. The
results obtained are give in Table (1).

Table (1): Removal percentage of Cs-137, Co-60 and Eu-152&154
from low level radioactive liquid wastes.

Radionuclide
Cs-137
Co-60
Eu-152&154

Removal percentage
3.3
89.0
90.5

pH
10
10
10

Coagulant: ZnSO4 (5%).
The results indicated that, the removal percentage of the tracers, Cs-137, Co-60 and Eu-152&152

were 3.3, 89.0 and 90.5, respectively. Removal percent of Cs-137 was found not more than 3.3%. This
can be related to the intrinsic solubility of cesium<u>.
3.2. Effect of Clay Type:

The effect of twelve clay minerals; Kaoline, feldspare, sand, lemonite, baslt, calcite, mud,
hematite, magnetite, sandstone, bentonite and aswanly having particle size fractions ranging between
0.08 and 1.25 mm on the removal percentage of Cs-137 at pH= 10 and room temperature has been
investigated. The results obtained are given in table (2).
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Table (2): Effect of clay type on the removal percentage of
Cs-137 from low level liquid waste.

No.
1
2
3
4
5
6
7
8
9
10
11
12

Clay type
Kaoline
Feldspare
Sand
Lemonile
Basalt
Calcite
Mud
Hematite
Magnetite
Sandstone
Bentonite
Aswanly

Removal percentage
10.9
12.6
12.9
16.5
18.5
24.5
32.3
36.5
44.8
55.3
71.5
76.0

Coagulant: ZnSO4, (5%) pH = 10, clay weight, lg.
The results indicated that, removal percentage obtained were high and their values are 76.0,71.5

and 55.3 for aswanly, bentonite and sandstone respectively, howeverthe removal percentage for the
other clay minerals were found to rang from 10.9 to 44.8. The best results for development the
removal of Cs-137 from waste solution were obtained by aswaniy, bentonite and sandstone.
Aswanly, bentonite and sandstone were identified by XRD. The X-ray diffraction patterns for
these clays are given in Fig.(l)
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Aswonly
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Fig. 11 )= X-Roy Diffraction patterns of naturol cloy minerals
DAswanly, 2) Bentanite and 31 Sandstone.
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From these patterns, it was found that, the predominant constituent were SiO2/hexagonal systems
for aswanly, NH4ZnPQ,/monocl:nic systems for bentonite and AL2Si2O5(OH)4/Kaolinite-l A
systems for sandstone. The efficiency of the removal of Cs-137 from the waste solution with these
clays are arranged as follows: Aswanly > Bentonite > Sandstone. This requence can be attributed
to the high backfill material aswanly clay(l2).

3.3. Effect of clay particle size:
The effect of clay minerals; aswanly, bentonite and sandstone having particle size fractions
ranging from 0.1 to 1.25 mm on the removal percentage of Cs-137, Co-60 and Eu-152&154 from
low level waste solutions at pH= 10 have been studied. The results obtained are given in Table (3).
The results indicated that, the removal percentage of the three radionuclides increased as the clay
particle sizes increased from 0.1 to 0.2 mm. Beyond this value the removal percentage tends
decrease. Aswanly clay with particle size 0.2 mm is more suitable for enhancement the removal
from 3.3 to 76.0% for Cs-137, from 89.0 to 98.2 for Co-60 and from 90.5 to 96.8 for Eu-152&154.
Also, Bentonite and sandstone with particle size 0.2 mm are suitable for improvement the removal
percentage of the three radionuclides. The removal percentage took the following requence

Aswanly > Bentonite > Sandstone

Table (3): Effect of clay particle size on the removal percentage of Cs-137, Co-60 and
Eu-152&154 from low level waste solutions.

Particle
size, mm

0.1
0.125
0.16
0.2
1.0
1.25

Removal percentage

1
65.0
66.5
74.0
76.0
32.0
18.0

Cs-137
2

62.2
63.5
65.5
71.5
23.5
14.5

3
51.6
52.2
53.5
55.3
52.2
51.0

Co-60
1

96.5
97.4
97.8
98.2
96.5
95.2

2
96.0
96.6
97.1
97.6
95.4
94.5

3
95.2
95.8
96.2
97.0
94.2
92.3

F.U-152&154
1

. 95.4
95.6
95.8
96.8
95.4
95.0

2
95.1
95.6
95.8
96.5
95.2
94.6

3
94.6
94.8
95.1
95.8
94.2
94.1

•1.3. Effect of solution pH:
The effect of liquid waste solution at different pH ranging from 2 to 14 on the removal percentage

of Cs-137, Co-60 and Eu-152&154 using chemical treatment and clay minerals; aswanly, betoniteand
sandstone with particle size 0.2 mm have been investigated. The results obtained are presented in
Fig.(2). It's clear from this figure that, the removal percentage of the radionuclides were found to
increase to high value at pH= 10 and decreased beyond this value until pH= 14.

Thus, the most suitable clay for removal of Cs-137 ,Co-60and Eu -152&I54 form waste solutions at
PH=10 is the Aswanly clay .The Bentonite clay comes next, and Sandstone has the least capacity .
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3.5. Effect of clay weight:
The effect of clay weight ranging from 0.5 to3.0 g of aswanly, bentonite and sandstone with

particle size 0.2 mm on the removal percentages of Cs-137, Co-60 and Eu-152& 154 have been
studied and the results obtained are given in Table (4).

Table (4): Effect of clay weight of Aswanly, Bentonite and Sandstone on the removal
percentage of Cs-137, C'o-60 and Eu-152&154 from low level waste solutions.

Clay
Weight,

G
0.5
1.0
1.5
2.0
2.5
3.0

Cs-137
1

71.3
76.0
79.2
81.4
82.8
85.5

2
65.2
71.5
75.6
78.5
80.3
82.2

3
48.2
55.3
58.2
61.0
62.5
65.4

Removal percentage
Co-60

1
96.3
95.8
95.2
94.3
93.4
92.5

2
95.2
94.5
94.1
93.8
93.5
91.2

3
94.6
93.2
92.6
92.4
92.1
90.6

Eu-152&154
1

95.2
94.8
94.0
97.7
93.1
92.2

2
94.5
94.0
93.6
93.2
92.5
90.8

3
94.2
93.1
92.6
92.2
91.5
90.2

1. Aswanly 2. Bentonite 3. Sandstone
Particle size: 0.2 mm , Coagulant: ZnSO4(5%)

P H=i0
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The removal percentage of Cs-137 from waste solution at pH= 10 was found to increases as the
clay weights of aswanly, bentonite and sandstone increases from 0.5 to 3.0g. The removal percentage
of Cs-137 are arranged as follows:

aswanly > bentonite > sandstone
85.5 82.2 65.4

However, the removal percentage of Co-60 and Eu-152& 154 was found to decrease as the clay weight
increases. It was found that 0.5g of clays; aswanly, bentonite and sandstone can development the
removal percentages of the two radionuclides with the following sequence:

Co-60
Eu-152&154

asvvanly -
: 96.3 :
: 95.2 i

> bentonite *
> 95.2 =
> 94.5 =

* sandstone
• 94 .6

> 94.2

The results indicated that, aswanly, bentonite and sandstone are more suitable for development the
removal percentages of three radionuclides used.

3.6. Effect of clay heated at different temperatures:
The effect of clay minerals with particle size 0.2 mm and heated at different temperatures ranging

from 25 to 200°C for 24 h on the removal percentages of three radionuclides employed have been
investigated. The results obtained is presented in Fig.(3). From this figure it is clear that, the removal
percentage of Cs-137, Co-60 and Eu-152&154 decrease as the clay heated. Aswanly, bentonite and
sandstone clays when heated at 25°C give high removal percentage.
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3.7. Compressive strength:
The compressive strength of solidified cement products of portland cement mixed with different

percent by weight ranging from 5 to 20% of dried waste sludge and clay minerals have been studied.
The results obtained are given in Table (5). The results indicated that, the compressive strength
increases as the weight of dried waste sludge and clays increases from 5 to 10%, beyond this value,
the compressive strength is decreased. The compressive strength of cement sample contained 10% of
dried sludge with aswanly, bentonite and sandstone was found 416, 354 and 250 kg/cm2, respectively.
All the samples have compressive strength over 150 kg/cm2 which satisfy the regulation for the deep
sea dampring of comentized wastes \ The compressive strength of waste product with aswanly clay
was found higher than the other waste products. This can be attributed to the high amounts of silicon
oxide present in the clay plus the calcium silicate and aluminate in portland cement(l3).

Tiibie (5): Effect of weight percent of dried sludge and clay minerals on the conipressive
strength of solidified waste forms.

Cement, %

95
90
85
80

Sludge+
Clay %

5
10
15
20

Compressive strength, kg/cm"

* Aswanly
375
416
312
208

Bentonite
291
354
208
146

Sandstone
208
250
107
114

Plain cement = 458 kg/cm , W/C ratio 0.3-4.0

3.8. Leaching resistance:
The cumulative fractions of l37Cs, 60Co and li2+Ii4Eu leached from the solidified waste forms of

OPC mixed with 10% by weight of dried waste sludge and clays; aswanly, bentonite and sandstone at
W/C ratio tanging between 0.3 and 0.5and immersed in deionized water for 70 days as function of
total time are presented in Figs.(4-6).
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From the examination of these curves it was found that waste forms containing aswanly clay has a
lower cumulative fraction followed-by waste forms containing bentionite and finally waste forms
containing sandstone in comparison with plain cement. The lower leaching rate of waste product with
aswanly clay is attributed to the presence of silicon .quartz and formation of the solid phase which
significantly affects the behaviour of the most mobile and soluble radionuclide Cs-137 'I4).However
the low leaching rate of waste product with bentonite may be explained bentonite that behave as gel
clay which absorb excess fields and thus increase waste loading and thus reduce teachability(l3>.
Finally, the low leaching rate of waste product with sandstone can be attributed to the absorption
properties where sandstone is porous media ' '. The cumulative fractions for the different waste
products are given in Table (6).

Table (6): Cumulative fraction of Cs-137, Co-60 and Eu-152&154 leached of solidified
waste forms after immersion in deionized water for 70 days.

Waste forms

Plain cement

Adsorbed on Aswanly

Adsorbed on Bentonite

Adsorbed on Sandstone

Cumulative fraction, Cm
Cs-137

2.0x10'

8.0 x 10"2

9.5 x 10"2

0.8 x 10''

Co-60
1.6x10"'

7.0 x lO 2

8.5 xlO"2

0.4 x 10"'

Eu-152&154
0.4 xlO"1

4.8 xlO'2

7.0 xlO"2

0.1 xlO"1

Table 6 shows the leacliabilily of curred cement containing the radioactive isotopes adsorbed on the
three clays was found to be reduced with the following order-

Plain cement > Sandstone > Bentonite > Aswanly

CONCLUSTIONS

In the tight of the obtained results, the following main conclusions are summarized as follows:

1-Natural clay minerals; aswanly, bentonite and sandstone which exists in huge amounts and obtained
from Aswan city and other areas in Egypt play an important useful for development the removal
percentages of Cs-137, Co-60 and Eu-152&154 from low level waste solution more than the other
natural clays employed.

2- The addition of these clays in the chemical treatment of radioactive waste solution with the
isotopes Cs-137, Co-60 and Eu-152&154 enhance the removal percent more than without the
addition of these natural materials for the waste solutions.

3- Aswanly clay improvement the removal percentages of Cs-137 from 3.3 to 85.5, Co-60 from 89.0
to 96.3 and Eu-152&154 from 90.5 to 95.2 .

4- Bentonite and sandstone clays improvement the removal percentages of Cs-137 from 3.3 to 82.2
and 65.4 respectively.

5- The increase in the removal percentages of Cs-137, Co-60 and Eu-152&154 with the natural clay
materials can be arranged in the following order;

Aswanly > Bentonite > Sandstone
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6- The addition of 10% by weight of clay materials heated at temperatures ranging from 25 to 200°C
does not improvement the removal percentages of the three isotopes.

7- The addition of waste sludge contained clay minerals to cement mixture can be improvement the
immobilization process where; the compressive strength obtained was found more than 150
kg/cm2. The increase in the compressive strength took the following sequence:

Asvvanly > Bentonite > Sandstone

8- The cumulative fraction of Cs-137, Co-60 and Eu-152&154 leached from solidified waste forms
are decreased for products containing clay minerals.as compared with waste forms with plain
Portland cement. The decrease in the leaching rates can be arranged in the following order;
Aswanly > Bentonite > Sandstone

REFERENCES

(1) A. Dyer and K.Y. Mikhah, Mineralogical Magazine, 49,203 (1985).
(2) B.W. Mercer and I. Ames, National zeolite; occurrence, properties, uses, I.B. Sand and F.A.

Mumpion (Eds.), Pergamon Press, 451 (1978).
(3) A. Briggs, D.V.C. Jones, G.B. Coib, T.M. Valenhne, R.F. Preston, R.W.M. Hawes and

M.D.Fones, Report UK AEA AERE Rl 1268, (1984).
(4) S.H. Lee and J. Korrean, Nucl. Soc, 6 (2), 97 (1974).
(5) E. Mttry, A. Gawad, S. Emara and M.Y. Farah, Treatment of low and intermediate level

radioactive waste, E. Mttoy (Ed.), Proc. Symp., IAEA, Vienna, 921 (1965).
(6) W. Bahr, et al., Experience in treatment of low and intermediate level radioactive waste in the

Nuclear Research Center at Karlsruhe Symposium held in Aix. en. provence Sept. (1970).
(7) E.N. Kenneth, N.H. Charles, C. Schmdt and P.K. Odkula, Recovery, Recycle and Resueof

Industrial waste, Ed. by Jmes W. Patterson (1995).
(8) Private communication national cement company at Helwan, Egypt (1991).
(9) M.I. El-Dessouky, M.R. El-Sourougy and H.F.Aiy, Investigation on the treatment of LLLW and

MLLW., Isotopenpraxis, 26, 12, p. 608 (1990).
(10) E.D. Hespe, At. Energy Rev., 9, 195 (1971).
(11) N. Ya-Anant and P. Yamkate, The application of inorganic ion-exchangers for treatment of low

level radioactive liquid wastes, ^ Nuclear Science and Technology Conference, Proceedings,
613,444-456(1992).

(12) N-Ya-Anant, Treatment of low level radioactive Cs-137 and Tc-99 liquid wastes by inorganic
ion-exchangers, Thesis Master Eng. Department on Nuclear Technology graduate school,
Thailand (1992).

(13) International Atomic Energy Agency, Tech. Rep. Series, 350, [AEA, Vienna (1993).
(14) l.M. Kosareva et al., 5* International Conference on Radioactive Waste Management and

Environmental Remediation, Berline (Germany), 3-9 Sep. (1995).
(15) E.W. Me Daniel et al., 12"1 International Symposium on the Scientific Basis for Nuclear Waste

Management, Berline (Germany), 10-13 Oct. (1988).
(16) M.D. Seieel et al., Batch and Column Studies of Adsorption Li, Ni and Br by Sand for

Contaminant Transport Experiments, Sandia Labs, Livermore, CA United States (1995).

797
NEXT PAGE(S)

left BLANK



International Conference on HAZARDOUS WASTE: Sources, Effects and Management
12-16 December 1998. Cairo-Ezvpt

EG0000183
TR-2

Extractability of Lanthanoids(III) into Solvents Contributing to

Environmental Protection

Y. HASEGAWA and M. HARA

Department of Chemistry, Faculty of Science, Science University of Tokyo,

Shinjuku, Tokyo, 162-8601, JAPAN

ABSTRACT

To perform effective mutual separation of lanthanoids(III) by solvent extraction with
avoiding several problems caused by diffusion of organic solvents into air and into water, into
commercial available mixed solvents, aliphatic and aromatic solvents consisting of carbon
number of 9 to 12, which have high boiling points or high flash points, the extraction of
lanthanoid(IIt) thiocyanates with trioctylphosphine oxide has been measured and the
equilibrium constants have been determined across lanthanoid series. Then the extraction
constants were compared with those of single solvents, hexane and benzene, widely being used
as solvents for liquid-liquid extraction.

The extraction constants obtained for the aliphatic mixed solvents are very similar to
those for hexane across lanthanoid series. The variation of the constants for aromatic mixed
solvents is also similar to that for benzene. The pattern of the variation of the distribution
ratio under a constant condition across the series is similar to each other, either using the
aliphatic solvents or using aromatic ones, except for in the middle of the series.

Accordingly, the use of the high molecular weight mixed aromatic solvents would be
recommendable as organic solvents in the mutual separation of lanthanoids from the point of
view of safety for fire and health for the people handling the extraction.

Key Words: Separation Factors /Solvent Extraction /Rare Earths / TOPO / Organic Solvents

INTRODUCTION

There is no doubt that liquid-liquid extraction is one of the most useful techniques for the
separation and recover}' of metals in industrial scale as well as in laboratory scale. In solvent
extraction, there are several serious economical and environmental problems caused by organic solvents,
e.g., loss of solvents due to solubility in water, degradation, evaporation and adsorption, and toxicity.
Year by year, much more attention has been paid from a viewpoint of environmental protection in a
global scale as well as from that of the health of people handling solvents, and the restriction to use
becomes more strict, e. g., the manufactures of carbon tctrachloride shoutd be stopped in a near future.

In order to find out suitable organic solvents for both sides of the effective separation and
environmental protection, the extraction of rare earths(III) with thiocyanate ions and trioctylphosphine
oxide (TOPO) into mixed 'solvents of aromatic hydrocarbons as well as those of aliphatic ones
consisting of C9-C12 has ben examined, and the data was compared with those into hazardous solvents
such as he.\ane(l) or benzene'"' which has been conventionally used in most solvent extractions.
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EXPERIMENTAL

Reagents All of the reagents were of analytical grade. Saturated aliphatic hydrocarbons and
aromatic one were kindly supplied from Shell Japan Ltd. The commercial name of the aliphatic
hydrocarbons v/as DOSB (the abbreviation to Deodorized Spray Base, and the number of carbon is 10 -
13, mainly it is consisted of C10H22 and C|2H26) and that of the aromatic solvent is Shellsol AB(C9 -
Cl l , mainly CIO aromatic hydrocarbons, hereafter it is abbreviated as SSAB). They were shaken
vigorously with 0.1M hydrochloric acid and rinsed with deionized water several times. Then the
solvents were shaken with 0.1M sodium hydroxide solution and with deionized water to be neutralized.
Other reagents were used without further purification. A sodium thiocyanate stock solution was
prepared by weighting a portion of the saturated solution in the presence of the solid salt and by diluting
it with deionized water. The concentration was determined by argentometry. Trioctylphosphine
oxide (TOPO) was purchased from Dojindo Laboratories. Lanthanoid(III) stock solutions were
prepared by dissolving the weighted oxide, which were obtained from Nakarai Tesque or Uldrich Japan,
into hydrochloric acid. The exact concentration was determined by EDTA titration using Xylenol
Orange as indicator.
Procedure An aqueous solution consisting of LnIU and sodium thiocyanate solution of 1M (1 M = 1

mol dm'^) and an equal volume of an organic solvent containing various amounts of TOPO were
shaken vigorously to attain the equilibrium. The pH was adjusted to 4. The concentration of
lanthanoid(III) distributed between the two phases was determined as follows : the metal(III) in the

organic phases was determined after back extraction into lO'^M perchloric acid, and that in the aqueous

phases after diluting with ICT^M perchloric acid as much as 10 times was determined by ICP-AES,
respectively. When the extractability is low, the concentration in the aqueous phases was represented
as the balance between the» initial concentration and the concentration in the organic phases at
equilibrium. The concentration ratio between both phases was defined as the distribution ratio, D.

RESULTS AND DISCUSSION

1} Determination of extraction constants Figure 1 depicts the distribution ratio of
lanthanoid;>(P.l) as a function of the total TOPO concentration when lanthanoids(IH) (the total metal
concentration, M r = 5x10^1 in Fig. 1-a, and MT = 6xlO4M except for lanthanum(III), 8.5x10"^ in
Fig. 1-b) were extracted from IM sodium thiocyanate solution. The extraction of lanthanoids(III) into
the aliphatic mixed solvent is more similar to each other than that into aromatic one, e.g., the
distribution ratio at 10'3M TOPO across lanthanoid series is ranged only in 0.1 to 1 using aliphatic
so!vent(Fig. I-a), while that is from 0.002 to 0.5 using the aromatic so!vent(Fig. 1-b). Figure 1 also
shows that the slope of the extraction curves for light lanthanoids(III), e.g., La"1, is larger than that for
heavy ones, e.g.. Lum, and the slope of a extraction curve seems to change depending on TOPO
concentration. Such a trend suggests that the extraction behavior into these commercial mixed solvents
is similar to that into regular solvents such as hexane and benzene(l,2). The distribution ratio can be
related to TOPO concentration at equilibrium as,

D m I^s£

where Kexn are the equilibrium constants in the following extraction equilibrium,

Ln3+ + 3SCN+ nTOPOw^ Ln(SCN)3 nTOPO(o).

and Pi is the stability constant of the first thiocyanate complex in the aqueous solution'2' represented by

p, =[Ln(SCN)2+]/([Ln3+J[SCNl).
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Fig.i. Distribution ratio of Lnm against the total TOPO concentration, when Lnin(MT = SxlO^M
fcr a and 6x1 O^M except, for La(8.5xlO"4M) for b) is extracted into DOSB(a) and SSAB(b).

La(A) Pr(C) Nd(O) Sm(A) Eu(D) Gd(x) Tb(B)
Dy(A) Ho(«) Er(V) Tm(O) Yb(OI) Lu(A)

When the extractability is very poor, the TOPO concentration at equilibrium, [E]o, can be regarded as
the total concentration, ET. However, since with increasing of the extractability, the TOPO
concentration at equilibrium is going to be smaller than the total concentration, because metal(III)
molecule is extracted with accompanying several TOPO molecules.

Then the total TOPO concentration can be related to the TOPO concentration at equilibrium as,

ET=[E]0 (2)

In the present study, [X"] is 1.0M, and it is a large excess of the extracted lanthanoid(IH)
concentration. As memtioned above, the extraction behavior into the mixed solvents is very similar to
that into hexnne or benzene so that 3 and 4 were assumed as n similarly in the analysis of the data for
these conventional solvents, and the data in Fig. 1 were analyzed according to Eqs. (1) and (2). The
calculation was repeated until al! points in the data were explained using the extraction constants.

The constants obtained are listed in Table 1. In Fig. 2 the constants obtained in the present study
are compared with those using hexane and benzene. The pattern of the variation of the extraction
constants, fex? as well as AText, across the lanthanoid series is similar to each other, i.e., either between
aromatic and aliphatic solvents, or between the single and the mixed solvents. Especially, the values of
the extraction constants arc very similar across lanthanoid series between hexane and the mixed
aliphatic hydrocarbons. In more detail, the difference between logATex* and logATex3 is a little larger in
the aliphatic solvents than in ihe aromatic ones, i.e., in aliphatic solvents the main extracted species are
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Table 1 The extraction constants of lanthanoids(lll) as thiocyanates with TOPO into aliphatic and
aromatic mixed solvents (C9 - CI2) at 298K. (• Ref. 1)

solvent aliphatic aromatic
LnD logPi

La
Pr
Nd
Sm
Eu
Gd
Tb ,
Dy
Ho
Er
Tm
Yb
Lu

0.14
0.34
0.43
0.34
0.35
0.40
0.44
0.45
0.45
0.45
0.42
0.41
0.45

-
-
-
-
-

9.5
9.7
9.7
9.2
9.8
10.1
10.5
11.1

11.7
12.7
13.0
13.2
13.1
12.7
12.7
13.4
13.4
13.4

-
-
-

-
-
-
-
-
-
-

8.3
8.3
9.0
9.5
9.8
10.4

9.4
10.1
10.75
10.6
11.0
10.75
11.0
11.1
10.8

-
-
-

-

Ce Nd Sm Gd Dy Er Yb6

Fig. 2.

La Pr Pm Eu Tb Ho Tm Lu La Pr Pm Eu Tb Ho Tm Lu

Comparison of extraction constants (*1 Ref. 1 *2 Ref. 2)
a : Extraction into aliphatic solvents(closed symbols DOSB open symbols hexane*')
b : Extraction into aromatic solvents(closed symbols SSAB open symbols benzene")

circles : log Kexi triangles : log
r [lnX3oE}Q

[Ln3*][X-]3[E]o
n
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accompanied with 4 TOPO molecules. The difference of ATex* across the series is smaller than that of
Kexi. These observations may suggest that since the solvent-solute interaction as well as the solvent-
solvent interaction is weaker in aliphatic solvents than that in aromatic ones, the higher complexes with
TOPO can be extracted, and also the lower complexes should give the metal proper nature. From such
a trend, it may be expected that the larger separation factor between the adjacent lanthanoids would be
obtained by using aromatic solvents than aliphatic ones.

2) Comparison of the separation factors using aliphatic solvents and aromatic ones. Figure 3
shows the distribution ratio when lanthanoids(III) are extracted under a given condition. The variation
of the distribution ratio across lanthanoid series represented by open circles is smaller than that by
closed circles, although both the extraction is carried out using a similar TOPO concentration (in the
former ET = 1.0xlO'3M and in the latter ET = 1.25xlO3M). The difference of the pattern can be
explained as follows: since in the former the concentration of MT(5xl0'*M) as well as ET is kept
constant, TOPO concentration at equilibrium in the extraction of heavier lanthanoids(III) is lower than
tljat of lighter ones, because the larger number of TOPO molecules would be trapped with the extracted
heavier lanthanoids(III) for the better extraction, e.g., Iog[E]o is -3.1 for La but -3.5 for Lu, while since
in the latter, TOPO concentration at equilibrium is kept constant(log[E]0 is almost -3.1 which is
controlled with changing the initial lanthanoid(III) concentration, e.g., MT is 4.3xlO"tM for La and

^ for Lu), the distribution ratio varies as expected from the extraction constants.
For the mutual separation of metals, we should compare among the extractabilities at an identical

0

-1

i—r—i—i—i—r—T—i—i—i—i—i—i

o

O o ooo°

-O
Nd Sm Gd Dy Er Yb

J 1 1 1 1 1 1 1 I I I I • I

La Pr Eu Tb Ho Tm Lu
Fig. 3. Variation of logD across lanthanoid series when Ln1" is extracted under

a constant condition.
Aq. phase IMNaSCN Organic solvent DOSB containing TOPO

• ET=1.25xl0-3M [E]o=lxl0"3M MT varied
O ET=1.0xl0-3M MT = 5.0xl0-4M [E]o varied
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extractant concentration at equilibria. Figure 4 shows the distribution ratio obtained by using the
aliphatic solvent, DOSB(O) and Isopar G, Exxon Chemical, C10-C11; • ) at a constant extractant
concentration; ET = 1.8xlO'3M and [E]o = 7.4xlO^M, changing the initial lanthanoid(IH)

3 ^concentration(e.g., 8.5xlO'3M(Pr) and . The values of D do not seem to depend on
companies manufactured. As mentioned above, the values of the extraction constants obtained either
for hexane or for DOSB are very similar to each other. Accordingly, it may suggest that the
extractability of a Ln(SCN)3 with TOPO into any aliphatic solvents is very similar.

Figure 4 also shows the distribution ratio obtained using SSAB(A) and Solvesso 150(Exxon
Chemicals, C10-C11 aromatic solvent; A). The ET and [E]o are also kept constant, 2.5xlO'3M and
1.5xlO'3M, respectively. The total metal concentration MT is varied from O.OlM(Pr) to 4xlO~4M(Lu).
Although the extraction constants are a little different between SSAB and benzene as shown in Fig. 2.
the difference of the distribution ratio is not observed between SSAB and Solvesso 150. It may due to
the number of carbons.

As seen from Fig. 4, the difference of the distribution ratio between adjacent lanthanoids, so
called the separation factor, does not seem to be observed among the light lanthanoids, either using the
aliphatic mixed solvents or the aromatic ones. However among from Gd to Tm, a little larger
separation factor is observed using the aromatic solvents, reflecting the smaller difference between log

ex4 and logKex3 for the aromatic solvents.

1 _

Q
O

Nd Sm Gd Dy Er Yb
-2 -

pr Eu Tb Ho Tm Lu

Fig. 4. Variation of logD across lanthanoid series under a constant condition
Aq. phase 1M NaSCN and Ln'"
Org. phase DOSB(O) and ISOPAR G(%) at E r = 1.8x103M log[E]o=-3.1

SSAB(A) and Solvesso 150(A) at ET = 2.5xl0JM Iog[E]o= -2.9—-3.0
Solid curves represent the distribution ratio calculated according to Eq. (1) using

the extraction, constants.
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Table 2 Several properties of organic solvents

solvents flash point/°C bp/"C density remarks

CeHu -26 69 0.659 very volatile (narcotic)
DOSB 45 182~290 0.746 aliphatic hydrocarbon mixture of C10H22

andC,2H26 >98.0wt% nonvolatile

C6H6 -11 80 0.874 highly flammable, toxic (carcinogen)

SSAB 65 187 0.896 aromatic hydrocarbons >84.4wt% C10

3) Choice of organic solvents to contribute to environmental protection. Table 2 shows the
properties of respective solvents. As seen from Table 2, the flash points as well as boiling points of
the commercially available solvents studied in the present work, either aliphatic mixed solvents or
aromatic ones, are much higher than hazardous single solvents which are conventionally used in solvent
extraction. In addition, the solubility of these mixed solvents in water should be much less than that of
the conventionally used single solvents, due to the higher molecular volume. The less loss of the
solvents into air and water would be effective economically and also environmentally. In the present
study, the mixed solvents consisting of C9 to C12 are used. If the higher molecular weight
hydrocarbons are used as organic solvents, the less loss should be expected. However, since the
viscosity also increase with increasing the number of carbons, other problems such as difficulty of the
phase separation and bothering to clean vessels may come out. The solvents studied in the present
work may be most effective.

CONCLUSION

From the present results it has been found that the extraction behavior of lanthanoid(IH)
thiocyanates with TOPO into mixed hydrocarbons consisting of C9 - C12 is very similar to that into
single solvents, although the proportion of the composition is not uniform, and also the separation factor
is larger on using aromatic solvents than aliphatic ones. Since hydrocarbons of the higher molecular
weight would have higher boiling points, higher flash points, and the less solubility in water, the use of
the aromatic hydrocarbons in the vicinity of CIO may be recommendable as a solvent which contributes
to environmental protection, in the mutual separation of lanthanoids(III) at least with the ion-association
extraction.

AKNOWLEDGEMENT

The authors would express their gratitude to Messers H. Ogawa and S. Higaki, Science
University of Tokyo, for their experimental aid. They also thank Shell Japan Ltd., for the gifts of
plenty of solvents. Two liters of test solvents have been also supplied from Exxon Chemicals.

REFERENCES

(1) Y. Hasegawa, F. Watanabe, and M. Takahashi, Anal. Sci., 10, 167(1994)
(2) Y. Hasegawa, K. Y kashima, and F. Watanabe, Bull. Chem. Soc. Jpn., 70, 1047(1997)

8 0 5 I NEXT PAGE(S)
I left BLANK



12-16 Decemhpr 1998. Cairo-Esypt

TO , EG0000184

Wet Oxidative Degradation of Cellulosic Wastes
2- Immobilization of Secondary Waste Solution From Filter Paper

Oxidation

S.B. Eskander and H.M. Saleh

Atomic Energy Authority, Radioisotopes Department
Malaeb El-Gamaa St., Dokki, 12311, Giza, Egypt

Tel: 3370588, Fax: 3493042

ABSTRACT

The solidification/stabilization (s/s) of the secondary waste solution resulting
from the wet oxidation of solid wastes using an inert matrix (e.g. cement) is a
complementary step to create a complete system for the management of mixed
organic waste. Wet oxidative degradation of filter paper (simulating the mixed
organic waste) at 100°C and atmospheric pressure results, mainly, in carbon oxides,
water and minute amount of inorganic residues (secondary waste solution) which
can be solidified/stabilized using Ordinary Portland Cement and converted to solid
forms that accept the subsequent transportation, storage and final disposal
requirements.

X-ray diffraction (XRD) and Infrared absorption spectrum (IR) were used to
study the hydration process of cement mixed with the secondary waste solution.
Different percentages, of secondary waste solution were mixed with cement and the
mechanical strength of the final solid waste forms was measured. The data obtained
show that solid blocks contains up to 40% secondary waste solution still have
compressive strength values acceptable for the following transportation and disposal
process (12.92 N/mm1).

To evaluate the behavior of final solid waste form in the disposal environment,
solid blocks of cement matrix containing different percentages of the secondary
waste solution were immersed for different periods of time in ground water and the
mechanical property of the solid blocks were determined at the end of the
experiment. It is worth mentioning that, in additional to the good mechanical
integrity obtained an additional volume reduction factor was reached when
solidifying the secondary waste solution rather than the direct immobilization of
filter paper directly. ;: . . , '

Key Words: Hazardous Wastes/ Wet Oxidation/ s/s of Secondary Waste/X-ray Diffraction and
IR Analysis/Compressive Strength.
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INTRODUCTION
*

Paper, Protective clothing, wood... constitute the main cellulosic part of debris solid mixed wastes
(i.e hazardous/radioactive wastes) that originated from the different activities of life(1"3).

To reduce the volume of these solid mixed wastes wet oxidative degradation, using H2O2 as
oxidant, at 100°C and at atmospheric pressure, are widely used in many places and for different types
of wasted44*.

The treatment of the mixed wastes must converts the hazardous components of the waste items into
non-hazardous secondary waste forms(3) that can be easily handled. Complete system for hazardous
wastes management requires the solidification/stabilization (s/s) of the non-hazardous secondary waste
solution results from the treatment process into solid inert matrix.

Jfn oar laboratory filter paper, simulating the solid mixed waste was degraded at 100 °C and
atmospheric pressure using H2O2 as oxidant. Secondary waste solution, mainly water and minute
amount of inorganic residues0'*', resulting the oxidation process was s/s using Ordinary Portland
Cement (OPC) as an inert matrix.

In this study X-ray diffraction (XRD), infrared absorption spectrum (IR) was used to follow the
hydration rent of setting and harding OPC mixed with secondary waste solution. Also the mechanical
integrity of ths final solid Hocks of OPC containing different percentages of secondary waste solution
and undegraded solid filter paper were compared. The compressive strength ofOPC solid blocks
containing-: different ratios?of secondary waste solutions and immersed for one and three months was
also evaluated.

EXPERIMENTAL. WORK

Secondary waste solution results from the wet oxidative degradation of filter paper (simulating the
mixed wastes)(7) were used for the preparation of solid blocks used for mechanical, XRD and IR
measurements. The elemental analysis of this waste solution was shown in table (1).

Table (1): Elemental analysis of secondary waste solution.

c%

0.15

H%

4.3

Local Ordinary Portland Cement (OPC) manufactured according to the British Standard
Specification was used for s/s of secondary waste solution. The composition of OPC used is given in
table 2.

Fable (2): Chemical composition of Ordinary Portland Cement (OPC) in percent.

SiO2

19.84

Al2Oj

4.74

Fe2O3

4.0

CaO

61.01

MgO

2.5

K2O

0.6

so2

24

Insoluble
residue

0.95

Loss on ignition = 3.96 %.
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The ground water, used as immersion media, is obtained from Abu-Zaabal which is one of the
nearest ground water wells jto Inshas Reactors site where storage and disposal facilities for radioactive
waste under constructions. The concentration of some ions of importance in ground water used is
shown in table (3).

Table (3): The concentration of some ions of importance in Abu-Zaabal ground water.

T.D.S*

(mg/1)

1.05

pH

7.2

Soluble cations (ppm)

K

23

Na

149

Mg

13

Ca

74

Soluble anions (ppm)

cr
137

SO4

317

HCO3

2

*T.D.S = total dissolved solid.

From 3-5 cement solid cylinderical blocks (height = 6.2 ± 0.35 cm and diameter = 3.55 ± 0.1 cm)
were prepared by mixing different percentages of secondary waste solution with OPC. The cement
paste was poured in a closed mould and left to solidify in humid atmosphere for 28 days. Similar
blocks formed from untreated filter'paper and cement paste mixed with water at w/c ratio 0.35 were
also prepared in the similar way. Control solid blocks were also prepared by mixing water with OPC
only at w/c 0.35. At the end of solidification period the solid blocks were demoulded and subjected to
XRD, IR, compressive strength and immersion tests.

For immersion test two groups of demoulded blocks were immersed in ground water for one and
three months. At the end of immersion periods the solid blocks were subjected to compressive strength
measurements.

X-ray diffractions patterns of some powdered materials were obtained with a (Shimadzu) XD-610,
X-ray diffiracrometer, target 1 Cu-tube. Infrared spectra of the samples were determined with Ftir-8202
Fourien transform, Shimadzu Infrared Spectrophotometer. The compressive strength measurements
were performed using Ma test, E 159 SP machine.

RESULT AND DISCUSSION

X-Ray Diffraction (XRD) and Infrared Absorption Spectrum (IR) were used to study the hydration
process of OPC used for immobilization of untreated filter paper (simulating the solid mixed organic
waste) and/or solidification/stabilization (s/s) of me secondary waste solution resulting from its wet
oxidative degradation using H2O2.

The XRD of control OPC is illustrated in fig (l,a). At the d-value of 4.95A0 the hydration phase
(portlandite phase) could be indicated(9). The XRD peaks at d-values 3.40 A°, 3.O8A" and 2.80A0

suggest that the hydration products are present00'. An appreciable amount of crystalline Ca(0H)2 at
d-value 2.62A° was also detected00. The d-value at 2.31A° and 1.95A° represent the remaining

:CS ( I I )

The X-ray difrractogram of OPC mixed with the secondary waste solution is represented in
fig(U>).

Comparing the X-ray diffractogram of control OPC, fig. (l,a), with that containing secondary
waste solution, fig. (l,b), it could be concluded that: no significant changes were observed for the
peaks assignment, especially for those of hydration products, (i.e peaks at d-value 3.4A°, 3.08A° and
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Fig. (1): X-Ray Diffractogram of Final Wasre Form.
(1-a): X-Ray Diffractogram of Ordinary Portland Cement (Control Sample).
(1-b): X-Ray Diffraclogram of Cement (OPC) Mixed with The Secondary Waste

Solution.
(1-c): X-Ray Diffractogram of Cement (OPC) Mixed with The Untreated Filter

Paper.



2.80A0). This proves that the wet oxidative degradation of filter paper results mainly in water15'6* and,
therefore, the reaction of secondary waste solution with cement could be explained in the same sense
in water reaction.

On the other hand diffractogram ofOPC matrix containing untreated filter paper, fig. (l,c) shows
the absence of peaks at d-values 3.40A0, 3.08A0 and 2.80A°which mainly assigned for hydration
products00'.

From XRD data it could be generally concluded that the s/s of secondary waste solution resulting
from the oxidative degradation of filter paper not affect the hydration of OPC and consequently the
properties of the final waste forms.

To illustrate the above obtained XRD results, IR-ahalyses were performed for control OPC (w/c =
0.35} and sample containing secondary waste solution. The IR-absorption spectrum of control cement
(fig. 2,a) is characterized by four major absorption bands and one shoulder. Band at « 3643 cm"1

indicates the presence of OH complex in the hydrated matrix. At« 3420 cm"1 which assigned for
associated OH group00. The peak at « 1640 cm1 may be assigned to the deformation vibration of
water in setting cement<12). The band a t« 1420 cm'1 may be attributed to Ca (OH)2 and CaCO3 which
are produced simultaneously with setting and harding cement in presence of CO2

(9). The hydration
products of calcium silicate hydrate C-S-H can be identified by the shoulder at «1100cm1 and broad
band at » 970 cm"1. The peak a t « 780 cm"1 may be assigned to the stretching vibration of Si-0 in the
control cement matrix00 fig. (2,a).

IR-absorption spectrum of OPC containing secondary waste solution, fig. (2,b), shows nearly the
same absorption characteristic bands.. This confirms the data previously obtained from XRD that the
secondary waste-solution, resultingfrom the oxidation of filter paper, is nearly water and, therefore, no
detectable changes v/ere observed in hydration, harding and setting of OPC matrix.

Solid final waste monoliths are required to permit sufficient strength to allow them to be handled
and stored safely(13). Therefore mechanical integrity, as a measure for monoliths, plays a most
important part in determining the quality of final waste form and every specification requires a certain
minimum strength that must be attained under given conditions.

To evaluate the mechanical property of the final waste form, compressive strength was measured
for solid blocks containing different percentages of secondary waste solution and the data represented
in table (4,a). Increasing the percentage of secondary waste solution mixed with OPC accompanied
with increase in the strength of the final solid form up to mixing ratio of 0.35. Raising the waste to
cement ratio up to 40% accompanied by a detectable decrease in the compressive strength value. Table
(4,a). Since the main product of the oxidation process of filter paper is water(5<S). therefore, the effect of
increasing the percentages of secondary waste solution on the compressive strength values of the final
waste forms could be explained as previously stated in the same sense as water effect. It should be
mentioned that the compressive strength value obtained at waste/cement ratio 40% still higher than the
minimum figure required by NRC to permit transport and disposal of radwaste monoliths in the
USA<13). At 25% waste/cement ratio some unreacted cement components remain in the paste and such
a mixture is also unworkable, compaction is very difficult and this result in air entrainment in the
mixture which leads to a reduction in compressive strength values. Table (4,a). On the other hand, at
higher waste/cement ratio (40%) some ofunreacted waste solution remains in excess of that required
for hydration. The volume occupied by the excess waste solution results in the formation of capillary
pores in the set cement which results in reduction of compressive strengthl4). Therefore the mixing
value 35% for waste/cement ratio is the acceptable value as the mechanical properties of the final
waste form is concerned. It is worth mentioning that the compressive strength at this ratio (35%) is
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comparable very well with the control OPC solid block at water/cement ratio 35% table (4,a). This
again confirms the data previously obtained from XRD and IR analyses that wet oxidative degradation
of solid filter paper results mainly in water and some minute amount of inorganic residue which can be
safely s/s using OPC.

The compressive strength values of solid blocks containing different percentages of untreated solid
filter paper were compared with those obtained for blocks containing secondary waste solution. It is
clear from table (4,b) that increasing the percentage of the solid filter paper accompanied with a great
diminish in the compressive strength values of the final waste forms. This may attributed to
heterogenity results from mixing the solid filter paper with the OPC. Also this confirm the data
obtained for XRD. It is worth mentioning that solid blocks containing secondary waste solution show
higher compressive strength values when compared with those containing the untreated paper.
Table (4, a&b). Tliis again faviorite the treatment of the solid waste before cementation process.

Table (4): Compressive strength measurements.

a) Compressive strength values of the final solid blocks containing increasing amounts of
secondary waste solution.

Solid form

Control*
Waste/cement = 0.25
Waste/cement = 0.30
Waste/cement = 0.35
Waste/cement = 0.40

Compressive strength
N/mm2

29.23
22.73
24.70
27.31
12.92

* Water/Cement ratio = 0.35

b) Compressive strength values of the final waste blocks containing untreated filter paper.

Waste percentage in the block*

2%
3%
4%
5%
6%
7%
8%

Compressive strength
N/mm2

20.7
14.3
9.62
6.33
4.5
3.67
2.92

*Water/Cement ratio = 0.35
•The weight of the filter paper was calculated to the total weight of the block.

To srudy the interaction of the final waste form with the disposal site environment, solid blocks of
OPC containing different percentages of secondary waste solution were immersed in ground water for
one and three months respectively. At the end of immersion time the compressive strength for solid
blocks was measured and the data were represented in fig. (3). It is clear from the data obtained that a
decrease in the compressive strength was obtained when samples immersed in ground water. Similar
trends was observed for cement matrix containing other wastes .
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of Secondary Waste Solution and Immersed in Ground Water for
Different Periods.

In addition to volume reduction obtained during the treatment process{5-6) another volume reduction
was achieved when s/s of treated filter paper, (secondary waste solution from oxidative degradation
process of filter paper), rather than the immobilization of solid filter paper simulated waste. For
sample containing 40% waste/cement ratio, about 25% volume reduction was obtained when
compared with solid blocks containing 4% solid untreated filter paper.

In conclusion, the treatment of solid mixed cellulosic simulating waste (i.e filter paper) and s/s the
secondary waste solution resulting from the process using an inert matrix (i.e OPC) has the following
advantages:

-More than 95% weight and volume reduction was obtained during the oxidation process.
-Changing the hazardous organic waste materials to non-hazardous form can be safely s/s using

OPC.
-The final solid waste forms from the s/s of secondary waste solution using OPC have acceptable

compressive strength values fulfil the requirements for the following handling, transportation and
disposal processes.

-Additional volume reduction was achieved from s/s ofsecondary waste solution rather than the
immobilization of untreated filter paper. This saves more space in the disposal site.

-Finally the obtained final waste forms from s/s ofsecondary waste solution using OPC can be
probably withstand the disposal environment.
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Solvent Extraction and Separation of Chromium(III) and (VI) in
Aqueous Solutions with Trioctylphosphine Oxide

T. Sekine and M. Yamada
Department of Chemistry, Science University of Tokyo 1-3 Kagurazaka,

Shinjuku-ku. Tokyo 162-8601, Japan

ABSTRACT
The solvent extraction of chromium(III) and (VI) in aqueous solutions with a

solvating type extractant, trioctylphosphine oxide(TOPO), in hexane is studied.
Kinetically inert Cr3* is extracted from 1 mol dm'3 sodium perchlorate solution very
quickly and quantitatively as Cr(H2O • TOPO)6

3+(C1O4 ')3. Chromium(VI) in
hydrochloric acid is extracted effectively as the H2Cr04(HCl)n " TOPOm species ( m
= 2 or 3, n = 0 to 2) and the distribution ratio increased by an increase in the acid
concentration. From these, a procedure is proposed for the extraction of both
chromium(VI) and chromium(IH) in aqueous solution separately with 0.1 mol dm"3

TOPO in hexane.

Key word: Chromiumflll) and (VI) /Solvent Extraction / Trioctylphosphine oxide

INTRODUCTION

Waste water samples from several sources could contain both chromium(III) and
chromium(VI). It is known that chromium(III) is harmful and chromium(VI) is further harmful.
Thus determination of chromium(TII) and chromium(VI) separately in such waste water samples is
desired. Chromium(IH) in water samples may be present in the form of hexa-hydrated Cr3+

and/or its hydrolyzed form depending on the pH of the aqueous solution. Moreover, it is very
important that chromium(III) is kinetically inert and the reaction with a certain ligand is very
slow. Thus when the solvent extraction of chromium(III) in an aqueous solution is desired as its
complex into an organic solvent, the extraction is very slow because the formation of the
complex to be extracted is very slow/1"3' For this reason, it is not easy to find a good method
for the extraction of chromium(III) by using a chelating extractant. The extraction of
chromium(III) as a certain noncharged complex with a certain ligand and a solvating type
extractant is also difficult because the reaction of the metal ion with the complex forming ligand
which forms the extractable complex of chromium(III) is slow and the association of the
complex with the extractant is also slow.

The solvent extraction of chromium(VI) should be different from that for chromium(III). It
behaves as an acid, namely, chromic acid and it is present in the acid dissociated form anions in
neutral and weakly acid aqueous solutions. The pKaj of chromic acid is about unity and thus it
can be extracted as chromic acid with a solvating type extractant from aqueous solutions of rather
high acidity.(4)
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RESULTS AND DISCUSSION

Experimental
Experiments were made at 25°C. The solvent extraction of chromium(Hl) with TOPO

was made as follows. A portion of 1 mol dm'3 sodium perchlorate solution was added chromium
(III) perchlorate and the pH was adjusted I to 3 by perchloric acid. To this aqueous solution, the
same volume of hexane containing TOPO was added and the two phases were agitated for ten to
30 sec. It was enough to reach the extraction equilibrium. Then the two-phases were separated
and the organic phase was washed with 1 mol dm'3 nitric acid. It was confirmed that the
chromium(IH) was quantitatively stripped from hexane by this washing. Similar experiments
were made with other six trivalent metal ions in order to compare the extraction with that of
chromium(IH). The amount of each element in the aqueous solutions was also determined by
atomic absorption.

An aqueous solution containing potassium chromatc 1$ Added to an aqueous solution containing
perchloric acid, nitric acid, hydrochloric acid or sulfuric acid. Then the same volume of hexane
solution of irioctylphosphinc oxide (TOPO) was added. The two-phases were agitated 2 or 3
min and then they were separated. The extracted chromium(VI) in the organic phase was back
extracted by washing with an aqueous 0.01 moi dm'3 ascorbic acid solution which should reduce
chromium(VJ) to chromium(JII) and make a quantitative recovery. The amount of chromium in
this aqueous phase of the solvent extraction and the aqueous solution which stripped the
chromium was determined by atomic absorption.

The extraction of trivalent metal ions and dsromium(III) from 1 mol dm'3 sodium
perchlorate solution at pll 3 with TOPO is as follows/5*- The extraction of perchloric acid was
negligible at this pH(e) and the solvent extraction of six trivalent metal ions, scaiidium(lll),
yttrium(HI), !anthanum(IH), europium(Ui), gallium(HI), indmm(III), and chromium(HI) was very
much dependent on the TOPO concentration.

Figure 1 gives the distribution ratio of the metal ions as a function of TOPO concentration.
Since the aqueous phase is a sodium perchlorate solution and no complex forming ligand other
than TOPO was present in the system, the extracted species should be ion pairs of the metal ions
which are solvated with TOPO and perchlorale ions. The slope of the logD vs log[TOPO]org was
+4 except chromiurn(HI) and that for chromium(IH) was +6. Thus chromium(HI) is extracted as
a hexasolvate and the other metal ions are extracted as tetra solvates. The extraction
equilibrium can be written as;

M3++4TOPO(org)+3C104- ^ M(TOPO)4
3+{C1O4- )3(org) 0)

Kex4.3=[M(TOPO)43+(C104-)3Jorg
/ ([M3+][TOPO]OI/[ClO4-p) (2)

Cr(H20)6
3++6TOPO(org) + 3 C1O4" ̂  Cr(H2O)6(TOPO)6

3+(CIO4' )3<org) (3)

Kcx6>3=[Cf(H2O)6(TOPO)6
3+(ClO4-)3lOrg

/ ([Cr(H2O)6
3+][TOPO}org

6[ClO4-]
3) (4)

Table 1 gives the values of extraction constant.
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log[TOPO.|org

I*"IJJ. I The extraction of seven Iriposilive nicliil ions:
scnndiuni(A), ytlrhim(A), hnilhanum(n),
ctiropium(V), gnllitim(O), Incliiini(^) and
c!ir»niinni(O).
Tlic orgnnic plisisc is hexnne containing TOPO.
Ilic nqucmis plin.se is I mol dm'1 N11CIO4 nl pi 13

It is very marked that the slope of the solvent extraction of chromium(III) is +6 with
respect to TOPO concentration. Thus the chemical properties of the extracted species of
chromium(III) should be different from that of the other six metal ions. In the extracted species
of these metal ions, the four TOPO molecules should associate with the coordination sites and
two coordination sites among the six coordination sites are not occupied by the extractant. On
the other hand, it could also be assumed that all of the six coordination sites of chromium(III) are
combined with TOPO. However, it was also found that the extraction equilibrium of chromium
(III) was achieved by the two-phase agitation for a very short time: 10 sec is enough and a
prolonged two-phase agitation did not enhance the extraction even after 10 min.

Figure 2 give the distribution ratio of chromium(III) as a function of the two-phase
agitation time. Thus this is quite different from the ordinary complex formation of hydrated
Cr3* ions which are inert and even several hours or several days are necessary for the formation
of coordination complexes. The chemical form of the extracted chromium(HI) with TOPO
from the perchlorate solution was assumed from the absorption spectrum of the organic phase.
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11.83

8.64

8.2

8.46

7.10

9.57

no extraction*

(11.86)**

Table 1 Extraction constants of metal perchiorates with TOPO in
hexane calculated from the data in Fig.l.

M3+

~Sc*~

Y3+

La3+

Eu3+

Ga3+

In3+

Tl3+

Fe3+

Cr* 8.02

, = [M(T0P0)a
3*(C104-)3kg / ([M3+][TOPO]n[CKV ]3)

•)The distribution ratio of Tl(IIl) was lower than 10"2 when the TOPO concentration was 0.1
mol dm*3.
**)The value for (he extraction cf Fe3+ with TOPO in hexane was calculated from the data in
ref.(7) in which the aqueous phase was 4 mol dm"3 (H,Na)C104 .

Q
bl)
O

lime / mm

Fig.2 Time dependence of dislribultuu ratio of

diruiiituin(lll) extmclcd vvilh 0.07 mul dm"3 TOi'O

in hexmu! from 1 mul dnr3]NaCtO4 initially

containing ixlU"2 niol dm"3 HCIO*
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Figure 3 gives the absorption spectrum of the hexane solution which extracted chromium
(III) with TOPO by the solid line acd the absorption spectrum of aqueous solution containing
Cr3+ by dotted line. As is seen from this figure, the spectrum of the aqueous solution of
chromium{HI) and that of the hexane solution which extracted chromium(III) with TOPO is
quite similar to each other and thus it was concluded that the extracted species was also
hcxahydrnted Cr34 and the TOPO should combine with each hydrating water molecule by
hydrogen bonding. Such similarity of the spectrum of organic phase and aqueous phase was also
reported^ when chromium(IH) in aqueous sodium perchlorate solution was extracted with TOPO
in several organic solvents but the dependence of the distribution ratio on the TOPO
concentration was +3 in this previous study. This should also be supported by the observation
that the extracted chromium(HI) was easily stripped by 1 mol dm'3 nitric acid by the two-phase
agitation only for a short time such as 1 min and this is quite different from the observation in
several other chromium(III) extraction system. The extracted chromium(IH) complex usually
can not be stripped easily even by 1 mol dm"3 nitric acid : two phase agitation for several hours is
necessary.^ The solvent extraction of ehromium(IH) is usually very difficult because the
reaction is too slow and the extractant molecules can not combine with the metal ion in a short
time. On the other hand, the extraction in this manner is very rapid and easy. Since TOPO
combined with the hydrating water molecules of Cr3*, the anion should form ion-pairs with this
very bulky trivalent cation. The effect of some other anions on the extraction of chromium
(II!) was also examined.

300 '100 500 600

Wavelength/nn i

lri(}.3 The solid curve gives the spectrum of hcxanc
solution when Uie TOPO concentration is 0.1 uiol dm'3

and the concentration of extracted chroinhiin(lll) is

4x10"3 mol dm'3.
The broken curve gives llic spectrum of I mol dm"3 N11CIO4 solution

containing 5x10~3 mol dm'3 chroniiuiu(IU) and ixlO'mol dm'3HCIO.|.
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Figure 4 gives the extraction of Cr3+ from sodium thiocyanate solutions which is given by
open triangles and from sodium nitrate solutions which is given by closed triangles. The
extraction data from sodium perchlorate solutions is also given by circles. The extraction form
the thiocyanate solution is the best and that is nearly negUgible from chloride solution as it is
easily assumed. Table 2 gives examples of extraction data.

Q
bo
O

1 -

0 -

-1 -

-2
-2 -1 0

log[TOPO]init.

Fig.4 The extraction of clu'uiniiini(III) in linoi dm'3

NaSCN(A), NaClO4(O)and NaNO3(A) containing

Ixl0-2mol dur3HC!O4 as a function of the initial
TOl'O concentration in the organic phase.

Table 2 Distribution ratio of chromium(HI) extracted with 0.1 moi dm 3 TOPO
in hexane from various 1 mol dm"3 sodium salt solutions

containing lxlO"2 mol dm'3 HCIO4.
The two phases were agitated for 30 s.

salt

logD

ci-

-2.13

Br

-1.69

NO3-

-1.42

I-

-0,23

cio4-

1.13

SCN"

>2
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Extraction of chrominm(VI)
Chromium(VI) is present in aqueous solutions as chromic acid and/or its acid dissociates.

The chromic acid is extracted as an acid with a hydrogen-bond forming extractant such as

tributylphosphate and trioctylphosphine oxide. Since the pKai of chromic acid is about l ( l 0 ) and

pKa2 is about 6 , ( n ) chromium(VI) is present in the form of HCrCV and the solvent extraction in

the undissociated form should be better when the acidity in the aqueous solution is higher.

a

- 1 0

LogllX

Fiy.5 Dependence on the acidity.
Org.pliasc:licxunc inilialiy containing

3 x 10 2 M TOPQ,
Aq.pliasc:lhc acid 11X is HC1(A),11C1O4(D),

i l2SO4(#) and 11NO3(O).

Figure 5 gives the dependence of the distribution ratio of chromium(VI) extraction with
0.03 mol dm'3 of TOPO in hexane on the acid concentration. As is seen from this figure, the
extraction is best from hydrochloric acid. Although the extraction is nearly the same from these
four mineral acids when the acid concentration is around 0.05 mol dm"3, the extraction is quite
different when the acid concentration is higher. The extraction from perchloric acid solution
and sulruric acid solution is not very much affected by the acid concentration. The extraction is
the worst from nitric acid when the acid concentration is higher than 0.1 M. The increase in the
nitric acid concentration even impairs the extraction of chromic acid.
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3

Fiy.6 Dependence OJI the TOl'O concentration.
Org.phasc:hcxanc containing TOPO al the

concentration oa the abscissa al equilibrium.

Aq.phase:lM HCl(A),HClO4(n), H2SO4(*)
and HNO3(O).Tlic slope is +3 for
11C1 system and +2 for the oilier
systems.

Figure 6 gives the distribution ratio of chromium(VI) when the aqueous phase was 1 mol
dm'3 acid solution as a function of the TOPO concentration. In this figure, the free TOPO
concentration was obtained by conecting the effect of extraction

H+ + NO3- + TOPO(ot8) ^ HNO3 • TOPO(org)

H+ + CIO4- + 2TOPO(org) ^ HCIO4 • (TOPO)2(org)

H++ Cl- + 2TOPO(org) ^ HC1 • (TOPO)2(org)

H+ + HSO4- + 2TOPO(crg) ^ H2SO4 • (TOPO)2(org)

The values of equilibrium constant are given in Table 3.

Table 3 Equilibrium constants

HX HNO3 HCIO4 HC1 H2SO4

0.85

3.15 -0.31 -0.30
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When the acid concentration in the aqueous phase is kept constant, the extraction of chromium
(VI) is second order dependent of the TOPO concentration from perchloric, nitric, and sulfuric
acid but from hydrochloric acid, the distribution ratio is third order dependent on the TOPO
concentration.

After several trials of statistical analysis of the extraction data. These apparently
complicated extraction behavior of chromium(VI) from the four mineral acid solutions was found
to be due to the following reasons.
1. The increase in the hydrogen-ion concentration is favorable for the extraction of chromic
acid because the concentration ratio of the extractable chromic acid, HCrfXj, increases by an
increase in the acid concentrations.
2. On the other hand, by an increase in the mineral acid concentration, the extraction of the
mineral acid with TOPO occurs and this decreases the free TOPO concentration which is
available for the extraction of the chromic acid. The extraction of mineral acid with TOPO is
larger in the order of perchloric acid > nitric acid > hydrochloric acid and the extraction of
sulfuric acid is nearly negligible. Thus the extraction of chromium(HI) is interfered by the
mineral acid extraction in this order.
3. It was also found by the statistical analysis that the extracted chromic acid was combined
with 2 TOPO molecules and at the same time, it was also combined with the mineral acid as is
given in the Figure 7 where the coextraction of HC1O4 is given as a representative, and this
association of the extracted species with mineral acid enhances the extraction.

The results given in Fig. 5, that is, the
extraction of chromium(VI) with TOPO at the
constant initial concentration as a function of
the concentration of the mineral acid is the
total effect of these three complicated factors
and theuse of hydrochloric acid should be most
favorable.

It is suggested from these data that when
the sample solution is acidified with 1 mo] dm*3

hydrochloric acid and agitated with hexane
containing 0.1 mol dm'3 TOPO chromium(VI)
should be extracted quantitatively but the
extraction of chromium(III) in this aqueous
solution is negligible. The chromium(VI)

Cuuxlruclion of perchloric acid with

chromic acid by TOPO

Oc
Oc-p=O .-11—0

Oc
Oc-p=O —H O

.O

0

Oc
Oc-P=o ...,, — o

Oc
Oc-p=O —H— O'

Cr

Oc-p=O. . .n — o
Oc-^
Oc
Oc-p=O —H —O

\
Cr

.O--HCIO4

O

,O-MC1O4

O-11C1O4

extracted can be stripped by 0.01 mol dm'3

ascorbic acid and its amount can be determined.
The chromium species remained in the aqueous
phase should be chromium(III) and this can also
be determined. When this chromium(IH) in the
aqueous phase is desired to be extracted with
TOPO, sodium perchlorate should be added and
the hydrochloric acid which was added in order
to enable the chromium(VI) should beneutra-
lized by, for example, sodium hydroxide and the
aqueous solution should be prepared as lmol dm'3

sodium perchlorate at about pH 3. The
coexisting sodium chloride should not interfere
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with ihe extraction of d.iornitiin(ltl) und the organic phase thus exhacled chromiumflil) could
be washed witti 1 mot din"3 sodium perchloratc solution and theu it should be shipped with t moi
dm'3 nitric acid and could be determined.

CONCLUSION
The solvent extraction of chromium(Vl) in acid solution is complicated aud the solvent

extraction of chrorniutn(IH) in aqueous solution is difficult because it is kinetically inert.
However, by proper choice of experimental conditions, these can be extracted wilb TOPO in
iitxanc und they can be suparalcd from each oilier. Theu the two oxidation states of chromium
can be determined separately.
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ABSTRACT EG0000186

Efficient design of ion-exchange columns, Using zeolites, for the decontamination of
radioactive wastewater that contains MSr and "'Cs require a detailed study of the
thermodynamic of ion-exchange equilibria.

Ion-exchange experiments were conducted at 20 °C between certain natural zeolites
(chabazite, clinoptilolite, and mordenite) and aqueous solutions of varying ratios of Na+and
Sr2* and total concentration of 0.05 and 0.2N. The experiments were designed to investigate the
effects of changes in total solution concentration and in relative concentrations of exchangeable
cations on the following ion-exchange equilibrium:

Sr2+ +2Na = ~S?* +2Na+

Using the isotherms data obtained, a thermodynamic model for the ion-exchange reaction was
derived using Gaines and Thomas approach for activity coefficients of zeolite components and
Glueckauf extension approach for activity coefficients of aqueous ions. A computer
programme to carry out the thermodynamic treatment was given in FORTRAN-77 and
modified for best fit results.

The results of the forward experiments showed that the ion-exchange isotherm strongly
depends on the total solution concentration. Additional experiments demonstrated that the
above ion-exchange reaction is reversible for all zeolites under investigation.

The derived equilibrium constant, K,, and Gibbs free energy per equivalent of ion-exchange,
&G", are obtained for all studied zeolites indicated that all these zeolites have overall selectivity
towards Sr2* ions than Na+ ions.

INTRODUCTION

The potential release of fission products such as "'Sr (t Vi = 29.1 y) a n d ' " Cs (t Vi =30.3 y)
into the environment from nuclear power plants and reprocessing plants or by leakage of
nuclear waste containers posses a serious of health risk due to their high fission yield and
potential mobility in aqueous environments. However, their interaction with the geochemical
system, such as, by sorption reactions with the zeolite-rich rocks and soils, may help attenuate
this hazard. Natural zeolites (particulary chabazite, clinoptilolite, and mordenite) are known for
their favourable selectivity for Sr and Cs through an ion-exchange mechanism(1). Thus, the
favourable selectivity of zeolites for alkali and alkaline earth radionuclides makes it effective
for cleaning up radioactive liquid wastes arising from the different applications of nuclear
industry.

The earliest recorded use of zeolites in nuclear waste treatment was in 1960 by Ames TO

who used these minerals to selectivity removal of137 Cs and * Sr from the low level radioactive
wastes. Mercer and Ames<3)have provided a detailed description of past and present uses of
natural zeolites especially in the decontamination of low and medium level wastes and fixation
of fission products into zeolites prior to long-term storage.
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Because ion-exchange processes are affected by aqueous solution chemistry and zeolite
composition, a quantitative understanding of zeolite-radionuclide interaction requires chemical
models that property account for these effects. The aim of this paper, experiments on ion-
exchange between certain natural zeolites and aqueous solutions of Sr^/Na* were conducted.
The aim of this paper is to investigate the effects on the exchange equilibrium with changes in
total solution concentration and in the relative concentration of exchangeable cations in
solution. In addition, the data were used to test an empirical thermodynamic model for zeolit
solid solutions to describe ion-exchange equilibria.

EXPERIMENTAL

The ion-exchange experiments were conducted by equilibrating weighed amounts of Na-
zeolites ( chabazite, clinoptilolite, and'mordenite) powder (150 -355 urn grain size) with a
series of solution containing Na+ and Sr2+ at different equivalent concentration ratios, but at a
constant total normality equal to 0.05 and 0.2 N. The cation exchange capacities of the three
different types of zeolites under investigation were 2.24 meq/g for chabazite, 1.83meq/gfor
clinoptilolite and 2.43 meq/g for mordenite . Aqueous mixtures of Na +/ST2+ at 0.2 N and with
equivalent mole fractions of Sr2* at 0.1,0.2, 1.0 were prepared by mass from reagent -
grade NaNO3 and Sr (NO3)2. Solutions at 0.05 were prepared by dilution of 0.2 N mixtures.
The initial total Sr concentration of each solution were calculated from the mass of Sr(NO3)2
reagent used and to allow analysis of Sr24' in aqueous samples by liquid scintillation counting,
each of the starting solutions was spiked with ^Sr (50pci per gram of solution).

The amount of zeolites used in the experiments was 0.5g, and the solution volume ranged
from 10 to 250ml. The zeolites and solution mixtures were contained in capped polyethylene
bottles and were agitated and thermostatted at 20 ±1°C in shaker water bath. After at least two
weaks, samples of starting and experimental solutions were taken for Na+ and Sr1* analysis.

Reversibility of the exchange reaction was verified in a second set of experiments. After
samples had been taken for the forward experiments, several isotherm points were reversed by
adding to the remaining solutions known volume of an 0.2 N NaN03 solution. The new
mixtures were allowed to reequilibrate for at least two weaks, then samples were taken for Sr2+

and Na+ analysis.

Thermodynamic Model

For an exchange reaction involving Sr2+ and Na+, the equilibrium reaction may be written
as:

Sr2+ +2 Na+ = Sr* + 2Na+ (1)
where bars indicate the zeolite phase.

Ion-exchange equilibria are often measured by the selectivity coefficient (a) which can be
defined as:

Sr2+

V =(2Tc)(Srz/Srs)(Nas/Naz)
2 (2)

This selectivity coefficient may alter with solution composition (at given zeolite composition)
or with exchanger composition (at given solution composition). Then the corrected selectivity
coefficient is given by
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Kc = a y2Na/y Sr (3)
Kc is theoretically independent of solution composition, at given zeolite composition, provided
that electrolyte imbibition from the external solution and changes in water activity are
negligible. The thermodynamic equilibrium constant, Ka, corresponding to the above reaction,
is given by:

K . - K . fs,/(f*.)2 (4)

The activity coefficients of the ions in the solid phase, f, are not independent by measureable,
but can be determined indirectly from the measurement of Kc. So, Ka is then obtained from the
following equation;

r, (5)

and the soiid phase activity coefficients are given by :
!

lnfsr=(Sr z - l ) ( lnk c+l) + J lnK cdSr z (6)

and

Sr
z

= Srz(lnK c+l)-oJlnK cdSr z (7)

The standard Gibbs free energy per equivelent of the present exchange reaction is

AG° = -RT/2 In Ka (8)

The above thermodynamic formulation is valid if imbibtion of neutral electrolyte is negligible,
which for zeolites is at solution concentrations approximately < 1.0 M (4). An additional
condition is that the effect of water activity change in the zeolite is insignificant. Barrer and
Klinowski (5) demonstrated that water activity terms are not significant for most cases of ion-
exchange equilibria. However, for ion-exchange involving concentarated electrolyte solutions,
terms can be included for the effects of sorbed or imbided solvent and of imbided salts(6).

Computional Analysis for the Mode!:

A program to carry out the thermodynamic model was written in FORTRAN-77 and
modified for best fit results. The principles of this compuational analysis areas follow:
1 .a best fit polynomial is calculated from the input data of the ion-exchange isotherm,
2.the Debye-Huckel constants for Sr2* and Na+ are used to calulate the mean molar salts
activity coefficient for each of the equilibration data points, thus the corrected values of these
activity coefficient are calculated by using the Glueckaf extention approach^,
3. the correctrd selectivity coefficient, Kc, is calculated for each of the equilibration data points
and a best fit polynomial is produced for the plot of In Kc versus Srz,
4. numerical integration is applied for the calculation of the zeolite component activity

coefficients, f ».*, and the equilibrium thermodynamic constant, Ka, and
5. The standard free energy per equivalent, AG°, of the binary exchange reaction is calculated.

RESULTS AND DISCUSSION

Results of binary ion -exchange experiments can be presented conventiently by ion-
exchange isotherms, which are usually plotted in terms of the equivalent fraction of the cations
in solution against that in the solid in equilibrium with the solution. The isotherm data for the
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Na7Sr2 \ mixtures at 0.05 and 0.2 in each type of zeolite under investigation are plotted in
Figs. 1-3. Details of isotherm calculation from experimental data are discussed in (S).

The results shown in Figs. 1 -3. indicated a strong dependence of isotherm shape on the total
solution concentration for the system Sr2 +/Na\ which involves ion-exchange between a
monovalent and a divalent cations . These results illustrate that with increasing dilution;
chabazite, clinoptilalite and mordenite exhibit increasing preference (selectivity) for Sr2+

relative to Na+. This behaviour, commonly refered to as "concentration valency effect", which
gives rise to isotherms that became more rectangular and selective to the ion of higher charge
with increasing dilution.

Figs.4-5 compare the results of the forward and reverse isotherm experiments at the two
different total concentrations (0.05 and 0.2 N) for each type of zeolite. The good agrament
between the sets of data indicated that ion-exchange reactions between all types of zeolites and
aqueous solutions of Sr2 + /Na+are reversible.

The quantitative thermodynamic treatment is applied to the previous experimental isotherms
data to give a sequential picture of the selectivity of each type of exchangers under
investigation.

Table 1. Gives the polynomial equations for log K* vs. Sr2^ for different types of zeolite at
two different total solution normality. Also, Table 2. Showed the equilibrium thermodyhamic
constant values calculated from the integration of the polynomial expressions and the Gibbs
free energy per equivalent in different types of zeolite. The negative Sign of the AG° for
Sr'TNa* exchange for all studied zeolites indicated that all these zeolites have over all
selectivity towards Sr2* ions than Na* ions.

In addition, tables 3-5. Showed the output data from the program for calculating the
solution and solid phase activity coefficients for each component and the excess Gibbs energy
(g") for each type of studied zeolite at the corresponding total normality concentration.

CONCLUSION

A qumtitative under standing of zeolite-radionuclide interaction requires thermodynamic
models that properly account for the effects of aqueous solution chemistry and zeolite
composition. The results of this study demonstrated that a solid solution model for zeolites
based on Gains and Thamos formulation, coupled with an activity coefficient model for
aqueous solution based on Glueckauf extention approach, can successfully describe ion-
exchange equilibria between aqueous solutions and zeolite mineral over a wide range of
solution composition and concentration.

Nomenclature

x Selectivity coefficient
T t Total solution concentration
Srz ,Srs Equivalent mole fraction of Sr2* in zeolite and solution phase respectively
N a z , Na, Equivalent mole fraction of Na* in zeolite and solution phase respectively
K« Corrected selectivity coefficient
y. Activity coefficient of ion in solution phase
f Activity coefficient of ion in zeolite phase

K, Equilibrium costant
AG° Standard Gibbs free energy per equivalent
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Table 1. Polynomial equation of log K, vs. A?. (Srz*) for different types of zeoiites at two

different total solution concentrations

polynomial equation RExchanger

Chabazite

Clinoptilolite
•

Mordenite

Total
concentration

(T.)

0.05
0.2

0.05
0.2

0.05
0.2

log K, = 0.519 + 0.861 Az -1.40 -V 0.126
= 0.364 + 4.577 Az - 6.578 Az

2 0.169

= 1.733-0.766 A«-2.396 A** 0.198
= 1.517 - 3.735 Az + 2.58 Az2 0.154

= 1.045 - 0.035 Az - 1.522 Az= 0.159
= 0.325 + 5.9 Az-8.355 Az2 0.175

Table 2. Thermodynamic ion-exchange quantities for Sr2* / Na* exchange in different
types of zeolites

Exchanger 7, K, AG" ( j °u^g equivalent)

Chabazite

Clinoptilolite

Mordenite

0.05
0.2
0.05
0.2

• 0.05

0.2

1.118
1.06
1.308
1.188
1.218
1.136

-136.254
- 71.543
- 328.98
-211.28
-241.29
- 156.41
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i anie J. Acavn
at two

Mole Fraction
ofSr"in
zeolite (Sn)
0.163
0.236
0.363
0.454
0.527
0.618
0.727
0.800
0.818
0.872
0.909
0.927

0.185
0.328
0.371
0.471
0.528
0.571
0.614
0.671
0.728
0.842
0.900

y coeinciem ana excess OIODS t
different solution concentration

Total
concentration

T«

0.05

0.2

snergy ror we system arms fcnmmme
t [data from thenno program]

Activity coefficient
solution

• r *

0.590
0.589
0.586
0.583
0.581
0.575
0.568
0.566
0.564
0.561
0.557
0.555

0.420
0.418
0.413
0.409
Q.405
0.401
0.397
0.394
0.392
0.391
0.389

N /

0.698
0.697
0.695
0.693
0.691
0.687
0,682
0.680
0.679
0.677
0.674
0.672

0.542
0.541
0.538
0.535
0.532
0.530
0.528
0.526
0.525
0.524
0.523

zeolite

0.404
0.486
0.615
0.690
0.738
0.786
0.834
0.866
0.874
0.903
0.925
0.938

0.214
0.311
0.345
0.433
0.489
0.532
0.577
0.639
0.703
0.831
0.892

1.066
1.091
1.137
1.180
1.227
1.309
1.458
1.602
1.645
1.798
1.922
1.991

1.076
1.110
1.116
1.117
1.112
1.105
1.105
1.092
1.075
1.032
1.005

Excess Gibbs
energy

-529.24
-584.10
-532.52
-437.65
-352.82
-254.26
-161.92
-116.84
-107.07

-79.36
-60.58
-50.50

-1273.06
-1759.85
-1831.51
-1877.82
-1833 84
-1769.88
-1681.00
-1526.23
-1333.20
- 846.17
- 559.09
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Table 4. Activity coefficient and excess Gibbs energy for the system Sr*7Na* clinoptilol
at two different solution concentration [data from thermo program]

Mole Fraction
of Sr2* in
zeolite (Srz)
0.260
0.400
0 460
0.520
0,580
0.660
0780
0.800
0.840
0.880
0.920

0.353
0.462
0.489
0.530
0.571
0.681
0.707
0.734
0.802
0.884
0.898

Total
concentration

T,

0.05

0.2

Activity coefficient
solution

Sr2*

0.420
0.418
0.416
0.413
0.409
0.407
0.403
0.399
0.396
0.392
0.389

0.590
0.589
0.586
0.583
0.581
0.576
0.568
0.566
0.561
0.557
0.551

0.542
0.541
0.539
0.538
0.535
0.534
0.531
0.529
0.527
0.525
0.523

0.698
0.697
0.695
0.693
0.691
0.687
0.682
0.680
0.677
0.674
0.669

zeolite
Sr2'

0.377
0.470
0.514
0.560
0.609
0.677
0.786
0.804
0.842
0.881
0.920

0.231
0.332
0.360
0.406
0.454
0.594
0.631
0.668
0.670
0.867
0.884

1.122
1.180
1.202
1.223
1.243
1.266
1.296
1.300
1.308
1.315
1.321

1.056
1.022
1.010
0.990
0.966
0.893
0.873
0.851
0.795
0.724
0.712

Excess Gibbs
energy

-945.88
-1139.31
-1161.18
-1148.70
-1103.43
- 994.78
-735.84
- 682.24
-566.58
-440.07
-303.16

-2715.15
-2803.63
-2780.81
-2715.58
-2615.15
-2192.28
-2054.93
-1906.27
-1489.43
-915.94
-813.76
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sttworfia

MoleFractikm
ofSr»*lflf
zeolite (Si^
0.200
0.300
0.420
0.480
0.58O
0.660
0.720
0.780
0.820
0.880
0.900
0.246
0.338
0.446
0.553
0.600
0.646
0.677
0.73$
0.830
0.907
0.953

great solution c

Total
amaeatnfkm

T,

0.05

• $ * '

oncentratioit {data firDA thermo program]

Activity coefficient Excess Gibbs
solution

0.402 0.542
0.418 0.541
0.415 0.539
0.413 0.538
0.407 0.534
0.405 0.532
0.401 0.530
0.397 0.528
0.394 0.525
0.392 0.524
0.389 0.522
0.590 0.698
0.589 0.697
0.586 0.695
0.583 0.693
0.581 0.691
0.575 0.687
0.571 0.684
0.566 0.680
0.561 0.677
0.557 0.674
0.553 0.671

zeolite
»** H*

0.338 1.095
0.400 1.139
0.482 1.186
0327 J.208
0.607 1.204
0.676 1.263
0.730 1.278
0.785 1.291
0.823 1.299
0881 1.309
0.900 1.311
0.423 1.124
0.475 1.171
0.542 1.226
0.616 1.281
0.650 1.305
0.685 1.328
0.709 1.343
0.760 1.374
0.839 1.420
0.910 1.457
0.954 1.479

energy

- 807.72
-1034.08
-1163.26
-1173.32
-1114.89
-1004.74
- 887.64
- 742.78
- 631.56
- 443.99
- 376.16
- 693.95
- 826.44
- 898.02
-883.98
- 852.74
- 806.81
- 768.18
- 672.12
-• 482.42
- 284.10
- 148.20
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R Gas constant
T Absohite temp

g" Excess. Gibbs energy
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ABSTRACT EG0000187

A new class of inorganic ion exchanger called crystallise silicon ritanates has
excellent chemical and radiation stability. The materials exhibited high selectivity
for the ion exchange of cesium, strontium and several other radionuclides from
highly acidic solutions. The ion exchange capacity was determined for Na*, Cs*, Coz+

and Sr2+ ions and found to be 1.17,1.9,1.38 and 1.52 meq./g, respectively. Besides,
the drying temperature of silicon titanates have a profound effect OH the ion
exchange capacities and distribution coefficient values of the above mentioned
cations. Moreover, the studied results of distribution coefficient indicating the
ability of separation of these radionuclides from radwaste solutions.

Key Words: Synthesis / Characterization / Silicon titanate/Ion exchange /sorption /
Radioactive waste.

INTRODUCTION

The selectivity of an ion exchange rnaterial depends considerably on the specific interaction of the
counter ions with the exchanger. This interaction varies with the chemical composition of the
exchanger which can be altered with greater ease and facility inorganic materials than in the organic
ones *'\ The synthesis of new inorganic ion exchangers is therefore of outstanding analytical interest.
The imponance of sysnthetic inorganic ion exchangers has increased due to their high selectivity,
stability at elevated temperatures and resistivity to the high levels of radiations{2l3).

This study was undertaken to obtain an ion exchanger, superior ion exchange properties and
stability over other similar materials. The present paper summarize the preparation, characterization
and analytical applications of silicon titanate.

EXPERIMENTAL

Reagents:
Boiled distilled water was used in the preparation process. All chemicals used of analytical reagent

grade and used without further purification.

Preparation of Silicon Titanate (SiTi): .
Silicon titanate was prepared by dropwise addition of equimolar solutions of sodium metasilicate

(0.6M) to titanium tetrachloride (0.6M) at Si/Ti molar ratio of 1.0 with continuous stirring in water
bath at 60°C. The mixed solutions were than immediately hydrolyzed in deionized water at 60°C. The
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white precipitate of silicon titanate was formed by addition of few drops of ammonia solution. Then
the precipitate was left to age in the mother liquor overnight, filtered and then washed with deionized
water. The white precipitate was dried at 60°C for 4 days and rewashed with near boiling deionized
water (70°C) in order to remove the air trapped and adherent fine particles, the white product was
ground and sieved to obtain a mesh sizes of 0.212-1.00 mm.

The total water contents of SiTi were determined by calcination of l.Og at 850°C and calculating
the % loss in weight.

Characterization of Silicon Titanate:
Measurement of X-ray diffraction were carried out using shimadzo X-ray diffractometer, XD-Di,

with a nikel filter and a Cu-Ka radiation. For ER. spectra measurements, FTIR spectrometer was used,
Bomem, MB-series and the measurements were carried out using KBr disc method.

Measurements of differential thermal analysis were carried out using a shimadzo DTA thermal
analyzer obtained from shimadzo "Japan".

Chemical Stability:
Chemical stability of silicon titanate was studied in water, nitric acid and hydrochloric acid by

mixing 50mg of SiTi and 50 ml of the desired solution with intermittant shaking for 48 h. The filterate
was tested for Si and Ti spectrophotometrically w .

Apparent Capacity Measurements:
The Na+, Cs+, Co2+ and Sr24" capacities of silicon titanate were measured by repeated batch

equilibrations of the sample with 0.1M of the desired solution in a shaker thermostat adjusted at
25±1°C, until saturation was attained. The capacity can be calculated from the following formula;

Ic - If
Capacity = x Co x V/m x N meq. g"

where, I,, : initial activity of solution.
If : final activity of solution at equilibrium.
Co : initial concentration of the ions.
V : volume of the solution, ml.
m : weight of the exchanger, g.
N : valence of the ions.

Distribution Studies:
O.lg of the exchanger was shaken at 25±1°C with 10 ml (V/m = 100 ml g'1) of each of Cs+, Na\

Co2+, Sr2+ and Eu3+ labelled with l34Cs, 22Na, 60Co, S5Sr and IHI54Eu, respectively. After overnight
standing (sufficient to attain equilibrium) the mixtures were centrifuged and the acidity of the
solutions determined.

Distribution Coefficients (kj) were calculated from the following;

Ai-Af
kd = x V/m ml g*1

Af

where,
V = volume of solution (ml).
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m = weight of the exchanger (g).
Ai = initial counting rate in solution.
Af = final counting rate in solution.

Radiometric Assay:
The radioactivity was identified and measured by y-ray spectrometry using a TENNELEC

Multichannel analyzer coupled with a high purity Germanium Coaxial detector. A (Nal) scintillation
counter was used for ordinary gamma counting.

RESULTS AND DISCUSSION

Structural Features:
X-ray diffraction patterns for silicon titanate are represented in Fig.l and manifested that the

prepared sample dried at 50°C is amorphous structure and that no significant change occurs with the
heating temperature of the material in the investigated range, 50-400°C,

The infrared spectra of silicon titanate sample showed that the broad peak at ~3400 cm'1 is
characteristic '5' to the streching mode of free water and OH groups adsorbed on the titanate sample.
The strong peak at -1630 cm'1 also represents the bending mode of water molecules-adsorbed on
SiTi(6|7). The last two peaks at -1410 and -500 cm'1 are due to the Ti-OH deformation vibration(7) and
Ti-0 bonds^ in the structure, respectively. The decrease in water content of the sample, as
demonstrated by the decrease in band intensities of molecular water about ~3400 and 1630 cm-1 goes
parallel to the increase in heating temperature from 50 to 400°C as shown in Fig.(2).

Differential Thermal Analysis (DTA) for silicon titanate shows two characteristic endothermic
peaks, the first are due to loss of free water and the second endothermic peak corresponds to
crystillization of SiC>2. This support the fact that silicon titanate has a good thermal stability,
compared with other organic and some of inorganic ion exchangers(9).

The stability of the ion exchange sorbents to the chemical attack play an important role in their use
in acid medium. The results of chemical stability of silicon titanate in water, nitric and hydrochloric
acids show that the exchanger is very stable in water and acid solutions up to 6M KNO3. As well, SiTi
is physically quite stable up to 4M HCl and completely dissolved in solutions of 6M HCl.

The water content of silicon titanate was determined and showed that the % of water content are
9.64, 13.96 and 23.96% at 200,400 and 850°C; respectively.

Apparent Capacity Measurements:
The ion exchange capacities of SiTi heated at different temperatures are given in Table (1). The

data in the table showed that the ion exchange capacities for Na+, Cs+, Co2+ and Sr2^ are decreased
with increasing the heating temperatures from 50 to 400°C. This may be due to the loss of free water
which may act as exchangable active site for SiTi. Table (1) showed also that the order of selectivity
for these cations seem to be;

Cs*>Srll'>Co2+>Na<-

This trend may be attributed to the adsorption of these cations in the hydrated state, which increase
the electrostatic interaction of the Cs+ ion with the sites of the exchanger as a result of the higher
inability of Cs+ compare to Co2+, Sr2+ and Na+ ions which facilitate the higher adsorption of Cs1" with
SiTi.
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Table (1): Capacity of titanium silicate dried at different drying
temperature for Cs+, Na+, Co1+ and Sr2+ ions at
25±1°C.

Heating
Temp.,

°C

50

200

400

Capacity, meq./g

Cs+

1.9

1.0

0.7

Na+

1.17

0.70

0.60

Co2+

1.38

1.30

1.02

Sr2+

1.52

0.80

0.38

Cs+>Sr2+>Co2+>Na+

Distribution Studies:
Preliminary studies indicated that equilibrium was attained within 24 h, in a shaker thermostat, for

the exchange reaction.

The distribution coefficients of metal ions (Cs+, Na+, Co2+, Sr?+ and Eu3+) as a function of pH of
solution at constant concentration of the cations in the solutions [10'4M]. The linear relation between
log kd and pH was observed as predicted from the following equation;
The cation exchange reaction between H* and M"* is expressed as:

~~ (1)

For which the equilibrium constant, K, can be written as;

aM
K =

aHn aM

YM[ M ] yHn[H]n

y M [ M ] YHn[H]n

(2)

where a bar refers to the exchanger phase, a denotes the activity and y the activity coefficient. For the
sake of simplicity, the charge in the cations is omitted in the expersion. The distribution coefficient of
Mn+ is expressed as:

[ M ]

[ M ]
mlg1 (3)

when the amount of Mn+ uptaken is extremely small as compared with that of H*" in the exchanger, yH

and YM are regarded as constant. Moreover, YM/YHH is also constant if the ionic strength of the solution
is kept constant. Under such conditions, the following equation holds as follows

log kj = constant - n log [H]

which implies that a plot of log kd vs. log [H] should be linear with a slope of -n as showing in Fig.(3).
Figure (3) shows the pH dependency of kd values of Cs\ Na\ Co2+, Sr2+ and Eu3+. The linear relations
between log k,, and pH were observed for CS*, Na+, Co2*, Sr2+ and Eu3+ with slopes of the straight
lines were 0.6, 0.6, 0.7, 0.7 and 1.1, respectively, which prove the non ideality of the exchange
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reaction. These findings cannot be explained only in terms of the electrostatic interaction between the
hydrated cations and the anionic sites in the exchanger. It may therefore be considered that the
dependence of k<j for cations cannot be understood by a purely coulombic interaction with the anionic
sites, but may be due to the formation of a covalent bond similar to a weakly acidic resin, such as the
carboxylic acid and phosphoric acid resin, such interaction would be closely related to the ionic
potential of the cations(1Olll).

Figure (3) also showed that the cation exchange is probably the main mechanism of uptake of Na+,
Cs*, Co2'1', Sr"+ and Eu3+ ions by silicon titanate. It must be said here that trials to prove this
mechanism from log kd -pH plots at a low or constant load, giving slopes equal to the charge of the
sorbed ion (l ' \ were not successful with SiTi sample. This is probably due to the great complexity of
the system involving both cation and anion exchange. CV sorption may affect the cationic sorption of
the above cations by changing the pH of the solution and by competing for the exchange sites.
Besides, in view of the increase of Cl" sorption with the increase of the acidity and CH concentration
of solution, it is not expected that the activity coefficients in the solid, or the involved activity
coefficient ratios, will remain constant along the log kd - pH curves.

The heating temperatures have a profound affect on the sorption behaviours of Cs+, Na+, Co2+, Sr2+

and Eu3+ ions on silicon titanate where the kd values decreased to some extent values with increasing
the heating temperatures as shown in Figs.(4-8). Figures (4-8) show the ka values of Cs+,Na+, Co2+,
Sr2+ and Eu3+ ions, respectively, against equilibrium pH at different drying temperatures. From these
figures we found that as the heating temperature increase the ka values decreased for all the above
mentioned cations, which may be due to the loss of chemical bond and free water at relatively high
temperature which act as exchangable active site for silicon titanate as discussed above. '
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Fig.( 1): X-ray diffraction patterns of Silicon titanate at different
drying temperatures.
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Fig.(3): Kd values against equilibrium pH of 10'4 M Cs+, Na+, Co2+
; Sr24

and/or Eu3+ for Silicon titanate at 25+l°C.
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ABSTRACT

The Sorption capacity of I34 Cs, 60Co, <l52+1S4)Eu and Cu (II) by three prepared
polymers has been studied using batch and column techniques. The three polymers are
polyacrylic acid (PAA), polyacrylamide-acrylic acid (PAM-AA) and polyacrylamide-N-
vinyl-2-pyrraldone (PAM-NVP). These polymers were prepared by gamma radiation
initiated polymerization of their corresponding monomer solutions. The appropriate
value for V/m ratio (volume of solution to mass of polymer) that can result in reasonably
high distribution coefficient, Kd, was determined. The variation of the amount sorbed of
the isotope per gram polymer (X/m) with concentration of the relevant element was
found to follow a Frendlich type isotherm. The distribution coefficient, Kd, of the
studied element was found to be affected by the pH of the solution. The desorption of
the investigated metal ions is also studied at different pH. For column studies, the
percent removed of the radioisotopes 1M Cs, wCo, ()n+:s4)Eu in addition to some heavy
metals ions such as Pb, Cd, Zn and Cu (II) was determined. More than 95 % of these
elements were removed when 3 beds column of PAA or PAM-AA was used. From the
data obtained we can conclude that the polymer PAA or PAM-AA can considered as an
efficient sorbent for metal cations from their aqueous solution.

Key words: Sorption/ Radionuclides/ Heavy metal ions/Polymer

INTRODUCTION

With increasing nuclear activities in Egypt the radioactive wastes resulting from the
peaceful usage of these activities will increase. Different methods are used for the treatment
of these materials. One of these methods is the use of polymers , as ion exchanger, for the
decontamination of low level radioactive waste (LLW) (l'2). Synthetic ion exchange materials
have been developed to provide higher exchanges capacities than the natural compounds. Ion
exchange treatment has the advantage that no sludge is produced, but it must be remembered
that when the ion exchange capacity has been exhausted the material must be regenerated,
which give rise to a concentrated waste steam of the original contaminates<J). Industrial
wastewater, such as metal finishing effluents can be treated by ion exchangers as an alternative
to precipitation methods. There has been a recent increase in interest in using synthetic resins
as sorbents, apparently because they can be tailor-made for specific applications and because
they can regenerated in situ. Spent sorbent resins can be regenerated with non- aqueous
solvent, or by aqueous solution of acids, bases or salts, and the potential exists in certain
situation for the recovery of the sorbate and or reclamation of the regenerate for reused.
Although the sosption capacities of resins are frequently, lower than those of activated carbons,
the potential advantages of the resins in certain applications indicate importance of
determining more of i\\c'-.: sorption-desorption properties'4'.
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In this work, the high stability of polyacrylic acid (PAA), polyacrylamide-acrylic acid
(PAM-AA) and polyacrylamide-N-vinylpyrrolidon (PAM-NVP) to radiation, can be used for
treatment of radioactive liquid waste and other pollutant waters.

EXPERIMENT

The three investigated polymers were prepared using a cobalt-60 of gamma chember
type of the Atomic energy of India Ltd. The gamma irradiation giving dose rate of about 0.3
rad / hour. The radiation facility was available at The National center for Radiation research
and technology, Atomic energy authority, Egypt. Batch experiments were carried out to
examine the sorption and desorption of metal by the three prepared polymers. For the
determination, a certain weight of the investigated polymer was contacted with 9.9 ml solution
of metal chloride Labeled with 0.1 ml of stock solution of studied radioisotope at different
concentration of 10'8 to 10"' for 24 hours. The sample suspensions were shaken at room
temperature, then centrifuged at 4000 r.p.m for 10 minutes. In many cases the sorption
experiments were carried out in duplicates. In column study, a glass column (inner diameter 3
cm and 20 cm high) was packed with the polymeric resins. The liquid waste (radioactive or
industrial waste) was allowed to percolated through the resin at a flow rate of I ml/1 minute.
Aliquots of the supernatant were assayed for the respective isotope by a well type Nal (Tl)
scintillation counter of the type scalar Ratemeter SR7, made in England or by atomic
absorption type Buck, model 210,VGP, U.S. A for the investigated stable cations. To study the
possibility of metal ion desorption, 9 ml of desorbed solution were added to the loaded
polymer sample (after decantation of the supernatant solution) and the mixture was shaken
and finally centrifuged and the concentration of the desorbed ion was determined in solution.
The radionuciides and the heavy metal ions used in these investigations were chosen to
represent some of the elements which may be present in relatively large amount in waste
solutions. These are 134Cs,60 Co and(l52+l54) Eu isotopes and the metal ions of Pb, Zn, Cd and
Cu(II).

RUSELTS AND DISCUSSION

1) The variation of Kd of the investigated elements with V/m ratio

The ratio of the volume of the aqueous phase to the amount of solid phase (V/m) is a very
important parameter in studying sorption processes.

Many authors have considered Kd as independent of V/m ratio and extrapolated Kd
value obtained at one V/m ratio to other V/m values. However, this is not always the case. It
has been shown that in many system Kd depends on V/m in a rather unpredictable way (Ml 7'
This may be partially attributed to the kinetic of the interaction between the metal ion and the
polymer at various V/m values.

Experiments were carried out to study the variation of Kd with V/m ratio for sorption
of radio active isotopes of l34 Cs'^Co, and (l52+154) Eu by the investigated polymers. The data
obtained are presented in tables (1). From this table, it can be shown that the distribution
coefficient, Kd, increases as V/m ratio is increased. Also, it is observed that Kd has nearly a
constant value between V/m ratio range of (100-500) in case of 134Cs, and between (200-500) in
case of both '^Coand (l52tl54)Eu. The V/m ratio used in this work was 250, where 0.04 g of
polymer sample were mixed with 10 ml of the aqueous phase.
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Table (1): Effect of variation of V/m ratio on sorption of 1MCs, ̂ Co and (l52*l54) Eu by the three
investigated polymers

Element

U4Cs

"Co

V/m

1000
500
250
200
100
50
1000
500
250
200
100
50
1000
500
250
200
100
50

Kd (cm'.g1)

PAA
2378
1456
1381
1312
1108
518
627
241
193
188
98
56
3750
2972
2801
2747
1123
1026

PAM-AA

1456
1381
1312
1105
518
652

- 417
295
273
105
64
7034
6026
4104
3815
725
169

PAM-NVP
436
290
245
224
187
65
195
155
140
122
91
54
296
201
180
175
78
43

Mass of polymer (m)= (0.01-0.2g)
Volume of solution = 10 ml

In these investigations, the sorption data were collected after attainment of equilibrium
between the polymer sample and the aqueous phase containing the sorbed cation. It was found
that the equilibrium is attained after 1, 1.5 and 3 hours for Cs, Co and Eu respectively.

2) Effect of carrier concentration

The amount of ion sorbed per gram polymer, X/m, in meq.g'1 when plotted against the
equilibrium carrier concentration [C] showed a straight-line relationship as shown in Figs.
(1-3). These linear relationships indicate that the sorption process can be described by a
Freundlich type isotherm. Based on these data the following generalized equation(8) is applied
to describe the data in a quantitative way:

X/m = KC""
Log (X/m) = log K + 1/n log [C]

(1)
..(2)

Where X is the amount of solute adsorbed, m is the weight of polymer required to adsorb X; K
and 1/n are empirical constants corresponding to the intercept and slope. From figs. (1-3). it
can be shown that in all cases straight lines of slopes almost close to unity at low carrier
concentration (10"8 to 10"'). It can be concluded that the sorption of the investigated elements
by the polymer samples take place mainly through the formation of a single monolayer of the
sorbed ionic species(910)

The sorption capacity (meq/g) of the investigated polymers was calculated from the
following equation '

Capacity = % Uptake/100 X V/m X Co X Z (3)
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Where Co is the initial concentration of the investigated element inol/l
Z is the charge of the element

The sorption capacity was determined at metal concentration of (lO'M) of the
investigated elements Cs, Co and Eu. It was found that, for PAA, it is equal 4.3, 6.9, 9.9
meq/g for Cs, Co and Eu respectively. For PAM-AA was 3.6, 6.7 and 9.6 meq/g and for
PAM-NVP was 3.1, 6.6, 2.8 meq/g for the same elements respectively. The data reveled that
the PAA or PAM-AA has higher capacity than PAM-NVP.

3) Effect of pH

The distribution coefficient, Kd, as well as the percent uptake (% U) of the
investigated elements 134Cs, and ^Co showed a gradual increase as pH increased with a
maximum value of 7.5, 5.9 while the % U for(l52tl 4)Eu showed a relatively sharp increase as
pH increased, with maximum values around 5.9 and then showed a slight decrease at pH 8.0,
as shown in Figs. (4-6). Generally, the Kd or %U values obtained were in the order Eu>
Cs>Co (at pH 4.5). The general increase in the sorption capacity with increasing the pH of the
media can be discussed in the light of the exchange properties of the hydrogen ions and their
effect on the solubility equilibria with different polymer samples. Since the polymer samples
have exchange site of different binding energies, thus at low pH, the hydrogen competes for
the available exchange sites and negatively affects the uptake of the different cations. The
competitive effect of the proton with the metal cations decreases with subsequent increase in
Kd of the different cations.

The Kd of l34Cs and Eu was found to increase in the following order PAA>PAM-
AA>PAM-NVP. On the other hand, the Kd of ^Co was found to increase in the order PAM-
AA>PAA>PAM-NVP. These results are in accordance with the findings of Leep-Chang-Heon
et.al.(12) who found that the uptake of radiocobalt strongly increase from pH 5 to 7.7 and then
slowly decreases. Manorik(l3) studied the effect of pH on sorption of ^Co by different types of
polymers and found that it a rapid process and the increase in pH result in a slight increase in
the sorption process reaching a maximum value at pH 7.0. Sanchez et.al.(M) showed that a
sharp increase in the effect of pH on the uptake of Eu between pH 4 to 6 and the uptake
continued to increase with higher pH values. They suggest that the formation of polymeric or
colloidal species that are strongly removed from solution similar to the sorption characteristic
on an anion exchanger.

4) Desorption study of the investigated ions from loaded resins

Desorption or release studies were carried out on loaded polymer samples obtained
from the equilibrium sorption experiments. The results of the desorption of l34Cs, a'Co and
("2t | i4)Eu are shown in table (2). The release experiments were continued until equilibrium
has been reach between the resin and the desorption solution. From these data, it is shown that
the desorption of the investigated elements decreased gradually by increasing pH of solution
In case of l34Cs the desorption was found to decrease in the order PAA<PAM-NVP <PAM-
AA. Sinha (l5> studied the effect of pH on the desorption of m Cs using different types of
polymers and found that the desorption of Cs decreases with increasing pH reaching a
minimum value at pH 5.6. In case of wCo &{152t154) Eu the desorption from the investigated
rcsms toilows the order PAM-AA<PAM-NVP<PAA . from these data, it can be shown that
Cs ion is more fixed on PAA polymer than both Co & Eu ions. On the other hand, Co & Eu
ions seem to be more strongly held in the PAM-AA polymers than Cs. However, desorption of
Co or Eu is expected to proceed via ion exchange process.
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Table (2): Effect of pH on desorption of l3"Cs, ̂ Co and "52tl54> Eu by the tliree investigated polymers

Element

134Cs

"Co

PH

0.9
2.4
3.5
4.5
5.4
6.4
1.2
2.2

' 3.1
4.3
5.2
6.0
0.9
1.4
3.1
4.2 .
5.0
7.3

Desorption (%)
PAA

10
7.4
7.3
5.2

. 4.2
3.0
58
41
47
24
15
14
59
50
38
23
22
20

PAM-AA
13
11
10

7.9
6.2
5.0
21
8
7
4
3
3
43
31
14
7
8
6

PAM-NVP
12.4
U.2
9.8
8.8
7.1
6.7
35
24
23
23
8
9
54
43
25
22
16
15

5) Column Experiments

The sorption behavior of the investigated elements was studied on column experiment
by allowing the radioactive solutions to percolated through glass column packed with
polymeric resins. The flow rate was kept constant at 1 ml/min. and the pH value of the
influent was adjusted at 4.2. The experiments were carried out at concentrations of 10°M. for
Cs, Co and Eu isotopes and at 50 ppm for the metal ionsPb, Cd,Zn and Cu. The variation of
percent removed from solution with the volume added is shown in figs. (7, 8). From fig.(7) it is
clear that, more than 95 % of the investigated elements Cs, Co & Eu was removed when
using 3 beds column packed with PAA or PAM-AA . On the other hand, fig. (8) shows the
variation of percent removed of metal ions P>b, Cd, Zn and Cu with the volume added. It is
clear that, more than 96 % of Pb, Cd & Zn was removed from solution while the percent
removed for Cu ion was gradually changed until reach 57% at 100 ml volume.

CONCLUSION

It should be stated here that the investigations carried out in this work enabled us to collect
preliminary data on some the physicochemical characteristics of the tliree prepared polymers, PAA.
PAM-AA and PAM-NVP. Also, gave information about the possible interactions between some
radioisotopes and the constituents of the investigated polymers. From die data obtained, it can be
concluded ihal, the investigated polymers can be used as ion exchanger for removal of some radioactive
elements which may be present in radioactive wastes solutions. Also, it can be used for the removal of
some heavy metal ions form their waste solutions :
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ABSTRACT

It has been found for the first time that
diphenyl[dibutylcarbamoylmethyl]phosphine oxide (DPDBCMPO) is able to extract
effectively actinides in various oxidation states and lanthanides from acidic solutions
without its preliminary dissolution in organic solvents. The system of DPDBCMPO
- metal - nitric acid has been studied in detail by the methods of physicochemical
analysis. The composition, the structure of complexes forming in this system under

solventless extraction process have been evaluated. The use of inert matrices,
containing DPDBCMPO, for isolation of the actinides and lanthanedes for their

subsequent vitrification is suggested.

Key Words:, CMPO/actinide /lanthanide /nitric acid solutions /radioactive waste management

INTRODUCTION

It is known that reagents relating to a class of bidentate neutral organophosphorus compounds
(BNOC), in particular diaryl[dialkylcarbamoylmethyl]phosphine oxides (CMPO), are the most
promising for the extraction of radionuclides (lanthanide and actinide elements) from acidic waste
solutions of radiochemical practice(M). Therefore, the study of behavior on BNOC as extractants for
radionuclides are of great scientific and practical importance.

Diphenyl[dibutylcarbamoylmethyl]phosphine oxide (DPDBCMPO) is a solid powder compound.
On contact with an acidic solution it changes its state of aggregation undergoing transformation into a
liquid oil-like substance unmixed with a water phase ("liquid reagent or LR). For the first time, this
phenomenon was found for DPDBCMPO and described earlier'3'. This finding prompted us to study
the behavior of DPDBCMPO as LR for extraction of nitric acid and actinides (americium, curium) and
lanthanide (praseodymium) from nitric acid solutions*6"7*. The dependence between the weight of solid
reagent and the weight of reagent transformed into a LR was established. Determination of the LR
composition has shown that its formula can be expressed as follows: DPDBCMPO-HNO3'nH2O for
the concentration 3-4 M of HNO3. The density of this compound has been determined as well.

In this paper, we present the further results of the study of the extraction system of DPDBCMPO
- metal -nitric acid.

EXPERIMENTAL

a7Np, a mixture of ^'Pu and ^'Pu- isotopes with an average specific activity of 2.353106 Bq/rng
and americium (243Am and241 Am with average specific activity of 9.07- 10s Bq/mg) were used.
Solutions of the radionuclides were prepared in the reagent-grade nitric acid. Praseodymium and
neodymium stock solutions were prepared by dissolving weighed portions of Pr(NO3)3 6H2O and
Nd(NO3)3 6H2O. The DPD~CMFO was synthesized in the laboratory of organophosphorus
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compounds of the Institute of Organoelement compounds Russian Academy of Sciences as described
in m. The techniques, described earlier(9>, were used for preparation of Np(IV), Np(V), Np(VI),
Pu(III), PuflV), Pu(VI) and Am(Vi) solutions.

Flow-type methane counter "Protoka" was used for measuring total alpha-activity. Control of
Pr(III) and Nd(HI) contents, identification of radionuclides' oxidation states and determination of
radionuclides' concentrations in various oxidation states were carried out by a SHIMADZU recording
spectrophotometer, connected to a PC. The measurement of absorbance infrared spectra were carried
oat by Fourier spectrometer FTW. PU 9800.

RESULTS AND DISCUSSION

1. Study on the Interaction of DPPBCMPO with Nitric Acid

Weighed portion of the DPDBCMPO powder was introduced into test tube containing the nitric
acid solution. The mixture was shaken for 3 minutes and centrifuged for 10 minutes for separation of
the phases. The aqueous acid phase was removed from this system and the nitric acid concentration in
this solution was determined These steps were repeated on introducing a new portion of the initial
nitric acid solution into the test tube containing DPDBCMPO.

As a result of these operations the reagent was transformed into an oil-like viscous liquid (LR).
The data of these experiments are given in Table 1.

Table 1. Nitric Acid Extraction by DPDBCMPO in the Course of the First (A,) and the Second (A2)
Contacts with Initial Solutions of HN03. (The volume of HN03 is 3 ml)

Amount of solid
DPDBCMPO,

g-mol

7.26X10"4

7.14X10"4

8.11X10-4

7.85xlO4

8.54X1G4

10.35X10-4

10.98X10"4

[HNO3], M

Initial

1.937

3.176

3.947

5.190

6.464

7.233

8.143

Extracted after

1st contact
(A,)

0.171

0.249

0.225

0.288

0.201

0.359

0.340

2nd contact
(A2)

0.014

0.008

0.008

0.031

0.093

0.052

0.050

Total amount of
HN03 extracted,

g-mol

5.57X10-4

7.69X10-4

6.99xlO^

9.56x10^

8.82x10^

12.35xlO4

11.69x10^

Ratio of
LR: HNO3

1:0.76

1:1.08

1:0.86

1:1.21

1:1.03

1:1.19

1:1.06

One can see from the data obtained that the average ratio of extracted quantity of nitric acid to the
taken quantity of DPDBCMPO is equal 1.03±0.12 over the range of nitric acid concentration from 2M
to8M.

Thus oa the contact of DPDBCMPO with nitric acid solution the reagent changes its state of
aggregation going into an oil-like viscous liquid compound of composition DPDBCMPO»HNO3»nH2O
(LR). This differs from die results obtained in the work(10), were the authors applied solution of
DPDBCMPO in the organic solvent.
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2. Study on the Interaction of Lanthanides with DPDBCMPQ.HNO?.nH,O as LR

It is known that americium(III) is extracted forming di- and threesolvates with reagent on
extraction with CMPO solution in organic solvent<l!). It was of interest to establish the composition of
the complex formed on a metal solventless extraction, for example neodymium, with LR.

The first evaluation of the composition of an extracted compound of praseodymium with LR has
been accomplished by the authors earlier<l2>. The ratio of the metal extracted to the reagent taken on
praseodymium extraction by 100% DPDBCMPO from nitric acid solutions has been found to be equal
to 6.0 ± 0.8; 5.7 ± 0.5 and 4.4 ± 0.4 for solutions acidity 4M, 8M and 10M, respectively. These data
were obtained under conditions when the reagent concentration did not exceeded the metal one more
than five times because otherwise the metal quantitative extraction would be observed

More detailed study of the neodymium extraction by LR under these conditions has shown that
the complex extracted is a solid compound. The melting point of this compound is found to be about
65-70°C. Therefore extraction was carried out on a thermostatically controlled conditions (about
80°C). The heated phases were separated by centrifugation after «tfiermoextraction». The of aqueeus
phase was analyzed to determine the neodymium residual concentration (at ambient temperature).
After that the aqueous phase was discarded. The complex obtained staying in the test tube was put into
the contact with a new portion of initial neodymium solution in nitric acid. The extraction process was
finished when the neodymium concentration have been remained constant in aqueous phase after a
number of «thermoextraction» cycles. The total quantity of neodymium extracted from a few portions
of the aqueous phase was determined and the molar ratio of LRto metal in the complex formed has
been calculated The results of these experiments are shown in Table 2.

Table 2. Determination of the Composition of the Complex Forming on Extraction of Neodymium
by LR from Nitric Acid Solutions

tHNOj],M
(initial)

2.82

7.22

Taken in initial solution,
g-mol

LR

1.68X10-4

1.97x10"

Nd

0.441x10"

0.470x10"

0.470x10"

1.356x10"

0.682X10-4

0.682x10"

Amount of Nd, g-mol

in solution

0.053x10"

0.429x10"

0.470x10"

0.860x10"

0.678x10-*

0.682x10"

in extract

0.429x10"

0.500x10"

Ratio of
LR:Nd

3.92

3.94

[HN03],M
(after

extraction)

2.82

2.85

2.80

7.20

7.13

7.25

One can see that the ratio of the components in the resulting complex is close to 4 over the range
of nitric acid concentrations from 3M to 7M. Thus, the composition of the complex extracted on
solventless extraction differs from that found for conventional solvent extraction conditions*11* (di- and
threesolvates).

Tetrasolvate complex of neodymium with LR was obtained on ambient temperature as well. The
LR immobilized on an inert matrix of silica oxide was used for this purpose. Extraction experiments
were carried out under static conditions. A weighed portion of silica oxide containing the specified
quantity of LR as well as a solution of neodymium in nitric acid were introduced into a glass test.
Then the extraction process was carried out. After that the residual concentration of neodymium was
determined in aqueous phase by spectrophotometry. It was shown that 3 minutes of extraction time
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and 10 minutes centrifugation for separation of phases was sufficient for the complete saturation of LR
phase by the metal extracted under these conditions. Apparently a thickness of LR layer coating the
inert matrix surface provides a complete contact of all amount of LR with metal extracted. Therefore a
resulting solidified complex does not prevent the extraction process. The results obtained are given in
Table 3.

Table 3. Determination of the composition of die complex formed on Nd extraction by LR
immobilized on an inert matrix of silica oxide from 3 M HNO3 solutions

(SiCb.mg)
LRinSiO?,

g-mol

(150)
2.45xlO5

(502)
8.2xlOJ5O2

Nd in initial
solution,

g-mol

2.45xlO"3

4.40xl03

Nd in solution
after extraction,

g-mol

1.81x10*

2.16xl05

Nd extracted,
g-mol

O.64xlOJ

2.24xlOJ

LR:Nd

3.8

3.7

(tee can see that die ratio of components in resulting complex is close to 4 under these conditions
as well.

3. The effect of organic solvent on the complex of neodvmium with LR

The violet solid complex of neodymium with LR(tetrasolvate) dissolves well in organic solutions:
dichioroethane, chloroform, acetonitrile, acetone. The absorption band maximum of neodymium at
795 nm (aqueous nitric acid solutions) is shifted by 4 ntn toward longer wavelengths in
dichioroethane, but its intensity does not change noticeably (10.210.8 mol"11cm"').
If to dissolve the complex of neodymium with LR resulting under solventless extraction conditions
into dichioroethane and to mix this solution with an aqueous nitric acid ([H4] > 2M) solution of the
same volume men 40% quantity of metal goes into aqueous phase from organic phase. If to mix the
obtained aqueous phase with equal portion of pure dichioroethane, men after extraction die
neodymium concentration in the aqueous phase does not change. Therefore, the tetrasolvata complex
is decomposed under dissolving in an organic solvent due to solvation effect of the latter. It is the
reason of the more efficient extraction of the metals by LR in comparison with the metals extraction
by solution of powdered DPDBCMPO in organic solvent from nitric acid solutions reported earlier(6>7).

4. Infrared study of compounds forming in the system of DPDBCMPO - nitric ac id- metal

The bond coordination manner (mono-, semi- or bidentate) of reagent with HNO3 and lanthanides
(III) on extraction of those by solutions of CMPO in organic solvent was discussed earlier03""0. It was
of interest to obtain the same information for the HNO3-DPDBCMPO complex (LR) and for the
lanthanides - LR complex under conditions of solventless extraction.

Fig.l shows IR spectra for free DPDBCMPO (1), LR(2) and tetrasolvate complex of neodymium
with LR(3). Spectrum of DPDBCMPO was recorded using KBr. The spectra 2 and 3 were recorded
when liquid compounds studied have been placed between two thin silicon plates with the thickness of
liquid layer a same micron.

IR spectrum of DPDBCMPO exhibits absorption bands at 1639 cm"1 and 1200 cm1, which would
been assigned to free carbonyl and phosphoryl stretching modes, respectively. The free carbonyl and
phosphoryl stretching frequencies of DPDBCMPO change as result of complexation.
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Wavenumber, cm,-*
Fig.l. Infrared spectra of DPDBCMPO (1), LR (2) and complex of Nd with LR (3)

In IR spectrum (2) of LR the absorption band position of free C=O group at 1639 cm4 is retained
But this band expands and exhibit an arm at 1594 cm*1, which should be classified as a slight
interaction between the carbonyl oxygen and the proton of nitric acid. The absorption band of free
IM> group at 1200 cm** disappears transforming to the absorption band at 1125 cm*' indicating that
the H ion is bound to phosphoryl oxygen. Moreover, the spectrum of LR exhibits absorption bands at
1298 cm'1 and 949 cm , which one can assign to vibrations of coordinating nitrate ion ( *. _, ;

m the range characteristic for the carbonyl stretching frequencies of spectrum 3 the absorption
bands at 1639 cm4 and 1594 cm*1 are observed. The intensity of the latter increases compared with the
same band of the spectrum 2. It indicates, that the bond between the carbonyl oxygen and Nd3* ion is
more strong man that between the carbonyl oxygen and the proton of nitric acid. The absorption band
of free P=O group at 1200 cm*1 disappears completely. This spectrum exhibits absorption band at 1107
cm*1, which should be assign to P=O groups bound with Nd^ ion

Therefore, we can accept that in structure of LR the proton is bound monodentate with
phosphoryl oxygen and in complex of metal-LR the Nd3* ion is bound bidentate with both phosphoryl
and carbonyl oxygens.

S. Extraction of Np« Pu and Am in various oxidation states from nitric acid solutions bv LR

It was of interest to obtain the characteristics of extraction of Np, Pu and Am by LR. For this
purpose die weighed amount of the powdered DPDBCMPO was added into aqueous phase containing
radionuclide followed by extraction and centrifugation for separation of phases. After the contact time
the liquidization of the reagent and metal recovery were found to be complete. The oxidation state of
extracted element in phase of LR was determined by spectrophotometry after preliminary dissolving
mis phase in dichloroethane.

Oxidation state of Np(TV) and Pu(TV) on passing into liquid reagent phase doesn't vary. However,
the light absorption band maxima of Np(IV) and Pu(IV) are shifted by 6-10 nm toward longer
wavelengths and their intensities noticeably change as well

Oxidation state of Np(VI) and Pu(VT) on passing into liquid reagent doesn't vary also. Changes in
Pu(VI) spectrum are characterized by splitting a narrow band of Pu(VT) at 830 nm onto two bands at
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819 and 840 nm and by shift of the bands positions at 951 and 988 nm by about 10 run accompanied
by an increase in their intensity.

Changes in the Np(VI), Pu(JV) and Pu(VI) spectra give evidence of the strong bond formation
between these actinide cations and LR as a iigand. A similar interaction probably occurs between
Np(VI) and LR, but changes in Np(VI) spectrum are not so marked. The Np(VI) complex with LR
exhibits a wide region of monotonously growing absorption below 500 nm.

Pu(HI) extraction into the reagent phase is accompanied by changing its oxidation stats, ft was
determined visually that ttt passes into reagent phase as blue-violet trivalent species. However, after
extraction for 3 minutes thB phase of LR becomes yellow-brown. Absorption bands of Pu(TV) only are
observed in optical absorption spectrum of LR,

Extraction of Np (V) is also accompanied by me change of its valent state in phase of LR.
Continuous absorption of Np{VI) only is observed in optical spectrum of LR. The low distributioa
coefficient of Np seems to be indicative of its transfer into the phase of LR as a pentavalent species
followed by me oxiclattooofNp(V) to Np(VI) directly m mis phase.

Am(V), contrary to NpOfo is fiwrly stable in phase of lR. It reduces slowly to Am(HI) at the rate
of about 1 % per hour. Am{VI> disappears on contact with phase of LR forming Am(V) and Am(III),
which are then distributed between the phases.

Thus, oxidation states of PuCWX Np(V) and Am(VI) are not stable on contact with phase of LR.
Therefore, the LR exhibits redo* properties. Its potential can be estimated as +1.5 V, based on formal
redox potentials of Pu(lV)^i0IO, Np(ViyNp(V) and Am(VI)/Am(V) +0.982 V, +1.37 V and +1.60
V respectively. The results of sctbuoW extraction in various oxidation states are shown in Table 4.

Table 4 Extraction of Np, Pu and Am in various oxidation states with LR from 4 M HNO3
Initial amount of DPDBCMPO in the runs with Pu and Am is 30 mg per 1.5 ml and 1.2 ml of the stock
solutions, respectivdy;m«icmmmeruriswithNpGV),Np(VI)andNp(V)is 16.3 mg, 16.3 mg, and
13.4 mg, respectively. H»volume of Hp stock solutions was 1.2 ml. The volume of LR for Pu and
Am is 0.033 ml, forNp(IV) aad Np(VI) is 0.018 mL and for Np(V) is 0.015 ml.

Actinide
(An)

Np(IV)

Np(V)

Np(VI)

Pu(in)

Pu(IV)

Pu(VI}

Am(III)

Am(V)

.••.{A*M

in initial solution

1.52x10*

1.47x10*

1.72x10*

3.0txlff*

3.30x10*

3.59x10*

OJlxlOf*

155xl#

In LR phase

0J00

0.050

0.113

0.132

0.147

0.151

0029

0.030

in aqueous phase

6.20x10"*

8.44x10*

2.10x10'*

4.44x10"5

8.80X10*

9.90xlO*$

l.SOxlO*5

0.72X10"3

Da

1.6xlO4

60

5.4xlOJ

3.0X103

1.7xlO4

1.5xl03

1.9xlO3

42

E\%

99.6

43.0

98.5

99.7

97.1

98.2

54.0

- Distribution coeffldrarts, 0 , and extraction efficiencies, E, were calculated by equations (1) and (2):
P»[An]u./[AnJ^ (1);
B - (p/EH^VyVuOx 100 (2),

where [An]m and {An],, (fenote die equilibrium concentrations of actinides in the LR and aqueous
phases, respectively; Vt& and V«, denote die volumes of those.
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The presented data show a typical tendency of extraction parameters from oxidation state of
recovered elements. The distribution coefficients and extraction efficiency are decreasing depending
on valent state in the following order: (TV) > (VI) •£ (IB) » (V). The concentration factor varies from
60 to 80.

6. Isolation of praseodymium into DPDBCMPO immobilized on Hke-powder matris of
aluminum phosphate glass

The use LR immobilized on a powdered matrix of aluminum phosphate glass is one of the
alternatives for isolation of actinide and rare-earth elements from wastes for their subsequent
underground disposal.

0.01M solution of Pr in 3 M HNO3 was used in the experiment The sample of molten aluminum
phosphate glass was powdered. Immobilization of the reagent on a glass powder was done as follows.
Weighed quantity of DPDBCMPO was dissolved in acetone and this solution was mixed with weighed
portion of the glass powder. Then acetone was evaporated carefully by stirring and the product was
dried at ambient temperature. Matrix of aluminum phosphate glass (2.5 g) contained 0.3 g
DPDBCMPO. The prepared powder-like mass (1.73 g), containing 5.0-10"* moles of the reagent, was
placed into a chromatographic column (5 mm i.d. and 40 nun h). At the first stage 1 ml of 3M HNO3
was passed through the column to transform BPDBCMPO into LR. After mat 5 ml of nitric acid
solution, containing 510"^ moles of praseodymium passed through the column, followed washing by
2 ml of 1 M HNO3 at the rate of about 0.18 ml/min. The concentration of Pr(III) was measured
spectrophotometrically.

Residual concentration of Pr(IH) in the collected volume of solution after sorption and washing
was 3-10~4 M. Thus, as much as 99 % of initial amount of praseodymium was isolated from the
solution. The column content was transferred quantitatively into a glass graphite test-tuba. This test-
tube was placed into a muffle, where praseodymium adsorbate with glass powder was melted at 1100°
C for 4-5 hours. Final weight of the vitrified matrix was 1.3 g. Weight loss compared to initial matrix
weight (1.73 g) can be explained by partial dissolution of the ground matrix in nitric acid.

CONCLUSIONS

The data obtained show, that on contact with nitric acid solutions the DPDBCMPO powder
changes its state of aggregation being transformed into a liquid colorless viscous substance unmixed
with aqueous phase. The solution acidity and interaction of the reagent with nitric acid are the factors
determining physical state of the product of their interaction and an extraction capacity of the
compound formed. The use of the compound of reagent with nitric acid (LR) permits extraction of the
metals in question more effectively in comparison with extraction by the DPDBCMPO solutions ia
organic solvents. It is promising for the processing acidic highly radioactive wastes because the use of
toxic and environmentally hazardous organic solvents can be avoided.
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ABSTRACT

Tri-Butyl Phosphate was used in reprocessing of spent nuclear fuel in the "purex"
process. The amount of uranium retained in the organic phase depends on the type of
TBP/Diluent. Destruction of spent TBP is of high interest in waste management. In the
present work, oxidative degradation of TBP diluted with kerosene, carbon tetrachloride,
benzene and toluene using potassium permanganate as oxidant was carried out to produce
stable inorganic dry particle residue which is then immobilized in different matrices. The
different factors affecting the destruction of spent waste was investigated. The up take
and decontamination factor for both 152&154Eu and l81Hf and the analysis of the final
product have been studied.

Key Words: Wet-Oxidation/TBP/Diluent Wastes/% Uptake/KMnO4

INTRODUCTION

The removal or destruction of organic materials present in rad-wastes is beneficial in a
number of ways, assists the safety case for disposal to a repository by removing concerns
on gas generation, volume reduction and as precursor to the recovery of plutonium from
contaminated waste(1)" In liquid-liquid extraction, the most commonly used extractant is
tri-butyl phosphate (TBP). For the extraction process TBP is diluted, usually with light
saturated hydrocarbons, often dodecane or a mixture of paraffins. The radioactive spent
solvent come from uranium extraction operations which is contaminated with Pu and
fission products, in addition to l /2 ) . Wet oxidation is a technique for breaking down
organic materials into carbon dioxide and water leaving stable inorganic residue
compatible with direct disposal or via cement encapsulation. The use of wet oxidation
routes to destroy organics in a range of waste stream is technically acceptable'3*3* The
chemical oxidizing agents generally used for destroying the spent solvent TBP are
potassium permanganate, dichromate, hypochlorite, persulphate, nitric/sulfuric acid and
hydrogen peroxide(6>7) . The present study aimed to evaluate the oxidative degradation of
TBP/diluent using potassium permanganate. Factors affecting the destruction of the spent
solvent as well as the characterization of the stable inorganic residue have been studied.

EXPERIMENTAL

Materials
All i\\i chemicals employed were of analytical grade and used without further

purification. The organic solvents: oderless (OK) kerosene, carbon tetrachloride, benzene
and toluene with high nurity were used.
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Radioactive tracers
The radioactive isotopes l52'154 Eu and l8 lHfwere obtained from Egyptian Nuclear

Research Reactor, Inshas, Egypt. Europium was supplied in the form of europium nitrate
while hafnium was supplied in the form of hafnium oxide.

Degradation process
The wet oxidation of TBP in the different diluents used was carried out with

potassium permanganate by reflux of 25ml of 30% TBP in kerosene (vol.%) with excess
of KMnO4 (0.1N) in a round bottom flask (500ml) at 100-110°C for 6-8h at atmospheric
pressure. The precipitate was cooled, filtered and washed with double distilled water for
many times and then the precipitate was dried using I.R-lamp. Finally the weight of the
precipitate was evaluated. The different factors affecting the destruction process were
studied. These factors are: KMnO4 concentration, pH, temperature, time, uptake percent
and decontamination factors.

Analysis
The analysis of the final products were investigated using IR.spectrophotometer of

Philips model Pu 700 in the rang 600-4000 cm'1 of wave number. X - Ray diffraction
patterns were carried out using a Philipsx-raydiffractometer, model PWl 890, using a
nickel filter and a CuKa x-radiation tube. Elemental analysis was carried out in
microanalytical centre, Cairo University, Giza, Egypt.

RESULTS AND DISCUSSION

The oxidative degradation of tri-butyl phosphate without diluent or mixed with :
kerosene, carbon tetrachloride, benzene and toluene was examined at different KMnO4

concentrations (0.01, 0.05, 0.1, 0.5, 0.8, and 1.0 N ) heated at 100-110°C for 6h. The
results obtained are shown in table (1). It is clear, from this Table that, maximum
degradation product was obtained with 0. IN KMnO4 .The % degradation product were
increased as follows: 100% for plain TBP, 97% for TBP/OK, 94% for TBP/CCL,, 92%
for TBP/C6H6 and 88% for TBP/C7H8.

2, Effect of pH
The effect of pH of aqueous phase (0.1N JCMnO4) on the oxidative degradation of

plain TBP or TBP diluted with organic solvents heated at 100-110°C for 6h was studied.
The results obtained are given in Table (2), from which it can be concluded that, the
yield percent of the final residue was increased as the pH increased from 5 to 9 and the
maximum yield was obtained at pH = 9 . This may be explained to the fast hydrolysis of
aikyl - oxygen bond in TBP and formation of butanol with hydroxyf group converted to
butene which is the main product of thermal oxidative degradation of TBP(8)'
(i) KOH -> K+ + OH
(U) Q=P(OBu)3 +3OE -> (PO4)

 3 + 3Bu-GH
Tri- butyl phosphate Phosphate union Butanol

(Hi) CHrCH3-CHrCHrOH -* CH3-CH2-CH=CH2 +OH
Butanol 1-Butene

(h) (PO4)
 3 + 3K* -* K3PO4

Tfi-potassium phosphate
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Table(l): Effect of KMnO4 concentration on the oxidative degradation of

TBP in different diluents.

System

100% TBP-KMnO4

30% TBP/OK-KMnO4

30% TBP/CCl4-KMn04

30% TBP/C6H6-KMn04

30%TBP/ C7H8-KMn04*

Diluent

Odorless

Kerosene

Carbon

Tetrachloride

Benzene

Toluene

KMnO4 Concentration,
N

0.01
0.05
0.1

0.5
0.8
1

0.01
0.05
0.1
0.5
0.8
1

0.01
0.05
0.1
0.5
0.8
1

0.01
0.05
0.1
0.5

0.8
1

0.01
0.05
0.1

0.5
0.8
1

Product

18.2
58.2
99.8
99.9
99.7
99.9

16.5
55.3
97
97
97
97

15.1
54.6
94
94
94
94

14.2
53.3
92
92
92
92

12.7
52
88
88
88
88

Reaction Time = 6h
Reaction Temperature = 100 °C
Organic / Aqueous ratio 1:2
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Tab!e(2): Effect of pH on the oxidative degradation yield, % of TBP /diluent
with 0.1 N KMnO4

System

100% TBP

30% TBP/OK

30%TBP/CCl4

30%TBP/C6H6

30% TBP/ C7H8

Product, %
PH=3*

-
-
-
-
-

4
87
81
75
68
58

5
92
88
84
78
74

6
94
93
90
86
82

7
96
95
94
90
88

8
98
96
96
92
90

9

100
98
96
94
92

* Almost no reaction

3. Effect of Temperature
The effect of temperature on the oxidative degradation of TBP diluted with different

diluents using 0.1N KMnO4 at pH= 9 and heated for 6h has been investigated. The results
obtained are given in Tabie (3), from which it can be concluded that, the final product
increased with increasing the temperatures. Maximum yield was obtained at 100°C.

Table{3): Effect of temperature oa the oxidative degradation of different
TBP solutions with 0.1 N KMnO 4 at pH= 9 and heated for 6h.

System

100% TBP
30% TBP/OK

30% TBP/ CC14

30%TBP/C6H6

30% TBP/ C7H8

Product, %
60*

-
-
-
-
-

70
88
85
80
74
57

80
95
92
90
88
75

90

98
96
94
92
90

100 °C

100
98

L. 9 6
94
92

* Almost no reaction

The percent of degradation yield was found to be in the following order:

TBP > TBP/OK >TBP/CCl4 >TBP/C^l6 >TBP/C7H8

The amount of residue product of plain TBP when heated at 100 °C was found more than
that of TBP mixed with organic diluents.

4. Effect of reaction time
The effect of reaction time on the oxidative degradation of TBP has been studied. The

results obtained are given in Table(4). The results indicates that, the quantity of final
product increased as the time of reaction increased from 1 to 6 h and the reaction was
completed within 6h.
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Table(4): Effect of time on the oxidative degradation of different TBP
solutions with 0.1 N KMnO4 at pH = 9 heated at 100 °C.

System

100% TBP

30% TBP/OK

30% TBP/ CCU

30%TBP/C6H6

30%TBP/C7H8

Product, %
1

20
18
16
14
13

2
35
33
30
27
25

3

50
45
42
40
36

4 J
92 _j
90
88
85
80

5
95
92
90
88
85

6
100
98
96
94
92

r 8h
100
98
96
94
92

5. Uptake percent and decontamination factor
The %uptake of radioactive nuclides l32'154Eu and 18lHf by the degradation products

obtained from the different TBP solution was studied. The results obtained are given in
Table(5). From this table, it is clear that, I52'154Eu
extends.

and Hf are sorped to different

Table(5): % Uptake and decontamination factor for 152&IS4 Eu and181 Hf of
TBP without or mixed with different diluents destroyed with 0.1 N
KMnO4 at pH=9 and 100°C for 6h.

System

100% TBP
30% TBP/OK

30%TBP/CCl4

30% TBP' C6H6

30% TB; C7H8

% uptake
J52&154Eu

88.9
86.5
84.2
82.4
80.3

86.4
84.3
81.3
78.1
75.2

Decontamination factor, DF
. 5 2 & i 5 4 E u

9.0
8.6
8.1
7.6
7.2

7.6
7.2
6.8
6.5
6.2

The variation of DF took the following sequence:

TBP > TBP/OK >TBP/CCl4 > > TBP/C7H8

This sequence can be attributed to the mutual misciblity of TBP in different diluents and
its immiscibility in water.9

Infrared and x-ray diffraction pattern
The IR-spectra for the degradation product of TBP with or without diluents with 0.1N

KMnO4 heated to 100°C for 6h is represented in Fig.(l). From the traced data it is found
that, there is a broad band at 3416 cm'1 which is characteristic of the-OH group of the
physically adsorbed water molecules(10). Another band at 1636.3 cm'1 due to P=O bond
and the band at 1559.1 cm"1 may be due to asymmetric stretching of O=P-0" bond(ll).
The band at 1418.4 cm"1 may be attributed to P-O bond. Fig.(2) shows that IR-spectra of
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degradation product of TBP is very similar and having the same main bands as for tri-
sodium phosphate.

X-ray diffraction patterns of all the samples are represented in Fig (3). The traced
results revealed that the investigated solid are amorphous except in the region of (10-15 )
28, and the solid has some crystallinity.

Elemental analysis
The elemental analysis of the degradation product of TBP was given in Table 6. From

which it can be concluded that, the product is composed of about 58.2 % manganese, 18%
potassium, 15.3% phosphorous, 3.6% carbon, 2.1% hydrogen and 0.2% sodium. From
these results it can be concluded that, the degradation product of TBP is mainly
inorganic materials.

From the above results, it can be concluded that, TBP/with or without diluents and
containing radioactive isotopes can easily converted into solid inorganic residue
containing most of radioactivity and suitable for immobilization and final disposal.

Table(6): Elemental analysis of degradation product of TBP with

Element

% Content

P

1 15.3

Mn

58.2

K

18.0

C

3.6

H

2.1

Na

0.2

Others

2.8

CONCLUSION

1. The use of wet oxidation with oxidant KMn(>4 to destroy spent organic solvent in the
range of waste streams is now established.
2. Potassium permanganate concentration 0.1N has been chosen as a good value to make
destruction of TBP to solid form suitable for immobilization and final disposal.
3. The process tends, itself, to a simple technique and less cost which can readily be
adopted to enhance existing organic TBP management facilities.
4. The diluent type has slightly effect on both the quantity and the chemical nature of the
final product.
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Fig(2):Comparison between the IR-spectra of degradation product (DP)
ofTBP/OK and tri-sodium phosphate.
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Fig(3):X-ray diffraction pattern of degradation product (DP) of TBP/OK.
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ABSTRACT

A new inorganic ion exchanger, siIicon(TV) antimonate was prepared by
dropwise addition of antimony pentachloride and sodium silicate and shows excellent
thermal and chemical stability. Ion exchange selectivities of cations Na*, Cs*, Sr2* and
Co2* in nitric acid media have been exchanged with protons of silicon antimonate
using batch technique, from these results, distribution coefficient, selectivity and
separation factors of these metal ions were calculated and selectivity was found in the
order Co2* > Sr2* > Na* > Cs*. The effective separation of Cs*, Na*, Sr3* and Co2*
have been achieved with column technique from nitric acid media. The values of
diffusion coefficient, energy and entropy of activation of Cs*, NV, Sr2* and Co2* on
silicon antimonate matrix were determined as a particle diffusion mechanism only and
the values of diffusion inside the exchanger take the order Na* > Cs* > Co2* > Sr2+.

Key Words: Sorption/Ion exchange / Silicon antimonate/Inorganic adsorbents/
Kinetics / Diffusion

INTRODUCTION

The development in nuclear technology, water purification, treatment of radioactive waste solutions,
etc.. has enforced attempts to find and synthesize new highly selective ion exchange materials which
have a resistance to high temperatures and radiations changes and of more convenient properties than
natural inorganic ion-exchangers. Many inorganic ion-exchangers have shown to exhibit good thermal
and radiation stabilities (U).

Most investigations with insoluble acid salts of tetravalent metals have been performed on zirconium
and titanium phosphate and tin(IV), iron(lH), cenum(rV) and titanium(IV) antimonates have been
reported earlier'31. However, very little work was conducted on silicon(IV) antimonate.

In this paper our attention was aimed on the preparation'3"** of silicon antimonate suitable for using
in column technique. Chemical and thermal stabilities, IR-spectra and ion exchange behaviour of silicon
antiraonate, as well as distribution coefficients of Na+, Cs*, Sr2* and Co2* and column separations of the
studied cations are studied. The present work reported the diffusion mechanism of these metals ions on
silicon(IV) antimonate as particle diffusion mechanism.

EXPERIMENTAL

All reagents were of analytical grade and used without further purification.
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Preparation of silicon(IV) antimonate (SiSb)

Silicon(IV) antimonate (SiSb) was prepared by dropwise addition of 1 M antimony pentachloride
to 1 M sodium silicate solution in a waterbath with a constant stirring at 60°C (7). After an overnight
standing, the precipitate was filtered, washed with distilled water and finally dried at 60°C. The product
was ground and sieved (0.1- 0.8 mm) and finally air dried at room temperature.

The total water content ofthe samples were determined by calcination of 1 g ofthe samples at 850°C
and calculating the percent loss in weight.

The exchange capacity was determined by repeated batch equilibration ofthe samples with salt
chloride solution in a shaker thermostat at 25±1°C until saturation was attained.

Chemical Stability

The chemical stability of the precipitate was studied in water, nitric acid, and hydrochloric acid by
shaking 50 mg of sample with 50 ml ofthe desired solution with continuous shaking for two days. The
filtrate was tested for silicon and antimony using atomic absorption spectrometer.

Distribution Studies:

Batch technique was followed to determine the distribution coefficient (1Q) where, 0.1 g of the
exchanger was shaken at 25±i°C with 10 ml of 10"*M of each of Na+, Cs\ Sr2* and Co2*, labelled with
^Na, 1MCs, 8!Sr and 60Co, respectively. After an overnight standing (sufficient to attain equilibrium) the
mixtures were centrifuged and the acidity ofthe solutions determined.

Distribution coefficients (kd) were calculated from the following relation:

kd = . V/m (ml g"')
A .

where, V = total solution volume , m = weight of the exchanger (g)
Ao = initial counting rate in solution , A» = final counting rate in solution

Column Operation:

For column experiments, amounts of 1 g of si!icon(IV) antimonate in 10 ml of water was packed into
the identical chrornatcgraphic column of 0.6 cm diameter and a bed of 1.3 cm length at a flow rate of
0.5 mi/min in a tracer solution of 10"M (Cs+, Na* or Co2+).

Columns runs were conducted by collecting and counting equal effluent fractions at the same flow
rate.

Analysis:

i:i4Cs, s5Sr, MCo and *"Na were determined by y-counting using a Nal scintillation assembly with an
ST6 scaier timer (Nuclear Enterprises (LTd)).
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RESULTS AND DISCUSSION

As a result of the method of preparation, granular types of K^-form of silicon(TV) antimonate was
prepared by adding sodium silicate to antimony pentachloride to obtain molar ratio of Si/Sb =1. The
prepared sample was hard white granular suitable for use in column operations.

The chemical stability of silicon(IV) antimonate was studied in water and different concentrations of
HNO3 and HCl.

The results of solubility showed that, silicon(IV) antimonate is stable in water and HNO3 solution up
to 6 M. However, the samples were physically quite stable up to 4 M HCl, it partially dissolved at 6 M
HCl.

The infrared spectra of SiSb samples dried at different temperatures (50, 100, 200, 400, 650 and
850°C) are shown in Fig.(l). Fig.(l) shows that, three main adsorption bands at 2400-3500 cm'1, 1500-
1800 cm'1 and 600-900 cm'1. The first broad band at 2400-3500 cm'1 is due to strong inter and
intramolecular of interstitial water with strong hydrogen bond(8). The second adsorption bond at 600-
800 cm"1 a signed to vibrational interaction of metal-oxygen bond(3). The peak at 1500-1800 cm"1 is due
to Sb-OH deformation vibrational which can be ascribed to 5-SbOH(8>. The decrease in water content
of the samples as a result of increasing the drying temperatures from 50 to 850°C as demonstrated by
the decrease in band intensities of molecular water at about 3500 and 1600 cm'1 as shown in Fig.(l)
which. goes parallel to the increase in heating temperatures from 50 to 850°C, where the characteristics
two bands are disp eared at 850°C.

TG and DTA. curves of silicon(IV) antimonate is given in Fig.(2). Fig.(2) shows that, the first
characteristic endothermic peak at 142.3°C are due to loss of free water. The small endothermic peak at
334°C corresponds to crystallization of S1Q2. The weight loss is continued up to 600°C similar to the
behaviour of zirconium phosphate (9). This support of the fact that silicon(TV) antimonate has a good
thermal stability.

X-Ray diffraction pattern of SiSb at different drying temperatures is presented in Fig.(3). Fig.(3)
shows that, the sample heated at 50°C is semi-crystalline, and the crystallinity of material slightly
increases with increasing of drying temperatures from 50 to 650°C. Fig.(3) also shows that there is a
sharp improvement of crystallinity of SiSb occurs at 850°C.

The results of water content and capacities of Na+ and Cs+ on SiSb at different drying temperatures
were given in Table (1). The data in Table (1) showed that the capacities of Na+, Cs+, Sr2* and Co2+ at
50°C are 1.56 and 1.2 rneq/g, respectively. The capacities of Na+and Cs+for the sample heated at
200"C are slightly decreased this may be due to loss of free water which act as active sites for exchange
of Na+ and Csr. At 40Q°C, it seems that the capacities generally large increase. Thus, the increase in
absorbtion ability can be explained in terms of the increasing of electrostatic force on the adjacent sites
in the heated samples, due to shrinkage in the distance between adjacent sitestI0). At 600°C, strongly
bonded water is removed and thus the capacity simultaneously decreased (ll). No ion exchange
behaviour can be observed in SiSb samples heated higher than 700°C. Also, Table (1) shows that the
Na+ capacity is higher than that of Cs+ capacity at all heating temperatures under identical conditions.
This can be attributed to a higher complexability of NV with the surface sites(I'10).

Preliminary studies on the kinetic of exchange indicated that equilibrium was attained within 24h, in
a shaker thermostat. In order to investigate the selectivity of silicon antimonate for Co2+, Sr1+, Cs+ and
Na+ at different conditions. Distribution coefficients (k<i) were determined at different pH's for each of
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Table (1): Water content and capacities for Na+ and Cs+ ions on H* forms of SiSb at
different drying temperatures.

Sample

SiSb

Heating,
Temp. °C

50

200

400

600

850

% of water content, wt
H* form

-

1.83

4.62

7.83

11.5

Na+ form
-

3.24

7.41

13.84

17.40

Cs+ form
-

2.15

6.15

12.03

15.90

Capacity, meq/s .
Na* | Cs+

1.56

0.97

1.19

0.31

0.00

1.20

0.64

1.00

0.31

0.00

Co2*, Sr2+. Cs+ and Na+ labelled with 60Co, 83Sr, l34Cs and aNa, respectively. The sorption behaviour of
Co2\Sr2r, Cs* and Na* at different pH's on SiSb samples heated at 50, 200 and 400 are shown in
Figs.(4-6).

From Figs.(4-6), it is found that, the distribution coefficients for all metal ions increased with
increasing pH, this trend is an obvious phenomenon. The second results from Figs.(4-6) show that, the
sorption behaviour of metal ions decreases with increasing the drying temperatures from 50 to 200°C.
While at 400°C, it seems that the sorption behaviour generally largely increases in agreement with the
apparent capacity measurements as mentioned before in Table 1. This increase in kd values may be due
to a decrease in hydroxyl groups, where the oxides have a greater absorptive power than the hydroxides.
The kj values and separation factors of the studied cations (Cs\ Sr2+, Co2+ and Na2+) on SiSb were
summarized in Table (2). Table (2) shows that kd values decreases with increasing the nitric acid
concentrations and the selectivity sequence is in the order:

Sr2+ > Co2 Cs+

This trend may be due to the increase of electrostatic interaction of the multivalent cation compared to .
the monovalent one(12). The data in Table (2) show that, all the investigated elements are highly retained.

The plots of log ka at infinitesimal exchange vs. log [HNO3] for SiSb give a linear relationship with a
slope values approximately equal to the valancy of the ion sorbed indicating an ideal exchange process
on these ions.

In this concern, Gill and Tandcn'13' found that the relationship between kj vs. pH for stannic
ferrocyanide and zirconium ferrocyanide are linear, but the slopes do not realy correspond to the
valancy of the ion exchanged. This deviation in behviour may be due to the prominence of a mechanism
other than ion exchange, like precipitation, surface adsorption, or similtaneous adsorption of anions. In
case of eerie antimonate, titanic antimonate, and eerie tungestate, the slopes are very close to 1, 2 and 3
for the adsorption of Cs+, Hg2+ and Ti3+(?1, respectively. These suggest that for all practical purposes,
the exchange on SiSb with Cs+, Na+, Co2+ and Sr2+ is stoichiometric in nature and obyes the low of mass
action. Also, this study suggests that, SiSb can be used for the elemination of these fission products
from radioactive liquid wastes.

To study the diffusion mechanism of Cs+, Sr2+, Na+ and Co2+ on silicon(IV) antimonate, the
experimental conditions was set to study the particle diffusion mechanism only as a limited batch
technique. So, where study the effect of concentration on the rate of exchange of these metd ions on FT
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form of cerium(FV) antimonate, it is found that, the rate of exchange is independent on the metal ion
concentrations, this is a proof that particle diffusion mechanism is the main mechanism at the
concentrations studied.

Table (2): Values of distribution coefficients and separation factors of Cs+, Na+, Co2*, and
Sr2+ on SiSb at different pH's .

pH

1.55

2

2.8

3.8

5

6

kd(ml«l)
Cs*
360

456

550

700

850

1100

Na+

400
(l.D

490
(1)

580
(1.3)

745

" 0)

910
(1.2)

1290
(1.2)

Co2+

100
(0.28)
(0.25)

300
(0.7)
(0.6)

376
(0.7)
(0.6)

669
(1)
(0.9)

733
(0.9)
(0.8)

2400
(2.2)
(1.9)

Sr2*
376
(1)

(0.94)
(3.8)
456
(1)
(0.9)
(1.5)
733
(1-3)
(1.3)
(1.9)
1567
(2.2)
(2.1)
(2.3)
2500
(2.9)
(2.7)
(3.4)
3233
(2.9)
(2.5)
(1.3)

The effect of particle size on the rate of exchange of Cs+, Sr2+, Co2* and Na+on H* form of
silicon(IV) antimonate was determined and found that, the rate of exchange is increased with decrease
the particle size of exchanger this is another f roof of particle diffusion mechanism.

The values of diffusion coefficient are sumarized in Table 3 at room temperatures for all systems
studied on the H* form of silicon(FV) antimonate, in this Table (3), the values of diffusion coefficient
increase in the order; Na+ > Cs+ > Co21" > Sr2+

The plot of iog Di against VT °K for Na\ Cs\ Sr2i" and Co2+ on cerium(IV) antimonate which
yielded straight lines (Fig.7) for all metal ions studied to justify the arrhenius equation.

Thus the energy of activation (Ea) and preexponential content (D3) were estimated from the plots
according to the above expression. The values of diffusion coefficients (DO energy of activation, (Ea)
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and entropy of activation (AS*) for Co2+, Sr2*, Na+ and Cs+ are listed in Table (3). The values of
diffusion coefficients for Co *, Sr2+, Na+ and Cs+ ions are higher than those for semicrystalline niobium
and Zirconium phosphates , but are nearly equal to those for strongy cationic resins or even weakly
cationic resins (1!), furthermore the values of diffusion coefficient inside the exchanger take the order

N a + > C s + > C o 2 + > S r 2 +

Table (3): Thermo dynamic parameters for the exchange of Cs+, Na+, Co4* and Sr+2

on silicondV) antimonate, at 25 ± 1°C

Metal

Cs*

Na"

Co+2

Sr2+

D|xlO-8

cmV

- 1.04

1.59

1.23

1.12

Doxicr6

c m V

2.33

4.91

5.13

1.68

(dmor1

13.40

1549

14.95

12.42

AS*
J mol"1 K'!

-80.78

-74.59

-74.24

-83.49

The relatively small activation energy values which given in Table (3) for Co2+, Sr2+, Na+ and Cs+,
suggest that the rate of exchange is particle diffusion mechanism. Moreover, the negative values for
entropy of activation, where the entropy change is small in the solid phase, suggesting that, no
significant structure change occurs in silicon(IV) antimonate.

Reprocessing of nuclear fuel is often carried out from HNO3 solution. Investigations were conducted
to explore suitable conditions for quantitative loading and sorption of Cs+, Na+ and Co2+ in nitrate media
by SiSb column bed at room temperature (25°C). As far as the break through curves of the column
(Fig.8) for Cs+, Na* and Co2+radionuclides (10'3M for each) from SiSb column in the feed solutions.
From Fig.(8), it is clear that the divalent metal ions Co2+ exchange with two exchangable sites on the
surface of column bed compared with one site in case of monovalent Na+ and Cs+, also Fig.(8) shows
that the selectivity order was found to be;

Co2+ > Na+ > Cs+

This trend may be due to the increase in electrostatic interaction of multi valent cations compared to
the monovalent ones (2)

The elutions profiles for Cs\ Na+ and Co2+ are given in Fig.(9), and the elution of these
radionuciides was carried out with 3 M HNO3 as shown in Fig. (9).

From the above results we can concluded that, the granular nature of the material enables
chromatographic column applications for the removal of radioactive Cs+, Na+ and Co+ and/or
separation of radionuclides from the other eiemeuts of nitrate solutions containing suitable nitric acid
concentrations.
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ABSTRACT EG0000192

A framework is developed to provide predictions of multicomponent ion-
exchange equilibria from binary data.

Experimental data are reported for the ion-exchange equilibria of the
binary systems Sr"--Na+, Cs+—Na+ and Sr"-Cs" on chabazite zeolite. These

systems exhibit non-ideal characteristics in both zeolite and aqueous phases and
the experimental characterization has been based on the reaction equilibrium
constants and correlation for the activity coefficient in both phases. The
exchanger phase activity coefficients are obtained from the well-known Wilson
model. A computer program to carry out the prediction procedure was give in
FORTRAN-77.The sum of the squares of deviations between experimental and
predicted points was used as a criterion for best fit.

The good agreement between the experimental and predicted data showed
that the proposed framework is considered to be an effective method to predict
many ternary systems from its binary systems.

Key Words: Modeling - Multicomponent - Ion Exchange - Equilibria - Zeolite.

INTRODUCTION

Multicomponent ion-exchange process has recently acquired enhanced interest because
of their potential application to some practical problems. The use of ion-exchange resins for
multicomponent separation has been the subject of a number of practical and theoretical
investigations'1'. A detailed knowledge of multicomponent equilibrium data is essential for
the proper understanding and development of ion-exchange process. However, most ion-
exchange selectivity and equilibrium data reported in the literature refer to binary ionic
systems, whereas fewer equilibrium studies involving multiionic component have been
reported so far. This is because the number of required experimental manipulations
increasing enormously with each additional ionic component. In this view, the development
of suitable methods for the interpolation of ternary and higher component data from a number
of binary equilibrium data has assumed importance.

Soldatov and Bickova'2' observed that the models proposed to predict multicomponent
ion-exchange equilibrium behavior fall into three main classes. Models of the first class
assume that the entire system behaves ideally, i.e. the activity coefficients of all components
in both the solution and solid phases are equal to unity. Models of the second class assume
that the presence of other counterions does not affect the equilibrium conditions existing
between two exchanging counterions. The third class of models does not make either of
these assumptions and so should be more accurate in predicting equilibrium behavior. The
equilibrium model proposed by Klein et ar"3' is of the first class. Kaotoka and Yoshida'4'
proposed a model that accounted for non-idealities in the liquid phase, but assumed that the
solid phase was ideal. The model proposed by Sengupta and Paul'5' recognizes that both
phases in the ton-exchange system may be non-ideal. Also the model of Bajpai et al(S) and
El-Prince and Babc^ck171 does not assume that ion exchange must be ideal. Their model
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allowed the equilibrium compositions of binary system to be calculated by assuming that the
values for the equilibrium constant were known independently. The solid phase activity
coefficients were estimated using a method based upon the Wilson model(8) for excess Gibbs
free energy.

A number of experimental studies have been performed to examine the equilibrium
behavior of ternary ion-exchange systems. Dranoff and Lapidus(9), Pieroni and Dranoff(l0)

and Bajpai et al(6) studied various systems using Dowex 50W-X8 resin. Soldatov and
Bickova(2) used Dowex 50W-XI2 resin with four ternary systems involving NH4, H* and
either Lt\ Na\ K+ or Cs*. The anionic system NO3~ - SO4

2' - CI" was studied by Smith and
Woodburnt1l) using Amberlite IR-400. Sengupta and Paul(5) employed another Arnberiite
resin, IR-200, in their studies of Zn2+-Cd2+-H* and Cu2+-Ag+-H+ systems.

The object of the present work is to represent an attempt at the development of a
framework from which the general, multicomponent, ion-exchange system may be estimated
from the data of binary systems. In this respect, the experimental equilibrium data for the
Sr*'- Cs+- Na+ ternary system and the three related binary systems; Sr>T--Na+, Cs*-Na+ and
Sr t r-Cs+ were modeled using the Wilson equation(8) for solid phase activity coefficient and
the extended Deby and Huckel<12) for activity coefficient in liquid phase.

Thermodvnamic Model;

In the case of ternary ion exchange, the problem is more complicated than in binary
system. Keeping the definitions of the standard states as same as in binary system, there are
diree reference states for each phase because of the presence of three ions. Also, in contrast
to the binary exchange case, three ion-exchange reactions may be written, each of which
comprises two of the conjugate binaries. So, for the system Sr-Cs-Na on zeolite, the
equations may be written as:

+ I N l <-> Srl+
Z)+2Na{S) 0)

From these equations, only two are independent, and any one equation may be generated
by combining the other two equations.

In the equations used to define the equilibrium constant for each reaction, Smith
and Woodburn(li) employ the activities of each of the ions rather than their solution
concentrations and solid phase mole fractions. These activities reflect the non-ideality of the
system.

If subscripts 1, 2 and 3 refer to the strontium, sodium and caesium respectively. Then
the three equilibrium constants are defined as:

W 7,'n

(7 3in \
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A further equation involving the solid phase mole fractions may also be written:

Y, + Y2 + Y 3 = l (7)

If the free ion concentrations are known, eqns. 4-7 may be used to solve the composition of
the solid phase (i.e. for Y| , Y2 and Y3 ) in equilibrium with a liquid phase of a specified
composition and concentration. If ail the three equilibrium constants and the activity
coefficients are known, then the four eqns. 4-7, may be solved for the three unknowns. Such a
system is, however, obvisouly over specified. The solid phase composition calculated by
solving the equations would therefore depend upon which combination of three equations is
used to solve the system. Sengupta and Paul<5) suggested that the equation relatively to the
binary pairs each contain the most selective ion be chosen along with the component
summation equation. Thus, since for Sr-Cs-Na system, Na is the least reactive ion, then eqn.
4,5 and 7 would be solved to obtain Y, , Y2 and Y3.

The proposed model only considers thermodynamic non-idealities. Other non-
idealities, such as Donnan uptake, restrict the application of the model to systems of low-to-
moderate solution normalities (i.e. TN 5 1.0 N).

Liquid Phase Activity Coefficient Estimation:

In the multicomponent solutions of industrial interest, the electrolyte concentrations are
relatively high and make the activity coefficients difficult to obtain either theoretically or
from experimental data. Pal(!3) has reported equations for the accurate estimation of the
activity coefficient ratios in ion exchange process. Sengupta and Paul(5) have applied the ionic
interaction coefficients to activity calculations in mixed electrolyte solutions of ion-exchange
systems. The extended Debye and Huckel equation (12) with two parameter per ionic
component has been selected to calculate the single ion activity coefficient as:

Trauesdell and Jones (14' have calculated the parameters a; and bj from experimental
mean salt activity coefficients. Thus, with the two parameters per ionic species and the ionic
strength (i) of the solution, it is possible to estimate activity coefficient and hence the activity
of each species in a multicomponent system.

Equilibrium Constants and Solid Phase Activity Coefficients:

Although the activity coefficients in the liquid phase may be calculated easily using
Debye and Huckel extended method, the method required to estimate the solid phase activity
coefficients, as well as the equilibrium constants, is more complicated. The procedure
proposed by Smith and Woodburn(ll) is presented here. They calculated the solid phase
activity coefficients with the well-known Wilson equation.

I t J\t-i /Q\

The Wilson equation is applied to the binary experimental data to obtain values for
the interaction parameters Af.j and A^ and then these parameters can be used in the Wilson
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equation for three or more component systems. To extract the values of the interaction

parameters from the binary data, Smith and Woodburn defined an equilibrium quotient, AA.B

(10)

The equilibrium quotient can be expressed in terms of the equilibrium constant:

Substitution of the Wilson eqn. (9) into this expression for the equilibrium quotient yields:

y,+r.Ax.. Y.+Y,AS-,

Y,A.A-B Yn (12)

This equation contains three unknown: KA-B and two interaction parameters. A minimum of
three data points needed to evaluate them. When more than three data points are available, a
search procedure can be used to find the set of values of KA-B.-^A-B and ^ . A that minimize
the sum of the squares of the deviations between experimental equilibrium quotients from
eqn.(lO) and predicted equilibrium quotients from eqn.(12) for all points. This procedure can
be applied to the system Sr-Cs-Na on chabazite, and the activity coefficients in solid phase
can be calculated as:

7, , F.AH
7, + 7.A,-2 + 73

7, A.,
7

7, A3-,+ 7, A,-,+ 7,
(13)

ta£ = 1 - Mr, A,.,+ 7, + 7, A Jl-7, + 7. A,.,+ 7, A,-, 7, A.-, + Yi + Y> A ,̂
•i 3 " 2

(14)
J

(15)



Since the three equilibrium constants and all the required activity coefficients in both phases
are known, the model equations may be solved to yield the unknown phase composition.

Computational analysis of the Model:

A computer program to carry out the prediction procedure, of ternary ion exchange
equilibrium from the data of binary system, has been designed using FORTRAN-77. The
procedure used in this program is outlined in Appendex-1. The sequence of this procedure is
as follow:
1- Assume trial values for thermodynamic equilibrium constants and for the binary

interaction parameters,
2- Calculate the activity coefficients in solid phase from the Wilson equation.

3- Assume trial values for the liquid phase activity coefficients [YAJYB and Yc]. For dilute
solutions in this work (TN< IN), values ranged from about 0.7 to near unity.

4- Calculate the predicted values of m^, mB and mc from the equilibrium constants and a
mass balances: mA + mB + me = TN

5- Calculate the liquid phase activity coefficients JA, JB and YC from the extended Debye
and Huckel equation using the predicted values of m^ mB and me,

6- Compare these values with these assumed in step 3,
7- Repeat the above steps, varying the values of equilibrium constants and binary

interaction on parameters, to minimize the difference between the experimental and
predicted values of mA, mB and me

Experimental

Two groupes of workers have reported their findings from studies involving the
Na+-Ca2+-Mg^+ system. Both groups used Zeolite A as the ion-exchange material, Barn and
Rees(15) studied experimentally the two binary systems, Na+- Ca2+ and Na+- Mg2+ at 25° and
65°C. The total solution normality varied from 0.01-0. IN. The ternary system was studied at
65°C. Franklin and Townsend(I6) studied the Na+-Ca2+-Mg2+ system at 25°C and at a total
solution concentration of 0.1N. They collected equilibrium data for 123 different phase
compositions and constructed composition contours on a triangular diagram.

The ion-exchange equilibria for the binary and ternary systems involving Sr2'1', Cs+

and Na+ ions on chabazite published by Robinson et al(17) are used as experimental data in
this study. In their work, a simulated waste solutions were used in the experimental tests to
avoid variability in feed composition. The solution were prepared by dissolving various
amounts of SrClj^HiO and CsCI in dimineralized water and spiked with 85Sr and l37Cs
tracers. The concentrations of Sr and Cs in the initial solution were 0.002 and 0.00 IN
respectivelly. The concentrations of cations in the solution phase were measured using the
atomic absorption or gamma-counting analytical technique . The concentrations of cations
in the zeolite phase were calculated from mass balances using the initial and final solution
concentrations.

All batch tests were performed in triplicate at room temperature (23°).

Results aud Discussion

The extent of the data published by Robinson et al(17) fortheSr2+-Cs+-Na+-
chabazite system is summarized in Table 1. Total solution concentrations including
all components did not exceed 0.0IN for any of the data sets. All data were taken at
23°C. Equilibrium quotients were calculated for the binary data from eqn. 10. The
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extended Debye and Huckel equation with two parameter per ionic component
(eqn.8) was used to calculate the liquid phase activity coefficients for the ions Sr2*,
Cs+ and Na* using the values of the parameters given in Table 2. Using the procedure
listed in the program, the values of the Wilson interaction parameters from
equilibrium quotients for each binary pair (searching for values of KA-B , AA-B and
AB-A which provide values of A,A-B from eqn.12 which most closely match
experimental A.A-B'S from eqn.10) were obtained and given Table 3.

The sum of the squares of the deviations between experimental and predicted
data were used as a criterion for best fit:

V I Cjgf'C^

Fig.l&2 represents the Sr- Na and Cs-Na isotherms and showed the model
predicted points calculated using parameter values in Table 3.

The set of parameter values in Table 3 was used to predict the ternary equilibrium
points for which experimental data were given by Robinson et al(17). The results are
shown in Table 4. The predicted activity coefficients in zeolite phase for each
component are also listed in Table 4. It was clearly shown from the good agreement
between experimental and predicted data that the applied procedure for prediction of
ternary equilibrium data from binary experimental data is sound and the iteration
procedure work well.

Table 1: Extent of experimental data for the system Sr2*/ Cs+/ Na+- Chabazite{17)

No. of components

2

3

components

Sr*+-Na+

Cs+-Na+

Sr2+-Cs+-Na+

No. of solution/sorbent ratio

9

7

8

Table 2: Parameters for Extended Debye- Huckel equation [12]

Species

Sr1*

Cs+

Na+

a;

4.373 x 1Q-IU

6.217 xlO*9

4.0

bi

-0.01598

-0.04

-0.075

z,
z.

1

1

A= 5.085
B = 3.281*109
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Table 3: Estimates of parameters, Equilibrium constants and Wilson
Parameters for binary systems.

Ion exchange reaction

Sri+
(s) + 2 N a V =

Sr2+
(z) + 2Na\ s )

Cs+
(s)+ Na\ z ) =

Cs+
{ z )+Na+

( s )

Sr+(S) + 2Cs+(Z) =
Sr2+(Z)+ 2Cs+(S)

Equilibrium
constant

KSr = 1.59
Na

KCs = 5 1
Na

KSr = 0.37
Cs

Wilson
parameters
Ai-j
Na
Sr
Ai-j
Na
CS

Ai-j
Na
Sr

Na
I

7.97
Na
1
0.01
Cs
1
0.001

Sr
0.112

1
Cs

3.95
1
Sr
2.0

1

R

0.13

0.1

0.11

Table 4: Comparison of experimental and predicted equilibrium composition
for the ternary system Sr2+-Cs+-Nal"on chabazite, 0.01N at 23°C.

Equivalent mole
Experimental
Na
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

Cs
0.5
0.5
0.3
0.2
0.05
0.1
0.1
0.1

Sr
0.4
0.3
0.4
0.4
0.45
0.3
0.2
Q.I

fraction

Na
0.11
0.19
0.3
0.41
0.496
0.602
0.688
0.796

in solution
predicted

Cs
0.58
0.52
0.33
0.21
0.057
0.11
0.13
0.103

Sr
0.41
0.29
0.37
0.38
0.447
0.288
0.182
0.101

Equivalent mole
fraction in zeolite

Na
0.203
0.224
0.258
0.299
0.322
0.354
0.412
0.480

Cs
0.026
0.070
0.122
0.194
0.235
0.273
0.396
0.419

Sr
0."!
0.706
0.620
0.507
0.443
0.373
0.192
O.lOi

Predicted activity
coeffi
Na
0.228
0.268
0.325
0.410
0.621
0.600
0.653
0.705

:ient in zeolite
Cs
0.989
0.978
0.958
0.918
0.751
0.823
0.810
0.790

Sr
0.806
0.819
0.834
0.851
0.896
0.842
0.810
0.771

Conclusion

The prediction of ternary ion-exchange equilibrium behavior from tfee data of binary
systems has been successfully modeled .

The model was based on equilibrium constants for the ion-exchange reactions
written in terms of liquid and solid phases activities. Liquid phase activity coefficients
were calculated from the Debye and Huckel approach. Solid phase activity coefficients
were calculated from the well known Wilson equation. The proposed model only
considers thermodynamics non-idealities, but other r.on-idealities such as Donnan uptake
restrict the application of the model to systems of low to intermediate solution
normalities. Agreement between experimental and predicted data for ths three component
was good and indicated that the applied procedure for prediction is sound and the
proposed framework is considered to be an effective method to predict many ternary
systems from the corresponding binary systems. Also, the model may easily be extended
to the equilibrium behavior of more than ternary system.
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NOMANCLATURE

Ka = equilibrium constant
Yi - activity coefficient of ion I in solution phase
§i = activity coefficient of ion I in zeolite phase
mi = concentration of ion I in solution phase
Yj = mole fraction of ion I in zeolite phase
TN = total solution normality
I = ionic strength
^A-B = equilibrium quotient
Z| = valency of ion I
Ai.j = Wilson binary interaction parameter

Subscripts
S = solution phase
Z = zeolite phase
1 = strontium
2 = sodium
3 = cesium
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Appendex-1

Input data

ZA,ZB,ZC,TN

Aaron* trial
valuaa of K,
and Binary
infraction

Calo. Activity
Coaff. of solid
phae* by tfiison
Equation

As9"n« Trial
vai Of Activity
Coaff.in Solu.
Phaaa ranyad
0.7-1

Calo. Activity
Coaff.in Liquid
by Dabya-Huckal
Equation

B»ot sat of
Equilibrium
conatants and
Binary Zntar-
aotion

Bast sat ozT
Activity
Coafl. In
Liquid Phas

Bast sat of
Activity
Coef£. In
solid Phase

Best set of
Prediction
concern, a*,

Computational Scheme for Prediction of Ternary Ion-Excha:ige
Equilibria from Binary Experimental Data.
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ABSTRACT EG0000193

Cerium(IV) antimonnte had been prepared by the dropwise addition of 0.6 M
antimony pentacbloride and 0.6 M cerium .ammonium nitrate solutions by n molar
ratio of Ce/Sb 0.75. Exhcange isotherms for H7Co2*,ff7Cs*,H7Zns*,H+/SrJ* and
ET/Eu3+ have been determined at 25, 40 and 60°C. Besides it was proved that
europium is physically adsorped while zinc, strontium, cobalt and cesium are
chemically adsorbed. Moreover, the heat of adsorption of zinc, strontium, cobalt and
cesium on ceriumQTV) antimonate had been calculated and indicated that cerium(IV)
antimonate is of endothermic behaviour towards these ions. Also the distribution
coefficients of these ions were determined and it was found that the selectivity in the
order: Eu3+ > Sr3+ > Cs" > Na"

INTRODUCTION

In the last decade a good deal of interest has grown in synthetic inorganic ton exchangers(1). This is
mainly because of their greater power to withstand higher radiation doses and temperatures than the
commonly-used organic-based resins. In addition to this they some-times exhibit highly specific
properties which might permit improved separations under ordinary conditions. A large number of
insoluble salts formed from multivalent metals and polybasic acids have been investigated as inorganic
ion exchangers. Although most of the work deals with studies on zirconium phosphate, other
phosphates, arsenates, antimonates, tungstates, molybdates and hydrous oxides have also been studied
as potential ion exchangers. .Amongst the antimonates of quadrivalent elements which form an equally
promising series, zirconium (2J> and tin(IV) antimonates (4'3) have already been investigated by earlier
workers. In continuation of the previous studies cerium(IV) antimonate was explored for its ion-
exchange properties. The aim of the present work is to investigate the ion-exchange properties if
cerium(rV) antimonate, CeSb, as well as to explore the usefulness of the sorbent for the separation and
preconcentration of some fission products from nitrate media of variable composition at different
temperatures of the equilibrating solution.

EXPERIMENTAL

All chemicals used were of A.R. grade and used without further purification.

Preparation of Cerium(TV) Antimonate:

Cerium(rV) antimonate was prepared by the dropwise addition of 0.6 M antimony pentachloride
solution to 0.6 M eerie ammonium nitrate solution with a molar ratio of Ce/Sb 0.75 in a water bath at
60°C with constant stirring. After an overnight standing, the precipitate was filtered, washed with
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bidistilled water and dried at 50°C. The product was ground and sieved (0.12 - 0.44 mm) and finally air
dried at room temperature.

The water content of cerium(IV) antimonate in the Zn2+, Sr2+, Co2+ and Eu3* forms were determined
by calcination of 1 g of CeSb sample in the metal ions form at 850°C, and the water loss values were
found to be 11.87%, 12.23%, 11.98% and 10.94% (w/w) forZn2+, Sr2+, Co21" andEu3+, respectively.

The exchange capacities were determined by repeated batch equilibration of the samples with salt
chloride solutions in a shaker thermostat at 25±1°C, until saturation was attained. The capacities were
found to be 0.97, 0.93, 0.86 and 0.89 meq/g for Zn2+

7 Sr2*, Co2+ and Eu3+ ions, respectively.

Distribution Coefficients, IQ:

Distribution coefficients (ka) values of the individual cations Na+, Cs+, Sr2* and Eu3*, in HNO3

solutions on cerium(IV) antimonate were determined by batch experiments. Mixture of 0.1 gofthedry
exchanger (m) and 10 cm5 acid solution (V) of the respective tracer element were equilibrated in a
shaker thermostat adjused at 25±1°C. In all cases, shaking was maintained overnight to attain
equilibrium. The corresponding k̂  values (cm3 g'1) were determined from the counting rates in solution
before adding the exchanger (Ao) and after equilibration (A,) using the following equation

A o - A , V 3

V (1)Ae m

Sorption Isotherm:

Sorption isotherms for Eu3+, Zri2+, Sr2*, Co2+ and Cs+ were determined over the concentration range
5xl04 - 10'2 at 1 M HNOj and a constant V/m value of 100 ml g"1.

Experiments were carried out in a shaker thermostat at 25, 40 and 60°C. After equilibrium, the
mixture was filtered and analysed for Eu3+, Zn2+, Sr2+, Co2+ and Cs+.

The counting rates were measured using of a Nal (TI) scintillation counter.

RESULTS AND DISCUSSION

The results of solubility showed that cerium(IV) antimonate is stable in water, HNO3 up to 6 M.
While in HC1 solutions. ;he CeSb sample is physically quite stable up to 5 M HC1.

The X-ray diffraction patterns of cerium(IV)antimonate sample revealed that the investigated solid is
amorphous. Nevertheless, the crystallinity of the material is slightly increased with the increase in
heating temperatures from 50-600°C.

Differential thermal analysis (DTA) and thermal gravimetry (TG) for cerium(IV) antimonate support
the faet that cerium(IV) antimonate have a good thermal stability. From the above results, we can
conclude that, the prepared material was very stable in water, HN03 and HC1 and have a good thermal
stability and this material is suitable for use in nuclear technology purposes.

Equilibrium and Distribution Coefficient:

The cation exchange process between H* and M*1" in solution is represented as follows:
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Mfl+ + n l f (2)

The selectivity coefficient can be defined by the following equation(6):

(3)

where [ M"*] and [ H*" ] denote to the concentrations of M"* and H*" ions in the cation exchanger, and
[H*] and [M"1"] their concentrations in the solution. As kd is given by

So equation (4) can be written as:

K ^ = ka
[Iff

or logk^ log K ^ [ H ] n . i i l o g [ i r ] (5)

when [ H""] « [ H*j and [M"1"] « [H*]. [ 5"] K^ can be considered as a constant, equation (5) can
be reduced to

logkd= C-nlog [JT]

when log k<j values of n+ valent metal ions are plotted against log [H*] a straight line having a slope -n,
should be obtained.

Figure (1) shows the nitric acid concentration-dependency of kd values for Na+, Cs+, Sr2* and Eu3+

. for lO^M concentration of these cations in the solutions. The linear relation between log kd and the
nitric acid concentrations was observed. The slopes of the straight lines equal to the valency of the ion
sorbed were obtained. This figures also indicates that the order of the selectivity is Eu3* > Sr2* > Cs+ >
Na*. This may be due to the generally stronger electrostatic interaction ofthemultivalent cations
compared to the monovaient one{7).

Sorption Isotherm:

The sorpticn isotherms of europium, zince, strontium, cobalt and cesium are presented in Figs. 2-6
it show that as the concentration in solutions of europium increases the amount held on the sorbent
increases. The maximum capacity achieved for europium is 0.095 m mol/g at equilibrium concentration
of 5x1 O^M as shown in Fig.(4), which also indicates that europium is physically adsorped on
cerium(IV) antimonate. While in case of adsorption of zinc, strontium, cobalt and cesium, the results fit
quite well the linear form of Langmuir adsorption isotherm over the entire range cf each element
concentration investigated (I0'2 - 5xI04M in 1 M HN03 at 25,40 and 60°C). When the adsorption obey
Langmuir isotherm, the following equation can be applied in case of adsorption of solutions(M)

C C 1
— + /£\

W M aM
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where C is the equilibrium concentration, W is the amount of ions sorbed per gram of sorbent, M is the
saturation capacity of the sorbent and a is a constant related to the heat of adsorption. From the slopes
of the linear plots of C/W Vs. C. Figures (3-6) the values of M, the saturation capacity of cerium(IV)
antimonate for Zn(Il), Sr(II), Co(II) and Cs(I) at the investigated temperatures and 1 M HNO3 can be
obtained and are found to be 0.76, 0.73 and 0.58 meq/g for Zn(II) and 1.6, 1.43 and 1.0 meq/g for
Sr(Q) and 0.57, 0.485 and 0.48 meq/g for Co(II) and 1.19, 0.9 and 0.84 meq/g for Cs(I).

The value of "a" in equation (6) is related to the heat of adsorption, AH as follows (10).

a = a e " A H / R T

Figure (7) is a plot of In a vs. 1/T, accordingly the values of AH, heats of adsorption at saturation
for each of Zn(D), Sr(n), Co(II) and Cs(I) on cerium(IV) antimonate can be calculated and are found
to be -8.314, -4.99, -4.16 and -2.99 kJ/mol,respectively. These values of AH indicate the endothermic
behaviour of cerium(IV) antimonate also these values are low compared with the heat of absorption for
cobalt on A12O3, MnO?, Fe2O3 and montmoriilonite which are -62.37, -59.85, -66.97 and-26.37
kJ/mol.(lu2). Which may be attributed to two reasons firstly the hydroxyl groups of the synthetic
cerium(IV) antimonate might be easily ionized which might facilitate the surface reaction and second the
decrease in the surface change suggests the weaker electrostatic interaction of Co(II) and cerium(IV)
antimonate which leads to lower heat of adsorption.

CONCLUSION

From the above mentioned data and discussion, it is clear that the chemical composition of
cerium(FV) antimonate ion exchanger have important advantages in the field of nuclear waste
processing. Promising results could be achieved even from nitrate solutions of high acrdity(e.g 1 M
HNO0 and also it can be concluded that europium is physically adsorped on cerium(IV) antimcnate
while zinc, strontium, cobalt and cesium are chemically adsorbed on cerium(IV) antimonate cation
exchanger.
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Table (i): K. values and separation factors (a) of Na+, Cs

Sr and Eu in HMO_ media on CeSb

HNO,

0.'

0.25

0.5

1 .0

2.0

3.0

4.0

6.0

K d{ml g" 1)

Na+

53

23.8

12

6

3.3

2.4

1 .4

1.2

CS +

265
(5)

lib
(4.8)

63
(5)

35
(5.8)

17.5
(5.3)

12
(5)

4.8
(6.5)

6.5
(5.4)

Sr 2 +

10100
(190)
(38)

1339
(56)

(11 .7)

451
. (37.5)
(7.5)

110
(18.3)
(3.2)

25
(7.6)
(1 .4)

12
(5)
(1)

7
(4.7)
(0.7)

3.4
(2.8)
(0.5)

Eu 3 +

V.H

V.H

7000
(58)
(11.6)
(1.5)

820
(136.6)
(23.6)
(7.4)

115
(34.8)
(6.6)
(4.7)

48
(20)
(4)
(4)

13
(8.7)
(1.3)
(1.9)

3.6
(3)
(0.6)
(1.1)
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Kd 10

0.05 0.1 1.0
[HNO3],M

Fig. 1 . : Log Kd of Eu , Sr\ Cs and Na as

a function of nitric acid concentration

on cerium (IV) an timonate at 25 °C .
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Fig.2 '.Freundlich adsorption isotherm for the adsorption of Eu
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Extraction of Eu(III) and Co(II) by Dihexyl n,n-diethyl carbamoyl methyl
phosphonate (DHDECMP) and Thenoyl triflouroacetone (HTTA)

H.H.Someda, A.A.E1-Zahhar, M.K.Shehata , H.A. EI-Naggar*
Chemistry Departement, Hot Labs, center. AEA, Cairo, Egypt.

ABSTRACT " EG0000194

The extraction of Eu(III) has been carried out from nitrate solution using DHDECMP.
Different parameters affecting the distribution of metal ion have been studied. The distribution
of Eu(III) was found to be first order dependent on pH> and second order dependency with
respect to (DHDECMPJ. Studying the radiation stability of DHDECMP showed high stability
towards y-radiation doses till 26.5 mega rad . The extraction of Co(II) by either DHDECMP or
HTTA from acetate solution shows that it is second order on both the extractant concentration
and pH. Based on the data of distribution ratio and the calculated thermodynamic parameters ;
mechanisms of the reactions have been suggested.

Key word: Extraction /Phosphonate / Europium/Cobalt

INTRODUCTION

Solvent extraction showed a great enhancement in separation of different metal ions from
radioactive wastes . Cobalt is a corrosive element in the back cycle of the fuel treatment and represents
die 2nd series of transition elements and Eu(IH) represents the lanthanide's elements which are present in
a great amounts in the fission product . Different studies have been carried out on their separation.
Arora and Rao0) studied the extraction of Co(II), Cu(II), Ni(H) and Th(IV) with 1-phenyl 3-methyl 4-
p-nitrobenzoyl 5-pyrazolone (PMNP) and they compared their data with those of the corresponding
systems using l-phenyl 3-methy 1 4-benzoyl 5-pyrazolone (PMBP) and thenoyl trflouroacetone
(HTTA). It was found that in general, PMNP extract these metals better than PMBP and HTTA.
El-Atrash et.al.(2) have investigate the extraction of Co(II) by mixtures of acetylacetone Acac and
pyridine or triethyl amine . Their data showed great increase in the extraction of Co(II) in presence of
two amine bases . The extraction of Co(II) was also carried out by Preston(3) using mixtures of
organophosphoric acids (H2A2) and nonchelating oximes (B). The extracted species was found to have
the formula Co(HA2)2B;. El-Dessouky(4> studied the extraction of Co(II) by 8-quinolinol (HQ) mixed
with a-dipyridyl (a dip) . the extracted species was found to have the formula CoQ^adip). Co(II)
was also extracted by HTTA mixed with organophosphorous compounds(S) .Where Co(TTA);.S was
found to be the extracted species where S refers to the organic base. On the other hand and Kandil(S)

studied the extraction of Co(IlI) by HTTA and HQ mixed with 1,10-phenanthroline (Phen) as a bass .
The extraction was enhanced in the case of HTTA and the extracted species found to be as
Co(OH)2TTA(HTTA)2.Phen, and no synergism observed upon the addition of Phen to HQ . Steward et
al (7) prepared the solid phosphonare complexes of some lanthanide's elements from nitrate solutions .
The prepared solids have the formula Ln(NO3)3(Ph):. Horwitz et al.(8) studied die extraction of Eu(III)
and Am(III) by DHDECMP and dibutyl-butyl phosphonate DB[BP], it was found that the obtained
data are similar for both extractants . This means that there is no chelate effect with respect to
DHDECMP. In previous work the reaction of UO^wida DHDECMP mixed with neutral adducts of
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rganophosphorous compounds was investigated and chelation behavior was observed with respect to
DHDECMP(9).

EXPERIMENTAL

Chemicals

All chemicals used in this work are analytical grade and were used without further purification
except TBP which was purified by Flanarys method(I0) . The radioactive cobalt and europium were
obtained by irradiation of their oxides with neutron flux of 1013n/cm3.s for 48 hour then cobalt stock
isotope stored in 1M HC1 solution. To carry out the experiments from acetic -acetate buffer ,
hydrochloric acid solution was evaporated completely and the radioactive cobalt was stored in acetic -
acetate buffer solution . Stock solution of Eu was stored in HC104 solution which was evaporated and
the sample stored in HNO3 of pH ~3 to get Eu solution which was used during the experimental work .

Procedure

The aqueous phase containing the radioactive nuclei was shacked will with an equal volume of the
organic phase by a mechanical Shaker / Sankyo (Japan ) connected with thermostated water bath
Lauda K4R type . A complete separation of the two phases was obtained using a Heinz Jantizki K.G
(Germany ) centrifuge. For radiometric assay lml of each phase was withdrawn and counted using
Nal crystal connected to a nucleus 500 .The distribution ratio of the element was obtained as:

[Activity],,

D(M) = (1)

[Activity ],

The symbol M refers to Eu(HI) or Co(II) and (0 .a) refer to the organic and the aqueous phase
respectively . The pH of the aqueous solution was measured before and after equilibrium using Cole-
Parmer pH meter. Eu(IIi) and Co(II) were used without modification of their valence states which are
existing in the dissolved waste.

RESULTS AND DISCUSSION

I Extraction of Eu(III) by DHDECMP

I.I Effect of extractant concentration in the organic phase :

Different concentrations of DHDECMP in cyclohexane were used to study the extraction of
Eu(IIl)from nitrate solution of pH ~ 2.5 . The relation between DEuair, and DHDECMP concentration
was given in figure (1). The figure gives a group of straight lines of slope ~2 . This value means that

922



Eu(III) has a solvation number of 2 with respect to the phosphonate compound.

10 -

D

/ •

: / •

: / *
A

( i

/ i

/ •

/ :

•

A

• at20C

• at30C

* at40C

0.01 0.1
[DHDECMP],M

Fig.(l) Extraction of Eu(III) from nitrate solution of pH 2.46 by

[DHDECMP] in cyclohexane at different temperatures.

1.2 Effect of pH of the Aqueous phase :

The extraction of Eu(III) was carried out using a solution 0.05M of DHDECMP in cyclohexane
from nitrate solutions of different pH values (2 to 3.5). The relation between DE^IID and pH variation
on semilogarithmic scale is represented in figure (2). The plot gives a straight line of slope ~ 1, which
means that Eu(IIl) behaves as a monocationic species under these condition .
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20

Fig. (2) Effect ofpHon the extraction ofEu(lll) from
nitrate solution by 0.05M DHDECMP in cyclohexane.

1.3 Effect of nitrate concentration in the aqueous phase:

In this case Eu(HI) was extracted by a solution 0.05M DHDECMP in cyclohexane from aqueous
solution of different nitrate concentrations , both the pH and ionic strength were fixed at 2.4 and 1M
respectively . The calculated distribution ratio Dg^no and the nitrate concentration was represented in
table (1) . This table Showing that the extraction of Eu(III) by DHDECMP does not depend on the
nitrate concentration in the range 5xl0"*-10'2M and the nitrate anion does not participate in the
extracted species .
Table (1): Extraction of Eu(III) from nitrate solutions of different nitrate ion concentrations and fixed

ionic strength 1M:

[NO31,M

DE^IID

0.01

98.16

0.05

101.22

0.007

89.13

0.004

96.17

0.001

108.2 r

Based on the previously mentioned findings, the extraction of Eu(III) by DHDECMP could be
represented by the following reaction:

i
Eu(OH)2

+ + 2Hphos ===== Eu(OH)2.phos.Hphos + ¥f (2)
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from which k| could be calculated as :

[Eu(OH)2.phos .Hphos] [IT]
k,

[Eu(0H)21 [Hphos]2
(3)

1.4 Effect of temperature on the extraction reaction :

The temperature range covered in this experiment was 10 - 45 °C. From the data represented in
figure <1) it could be observed that the distribution of Eu(III) decreases with increasing the
temperature. From the relation between log k] and 1/T, the thermodynamic parameters for the
proposed reaction were calculated and given in table (2)

Table (2) Thermodynamic parameters for the reaction (1):

logki
at 25 °C

1.44 ±0.021

AH .
kJ/mol

-27.3 ± 0.39

AG
kJ/mol

-8.03 ±0.11

AS
J.mor'.K-1

-64.6 ±0.94

It could be observed that the reaction is exothermic in nature . Since the formation of bonds between
the phosphonate and the cationic species of Eu leads to the release of energy. The negative value of the
entropy change AS supports the suggested mechanism since the degree of freedom of the products to
move (2 molecules) is restricted than the movement of the three reactants molecules i.e. this is a case
of ordering reaction.

1.5 Effect of adding organic bases to the extractant:

Addition of 0.5M of organic base (TBP or TOPO ) to the phosphonate compound DHDECMPin
cyclohexane was used to study the extraction of Eu(III) from nitrate solution of pH - 2.5 . The
relation between the D^ni) and the phosphonate concentration is represented in figure (3). The
addition of organic base does not disturb the number of phosphonate molecules participating in the
extracted species since the slope of the straight line is fixed at 2 but it is obvious that the addition of the
base decreases the distribution of the Eu(III) in the organic phase. That means only quantitative
displacement occurs for the lines given in figure (1). Which may be attributed to the rather large radius
of Eu(III) 0.95 A9 compared with that of Co(II) 0.78 A° , Co(III) 0.63 A°, which lowers the
electrostatic forces of attraction .

1.6 Radiation stability of the phosphonate compound :

The pbosplionate sample which was irradiated with different y-radiation doses (1,10 and 26.5 mega
rad) were used to study the extraction of Eu(III) from nitrate solution of pH 2.1 . The DEtI<iii) values
were given in table (3) It is obvious that the extraction of Eu(III) is not affected by the exposure of
DHDECMP to y-radiation till 26.5 mega rad indicating a good radiation stability of the phosphouate
compound used
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Table (3): Effect of y-radiation on the extraction of Eu(III) by
DHDECMP:

y-dose
mega rad

DEU(III>

0

1.03

1

1.01

10

0.84

26.5

0.91

II Extraction of Co(II) by DHDECMP or HTTA

II.l Effect of extract ant concentration :

Different concentration of both the extractants {HTTA, DHDECMP) in benzene were used to study
the extraction of Co(II) from (H* ,Na+ -CH3COO" ) buffer of pH 5.2 and ionic strength 0.1M at
different temperatures. The distribution ratio of Co(II) is represented against the concentration of
both HTTA and DHDECMP on log-log scale as in figure (4 and 5) . The graph gives groups of straight
lines of slope ~ 2. This means that two molecules of either extractants are participating in the extracted
species .

D

1

0.1

1

0.01'

_

-

—

/

\ /

A

•

/

•
•
A

T

A I

/

a»OC
at20C
at30C
at40C

' ' '
0.01 0.1

[DHDECMF],M
Fig. (4) Extraction of Co(ll) from acetate solution ofpH 5.2 by

[DHDECMP] in benzene at afferent temperatures.
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0.01

i

<

• : /

y
H • • -

T /
A /

• atlOC
• at20G
A at30C
r at40C

0.01 0.1

JHTTAJ.M
Fig. (5) Extraction of Co(ll) from acetate solution ofpH 5.2 by

{HTTA] in benzene at different temperatures.

II.2 Effect of pH of the aqueous phase :

Acetic-acetate buffer solutions of different pH values and constant ionic strength (O.IM) were used
to study the effect ofpH variation on the extraction of Co(II) by 0.05M of either extractants HTTA or
DHDECMP individually. The relation between DCo(ii) and the pH variation is given in figure (6).
These two relation give straight lines of slope ~ 2 which means that there a is liberation of two
hydrogen ions during the formation of the extracted species.
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0.1

0.01

0.007

a HTTA
• DHDECMP

4.0 4.5 5.0 5.5 6.0 6.5

PH
Fig. (6) Effect ofpH on the extraction of Co(ll) from acetate

solution by 0.5M DHDECMP or HTTA in benzene.

II.3 Effect of acetate anion concentration on the extraction :

Solutions of different acetate anion concentrations and fixed ionic strength 1M and pH 5.2 were
used to study the extraction of Co(II) by either HTTA or DHDECMP in benzene . The data is given in
table (4). From this table, it could be observed that the acetate concentration have no effect on the
extraction of Co(II) which means that the acetate anion does not participate in the extracted species .

Table (4): Effect of acetate anion concentration on the extraction of Co(JI) by either HTTA or
DHDECMP:

CH3COO" ,M

HTTA

DHDECMP

0.05

0.13

0.21

0.1

0.12

0.2

0.

0.

0.

5

11

18

0.

0.

0.

7

14

23

1

0

0

12

19

From the above mentioned data ; effect of pH , sxtractant concentration and acetate ion
concentration the extraction of Co(II) from acetate buffer solutions could represented as :
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Table (3): Effect of 7-radiation on the extraction of Eu(III) by
DHDECMP:

y-dose
mega rad
DEufnr)

0

1.03

1

1.01

10

0.84

26.5

0.91

II Extraction of Co(II) by DHDECMP or HTTA

II. 1 Effect of extractant concentration :

Different concentration of both the extractants (HTTA, DHDECMP) in benzene were used to study
the extraction of Co(II) from (IT ,Na" -CH3COO" ) buffer of pH 5.2 and ionic strength 0.1 Mat
different temperatures. The distribution ratio of Co(II) is represented against the concentration of
both HTTA and DHDECMP on log-log scale as in figure (4 and 5) . The graph gives groups of straight
lines of slope ~ 2. This means that two molecules of either extractants are participating in the extracted
species.

D

1

0.1

0.01
I

V

A i

7

/
: /
: /: /
kn ,—_

• af70C
• af20C
* af30C
• af40C

0.01 0.1
[DHDECMP],M

Fig. (4) Extraction of Co(ll) from acetate solution ofpH 5.2 by
[DHDECMP] in benzene at different temperatures.
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Co(II) + 2HA CoA,+ 2H* (4)

HA refers to the organic extractants (HTTA or DHDECMP). The extracted species which has the
formula Co(TTA)2 agrees with similar findings <n-I2>

II.4 Effect of temperature on the extraction :

Data in figures 4 and 5 show that DCo(ii) increases with increasing the temperature . From
equation (3) the values of ki could be calculated as follow:

(5)
[Co(n)]i[HAl2

ki values for either extractants were calculated at different temperatures to determine the
thermodynamic parameters which are given in table (5).

Table (5): Thermodynamic parameters for the reaction (4):

HA

HTTA

DHDECMP

logk,
at 25 °C

-8.52 ±0.04

-8.4 + 0.02

AH
kJ/mol

20.22 ±0.1

18.72+ 0.05

AG
kJ/mol

47.56 ± 0.2

46.89± 0.01

AS
J.mor .K*1

-91.69 ±0.4

-94.47 ± 0.2

From the above table the value of enthalpy change (AH) is of positive value i.e. it is an endothermic
reaction since the chelate formation is accompanied in all cases by release of water of hydration fjom
the inner coordination sphere of the metal ion . But the decrease m entropy change my be refers to the
loss of rotational entropy of HTTA or DHDECMP which is greater than the disorder occurring by the
liberation of the water molecules also it can be observed that log k\ value of phosphonate compound is
slightly greater than its analogues with HTTA which reflects the high stability of the complex formed
between Co(II) and DHDECMP .

[1.5 Effect of adding organic bases to the extractant:

Firstly a fixed amount of the organic bases (TBP or TOPO ) was added to different concentrations
of either extractants (HTTA or DHDECMP) to study the distribution of Co(II) from acetate buffered
solutions of pH 5.2 and ionic strength 0.1M , the data was plotted in figure (7) which gives straight
lines of slope ~ 2 which means that the addition of TBP or TOPO does not affect the solvation number
of Cc(II) with respect to either HTTA or DHDECMP .
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1 -

0.1 -

0.01

• HTTA.TBP. .
7 • Phos.TOPO

A Phos.TBP
'• T HTTA.TOPO

• •

i> A

. i ,

/ m

• T
A

0.01 0.1[HA],M
Fig. (7) Extraction of Co(ll) by either DHDECMP or HTTA

with either 6x103 M TBP or 6x K^M TOPO in benzene
from acetate solution.

Secondly the extraction of Co(II) with different concentrations of organic base and fixed
concentration of either extractants (HTTA or DHDECMP) was studied. The data obtained give groups
of straight lines of slope ~ 1 as in figures (8,9,10 and 11). This observation means that the organic base
(TBP or TOPO) is participating by one molecule in the extracted species and the synergistic extraction
reaction could heace written as :
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Fig.(8) Extraction of Co(II) from acetate solution of pH

by 0.1M DHDECMP with TBP in benzene at various

temperature.
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Fig (9) Extraction of Co(ll) from acetate solution ofpH 5.2

by 0.1M DHDECNP with TOPO in benzena at various
temperature.
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Fig.(l 1) Extraction of Co(II) from acetate solution of pH 5.2

by 0.08 M KTTA with TOPO in benzene.
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Co(II). + 2HA,, + So ===== CoA:S0 + (6)

and:
[CoA,Sl,

[Co(II)]. [HAf0 [S}0

(7)

log k; values was calculated at different temperatures arid the thermodynamic parameters were
calculated and given in table (6).

Table (6): Thermodynamic parameters for the reaction (6):

AH

DHDECMP

HTTA

S

TBP

TOPO

TBP

TOPO

iogk2

at 25 3C

-5.8 ±0.03

-4.8 ±0.03

-5.5 ±0.05

-4.2 ±0.01

AH
kJ/mol *

35.3 ±0.1

31.2 ±0.2

15.3±0.01

9.3 ±0.02

AG
kJ/mol

32.8 ±0.1

26.7 ±0.2

30.8±0.02

23.5± 0.05

AS
J.mor'.K4

8.5 ±0.04

14.7 ±0.1

-51.7 ±0.04

-47.5x0.1

By comparing the values of log k2 and log ki, it could be observed that log k2 has higher values than
log k, and tins refers to the stability of the complex which is formed between CoAi and the organic
base . The positive values of the enthalpy change (AH) may be refer to die replacement of water
molecules surrounding the metal ion by the synergistic bases . The increase in the entropy change
may be refers to the strike hindrance which occurs by adding the organic base to CoA2 and this is
clearly occurred by adding TOPO or TBP to Co(DHDECMP)2 . From the above data it could be
concluded that DHDECMP behaves as a cheiate towards the extraction of Eu(III) and Co(II) and the
lake of synergism with respect to Eu(HI) may be refereed to rather large radius of Eu(III) 0 95 A0

compared with that of Co(II) 0.78 A" , Co(III) 0.63 A0 . Which lowers the electrostatic forces of
attraction.
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to Radioactive Isotopes Removal.
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ABSTRACT

In the present work, amorphous zirconium phosphate, zirconium titanium phosphate and eerie
tungstate have been synthyzed. Solubility of the prepared ion exchangers in different media has been
examined. These media were mineral acids, aqueous solutions of organic acids : oxalic, citric and
tartaric as well as ammonium and potassium carbonate solutions of different molarities. I.R. analysis
is applied on some samples of the prepared ion exchangers. Sorption behaviour of different metal ion
species, of elements of nuclear significance on the prepared ion exchangers has been studied from
aqueous media of different compositions and concentation under different experimental conditions.
The studied metal ions are, Ce(III) & Eu(HI), as representative for the trivalent lanthanides, Co(II),
Zr(TV), Nb(V), Hf(IV), Te(IV), Ce(IV), Th(IV) and U(VI). Optimization of the conditions for the
isolation and separation of the desired element species highlighted.

Key words : Inorganic Ion exchanger / Organic Acids / Carbonate Solution / Separation Studies.

INTRODUCTION

The potential of inorganic ion exchangers for the treatment of aqueous radioactive wastes has
long been recognized owing to their good radiation stability and resistance to harsh chemical
conditions. Besides, they exhibit a relatively high loading capacity for multivalent ions . However,
little has been reported on their use in treatment of radioactive solutions containing organic ligands,
such as organic acids. Such solutions generated from decontamination processes and represent,
partially medium active waste (MAW) . Besides, MAW may contain , in some cases high
concentration of carbonates, like solutions resulting from the tributyl phosphate washings during the
purex process. In the concentrates MAW, some actinides, together with fission products are always
present. The most significant component of the fission products are lanthanides, zirconium, niobium
and tellurium. Removal of such radionuclides from MAW concentrate would lead to a considerable
reduction of the radioactivity of these solutions. In turn, waste management problems, including
disposal and storage will be, consequently reduced. The present work is carried out as an attempt to
find different alternatives for removing radioactive isotopes from MAW.

In previous work the removal of some fission products and actinides from such solutions has
been carried out using organic resins(1 '4) and inorganic ion exchangers, namely some mixed hydrous
metal oxides'S-6). Inorganic ion exchangers have also been used in decontamination of organic an<?
aqueous mixed waste solutions'7' and for the removal of radionuclides from the primary reactoi
coolant(8).
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EXPERIMENTAL

Materials

All used reagents were of analytical grade, zirconyl chloride, eerie ammonium nitrate and
titanium tetrachloride , sodium tungstate and phosphoric acid were products of Merck, BDH,
Pekings Reagent, respectively.

Radioisotopes

Radioactive isotopes were used for tracing the respective elements, 60Co, 95Zr, 95Nb, 181Hf,
I23raTe, 152+l54 Eu, 141Ce, 234Th and B5U were the used radioactive isotopes. These isotopes, except
the last two were prepared by irradiating suitable salts in the Egyptian Reactor ET-RR-1 atlnshas.
234Th was separated from stored uranyl nitrate as described elsewhere(9).

Stock solutions of the aforementioned isotopes were prepared in mineral acid solutions of
different molarities as follow : Co(II) in lMHCl,Zr(IV)-Nb(V)orZr(IV)-Nb(V) + Hf(IV)in 1M
HC1, Te(IV) in 6M HC1, Eu (HI) in 3M HNO3, Ce(HI) in 1M HC1, Th(IV) in 6M HC! and U(VI) in
7MHNO3.

Ce(IV) stock solutions were prepared by oxidizing Ce(IH) using ammonium peroxidisulphate
in dilute sulfliric acid solution. In ammonium and potassium carbonate solutions, Ce(III) is readily
oxidized to the tetravalent state. The resulting orange-yellowish solution of Ce(IV) is stable(10).

All isotopes were assayed gamma radiometrically in solution using a hyper pure Ge-detector
coupled with a 8192 multi channel analyzer and IBM computer. The gamma peaks of the used
isotopes were analyzed without any resolution difficulties, in case of studying the aforementioned
elements in the presence of each other. Figure(l) represents the gamma spectra of the studied
isotopes where gamma lines used for the analysis of each isotope are indicated.

Synthesis of eerie tungstate

Ceric tungstate was prepared according to procedure given by Tandon and Gi!l(1I). A certain
volume of 0.05M solution of ceric ammonium nitrate in 1M HNO3 was added slowly to an equal
volume of 0.1 M sodium tungstate with a continuos stirring at constant temperature (25±1 °C). The
fine precipitate was left for 48 hours after that it was filtered off, washed with distilled water till
pH~3.0 and then dried at 40 °C till constant weight.

Synthesis of zirconium phosphate

Zirconium phosphate was prepared using a method described by Gal and Gal(1*'. A certain
voiume of 0.23M solution of zirconyl chloride in 4M HC1 was added to an equal volume of 12%
phosphoric acid with a continuos stirring at constant temperature (25±1 °C). The fine precipitate was
left for 48 hours after that it was filtered off, washed with 4M HCL, then washed with distilled water
till pH~3.0 and then dried at 50 °C for two days.

Synthesis of zirconium titanium phosphate

Zirconium titanium phosphate was prepared according to the procedure given by Marei ec al '
. It was prepared by adding 12% phosphoric acid in 4M HC1 to an equi-rnoiar mixture of zirconyl
chloride and titanium cecrachloride solutions in 4M HC1. The fine precipitate was left for 48 hours
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after that it was filtered off, washed with 4M HCL, then washed with distilled water till pH~3.0 and
then dried at 50 °C for two days.

The ion exchanger were finally grinded and sieved to the desired mesh size. I.R. analysis for
the samples of the prepared ion exchangers without treatment as well as for eerie tungstate treated
with oxalic acid were carried out using a Bomem Michelson FT-ER. spectrophotometer.

Solubility investigations

Samples of the prepared ion exchangers (0.5g) were mixed with 50 ml of different mineral
and organic acid solution of different concentrations for 24 hours (except for, eerie tungstate) at room
temperature. The solid material was filtered off, dried at room temperature and weighed. Dissolution
percentage was calculated using the equation:

W o - W
% dissolution = X 100 (1)

Wo

Where Wo , W are weight of the original and remain ion exchanger after dissolution.

However , for solubility test of eerie tungstate in oxalic acid solutions of different molarities, the
contact time was only 20 minutes, this was because, it was observed that 20 minutes contact time
were enough for complete dissolution of ion exchanger in 1 M oxalic acid , with the formation of
orange-yellowish solution. This solution turned with time colourless with the formation of fine white
precipitate. After this contact period the mixture was quickly filtered, and the remaining solid
material was weighed.

Spectrophotometer Shimadzo UV-160 was used for studying the reaction kinetics of Ce(FV)
reduction in oxalic acid solutions and for determining tungsten and cerium concentrations. Solutions
resulting from the treatment of eerie tungstate with oxalic acid were analyzed for cerium, tungsten and
oxalate. Tungsten concentration was determined spectrophctometrically using a method described
in details by Fogg et al(l4). In this method tungsten(VI) was reduced to tungsten(V) using stannous
chloride. Tungsten(V) forms a series of yellow complexes with thiocyanate in acid medium. These
coloured complexes were used after extraction in isoamyl alcohol for the determination of tungsten.
The measurements were carried out at 403 tun .

Cerium was determined spectrophotometrically after oxidation to Ce(IV). The measurements
were carried out at wave length 305 nm. Oxalate concentration was determined by titration with
potassium permenganate.

Uptake studies

Percentage uptake of the studied elements by the ion exchangers was determined using batch
operation. The sorpability of the different metal species was studied from dilute acidic solutions,
ammonium or potassium carbonate solutions or solutions of the used organic acids either individually
or in a mixture in some cases . The respective solution were prepared in 25 ml volumetric flask.
Aliquots of 5 ml from this solution were equilibrated with 0.05g of each ion exchanger by mechanical
shaking at room temperature (17 ± 1 °C ). The concentration of the investigated elements was held
constant at lO^M in all conducted experiments except in case of europium and hafnium where trace
concentration were used and in the case of U(VI) where the concentration was 10'3 M. After the
predetermined period, aliquots of the aqueous solutions were withdrawn and analyzed
radiometrically. The percentage
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uptake of the elements by the ion exchanger samples were determined using the equation :

% uptake = X 100 (2)
A,

Where Ao and A are the radioactivity of the corresponding tracer solution before and after contacting
the ion exchanger.

One column experiment was carried out to demonstrate the sorption and elution behaviour of
the studied elements in citric acid solutions as well as the possible separation of these elements under
dynamic conditions. 0.8g. of zirconium phosphate was packed in class column 0.45Cm diameter and
the flow rate was adjusted to 0.4 ml/min. using an electrical pump. A sample of a mixture of the
studied elements solution in 0.04M citric acid was allowed to pass through the column after
preequilibrating the column with citric solution of the desired molarity at pH ~ 3. Elution curves were
then constructed using 0.04M citric acid as eluent.

RESULT AND DISCUSSION

Solubility study

Solubility investigation is carried out in case of zirconium phosphate and eerie tungstate only
. All samples of these two ion exchangers show a negligible tendency to be dissolved in mineral acids
. Thus, solutions of mineral acids of concentration up to 6M have no effect on cold but dissolve the
exchangers on heating. Alkali hydroxides up to 2M have also no effect on cold. These results are in
accordance with the results obtained from other studies(1U3). On the other hand, both ion exchanger
show varying tendencies to be dissolved in organic acid solutions and in ammonium or potassium
carbonate solutions. The obtained results are reported in table(l).

As can be seen from table (1) , zirconium phosphate shows nearly no tendency towards
dissolution in citric and tartaric acid , or potassium carbonate solutions of concentration 0.01-
1M.whereas eerie tungstate is dissolved in these solutions with varying tendencies. In case of oxalic
acid solutions, both ion exchangers show high dissolution tendencies . Besides, eerie tungstate is also
highly soluble in potassium and ammonium carbonate solutions of concentration > 0.5M. However,
the present results obtained in case of oxalic acid are not in accordance with that obtained by Tandon
and Gill(11), as they have reported that eerie tungstate is stable in 1M oxalic acid. In the present study,
dissolution cf eerie tungstate in oxalic acid solutions 0.5-1M is performed completely within 20
minutes, with the formation of the characteristic orange yellowish colour of Ce(IV). On further
standing, the solution turns colourless with the formation of fine white precipitate. This precipitate is,
therefore attributed to the reduction of the dissolved eerie ions with oxalic acid and the formation of
the insoluble Ce(III)-oxaIate complexes. This reduction reaction was studied by measuring the
decrease in the absorbance intensity of the resulting Ce(TV) solution at wave length 305 nm . Figure
(2) shows the effect of time on the decrease of the absorbance . The slop of this figure indicates
that the reduction of Ce(IV) with oxalic acid is a first order reaction with respective to Ce(IV)
concentration . The rate constant has a value of 1.38 x 10"2 M/min .

Tne obtained white precipitate has been analyzed using infra red analysis. Also the
supercated solution has been analyzed for cerium, tungsten and oxalate . The obtained results for the
analysis of the superm'.ed solutions are presented in table (2).
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Table(l): Distribution percentage of zirconium phosphate (ZP) and ceric tungstate
(CW) in solutions of organic acids, ammonium and potassium carbonate
of different concentrations at room temperature (25 ± 1 °C).
(Contact time 24h*, 0.5g ion exchanger and 50 ml reagent solution).

Reagent

Citric acid

Tartaric acid

Oxalic acid

Ammonium carbonate

Potassium carbonate

Concentration, M

0.01
0.05
0.1
0.5
1

0.01
0.05
0.1
0.5
1

0.01
0.05
0.1
0.5

i

0.01
0.05
0.1
0.5
1

0.01
0.05
0.1
0.5
1

Dissolution percentage
ZP
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
7.8

25.05
30.4
97.2
100
5.5
9.6
9.6
7.7
16.3
0.0
0.0
0.0
0.0
CO

CW
8.4
10

14.6
31.4
31.6
3.8
5.8
6.6 •
7.1
7.4

10.5*
29.8*
48.4 *
100 *
100 •
4.2
6.8
6.8
13.2
42.3
1.7
2.5
3.6
66.2
92..S

* Contact time was 20 minutes, where orange-yellowish solution is formed. On further, standing
white precipitate is formed leaving the solution colourless.

Table(2) : Determination of cerium, tungsten and oxalate in the supemated
solutions obtained from treatment of ceric tungstate with solutions
of oxalic acid of different concentration.

Concentration of oxalic acid
used in treatment, M

0.01 .
0.05
0.1
0.5

1

Cerium
<10"*
<i0"*
<10~*
< 10"&

<10"6

Concentration, iVI

tungsten

6.47X10' p.g

1.73X10* jig
2.79X104 -ig
5.78X104 ug
5.78X104 jig

Oxalate

0.0
0.0
0.0

0.312
0.818
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I.R. analysis

To have more information about the nature of the precipitate resulting from the treatment of
eerie tungstate with oxalic acid, an I.R. analysis is carried out. Figure (3) represents the I.R. spectra
of the original ion exchangers, eerie tungstate, zirconium phosphate and zirconium titanium phosphate
as well as the precipitate resulting from the treatment of eerie tungstate with 1M oxalic acid.

Generally, the four spectra show two similar bands. A very large broad band at 3600 - 3200
Cm"1 which is attributed to the stretching vibration of the bonded OH groups of the water molecules
with intermolecular hydrogen bonds(i5>16) and a relatively small sharp peak at about 1630 Cm'1, which
may also be attributed to H2O molecules. Lattice water gives a band at about 1630-1600 Cm'1."6'17'.
The two spectra of zirconium phosphate and zirconium titanium phosphate figure (3a, 3b), shows
large, relatively sharp peak at wave numbers 1100-1000 Cm'1. This peak has been attributed to the
asymmetric stretching of PO4 group. The I.R.spectrum of eerie tungstate, shows a large compound
band at 1000 - 600 Cm'1 , incorporating overlapped peaks at about 990, 810 and 728 Cm"1. These
peaks may be due to W-OH, Ce-OH and W-O and Ce-0 vibrations085.

On the other hand, the I.R. spectrum of the precipitate resulting from the treatment of eerie
tungstate with 1M oxalic acid shows a compound band at about 1350-1250 Cm1 with three peaks at~
1350, 1300 and 1250 Cm"1. This band may be attributed to the stretching vibration of the oxalate
bands ( O - C - C ~ O ) . Besides, the shoulder appears at -1730 Cm'1 may be due to the C = O
group of the carboxylic group, masked by water molecule band at 1618 Cm"' . The band at about
800-500 Cm"1 may be attributed to the stretching vibrations of M-0 bands in the oxalate complexes.
From the IR study it may be concluded that the precipitate is presumable Ce(III)-oxalate complex.

Uptake studies

The sorption behaviour of Co(II), Eu(III), Ce(DI), Ce(lV), Zr(lV), Te(IV), Th(IV) and U(VI)
species on zirconium phosphate and eerie tungstate is studied, individually from different media.
These media are solutions of different concentration of the organic acids, citr's and tartaric, as well as
ammonium and potassium carbonates. The obtained data are graphically represented in figures (4-
11). Beside, the sorption behaviour of some of the aforementioned species together with Hf(IV) and
Nb(V), in the presence of each other is also studied under some chosen conditions. The obtained data
are represented in figures (12-14). As can be deduced from the present study on the solubility of the
two ion exchangers, both ion exchangers are not suitable for application in oxalate media. However,
Bhattacharyya, et.al<19) have used ammonium oxalatesolutionof different strength for separation of
95Zr and 95Nb adsorbed on eerie tungstate .

The obtained data on the percentage uptake of the aforementioned metai species by zirconium
phosphate from citric acid solutions are represented in fig.(4). As can be seen from this figure, Zr(IV)
has the lowest percentage uptake values allover the studied concentration range of citric acid.
Similarly Th(IV) and Co(H) have also relatively low values for percentage uptake by this ion
exchanger. However, at low concentration of citric acid, < 0.02M, Th(rV) is adsorbed on this resin to
some extend.

On the other hand, a high specificity for Eu(IH), Ce(ffl) and Ce(IV) is shown by the ion
exchanger, especially from dilute citric acid solutions. The similarity of the sorption behavior of
Ce(IlI) and Ce(TV) from this solution on the ion exchanger may indicate the reduction of Ce(IV)
under these conditions, to the more stable oxidation state Ce(IlI) . This trend was also observed in all
cases for the sorption from the studied organic acid solutions, figures (4-7). U(VI) is also good
adsorbed from dilute citric acid solutions up to 0.04M. Accordingly it is possible to isolate these
metal species from su-h solutions by sorption on this exchanger. With further increasing citric ' v
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concentration, the percentage uptake of europium and U(VI) decrease. The percentage uptake of
Te(IV) decreases continuously with the increase of acid concentration to reach a value of about 20 at
citric acid concentration - 0.07M. Therefore, good separation of europium and cerium, as
representative of the lanthanide elements and also uranium from zirconium, thorium, cobalt and
tellurium can be achieved. Figure (5) represents the relationship between the percentage uptake and
citric acid concentration in the case of eerie tungstate. Comparing figure(4) & figure (5), it can be
seen that there are some similarities of the sorption behaviour of the studied metal ion species from
citric acid solutions on the two ion exchangers. Zr(IV), Th(IV) and Co(D) still have the lowest
percentage uptake values. Te(IV) has a very similar adsorption behaviour to that on zirconium
phosphate. However, the percentage uptake values ofCe(III)>Ce(IV), and U(VI) by eerie tungstate
are lower than the obtained values in the case of zirconium phosphate and slightly decrease with
further increase of citric acid concentration. Figure(6) & figure(7) represent the relationship between
the percentage uptake and tartaric acid concentrations in case of zirconium phosphate and eerie
tungstate, respectively. Comparing figures 05&7) with figures (4&5), it is dear that the sorption
behaviour of the studied metal species in this case are more or less the same as in the case of citric
acid solutions. The low percentage uptake values of Zr(IV), Th(IV) and Co(H) may be attributed to
the formation of strong citrate and tartarate complexes with the metal species, which are not adsorbed
on zirconium phosphate and eerie tungstate acting as cation exchangers. Generally, in the presence of
a complexing ligand, the distribution of a metal cation between a solution and a cation ion exchanger
is the sum of two effect, the affinity of the cation for the cation exchanger and complexing agents,
respectively. In the presence of the complexing ligands citrate and tartarate, the stable complexes of
Zr(jv), Th(IV) and Co(E) are not retained by the ion exchanger, while those of Eu(III), Ce(IU) and
U(VI) are destroyed and consequently the cations of these elements are taken up by the ion
exchangers . Moreover, the non - adsorbability of cobalt from the organic acid solutions may be
attributed to the formation ofCo(II)-citrate or tartarate complexes. Co(IT) may easily be oxidized to
Co(III) by air in the presence of appropriate ligands with the formation of strong complexes'20'which
is in contrast to the difficulty in preparing simple Co(HI) ions.

The sorption behaviour of the aforementioned element species on zirconium phosphate and
eerie tungstate is also studied from ammonium and potassium carbonate solutions. Liquid waste
solutions may contain carbonate which is used in the washing ofTBP. Figures (8-11) represent the
variation of percentage uptake of the studied metal species with the carbonate concentration.
Generally, the sorption behaviour of the individual studied metal ions from ammonium or potassium
carbonate solutions on the two exchangers is similar. Zr(IV) has the lowest percent uptake values in
all cases which reflects its high tendency to form strong carbonate complexes in solutions. The
percent uptake values decrease, slightly with increasing the carbonate concentration up to 0.01M.
Th(TV) has relatively higher percent uptake value which increases with carbonate concentration to
reach a maximum at 0.02-0.07M, then decrease with further increase of carbonate concentration. The
decrease in the percent uptake in case of ammonium carbonate is much considerable figures (8 & 10).
Cerium which is- usually present in the tetravalent state in carbonate solutions, is taken up by the ion
exchangers with percent uptake values between the values obtained for Zr(IV) and Th(FV).
Comparing figures (8 & 10) with (9 & 11) it is clear that the sorption of U(VI) on zirconium
phosphate and eerie tungstate from potassium carbonate solutions is considerably higher than from
ammonium carbonate solutions. The sorption curves have maxima around 0.04M potassium carbonate
concentration. With further increase of potassium carbonate concentration the percent uptake values
decrease which may be attributed to the formation of stable uranyl carbonate complexes in solutions
of concentration > 0.07M. With respect to Te(IV), the sorption behaviour from ammonium carbonate
and potassium carbonate on zirconium phosphate differs than that on eerie tungstate which can be
observed from comparing figures (8 & 9) with (10 & 11). Generally, the adsorption increases with
the increase of carbonate concentration to reach a maximum at about 0.01M , then decrease with
further increase of carbonate concentration. Actually, Te(IV) is adsorbed on cation exchangers from
alkaline solutions if their pH does not exceed 8.5 and if complexing agent are absent'21'. In the case
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of sorptipn on eerie tungstate, there are a further increase in the percent uptake values with the
increase of carbonate concentration up to 0.1M. This increase may be attributed to chemical sorption,
where some eerie tellurate may be formed on this exchanger. Eu(lH) is relatively good adsorbed on
both ion exchangers from carbonate solutions with percent uptake value ~ 90. However, from
potassium carbonate solutions, there is a decrease in the percent uptake values with the increase of
potassium carbonate concentration . This decrease is much considerable in case of eerie tungstate.
Co(II), which is nearly not adsorbed on the two ion exchangers from the studied organic acid solution,
is highly adsorbed on both ion exchangers (% uptake £ 95) from potassium and ammonium carbonate
solutions of concentration > 0.01M. The sorption curves are very similar in all cases. Sharp increase
of percent uptake values with the increase of carbonate concentration from 0.01 to 0.03M. However,
a slight decrease in the percent uptake values can be observed with further increasing the carbonate
concentration from 0.07 to 0.1M in all cases. The high adsorbabilitiesofCo(II),UCvT),Eu(III) and
Te(TV) from dilute carbonate solutions, may be attributed to the enhancement of the cation exchange
properly of the two ion exchangers at high pH values. In addition, the presence of carbonate ligand
may reduce the formation of hydrolyzed species in solution. Generally, all the studied metals ions
form soluble carbonate complexes in the solution of ammonium and potassium carbonates. However,
in dilute carbonate solutions, the formed carbonate complexes of the aforementioned ions may
dissociate in the presence of the cation exchangers, resulting in high adsorbabilities metal cations.
Consequently, very efficient removal of cobalt from aqueous solutions may be achieved at potassium
or ammoni urn carbonate concentration of ~ 0.03 - 0.07M, which is of a great importance in the case
of treating large volume aqueous waste solutions containing e.g. MCo with its hard gamma.

Uptake studies from mixtures

The sorption behaviour of the studied metal species on zirconium titanium phosphate has
been studied only in mixtures and from certain solutions of difinte concentration. Thus, the uptake of
the aforementioned metal ions, Hf(TV) and Nb(V), in the presence of each other by zirconium
titanium phosphate is compared with their uptake by zirconium phosphate and eerie tungstate from
solutions of citric and tartaric acids and potassium carbonate of certain concentration. Morever, in
this series of investigations, the effect of contact time on the percent uptake is studied as well. The
temperature is held constant at (32 ± 1 °C), which is twice higher than in the case of studying the
sorption behaviour of the individual! elemnt species. Figures (12-14) represented the obtained results.
As can be seen from these figures the uptake of the studied metal ion species by eerie tungstate and
zirconium phosphate has generally the same trend as in the case of studying each metal species
separately. In addition, it can be seen that the percent uptake by zirconium titanium phosphate has, in
the most cases higher values than the values obtained for the other two ion excangers. Increasing the
contact time, increases the percent uptake to different extends, depending on the metal ion species and
ion exchanger kind.

Chromatographic separation

The percentage uptake values from the batch experiments for the studied metals ions indicate
that some useful separations using the aforementioned ion exchangers are feasible. However, dynamic
studies have been carried out in one case under certain chosen conditions where the separation is
more suitable. Thus, zirconium phosphate has been used for sorbing Zr(TV), Hf(TV), Nb(V), Te(TV)
and Ce(III), as representative of the trivafent lanthanides from 0.04M citric acid solutions. The
column packed with 0.8g.zirconium phosphate has been pretreated with 0.04M citric acid solution at
pH~3.0. Then the column has been loaded with 3.4 ml solutions of a mixture of the aforementioned
metal ion species in 0.04M citric acid. Citric acid solution of the some concentration is used as
eluent The flow rate was 0.4 ml/min. Figure (15 ) represent elution curves of the different adsorbed
elements using 0.04M citric acid. The results showed that, from a single sorption desorption cycle
Ce(III) can be separated very efficiently from the other metal ion species. Only partial separation and
elution of Te(TV) is possible. About 12 ml were enough for complete elution of Zr(TV), Nb(V) and
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Hf(IV). About 50% of the adsorbed Te(IV) is eluted using 20 ml eluant. Complete isolation of
tellurium from such solutions is significant, since its radioisotopes are the parents of iodine
radioisotopes. However, experiments are being conducted for further studying the sorption and
elution behaviour of Te(IV) and other studied metal species to find the most suitable conditions for
complete separation and elution for these elements. Less than 0.001% of Ce(IH) was eluted after
washing the column with 50 ml of 0.04M citric acid . This efficient removal of Ce(III), as a
representative for the lanthanide elements from such solution is of a great importance, since
lanthanides represent the main constituent of the fission products.

Conclusion

From the obtained batch distribution, it can be concluded that, the removal of the trivalent
lanthanides, represented by Ce(IH) and Eu(III), from solutions containing citrate and tartarate ligands
at pH values - 3 is highly achievable by sorption of zirconium phosphate and eerie tungstate. the %
uptake has the highest values ~ 98% for Eu(III) from organic acid solutions at concentrations 0.01 -
0.05M for the sorprion on zirconium phosphate. Ce(III) has % uptake values - 8 5 - 9 0 at
concentrations 0.01 - 0.1M on the same ion exchanger. In the case of eerie tungstate , the % uptake
for Eu(III) and Ce(III) decrease with the increase of acid concentration. The affinity of adsorption of
the two lanthanides ions on zirconium phosphate is generally higher than on ctric tungstate. Co(II),
Zr(TV), Th(rV) have the lowest % uptake values on both ion exchangers. Therefore, separation of the
lanthanides from the latter elements is achievable with high separation factors. The % uptake value
for U(VI) are similar to the % uptake values of the lanthanide ions and therefore its separation from
the latter ions, under the present conditions is difficult However, separation of U(VI), from Th(jTV'),
Zr(IV), and Co(II) is possible with, relatively high separation factors. However, the values of
separation factors decrease with the increase of acid concentration. Te(IV) may be isolated by
sorption from dilute organic acid solutions (0.005 - 0.01M) with 5 uptake ~ 8 0 % . Under this
conditions Te(IV) may be separated from Zr(IV), Th(IV) and Co(II). At organic acids concentration
around 0.04M, te(IV) is, partially, separated from tetravalent lanthanides and/or U(VI).

With respect to the data obtained from carbonate solutions, it is to be concluded that, Co(II)
is taken up nearly completely by the two studied ion exchangers from such solutions at carbonate
concentration " 0.03 - 0.8M under these conditions may be separated from Zr(IV) which has low
percent uptake values.

Comparing the % uptake values of the studied metal ion species, in mixture by zirconium
phosphate, eerie tungstate and zirconium titanium phosphate, figures (12-14), it is obvious that the
sorptrion on zirconium titanium phosphate, for some of the studied elements has highly 5 uptake
values than on the other two exchangers.

The % uptake values increases, considerably in some cases with increasing contact time more
than 50 hours. Never the less, further intensive are being contacted on the sorption on the above
mentioned metal ion species from solutions containing mixtures of them on the tree ion exchangers.
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ABSTRACT

The kinetic behaviour of Na+, Cs*, Co2* and Sr2* in new exchanger of silicon
fitanate have been investigated under conditions of particle diffusion and the limited
batch technique. The physical thermodynamic parameters such as activation energies
and entropies of activation have been evaluated. The values of diffusion coefficient of
Cs\ Na*, Sr" and Co2* were determined as a function of particle size and reaction
temperatures and these values inside the exchanger take the order

Co2+>Sr2*>C3*>Na\

Key Words: Diffusion mechanism/Fission product/Silicon titanate

INTRODUCTION

Inorganic ion exchangers have been gaining popularity for ion exchange separation in waste
treatment and spent fuel reprocessing. This is mainly because of dick greater powei to withstand
higher radiation doses and temperatures than the commonly used organic resins. In addition they
exhibit high selectivities for certain tons or group of ionstU). Kinetic studies on synthetic-inorganic
ion exchangers have mostly been done on crystalline and amorphous zirconium phosphate'3'5',
oxides, antimonates(5"lI). Silicon(IV) titanate has shown promising ion-exchange properties and a
high chemical and thermal stability, its affinity for metal ions is also found to be Idgli.

In the present paper, the kinetics of exchange of Na\ Cs\ Sr* and Co2* on HT form of
silicon(lV) titanate are described and the thermodynamic parameters for the exchange are calculated
Experimental and theoretical aspects were done to show the rate determining step.

EXPERIMENTAL

All reagents were of analytical grade and used without further purification:

Preparation of Silicon Titanate (SiTi):
Silicon titanate was prepared by dropwise addition of equimolar solutions of sodium metasilicate
(0.6M) to tiIonium tetrachloride (0:6M) at Si/Ti molar ratio of 1.0 with continuous stirring in water
bath at 60°C. The mixed solutions were then immediately hydrolyzed in deionized water at 60°C.
The white precipitate was left to age in the mother liquor overnight, filtered and washed with
deionized water. The precipitate was dried at 60°C for 4 days and rewashed with near boiling
deionized water (70°C) in order to remove the air drops and adherent fine particles, the white
product was ground and sieved to obtain a mesh sizes of 0.212-i 00 mm.
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The capacity of silicon(IV) titanate in H+ form for 0.1M metal chloride (metal = Na*, Cs \ Sr2* and
Co1*) solutions were determined by repeated equilibration in a shaker thermostat at 25±1°C. The
capacity were found to be 1.17, 1.90, 1.38 and 1.52meq/g for Na*, Cs+, Co2*and Sr2* ions, respectively.

Kinetic Studies;
The radius of the particle of the sieved fractions Were determined by measuring the diameter of 100

particles with an optical microscope. The particles were assumed to be spherical and a mean radius was
calculated.

Kinetic experiments were performed under particle diffusion control conditions and a limited batch
technique. Samples of O.lg of silicon(LV) titanate was added to 10 ml of 0.1M metal chloride solutions
(all experiments were done at a V/m ratio of 100 cm1 g'1) in a shaker thermostat adjusted at the desired
temperature. After the adjusted interval time, the solid were separated immediately from the solution and
the extent of sorption was determined.

All the experiments were calculated at 25, 40 and 60±l°C and the results agreed to i 5 % tor all
reactions times.

Analysis: ^Na, l34Cs, 3*Co and MSr were counted by using NaI(Tl) scintillation detector connected with
an ORTEC assembly,

RESULTS AM) SISCUSSION

Under the conditions of particle diffusion control, a relatively large particle size of the exchanger and
vigorous shaking, the following equation applied, provided that the particle diffusion is the rate
controlling mechanism *'2>.

f; W ID

where F(t) is a fractional attainment of equilibrium n is an integer number, (3= ir2 D/r2, in which Di is
the effective diffusion coefficient of the exchanging ion inside the exchanger and r is the radius of the
particle. According to above equation, F is a function of p and t only, and is thus independent of the
concentration of the external solution.

The study of the effect of concentration on the rate of exchange for Cs+, Na+, Sr24" and Co2* at 25°C
showed that at concentrations higher than 0.05M the rate was independent of the concentration of
solution where the straight lines between F(t) and t had the same slope within the experimental error and
this is applied with the Boyed equation (eq.l).

According to the above equation, F is a function of [3 and t only and is thus independent of the
concentration of the external solution. The curve of concentration was not put here as sake of pjevity.
From above facts, show that at 0.1M concentration (generally used in this work) of Na+, Cs \ Co2+ and
Sr2*, particle diffusion is the controlling mechanism and film diffusion mechanism can be excluded (13\

The plots of Bt versus t for the exchange ofCs+onH4'formof silicon(lV) titanate for different
particle diameters are shown uiFig.(l). The plots ofBt versus t for CsVtf" system are linear and pass
through the origin. Fig.(l) shows that, the rate of exchange of C3V ion on SiTi increase with the decrease
of particle size, although the effective diffusion coefficients are approximately constant (Table 1). This



indicates that under these conditions, the rate determining step is diffusion through the particle. Ft'g.(2)
shows that, plot of p versus 1/r2 shows the reciprocal proportionality between the rate exchange and the
square of the particle size, which again verifies that, the diffusion through the exchanger particles is the
rate determining step. Table (1) shows that, the values of effective diffusion coefficient at different
particle diameters, although the effective diffusion coefficient are decrease with increase of particel
diameter which again verifies the particle diffusion mechanism is the main mechanism.

Table (1): Values of diffusion coefficient for exchange of Cs* on H*
form of silicon(TV) titanate of different particle diameter
a t25± l"C .
Particle diameter

±0.02
0.32
0.46
0.75

D,, cm1 S'1

1.59x10*
1.95 x 10*
2.63 x 10-'

(in*, h

Fig.(t): Tlois of F and Bt vnstu I. Tor exchange of Cs on silicon
titanaie at different particle diameter si 25±!°C.

0 8 16 24 32 40 x10

Fig.(2): Plols of B agf.resl I't' tbi Cs' on silicon (iterate a( 7S±\°C.
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The effect of reaction temperature on the rate of Cs*, Na*, Co2* and Sr1* on H* form of SiSb at 25,
40 and 60"C are given in the figures from 3 to 6. As a relation of F and Bt against time as a general the
rate of reaction is increase with increasing the reaction temperatures from 25 to 60"C, and this is due to
increase of the mobility of these ions with raising the temperature from 25 to 60 °C as shown in Figs
(3-6).

The plots of F and Bt versus t for the exchange of Cs*, Naf, Co2* and Sr*f at different reaction
temperatures at O.IM concentration are given in Figs.(3-6). From these Figures, it seen that, straight
lines are obtained for the relation of Bt against time for all systems.

60 120

of F and Bt vcr3U3 t. Tor exchange of Na* on silicon
titanale at different reaction temperatures.

time, h

Fig.(5): Plots of F and Bt veran t, for exchange of Sr" on silicon
titonate al different reaction temperatures.

time, h

Fig.(4): Plots off and Bt versus I, for exchange of Cs* on silicon
tilanate at different reaction temperatures.

time. It

Fig.(6): Plots of F nnd 81 versus I. for exchange of Co1* on silicon
litunjte =t different reaction temperatures.
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The values of diffusion coefficient are summarized in Table (2) for al! system studied on SiTi, the
values of diffusion coefficient increase in the order

Co* > Srw > Cs" > Na+

Table (2): Thermodynamic parameters for the diffusion of Nn\ C$*,
St1* and Co* on ailiconflV) titanate at 25 ±1°C.

exchange

CsVH4"
NaVtf"
Co^/H*
Sr^/H*

D
cm2s''

2.63 x 10*
2.60 x 10'
3.23 x 10"*
2.82 x 10*

6.10 x 10*
1.40x10"'
9.77 x 10"
1.22 x 10"5

E.

15.14
15.60
14.15
15.05

AS

-53.65
-65.87
-68.88
-67.01

The plot of log Dj against 1/T for Cs+, Na\ Cow and Srw are given in Ftg.(7), to justly the Arhenius
equation |!4)

Thus, the energy of activation (E.) and the pre-exponential constant (D,) were estimated from the
plots according to the above expression. The entropies of activation (As") for all tlte system studied were
calculated by substituting D, in the Barrer et al., equation as follows;

Do= 2.72 (K T d'/h) exp4S/R

where R is the gas constant, K is the Boltzmann constant, T 273°K, d is the average distance between
two successive position in the process of diffusion taken as equal to 0.5mm, h is planck's constant.

°K

6929 3A xicf

Fij.fT); Relation between log Di ngainsl I/T for lire txehange of Ct .
Na\ Sr'* srn! Co1' on silicon titanaie.

The values cf the difftisiou OTefftcients. energy and aitropy of activation are listed in Table (2), for
all the system studied o» SiTi. The values of diffusion coefficients for Csr, Na\ Co24" a>id Sr2* which
listed in Table (2) aie higher than those for setnicrystalline niobium " " and zirconium phosphate (I0'1 but
are neerly equd to tlsose for strongly oationic rerLis or even weakly cationic resins. Ftirtliermore, the
order of thess values inside the exchanger take the order

Co2* > Srzf > Cs* > Na+
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The lowest value of AS* for a!I systems studied on H"" form of SiTi support the higher stability and
hence the least steric difference of the system. Also, the negative values for the entropy of activation
given in Table (2), suggest the upon exchange of these cation no significant structural change occurs in
silicon(IV) titanate.

The activation energy of a cation diffusion process reflects the ease with which cations can pass
through the exchanger particles. The values of the activation energy for all the metal ions studied take
the order

Cs* (19.14) >Na*(l5.60) > Sr*"(15.O5) >Co2* (14.15

Fig.(8) shows that the relationship between E, and AS* values for the exchange of Na*, Cs*, Co1*
and Sr'*/H* of silicon titanate, the plots of E, and AS* give a linear relationship indicating that the E, -
AS* compensation mechanism holds in the ion exchange system on SiTi/E,-AS* compensation has been
found in the acid variety of processes and reaction equilibria.

18 19 20
Ei. K J trrar

Fig.(3): Relation betwesn E» against AS for the exchange of Cs'. Na .
Sr" and Co'" on jilicon tilanste at 25tl°C.
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PREFACE

The International Conference on Hazardous Waste, Sources, Effects and
Management "HAWA 98" was the first of its kind held in Cairo, Egypt Topics
addressed in that conference were rather diversified and dealt with various aspects
related to waste management (radioactive and non-radioactive) and the associated
safety issues, and the overall impact of the waste management activities on health and
environment. These problems were covered in more than 200 papers (29 sessions)
including two plenary lectures and about twenty keynote lectures.

The conference attracted wide participation both nationally and internationally.
About 450 participants from Egypt and from other 17 countries took part in the
conference. International representations included the USA, Germany, Japan, Canada,
Russia, Spain, Sweden, Morocco, Saudi Arabia, Libya, Cuba, the Ukraine, the Czech
Republic, Slovakia, Hungary and Yugoslavia, and Jordan.

Due to the tightness of time and also to the repeated requests for publishing the
Conference Proceedings, only about 130 papers (out of about 200 presented papers)
were in a suitable form for printing in June 1999, when the material had to go into
press. However, it was evident that all these papers (more than 1500 pages) can not be
accommodated in one single volume. Hence, it was decided that the proceedings
should be divided into three volumes. Volume I covers topics related to waste
management, environmental, health hazards, safety in addition to the two plenary
lectures and the contributions in the Egyptian national policy session. Volume II is
devoted to topics covering monitoring and characterization, migration, Storage and
disposal and treatment (radioactive). Volume UJ contains contributions in the fields
of treatment (non-active) and recycling.

I hope the material included in these volumes, which represents the thinking,
experience and wisdom of a distinguished group of scientists both from Egypt and
from respected international institutions, shall be of benefit to the scientific
community, and will help in enhancing efforts for maintaing a safe and healthy
environment for mankind

I wish to express my sincere thanks to all who contributed to the success of this
remarkable event and to those who made the issuance of the proceedings possible in
this short span of time. These thanks are also extended to the Sponsoring
Organizations, to the National and International Scientific Committees, to the all
members of the Conference Board and to the Organizing Committee.

Conference Chairman

Prof. H.F.AIy
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Removal of Contaminants from Waste Streams at
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Abstract

Electrochemical techniques have been used for the removal of inorganic and
organic toxic materials from industrial waste streams. One of the most important
branch of these electrochemical techniques is the flow-through porous electrode. Such
systems allow for the continuous operation and hence continuous removal of the
contaminants from waste streams at high rates and high efficiency. However, when
there is an evolution of gas bubbles with the removal process, the treatment process
needs a much different treatment of both the design and the mathematical treatment
of the such these systems. The evolving gas bubbles within the electrode decrease the
pore electrolyte conductivity of the porous electrodes, decrease the efficiency and
make the current more non-uniform. This cause the underutilization of the reaction
area and finally make the electrode inoperable. In this work the harmful effects of the
gas bubbles on the performance of the porous electrode will be modeled. The model
accounts for the effects of kinetics, mass transfer and gas bubbles resistance on the
overall performance of the electrode. This will help in optimizing the operating
conditions and the cell design.

Keywords: Waste Streams/ Flow-Through/ Porous Electrode/ Gas Evolution/ Mathematical
Model

Introduction

Electrochemical gas evolution continues to occupy an important role in many important!
technological, industrial and environmental problems. Gas evolving electrodes are characterized
by complicated behavior of the electrolytic bubbles which give rise to numerous effects on the
cell performance. While it is difficult to separate these effects experimentally, theoretical analysis
can sometimes help to identify trends and suggesting improvements01. A large number of
publications has been found in the effects of evolving gas bubbles on the polarization and current
distributions and on the mechanism of mass transfer at planar electrodes'2'*1. However, they
have not been fully quantified in porous electrodes. Coleman et at.(7> modeled the reduction of
nitrate and nitrite ions from nuclear waste streams at parallel plate flow reactor. They studied the
effects of the evolving gases on the performance of the cell process. Although the destruction of
nitrate and nitrite ions to gaseous products is an important process to be studied at porous
electrodes, yet, the present model will be a rather general model. The scope of the present work
is restricted to the gas evolution at flow-through porous electrodes when the gas reaction is mass
transfer controlled.

Row-through porous electrodes are characterized by both high speciGc reaction area per
unit volume and low mass transfer resistance. The theory behind the operation of porous
electrodes has been developed to sophisticated levels; several reviews have been published on the
theory and applications of these systems(8*'". Flow-through porous electrodes have been used in,
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electrosynthesis"2-u>. charging and discharging of redox batteries for load leveling applications
( R l3), removal and recovery of heavy metals from waste streams ll6":2'and destruction and removal
of cyanide wastes from electroplating baths'23'. The gas evolution reaction at porous electrodes
require different design and operating considerations since the unavoidable generation of gas
bubbles within the pores can eventually render the electrode inoperable. The evolving gas bubbles
accumulate within the pores leading to a significant increase in the pore electrolyte resistivity (24).

Ateya and El-Anadouli (24-25) modeled the effects of the evolution of hydrogen gas
bubbles within the pores on the current and potential distributions within flow-through porous
electrodes and on their overall polarization behavior. This case was for a single electrode reaction
under no mass transfer control. Saleh et ai,(26) recently modeled the effects of the evolved
hydrogen gas bubbles on the current distributions and the efficiency of the electro winning of non-
noble metals at flow-through porous electrodes. These models ( U 2i and 2S) treated the hydrogen gas
evolution reaction which is not mass transfer controlled but it is rather kinetically and ohmically
controlled. More recently, White and Pauline (27) developed a general system of governing
equations for transport in porous electrodes include three phases; solid, liquid and gas. They did
not introduce any results, solutions or analyses for that system.

The simulation presented in this work help us to determine the effects of the
operational parameters on the cell efficiency for a given set of structural, transport and/or
kinetic parameters of the system. These information can be used to guide the cell design and
optimize the operational conditions of the process.

Mathematical Model

Figure (1) shows a schematic diagram of the packed bed compartment, counterelectrode
and direction of electrolyte flow. The place of the counterelectrode was chosen to be downstream
to avoid the problems associated with the gas bubbles which are generated excessively at the
polarized face of the working electrode and which were not taken into consideration in previous
studies (26-28'29>.
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l :ia ( I ) Schematic of the electrolytic cell.
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The reaction considered here is the reduction of ionic species to gaseous product at the
flow- through porous cathode. The model is developed under the following assumptions:
1. Ionic migration and axial diffusion and dispersion effects are negligible.
2. The packed bed electrode has uniform porosity and sufficiently high electronic conductivity
compared to that of the electrolyte, such that the potential gradient within the solid phase of the
packed bed can be neglected. The packed bed is also assumed to be made of an inert substrate and
characterized by a porosity, 0.
3. Butler-Volmer equation governs the kinetics of the reaction which involves a two electron
transfer rate-determining step. The reaction is first order in the active ion concentration.
4. The mass transfer resistance is due to a stagnant diffusion layer at the electrode-electrolyte
interface within the pore structure, i.e. around the circumference of the packing particles'30'.
5. The model is formulated for steady state operation with low conversion efficiency per single
pass, i.e., there are negligible changes in the concentration of the ions in the axial direction of
convective flow.

In view of assumption 3, a modified Butler-Volmer equation correlates the solution
current, i(x) with the reaction current, j(x) by, (see Ref. 26),

h
The local limiting current density, iL is related to the local mass transfer coefficient, km

and the bulk concentration, C by,

iT = nFk C [2]

Empirical correlations for the local mass transfer coefficient, km can be obtained
from literature(3U2).

Ohm's law and in view of assumption 2, relates the solution current travels
through the gas-electrolyte dispersion filling the pore space with the change in
polarization. Therefore,

t(x) = K(
dx

The conductivity of the gas-electrolyte dispersion within the pores, K(X), is a
complex function involving the composition of the electrolyte, the porosity of the bed
and the void fraction of the gas filling the pore electrolyte, e. For this study,
Bruggeman's equation is used as an expression to correlate the conductivity of the gas-
electrolyte dispersion which fills the pore space with the gas void fraction (33>, i.e.,

K(X) = K°[d-e(x)]m
 [4]
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where, K° is the bulk electrolyte conductivity and e(x) is the gas void fraction. The latter
is given by, t2fi)

9 ( >
Q Y + '(*)

where y is a conversion factor of the current to the volume of gas generated. Assuming
ideal gas behavior, y is given by,

2PF
Y = [61

RT L J

where y equals 7.87 C/cm3 at standard pressure and temperature.
A system of four equations (Eqs. [1, 3-5]) describing the distributions of four

variables, i.e., i, T|, e and K is obtained.

In order to minimize the number of the parameters and to obtain results ofgeneral
applicability, the variables in the governing equations are put in dimensionless forms.
Thus,

[7]dy

dy dy
[8]

K(y) = [ 9 - 6 ( y ) ] 3 / 2

€(y) = —

[9]

[10]
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where y = x/L, is the dimensionless distance and the variables with overbars denote
normalized variables, i.e., i(y) = i(\)ll9 n(y) = il(x)/b andi<y) = K(X)/K°. Where
Io = i0 SL. Four dimensional and dimensionless groups result from this normalization.
Table (1) lists them, along with the porosity of the bed and the charge transfer
coefficient of the reaction. The physical significance of these groups were discussed in
details in Ref. 26. The difference is that in Ref. 26 we normalized the solution current,
i with respect to the cell current while as in this model the solution current is normalized
with respect to the exchange current density, I,,. The definitions and limits of the groups
were changed but they still have their physical significance discussed in Ref. 26.

Table (1): The dimensionless groups and parameters

Group

Total exchange current density

Total limiting current

Dimensionless conductivity group

Dimensionless bubble group

Porosity

Charge transfer coefficient

Definition

fo= ioSL

IL = iLSL

K = K°b / Io L

T = 2PFQ/ Io RT

0

P

Since the physical significance of the dimensional group, ILand the dimensionless
bubble group, Y is essential for the present study, their physical significance and limits
will be discussed here. The dimensional group, IL= iLSL is the effective limiting current
supported by the total internal surface area of the bed. The value of IL determines the
significance of the mass transfer resistance on the reaction. Low values of ILcorrespond
to mass transfer controlled reaction. The dimensionless bubble group, Y = Qy /1, ,
measures the ratio of the electrolyte flow rate to the total exchange current density.
Small values of Y indicate significant bubble formation. This is obtained under
conditions of low electrolyte flow rates and/or high Io.

The boundary conditions are :
y ~ 0 , i _ = i c e U / l ?

y = l , i » 0, dti/dy =0 , K= 915 and e =0
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The four variables (i, r\, e, K) and the model equations (Eqs.[7-10J) were solved
using a finite difference algorithm developed by Newman (W).

Results and Discussions

The above system of equations combines the effects of the charge transfer kinetics, mass
transfer, ohmic resistance and gas bubbles on the overall polarization behavior and on the
distributions of the gas void fraction, pore electrolyte conductivity, polarization and reaction
currents within the porous electrode. Since the effects of the kinetics and ohmic resistances were
studied in previous works(2425), this study is restricted to the combined mass transfer and bubble
formation effects. The model, however, will be solved and discussed under two cases:
- the first; independent variation of mass transfer resistance and bubble formation,
- and the second is the combined effects of both mass transfer resistance and bubble formation.
The second case will be introduced as a case study. This will help to explore the physical
significance of the model predictions.

Independent variation of mass transfer resistance and bubble formation — The
generated gas bubbles decrease the cross-sectional area available for ionic flow, and consequently
decrease the effective conductivity of the pore electrolyte, (see Eqs. [4, 9]). The effects of the mass
transfer resistance and the bubble formation were quantified by solving the dimensionless model,
ie., Eqs. [7-10] simultaneously. For all the calculations presented in this work, the value of the
porosity, 8 and the charge transfer coefficient, (J are taken to be 0.7 and 1, respectively.

Figure (2) shows the effect of the dimensionless bubble group, ¥ , on the distribution of
the gas void fraction, e(y) and on the distribution of the pore electrolyte conductivity, lc(y), at a
value of the dimensionless conductivity group, K. = 10, cell current = 0.2 A cm'2, total exchange
current density, Io = 0.02 A cm'2, and total mass transfer limiting current, fL = 10 A cm'2. IL has
a large value such that the value I/IL in Eq. [7] is eliminated. This is a case of negligible mass
transfer resistance. This helps to identify the values of T where the bubble formation is significant
and the values of ¥ where the bubble formation is negligible.

It is clear from the figure that as the magnitude of *P decreases, the gas void fraction
increases and a significant amount of gas bubbles can accumulate at the polarized (front) face
of the electrode at values of ¥ < 4. At sufficiently low *P values (e.g., 7 = 0.4 ), virtually
more than 50% of the entire thickness of the bed is plugged with gas bubbles. This corresponds
to low electrolyte flow rates, Q or high exchange current density, I,, This causes a large increase
in the gas void fraction through most of the thickness of the electrode. The effect of f on the
gas void fraction is reflected on the dimensionless pore electrolyte conductivity, <(y) as shown in
Fig. (2). As ¥ decreases, lc(y) decreases. At high value of T, the dimensionless conductivity
of the electrolyte is constant through out the bed and equals to 615 which is corresponding to
negligible bubble formation. For low values of T , most of the electrode is plugged with the
bubbles and pore electrolyte conductivity has lower values.

Figure (3) shows the effect of the dimensionless bubble group, *P, on the potential of
the reduction reaction at K = 10 and cell current = 0.2 A cm*2. As Y decreases the potential
reaction current becomes more non-uniform. As "P decreases the gas void fraction increases
leading to a decrease in the pore electrolyte conductivity. This results in a non-uniform potential
distribution which leads to greater localization of the reaction towards the front of the
electrode. This points to the deleterious effects of the gas bubbles on die conductivity of the pore
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Fig. (2) Effect of the dimensionless bubble
group. 41 on the distributions of the gas void
fraction {dashed tines) and the pore electrolyte
conductivity (solid lines). K= 10;
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electrolyte and hence on the current and potential distributions. For large values of ¥ i.e., ¥
> 4 x l O \ the gas void fraction is relatively small (see Fig. (2)), and the distribution of the
reaction is more uniform pointing to a negligible bubble effects. The above results are consistent
with the results found in previous work <24). However, the quantization of the combined effects
of the mass transfer resistance and gas bubble formation is of great practical importance for the
gas evolving porous electrodes. This will be discussed in the coming section.

Figure (4) shows the effects of the bubble group, *P on the relations between
dimensionless current and the dimensionless polarization at IL = 0.1 A cm'2 and K = I. As the
polarization increases the current increases until it reaches to a limiting current the value of which
depends on the value of the dimensionless bubble group, T. At low values of T, an excessive
amount of gas bubbles are produced within the electrode resulting in non-uniform polarization.
Hence, the reaction is localized in a thin layer near the polarized (front) face of the electrode.
Under these conditions the local mass transfer limitation is significant and the predicted total
limiting current is much lower than the theoretical limiting current. Note that there is no significant
difference between the i-E relations of the cases where *P = 40 and 4xlO2 owing to the negligible
bubble formation (see Fig. (2)). This point can be further explained by studying the current
distribution under mass transfer control and at significant formation of gas bubbles.

Figure (5) shows the reaction current distributions at different values of the total limiting
current, IL. As IL increases, the current distribution becomes more non-uniform. This is because
the gas is evolved preferentially at the front of the electrode and the reaction becomes more
ohmically controlled and hence less uniform. Since the model treats the case of low single pass
conversion efficiency, hence the axial concentration is uniform but not the potential. Therefore,
ohmic effects cause the reaction to be non-uniform at high IL. However, at low values of ID the
reaction is mass transfer controlled and hence it is more uniform. Note that at IL= 0.5 A cm"2, the
electrode operates at the limiting current in about 20 % only of the available thickness of the
electrode. At the front, of the electrode, both the excessive gas bubbles (high polarization) and
mass transfer resistance cause the current to level off. Therefore, local mass transfer can limit the
reaction even when the cell current is well below the total limiting current.

Combined Effects of mass transfer resistance and bubble formation -Case study -In
practice the electrolyte flow rate, Q affects both the total limiting current, ILand the diraensionless
bubble group, T with different degrees. Thus, it is more realistic to explore the effects of the flow
rate separately on the cell performance. The bubble group, ¥ is a linear function of the flow rate,
Q (see Table (1)), where the mass transfer total limiting current, IL depends on Q to a power
determined by the mass transfer correlation used. For this study, the Colquhoum et al. formula (9)

was used. In this formula, the mass transfer coefficient, k,,, and hence the total limiting current
(see Eq. [2}) depends on Q to one sixth power such that,

k = 0.62 SD(—) Re1'6 m i
m D

where Re is the Reynolds number and is given by;

where v is the kinematic viscosity of the solution, D is the diffusivity and d is the particle
diameter. In combining Eqs. [2, 11 and 12], IL" can be written as;
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where a is a constant depends on the parameters used in the simulation, such that;

ll/6 [ 1 4 ]

a = 0.62 xnFS2LDV3C
[(1-9).

For this simulation, C was taken to be 10s mole/cm3, d = 0.1 cm, D = 2x10"* c m V , L = 5 cm,
S = 40 cm'1, and v = 0.01 cm2 s ' . Hence, the value of the constant a equals to 0.587.

The dimensionless model is solved under these conditions to explore the effects of the
electrolyte flow rate on the reaction current distributions and on the overall performance of the
electrode. Figure (6, 7) show the relations between the dimensionless current and the
dimensioniess polarization at different electrolyte flow rate, Q. Figure (6) shows the case where
the gas bubble effects are included in the simulation, whereas, Fig. (7) shows the case where the
gas bubble effects are not included. Note that the dimensionless current is the dimensionless cell
current which is equal to the dimensionless solution current at the exit face i.e., at y = 0. The
dimensionless polarization is the polarization corresponding to the dimensionless current i.e., the
polarization at y = 0. The figures reveal the following features:
i- As the polarization increases the current increases until it reaches to a limiting current the value
of which depends on the flow rate, Q.
ii- The limiting current values in the case where the gas bubble formation is included (Fig,. (6))
are lower than in the case where the gas bubble formation is not included (Fig. (7)). Note that
the bubble group is linearly dependent on Q whereas the theoretical total limiting current depends
on Q to a power of sixth. Hence, in Fig. (7) where the model account only for IL, the values of
the predicted limiting currents are higher than that in Fig. (6).
iii- At Q = 1 cm s"\ there is no any significant difference between the two cases which signs to
the negligible extent of the bubble formation.

The above point can be further explained by plotting the total limiting current as a
function of the flow rate. The results are shown in Fig. (8). The figure shows the predicted
limiting current where the bubble formation is included and not included and the theoretical
limiting current. The limiting current values were predicted from Figs. (6 and 7) at arbitrary
dimensionless polarization of-20. These predicted limiting currents are of the practical interest
because to reach to the theoretical limiting current values, one should operate the ceil at very high
potentials. Under these conditions of high polarization, one should expect high power
consumption which overweighs the conditions of operating the cell at the practical limiting
currents. Side reaction is also expected to take place at high polarizations. The figure reveals three
features:
1. In the case where the gas bubble formation is not included, at low flow rates (Q < 0.1 cm s1),
the values of the predicted limiting currents equal to the theoretical limiting current. At low flow
rates the reaction is mass transfer controlled and hence the reaction is uniform and operates at the
limiting current everywhere within the electrode. Therefore, the predicted limiting currents equal
the theoretical limiting currents!
2. In the case where the gas bubble formation is not included, at high flow rates (Q > 0.1), the
estimated limiting currents are lower than the theoretical limiting currents. At high flow rates the
reaction is under combined ohmic and mass transfer control. The ohmic effects cause the reaction
to be restricted to a thin layer at the front of the electrode (see Fig.. (2)) where the polarization at
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the exit face is high enough to support the limiting current. In this case, the local mass transfer
limitation can be significant and limits the reduction reaction and the predicted limiting currents
are lower than the theoretical limiting currents.
3. In the case where the bubble formation included, the values of the predicted limiting currents
are less than the theoretical limiting currents at both low and high flow rates. At low flow rates,
the bubble group is small and bubble formation is significant (see Fig. (2)). Under these
conditions, the bubble formation increases the resistivity of the pore electrolyte resulting in a
more ohmic control of the reaction. The bubbles accentuate the non-uniform distribution of the
current and polarization. At high flow rates, both the ohmic resistance of the electrolyte and
bubble formation result in a more ohmic controlled reaction and hence lower limiting current.

Figure (9) shows the effects of the flow rate on the reaction current distributions at a
constant value of K = 1. The figure shows the current distributions with and without the effect
of gas bubbles included in the simulation. The current distributions were determined where the cell
operates at the values of the total limiting current shown in Fig. (8). In the case where the bubble
formation is not included, as the flow rate decreases the reaction becomes more uniform. Note that
in this case the model accounts only for the change in IL. At low flow rate i.e., low value of lLthe
reaction becomes mass transfer limited everywhere in the bed and hence the reaction is more
uniform. This case, however, is similar to the case discussed in Fig. (5) at low value of IL.

In the case where the gas formation is included in the simulation the current distributions
result from the combined effects of the bubble group, "P and the total limiting current IL- In
general, the reaction is more non-uniform in the case where the gas bubble is included than in the
case where the gas bubble is not included. As the flow rate decreases the thickness of the bed
operating at the limiting current decreases. Note that, at low flow rates, the predicted reaction
thickness operating at the limiting current is overestimated in the case where the gas bubble
formation is not included. At high flow rates, however, the current distributions are almost the
same in both cases pointing to the low degree of bubble formation. Neglecting the effects of gas
bubbles for low values of flow rates would produce erroneous results.

It is obvious that the bubble formation affects both the values of the total limiting current
(see also Fig. (8)) and the current profiles within the bed. Under these conditions, one might
operate the cell at relatively high flow rates to minimize the deleterious effects of the gas bubbles
and also to increase die limiting currents of the electrode. However, mere is a practical limit for
increasing the flow rate since the limiting current is not linearly dependent on the flow rate. At
high flow rates, the conversion efficiency per pass is small and recycling of the electrolyte
becomes necessary to achieve high efficiency of the process.

Conclusions

A mathematical model to simulate the gas evolution reaction at flow-through porous
electrodes is introduced. The model accounts for the mass transfer resistances and gas bubble
formation as well as for the kinetics and ohmic resistance. The gas bubbles accentuate the non-
uniform distribution of the reaction by increasing the effective resistance of the electrolyte. Mass-
transfer resistance further limits the operation of the cell since a non-uniform potential can lead
to mass-transfer limited current locally within the pores. Therefore, the predicted limiting current
values are lower than the theoretical limiting current of the electrode. The gas bubble formation
has great influence on both the values of the limiting current and on the current distributions. It is
recommended to operate the cell at relatively high flow rates to decrease the effects of the gas
bubbles and increase the limiting current. Using a multiple-pass process is essential to obtain
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complete conversion.
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ABASTRACT

Packed bed electrodes, made of stacked screens, have been used as cathodes for
the removal of lead ions from flowing alkaline electrolytes. We consider the coulombic
efficiency £=* ipb/(ipb+iH)» and the collection efficiency given by y = iyop./ nFvc0, where
iuesp.) is the geometric limiting current for lead deposition. Two regions are defined in the
current-potential relations, depending on whether hydrogen evolution does, or does not,
contribute to the measured current, corresponding to % less than, or equal to, 100%,
respectively. The geometric limiting current, in«p.), increases with increase of v. The
collection efficiency (ij/) increases as v decreases and/or L increases. Operating the cell at
higher flow rates increases the overall coulombic efficiency, over a broader range of cell
currents.

Introduction

Many industrial waste waters are contaminated with heavy metal ions which must
be substantially removed before disposal in the surrounding environment (1-3). Several
such ions are precipitated as hydroxides by the addition of calcium oxide or sodium
hydroxide (4,5). This method lowers the concentration of the soluble lead tons down to
about 20 pp;:i (6), which is greater than the allowed concentration in effluents and
increases the total chemical content of the effluent (4-6). Electrodeposition offers the
advantage of removing many polluting metal ions without adding chemicals. For this
reason, electrochemical techniques have been used for the removal of contaminants from
waste water streams (7,8).

Flow-through porous electrodes possess some attractive features for this
objective: i.e., a) They allow for continuous rather than batch operation, b) They provide
a high surface area enclosed in a fairly small volume, which enhances the productivity of
the cell house, c) They can be operated at fairly high rates, which are maintained by
forced convection of the electrolyte within the electrode, and d) They separate the reacted
from the non-reacted electrolytes when the electrode works with a 100% conversion
efficiency per pass. This electrode system has been extensively studied for the destruction
of organic and inorganic wastes (9-12) or the recovery of metal ions (13-19)and its
literature was frequently reviewed (20-25). The incentive for such applications might be
the economic value of the electrowon metal (e.g., Au, Ag, Cu orZn)(16-19)orthe
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Figure 2 shows the effect of electrolyte flow rate on the current-potential (i-E)
relations for the electrodeposition of lead from 3 M NaOH containing 40 ppm lead ions.
The electrode was composed of 10 stacked screens of mesh size 60 giving a bed thickness
of 0.56 cm, with a specific surface area of 74 cm*1. The i-E relation of the hydrogen
evolution reaction (h.e.r.) was measured in the blank electrolyte to enable the partial
hydrogen and lead currents to be obtained at different potentials, as shown below. The
potentials shown in the figure are those measured at the exit (upper) face of the electrode
which faces the counterelectrode.

-3.0 -2.5 -2.0

Log i, Acm-2

Fig. 2 Effect of electrolyte flow rate on the i-E relations for the electrodeposition of lead
from 3M NaOH containing 40 ppm lead. (no. of screens = 10 of 60 mesh).

Two reactions support the measured current i.e.,

2-Pb(V~ + 2H2O + 2e" = Pb + 4OrT, E, = -0.727 V (Hg/HgO) [1 ]
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fulfillment of the environmental standards for effluent disposal (e.g., removal of Cd, Hg,
Ni, CN, or Pb ions) (12,26-29).

Lead and lead-containing compounds are widely used in many industries (4,30)
which produce industrial waste waters containing lead. In view of the proven danger of
lead on human health and on other living organisms (1,3), one must search for an efficient
technique for the removal of lead ions from such effluents before their disposal into the
environment.

The objective of this work is to explore the features of the electrodeposition of
lead ions from flowing alkaline solutions using packed bed electrodes. Alkaline waste
waters contaminated with lead are produced from some industries e.g., electroplating and
oi! refining (4,30).

Results and Discussions

Figure 1 shows a schematic representation of the electrode chamber of the
electrolytic cell. The packed bed electrodes were made of stacked copper screens. These
were electroplated with lead, using a fluoborate bath (31), prior to introduction into the
flow cell. The reference electrode was an Hg/HgO/1 M NaOH (equilibrium potential of
0.098 V (NHE)(32)), placed at the exit face of the electrode. The electrolytes were
prepared from Analar NaOH or K.OH and distilled water.

— CEiHTUMH

R

c mm—i

s

G-

Electrolyte
Fig. 1 A schematic representation of the electrode chamber of the electrolytic cell. A and
C: copper leads to the electrode, B: A mercury connection to the electrode, CE: Counter
electrode, D: The cell wall, E: Rubber cylinder, G: Fritted glass disk, S: Packed bed
electrode, R: Reference electrode and P: Platinum connection.
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F.ffcrtsnf flow rate:
Figure 2 shows the effect of electrolyte flow rate on the current-potential (i-E)

relations for the electrodeposition of lead from 3 M NaOH containing 40 ppm lead tons.
The electrode was composed of 10 stacked screens of mesh size 60 giving a bed thickness
of 0.56 cm, with a specific surface area of 74 cm'1. The i-E relation of the hydrogen
evolution reaction (h.e.r.) was measured in the blank electrolyte to enable the partial
hydrogen and lead currents to be obtained at different potentials, as shown below. The
potentials shown in the figure are those measured at the exit (upper) face of the electrode
which faces the counlerelectrode.

-3.0 -2.5 -2.0

Log i, Acm

-1.5
-2

Fig. 2 Effect of electrolyte flow rate on the i-E relations for the electrodeposition of lead
from 3M NaOH containing 40 ppm lead. (no. of screens = 10 of 60 mesh).

Two reactions support the measured current i.e.,

2-PbO2
z" + 2H2O + 2e" = Pb + 4OH"; E, = -0.727 V (Hg/HgO) [1]
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2H2O + 2e~ = H2 + 20H~, E2 = -0.926 V (Hg/HgO) [2]

where Ei and E2 are, respectively, the equilibrium potentials of the lead deposition
reaction and the h.e.r. calculated taking into account the activities of the hydroxyl and the
lead ions using Nernst equation (33). Note that E| is less sensitive to the lead ion than to
the hydroxyl ion activity (33). In principle, reaction 2 interferes with reaction 1 to an
extent which depends on the prevailing potential and the values of the kinetic parameters
of both reactions. The extent of this interference determines the coulombic efficiency of
the process (c.f. Eq. 4). Figure 2 shows the positions of the equilibrium potentials for
both reactions, which define regions I and II in the current-potential relations. Region I
is more cathodic than Ej, but more anodic than E2. In view of these equilibrium
potentials, the current-potential relations in region I are attributed to the electrodeposition
of lead, i.e., reaction 1 only. Within this region, the measured current increases rapidly
with potential towards a limiting value (ii^exp))which is reached in region II. About 80%
of this limiting current was reached within the potential range of region I (about 50 mV
more cathodic than the equilibrium potential of reaction 1). Figure 2 shows that this
geometric limiting current increases with the concentration of lead in the electrolyte.
Since in region I the evolution of hydrogen is thermodynamically prohibited, the
coulombic efficiency,' £, of the process is 100% (see below). Conversely, in region II,
the measured current is given by :

itotai = iH +ipb [3]

where in and iPb are the partial currents supported by reactions 2 and 1, respectively. As
the potential becomes more negative (more cathodic), we reach a limiting value of in,,
denoted iuexp.) . Further increase in the potential (in the cathodic direction) would not
increase iPt,. It would only result in an increase in \H, which causes a much slower
increase in the total measured current with potential.

Coulombic Efficiency:

Inspection of the polarization curve (Fig. 2) reveals that the contribution of the
partial current supported by the h.e.r., iH, to the total measured current, i,otai, equals zero
in region I. Thus the measured current in region I is due to lead deposition only. At the
lower part of region II, the situation is not significantly different than in region I, i.e., the
rate of the h.e.r. is negligible. This is attributed to the fact that the rate of the h.e.r. on
lead is very small compared to that of lead deposition, (ion/pb in 0.5 M NaOH « 10"7 A cm'
2 and ioPb

2Vb in (0.05 M Pb2+ + 1 M KNO3)« 0.1 A cm"2) (42,43). The corresponding
value of iopb2+/pb in a solution of 40 ppm lead is about 4x10*4 A cm'2.

The coulombic efficiency, %, is defined as the percentage of the measured current
supported by the lead deposition reaction, i.e.,

1Pb
[4]
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The coulombic efficiency was calculated from the current-potential relations obtained at
various conditions using Eq. [4]. Figure 3 illustrates the effects of electrolyte flow rate
on the coulombic efficiency, %. The electrode was composed of 8 screens of 60 mesh.
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Fig. 3 Effect of electrolyte flow rate on the coulombic efficiency for the electrodeposition
of lead from 3M NaOH containing 40 ppm lead. The electrode was 8 screens of 60 mesh.

Note that, the coulombic efficiency, %, remains practically 100% down to a
potential of about -1.3 V (Hg/HgO), which is about 400 mV more negative (cathodic)
than the equilibrium potential of the h.e.r. No significant contribution from the h.e.r. in
this region was observed, because of the extremely low value of the exchange current
density of the h.e.r. on Pb, see above. As the potential becomes more cathodic, i.e.,
further in region II, the coulombic efficiency, \, decreases. In this region the lead
deposition reaction is controlled by mass transfer at its limiting current and hence any
increase in the current is due to the increase in the hydrogen reaction rate which is now
under increasingly negative (cathodic) potentials.
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Collection Efficiency:

The collection efficiency, y, is defined as the percentage of the feed
concentration of the reactant collected per single pass through the electrode. The
experimentally measured geometric limiting current obtainable from this system is related
to the feed (c°) and the emerging (cL) concentrations of the reactant by (13):

[l-(cL/c0)] [5]

As the collection efficiency increases, cL decreases, and the electrolyte exits from the
electrode with lower concentrations. When cL approaches zero, the electrode achieves
complete deposition of the lead ions per pass, and the collection efficiency, \j/, is 100%.
Under this condition, the maximum obtainable limiting current, ii/ma*), is given by:

iL(max) ^ n F v C 0 [6]

The above equation applies only under conditions of complete conversion of the reactant
into products in one pass. In many cases, the experimentally measured geometric limiting
current is lower than that given by Eq. 7 due to interfacial mass transfer limitations
(21,44,45). Under conditions of pure mass transfer control, the measured geometric
limiting current is related to the structural and transport properties of the system by
(13,17):

iL(exP.) = nFvc0 [1- exp (-kmSL/v) ] [7]

where km is the average mass transfer coefficient between the flowing electrolyte and the
internal surface area of the packed bed. The collection efficiency, vj/, is given by:

V = [iL(exp.)/iL(rnax)] X 100
= [1- exp(-kmSL/v)] x 100 [8]

Note that km is a complex function which involves S, D, \x, L and v raised to a fractional
exponent (46). Figure 4 illustrates the variation of the measured collection efficiency, \\i,
with the electrolyte flow rate at different electrode thicknesses, for electrolytes containing
40 ppm lead ions in 3 M NaOH. The figure reveals that \\i increases either by increasing
the electrode thickness or by allowing the electrolyte to flow at lower flow rates.
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Fig. 4 Effect of electrolyte flow rate on the collection efficiency for the electrodeposition
of lead at different electrode thicknesses. The electrolyte was 3M NaOH containing 40
ppm lead.

Conclusions

The measured geometric limiting current of the electrodeposition of lead
increases with the increase of the electrolyte flow rate, and/or electrode thickness. These
results indicate that the process is predominantly controlled by mass transfer. They also
indicate that, we can approach the geometric limiting current of lead deposition with only
a modest level (< 200 mV) of polarization. We have also shown that both the coloumbic
efficiency (%) and the collection efficiency (\y) are affected by the viscosity and flow rate
of the electrolyte, electrode thickness and the mesh size of the screens.
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Ideally, one would like to design a system which removes lead completely in one
pass or in few cycles of passes. A high value of y can be achieved by working at low
electrolyte flow rates, by using thick electrodes, or by using electrodes of large specific
surface areas, i.e., greater mesh size. The selection of any of these options has some
consequences which affect the coulombic efficiency, % and the behavior of the system.
So, there is an optimization problem which calls for quantitative answers to the questions
raised by each option. The development and application of a mathematical model is
underway to provide such answers. The results will be reported later on.
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ABSTRACT

Electrocatalytic reduction of NO3' has been investigated using a polycrystalline
gold electrode in basified 0.5 M NaNOj solutions of pH values ranging from 9.5 to 12.8.
The increase of solution pH more than 11 enhances the current efficiency forNOj'
reduction to NO2' and NH3, while depresses that for the hydrogen evolution reaction
(h.e.r). Thus, at pH 12.3 the current efficiency for NH3 and NO2' reached 58.5 and 41.5
%, respectively. The above behavior is interpreted as due to the contribution of alkali-
metal atom formed by the underpotential deposition (upd) on the Au electrode surface to
the aggregation of NO3" ions around those atoms.

INTRODUCTION

Electrochemistry is considered, nowadays, as one of the most efficient ways for
the solution of environmental problems [1,2]. This is because a completely clean reagent,
i.e. electron, is exclusively utilized. The increasing demand of more clean and
environmentally safe treatment of waste water will call for the more extensive application
of electrochemical techniques.

So far, there are several investigations on the electrochemical reduction of NO3-
to NH3 for several electrodes, e.g. platinized platinum [3], p-type diamond semiconductor
[4-6] and graphite modified with cobalt-complex [7]. Horanyi et. al. found that the
reduction of NO3* to NH3 on a platinized platinum electrode is optimum at 0.2 - 0.25 V
(vs. reversible hydrogen electrode (RHE)), which is suppressed with decreasing potential
and ceases completely at around RHE potential [3]. They concluded that this suppression
is responsible for the interference of NO3- adsorption from H adatoms. Also in metal
electrodes with poor H adsorptivity, it is considered that the occurrence of this reaction
would be difficult in the potential range of h.e.r. where the electrode is highly negatively
charged, because (t) the aggregation of NO3' close to the electrode surface is difficult and
(u) the reduction of NO3" are hindered markedly by the h.e.r occurring concomitantly.
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In this study we made an attempt to elucidate the NO3" reduction mechanism and
the effect of TU and U for the efficiencies for NH3 and NO2' production on Au
polycrystalline electrode in the potential region of the h.e.r.

EXPERIMENTAL

The working electrode was a cold worked gold plate (99.99 % purity). The
reference and auxiliary electrodes are two platinum plates (99.95 % purity). The true
surface area of the working electrode was estimated to be 2.1 cm2 (roughness factor: 2) by
measuring the double layer capacitance [8]. The electrolytic cell was cleaned with hot
mixed acid (1:1 H2SO4, HN03), rinsed with ultra-pure Milli-Q water ultrasonically.
NaNO3, Na2SO4, and NaOH were analytical grade chemicals and the solustions were
prepared with Milli-Q water. The pHofthe solution was adjusted by addition of proper
amount of NaOH.

The overpotentials were measured by a memory oscilloscope. A stream of H2
swept around the electrodes during the Tafel relationship measurement. The analysis of
the electrolysis products was carried out after 2 - 4 hours electrolysis at a current of 5.7 x
10-3 A. using conventional techniques [9]. The H2 generated during the electrolysis was
collected in a cylinder connected on the top of the working electrode compartment of the
cell and the volume was measured.

RESULTS AND DISSCUSION

Figures 1 (a-d) shows the effects of pH on the Tafel relationships obtained in 0.5
M NaNO3 and 0.25 M blank Na2SO4 solutions. The pH values investigated range from
9.5 up to 12.8. Inspection of these figures reveals that, in NaNO3 and Na2SO4 solutions
of pH 9.5 and 10.9, the Tafel relationships are almost the same, although a little amounts
of NO2" and NH3 were produced as will be shown later. On the other hand, in the
solutions of high pH values, a separation of the two Tafel relationships begins to occur
and the Tafel relationships in NaNO3 solutions shift toward less negative side. Such a
separation was more pronounced as the solution pH increased. For instance, the
separation starts at an overpotential of-0.14 V for pH 11.9, while it occurs even at 0 V
for pH 12.8. Similar behavior has already been observed on a Pb electrode in NaOH and
NaNO3 solutions in the potential range, -1.2 to -2.1 V (vs. standard hydrogen electrode,
SHE) [10]. These deviations indicate the occurrence of significant NO3~ reduction in the
electrolysis in NaNO3 solutions. The shift of the Tafel relationship in NaNO3 solutions
toward less negative direction may be interpreted that the adsorbed NO3" and NO2" act as
a strong acceptor for H adatoms produced by the water molecule discharge.

The coincidence of the Tafel relationships over the whole overpotential range in
solutions of pH 11.9 indicates that the rate controlling elementary reaction is identical in
both solutions, i.e.,

H2O + e = H(a) +OH" (1)

In Na2SO4 solutions, H(a) would recombine to produce hydrogen gas as:
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Fig. 1 Tafel relationships for the blank 0.25 M NajSO4 and 0.5M NaN03 solutions at

pH 9.5 (a), 10.9 (b), 11.9 (c) and 12.8 (d), (O) Na^O*, ( • ) NaNOj.
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2H(a) = H, (2)

While in NaNO3 solution, in addition to reaction (2), another competitive reaction occurs,
i.e.,

N03

NO3 (a)

> NO3(a)

+ H(a) +e = N02" -«• OK

(3)

(4)

Further reduction of NO2~ ions through the subsequent several elementary reactions will
provide ammonia. The summation of these reactions is represented as:

NO2" o NO2"(a) (5)

NO2-(a) +5H(a) = NH3 + 2OW (6)

From the results shown in Fig. l(a-d), we can point out two kinetic features: (i)
The increase of solution pH facilitates the NO3'reduction to produce NO2'or NH3, (4)
and (6), rather than the h.e.r. (ii) The increase of overpotential also facilitates the NO3-
reduction reaction predominantly. These features can be explained as follows. The rate
of the reaction (4) is expressed by the following equation,

I = k 8NO3- 9H exp [-a (Eo + r\) /RT] (7)

where Eo, r\, 9NO3, 9H, a and k are the reversible electrode potential vs. (SHE),
overpotential, NO3" coverage, hydrogen coverage, transfer coefficient and rate constant,
respectively. As Eo shifts negatively by ca. 59 mWpH, the rate of reaction (4) increases
by that portion with increasing pH according to Eq. (7). Moreover, it is known that in
alkalized Na2SO4 or NaNO3 solutions the upd of a considerable amount of Na atoms
takes place on gold electrode with increasing electrode potential in the h.e.r. region [8].
As can be seen from Fig. 1, the slope of the Tafel relationship in Na2SO4 and NaNO3 of
pH < 10.9 exceeds 0.2 V although it should be around 0.12 V for the h.e.r. This may be
due to the hindrance effect of upd Na atoms on the rate of the water molecule discharge
reaction (I) [10] . The upd Na atoms is believed to facilitate the reactions (4) and (6) as
will be discussed later. On the contrary, the reaction (2) is catalytic one, being little
potential dependent. Therefore, the rate of this reaction remains nearly unchanged, in
contrast to the reactions (4) and (6), with increasing pH and electrode potential, so that
the yield of H2 is suppressed with the increase in both factors.

The current efficiencies for the production of H2, NO2" and NH3 obtained after the
electrolysis in 0.5 M NaNO3 solutions of pH 9.5, 10.9 and 12.3 for 2 - 7 hours are shown
in Table I.

Table 1: The current efficiencies for the nitrate reduction into hydrogen,
nitrite or ammonia as a function of solution pH.

PH
9.9
10.9
12.3

H,(%)
59
12

<0.01

NO2(%)
11
46

47.5

NH3C/0)
30
42

58.5
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It is r:!e?x from this Table that the current efficiencies for the production of both
NH3 and NO->' increase with pH. In other words, the ratio of the rate of reaction (4) to
that of reaction (2) increases with pH. These results are consistent to the feature of the
Tafel relationships shown in Figs. 1 (a-d). In the case of Au electrode, the most part of the
surface is free from H adatoms, hence, there is no possibility for H adatoms to affect the
adsorptivity of NCV or NO2'. As have mentioned already, the Au electrode surface in the
potential range of h.e.r must be charged highly negatively judging from the pzc, + 0.23 V,
of polycrystalline Au in 0.02 N Na2SO4 [11]. This allows us to presume that the specific
adsorption of NO3- is impossible and the occurrence of the electrochemical reduction of
NO3" is improbable. However, the result that significant continuous reduction of NOj' ion
takes place on Au electrode at overpotentials up to ca. - 0.4 V obtained in the present
work overthrew this prediction. This contradiction could be dissolved if the upd of Na
atoms is possible at that potentials.

In a study on h.e.r. with gold polycrystalline electrode, we found that a
considerable amount of Na or K atoms were accumulated on the electrode surface at the
potential range of the h.e.r. due to the upd [8]. For example, the upd of Na atoms starts at
ca. - 0.5 V (vs. SHE) and reaches a maximum coverage close to 0.5 at ca. - 1.2 V. in 0.1
M Na+ solutions. This potential range is in good agreement with that where the
significant electro-reduction of NO3* takes place. The alkali or alkali earth metal atoms
adsorbed below a monolayer remain a fractional positive charge, e.g. K, Cs and Ba on W
has a fractional charge of +0.27, + 0.46 and + 0.22, respectively at fractional coverages
of < 0.4 [12,13]. If this thing is applicable also on Au electrode in the present study the
deposited alkali metal atoms will allow to attract and adsorb NO3' ( reaction (3)) and thus
facilitate their reduction by H adatoms produced concomitantly according to Eq. (7).

In this context, it is very interesting to survey whether other upd alkali metal or
alkali earth metal atoms, i.e. Cs, and Ba, effectively facilitate the NO3" and NO2" ion
reductions. These atoms are expected to facilitate these reductions in solutions of lower
pH values because these atoms would deposit in much larger quantities at more positive
potentials [14,15]. The upd atoms other than alkali or alkali-earth metals are also
expected to be effective for this reaction if these adatoms remain any fractional positive
charge. During the course of the electrolysis for about 4 hours the Tafel relationship was
little changed in every solution. This shows that above reaction situation maintains stable
for a long period of polarization.

Summary and conclusion

In this study, we tested the feasibility of using an Au sheet electrode for the reduction
reaction of NO3'. When conducting the electrolysis in 0.5 M NaNO3 of pH > 11 the
significant decrease of the current efficiency of H2 takes place, whereas the efficiency of
NO2' and NH3 production markedly increases. NO3* firstly adsorbs on upd alkali metal
atom, then undergoes further reduction to form NO2" or NH3. The modification of the Au
electrode by TU showed the most effective electro-catalytic activity for the NH3

production. The relatively large efficiency of NH3 production on the electrode in NaNO3

is attributed to the dispersed upd Na adatoms, which would make the NO3* adsorbed on
these adatoms possible to accept H atoms enough to fprm NH3.
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ABSTRACT m EG0000219

Selective removal and recovery of metals from industrial effluent is an environmental
problem and economic concern. There are a number of heavy metals that are candidates
for removal prior to having waste solutions coming in contact with the environment
Therefore, a study has been made on the preparation of hydrophilic membranes having
both anionic and cationic exchangers. To achieve such properties in the required
membranes, a trial has been made on the radiation graft copolymerization of binary
monomers possessing anionic and cationic exchangers such as acrylic acid / 2- and 4-
vinyl pyridine (AAc/2-VP) (AAc/4-VP) onto available commercial polymeric substrate
such as low density polyethylene (LDPE). The preparation conditions at which the
grafting process proceeds homogeneously are determined. Characterization and some
selected properties of the prepared grafted membranes were studied and accordingly
the possibility of its practicable use in waste water treatment from heavy and toxic
metals such as Pb, Zn, Cd, Fe, ...etc was investigated. The metal uptake by such
prepared membranes was determined by using atomic absorption technique. The
membrane efficiency and durability was investigated. The maximum uptake for a given
metal was higher for the LDPE-g-P(AAc/2VP) membranes than that for the LDPE-g-
P(AAc/4VP). The chelated metal ions were easily desorbed by treating the membrane
with O.I N HCI for 2 h at room temperature. A mixture of two or three metals in the
same feed solution was used to determine the selectivity of the membrane towards
different metals. The results obtained for the prepared membranes showed a great
promise for their applicability in the removal of heavy metals from wastewater.

INTRODUCTION

The ability of certain polymers to form polymer-metal complexes may be applied in
several domains such as hydrometallurgy orbiochemistrvO"^). In the recent years, a great
deal of interest has been observed in relation to the applicability ofthe polymers for removal,
separation and purification of metal ions from heavy-metal contaminated water and solid
wastes(4"6). The chemical nature of functional groups containing atoms able to form donor-
acceptor bonds representing the basis ofthe polymer-metal complexes is very different and
generally, complicated^). The complex-formation ability of anionic (pyridine) structure units
and transitional-metal ions as Fe(III), Co(II) and Ni(II) is well known. The conversion ofthe
cationic grafted polymer into metal acrylate copolymer complex was studied(8). The
synergistic effects of the two functional groups to selectively remove, separate and recover
metals are discussed. The investigation ofthe behavior ofthe mixed weak electrolyte anion
(amino) and cation (carboxylate) conventional ion-exchangers as an alternative to cheiating
polymers was studiedW- Also, many attempts have been made to develop high effective
charge mosaic membranes in which all positive and negative charges sites are homogeneously
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distributed at high densitiesO0,lI) using sequence grafting technique. Chapiro^ ̂ ) studied
the sequence grafting of 4VP and AAc. However, grafting process of such binary monomer
system into polymer substrate is not investigated carefully.

This work aims to synthesize and characterize the chelating ionic exchange
membranes by means of radiation-induced graft polymerization of 2- or 4- vinyl pyridine and
acrylic acid in binary monomers systems onto low density polyethylene (LDPE) substrate.
The possibility of the practical uses of these cationic-anionic graft copolymers as chelating
exchange membranes was also studied.

EXPERIMENTAL

Materials
Low density polyethylene (LDPE) films of thickness 50p.m were supplied by El-Nasr

Co. for medical supplies, Egypt. Acrylic acid (AAc), purity 99.99% (Merck, Germany), 4-
vinyl pyridine (4VP), purity >96% (Merck, Germany) and 2-vinyl pyridine (2VP), purity
>96% (Merck, Germany), were used without further purification. The other chemicals, such
as solvents and reagents were reagent grade and used as received.

Graft Copolymerization
Strips of low density polyethylene (LDPE) were washed with acetone, dried at 50°C

in vacuum oven, weighed and immersed in the monomer solution in glass ampoules and then
subjected to 60Co-y-rays at a dose rate that ranged from 0.2 to 1.4 Gy/s in N2 gas atmosphere.
The grafted films were removed and washed thoroughly with acetone followed by distilled
hot water to extract the residual monomer and the homopolymer which may be accumulated
in the film. The films were dried in vacuum oven at 50-60°C for 24h and weighed.

Mechanical Property
The measurement of the ultimate tensile strength and elongation at break

were carried out using an Instron (model 1195-England) .

Differential Scanning Calorimetry (DSC)
Thermal analysis of the graft copolymers; were determined by using DSC Perkin-

Elmer equipped with DSC-7 data station. '

IR Spectroscopy
Mattson 100© FTIR spectrometer, Unicam Ltd., England, was used.

Swelling Measurements:
The clean dried grafted films of known weights were immersed in distilled water at 25°C

until the equilibrium has been reached (almost 24h). The films were removed, blotted quickly
with absorbent paper and then weighed. The percent of water uptake was calculated as follows:-
Water Uptake(%)=[Ws-Wg/Wg]xl 00
Where Wg and Ws represent the weights of dry and wet grafted films, respectively.

Metal Uptake Measured by Atomic Absorption(AA)
The membrane was immersed in the metal feed solution of concentration 2000 ppm. The

remaining of metal salt in its feed solution was determined by the Atomic Absorption Instrument
(Unicam Model Solaar 929) using lamps for Pb, Cu, Cd, Mn, Ni, Co, Zn and Fe. Merck AA
standard solutions of these metals were used for the calibration process..
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RESULTS AND DISCUSSION

PREPARATION OF BI-FUNCTIONAL GRAFTED MEMBRANES:

Many factors affect on the radiation grafting process of binary monomers mixture.
Among them, which are investigated here, are the type of chemical conversion of acrylic acid
and vinyl pyridine monomers, comonomer composition and concentration, type of solvent
suitable for monomers mixture and total exposure radiation dose. The effects of these factors are
considered and determined from the view point of obtaining reasonable grafting yields with
homogenous distribution in the graft copolymer. Meanwhile, the inhibition of homopolymer
formation during radiation grafting process is also taken into consideration.

Effect of Alkaline Treatment and HCI Quaternization:
The grafting process of (AAc/VP) binary mixtures does not proceeds when AAc was

used in the form of free -COOH groups. This is due to the incompatibility between AAc and VP
monomers. These results are in a good agreement with those obtained by ChapiroO^), who
found that acrylic acid and 4-VP grafted branches were incorporated into PTFE films by two
successive grafting operations^), acrylic acid was grafted first. Therefore, a trial is made to
achieve the compatibility between those monomers by quaternization of 2-or 4-VP with HCI.
The grafting process of AAc/VP-HCl quaternized binary system is proceeded successfully and a
reasonable grafting yield is obtained. In this case, no need for the addition of inhibitor to prevent
the homopolymerization process during irradiation. The presence of pyridine ring acts as an
energy transfer agent by resonance stabilization and prevents the homopolymerization process.
The addition of HCI also enhances such an energy transfer effect by eliminating the energy of
radicals that causes the homopolymerization process.

It should be noted that, in the present study, such process was carried out in simultaneous
one operation step. This is a good advantage from the economic point of view and also the
compatibility of highly distributed functional groups in the prepared membranes was achieved.

Effect of Solvent-
Solvents are basically used in radiation grafting experiments to enhance the degree of

accessibility of monomer to grafting sites within the polymer brought about by the great ability of
the added solvent to swell the base polymer and to enhance the efficiency and uniformity of the
grafting. It was reported that the proper solvent for AAc grafted system onto LDPE film is
waterO4), while that for 2- and 4-VP is methanolO5). In this study, it is expected that the
suitable diluent for AAc/VP system, is a mixture of water and methanol. The influence of
H2O/MeOH mixture composition on the grafting yield is investigated and shown in Fig.(l). It
can be seen that the degree of grafting increases with increasing the content of water in the
solvent mixture to give a higher grafting yield at 100 wt% of water. This behavior is observed for
both the grafting systems of AAc/4-VP and AAc/2-VP binary monomers mixtures.

From the aforementioned results it can be assumed that the quaternized vinyl pyridine
has a different chemical nature comparing with vinyl pyridine which prefers aqueous medium to
be grafted onto trunk polymer. The solubility of comonomer and its homopolymer in water is
higher than that in methanol, resulting in keeping the low viscosity of medium and enhancing the
diffusivity of binary monomers mixture into the bulk of film. Therefore, higher degrees of
grafting are obtained. On the one hand, water as a diluent has zero chain transfer constant,
therefore, the side reaction involves chain transfer which is minimal in water(^). However, in
presence of methanol, various chain transfer and hydrogen abstraction reactions are
accelerated^) and resulted in decreasing the grafting yield of such binary monomers mixtures
onto LDPE films. It is reasonably concluded that water is selected to be a suitable diluent for
AAc/VP binary mixtures during this grafting system.
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Effect of ComonomerComposition:-
Some attention on enhancing grafting efficiencies has involved the uses of non-

polymeric additives such as acid( * ? ) , solvent 1 8) and salts (1 9,20) other work has been given
to monomers mixture systems, particularly with regard to synergistic effects leading to more
efficient grafting processes^ 1). Thus, the grafting of AAc/VP binary monomers mixtures of
various relative compositions onto LDPE film is investigated at overall comonomer
concentration of 40 vol% in water as a diluent.

Figure(2) shows the effect of comonomer composition on the degree of grafting of
AAc/2-VP and AAc/4-VP binary mixtures onto LDPE films in presence of distilled water as a
diluent for these mixtures. It is obvious that, for AAc/4-VP binary mixture, the grafting yield
increases with increasing the content of AAc to reach a maximum value at a composition of
60/40 vol% of AAc/4-VP. Thereafter, at higher contents of AAc, the degree of grafting falls
down to reach a lower value at 80 vol.%of AAc. At content of AAc higher than 80 vol.%, a
dense gelled homopolymer is formed.

In case of AAc/2-VP binary mixture, the highest degree of grafting is obtained at a
comonomer composition of (50/50 vol.%) of (AAc/2VP). Thereafter, the grafting process levels
off at a certain limiting value.

It can be suggested that vinyl pyridine is a retarding agent by dissipation of the radiation
energy forming a stable exciting state that prevents the free radical formation responsible for the
initiation of grafting sites. Therefore, the feed solution containing excess of vinyl pyridine
hinders the grafting yield of comonomer onto polymeric substrate. However, the presence of VP
with AAc retards the homopolymerization process of the latter. This resulted in obtaining higher
degrees of grafting if compared with those obtained for the individual grafting of AAc or VP. On

the other hand, AAc has higher GR*-value than that for VP. So, the GR*of binary monomers
mixture is an intermediate for both monomers that may be lower than that of LDPE substrate.
Consequently, the reaction proceeds successfully in the direction of grafting with higher rate than
that in the direction of homopolymer formation. This may explain the formation of dense
homopolymer when the content of AAc was increased above 60 vol.% at which the grafting
yield is decreased on the expense of homopolymerization process.

Effect of Comonomer Concentration:-
The influence of diluent and comonomer concentration during radiation grafting may

affect the kinetic parameters of this process. Therefore, the suitable comonomer concentration
differs from system to another depending on the diluent used, type of polymer support materials,
irradiation dose and dose rate...etc.

The effect of dilution of (AAc/VP) binary monomers mixture with water at comonomer
composition (50/50 wt%) on the grafting process onto LDPE films is investigated and shown in
Fig.(3). It can be seen that, the degree of grafting increases with increasing the comonomer
concentration up to 40 wt%, i.e. with decreasing the solvent content in the reaction medium. At
comonomer concentration higher than 40 wt.%, the degree of grafting decreases.These results
can be attributed to a Trommsdroff-type effect (22).

CHARACTERIZATION OF GRAFTED MEMBRANES

To elucidate the possibility of practicable use for the prepared membranes, some of their
selected properties were thoroughly investigated. These included; swelling behavior,
characterization of thermal properties and crystalliniry for the grafted copolymer and mechanical
properties.
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Swelling Behavior:
By grafting of AAc individually or in a binary monomers mixture solution, it turned into

PAAc. The presence of carboxylic acid groups of acrylic acid will modify the hydrophilic
properties of the graft copolymer. Further modification of such grafted films is made by
converting the -COOH groups into acrylate by reacting the graft copolymer films with NaOH at
30°C.

Table (1) shows the water uptake percent for the untreated LDPE-g-PAAc, LPDE-g-
PAAc/4-VP and LPDE-g-PAAc/2-VP grafted membranes and also for these treated membranes
with NaOH. It shows that NaOH treated graft copolymer films possessed higher hydrophilic
properties than that for the graft copolymer having free carboxylic acid groups.

Table(l):
Effect of functional groups and degree of grafting on the water uptake for different membranes.

Membrane

LDPE-g-PAAc

LDPE-g-P(AAc/4VP)

LDPE-g-P(AAc/4VP)

LDPE-g-P(AAc/2VP)

LDPE-g-P(AAc/2VP)

Degree of

Grafting

(%)

177

121

130

110

171

Water Uptake (%)

Functional group

-COOH*

120

103

92

84

43

-COO"Na+

290

311

510

352

292

These results suggested that the hydrogen bonding formed in the grafted films that containing
free-COOH groups resulted in crosslinking network structure. As a consequence, the water
uptake is reduced. However, the chemically treated grafted copolymers possessed higher water
uptake due to the formation of easily ionizable -COO"Na+ group which having good hydrophilic
property.

Thermal Properties of Grafted Copolymers:
Thermal properties of the polymeric substrates and graft copolymers obtained by

radiation-induced grafting of AAc/4-VP- binary monomers onto LDPE films were performed
using differential scanning calorimeter (DSC). The knowledge on the changes in thermal
properties of these materials is important for its applications as well as for the characterization
and determination of their chemical and physical changes. In this study, the melting
temperature(Tm) of such grafted and ungrafted polymers were determined from the first and
second heating runs. The LDPE polymer substrate and its graft copolymers are recrystallized on
cooling from the molten state at the temperature of recrystallization (Trc). The heats of melting
(AHm) and recrystallization (AHrc) of these materials are determined from the area of the
corresponding transitions in the DSC scans. In the following, the changes in Tin, Trc, AHm and
AHrc for the polymer substrate and its graft copolymers will be presented and discussed.

Change in Tm and AHm:
Table(2) shows the change in (Tm) for the grafted LDPE copolymers with degree of

grafting. It is obvious that the Tm of such graft copolymer decreases with increasing the degree
of grafting at the first and second heating runs. It shows also that the heat of melting (AHm) for
the graft copolymers of LDPE decreases with increasing me degree of grafting at the first and
second heating runs.
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Table(2):
Effect of degree of grafting on the thermal parameter of LDPE that grafted with P( AAc/2-VP)
binary monomers.

Degree of

Grafting

(%)

0

40

110

180

Tm

(°C)

1st run

108.5

106.6

105.8

105.5

2nd run

109.1

106.8

104.7

104.3

AHm

(J/g)

1st run

85

56

44

42

2nd run

88

51

29

23

Trc

(°C)

90.8

90.6

90

86.4

AHrc

(J/g)

89

53

43

41

The change in AHm and Tm at the first and second heating runs may be attributed to the change
in the size of the individual crystallites which may be limited by the presence of branches; since
smaller crystallites usually melt at lower temperatures than larger crystallites. The presence of
branches will reduce the melting temperature of the polymers.

It was reported that the thermodynamic melting temperature of the semi-crystalline
polymer decreases as the molecular weight decreases and/or as the number of defects increases,
i.e., with an increase in branching and/or crosslinking(23,24) Accordingly, the changes in Tm
and AHm of this graft copolymers indicated that there is a decrease in the size of the crystallites
and/or the formation of defects caused by crosslinking or branching of grafts.

Heat of Recrystallization:
One of the main factor affecting on both the thermodynamics and kinetics of structure

formation processes is the crystallization temperature^). Recrystallization process of the graft
copolymers is performed after the first heating run above the melting temperature of the polymer.
The sample is held at this temperature at which the polymer turned completely to the amorphous
phase. By cooling the sample from the molten state, it recrystallized at the suitable rate of cooling
(20 °C/min.). Table(2) shows also the change in (Trc) for the grafted LDPE copolymers. A
pronounced decrease in its Trc is observed as the degree of grafting increases. The changes in
heat of recrystallization (AHrc) for this graft copolymer with degree of grafting is also shown in
Table 2 in which AHrc decreases with increasing degree of grafting.

It can be suggested that the recrystallization process is restricted by the formation of
crosslinking via graft chains, as a consequence, a decrease in (Trc) and in (AHrc) are observed
for graft copolymers that having high degrees of grafting, i.e. the crosslinking content is high.
This result is a good evidence for the formation of crosslinking network in such graft copolymer
that containing carboxylic acid groups which are easily crosslinks via hydrogen bonding.

Mechanical Properties:
One of the important properties of the membrane is to possess good mechanical

properties acceptable for handling during its practical uses.

Figure(4) shows the effect of grafting yield on the elongation percent and tensile strength
at break for the grafted LDPE with AAc/2-VP binary monomers mixture. It is obvious that the
elongation percent does not significantly changed by grafting if it compared with that of the
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original LDPE film as a polymeric substrate. However, as expected, the tensile strength of such
grafted membrane increases significantly as the degree of grafting increases.

The little decrease in elongation percent by grafting is reasonably due to the restriction of
chain mobility, under strain, caused by crosslinked network structure formed via hydrogen
bonding of carboxylic acid groups of poly(acrylic acid) graft chains. Poly(2-vinyl pyridine) graft
chains are also incorporated in network structureC26). Such crosslinked network structure
resulted in a pronounced increase in the tensile strength of grafted membrane, which increased
significantly as the content of crosslinks increased. The crosslinking occurred during irradiation
is negligible at low doses used (max. 20 kcay).

APPLICATIONS OF GRAFTED MEMBRANES IN WASTE TREATMENT

Effect of Treatment Time:
In this study, cationic/anionic membrane LDPE-g-P(AAc/2-VP) is used for purification

of water from heavy metals. The effect of treatment time on the metal uptake percent is shown
in Figs.(5). It can be seen that, the metal uptake percent increases with time to reach its maximum
value (which is termed here as the maximum membrane capacity) at almost 2h of treatment for
different metals investigated; Co, Ni, Pb, Zn, Mn, Cd, Cu and Fe. Extension of treatment time
longer than 2h, causes no significant increase in metal uptake percent even after 24h. It is also
observed that, the order of maximum metal uptake at final stage for LDPE-g-P(AAc/2-VP)
membrane, is found to be Ni> Cu> Zn> Fe> Co> Mn> Cd> Pb. This order of metal uptake for
the cationic/anionic membrane follows the reverse order of atomic radii of these metals, except
for Co and Fe.

Membrane Capacity and Maximum Uptake of Different Metals
The maximum metal uptake of different metals by these ionic grafted membrane is

plotted in schematic diagrams and shown in Table (3). It can be seen that the investigated ionic
membranes have high chelation ability towards the individual metal ions exist in the feed
solution. However, the LDPE-g-P(AAc/2-VP) shows the higher affinity towards metal chelation

than that of LDPE-g-P(AAc/4-VP/5X The polarity and chelation effect are high for the nitrogen
atoms adjacent to the vinyl groups of 2-VP, consequently its metal uptake is higher.

Table(3):
Maximum metal uptake (m.mol./g) adsorped by different ionic hydrophilic Membranes as
measured by atomic absorption spectrocopy at 30 °C. Initial concentration of metal feed solution,
2000 ppm; time of treatment, 2h

Membrane

LDPE-g-AAc

LDPE-g-(AAc/4VP)
LDPE-g-(AAc/2VP)

Degree of
Grafting (%)

177

121
110

Maximum Metal Uptake (m.mol./g)
Pb
1.8

2.3
2.4

Fe
3.7

4.2
4.3

Cu
2.9

5.3
5.3

Cd
2.3

2.7
3.1

Co
5.1

3.9
4.3

Ni
3.6

5.1
5.9

Zn
3.6

4.5
4.9

Mn
3.5

3.8
4.1

The exchange properties and/or complexation between the ionic membrane and metals exist in
the feed solution seems to be changed by introducing both anionic and cationic characters
together in the grafted membrane. It is suggested that the stability constant and complexation
bound strength between the metals and functional groups are increased due to the incorporation
of pyridine rings that having nitrogen atoms of lone pair of electrons which can easily form a
quaternary pyridinium metal salts or chelation.

Selectivity of Membrane Towards Different Metals:
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The selectivity of different ionic membranes, prepared by radiation grafting of acrylic
acid and 2-vinyl pyridine onto LDPE films, is investigated using mixtures of two or three metals
in the same feed solution. The selectivity ratio and uptake are listed in Table (4). An equimolar
feed solution from two different metals is prepared. The selectivity of membranes towards both
metals is determined by considering the uptake of metal by complexation and/or chelation with
the membrane functional groups. From the data obtained, it is obvious that it has a great affinity
towards Fe(Hl) when it exists in a mixture with other metals. In some mixtures such as (Fe (HI) +
Mn(H)), the membrane shows a great ability to chelate all Fe(III) and the chelated Mn(II) is
minor amount.

These results can be reasonably explained by considering the valence of metals and their
ionic radii . The trivalent Fe(III) forms a more stable and strong complex with the functional
groups of grafted membranes. It is a competition process between the different metals and
functionalized membranes.

Table (4) shows also that the membrane has also a great selectivity towards Ni when it
exists with other metals, except Fe(HI).

Table(4):
Selectivity ratio and metal uptake for LDPE-g-P(AAc/2VP) grafted membrane (171% grafting)
towards two metal ions exist in a mixture of feed solution.

Metal Feed
Solution Mixture

Fe(ni)
+

Co(II)
Fe(in)

+
Ni(II)
Fe(UI)

+
Mn(H)
Ni(II)

+
Co(II)
Zn(II)

+
cd(n)
Pb(H)

+
Cd(II)

Metal Uptake
(m.mol/g)

3.0

1.6
3.0

1.1
2.9

0.2
1.5

1.1
2.8

2.4
1.5

1.4

Selectivity Ratio
(M1/M2)

1.9

2.7

15

1.4

1.2

1.1

The selectivity of membrane towards different two or three metal ions from the same feed
solution is also presented in schematic diagrams. The chelating sorbent under investigation
demonstrated some selectivity towards three different metal ions namely; Fe(HI) +Cu(II) +
Pb(U) and Cd(II) + Co (II) + Ni(II). Since Fe, Cu and Pb ions have different valences and ionic
radii, it is expected that in the presence of Cu and Pb, Fe(III) ion could be selectively extracted by
the grafted membrane as a sorbent Under competitive conditions a selectivity factor could be
observed in the preferential extraction of Fe(III) over Cu(H) and Pb(II) ions by the sorbent
membrane. Meanwhile, in case of other mixtures containing Cd, Co and Ni, the selectivity
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towards Cd(II) is higher than that for the other two metal ions. Although the ionic radii is the
effective factor in case of Cd(II).

In general, it can be concluded that the selectivity of the investigated membrane towards
different metals in a mixture depends mainly on the ionic valency and ionic radii of the metals.
Also, the results showed that the selectivity of membrane obeys the Irving-William's series
dealing with the stability of metal complex with ligands.

Membrane Efficiency and Durability:
To explore the applicability of the sorbent membrane, it was informative to obtain

knowledge on its sorption capacity towards different metal ions. Studies on the sorption capacity
of the prepared membrane towards different metal ions are carried out by equilibrating a fixed
amount of the sorbent with a series of metal ion solutions of gradually increasing concentration.
A maximum amount of metal ion can be removed from the solution when the chelating sites of
the sorbent are saturated. From Fig.(6), it can be seen that increasing the concentration of metal
ions results in increasing the amount of metal ions uptake (ppm).

Desorption and Readsorption of Metal Ions:
Evidently, complexation of different kinds of membranes with metal ions is inhibited in

strongly acidic conditions. Therefore, the recovery of adsorbed metal ions are easily desorbed by
treating with 0.1M hydrochloric acid at room temperature for 2h. The regenerated membrane is
again effective for the readsorption of metal ions.

CONCLUSION

It can be concluded that the preparation of hydrophilic membrane having both anionic
and cationic exchangers was achieved when AAc and 2-vinylpyridine-HCl binary monomers
were grafted onto LDPE films using y-ray as initiator. The DSC analysis indicated that the graft
copolymerization process confirmed a restricted crosslinking bonds which decreased the Trc and
the AHrc for such polymers. These grafted membranes possess acceptable mechanical properties
for handling in their practical use as in waste water treatments. This due to the fact that the most
important property for such applications is the tensile strength during operation processes of their
uses. The selectivity of different investigated membranes toward different metal ions in a mixture
depends mainly on the valency, ionic and atomic radii of metals. As a case of study for
application of the membrane system in Egypt, it is to be mentioned that iron concentration in the
ground water of most localities have a higher values, for example in El Bahariya Oasis, Fe
concentration record more than 15 ppm in the ground water aquifers. Furthermore, such
membranes could be useful in iron separation.
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ABSTRACT

Phenol containing wastewatcrs are generated by numerous industrial units
including integrated steel mills, textile mills, plastic production, etc. The present
work is targeted to explore the viable oxidation techniques for degradation of
phenolic wastcwater. Three modes of treatment have been adopted in this study,
namely, sole oxidant mode using Fenton reagent or permanganate, UV-assisted
oxidation and two consequent chemical oxidation steps. Results indicated the
superiority of Fenton reagent over KMnO4 oxidation in the sole oxidant mode.
On the other hand, UV-assisted KMnO4 oxidation enables almost complete COD
reduction. Dual chemical oxidation mode employing KMnO* oxidation followed
by Fenton reagent is also an efficient oxidative degradation system.

Key Words: Phenol containing wastewaters, Fenton Reagent, Permanganate Oxidation,
Ultraviolet.

INTRODUCTION

Phenol is an acutely toxic chemical. It has been reported as a hazardous chemical
by OSHA, EPA, ACGIA and NOISH.

In industry, wastes containing phenolic (WCPs) are encountered mainly in
integrated steel mills, synthetic textile mills > manufacturing the phenolic-derived-resins
(plastic industries) (1,2) , coking operations, pulp and paper operations and pharmaceutical
industries.

WCPs are normally treated by lagooning, phenol extraction, thermal incineration
and biological systems. Biological treatment is also applicable for degradation of phenols in
wastewater under appropriate set of conditions. The trials included anaerobic and aerobic
biodegradation processes for chlorophenols and cresols, utilization of a bioreactor,
containing a fixed biological active biomass or employing biodegradation with immobilized
large edible fungus hypha (3-6).
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TREATMENT OF WCPS BY OXIDATION

Numerous methods have been explored for effective degradation of phenols. The
following sections present current endeavors pertinent to phenol degradation:

a) SUPERCRITICAL WATER OXIDATION (SWO)

SWO were carried out at 315-426°C under a pressure of 24.2 MPa in a tubular
reactor. Oxidation rate is influenced by temperature and concentration of water,
oxygen and phenol (7,8).

b) ELECTROCHEMICAL OXIDATION (ECO)

ECO of WCPs is strongly dependent on the type of anode material used, (e.g. SnO4
, Ti/SnO4 or graphite) (9-11). Results indicate that the aromatic compounds with
hydroxy group could be readily oxidized in the alkaline pH region (12). In the
presence of Nad, organochlorinated compounds are formed in the electrolyte which
are further oxidized to volatile orgahics (13). Acetic and chloroacrylic acid were
obtained as final products of degrading WCPs by sonoelectrochemistry ( 14 ).

Mi
c) WET AIR OXIDATION (WAO)

It depends on using oxygen as an oxidarrt at high temperature and pressure. The
efficiencies achieved by this method are up to 99.9% (15,16).

CATALYTIC WET OXIDATION (CWffl

CWO of phenol using CuSO4 as a catalyst in alkaline medium or using H2 O2 in the
presence of heterogeneous catalysis Fe-ZSM-5 gives the best results(17,18).

e) PHOTOCATALYTIC OXIDATION (PCOt

Ultraviolet radiation accelerates the degradation of phenols using TiO2 as a catalyst
(19,20).

f) CHEMICAL OXIDATION

Different advanced oxidation methods including O3, H2O2, UV,( O3& H2O2 ), ir
O3&UV), ( H2 O2 & UV ) and ( O3 & H2 O2 &UV ), were tested in the chemical
oxidation of biologically treated phenolic effluents. Oxidative degradation of WyCPs
using O3 or O3/H2 O2 or oxygen in the presence of a catalyst comprising CuO, ZnO
and gamma alumina gives good results. Using H2O2 in the presence of transition
metals such as Fe(III) gave the optimum values at high pH(21-24).
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EXPERIMENTAL INVESTIGATIONS

A. SCOPE OF WORK

The scope of this work includes oxidation of simulated phenolic wastes of 0.1%,
1% and/or 3% phenol using Fenton reagent, Potassium Permanganates and /or ultraviolet
radiation. The study variables include

retention time, oxidant and phenol concentrations.

B. Experimental Conditions:

Table (1): Experimental Conditions Pertinent to Oxidation Modes

-^Phenol cone.

Item •——->_

Fenton reagent

H2O2 / 50 ml sample

Fe+2/H2O2

Permanganate /50 ml sample

Initial COD

Duration

Temp.

pH ranges

• in case of Fenton reagent

• in case of KMnO4

UV exposure time

0.1%

0.25-0.9 ml

1:5

0.5-1.5 ml

6200 PPM

15-120 min

23°C

5-4

7,8.6

15-120min.

1%

2.5-9 ml

1:5

5-15 ml

36400 PPM

3%

7.5-27 ml ,
>1:5

7.5-21.5 ml

120150 PPM
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EXPERIMENTAL:

a) MATERIALS:

Chemicals utilized in oxidation experiments and its characteristics are depicted in
table (2).

Table (2): Chemicals Utilized in Oxidation and its Characteristics

' - _ - " " Materials

Phenol

KMnO4

Hydrogen peroxide

FeSO4

NaOH

H2SO4

COD vials

Characteristics

98% commercial grade

30% analar

Powder

Pellets

98%

Range 0-1500 PPM

Source |

Chemicoke Egypt

Merk

Merk

Merk

Merk

Hach

b) EXPERIMENTAL FACILITIES:

• UV Reactor, Pyrex Vessel (313nm) with high pressure lamp (Philips HPK 125w).

• Spectrophotometer HACH, DR/2000.

• Shaker Heidolph Uniinax (4.5 min'1).

c) OXIDATION EXPERIMENTS (METHODOLGY)

Simulated waste samples (50 ml each) of Phenol concentration 0.1, 1 and 3%
are prepared.

Fenton oxidation is performed by adjusting sample pH to 3-4, followed by addition of
ferrous sulfate catalyst. H2 O2 is added slowly with gentle stirring. The reaction is
terminated after the specified time by increasing pH up to 9-10. The sample is then filtered
prior to COD determination.

Permanganate oxidation is undertaken by slow addition of 10% KMnO4 with stirring.
Reaction is terminated after the specified duration by addition of sodium bisulfite. Samples
are filtered prior to COD determination.

Double oxidation mode is undertaken by KMnO4 oxidation followed by pH adjusting and
Fenton oxidation. Each oxidation step lasts for 30 minutes.

Ultraviolet assisted oxidation has been performed as described above for Fenton or
Permanganate oxidation, in addition to post treatment by UV radiation exposure for 60
minutes.
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RESULTS AND DISCUSSION:

EFFECT OF OXIDANT DOSE:

Residual COD decreases as H2 O2 dose increases . Addition of about 7.5 ml of H2
O2to 50 ml of 3% phenol solution decreases COD by about 81% Fig. (1).

The oxidation efficiency approaches 97% when the amount of oxidant is about 18
ml/50 ml of the phenol solution. Further addition of H2 O2 leads to insignificant
improvement. The required quantity of oxidant drops sharply with decreasing phenol
concentration to 1%, since 8 ml of H2O2 would be required to realize COD reduction by
about 98%, Fig. (2). Further reduction of phenol concentration to 0.1% reduces the quantity
of oxidant to 0.8 ml/50 ml to achieve 90% COD reduction, Fig. (3).

Results presented in Fig. (1-3) and concerning phenol oxidation by 10% KMnO4
solution revealed that 66.5% COD reduction could be achieved using about 21 ml of
oxidant /50 ml of 3% phenol solution. It is observed that 15 ml of the oxidant is just
sufficient to reduce the COD by 61%. Thus, extra 6.2 ml is needed to improve COD
reduction by 5%. Reducing phenol concentration to about 1% reduces the amount of
oxidant from 21 ml (in case of 3% solution) to about 10 ml of the oxidant. Thus, reducing
phenol concentration by about 66% reduces the quantity of oxidant to about 50%. Further
reduction of phenol concentration to 0.1% reduced the amount of oxidant to 0.5 ml and
realizes higher efficiency approaching 71% which reflects the relatively higher oxidation
efficiency when dealing with dilute solutions.

EFFECT OF RETENTION TIME

From the inspection of the time dependence of COD during oxidation, it is obvious
that two linear rates are distinguished, Fig. (4-6). The rapid COD fall zone which occurs
in the first 15, 15, 30 minutes for the 3%, 1%, 0.1% phenol concentrations respectively.
The second segment is characterized by highly diminished COD reduction rate. These
results confirm the success of Fenton reagent to degrade phenol in wastewater. Further, the
scaling up process should consider opportunities to reduce the amount of oxidant and
reactor size by limiting COD reduction to acceptable limits coping with other down stream
processes (e.g. biological treatment) and selection of the appropriate reaction time (e.g. 20-
30 min.).

Data presented in Fgures (4-6) revealed the following:

• Time dependence of COD is characterized by high rate segment and other
slow rate one as observed in case of Fenton oxidation.

• The time required to approach moderate degree of COD reduction, for instance
67.71%, is almost equal in the case of the 3% and 1% solution.

• On the contrary, at the same retention time (60 min) COD reduction approach 95%
in case of 0.1% solution.
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EFFECT OF PH:

Investigations regarding the effect of pH on KMnO4 oxidation (Table 3) confirm
the tendency to realize better COD reduction at pH 7. Thus, the results described in earlier
sections should manifest relatively higher values if undertaken at pH 7.

Table (3): Effect ofpH on Oxidation Efficiency Using KmnO4

PH

3.5

7

8.6

COD

70200

31400

40183

Efficiency

42.17

74.17

66.55

EFFECT OF ULTRAVIOLET RADIATION

The results in Table (4 ) indicate that in case of the investigated phenol
concentration (0.1-3%), There is no remarkable effect of ultraviolet radiation on the
oxidation of phenol using Fenton reagent. On the other hand, the ultraviolet radiation has a
remarkable effect on the oxidation of phenol with KMnO4, the COD has decreased from
120150 mg/1 to7500mg/I i.e. the efficiency of phenol degradation improved from 38% to
91.8% using 3 ml of 10% KMnO4 solution for 50 ml of 3% phenol concentration, while in
case of using 0.2 ml oxidant/50 ml of 1% phenol solution the efficiency changed from 71
to 100%.

Effect of Double Oxidation mode

Using KMnO4 treatment followed by Fenton reagent, the efficiency achieved
approaches 95.2% in case of 3% phenol solution treatment efficiency approached 100%
COD reduction in case of 0.1% and 1% phenol solutions.

CONCLUSION

Experimental investigation pertinent to phenol degradation by Fenton reagent,
permanganate and ultraviolet revealed the superiority of Fenton reagent over Permanganate
using sole oxidation mode.

On the other hand, combination of UV and KMnO4 enabled almost complete COD
reduction.

Numerous modes for phenol oxidation suggests adoption of Fenton reagent,
KMnO4 assisted UV or Fenton reagent followed by KMnO4 oxidation. The choice among
these modes depends on the initial phenol concentration, applicable discharge limitation
and cost consideration.
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3

1

1

0.1

0.1

Fenton

H2O2 Dose (ml)

3

4.5

2

5

0.2

0.5

Reagent

Performance (%)

WithUV

97

98

88.2

94.6

80.9

90

Without UV

93.7

97

89.6

90.2

77.4

100

KMnO4 Dose

3

8.5

3

6

0.2

0.6

KMnO4

Performance

WithUV

91.8

77.28

60.71

66.5

100

100

(%)

Without UV

38

66.55

50.18

66.11

70.96
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ABSTRACT

In recent years the effort in science and technology is shifting from
conventional technologies preventing the pollution of air, water and soil, towards
processing by gamma or by electron beam (EB) irradiation in order to prevent
pollution, rather than curing the problems caused by production processes,
which are not optimized with regard to pollution control.

Radiation processing may help to improve the environmental situation in
two aspects : It provides alternatives to conventional technologies for the
cleaning of air, flue gases and water,....etc, and it also helps to realize "clean
processes" for preventing pollution in the first place.

This paper will outline the basic principles of radiation processing for waste
streams of environmental relevance, will summarize the state - of - the - art in
environmental applications of radiation processing to show both the advantages
and the limitations of the radiation processing of waste streams, and to highlight
the environmental and economic benefits of "clean processes" made possible
by radiation processing applied to municipal and industrial waste. Reference is
made to gamma and EB radiation sources, and description of new technologies
is presested.

Key Words : Gamma lrradiator / Accelerator / Radiation
Processing /Curing / Crosslinking

^INTRODUCTION

Conventional technologies preventing the pollution of air, water and soil by
anthoropogenic waste streams have been developed in the past Despite a rather high
state of maturation, these technologies cause substantial investment costs and complicated
process modifications. There are sometimes serious environmental effects as well as
disposal problems.

As an example, there has been a great concern for the environment from sewage and
its hazards on water pollution, on plants, and consequent health effects on the public. One
of the problems in this respect is the dumping of sludge in rivers, seas and oceans.
Accordingly, efforts have been made to clean up process effluents. On the other hand, the
efficient use of the limited water resources, and the protection against pollution, has
become of great national concern in every country.

Radiation processing by gamma rays from cobalt-60, or by electron beams may help
to improve the environmental situation in both aspects: it not only provides alternatives to
conventional technologies for the cleaning of hazardous waste, but it also helps to realize
" clean processes" for preventing pollution in the first place.
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' ne radiation process induces chemical changes which are responsible for its ability
to modify the material components, a property which is exploited during radiation
processing (polymerization, cross-linking, sterilization, disinfecting,... etc).

The objectives of this lecture is to outline the basic principles of radiation processing
for waste streams of environmental relevance, and to summarize the state - of - the art in
environmental applications of radiation processing, as well as to show the advantages and
the limitations of radiation processing of hazardous waste.

II.RADIATION SOURCES

Radiation sources include cobalt-60 gamma irradiators, electron beam (EB)
accelerators, and X-rays. A brief description will be given for the sources most widely used
in radiation processing, just as examples of the big variety of radiation sources.

Cobalt -60 Gamma Irradiators

The activity of gamma sources ranges from few hundreds of curies to 3 megacuries.
Usually, safety recommendations are primarily concerned with facilities with the larger
activities, but they also apply, with appropriate modifications, to facilities with relatively low
activities.

Four general categories of irradiators are defined according to the design of the
facility and particularly the accessibility and shielding of the radioactive source (1). Our main
interest will be in Category IV :

Category IV: A controlled human access irradiator in which the sealed source is
contained in a water filled storage pool, is fully shielded when not in use and is exposed
within a radiation volume that is maintained inaccessible during use by an entry control
system (Fig.1).

. The industrial irradiator used in radiation processing is designed in various forms of
Category IV, one of these is the Pallet Irradiator -Automatic shown in (Fig.2)(2)"

It consists of a room with concrete walls two meters thick which contains the radiation
source (Co-60). A conveyer system automatically moves the products in the room for
irradiation, and then removes them. When personnel must enter the room, the source is
lowered to the bottom of a pool, where water absorbs the radiation energy and protects the
workers.

The basic requirements for gamma irradiators include simplicity, ease of operation
and maintenance, dose uniformity within the carrier, high cobalt efficiency, flexibility in terms
of ability to process more than one product at a time, reliability, and safety.

Electron Beam Accelerators

Electron accelerators of energies less than or equal to 10Mev are used in radiation
processing.

For these energies there is no induced radioactivity in any part of the equipment.
There are many types of electron beam (EB) accelerators; the main differences between
the types of accelerators are in the mode of accelerating the E.B. and in the method of
producing the high voltage needed for acceleration. As in gamma irradiators, there are
different categories dependent on the shielding and safety features of the accelerators. Of
the many different types of E.B. accelerators.(3), we will give a d.c. EB accelerator, and a
radio frequency accelerator as examples : the First is shown in Fig.3(4), it is featured by
being small and compact, having high stability and homogenity. Beam energy is 3 MeV and
power 200KW.
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The acceleration tube and extraction device are located in the biological shield.
The second type is a radio frequency EB accelerator; linear single gap accelerator,

Fig.4(S) .in which acceleration of electrons is accomplished in a high frequency resonator
gap, which means that none of the accelerator components has a potential relative to the
housing, thereby eliminating the acceleration tube, rectifying section, insulating gas and
pressure vessel,...etc.

X - Rays as Radiation Sources

X-rays are produced whenever electrons strike against a target material. This
radiation is also called Bremstrahlung and results from the conversion of some of the
electrons kinetic energy into electromagnetic radiation.

Table 1 gives comparison between the three types of radiation sources.

IH.APPLICAT1ONS TO HAZARDOUS WASTE

HI.A.TREATMENT OF MUNICIPAL WASTE

Gmma irradiation and EB-processing may serve for disinfection of solid and liquid
wastes for the degradation of persistant chemicals. In the following some examples for the
treatment of wastes are discussed.

HI.A1. Disinfection of Municipal sewage Sludge

Recent worldwide trends on the recycling and reuse of wastes have had an impact on
the way in which municipal sewage sludge is perceived. A growing concern for the
environment, coupled with immediate access to news of world events, has focused global
attention on water pollution and the to plants and wildlife caused by it. As a result, ocean
and river dumping of sludge is rapidly being discontinued and efforts are being made to
clean up process effluents. The European Union environment regulations prohibit the
dumping of such waste at sea. Especially in semi-arid countries ,the efficient use of the
limited water resources and the protection thereof against pollution, has become a national
strategic issue. At the same time, awareness of the potential use of sludge as an organic
soil conditioner and horticultural product has lead to an increased need for waste
disinfection or sterilization technologies. A potential hazardous product can thus be
converted into a very valuable asset. Especially in semi-arid regions, very valuable land
rehabilitation programmes can be instituted through the beneficial use of safe sewage
sludge as a soil conditioner and fertilizer - the latter being created with the necessary
nutrient augmentation of the disinfected sludge.

Sludge is a natural by-product of the treatment of effluent waters which have been
contaminated by humman or animal excreta and wastes. Sludges can broadly be
categorised into raw and stabilised sludges. The essential difference between them is that
raw sludge putrefies, omits offensive odours, hosts numerous potentially lethal (to humman
beings) pathogens and encourages fly breeding, which has a significant nuisance factor
and potential health risk. Stabilised sludge has none of the above characteristics except
that the pathogens are still present. Should any of the other characteristics of raw sludge be
present in stabilised sludge, then the sludge is considered as not being fully or complerely
stabilised.
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Comparison between

Gamma-rays

Electron beams

X-rays

Irradiatiun processes

Advantages

* good penetration
• high reliability
• relatively simple operation

• high iiucnsiiy
• high throughput*
• high power ulili/ntion
• adjustment of beam energy,

intensity anil scanning
• beam shut-olf

• excellent penetration
• !x\im shut-off
• product llcxibility

Disadvantages

• low intensity
* low power utilrrntion
* long proce.<;<; time
* continous einis.':i(>n
• potential nuclc:ir hazard
• bad public percep'ion

• limited penciraiir.st
• pnekage size rest -.ctions

• low conversion efficiency

Table .2

Irradiation facilities for treatment of water, wastewater, and sludge
that have been or are operating

Austria

Canada

CZRCII Republic

Germany

India

Japan

Norway

South Africa

United Slates

Irradlator type

Electron-beam

Cobalt-60

Cobalt-60

Cobalt-60

Cobnlt-60

Coball-SO

Cobait-60

Cobalt-60

Cobalt-60

Cobalt-60

Electron beam

Electron-beam

Electron-beam

Waste type
processed

Drinking water

Wastewater

Sludge

Drinking water

Sludge

Well water

Sludge

Sludge

Landfill leachate

Sludge

Effluent

Sludge

Wastewater, sludge

Reason iar treat-
ment

Reduction of
chemical
contaminants

Reduction of
phenols

Disinfection prior
to fertilizer use

Disinfection

Disinfection prior
to land use

To prevent
biological fouling

Disinfection

Disinfection prior
to composting

Destruction of toxics

Disinfection

Disinfection

Disinfection

Disinfection
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Of particuler concern are wastes that present problems in two areas . those containing
potentially infectious microoganisms (sewage sludge, biomedical wastes, wastewater) and
those contaminated with toxic chemicals.

The gamma irradiators have been widely used since the early 1996 in the sterilization
of medical products and consumer goods. Their use in the disinfection of sewage sludge
has been demonstrated on a full-scale basis at a plant near Munich, Germany; and at a
biomedical waste sterilizer in Arkansas, U.S.A. for the treatment of hospital wastes.

Similarly, E.B. accelerators have seen decades of use in industrial processes. This
technology has been proven effective in the disinfection of drinking water and wastewater.

Irradiation facilities for treatment of water have been constructed in many countries of
the world(6)l as shown in table 2. The first large - scale plant was the Geiselbullach Gamma
Sludge Irradiator, constructed in Germany in 1973. Another commercial application, also in
Germany, is the use of irradiation to reduce biological fouling of drinking water wells.

India's sludge Hygenization Research Irradiator (SHRI) is the second such plant in the
world, formally commissioned in the city of Baroda in early 1992. SHRI treats the entire
sludge output of abiut 110 cubic meters per day. The hygenized sludge is used as a safe
fertilizer.

Studies have been carried out(2> on the effect of high-energy E.B. irradiation on the
removal (ultimate destruction) of the toxic organic chemicals in aqueous solutions and the
factors that have been identified as important in efficiently destroying the chemicals . The
results of these studies are applicable to waste treatment and the remediation of hazardous
waste sites. E.B. accelerator 1.5 MeV energy delivering 50 mA bean current yields doses
from 0 to 8 KGY and is capable of scanning at a rate of 200 Hz to give a coverage of 1.2
meters wide and 5 centimeters high<2) .the maximum penetration in water is approximately
7 mm for 1.5 MeV electrons.

Irradiated sludge as a fertilizer product
Particular emphasis in many of the earlier studies was placed on the agricultural

advantages that can be gained from the safe use of irradiated sewage sludge-converting a
problem waste product into a highly valuable asset.

Sewage sludge is rich in nutrients and provides valuable soil conditioning properties.
Because it is organically based, it offers long-term soil improvement, unlike chemical
fertilizer which provide nutrients but have few soil-enhancement propreties. A typical
analysis of an irradiated and dried sludge product is as follows:<6)

Major Nutrients
Total Nitrogen
Available Phosphoric Acid
Soluble Potash

%
3,0
0,5
0,4

Minor Nutrients
Calcium
Magnesium
Boron
Iron
Manganese
Zinc
Molybdenum

0,29
0,05
0,008
1,8

0,05
0,015

0,00035
Other Components

Organic Matter
Moisture

44,5
30,0
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1II.A2. Municipal Sludge Irradiators

Radiation disinfection of sludge is accomplished be E.B. irradiation, or by gamma-
ray cobalt-60 irradiators . In the first case, sludge cake(water content 80%) is spread on a
stainless steel conveyer through a flat nozzle and disinfected by E.B. which is injected from
upside of the system fig. 5 m .The width of the nozzle is 20 cm and sludge thickness is
variable from 1 to 10 mm.

The maximum feed rate of sludge is 300 kg/hr. Any type of the big variety of E.B.
accelerators could be used, including those previously described in section II, E.B. energy
being in the range 1.5 to 3.5 MeV, and beam current could reach 30mA. The applied dose
of 10KGY is sufficient to reduce the bacteria counts by 5 orders of magnitude (Fig.6) (8).

If the sterilized waste does not contain other toxics such as heavy metals or dioxins, it
is suitable as an agricultural fertilizer. A combination-process of irradiation and composting
has been proven to be most suitable for minimizing the composting time.

Gamma irradiators are also used . There are more than 170 of these full scale
industrial irradiators operating around the world used in radiation sterilization in various
fields of applications.

A sludge gamma disinfection system, like the one used in Canda (Fig.7)(3)l consists of
three main components :

• A concrete - walled disinfection room which houses the irradiator and cobalt - 60
• A product handling mechanism which houses the sludge into and out of the room,

and
• A cobalt-60 energy source for disinfection
It is worth mentioning that in some cases.more research and testing is required
before the technology can be widely used on a commercial scale, in other
instances, however, the technology is already being used on a full - scale basis .

IV.USE OF ELECTRON ACCELERATORS IN ENVIRONMENT-
RELATED TECHNOLOGIES

The objectives of this survey about radiation processing is to summarize the state-of
the-art of environmental effects of radiation processing to show its advantages and
limitations and to highlight the environmental benefits of clean processes made forcible by
E.B. processing.

IV1.PURIFICATION OF FLUE GASES BY ELECTRON BEAMS
(E.B.)

Conventional air pollution control technology for power plants (e.g.wet scrubbing) has
been developed to a high state maturity. Lower costs for emission control are expected
from second generation processes, among them the Electron Beam Dry Scrubber (EBDS)-
process. Besides the cost of the process, the usefulness of the by-product obtained from
SO2 and NOX removal is of importance with respect to the long term application of flue gas
cleaning.

Flue gas from coal fired power plants may be efficiently cleaned by the EBDS
process. In the presence of ammonia a mixture of ammonia sulphate and ammonium nitrate
is obtained which may be used for the production of fertilizer. Several pilot plants using the
EBDS process (flow rates up to 20 000 M 3/hr) have been operated meanwhile in Japan,
Poland, U.S.A and Germany. These have proved the feasibility of the process and
utilization of the product, Table 3 (10).

On the other hand it has been shown (10) that the energy consumption of the process
may be reduced significantly by multiple irradiation and intermediate scrubbing.
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Table3<10)

Year

1370-71

1S72-74
1374-77

I 1977-7J
I li>31

1SS4-S5

1SG4-SS

1351-51
1UW-S3

1S34-31
I

1SB5-63

1SS9
1331
1SS2
1532
1S33

ftciKt

rTfljeci

institution

Name

Ebara

JAERt
Eoara

Eoara

University
ot Tokyo

Research
Cortreil

Eoara

JAERJ

KK
University
Karlsruhe

Badenwaric

K8C
INCT

NXWJAERI
Eliara

Ebara/JAEHl

KflMNCT

Ebara

Country

Japan

Japan
Japan

Japan

Japan

USA

USA
Japan
FHG
FHG

FRG

FRG
Poland
Japan
Japan
Japan

FRG/
Poland

Japan

Flow Rate

[Nm3/h]

0.02

60
1.000

mm
84

5.300

24.000
fl.S

300-1.000
1.000

20.000

1.500
20.000
1.000

50.000
12.COQ

150.CCO

1.750.000

toceleralor

[kWl/MeV

1.2/2-12

15/1.5
30/0.750
SO/0.750

0.12/1.0

8O/0.3OQ

160/0.800

/1.5
3.6/0.3CO

22/0.220

180/0.300

16.5/0.550
100/0.780
50/<1.000
80/0.800

108/0.800

£00/0.809

VI

Type of
Flue Gas

simulated

simulated
heavy oil

sinter plant

simulated

coal

coal

heavy oil
natgas

coal

tight oil
coal

incinerator
tunnel
coal

coal

coal
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The flow diagram of the EDBDS-process is shown in (Fig.8). It consists of three main
steps:

• Flue gas conditioning
• Irradiation
• Aerosol filtration

It works as follows (Fig.8)
IFiue gas at 140 °C(284°F) is cooled to 70 °C(158 °F) in a spray cooler The fine
mist of water from the spray nozzles in the cooler is totally evaporated by a heat
exchanger with the hot flue gas .
2. Prior to entry into the process vessel, the flue gas is injected with gaseous
ammonia . In the process vessel, the flue gas is irradiated by the electron beams
causing free radicals to be generated. These free radicals readily oxidize the SO2
and Nox to form their acid counterparts which react with the ammonia to form
ammonium sulfate and ammonium nitrate particulates.
3.Before its release to the atmosphere via the smoke stack, the flue gas passes
through a by-product to remove the ammonium sulfate and ammonium nitrate
particulates, these particulates are automatically removed and transported to a by-
product storage vessel for later off-site removal.

The SO2 and Nox are removed from the flue gas in three (11) sequential steps in less
than one (1) second as follows <11)

a) Under the influence of electron-beam irradiation, nitrogen (N2), oxygen (O2), water
(H2O), other molecules in the exhaust gas are converted into active, free-radicals
with high oxidation potential, such as 0H,0 and HC^-

b) These free-radicals oxidize the SO2 and Nox in the flue gas to produce sulfuric
acid (H2 SO4) and nitric acid (HNO3) as intermediate products.

c) These intermediate products then react with the stoichiometric quantity of
ammonia (NH3), previously injected to form ammonium sulfate (HN4)2 SO4 and
ammonium nitrate (NH4 NO3).

The E BDS process has the following advantages:
a) High removal efficiencies, 95% for SO2, and 80% for Nox, (Fig 9).
b) Easy to operate,
c) Dry versus wet mode of operation,
d) Valuable fertilizer by-product; ammonium sulphate and ammonium nitrate,
e) Low capital requirement and low operating expenses.

IV.2. ELECTRON BEAM TREATMENT OF WASTE STREAMS

1 .Waste Incinerators
The flue gas generated by the incineration of municipal wastes contains acidic trace

gases usch as H CL, SO2 and Nox.These Compounds may be treated by EB-processing
and neutralization by lime addition (Fig .10). Pilot plants have been in operation during
recent years (12> , H CL. and SO2 were removed to over 90% from the gas and sufficiently
high efficiencies were obtained for Nox removal, even at higher temperatures,(Fig11).
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The product of this process is a mixture of fly ash and soluble organic salts, which
must be disposed of. The method might be useful as a low-cost retrofit for existing
incinerators.

2. Industrial Ventilation System
Slow Technical progress has been made up to now in the control of emissions which

are low in concentration and contain several components (organic, inorganic and aerosols).
Usually, these emissions are characterized by large volumes due to specific process
requirements. Typical off-gases of this kind are emitted from industrial processes, (e.g...
coating of metal parts with solvent containing paints) and from automobile tunnels.

Removal of Volatile Organic Compounds (V.O.C.)
E.B. irradiation provides a simple and safe method for the simultaneous removal of

organic trace gases from air; OH-radicals are produced in the off gas, which subsequently
oxidize the pollutants. The removal efficiencies for an industrial solvent mixture as
determined downstream of the accelerator depend on several parameters: dose,
concentration and chemical composition of the mixture. As shown in Fig 12, efficiencies up
to 90% were measured for low concentrations (20,40 mg/m3) in the dose range between 1
and 5 KGY, lower-yields were noticed for a VOC concentration of 110 mg/m3 in the same
dose range.

Gas purification by E.B. is also used in tunnel of gas cleaning where large volumes of
air are emitted from automobile tunnels. These contain low concentration of Nox

(<10PPmV) and smelly VOC, some of which even might be harmful (e.g.benzene), during
long term exposure to neighbouring residents. Especially for tunnels within residential areas
a cleaning technology having low energy consumption and low space requirements is
desirble. A large plant for a flow of 50000m3/h of tunel off gases is meanwhile operated
successfuly in the Tokyo bay <13) ,(Fig.13).

. This process closely resembles the EBDS-process for flue gas cleaning , Fig13. The
tunnel gas is spiked with traces of ammonia and subsequently irradiated with electrons. The
particulate products (ammonium nitrate), dust and soot from the tunnel are trapped in a wet
electrostatic precipitator. Finally, traces of excess ozone are decomposed by an activated
carbon filter. The product, a solution of ammonium nitrate is cleaned from toxic exhaust
components and may by used as valuable liquid fertilizer.

V. Waste Management
Radiation disinfection of solid and liquid wastes
Direct E.B. processing of waste may serve for the disinfection of wastes for the

degradation of persistent chemicals in solid and liquid wastes. The state-of-the art of
radiation treatment of such wastes has been summarized by Waite(14). Typical examples
are considered in the following :

V.1 Sterilization of Airline Wastes
Airline wastes consist of food wastes, plastics, celluloses, glass and liquids. These

wastes may contain pathogenic bacteria, parasites and viruses. This creates a difficult
disposal problem and it must be sterilized to prevent international transmission of plant
and animal disease. The traditional approach to the problem is to incinerate the wastes,
but this creates a public acceptance problem. An alternative way is to irradiate the wastes
and dispose of them via landfilling. Such a process has to be approved by appropriate
regulatory authorities, On the basis of chemical and biological considerations, irradiation
of airline waste to a dose of about 90 KGY poses no significant toxicological hazard. The
only effect of irradiation is the gas evolution, primarily hydrogen, at a rate much smaller
than gas emission produced by incineration(1S).
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V.2 Biomedicai Wastes
This type of waste originates from hospitals, diagnostic and research laboratories . In

hospitals, about 1 ton of waste is produced by 1000 beds per day. Although about 85% of
this quantity is non-infectious refuse, risks involved in separation of refuse from actual
contaminated waste makes it advisable to treat the total mass as potentially infectious
material. Because of its contamination with pathogenic micro-organisms, there is potential
hazard for public. Accordingly, such wastes have to be disinfected before being disposed of
in landfills. Because incineration creates hazards to public health since biomedicai wastes
contain 20% plastic materials which produce toxic combustion gases , sterilization by E.B.
irradiation is environmentally preferable.

VI. Applications to Waste Prevention ("Clean Technologies")
Production of FUELS
VI.1. Desulfurization of natural gas:
Natural gas contains considerable amounts of hydrogen sulphide. Prior to the

transport of the gas the H2S must be removed to avoid corrosion of the pipeline ducts. This
is usually achieved by the Claus-process. Intensive work regarding the application of
radiation for the cleaning of natural gas was performed in Russia and Azerbaijan (16); The
G-value of the H2S radiolysis was measured to 3 molec /100 eV. Since one radiolysis
product is molecular hydrogen, the rather high energy consumption of the process is
somewhat decreased. Nevertheless it seems not realistic to apply the method to natural gas
having high sulpher content. A more promising application of radiation technology might be
final cleaning of natural gas in the receiving countries.

VI.2. Desuiphurization of Coal
A process (17^ has been investigated to reduce the inorganic and coal organic sulfur

content of coal by irradiation of a slurry of fine coal particles in sulphuric acid. Results
yielded S-removals of up to 80% for coal having sulfur contents of 2-3%. The optimized
process was proposed which combined conventional coal desulfurization (magnetic
separation, washing) with the radiation approach. Thereby significant energy savings have
been reached and the dose was reduced down to 100KGY. Considering the flue gas
composition, this translates into almost the same dose range as required for flue
desuiphurization by electron beam.

VII. Radiation Processing of Industrial Materials
The EB treatment of the different types of materials gains steady position in the

various fields of industrial production. The success of this technology is based on its
economic efficiency, technological flexibility and ecological safety. The advantages of the
EB processing are clearly seen in comparison with conventional technologies. This will be
illustrated in the brief survey given below in such processes as curing, crosslinking and
polymerization.

The main advantage of radiation processing is the possibility of direct energy transfer
into the treated material for chemical reactions initiation . The uniqueness of this technology
is based on the fact that all the transferred energy is converted into free radicals, so no
catalyst or initiating agent is used.

Production of Polymers
i) Curing and Crosslinking
A difficult problem of environmental technology is the control of low concentrated

pollutants (VOC). These are emitted frequently in many coating and printing processes. By
application of low-voltage electron beam irradiation, the curing and crosslinking of surface
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coatings and inks is possible without the use of solvents. The products are at least of similar
or higher quality and may be stacked immediately after production (13).

An important industrial application of the EB-irradiation is the production of heat
resistant cables by crosslinking of cable isulations. In addition to high quality produced by
this process, an important argument for using this technology come from the fact that use of
dangerous chemicals may be avoided and no waste is produced during the start-up phase
of the process.

Intensive work (19) has quantified the environmental advantages of radiation curable
composites. It was found that for manufacturing of typical products the energy consumption
of the radiation process was only 13% of equivalent thermal processes. For a given
production rate autoclaves use 10-20 times the energy to cure composites as compared to
50KW EB's. Tupically VOC emission from thermal curing processes are in the order of 3-4-
g/kg of polymer. In order to meet typical safety standards the VOC emissions are diluted

with 3.5-5 m^ of fresh air. Compared to the substantial emission of thermal curing
processes no VOC is detected during the EB curing at 25-50 °C and doses between 50-100
KGY. Even more important than the environmental benefit seems the potential to minimize
the exposure of workers to carcinogenic compounds during industrial curing. Table 4
summarizes some industrial applications for electron beam processing inducating the
advantages of E.B. processing in each case.

ii) Vulcanization
The radiation vulcanization of natural rubber latex (20) process consists of mixing

natural rubber latex with 5% of n-butyl acrylate and irradiation of this mixture at 15 KGY.
The advantage of this technology is that the vulcanization is achieved without sulphur or
ditiocarbonates, which are commonly used.

The new rubber does not contain nitrosamine which is found in ordinary rubber. Since
this rubber does not contain antioxidants it is easily biodegradable in the natural
environment. Furthermore, the EB-processed rubber is featured by higher strength and
more flexibility.

iii) Emission-Free Lacquering, Glueing, Printing
In order to protect our environment in the Future, it is essential to reduce ecological

damages, users of lacquers, printing inks and adhesives containing solvents should look for
environmentally harmless processes. Solvent-free converting system is achieved by using
eiectron-beam curing (EBC) which has the following advantages:

•EBC is heat free and works absolutely without emission
•Substantial production increase compared with conventional heat-treatment
methods and UV-technology
•Immediate further treatment of converted products without posturing
•Low space requirement and integration into existing production lines without
problems
•No waste when starting up and shutting down the plant. (Fig 14) shows the electron
accelerating device (Used by POLYMER - PHYSIK corporation) in EBYC solvent free
technology.

Other techniques for EB-processing are: pre-treatment of wood chips with high energy
electrons which result in great saving in energy needed for pulping, and in the viscose
industry where great progress has been achieved by irradiating cellulose pulp by electrons
to yield several products of economic significance, (Fig 15).

The benefits of electron pre-treatment of wood chips using IMPELA E.B. acelerators
are the following(21) (Fig 16) :
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INDUSTRIAL APPLICATIONS FOR ELECTRON BEAM PROCESSING

Product

Wire and Cable insulation; Plastic
Insulating Tubing; Plastic
Packaging Film

Foamed Polyethylene

Natural and Synthetic Rubber

t

Stack Gasas

Precious and Semiprecious
Gems; Crystal; Glass

Adhesives: Pressure sensitive;
Flock; Laminate

Coatings. Paints and Inks on:
Woods
Metals
Plastics

Wood and Organic Impregnates

Cellulose

Potatoes; Wheat; Rice Flowers;
Onions; Cod and Redfish;
Chicken; Strawberries

Sewage

Medical Supplies and Disposable
Containers

Hospital Waste

Product Improvements and

EB Process Advantages

Shrinkability; tensile strength;
heat, solvent, stress-cracking
resistance; low dielectric losses

Compression; tensile strength

Abrasion resistance; elimination
of vulcanizing agents

Precipitation of SOi and NOx
eliminating pollution hazards

Permanent coloring

Elimination ot solvents;
high-speed cure; low energy
consumption; room-tampertaure
cure; no limitation on colors

Mar, scratch and abrasion
resistance; surface uniformity;
upgrading of softwoods

Enhanced chemical combination

Extended storage and shelf-life

Safe disposal and agricultural
use of sewage sludge

Processing of heat-sensitive
materials; high-speed in-line
production: low energy
consumption

Sale decontamination of
biologically contaminated waste

Process

Cross-linking. Vulcanization

Chemical Reaction

Crystalline Alteration

Curing, Polymerization

Oepolvmerization

Pasteurization, Disinfection

Sterilization
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Fig .14
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• Induces chemical changes in wood chips resulting in net electrical power
savings of 20% to 40%,

• No chemicals are used, and no pollutants or effluent disposal,
• Equipment is off-line, could be located in the woodyard using lees than 1,600

square feet of space
• Effects wood chip disinfestation prior to storage in woodyard and prevents

microbial attack which reduces yield loss during pulping,
• Payback can be in one year.

Strength properties of Some pulps are affected, thus, optimization is required to
maximize energy savings against strength loss

CONCLUSIONS

Development work during the last 20 years has shown that radiation processing has
a high potential to solve environmental problems by either treating or avoiding waste
streams. The radiation processes work at ambient temperatures, and often produce
valuable compounds or byproducts. They promise significant space and energy
savings due to the high processing speeds. A solid theoretical knowledge has been
acquired regarding the chemical reaction mechanisms of the processes.
Nevertheless during past R&D -work also limitations of EB-processing were realized
in some projects. They are sometimes not cost-effective when applied to high
pollutant concentrations. The oxidizing species in most of these processes is the
OH-radical. •
Therefore the energy consumption of these processes is roughly proportional to the
oxidized amount of pollutants unless chain reactions occur. However, in many
applications, radiation processing has significant benefits in the treatment of
hazardous waste.
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Abstract - The paper is a brief review of the results obtained with the participation of the authors
from the study on combined electron-beam methods for purification of some wastewaters. The data
on purification of wastewaters containing dyes or hydrogen peroxide and municipal wastewater in
the aerosol flow are considered.

1. Introduction

The various methods of application of electron beams for purification of various wastewaters

are known (see, for example, [1-4]). Sometimes the concentrations of pollutants in wastewater is

very high. Because of it the high doses are required for their decomposition, that causes the high

cost of the purification. This led to the developments of combined electron-beam methods in which

electron-beam treatment was ised in combination with conventional methods, such as ozonation,

coagulation, adsorption, biological purification and so on. In combined methods, the main fraction of

pollutants is removed by conventional methods, and electron-beam treatment serves as additional

instrument for the tertiary purification. One of the most important combined methods is purification

of industrial wastewater from non-biodegradable surfactant Nekal (it is a mixture of

isobutylnaphthalene sulfonates), utilized as an emulsifier in the production of synthetic rubber, by

electron-beam treatment and subsequent biological purification [5]. The method found large-scale

application; in Voronezh (Russia) the respective plant (the maximum output is 12,000 mJ/day) with

two electron accelerators is in operation for long-term time.

We studied the use of combined electron-beam methods for purification of some other

wastewaters. They include wastewater containing dyes in soluble and disperse forms, wastewater

containing hydrogen peroxide, and municipal wastewater. In the last case, wastewater is irradiated in

the aerosol flow (in order to use cheap low-energy electron accelerator). The paper summarises the

results obtained from the study on purification of these systems by means of various combined

electron-beam methods. The data on purification of these wastewaters were briefly published earlier

[6-9].

2. Experimental

Electron accelerator of ELV type (electron energy 1 MeV, maximum beam power 50 kW)

located in Daeduk R & D Center (Republic of Korea) and linear electron accelerator (electron

energy 5 MeV, beam power ~1 kW) located in the Institute of Physical Chemistry of Russian

Academy of Sciences were used as sources of ionizing radiation. In the case of linear electron

accelerator, both single pulses (their duration 2.3 us) and quasi-continuous beam (frequency 400 Hz)

were utilized. In some experiments, *°Co y-ray source (initial activity 120 kCi) was applied.
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Dosimetry was conducted with modified Fricke and dichromate dosimeters and with polymeric films

[10].

Optical measurements were conducted on registering spectrophotometers "Cary-13E"

("Varian") and "Specord M-40" ("Karl Zeiss"). The COD (Cr) values were determined by standard

procedures [11,12]. The BODj values were measured by the method described in book [13]. Total

organic carbon (TOC) values were obtained with analyzer "TOC-5000A" ("Shimadzu") from a

difference between total carbon content and total content of inorganic carbon. Emission

spectrophotometer "Plasma-40" (Perkin-Elmer) and chromatograph - mass-spectrometer "Satum-

4D-GC/MS" (Varian) were utilized for determination of metal ions and organic pollutants,

respectively. Concentration of hydrogen peroxide was determined by iodide method [14] or via

optical absorption of wastewater at 200 nm.

Two solutions were utilized for coagulation. One of them contained 200 g/dm3 Fe2(SO«)3 and

the second - 42 g/dm3 Ca(OH>2. The 0.2% aqueous solution of polyacrylami-de served as a

flocculant For coagulation and flocculation, 1.6 cm3 of F e ^ S O ^ solution and 0.5 cm3 of

polyacrylamide solution were respectively added to 200 cm3 of the solution studied.

3. Wastewater Containing Dyes

The model aqueous solutions of the following dyes: Disperse Red 60 (it is a dye of

anthraquinone type, its formula I is given below), Acid Red 172 (monoazo dye, 1:2 metal complex)

and Reactive Red 21 (monoazo dye with vinyl surfonate functional group) manufactured by Korean

industry were studied. The first of them is insoluble in water and is present in it in disperse form.

Two other dyes are soluble in water. The content of the each dye in the solutions under investigation

was 50 mg/dm3. This amount is close to the content of dye in industrial wastewater.

O OH

I

To be treated by electron beam, solution (volume 0.8 dm3) was placed to a flat vessel which

was moved by remote control through the zone of irradiation (its area is about 100x10 cm) by

scanned electron beam of ELV accelerator. The irradiation time was ~1 s. Just before and upon

electron-beam treatment, the solution was bubbled with air or argon for saturation and stirring. Dose

rates were 1-10 kGy/s.

It was found that both dyes soluble in water were not removed by coagulation + flocculation.

However, their solutions were virtually completely discolored as a result of irradiation at doses <10

kGy. It is shown in Fig.l. Electron-beam treatment of the solutions of these dyes at such doses

simultaneously led to the considerable decrease in TOC and COD (Cr) values (see Fig.2). At the
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same doses, purification degree was higher in aerated solutions than in deaerated ones. The result of

electron-beam treatment of the solutions of the dyes under consideration was also a formation of

disperse precipitates which were removed by filtration.

As it was found, dye Disperse Red 60 in water is stable to the action of electron irradiation

(see Fig.3). The color intensity of this system in the absence and the presence of air did not changed

upon irradiation to dose 30 kGy. The system was still brightly-red. The TOC value decreased only by

34%.

The virtually complete purification of water from dye Disperse Red 60 was achieved by

coagulation + flocculation method. For example, the initial aerated water with this dye had the TOC

value of 26-27 mg/dm3. The TOC value became to equal to 3.1-4.5 mg/dm3 after electron-beam

treatment at dose 3-10 kGy, subsequent addition of Fe2(SO4)3 solution, neutralization to pH ~7 by

Ca(0H)2 solution, stirring in the presence of flocculant and filtration. Note that a considerable part of

the residual TOC value was due to polyacrylamide penetrated to mother solution through filter. The

color of the system after such a combined treatment was <16 units.

The decrease in the TOC value to 2.5-2.6 mg/dm3 for aerated water with dye Disperse Red

60 was observed upon irradiation of the system in the presence of Fe2(SO,»)3. In this case,

neutralization, stirring with flocculant solution and filtration were performed after irradiation. If

water containing the dye and flocculant is exposed to electron-beam treatment, then the TOC value

decreased only to 10-12 mg/dm3.

Emphasize that coagulation + flocculation led to the same results both in the case of

irradiated and unirradiated solutions. Because of it the solution containing all the three dyes can be

exposed to electron-beam treatment both before coagulation + flocculation and after this procedure.

Obviously, the discoloration of dyes soluble in water mainly occurs as a result of their

interaction with OH radicals formed from radiolvtic decompositon of water. It is confirmed by the

fact that the purification degree is higher in aerated solutions than in deaerated ones. In the latter,

hydrated electrons reacting with dye give rise to the formation of semireduced form which in its turn

can partially react with the product of reaction between dye and OH radical regenerating the dye. In

aerated solutions, the reaction between oxygen and hydrated electron takes part; the HO2 and/or O2*

radicals formed is low- or even unreactive towards the dye.

The dye Disperse Red 60 is present in the water in the separate phase. Because of it its

reactions with water radiolysis products did virtually not occur, and the dye is characte-rized by

comparatively high radiation stability. However, it is easily captured by coagulant.

4. Wastewater Containing Hydrogen Peroxide

Wastewater containing hydrogen peroxide in the amount to 0.88 mol/dm3 (30 g/dm3) is

formed upon manufacture of some semiconductor devices. The approved concentration for recycling

the water is lower by 10 times. We developed combined electron-beam and adsorption method for

H2O2 decomposition in this water. Electron-beam treatment is used for tertiary decomposition of

hydrogen peroxide retained after its sorption and decomposition on activated carbon. The tertiary

decomposition is based on chain process initiated by products of water radiolysis [15].
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Fig.l. Optical absorption spectra of aerated aqueous solutions (50 mg/dm3) of Acid Red 172: 1 -

unirradiated, 2 - irradiated (dose 9 kGy) and Reactive Red 21: 3 - unirradiated, 4- irradiated

(dose 7 kGy).
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Fig.2. Dependence of TOC (7,2) and COD (Cr) (3,4) values of aerated aqueous solutions (50

mg/dm3) of Acid Red 172 (7,5) and Reactive Red 21 (2,4) on dose of electron radiation.

1059



0)
o
c
CO
-9
o

<

200 300 400 500 600

Wavelength, nm

700

Fig.3. Optical absorption spectra of aerated water containing 50 mg/dm3 of Disperse Red 60 before
electron-beam treatment (i), after electron-beam treatment to dose 3.5 kGy (2), after electron-beam
treatment to dose 3.5 kGy and subsequent coagulation + flocculation (3), and deaerated water
containing the same amount of the dye and irradiated to dose 3.5 kGy (4).
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Because H2O2 concentration in initial wastewater is relatively high and it must be decreased

by 10 times, it is possible to state a priori that for such a decrease in the concentration, in spite of the

chain process of its decomposition, high doses should be used for the decomposition. The

experiment confirmed this suggestion.

The data on the H2O2 decomposition upon y-radiolysis are shown in Table 1. It is seen that

the decomposition degree is somewhat higher in deaerated solutions. The similar results were

obtained in the case of electron beam of linear accelerator (see Table 2). From the data shown in

Tables 1 and 2 it follows that the considerable decomposition of H2O2 is observed at high doses. For

example, dose of y-radiation required for decomposition of ~35% of H2O2 in aerated 0.3 mol/dm3

solution is equal to -106 kGy. The decomposition degree is higher if sodium formate is added to the

solution before irradiation. It is seen from the data shown in Table 3. Note that the considerable

influence of oxygen on the H2O2 decomposition takes part in such a solution. However, even in the

presence of formate, high doses are required for H2O2 removal. Hence, we were attempted to

develop combined purification method in which electron-beam treatment is combined with

conventional method of H2O2 degradation.

It is known [16] that H2O2 is decomposed as a result of the contact (adsorption) with the

surface of some solids. Because of it we tested various sorbents. Among them were activated carbons

and white black (SiO2). It was found that contacting the H2O2 solution with all these solids led to the

decomposition of hydrogen peroxide (see Table 4). Note that in the case of white black, the

decomposition degree is very low. The largest effect was obtained with carbons of KAD (activated

by iodine) and BAU types. However, activated carbon of BAU type is cheaper and more accessible;

because of it this carbon was predominantly studied.

The following experiments were carried out to find the optimal conditions for the

decomposition of the greater part of H2O2 by adsorption method and the residual small part of it by

electron-beam treatment The solution was initially passed with various rate through the layers of

activated carbon of BAU type with various height, and then it is irradiated by electron beam upon

bubbling argon through the solution. The data obtained are shown in Table 5 in which h, v and

tH2O2]r designate the height of carbon layer in column, the rate of passing the solution through

column and residual concentration of hydrogen peroxide. It is seen that under some conditions, dose

required for H2O2 decomposition to concentration of <, 0.3% (£ 8.8 x 10"2 mol/dm3) decreased by

many times upon the use of the such combined method. Virtually complete decomposition of

hydrogen peroxide can be achieved by increasing the height of carbon layer, decreasing the rate of

passing the solution and using the comparatively low dose of electron irradiation.

It is possible to represent the following explanation of the results obtained. As it was

mentioned, radiation-induced decomposition of hydrogen peroxide occurs via chain mecha-nism. In

particular, it is confirmed by high radiation-chemical yields of decomposition of this compound. The

G[-H202] values measured by us are equal to 10-50 molecule/100 eV.

The chain mechanism of H2O2 decomposition was considered in detail in Reft. [15,18,19].

Because of it we only note that the chain is initiated by formation of hydrated electrons, H atoms and

OH radicals as a result of water radiolysis. The chain propagation in the absence of oxygen occurs in
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reactions of these short-lived species with hydrogen peroxide. The chain is terminated in
combination reactions of free radicals with each other. In the presence of oxygen, hydrated electrons
and H atoms react partially with it forming hydroperoxide radicals which are less reactive towards
H2O2 [20]. In this case, the decrease in the decomposition degree (especially near the end of
decomposition) should be observed. However, in the solutions studied [H2O2] » [O2], and oxygen
has a small effect on H2O2 removal.

Table 1. Decomposition of hydrogen peroxide in aqueous solutions upon y-radiolysis (dose rate 3.1-

3.6 Gy/s)

[HaOjo, mol/dm3

0.46

0.46

0.45

0.36

0.30

0.30

Gas saturating the

solution

Argon

Air

Argon*

Air

Air

Argon

Dose, kGy

27.0

27.0

13.0

44.3

106.4

10.8

Decomposition

degree, %

17.8

16.1

8.5

18.6

34.9

9.4

G(-H2O2),
molecule/100 eV

29.6

26.8

28.1

14.4

9.4

24.2

* Argon was bubbled through the solution upon irradiation.

Table 2. Decomposition of hydrogen peroxide in deaerated solutions upon electron-beam treatment
(dose rate (1.6-4.9) x 10* Gy/s)

CH202]o, mol/dm3

0.97

0.97

0.94

0.51

0.48

0.36*

0.30*

0.25*

0.25*

0.25*

Dose, kGy

85.3

182.0

326.3

11.6

26.3

46.1

94.9

29.4

29.3

41.9

Decomposition degree,

%

13.0

_ 32.0

52.2

8.9

21.5

29.8

51.9

20.8

16.5

28.8

G(-H2O2),
molecule/100 eV

14.3

16.4

14.5

38.0

37.8

22.2

15.7

16.9

13.4

16.4

' Argon was bubbled through the solution upon irradiation.
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Table 3. Effect of formate ions on H2O2 decomposition in aqueous solutions upon electron

irradiation (in the case of deaerated solutions, argon was bubbled through the solution upon

irradiation)

[H2O2]0,
mol/dm3

1.08

0.96

1.04

1.02

1.02

1.08

[HCOO1,

mol/dm3

0

0

0

0.2

0.2

0.2

Gas saturating

the solution

Argon

Argon

Argon

Air

Argon

Argon

Dose, kGy

25.0

100.3

137.2

15.6

15.7

52.4

Decomposition

degree, %

7.8

19.0

19.3

3.7

- 7.7

28.2

G(-H202),
molecule/100 eV

32.3

17.6

14.4

23.2

48.0

55.9

Table 4. Decomposition of hydrogen peroxide in aqueous solutions upon contacting with sorbents

Sorbent*

Activated birch (or beech) carbon BAU

The same

The same

The same

Korean activated carbon

Activated carbon AG-5 (coal)

Carbon KAD (cleaned coke) activated by

iodine

White black (SiO2)

tH202]o, mol/dm3

0.95

0.95

0.97

1.0

0.91

0.96

0.96

0.94

Contacting

time, h

1

2

3.6

5

2

2

2

2

Decomposition

degree, %

30.5

45.3

82.9

96.0

59.5

91.4

93.4

0.72

* The properties of Russian activated carbons are described in Ref. [17].

In deaerated solutions in the presence of formate ions, the formation of COO" radicals occurs

in reactions of HCOO' with OH and H. The COO* radicals are more reactive towards H2O2 in

comparison with OH and H [20]. The concentrations of HCOO" and H2O2 are comparable.

Therefore, the increase in the decomposition degree of hydrogen peroxide must be observed. This

takes place in the experiment. In aerated solutions, COO* can react with oxygen forming

hydroperoxide radical which is less reactive towards H2O2 [20,21]. This is a reason for the lower

decomposition degree in aerated solutions in the presence of formate ions.

Hydrogen peroxide upon passing its aqueous solutions through column with activated carbon

can react with the latter. As a result of the reaction, carbon is oxidized, and H2O2 is decomposed

with formation of water and oxygen [16,22].
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Table 5. Decomposition of hydrogen peroxide as a result of passing deaerated solution through

column with activated carbon of BAU type and subsequent electron-beam treatment (argon was

bubbled through the solution upon irradiation)

[H202]o,

mol/dm3

1.0

0.95

0.97

0.97

0.97

0.98

h, cm

2.5

15

15

15

15

15

v, cm3/min

0.22

0.22

2.0

0.29

0.67

0.22

Decomposition

degree, %

43.1

87.0

35.6

.

85.5

81.4

Dose, kGy

_

12.6

50.5

184.5

Total

decomposition

degree, %

_

90.0

92.0

96.6

[H2O2]r,

mol/dm3

0.57

0.12

0.63

0.082

0.076

0.032

5. Electron-beam treatment of municipal wastewater in the aerosol flow

The facilites for electron-beam treatment of water and wastewater are based on accelerators

with electron energy of ~1 MeV and higher. Such accelerators are expensive that restricts wide

application of the method. We developed the technology of combined electron-beam and ozone

treatment of wastewater with the use of cheaper low-energy electron accelerator. With this purpose

the liquid wastewater is sprayed and irradiated in the aerosol flow in the presence of ozone.

Figure 4 shows the scheme of pilot plant constructed and used for the study on purification of

municipal wastewater. In the figure, (1) is reservoir of wastewater intake, (2) is electric pump unit

for wastewater moving, (3) is sprayer unit (it contains 4 sprayers) for production of the aerosol, (4) is

irradiation chamber, (5) is electron accelerator, (6) is turboblower, (7) is power supply, (8) is control

desk, (9) is electric pump unit for purified wastewater removal, and (10) is biological shielding. In

the plant, irradiated air containing ozone can circulate through the irradiation chamber. In the plant,

the accelerator of "Astra" type is used. Some details of its construction and operation principles were

described earlier [23]. The parameters of accelerator and pilot plant are presented in Table 6.

Density of the aerosol formed by the sprayer is equal to 0.02-0.05 g/cm3. Because of it the

range of electrons increased by 20-50 times in comparison with liquid wastewater. This gives rise to

the use of low-energy electron beam for the treatment of wastewater in the aerosol flow. Since the

density of the aerosol is considerably higher than that of air, electron energy is predominantly

absorbed by water droplets. For example, if the aerosol density is 0.02 g/cm3, the water droplets

absorb over 90% of electron energy. The size of the droplets depends on the diameter of the sprayer

nozzle and the rates of wastewater and air feed. The diameter of droplets was from 50 to 180 \im.

Municipal wastewater from small town Raduzhnyi (Vladimirskaya District, Russia) was

treated by electron beam in the aerosol flow. Wastewater was preliminary purified from large solid

particles by sedimentation and filtration.
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Fig.4. Scheme of pilot plant for combined electron-beam and ozone treatment of municipal
wastewater in the aerosol flow.
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Table 6. Parameters of electron accelerator and pilot plant

Parameter

Accelerator

Energy

Maximum beam power

Maximum pulse frequency

Beam cross-section

Accelerator size

Pilot plant

Output

Power consumption

Occupied area

Speed of air feed

Speed of wastewater flow

Flow thickness in irradiation chamber

Value

0.3 MeV

15 kW

100 Hz

700 x 600 mm

1200 x 800 x 170 mm

500 mVday

58 kW

40 m2

288 dm3/s

9.65 m/s

9 cm

The various parameters of water quality before and after electron-beam treatment at different

doses were measured. The values of COD, BODj, color, odor, transparency, contents of inorganic

pollutants and total number of microbes were determined. The results of the study on various

parameters of unirradiated and irradiated wastewater are listed in Table 7. Note that upon electron-

beam treatment the aggregation of disperse particles occurs and the precipitate is formed; it is

collected at a bottom part of the irradiation chamber. The analysis of precipitate and water over it

was conducted separately. The water was taken for analysis by decantation. The weights of dry

residues were equal to 880, 450 and 280 mg/dm3 at room temperature, 1O3-1O5°C and 178-182°C,

respectively. The formation of precipitate is continued for 20-24 h after irradiation. This post-effect

causes additional (-50%) decrease in the COD values of irradiated water. The initial wastewater has

a dark-gray color. After irradiation, it became colorless.

The special experiments on radiation-induced removal of synthetic surfactants present in

wastewater were carried out. The study was caused by the fact that these pollutants are non-

biodegradable. It was found that dose required for the removal of synthetic surfactants from 13.25 to

0.2 mg/dm3 (the latter is a concentration permitted for service water by Russian State Standard) is

equal to 4-5 kGy.

The content of metal ions in unirradiated and irradiated wastewater and in formed precipitate

was determined by emission spectrophotometry and that of organic pollutants - by chromatography-

mass-spectrometry (CMS). It was found that metal ions are captured by formed precipitate. Their

residual concentrations in irradiated wastewater are considerably lower than concentrations approved

for service water by the respective Russian standards.
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Table 7. Parameters of unirradiated and irradiated municipal wastewater in the aerosol flow

Parameter

Color (units)

Transparency (cm)

Suspended solids

(mg/dm3)

Odor (force)

COD (mg/dm3)

BOD5 (mg/dm3)

Sulfates (mg/dm3)

Phosphates (mg/dm3)

Chlorides (mg/dm3)

Nitrites (mg/dm3)

Nitrates (mg/dm3)

Total number of

microbes (cell/cm3)

Before

irradiation

160

1.3

156

4.5

40-100

100-150

150-450

412

18-24

283

8.8

48

Not detected

Not detected

105

Dose, kGy

1.3

1.3

1.3

1.4

0.9-1.4

0.9-1.3

1.0-1.4

2.5-4.6

0.8-1.3

0.8-1.3

0.8-1.3

0.8-1.3

1.0-1.4

1.0-1.4

1.3

After

irradiation

20

20

5

0

4-12

21-34

40-100

4-12

7.9-9.2

160

4.3

23

Not

detected

3.0

<1

Requirements of Russian

State Standard for service

water, not more

20
_

-

30(15*)

9.8

260

8.7

300

0.02

9.1

-

* The permitted limit for water basins for fish farming.separation from wastewater irradiated to dose

1.3 kGy are 20, 500,85 and 50 mg/g, respectively.

The CMS analysis has shown that initial municipal wastewater contains naphthalene and its

derivatives, phenol and its derivatives, alkylbenzenes, derivatives of biphenyls and so on. The

considerable part of pollutants in unirradiated wastewater is consisted of sulfur-containing

compounds (their concentrations are from several dozens up to about one thousand micrograms per

litre) and cholesterol derivatives (their concentrations are up to several hundred micrograms per

litre).

The main part of the organic pollutants are removed with the formed precipitate which is

separated by filtration. The precipitate also captures inorganic pollutants. It was found that the

concentrations of phosphates, sulfates, chlorides and carbonates in the precipitate after separation

from wastewater irradiated to dose 1.3 kGy were 20, 500, 85 and 50 mg/g, respectively.

The results obtained show that the content of organic pollutants in irradiated wastewater

decreased by 2-3 orders of magnitude or the pollutants were absent at all. From the comparison of

the concentrations of pollutants (their amount is about two dozens) not removed completely with the
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concentrations approved for service water by the respective Russian Standards, it follows that the

first of them are noticeable lower than the second. Therefore, electron-beam treatment of municipal

wastewater in the aerosol flow at several kilograys in combination with circulation of irradiated air

containing ozone through irradiation chamber leads to the required purification of wastewater.

The purification is due to the reactions of pollutants with products of radiolysis of water

droplets and air (including singlet oxygen). The removal of pollutants also occurs as a result of their

capture by a precipitate which is formed because of the aggregation of disperse particles upon

electron-beam treatment. Ozone facilitates the purification via reactions with some organic pollutants

and formation of the additional amount of high-reactive species (for example, OH radicals).

Table 8 shows the results of preliminary evaluation of economic feasibility for the method

under consideration. It is seen that from economic viewpoint the method can compete successfully

with the conventional purification (chlorination and use of biological ponds).

Table 8. Preliminary economic evaluation of combined electron-beam and ozone treatment of

municipal wastewater in the aerosol flow (by 1 January 1995)*

Process

Conventional purification (total)

Chlorination + use of biopond

Electron-beam treatment (after removal of mechanical admixtures by

sand filter) to decrease COD value from 500 to 30 mg/dmJ

The same to decrease the COD value from 150 to 30 mg/dm3

Cost /roubles/m3)

4880

1220

1390

810

* U.S. dollar was equal to 4100 roubles.

6. Conclusion

The results considered allow one to draw the following general conclusions:

1) Electron-beam treatment in combination with some conventional methods gives positive

results for purification of various industrial wastewaters.

2). Combined electron-beam and coagulation method is applicable for the removal of some

soluble and disperse dyes from water.

3). Electron-beam treatment (in combination with the use of activated carbon as sorbent) of

wastewater containing hydrogen peroxide leads to effective decomposition of this compound even at

high concentration.

4). The comparatively cheap low-energy electron accelerators can be used for combined

electron-beam and ozone treatment of municipal wastewater, if it is irradiated in the aerosol flow.

The method is suitable, for example, for purification and disinfection of municipal wastewater of

small towns or villages.
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ABSTRACT
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An advanced controlled air incinerator has been investigated, developed and put into
successful operation for both non radioactive simulated and other combustible solid wastes.
Engineering efforts concentrated on providing an incinerator which emitted a clean, easily
treartahle off-gas and which produced prinimmm amounts of secondary waste. Feed material is
fed by gravity into the gas reactor without shredding or other pretreatment. The temperature
of the waste is gradually increased in a reduced oxygen atmosphere as the resulting products
are introduced into the combustion chamber . Steady burning is thus accomplished under
easily controlled excess air conditions with the off-gas then passing through a simple dry
deamng-up system. Experimental studies showed that, at lower temperature, CO2, and CEL,
contents in gas reactor effluent increase by the increase of glowing bed temperature, while
H2O, H2 and CO decrease. It was proved that, a burn- out efficiency (for ash residues) and a
volume reduction factor appeared to be better than 95.5% and 98%, respectively. Moreover,
high temperature permits increased volumes of incinerated material and results hi increased
gasification products. It was also found that 8% by weight of ashes are separated by flue gas
cleaning system as it has chemical and size uniformity. This high incineration efficiency has
been obtained through automated control and optimization of process variables like
temperature of the glowing bed and the oxygen feed rate to the gas reactor.
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INTRODUCTION

A generator of hazardous contaminated waste has several disposal options. All of which promise to be
come increasingly expensive in the future. Long term storage and landfills have inherent liabilities and
steady increasing costs, as available sites diminish and regulations drive operating costs. Because of the
considerable specific volumes, and other physical and chemical qualities, as well as the contaminated
wastes are not appropriate for final disposal, volume reduction using controlled incineration process would
be highly desirable, as it is often considered to be ultimate disposal approach to contaminated wastes. The
potential advantages of controlled incineration are varied. The primary advantage results from volume
reduction of approximately 90%, as incineration is employed to minimize the stored waste volumes, and to
convert the largest portion of the contaminated waste into chemically inert form (ash). The produced ash is
much easier to be handled and disposed than originally generated waste in nuclear research centers, nuclear
facilities, and hospitals as well. Li addition to volume reduction, there is also detoxification of contaminated
materials, as it can be broken into constituents parts composed mainly of carbon dioxide, CQ2 and water
vapor, H2O. Numerous incineration technologies have been developed (1) to incinerate a vast array of
contaminated wastes. Many of these techniques are employed at general purpose permanent facilities,
regional incinerators that serve customers by accepting and destroying any appropriate waste. The thermal
treatment of wastes by incineration is a process involving many mechanisms and reaction courses not yet
sufficiently investigated(2). In reducing waste volume and destroying potentially contaminated waste, air
pollution is an unavoidable by-product. Nearly complete destruction of hazardous constituents by
combustion is required, however, the trace quantities of incomplete combustion especially dioxin and furans
are not currently regulated by Egypt and many countries. Further high destruction efficiencies require high
temperature and increased turbulence. Both of these promote increased oxides of nitrogen, which are acid
rain precursors. Oxidation of fuel nitrogen, sulphur and halogens produce additional nitrogen oxides, as
well as sulphur oxides, and acid gases. Non combustibles such as trace metals are all potentially emitted
with fly ash. With these potential classes of pollutants, trace hazardous organic, acid gases, trace heavy
metals, and the fly ash, the air pollution control strategy selected must have the potential for multipollutants
control to minimize costly retrofit or upgrading to meet future regulations. A special attention must be
given to bag filter and cyclone separator dusts because of their high quantities and contents of heavy metals
such as copper, zinc, cadmium, cobalt and other organic pollutants ®\

Experimental Work and Process Chemistry

The Low Active Waste mcinerator(LAWI) demonstration facility of the latest design is the
research tool available to the Nuclear Research Center (NRC), where scientific investigation of
contaminated waste incineration and flue gas cleaning may be conducted . The objective of this
investigation work is to develop an ecologically solid waste incineration process combined to the control of
problems arising from pollutants present in all streams, and to concentrate pollutants residues from flue gas
cleaning to make them suitable for proper disposal(4). Prior to conducting the present investigation several
modifications have been recommended and carried out as follows :
- The redesign of the throat of the loading station to allow feeding of two bags together without operation
problems.
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- Replacement of the manual flat valve of loading station by motorized valve to improve performance.
- Installation of sampling station for flue gas as recommended by Environment Protection Agency(EPA)
- Replacement of all manual valves by electro-mechanical valves for easy operation
-Installation of pressure transducers for prtot tubes to simplify flow measuring of injected air , gas reactor
product gases, and flue gas;
-Modification of basic software of data acquisition system;
-Installation of sampling points of gas reactor product gas and flue gas;
-Installation of temperature controller to control the glowing bed temperature;
-Cancellation of Lamada sensor used to control air feed to the combustion chamber due to created process
disturbance.

The incinerator is schematically presented in Fig.( 1 ) . The main parts are:
dove box and loading station , Gas reactor, Combustion chamber, Air mixing chamber, Cyclone
separator, Filter group which includes : Bag filters, and HEPA filters, Valves, fittings, and piping systems,
Burner and gas feeding system, Process control and instrumentation, Data acquisition system. To assure a
good performance, as well as accurate thermohydraulic data collection , LAWI is equipped with process*
control and safety systems . The operating switches and control of various electro mechanical componenfir
(valves, burner,, exhaust blower and fresh air blower) are located on the control panel, as the entire
installation can be operated and controlled easily by only two employees. Moreover, construction allows for
very fast start up and shut down.

The following key design and operational objectives were set and subsequently met.
- The system was designed for 15 Kg/hr feed rate suitable for most applications. However, inherent
stability or operational characteristics should not prevent sizing for much higher or lower feed levels.
- A simple gravity feed was desired which allow the introduction of waste into gas reactor without sorting,
shredding, metal separation or other pretreatment.
- A high quality uniform off-gas production, as dry gas treatment system could be used without need for
wet scrubbing.
- The incinerator must accept a wide variety of feed materials.
- normal operation must be economical with no fuel requirement after startup.
- A system based on easily controlled combustion reactions and minimum bad impact

Process Description

The gas reactor has to be filled completely with simulated non-radioactive waste via glove box, without
shredding or pretreatment. During operation, there is a positive temperature gradient in the waste
column, as temperature increases from near room temperature at the top of waste column to about 800 °C
around the movable grate (Fig. 2). By addition of under-stoichiometric amount of air, the waste is dried,
decomposed, and then gasified in distinct zones on the waste column. The gas consisting of CO, CO2, H2,
water vapor and traces of methane is produced. The CO, H2 and the methane are oxidized by addition of
secondary air into the combustion chamber. Also pyrolysis coke and tar like substances are cracked in this
chamber at about 1000 °C.
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Ashes and coke are falling through the grate to the bottom of the gas reactor, where it may be burned
out by addition of secondary air.

To meet the requirement of Clean Air Act, and the Nuclear Laws, and Ordinances, an efficient off-gas
purification system is necessary. The off-gas is cooled down to about 200 CC in the mixing chamber by
mixing with fresh air before it pass through the cyclone separator and then filtered by using filter group
which consists of a self cleaning bag-filters and high efficiency paniculate absolute (HEPA) filters. The
purified gas is finally sucked by the exhaust blower and emitted to the environment via the stack.
Ashes are removed periodically from gas reactor, combustion chamber, cyclone
separator and bag-filters into 40L steel drums to be conditioned by any of the proven conditioning

techniques.

Schedule, Feed stock and Operating Conditions

Prior to operating the incinerator, each component and subsystem of the facility was tested. The
checkouts requirements included operating the control valves, blowers, controllers and bag house pulse
cleaning system. During this period, the instrumentation was calibrated.
Various experimental runs of 6 hours continuous operating time each, for the incineration of two types of
wastes were performed under the following:
(1). Schedule
Six experimental campaigns of 3 to 4 months were carried out with LAWI during 1995 and 1996 as
approximately 1100 Kg of non-radioactive simulated waste was incinerated.
(2). Stock materials
Table I lists the composition of the typical incinerable waste used in this experimental work, as account
must be taken of waste characteristics such as calorific value, the physical and chemical state.
Non-radioactive traces containing Co, Mh, In and Fe are added to the feed materials in the mixed waste in
various experimental campaigns.
(3\ Operating conditions

Table II lists the important operating parameters for the particular
experimentation.
4. Measured and calculated data.
Various experimental campaigns have been carried out to measure and determine the following data for the
incinerated waste:
Description Method used
Gasification rate at different glowing bed temperature Extent of reaction concept
Composition of H2, CO, CO2 and N2 in the gas reactor Analysis by Orsat gas analyzer model GAG
product gases. 120
Composition of H2O in the gas reactor product gases Condensation
Thermohvdraulic data
Air and flue gases flow rates Pitot tube
Pressures pressure gauges
Temperatures Thermocouple
Composition of exhaust gas Computerized Gas Analyzer model MSI 200



Process Chemistry

The thermal treatment of waste by a controlled air incineration technique is a process involving many
mechanisms and reaction courses not yet sufficiently investigated.
The controlled air incineration is a simple process, being gasification of waste material is essentially a 2
steps endothermic process, as chemical compounds that form a part of waste are gasified to form ultimately
simple gaseous products. The gasification efficiency is quite dependent on:
• The glowing bed temperature
• The quantity of air injected to the system as air flow is limited to about 30-50 percent of the air

required for complete combustion (6)

• The partial pressure of gaseous products.
For the incinerated waste, the first step endothermic reaction occurring as follows:

+1/2O2 -» 6 CO + 5H2

+ Oz -> 2CO +2Hz
+5/2 02 -> 5 CO + 4H2

Unfortunately, the cited reaction is idealized. In reality, cellulosic fibers
are mainly producing high boiling organic products and elemental
carbon, in step 2, the elemental solid carbon resulting from step 1

undergoes conversion to carbon monoxide, and hydrogen via carbon and water vapor reaction.
C + 1 ^ 0 = CO + H2
Also, additional side reactions may be occurred as follows:
CO2 + H2 = CO + 1^0
CH» + H2O = CO + 3H2

To provide energy necessary for drying, decomposition and gasification and to sustain thermal destruction,
group of exothermic reactions important to the system must be secured as follows:
2 CO + 2Kfc -> CH* + CO2
2 C 0 -+ CQ2 + C
As the analysis of gas reactor product gases arising from working campaigns supports these reactions.

RESULTS AND DISCUSSION

During the first experiments under automatic control approximately 900 Kg of wood (cellulose) waste
was incinerated. Adjustments of the controllers settings and measuring instruments as required were
satisfactory.
It was possible to burn waste composition ranging from 100% cellulose to the non-radioactive simulated
waste with characteristics as shown in Table (I) without operational problems.
It was proven that the design of the incinerator allows for very fast startup periods of 0.5 hour as shown in
Fig (3 ) for the non radioactive simulated waste at different operating conditions.
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Quality and Yield Products.

The performance and experimental results obtained from processing feed stocks of the non-radioactive
wastes are described below.

Gasification Product Gases

Figure (4) shows the relationship between the glowing bed temperature and the gasification rate, as high
temperatures permit increased volumes of incinerated materials and produced gases per unit time for both
types of wastes. Table (TV) shows the average composition of gasification products, as CO, CO2, and
hydrogen volume percent were determined by Orsat Gas Analyzer (model GAG 120) while water vapor
content was determined by condensation. Experimental results proved that, at lower temperature, the CO2,
and CH» contents increase, while the H2O, H2, and CO contents decrease. This results in a small change of
the calorific value. Figures (5) and (6) show the influence of the glowing bed temperature on the
composition of gas reactor product gases. Based on results reported previously (7'8), the system has to be
operated at relatively medium temperature, as mis has a high importance for the destruction of dioxin
(PCDD), and furans (PCDF) formed in the presence of chlorinated compounds.

Volume Reduction

Volume reductions of solid waste were found to be substantially the same for each of the different
waste tested. An average waste volume reduction factor of 98% was observed (without regarding further
reduction by compressing and conditioning of the ashes). These high values are achieved due to the good
combustion capability of the processed wastes. Figure ( 7 ) illustrates the reduction factor for different
working campaigns.

Burn-out Efficiency

An average bum-out efficiency of 95.6%, for solid residues (bottom and fly ashes) were observed for
the non-radioactive simulated wastes, while the unbumed materials in the flue gas were dose to zero. These
high values of bum-out efficiency for bottom ashes were achieved by injecting air to the bottom ash before
unloading at relatively low temperature to assure carbon bum-out. The high value of bum-out of fly ash
and flue gas were obtained by optimizing the operating temperature and excess air supply in the
combustion chamber. Table (El) shows the values of bum-out effidency obtained for the different working
campaigns for the both types of wastes

Environmental Effects

It was proven that the potentially harmful constituents contained in the flue gas are lower than the values
specified as standard limits for incinerator exhaust gas in FRG. Thus it was ascertained that system is
essentially free of pollution.
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Exhaust Gas

It was found that the concentration of CO, NO*, SO* and unbumed carbon particulate which are
determined by computerized gas analyzer model, were found less than the values specified for
incinerator exhaust gas as shown in Table(V ) . Sampling with an EPA method 5 stack sampler of
exhaust gas emitted to the environment via stack showed that only trace amounts of particulate were
captured on the fiberglass filter and the aqueous solutions. This indicated that the bag filters and
HEPA filters are performing efficiently. Results indicated that the concentration of metals Zn, CO,
Mi and Fe in the scrub solutions of the bubblers were below the detection limit. The statistical
analysis of the data of the exhaust gas composition obtained from the incineration of both wastes are
shown in Table (\T). Experimental results impressively show that the sulpher and nitrogen are not
distributed homogeneously in the solid waste, but SOX and NOX are detected as discrete events . The
example of the two days of measurements is to show the doubtful nature of discontinuous random
sample measurements.
Residues

It was proven that the fly ash obtained from the incinerator flue gas cleaning system (cyclone, bag
filters) for both types of waste has chemical and size uniformity which allow it to be conditioned and
stabilized by any of the accepted and proven techniques ( A15. In most cases, the bottom ash has the
same uniformity, as it may contain some coarse clinkers and unbumed pieces due to the lack of
oxygen and incomplete combustion. The X-ray qualitative analysis of bottom and fly ash powder
using Scanning Electron Microscope, shows that the chemical constituents and heavy metals are
partially distributed between the fly and bottom ash.
About 8% (by weight) of the ashes was collected in the gas purification system. No ashes were found
behind the bag filters.

CONCLUSIONS

A summary of the aforementioned brings about the specified conclusions .
1. The low active waste incinerator (LAWI) with the latest modified design is proven as a powerful tool

for various applications as complete combustion, and high volume reduction factor are guaranteed.
2. The incinerator can be easily controlled, mainly by controlling primary air fed to the gas reactor.
3. The CO2 andCHt contents in gas reactor effluent increase at lower temperature glowing bed, while

the H2O, H2 and CO contents decrease.
4. It was proven that the potentially harmful emissions in the flue gas are lower than the values specified

as standard limits for incinerator exhaust gas.
5. R was found that the fly ash obtained from the incinerator flue gas cleaning system is characterized by

chemical and size uniformity and can be easily stabilized

1077



References

1- D.A Tillman, A.J. Rossi, and K.M. Vick, Rotary Incineration System for Solid Hazardous Waste,
Chemical Engineering Progress, July (1990)
2- AJMerz, and H. Vogg, TAMARA-A KFK Research Tool for Refuse Incineration Conference on
Incineration of Hazardous Radioactive Wastes, San Francisco, California, May 3-6, (1988)
3- J. Vehlow, H. Brown, K. Horch, A. Merz, J. Schneider, I. Stieglitz, and H. Vogg, Semi Technical
Demonstration of the 3R Process, Waste Management and Research (1990) 8 . ^
4- H. Vogg, From the Pollutant Source to the Pollutant Sink, New Concepts of Solid Waste Incineration,
Proceeding of the Elmia Waste & Recycling 88, Joenkoeping, Sweden, June 13-17, (1988)
5-M. Laser, Volume Reduction of Level Solid Radioactive Waste by Incineration and Compaction in the
Federal Republic of Germany, Radioactive Waste Management and the Nuclear Fuel Cycle, Vol. 7(2),
April (1986).
6- R. Kohout, and L.S. Krochmalnek, Controlled Air Batch Pyrolysis Incinerator, Operational Experience,
The 5tii Annual Conference on the Incineration of Low Level Radioactive and Mixed Waste, Charlotte,
North Carolina, April, 22-25, (1986).
7-J.Velow, and HVqgg , Metals Extraction from Fly Ash , International Municipal Waste Incineration
Workshop .Montreal ,Canada ,Oct.l - 22 (1987).
8-A. Merz, J. Schneider, and J. Vehlow, Waste Incinerator in the FRG, Solid Municipal Waste Workshop,
KFK, Germany, 22 June-3 July (1992).
9-A.T.C. Goh, and JJH. Tay, Municipal Solid Waste Incinerator Fly Ash for Geotechnical Applications,
Journal of Geotechnical Engineering, Vol. 119, No. 5, May (1993).
10- AJZ. Ahmed, Ph. D Thesis in Chemical Engineering, Solid Waste Incineration, Faculty of Engineering,
Cairo IMversity, (19%).

1078



Table L Inalterable Waste Characteristics
Average chemical composition

Cellulose (wood, paper, cardboard, cotton, and textile 33 %
Plastics (non-halqgenated) 45 %
Plastics(Halogenated) 3 % max.
Rubber 3 %
Humidity 16 % max.
Physical properties
Average density 400 kg/m3

Average heating value 12,000 kJ / kg

Table IE Important operating conditions

Waste processed
Glowing bed temperature
Combustion chamber temperature
Flue gas temperature after mixing chamber
Air consumption in gasification

11-15 kg/hr
650-800°C
1000-1100°C
200°C
Approx. 15Nm3/hr

Table III. Burn out efficiency

Glowing bed temperature, * C

650
700
800

Bottom ash
95.2
95.3
95.5

Burn out efficiency
Flyash

95.9
95.9
95.9

Flue gas
>99.9
>99.9
>99.9
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Table IV. Gas Reactor Effluent Composition

Constituent

Constituent
Oz
CO
COz
NOX

so*
Ehoxins(PCDD)
Furans(PCDF)
Soot

Parameter

No. of samples
Minimum value
Maximum value
Average value
Standard deviation

Qz
CO
CO2
CH»
H2O
Ik

Average composition, %

Table V Exhaust Gas Composition

Composition, %
13.3
60 ppm max.
6.5 - 8.3
55 ppm max.
0-35 ppm
not detected
not detected
Soot No. 0-1 ace. to Bacharch.

20.2
0.0

19.2
8.5
4.1

11.5
36.6

Table VI Statistical Analysis for Exhaust Gas Composition

CO CO,
29 31

4 ppm. 0.06
60 ppm 0.08
27 ppm 0.068

20.1 0.93

Constituent
NOx

34
Oppm
55 ppm
32 ppm
19.15

SOx
36

Oppm
35 ppm
11 ppm

12.9

o*
37

0.133
0.16

0.1512
0.788
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ABSTRACT EG0000224

The treatment of wastewaters containing toxic pesticides poses a serious
environmental problem. Many of the pesticides are not readily biodegradable
and complete removal in many cases is a relatively expensive process.
Ionizing radiations proved to be more effective for the treatment of these
wastewaters than ordinary conventional methods. In the present study a try
was made to explain the degradation kinetics due to irradiation of aqueous
solutions of some active ingredient pesticides.. These pesticides are: two
Organophosphorous Pesticides; Dimethoate and Sumithion and one
Organochlorine Pesticide: DDT. A combined treatment of gamma
irradiation and conventional methods was applied . Factors affecting the
radiolysis of pesticides such as pesticide concentration, irradiation dose, dose
rate and pH of the solutions were studied. The effect of different additives
such as nitrogen and oxygen showed an enhancement in the degradation
process. Experiments on the adsorption of pesticides on some polymeric
materials and on Granular Activated Carbon (GAC), showed that GAC has
the highest adsorption capacity. It may be concluded that the radiation
degradation followed by adsorption of the toxic pesticide pollutants and their
removal from wastewater down to concentrations not exceeding the
maximum permissible concentration (MPC), according to international
standards, proved to be better than the conventional methods of purification
and more economical as well.

Key Words : Radiation/Degradation/Adsorption/Pesticides.

INTRODUCTION

As man's requirements for water increase, the need for better methods of purification
afso increase. Technology has been slow to develop new methods of water treatment for the
direct utilization of wastewater. Many new construction projects are at a standstill because
wastewater treatment methods have not been developed to handle adequately the ever-
increasing flow of waste. The treatment of pesticide wastewaters poses a serious
environmental problem. Many of the pesticides are not readily biodegradable and complete
removal in many cases is a relatively expensive process. On the other hand, incomplete
removal is a serious health hazard.0"6' Ionizing radiation proved to be more effective for the
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treatment of these wastewaters than ordinary conventional methods. Some studies dealing
with use of gamma irradiation in the treatment of wastewaters have shown that the most
considerable effect, that is the effective degradation of the pesticide molecules by the primary
products formed from the radiolysis of water, is accompanied by the oxidation of part of the
organic substances (decrease in COD and BOD) and is a function both of pH and oxygen
concentration of the solution. *7"1 *

In the present study, the degradation kinetics due to irradiation of aqueous solutions of
some active ingredient pesticides, in the absence of other specific pollutants of the pesticide
industry. A combined treatment of gamma irradiation and conventional methods will be applied
to some concentrated waste solutions in manageable volumes. The combined treatment is
much more effective than either alone. Factors affecting the radiolysis of the pesticides such as
pesticide concentration, irradiation dose, dose rate and pH of the solutions will be studied as
well as the effect of different additives such as nitrogen and oxygen on the degradation
process. Also, equilibrium isotherms and the intraparticle difiiisivities will be investigated
through batch experiments in analyzing the adsorption of aqueous solutions of pesticides onto
Granular Activated Carbon (GAC) and two ion exchange resins.

EXPERIMENTAL

Materials:

Three pesticides were used in the present work: two organophosphorous
pesticides; Dimethoate and Sumithion and one organochlorine pesticides, DDT. Three
adsorbent materials were used in the adsorption studies, one of these was Granular Activated
Carbon (GAC), one strong anion exchange resin Merck III and one weak anion exchange resin
Merck II. All chemicals used were reagent grade and were used in the preparation of pesticide
solutions without any contaminants.

Adsorption Studies

Adsorption isotherms were determined by the batch method, or bottle point method for
all adsorbents. Carefully determined amounts of adsorbent equal to 0.25 gram were added to
100 ml beaker containing 25 ml of adsorbent irradiated solution with concentration 3, 4, 5, 6, 7
mg/1 before irradiation, respectively. The beakers were sealed by an aluminium foil paper,
stirring mechanically and then left for a period of 8 days at room temperature (25 °C). The
concentration of solution was then determined, the equilibrium data from each beaker
representing one point on an adsorption isotherm.

U.V., Gamma-Irradiation and Chemical Oxygen Demand and Biochemical Oxygen
Demand measurements were carried out as previously described '
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RESULTS AND DISCUSSION

Radiation Degradation of Pesticides

a) Effect of Irradiation Dose and Dose Rate:

The effect of irradiation dose in kGy on the different pesticide solutions at an initial
concentration 5 mg/1 was studied and the results are shown in Fig (1). It can be seen that the
radiation degradation of chlorinated pesticides, hydrochloric acid was detected (pH decrease

and Cf formation). Ametryn, Applaud and Aldrin insecticides were degreaded to a much
lesser extent by gamma-irradiation than Chlorothalonil up to a dose of 10 KGy. The
difference in behaviour of the four pesticides (pollutants) may be attributed to the difference in
their structure. (10"15) Chlorothalonil was completely destroyed with the formation of
hydrochloric acid which lead to a decrease in the pH of the pesticide solution, i.e. the chlorine
atoms of the pollutant were very sensitive to gamma -radiation, wheras, Applaud which
contains two benzene rings which may have contributed to its protection against radiation.

The effect of the dose rate on the radiation degradation of the pesticides was
investigated at three different dose rates, namely 1.2, 0.6 and 0.3 Gy/Sec. (total dose of 4
KGy) and the results are illustrated in Fig. 2. The general trend for the degradation process is
that the percent degradation is higher for the lowest dose rate (0.3 Gy/Sec.), followed by dose
rate 0.6 Gy/Sec. and the dose rate 1.2 Gy/Sec. showed a lower degradation percent. This
behavior is expected and is in good agreement with reported results.(10> 13'14)

b) Effect of pH.

Figures (3, 4 and 5) show the effect of the pH of pesticide solutions with percent
degradation at constant concentration 5 mg/1 as a function of irradiation dose (2,4 and 6kGy).
The pH influence has proved to vary according to the type of the pesticide . For all pesticides,
very little degradation (between 2% and 6% ) was observed in the alkaline medium (pH 12) at
all irradiation doses. The degree of degradation of pesticides in the neutral medium (pH7) was
dependent on the type of pesticide and on its chemical structure. However, the percent
degradation in the acid medium (pH3) was higher than that in the neutral medium in all cases.
It was observed that the pH value of the pesticide solutions in the alkaline and acid medium
changes slightly after irradiation, while in the neutral medium the change in pH value was
remarkable. The pH value decreased as the irradiation dose increased. The drop in the pH of
the pesticide solutions may be attributed to the mechanism of the radiation degradation process
taking place in our studied system in which acids were detected as degradation products of the
pesticide molecules to lower molecular weight compounds (such as acids). Pesticide molecules
are degraded effectively by the primary active species formed from the radiolysis of water such
as OH, Jrt, H2O and the solvated electron (eaq)(10llM9) . The energy of gamma radiation
absorbed in wastewater is converted to the active species which react effectively with very
dilute pollutants such in our case. The effect of the pH of the pesticide solutions at various
irradiation doses leading to the degradation of the pesticide molecules to lower molecular
weight compounds and consequently the concerntration of the pesticide decreases. Also,
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secondary products formed due to recombination or transformation of the primary species
(forming H2 and H2O2) also take a part in the degradation process. In the presence of organic
substances reactions occur with the primary species of various types : demolitions ,
polymerizations, hydroxylations, reductions and in the presence of dissolved oxygen,
oxidations caused by HO2 and O2 species. One can conclude that the radicals are to be
considered as mainly responsible for pesticide degradation, they lead in fact to the formation of
organic radicals that are able in turn to react or transform and form either simpler products of
a greater molecular complexity at a different oxidation stage.(12>U) These reactions occurring
in this system can be amplified by the use of a combined treatment of gamma irradiation and
additives such as oxygen and nitrogen.

c) Effect of Additives

Previous attempts by several authors*8"10' 13'16) of wastewater treatment by irradiation,
has shown that radiation treatment of large volumes of waste effluents tends to be incomplete
and uneconomic. A more promising approach involving irradiation of wastewater arises when a
combined treatment of irradiation and a conventional method can be applied to relatively dilute
waste solutions. Simultaneous addition of an oxidant such as oxygen coupled with radiation
exposure speed up the degradation of the pesticides significantly. Also, the addition of nitrogen
to pesticide solutions coupled with radiation treatment was investigated in the present study.

1) Nitrogen Saturated Pesticide Solutions

The synergistic effect of gamma radiation coupled with nitrogen was studied for the
pesticide solutions at pH 7 and the results are shown in Figs.(6, 7 and 8). It was observed
that more degradation of the pesticides occurred in the presenc of nitrogen than in the case
radiation degradation of these pesticides carried out in air. However, the extent of degradation
of the different pesticides varied according to the type and structure of the pesticide, so that
some of these pesticides are more destroyed in acid and alkaline medium in the presence of N2

(such as Dimethoate and Aldrin ), some pesticides showed more destruction when irradiated in
the presence of nitrogen in neutral medium, while others suffered more degradation in acid
medium.

2) Oxygen saturated pesticide solutions:

The degree of radiation degradation of the oxygen saturated pesticide solutions was
investigated at different pH values as a function of irradiation dose and the results are shown in
Figs. (9, 10 and 11). The addition of oxygen resulted in an enhancemenof the radiation
degradation of the pesticide solutions. The extent of this degradation was different for the
different types of pesticide. As shown in the figures, Dimethoate and Sumithion pesticides
solutions suffered the highest degree of degradation due to the presence of oxygen, while DDT
showed a moderate enhancement in degradation.This rise in degree of degradation of the
pesticides was higher than that caused by the presence of nitrogen which in turn was higher
than that of the radiation degradation carried out in air. In most cases the radiation

1095



100

4 6 8
Dose (kGy)

—6-PH3 -O-PH7 -H-PH12

(7)J Syncrgistic Effect of Gamma Irradiation Coupled With Nitrogen
Gas on The Degree of Degradation for Dimcthoatc -

100

co

11
E
Q

I
g1
o

40

20

4 6
Dose (kGy)

5r—PH3 —C3—PH7

10

-PH12

Fie. (8): Syncrglstlc Effect of Gamma Irradiation Coupled With Nitrogen
Gas on 'Lite Degree of Degradation for Sumilhion*

1096



100

* . 80

i
1
S1

2

a

4 6 8 10

Dose (kGy)

k— PH3 —D—PH7 >< PH12

Fig. (9): Syncrgislic Effect of Gamma Irradiation Coupled With Oxygen
Gas on The Degree of Degradation for DDT

100

80

c

s19

1
a

s
PI
S
a

6 0 -

4 0 -

2 0 -

OE

4 6 . S
Dose (kGy)

!t—PH3 -O—PH7 —K—PH12

F|R- (10): Synergistic EJTcct of Gamma Irradiation Coupled With Oxygen •
Gas on The Degree of Degradation for Dhncthoate .

1097



degradation of the pesticides was higher in the acidic medium followed by that in neutral
medium and then that carried out in alkaline medium. The irradiation of the pesticide solutions
with gamma radiation leads to the formation of radicals and molecular products formed from
the radiolysis of water. ( ~l * According to Suzuki et al.(I0> H ) who reported that in addition
to the primary OH radicals, these species (HO2 and O2) contribute to the degradation process
and that this process in the presence of oxygen leads to the formation of peroxides which
contribute also to the degradation reactions. Results in Table 1, show that the pH of the
oxygen saturated solutions was lowered steeply at radiation dose 4 kGy in case of DDT and
Sumithion and 2 kGy for Dimethoate. These results suggest that the formation of acid is
promoted by oxygen.

Adsorption Purification of Surface Water from Pesticides.

The radiation purification process by using gamma radiation minimized the amount of
pesticide pollutants in surface water. However, this process was not enough to remove these
pollutants to reach the maximum permissible values of these pesticides in surface water.
Hence, adsorption purification process by using GAC and some synthetic polymeric ion
exchangers was used to improve the process of purification of surface water.

Figures (12, 13 and 14) show the relationship between the adsorption capacity (mg/g)
of Granular Activated Carbon (GAC), the strong Anion Exchanger Merck HI and the weak
Anion Exchanger Merck II for the different pesticides and the equilibrium concentration at
pH7. The initial concentration differed for the different pesticides, since the degradation due to
y-radiation (4 kGy) was different for them as shown in Table 3.

The results show some general trends:

a - Granular Activated Carbon (GAC) showed the highest adsorption capacity compared to
the other resinous adsorbents. The higher adsorption capacity of GAC than the ion exchanges
may be due to the very high surface area of GAC (1100 m2/g) and the high porous nature
which causes internal and external distribution within the carbon particle more than it does in
the case of polymeric ion exchange resins.

b -Merck Anion Exchanger II, a weak anion exchanger showed better adsorption capacity
than the strong anion exchanger Merck III. A sorbate having strong affinity with the sorbent
surface and weak affinity with solvent usually represents a strongly adsorbed species,
therefore, the sorbate has a high adsorption capacity. This may be explained that there is a
strongly adsorbed species which always has a greater tendency to occupy the adsorption sites
than the weakly adsorbed species does. Noll et al.(27) reported a similar explanation in their
work with the system phenol +p-chlorophenol onto XAD-4 resin and phenol +p-chlorophenol
onto carbon F.400. A further explanation was given by Malissa(38) who reported that when
adsorption forces predorninante, the resins do not contain charged or chemically active groups.
The main differences between them exist in the specific surface area and the mean pore size, so
th© adsorption behavior is controlled to a large extent by kinetic forces.
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Table (1) rChange of pH by Y- irradiation in the presence
of O2 and in the presence of N2

Pesticide

DDT

Dimethoate

Sumithion

Dose in
kGy

0
2
4
6
8
10
0
2
4
6
8
10
0
2
4
6
8
10

pH in presence
0fO2

7.00
5.70
5.60
5.00
4.70
4.50
7.00
5.35
4.41
4.03
4.40
4.15
7.00
4.30
4.10
3.80
3.70
3.60

pH in presence
ofN2

7.00
6.20
6.00
5.70
5.60
5.40
7.00
6.29
5.65
5.00
6.00
5.10
7.00
5.50
5.30
5.10
5.00
4.80

1 able (2): Efficiency of combined treatment: y-irradiation (4 kGy)
followed by adsorption on Granular Activcated Carbon.

Pesticide

DDT

Diemthoate

Sumithion

pH

Raw waste
water

7.2

7.2

7.1

Treated

effluent

6.4

6.9

6.3

COD mg O2/l

Raw
waste
water

741

98

757

Treated
effluent

22

50

30

BOD mg O2/l

Raw waste
water

-

-

-

Treated

effluent

12

5.4

18
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c-Chlorinated hydrocarbons such as Chlorothalonil showed the best removal percent, followed
by Applaud, Aldrin, and finally Ametryn. All the studied pollutants reached maximum
permissible value (MPV) after treatment with radiation followed by adsorption.

Chemical Oxygen Demand (COD) and Biochemical Oxygen Demand (BOD).

Changes of Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD)
and pH values of the pesticide solutions as a function of radiation-adsorption processes is.
tabulated in Table (2). A reduction in COD was observed for all three pesticides studied. In
general, it was found that significantly low doses were required for appreciable change in COD
(4 kGy). The COD reduction was explained by oxygen addition reactions following reactions
of the radiolytic species. The oxidation reactions can only proceed as long as oxygen is'
available in the solutrion. The tendency of the COD reduction and the change of pH values for
all the pesticide solutions was similar to each other.

Table (2) shows the results of Biochemical Oxygen Demand (BOD) which show that
the raw wastewater did not show any biological activity due to the existence of these toxic
pollutants in high concentration. However, after treating the pesticide solutions with y-
radiation followed by adsorption which resulted in a high reduction in the amount of these
toxic pollutants, some biological activities appeared. Accordingly, the biological oxygen
demand increased and reached the value of irrigation water.(6>9) Hay(9) reported that BOD is
directly related to the quantity of dissolved oxygen in the wastewater and to the radiation dose.

It may be concluded that a combination of radiation degradation and adsorption
process at the end of the treatment sequence may be best way for the complete removal of
these organic pollutants.
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Synopsis

Preparation and characterisation of a series of ion-exchange
membranes for the purpose of separation and extraction of some heavy
and toxic metal ions from their wastes have been studied. Such ion
exchange membranes prepared by y- radiation grafting of acrylonitrile
(AN) and vinyl acetate (VAc) in a binary monomers mixture onto low
density polyethylene (LDPE) using direct technique of grafting. The
reaction conditions at which grafting process proceeds successfully have
been determined. Many modification treatments have been attempted
for the prepared membranes to improve their ion-exchange properties.
The possibility of their practical use in waste water treatment from
some heavy and toxic metal ions such as Pb2+, Cd 2+ ,Cu2+,Fe3*,Sr2+ and
Li+ have been investigated. These grafted membranes showed great
promise for its use in the field of extraction and removal of some heavy
and toxic metals from their wastes.

Key words: Gamma - Irradiation - Grafting - Membranes - Metal
Separation.

INTRODUCTION

Ion exchange membranes play an important role in modem technology,
especially in separation and purification of materials. The search for improved
membrane composition using almost every available polymeric materials has been
subjected to extensive research because of the great practical importance of such
composition^. Grafting of polymers with mixture of monomers is important since
different types of chains containing various functional groups can be introduced in
the polymer structure*2' . The properties of such ion-exchange membranes are
determined by two parameters, the base polymer and the chemical structure and
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concentration of the fixed ionic moieties(3). Radiation grafting is wonderful
technique because of its large penetration in polymer matrix, rapid and uniformity
of active sits for initiating grafting throughout the matrix(4). Also, it can be
effective and conveniently carried out at room temperature and various side
reactions are minimal(5).

Preparation of graft copolymers by direct radiation grafting of
acrylonitrile [AN] and vinyl acetate [VAc] in a binary monomer mixture onto
low density polyethylene (LDPE) was studied. The effect of grafting conditions,
such as type of solvents and total radiation dose on the grafting process, was
determined. Many modification treatments have been attempted on these graft
copolymers to improve their ion exchange property.

In this study, the main part is to investigate the physical and chemical
properties of the resultant grafted membranes and possibility of their applications
in various fields, such as waste water treatment. Some properties of these ion-
exchange membranes have been studied as a function of grafting degree such as,
water uptake, and mechanical characteristics. Some factors that influence the ion-
exchange property of the prepared ion exchange membranes toward some
selected ions have also been investigated.

EXPERIMENTAL

Low-density polyethylene (LDPE) films of thickness 80 jum were provided
by El-Nasr Co. for Medical Supplies, Egypt. Reagent grade acrylonitrile (AN) of
purity 99.3 % (Merck) and reagent grade vinyl acetate (VAc) of purity 99 %
(Merck) were used as monomers. Other chemicals, such as solvents, inorganic
salts, acids and other reagents were reagent grade of BDHtype.

The direct radiation method was used as a grafting technique. The irradiation
was carried out using Co-60 gamma rays at a dose rate ranging from 0.27-1.1
Gy/s, in nitrogen atmosphere. After irradiation the grafted films were removed
and washed by Sohxlet-apparatus using acetone as a solvent to extract the
embedded homopolymer. These films were then dried at 40 - 50 °C in oven for
24 hrs. to constant weight. The degree of grafting was calculated by using the
following equation:

Degree of Grafting (%) = Wg- Wo x 1 00 (1)
Wo

Where Wo and Wg are the weights of blank and grafted films, respectively.
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Chemical treatment process or hydrolysis of the functional groups in the
prepared graft copolymers was carried out using different mediums. The first
medium was 5% aqueous KOH solution and the second was 1: 1 alcoholic
solution of methyl alcohol containing 5 % hydroxylamine, then boiling the
solution and the samples in a reflux for 16 hrs. After treatment, the films
immersed in bi-distilled water, for 24 hrs. to remove excess reagents, then
rinsed with bi-distilled water, and dried at 40 -50 °C in oven for 24 hrs.

Water uptake measurements were carried out by the same method
used in the previous study(6).

Metal uptake property was measured by immersing about one gram of
dry treated film in 100 ml of metal ions solution (Cu, Co, Li, Fe, Pb, Sr and
Cd) of definite concentration in 250 Cm3 conical flask with reflux containing
a magnet for stirring. Merck atomic absorption standard solutions of
these metals were used for the calibration process. The pH of the solution
was adjusted before adding the graft copolymer films by using HCI solution
and/or NaOH solution. The temperature of the system was adjusted at
desired value before adding the film, by using a thermostat oil bath. After
the experiment the metal ions solution was analysed by atomic absorption
technique using atomic absorption (Perkin Elmer model 2380) to determine
the quantity of adsorbed metal ions. The effect of pH, temperature, time of
adsorption.

The metal uptake (E) was calculated as follows:

E(mmole/g) = CjiCf (2)
Wg x AxlO

Where Q and Cf are the initial and final concentration of metal ions in mg/L
(ppm), Wg is the weight of the grafted film and A is the atomic weight of
metal ion.

Results and Discussion

l.Effect of Solvent Type

In this study, different solvents were used for the grafting of binary
mixture of acrylonitrile and vinyl acetate onto low density polyethylene to
find the suitable solvent which enhances diffusion of the reaction mixtures
to the interior part of the film and also enhances the grafting process. The
effect of the selected solvents on the grafting process is shown in Table 1.
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Table 1: Effect of some selected solvents on the grafting of AN/VAC binary
monomers onto LDPE.

Solvent

Grafting (%)

DMF

19.2

Acetone/DMF
(1:1 wt.%)

18.8

Acetone

12.8

DMF/MeOH
(1:1 wt.%)

19.5

MeOH

14.3

Dioxane

13.2

It was observed that, no homopolymer was formed and homogenous
grafting was obtained in the presence of DMF, acetone, and in a mixture of
both together. The other solvents lead to high homopolymer formation and
the samples were difficult to extract. The presence of DMF, acetone, and
mixture of them as solvents may reduce the G-value of the monomers by
chain transfer. This resulted in proceeding the graft polymerization and
retarding the homopolymerization process. It was also observed that these
solvents; DMF, acetone and mixture of them are vary in their ability to
influence graft copolymerization and the following reactivity order was
observed: DMF > acetone / DMF > acetone. The aforementioned results
showed that the grafting of AN/VAc onto LDPE films were enhanced in the
presence of DMF. This leads one to believe that the diffusibility of
AN/VAc into the polymer matrix is enhanced in the presence of DMF. These
results consequently suggested that DMF is the most suitable solvent for this
grafting system.

2. Effect of Irradiation Dose

The effect of irradiation dose on the degree of grafting of (AN/VAc) at
comonomer composition (70/30) and comonomer concentration (60 wt.%)
onto LDPE films is shown in Fig. (1). It is found that, the degree of grafting
increases with increasing irradiation dose and it tends to level off at higher
doses.

Increasing the grafting yield with irradiation dose can be attributed to the
increase of active sites. The acceleration occurs at total dose ranging from
10 - 20 kGy may be due to "gel-effect". At higher radiation doses > 20 kGy
the grafting yield tends to level off due to the increase in number of active
sites on the polymer and monomer pair and recombination of these active
sites without initiating new sites for grafting. At the same time and at this
high-absorbed dose high homopolymer is formed and the diffusion of the
comonomer to the active sites is restricted(7).
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3. Swelling Behaviour

Water content is very important for the practical application especially in
the ion-exchangers. The membrane should exhibit suitable hydrophilicity as
well as mechanical properties. So that, further chemical treatment was made
for the graft copolymers to improve the hydrophilic properties of the
membranes via introduction of hydrophilic groups by such chemical
treatments. Swelling of the membranes in water was measured and the results
are presented in Fig. (2) as a function of degree of grafting for the alkali-
untreated and alkali-treated LDPE films grafted with PAN and PVAC. It can
be seen that, water uptake percent increases linearly with degree of grafting
for both the alkali-untreated and alkali-treated grafted films. However, the
alkali-treated graft copolymers possess much higher water uptake.

Upon grafting of AN and VAc onto LDPE, no significant increase in
their water uptake with increasing the grafting yield is observed. These
results are attributed to the introduction ofhydrophobic groups; nitrile from
AN and acetate from (VAc). In Fig. (2) the modified membranes had a
higher water uptake than the unmodified ones at a given degree of grafting. It
means that, the alkali-treated graft copolymers should have a better
hydrophilicity than the untreated ones. Moreover, the water uptake increases
with increasing grafting yield because of the increase in hydrophilic properties
of such treated graft copolymers by increasing the amount of hydrophilic
groups introduced in the graft copolymer(8). Figure.(2) shows also mat for
untreated LDPE membrane having 150% grafting, the swelling percent is
3.5%, while, it reaches to 35 % for the NBbOH-treated graft copolymer
having the same degree of grafting i.e. ten times more than the untreated one.
For the KOH-treated membrane that having the same degree of grafting films,
the water uptake percent reaches to 46 %. It can be seen that, the alkaline
treatment resulted in hydrolysing the poly (vinyl acetate) to poly (vinyl
alcohol). Hydroxyl groups are hydrophilic and they form strong hydrogen
bonds. On the other hand, the alkaline treatment of the poly (acrylonitrile)
with KOH and NH2OH convert the nitrile groups to carboxylic and amidoxime
groups, respectively. It must be noted that, the swelling character for KOH-
treated graft copolymers is higher than those treated with NH2OH, due to
influence of carboxylic acid units on the properties of the graft copolymer.
The hydrophilic character is direct consequence of the ability of a carboxylic
acid unit to become highly solvated in water. From the above results, it is
expected that, the KOH hydrolysed membranes have a stronger affinity to
water than the NH2OH-treated ones. These results indicated that, the swelling
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behaviour depends mainly on the amount and form of functional reactive
groups introduced into the polymer substrate by grafting.

4. Mechanical Properties

One of the necessities for the membrane properties is to exhibit
mechanical properties acceptable for the practical use. Figure (3,4) shows
the changes of elongation percent (Eb) and tensile strength (Tb) at break
point for the original, grafted and alkali-treated grafted LDPE membranes.
It can be seen that, Tb increases with increasing the degree of grafting but Eb

decreases. Tb of the graft Copolymer increases with increasing degree of
grafting due to two reasons; the first one is the incorporation of the polar
nitrile groups of PAN and their interactions. The second reason is the
crosslinking formation due to grafting and irradiation, that leading to a
restriction in chain mobility and consequently decrease in Eb was occurred.
But at a lower degree of grafting, the crosslinking network structure is
located close to the film surface.

The above figures shows that, the alkaline treatment of such grafted
films either with KOH or NH20H resulted in an increase in the Tb and
decrease in Eb compared with the untreated graft copolymer. These results
indicated that the conversion of acetate groups, which are non-polar to the
polar hydroxyi groups and their interactions and the formation of amidoxime
and carboxylic acid groups by the alkaline treatment of nitrile groups with
NH20H or KOH has an effect. It is also observed that, at a given graft
percent, the Tb of the KOH- treated membranes is higher than that of
NH2OH-treated ones due to the carboxylic acid groups fonned by such
treatment. The fonnation of such -COOH groups, on one hand leads to
polar-polar interaction and on the other hand causes some crosslink
formation, such crosslinking structure may be formed by acrylic acid, which
easily forms acrylic dimmer bridged by hydrogen bonds (9) . These two
factors increase the Tb and decrease the Eb compared to NH20H treated
membrane in which this crosslink formation is lake.

APPLICATION OF GRAFTED MEMBRANES IN METAL
UPTAKE

Separation of some selected metal ions, which are commonly existing
in waste water, was investigated. The selectivity of the different prepared
membranes towards Pb2+, Cd2+< Fe3+, Co2+, Cu2+, Sr2* and Li+ is determined.
Among the factors affecting the treatment process of such metal ions from
their wastes using the prepared membranes is the following
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1- pH of metal ion feed solution.
2- Operation time and temperature.

1. Effect of Treatment Time

From the economical point of view, the time of treatment is an
important factor. Also, the efficiency of membrane in waste treatment can be
determined from the time required to adsorb the maximum capacity of metal
ions by celation or complexation with its fictional groups.

Figures. (5, 6) show the metal uptake as a function of time for different
metals using grafted LDPE films treated either with KOH or NH20H. It can
be seen that, the metal uptake increases with time to reach its maximum value
(which is termed here as the maximum membrane capacity) at almost 8 hr. of
treatment for different metal ions investigated. Increasing the treatment time
higher than 8 hr. causes no significant increase in metal uptake even after 24
hr. It can be seen that, the maximum metal uptake is ordered in the sequence
of, Fe 3+ > Cu2+> Co2+ >Cd2+ > Sr2* > Pb2+ > LI+. The ionic size of the
investigated metal ions has a great influence not only on its maximum uptake
but also on its initial rate (Table.2).

Table 2. Atomic, ionic radii and electronic configuration for different metal
Ions investigated(10).

Elements

Fe
Cu
Li
Co
Cd
Sr
Pb

Valence

3+
2+
1+
2+
2+
2+
2+

Atomic radius

1.24
1.27
1.52
1.25
1.48
2.15
1.75

Ionic radius,

0.67
0.72
0.78
0.82
1.03
1.27
1.32

Ionic electr
configuration
[Ar]18,3d5

[Ar]18,3d9

[He]2,2s°
[Ar]18,3d7

[Kr]36,4d10

[Kr]36,5s0

[Xe]54,6s2

This is reasonably explained by considering the diffusion coefficient of
these metals through the porous ionic membrane which is mainly dependent
on their polarity, electronic configuration, ionic radii,., etc., and also
importantly on the nature of interaction with the functional groups of the
membranes. Li+ , wich is tested as a toxic metal ion , is not capable of
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chelation or complexation with the functional groups of membranes because
of its electronic configuration and its uptake may be a type of adsorption.

It is also observed that, under the same reaction conditions, KOH -
treated membranes show high tendency to metal chelation or complexation
than the NH2OH -treated ones, but the sequence order of metal uptake
remains the same.

In general, the grafted and treated membranes showed a good affinity
towards the chelation and/or complexation with different heavy or toxic metal
ions investigated here and the efficiency of such membranes is high and the
maximum metal uptake reached after 8 hr.

2. Effect of pH of Feed Solution

The availability of grafted polymers under investigation for metal ion
complexation is pH dependent. The sorption characteristics of grafted
membranes treated either with KOH or NH20H toward Fe3+, Cd2+, Co2+, Cu2+

,Pb2+ and Ll+ metal ions are investigated over pH that ranged from 1-6. The
sorption affinity of the sorbents are plotted as a function of pH and shown in
Figs. (7 , 8). It can be seen that, the amount of metal ions uptake by chelating
polymer increases significantly as the pH increases and the maximum uptake
reaches at pH=5. The uptake of Fe3+ ions reaches its maximum at pH=3 then
it decreases due to the formation of its hydroxide. On the other hand, the
metal ion uptake under high acidic conditions is sharply decreased for almost
every chelating exchanger due to competition from hydrogen ions.

The above results indicated that, each metal ion has its optimum pH at
which it can be easily extracted by these membranes, i.e. the metal uptake is
very dependent on pH of its feed solution.

3. Effect of Temperature

The temperature is another important factor which affect the chelation or
complexation of metal ions with the functional groups, i.e. affecting the
amount of metal uptake by the tested membranes. Figures. (9,10) show the
relation between the amount of metal ions uptake expressed in (m mole/g)
and temperature for grafted LDPE membranes that treated with either KOH
or NH2OH. It can be seen that, the amount of metal ions uptake increases
with increasing temperature for all kinds of membranes investigated. This is
attributed to the increase in' kinetic energy of the metal ions with temperature
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and the flexibility of the polymer graft chains increases as well.
Consequently, the diffusion of the metal ion solution in the membrane
increases with temperature and the amount of metal ion uptake increase as
well. It was observed that, the maximum metal ions uptake obtained at the
boiling point at which the highest diffusion is occurred.

Conclusion

It can be concluded that, the prepared graft copolymer possessed good
mechanical, electrical and hydrophilic properties. The grafted films, thus
obtained, containing both nitrile and carboxylic groups which were then
hydrolysed with KOH or NH20H to confer ionic character of easily ionizable
groups may be of interest in some practical uses as in the field of waste water
treatment. These synthetic grafted membranes can be used for removal of
some toxic and heavy metals such as Fe3+, Cu2+ ,Co2+, Cd2+, Si24" ,Pb2+ , and
Li+... etc.
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ABSTRACT

Pervaporation is a membrane separation process in which the feed liquid

mixture to be separated is placed in contact with one side of a dense selective

membrane, producing an enriched vapor permeate on the other side of the

membrane. One of the applications of pervaporation is the removal and

recovery of organic compounds from contaminated industrial wastewaters.

In the present work the separation and recovery of chloroform from synthetic

wastewaters was investigated. Experiments were conducted in two hollow

fiber modules, using polydimethylsiloxane (PDMS) as membrane material.

The effect of the volumetric flowrate and the thickness of the membrane were

investigated.

The viability of the removal of chloroform from wastewaters was assessed.

The results were analysed according to the continuity mass conservation

equation, determining that the design parameter is the diffusion coefficient of

chloroform in the aqueous phase. The value of D at 40

1.51*10' m2/s.

Key words: Chloroform/pervaporation/ industrial wastewaters/ diffusion coefficient
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INTRODUCTION

Chlorinated hydrocarbons are used in numerous industrial processes due to their high

solvent capacity and low flammability(1). The uses of the chlorinated solvents include cleaning

processes and degreasing (trichloroethylene, tetrachloroethylene, 1,1,1-trichloroethane),

solvent extraction (dichloromethane, chloroform, 1,1,1 trichloroethane), additives in coatings

and adhesives (dichloromethane, 1,1,1-trichloroethane), raw materials in drug synthesis,

pesticides and polymers, dyes and solvent media in chemical reactions (carbon tetrachloride,

dichloromethane)0 •2).

However, according to recent studies some of these compounds are suspected to be potent

carcinogens in humans. Also some of them are involved in the reduction of the stratospheric

ozone layer (U'5). As a consequence , the use of several chlorinated hydrocarbons is now

limited if not prohibited by the Montreal protocol and its Adjustments and Amendments, such

is the case of 1,1,1-trichloroethane.

Through air emissions and wastewaters discharges, large volumes of VOCs are released to

the environment. The contamination of groundwater and surface water by VOCs is a

worldwide environmental problem.

The aqueous effluents containing chlorinated hydrocarbons are characterised by their low

concentration due to the low solubility of these organic compounds in water. However, their

low biodegradability makes them specially dangerous, since they are easily spread in the

hydrological cycle(S\ Environmental regulations, such as the EC normative, restrict the

maximum content of several chlorinated hydrocarbons in the effluents of different

manufacturing processes: chloroform, carbon tetrachloride, 1,2-dichloroethane,

trichloroethylene, perchloroethylene and trichlorobenzene.

According to (7) membrane separation has become one of the emerging technologies for

VOCs control. Three membrane processes have been demonstrated to be effective for

removal of VOCs from wastewaters. These include membrane air stripping, vacuum

membrane distillation and pervaporation.

Compared to the conventional VOC control technologies such as activated carbon

adsorption and air stripping, pervaporation process has the following advantages:

• Selective removal of small amounts of pollutants

• Effective for a whole concentration rang
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• Recovery of solvent

• Easy integration with existing processes to form hybrid processes.

In this work we investigate the applicability of pervaporation to the removal of chloroform

from industrial wastewaters. In the pervaporation operation the feed mixture is maintained

into contact with one side of a dense membrane and the permeate is continuously removed

from the other side in vapor form by a vacuum pump. The separation is determined by

selective sorption and diffusion of the organic compound through the membrane. The flux is

driven by the vapor pressure difference of the solute across the membrane, being the

efficiency of the separation determined by the physicochemical structure of the membrane.

By using organophilic membranes, chloroform can be concentrated at the permeate side and

recovered by condensation. The condensed permeate liquid can be separated into two phases

due to the limited solubility of chloroform in water. The organic phase can be treated for

reuse and the aqueous phase saturated with chloroform can be recycled to the feed stream for

reprocessing.

The influence of the thickness of the polydimethylsiloxane membrane has been

investigated, working with two different hollow fiber modules. The study on the effect of the

feed flowrate in the pervaporation unit was done by varying the flow rate through the modules

in the range 0.02-0.1051/min The mass transfer analysis of the chloroform removal in hollow

fiber pervaporation devices has been performed using the continuity mass conservation

equation in unsteady-state conditions. The diffusion coefficient of chloroform in water at

40

EXPERIMENTAL

Two pervaporation modules were tested. The properties of the membrane modules are

given in table 1. Dense polydimethylsiloxane hollow fibers obtained from Dow Corning

(Silastic laboratory tubing) were used to assemble the membrane module in the laboratory.

The feed solution was introduced through the bore side of the fibers. Two lateral openings

were practiced in the glass shell in order to connect to the module the vacuum pump and a

sensor for absolute pressure.

The experimental set-up is shown schematically in figure 1. A standard pervaporation

system obtained from Sulzer Chemtech was used, although several modifications were

performed in order to improve its characteristics and to adapt the system to the hollow fiber

module.
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Table 1. Properties of the pervaporation module

Membrane material

Housing material

Sealant

Length of the module, m

Inside diameter of the shell, m

Inside diameter of the hollow fibers, m

Thickness of the membrane wall, m

Number of hollow fibers

Total membrane area, m2

Polydimethylsiloxane, non-porous

Glass

Dow Corning 732

Module 1

0.37

4 x 10'3

3.05 x 10"4

1.65 x lO4

15

0.053

Module 2

0.38

13 x 103

6.35 x 10"4

2.79 x 10^

7

0.053

1 - Feed vessel
2 - Feed pump
3
4 - Hollow fiber module
5 - Vacuum gauge

6 - Sampling valve
7 - Liquid N2 cold trap
8 - Vacuum pump
9 - Temperature control bath

Figure 1. Schematic diagram of the experimental set-up

1122



Aqueous feed solutions were prepared in the laboratory using reagent grade chloroform

(Probus) in deionized ultrapure water. The initial concentration of chloroform in the feed was

500 mg/1 unless otherwise stated. Materials in contact with the synthetic wastewater were

stainless steel while all seals were made of Teflon or Viton. The aqueous feed is introduced in

a jacketed vessel with a capacity of 2 liters. The temperature of the feed is controlled by

pumping through the jacket a heat carrier liquid from a constant temperature immersion

circulator (Hakke, Germany). Experiments at temperature below 40

because of the energy added by the feed pump, using either tap water or a cryogenic bath

(Polyscience digital temperature controller, model 9510). A centrifugal pump was used to

recirculate the feed from the feed tank through the pervaporation unit. The feed was split into

two streams. One stream was passed through the pervaporation unit while the second one was

directly recirculated to the feed vessel, providing enough mixing without mechanical

agitation. The feed flowrate through the membrane module was monitored using a rotameter.

During the experiments, the feed side of the membranes was maintained at atmospheric

pressure and a needle valve and a vacuum pump (Telstar 2P-3) controlled the downstream

pressure. A pressure meter (1-180 mm Hg) was used to measure the downstream pressure.

Permeate was collected in a cold trap, cooled with liquid nitrogen. The experiments were run

batchwise over a time interval of at least 3 hours.

The pervaporation system is provided with a feed sampling valve, allowing the collection

of a few milliliters of liquid samples at regular intervals of time. In order to minimize losses

of the volatile chloroform the capillary spiral was immersed in a cooling fluid during the feed

sampling and the first 10 ml of the feed sample were discarded. The permeate was collected,

weighted and analyzed at the end of each experimental run.

The permeation flux of chloroform was determined by analyzing the feed samples by gas

chromatography (Hewlett-Packard 6890 model) via an electron-capture detector. Aqueous

samples were injected cool on column, using He as carrier gas at a constant flow of 2.6

ml/min. A retention gap 5 m in length (HP 19095-60610) was inserted before the

semicapillary column (length 30 m, nominal diameter 530 lira, model HP 19095Z-123). The

retention time of chloroform was 5.3 min. Calibration curves in the range of concentration 0-5

mg/1 were prepared using standard solutions. A HP Chemstation performed integration and

data treatment.
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RESULTS

The study on the effect of the feed flowrate in the pervaporation unit was performed at 40

0.02-0.105 1/min. Figures 2 and

3 give the evolution with time of the dimensionless concentration of chloroform in the feed

tank as a function of the feed flowrate in the two membrane modules under investigation.

It can be noticed that the yield of chloroform removal is considerably poorer at low feed

flowrates. This fact demonstrates that the mass transfer resistance of the liquid boundary has a

strong influence on the flux of chloroform.

Figure 2. Concentration courses in the feed tank when testing module 1. Influence of the

feed flowrate. Feed temperature: 40
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Figure 3. Concentration courses in the feed tank when testing module 2. Influence of the

feed flowrate. Feed temperature: 40

MASS TRANSFER ANALYSIS

The analysis by means of the fundamental equations separates the effects of the operation

variables such as the hydrodynamic conditions and the geometry of the system from the mass

transfer properties of the system, described by the diffusion coefficient in the aqueous phase

and the membrane permeability. Raghunath and Hwang*8* presented a similar analysis to

describe the separation of benzene, chlorobenzene and toluene with PDMS hollow fibers, but

solving the continuity equation under steady-state conditions.

The aqueous solution containing chloroform flows in fully developed, one-dimensional

laminar flow. At z =0, the fluid contacts the membrane. At this point the concentration of the

solute is uniform and equal to Co. Chloroform removal takes place by diffusion through the

solid PDMS membrane, as described in figure 4. Axial diffusion is neglected compared to

axial convection. Under these approximations, the nonsteady-state mass conservation

equation for the solute species and the associated boundary conditions will be
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B.C.I: t = 0 Cm » C 0 for all r and all z (5)

B.C.2: z = 0, Cm=C, for all r (6)

B.C.3: r=0 = 0, for all z (7)
dr

B.C.4: r = r; - D ^ = km{cl
membrane-Clembrane),iorMz (8)

The fourth boundary condition imposes the continuity of flux of chloroform at the

fluid/membrane interface. The left-hand side of the equation gives the solute flux arriving at

the membrane wall from the bulk due to radial diffusion. The right-hand side of the equation

accounts for the transport of solute through the membrane due to the diffusion in the solid

PDMS. Assuming that the low pressure of the permeate side allows to consider CpernKate =

C2membrane - 0, when the membrane resistance to mass transfer is negligible the fourth

boundary condition can be replaced by

B.C.4.: r = r; Cm = 0, for all z (9)

Equation (9) is valid when the pervaporation membrane shows a high affinity for the

organic solute, as in the case of the polydimethylsiloxane-chloroform system<9).

The computer program yielded values for the solute concentration in the module as a

function of r and z. The bulk concentration of the flowing stream at the exit of the membrane

module is calculated by averaging the concentration profile as

fvAr)Cm(r,L)rdr
Cm

mem ( * - * ) - 2—R (10)

fvz(r)rdr
o

Equations (l)-(10) can be solved simultaneously using the numerical integration package

gPROMS (10>n). The values of the parameter D referring to the diffusivity of chloroform in the

aqueous phase were obtained by comparing experimental with simulated results, using the

weighted standard deviation as optimization function defined as

tei
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Diffusivity values are shown in figure 5 as a function of the Reynolds number of the

aqueous stream. As expected the parameter D remains nearly constant when changing the

linear velocity of the fluid.

5.0E-10 --

O.OE+0

0 200 400 600

Reynolds

Figure 5. Diffusivity of chloroform in water at 40

• Module 1
• Module 2

800

It is also observed that the resulting value of D is the very similar in the two modules

under investigation. The main difference among both modules is the thickness of the wall of

the hollow fiber pervaporation membranes. Thus the initial assumption of negligible mass

transfer resistance of the membrane (eq. 9) is confirmed, since the unique parameter D is

found to be independent on the thickness of the membrane.

An average value of the diffusion coefficient at 40 1.51*10"9 m2/s.

The diffusivity values obtained in this study are very closed to those calculated using the

Wilke-Chang semi-empirical correlation (table 2). This fact again confirms that the initial

assumption of negligible mass transfer resistance of the membrane is valid since the fitting

parameter of the model is coincident with the expected value obtained from the well-known

Wilke-Chang correlation.

Table 2. Diffusivity of chloroform in water, 40

Dav., Module 1

1.55*10-'

Dav., Module 2

1.46*10"9

DwiLKE CHANG

1.53*10"9
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CONCLUSIONS

It has been found that the removal of chloroform from wastewaters by means of

pervaporation is a viable process. The initial concentration of 500 mg/1 of chloroform in the

feed was reduced to 150 mg/1 in 150 min of batch operation. Experiments were conducted in

hollow fiber modules, a membrane geometry that can provide high membrane area per

volume of equipment ratios. The influence of the flow rate of the aqueous feed (0.02-0.105

1/min) and the thickness of the pervaporation membrane (1.65 x 10"*m and 2.79 x 10"4 m)

were investigated.

A mathematical model- resulting from the solution of the continuity equation of the feed

phase flowing in laminar regime through the hollow fiber module in unsteady-state conditions

was proposed. The diffusivity of chloroform in aqueous solutions was the only parameter

required to describe the separation rate values obtained at different flow rates and different

temperatures.

The value of the parameter (D) at each membrane thickness was obtained from the

comparison of experimental and simulated results with the proposed model, and the resulting

value of the diffusion coefficients were compared to the values predicted by the Wilke-Chang

correlation observing a good agreement. An averaged value D(40 1.51*10"9m2/s was

calculated.

It was found that the polydimethylsiloxane membrane does not exert an outstanding

influence on the chloroform separation rate and that the resistance to mass transfer is located

in the liquid phase.

LIST OF SYMBOLS

C: chloroform concentration in the feed tank, mol/m3

C : chloroform concentration in the feed along the membrane module

Cin= concentration of the fluid at the entrance to the feed tank

Co: initial chloroform concentration in the feed

D: diffusivity, m2/s

F: total volumetric flowrate of the feed
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km: membrane mass transfer coefficient

N: number of experimental points

r: radial coordinate

rf: inner radius of the hollow fiber, m

t: time, s

v: average linear velocity of the fluid, m/s.

v^r): axial velocity of the fluid inside the hollow fiber, m/s

V: volume of the feed, m3

z: axial coordinate

Greek letters

a: portion of the total volumetric flowrate that circulates along the module (o< a <1)

aw: weighted standard deviation.
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ABSTRACT

An iterative model for prediction of ion-exchange equilibria over a wide range of total
concentrations from one experimental isotherm has been proposed.

Using thermodynamic parameters derived from the 0.2N for the system Sr* /Na'/chabazite
isotherm experiment, the model was used to predict isotherm values at 0.05and 0.5N. These
predicted isotherms, together with experimental points measured at 0.05N in order to check the
prediction, showed excellent agreement with measured data and indicated that the applied
theory regarding the prediction of binary equilibrium data is sound and that the iteration
procedure work well. Also the applied model have been tested by using two difFerent ion-
exchang systems namely; Sr'VNa* ciinoptilolite and Sr'VNa* mordinite.

Because the thermodynamic model in this study can be easily extended to ternary and more
complicated mixtures, it may be useful for modeling ion-exchange equilibria in multicomponent
geochemical systems.

INTRODUCTION

Equilibria between ion exchangers and solutions has been described by means of rigorous
thermodynamics. The calculation of ion-exchange equilibria should be based on the corrected
selectivity coefficient. However, once selectivity coefficient has been measured as a function of
exchanger composition, the calculation of equilibria became possible at different solution and
exchanger compositions(1).

The complexity and diversity of the mechnisms of single and multicomponent ion-exchange
equilibrium behaviour have led to the development of a large number of equations, both
theoretical and empirical in nature. Useful reviews of this area was carried out by Soldatov
and Bichkova<2), Myers and Byington(3), and Shallcross etal (4 ) .

The calculation of ion-exchange equilibria using apporpriate mathematical models is
important in the study of ion -exchange and in the development of ion-exchange applications.
At the early development stage, when different materials are sought and tested for an
application, measuring equilibria in all the solution compositions and concentration, that might
be encountered in the application would be very laberous and expensive. So, calculation of
equilibria using a model is a more efficient and elegant way and needed in the design of ion-
exchange plants and finally, for process control of these plants during operation.

The most frequently models for prediction of binary ion-exchange equilibrium are the
binary Langmuir model, the binary Freundlich model, and the Dubinin-Polyani model(5). The
aim of this paper is to investigate and examine an iterative model for prediction of binary ion-
exchange equilibria over a wide range of initial concentration from one experimental isotherm
data.
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EXPERIMENTAL

Batch experiments were carried out to investigate the thermodynamics of the aqueous
system Na-Sr with chabazite ion-exchange reaction. In this respect, weighed amounts of
chabazite were shaken for certain time with known volume of solution containing Sr!* and Na\
The intial total Sr concentration of each solution was calculated from the mass of Sr(NO3),
reagent used and to allow analysis of Sr2* in aqueous samples by liquid scintillation counting,
each of the starting solution was spiked with MSr (50 pci per gram of solutions).

The amount of chabazite used in the experiments was 0.5g, and the solution volumes ranged
from 10 to 250 ml. The chabazite and solutions mixtures were contained in capped
polyethylene bottles and were agitated and thermostated at 20 ± 1°C in shaker water bath. After
at least two weaks, samples of starting and experimental solutions were taken for Na* and
Sr2>analysis. Detailed description of construction of ion-exchange isotherms from experimental
data were presented else where(6).

Predictive Model

For any given exchanger/cation system, varying only the total solution concentration would
ideally produce a set of isotherms which would yeild identical Kielland plots(7) , i.e:

d log K (A2) / d Tc = 0 (1)

So, a model for prediction of isotherm over a wide range of total concentrations from one
experimental isotherm data could be formulated.

Model Description

The Kielland plots showed the corrected selectivity coefficient (kc), corrected for departure
from ideality in solution phase, varying with the equivalent mole fraction in the solid phase
(A2). Thus, since it was required to take values of Az arbitrarily from the plot and to predict the
corresponding equivalent mole fraction values in solution phase (A,) at a new total solution
concentration (T,), it became necessary to obtain the new K«, an iterative model depends upon
the polynomial curve fitting of the original Kielland plot has been adopted. Since the Kielland
plot in In Ke versus Az, then the best fit polynomial will be of the form:

n

In K, = I C „ A, (2)
1=0

combining several equations, a corrected selectivity coefficient (K<) can be defined as:

Z8 ZA ZA ZB ZA ZB

K. =[Ax M B /B ? MA][yB/yA] (3)

Where:
MA = AsTt/ZA and MB = B.T,/ZB (4)

Kc of the new solution phase. So, These are two interdependent unknown needed to be
evaluated.

So, replacing MA and M«:

K,= /C[B . .T /ZB] /B , [A . .T , /Z»] .[YB/YA] (5)
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rearranging gives:

[B,/A, ].KC = [B, Tc / z8] / [As Tc / zu] . [ Jo /yA ] (6)

factorising:
IA zB 2A zB (zAzB) zB IA ZA IS

[B./A.JK. =[B,/A.]TC [2A/ZB] .[YB/YA] (7)

At this stage two choices can be made:
ZA zB

1-keep Az constant , (Bzi Az ) . K« stay constant, and vary Tc. If dTc > 0 (i.e more
concentrated) then by inspection, if (as for Sr/Na) ZA =2 , ZB=1, B z " /Az28 must drop to
keep RHS constant, i.e the value of A, must rise.

2- hold As constant , Bs remaining constant also, and vary Tt. A gain, if ZA=2 and ZB=1, it
can be seen that for Tc>0 the whole RHS rises and the new A, must fall.

Table [1] is a summary of the behaviour of the functions in ions valences and total
concentration for a given As or Az value

Now, the polynomial expression for (In K,) antilog eqn. (1) was introduced to eqn.(7) then:

ZA zB n (I) zA zB (lA-zB) zB zA zA zB

z / Az [exp. ( Z Cro Az) ] = [ (1 -A,) / A,] Tc [ zA/zB] [ Ya/yA] (8)

RESULTS AND DISCUSSION

To solve eqn. 8, a simplified computer program PREDICT has been given in FORTRAN-
77 and the iteration procedure was carried out. The flow chart of this program is shown in
Fig. 1. In this programme, a value of A2 was chosen from the isotherm with its corresponding
A,. Then, the new Tc values was used for the calculation of a In K, value. This was the starting
value of the iteration. It can be seen that this starting value of hi K< would not be on the original
Kielland plot polynomial but would be above or below the original depending upon the
conditions in Table 1. The iteration reported in this program have shown that there is an
advantage in the prediction of A, for a fixed value of A. (at any given solution concentration)
instead of the prediction of A, for a fixed value of A,. The main reason for preferring this
approach is that the calculation of the ratio of activity coefficients in solution phase is the most
lengthly part of the iteration procedure and considerable computer time may be saved by
calculating this ratio once for each prediction rather than for each iteration step.

Using the experimental data obtained for the system Sr27Na7 chabazite at total solution
concentration of 0.2N, isotherms corresponding to solution concentrations of 0.05 and 0.5N
were generated. These predicted' isotherms, together with experimental points measured at
0.05N in order to check the prediction, are shown in Fig .2.

Also the applied model have been tested by using two different ion-exchanger systems
namely; Sr2* / NaV clinoptilolite and Srn / Na* / mordinite and the corresponding iostherms are
presented in Figs.3-4. The good agreement between the experimental and predicted data shows
that the applied theory regarding the prediction of binary ion-exchange equilibria from one
experimental isotherm data for a wide range of total solution concentration, is sound and the
iteration procedure for prediction work well.
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Table 1. Behaviour of corrected selectivity coefficient as a function of ion valency
and total concentration

a) if ZA > ZB : d ^ ) < 0 d(Kc) > 0

d(Tc) > 0 d(Kc) < 0

b)ifZA<ZB :d(Tc)<0 d(Kc) < 0

d(Tc) > 0 d(Kc) > 0

c)ifZA = ZB : d(Tc)<(T d(Kc) = O

d(Tc) > 0 d(Kc) = 0
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COCLUSION

Ion-exchange equilibria for a wide range of phase compositions and aqueous concentrations
can be successfully predicted based on thermodynamic parameters derived from a single
experimental isotherm. These prediction rest on the assumption that the ratio of activity
coefficients for the zeolite components varies little as the total concentration of the aqueous
phase change and the effects of water activity changes and salt imbibition are negligible. The
only requirement is that aqueous solution activity coefficients can be calculated by some
thermodynamic approach.

Nomenclature

Tc Total solution concentration
Srz ,Srs Equivalent mole fraction of Sr2* in zeolite and solution phase respectively
Na z , Nas Equivalent mole fraction of Na* in zeolite and solution phase respectively
K« Corrected selectivity coefficient
Vi Activity coefficient of ion i in solution phase
As Equivalent fraction of ion A in solution phase
Az Equivalent fraction of ion A in zeolite phase
M A,B Concentration of ion A,B in zeolite phase
, Z A > B Valency of ion A,B
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ABSTRACT

Flue gas. desulphurization process are discussed. These processes can be grouped into
non-regenerable systems and regenerable systems. The non-regenerable systems produce a
product which is either disposed of as waste or sold as a by-product e.g. lime/limestone
process. While in the regenerable systems, e.g. Wellman-Lord process, the SOj is
regenerated from the sorbent (sodium sulphite), which is returned to absorb more SO2.

Also a newer technology for flue gas desulphurization is discussed. The Ispra process
uses bromine as oxidant, producing HBr, from which bromine is regenerated by
electrolysis. The only by-products of this process are sulphuric acid and hydrogen, which
are both valuable products, and no waste products are produced. Suggested modifications
on the process are made based on experimental investigations to improve the efficiency of
the process and to reduce its costs.

KEY WORDS: flue gas, desulphurization, Ispra Process

INTRODUCTION

Flue gas desulphurization has recently increased in importance as the environmental
regulations for controlling the emission of sulphur dioxide at source became more and more
stringent(I).

The most widely used desulphurization process are the wet absorption processes. These are
divided into throw-away processes and regenerable ones. In the throw-away processes, sulphur
dioxide is absorbed from the flue gas into a chemical reagent. The product is either disposed off
or sold as a by-product. The most important process of this type is the lime/limestone process that
produces a sludge of calcium sulphite and sulphate. A commercial grade g>psum is produced if
an oxidation step is incorporated in this process ( 2 Jl However, the limitations on land disposal
site and the difficulty for marketing the huge amounts of gypsum lead to the development of
different regenerable processes <3) such as Wellman-Lord (sodium sulphite) and MgO processes.
In these processes the absorbent is regenerated and a concentrated stream of sulphur dioxide is
produced.
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S02 + Br2 + 2H2O -» H :S04 + 2HBr

electrolysis
2HBr > H2 + Br2

SO2 + 2H2O > H2SO4 + H2

The produced HBr in the first reaction is electrolyzed to, regenerate bromine. The process
has the advantage of producing two valuable products; sulphuroc acid and hydrogen. It does not
generate waste products. Hydrogen can be used as energy source to reduce the energy
requirements for the process. Two problems may be expected in Ispra process. Firstly, bromine
could be stripped off the reacting solution. Therefore, a scrubber is needed to absorb the stripped
bromine in water. Secondly, bromine is corrosive and special construction materials should be
used.

The aim of this work is to investigate possible modifications on the Ispra mark 13 A process.
The first modification is using methanol as solvent for bromine that would greatly reduce the
stripping of bromine.. The second suggested modification is using iodine instead of bromine as
oxidant.

EXPERIMENTAL

In this study a continuous laboratory scale apparatus was used, as shown in Fig. 1. Sulphur
dioxide was supplied from a gas cylinder and mixed with air from a compressor to the required
concentration. The gas mixture was fed to the reactor. Part of the product stream is circulated to
the electrolyzer. The glass reactor in this process was designed to be used either as a bubble
column or as shower reactor. The column height was 150 cm with an inside diameter of 9.9 cm.
Valves were used to withdraw samples from the rector for analysis. At the bottom of the column a
removable teflon sparger was used as a bubbler. Spargers with different orifice diameters could
be used. At the top of the column another removable teflon shower disk was placed. Also disks
with different orifice diameters could be used.

Figure 2 shows a schematic diagram for the electrolysis cell. It is a jacketed glass cylinder
20 cm long and 4 cm inside diameter. Two graphite electrodes each of 10 cm length and 2.5 cm
widths with a spacing of 1 cm were used. Power was supplied through a DC power supplier and a
rheostat. Current and voltage were measured during the experiment.

The apparatus could be used for multi-purpose investigations; (a) flue gas desulphurization
without electrolysis, (b) electrolysis alone, or (c) a combined steady state operation in which
electrolyiss is run to regenerate Br2 or I2 in the same time as the desulphurization of the flue gas
taking place.

The concentration of bromine or iodine was determined by iodometric titration with sodium
thiosulphate. In these experiments the apparatus was mainly used as a bubble column reactor.
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A steady state operation using I2/methanol solution and simultaneous electrolysis was tried
to show the feasibility of this process. For this purpose a shower reactor with an orifice diameter
= 1.24 mm was used. The gas flow rate=500 L/h with SO; concentration in air = 750 ppm. Liquid
volume was 2 litre at 24°C and the liquid flow rate through the electrolysis cell = 0.263 L/s.
Current density = 160 A/m2 and a cell voltage of 9.2 V.

RESULTS AND DISCUSSION

This study is divided into two parts. In the first part bromine was used as oxidant and in the
second part iodine was used as oxidant.

I. Bromine as Oxidant
Figure 3 shows the concentration of bromine with time in the bubble reactor of different

concentrations of SO2 in the flue gas. One notices that changing the concentration of SO2 from 0
to 2000 ppm has no effect on the Br2 concentration variation with time. This indicates that, under
the conditions of the experiment, Br2 is completely stripped from the reactor before having a
chance to react with SO2. Therefore it is required to reduce the volatility of Br2 in solution to
avoid its stripping by flue gas. This was achieved by dissolving Br2 in methanol. It was found that
the best methanol concentration was 96.6% in water solution. Figure 4 shows the concentration of
Br2 with time for different SO2 concentrations in air. It is clear from the figure that bubbling of
1000 L/h of SO2 free air caused no decrease in Br2 concentration with time. Moreover, it shows
that the rate of SO2 desulphurization increases with increasing SO2 content in the flue gas. This is
evident by comparing the slopes of the two lines in the figure. The slopes, which are the rates of
disappearance of Br2 in the column, are 0.00029 and 0.00051 mol/l.min when SO2 contents are
1500 and 2000 ppm, respectively. Using methanol as solvent in this process may result in
omitting the final scrubber in Ispra or its size significantly.

II. Iodine in MethanoIAVater as Oxidizing Agent
The second suggested modification in the Ispra mark 13 A process is using iodine of Br2 as

oxidizing agent for SO2. This may reduce the corrosion problems encountered with bromine. As
iodine is practically insoluble in water, methanol/water solution was used as a solvent. It was
found that when methanol concentration drops belowr 60%, precipitation of iodine occurs. In this
work 70% methanol in water solution was used to dissolve iodine.

Figure 5 shows the concentration of I2 with time for two heights of liquid in the bubble
column. The rate of disappearance of 12 in methanol solution increased with the decrease of the
quantity of 12/methanol solution used.

Figure 6 shows the effect of gas flow rate on the reaction of SO2 with iodine/methanol
solution in a bubble column reactor. Increasing the gas flow rate caused an increase in the rate of
the reaction.
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The reaction rate slightly increased by decreasing the orifice diameter from 1.7 mm to 0.6
mm in the bubble gas column reactor as shown in figure 7, which also shows similar performance
of the column operated as a shower reactor with an orifice diameter of 1.24 mm.

Ill Regeneration of Oxidizing Agent by Electrolysis
Figure 8 shows the concentration of Br2 during the electrolysis of HBr as a function of time.

The calculated values of the Br2 concentration using Faraday's law are associated with the same
figure. It is noted that there is a difference between the two values. The difference between the
calculated and measured values increases with time. This behavior may be attributed to bromine
back reaction occurring at the cathode. In the back reaction bromine is converted to bromide by
taking two electrons from the cathode.

Figure 9 shows the concentration of iodine during the electrolysis as a function of time. On
the same figure the calculated values for the concentration of iodine using Faraday's law are
associated. The result of electrolysis of HI in methanol shows good agreement between the
measured I2 concentration and those calculated according to Faraday's law. This means high
efficiency of electrolysis and small back reaction at the cathode.

IV Combined Oxidation with I2 and Regeneration by electrolysis
Figure 10 shows the concentration of iodine in a steady state process that combines

oxidation of SO2 and regeneration of h using a shower reactor. It is clear from the figure that the
concentration of I2 remains fairly constant with time during the experiment. This means that the
consumed iodine by reaction with SO2 is regenerated by electrolysis. In this experiment, the
entering gas had SO2 concentration of 750 ppm while the leaving gas had less than 100 ppm SO2.

CONCLUSIONS
The main modifications on Ispra Mark 13A flue gas desulfurization process were suggested

and preliminary tests were conducted. The first modification was the use of methanol as solvent
that resulted in avoiding the stripping of Br2 from water solution. This result could have a good
economic implication in terms of reducing the size of the reactor and may be eliminating the
necessity of using a scrubber in the process.

The second suggested modification was using iodine in methanol instead of bromine to
oxidize SO2 that proved to be successful. Steady state operation combined with electrolysis could
be achieved. Electrolysis of HI solution was found to be more efficient than electrolysis of HBr
solution. The use of iodine has another advantage of causing less corrosion problems than
bromine.

This work may be considered of preliminary character in which the feasibility of the
suggested process was tested. Detailed parametric studies on both the reaction and regeneration
steps, followed by scaling-up to a pilot plant size are needed.
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ABSTRACT

Poly (amido-amine) such as poly(acrylamide-acrylic acid-dimcthylaminocthyl-
nicthacrylatc) P(AM-AA-DMAEM) was prepared by gamma irradiation induced
template polymerization of acrylic acid op in the presence of poly(ncrylanmlc-
diiiictliylainiiioctliyliucthacrylatc) iis a template potymcr. The polymerization was
studied by a free radical mechanism in aqueous solution and the hydrogcl was
obtained. The swelling degree of the formed hydrogcl increases by increasing the
polymer/monomer molar ratio and decreases with increasing the monomer
concentration. The swelling degree was also found to depend on the radiation dose.
The results showed that the capacity of the obtained hydrogcl was found to be
maximum at polymer/monomer molar ratio of 1.3. The capacity of the polymeric
materials increases with increasing the monomer concentration and decreases with
increasing the radiation doses. The metal cations interact with polymeric chains to
form a cross-linked structure after cation build-up. This interaction occurs through
complex formation between amide and amine groups with cations whereas the
carboxylic group interacts by cation-exchange mechanism.

KeyWords: Synthesis / Poly(amido-amin6) / Hydrogyl / Heavy metals / Waste Water

INTRODUCTION

Hydrogel of poly(acrylic acid-dimethy!aniinoethyJmethacrylate) P(AA-DMAEM) was prepared by a
template polymerization of dimethylaminoetliyltnethacrylate (DMAEM) on poly(acrylic acid) PAA (".
Po!y(aniido-amine) resins were prepared by a template polymerization of acrylic acid on cationic
polymers sudi as: poly(acrylainide-diallylamine-hydrochloride) P(AM-DAA-HCI), poly(acrylamide-
diallylethylainine-hydrochloride) P(AM-DAEA-HCl) and poly(dially!etliylaniine-hydrochloride)
P(DAEA-HCl)a"". These resins were used in treatment of waste water. In this work we have studied
the template polymerization of acrylic acid on prepared poty(acrytamide-dimethylaminoethyl-
methacrylate) as a template polymer. The effect of the experimental conditions such as radiation doses,
polymer/monomer molar ratios and monomer concentrations on the swelling degree of the obtained
polymeric material were investigated. The capacity of the hydrogel toward some cations was
determined. The swelling degree of the obtained polymeric materials was investigated and die capacity
of the hydrogel toward some cations was determined.

MATERIALS AND EXPERIMENTAL TECHNIQUE

Acrylic acid (AA) and dimethylaminoethylmethacrylate (DMAEM) inhibited by hydroquinonmono-
ethylether which were used after distillation under vacuum. Reagent grade acrylamide (AM) was used
as received.
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I • Preparation of polytncryianutfe-diinethylainiiiocthylmethacrylnte) p(AM-DMAEM):

P(AM-DMAEM) was preparated by gamma irradiation initiated copolymerization of acrylamide
(AM) with dimethylaminoethylmethacrylate (DMAEM) in aqueous solution at molar ratio of 0.7 : 0.3
and total comonomer concentration of 12%. The mixture was subjected to radiation dose of 30 KGy.
The formed copolymer was found to be gel with a swelling degree of 282. The structure of the
copolymer can be represented as shown in structure (1):

CH2 —CH CH

Structure (1): P(AM-DMAEM)

2- Preparation of hydrogel:

Polymer/monomer mixture p(AM-DMAEM)/AA was prepared by dissolving p(AM-DMAEM) and
AA at the requsite concentration in a de-oxygenated water. The prepared mexture was subjected to y-
irradiation from Co-60. After the irradiation the reaction mixture was then taken and poured into
acetone to precipitate the formed copolymer. The hydrogel was dried under vacuum at 50°C to a
constant weight.

The percent of AA in the hydrogel was determined using the following equation:

Weight of AA in the polymer
The percent of AA = x 100

Total weight of the polymer

The swelling degree is calculated using the following equation:

S = (Ws - W) / W

where Ws and W are the weight of the polymer after and before the polymer swelling, respectively.

3- Capacity determination:

The hydrogel was treated with 0.1 N NaOH to neutralize the carboxylic groups then, the hydrogel
was dried under vacuum at SOX to a constant weight.

The capacity of the hydrogel was determined by a batch technique,'3* 20 ml of the metal salt solution
(0.1 N) was added to 40 mg of the hydrogel. The percent of uptake on the gel for cations was
determined spectro-photometrically(6). The capacity of the hydrogel in m mol/g was calculated using the
following equation:
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% uptake
Capacity = x '

100
x V/m m mol/g

where,

Co is the initial concentration of the metal salt solution (mol/L)

V is the solution volume, ml and m is the weight of the polymer, gm.

RESULTS AND DISCUSSION:

Influence of Polymer/Monomer Molar Ratio:

The influence of polymer/monomer (P/M) molar ratio on the template polymerization of AA 01
p(AM-DMAEM) was studied at radiation dose.of 20 KGy. The composition of the resultant polyme
are calculated as shown in Table (1) which shows that that the percent and the molar ratio of A/
decreases with increasing P/M molar ratio. This can be attributed to increasing the concentration of th •
added p(AM-DMAEM) and decreasing the concentration of the monomer AA in the reaction mixture.

Table (I): Influence of polymer/monomer (P/M) molar ratio on the composition of the
polymer

P/M
molar ratio

0.66

1.00

1.32

1.66

Polvmer cotnoosftion
Percent

AM

22

27

32

35

AA

62

53

45

40

DMAEM

16

20

22

25

AM

0.24

0.30

0.34

0.41.

Vlolar Ratio

AA

0.68

0.59

0.56

0.46

DMAEM

0.08

0.11

0.10

0.13

The template polymerization of AA in the presence of hydrogel of p(AM-DMAEM) as a templa
polymer produces hydrogel of p(AM«AA-DMAEM) and the swelling degree of the obtained polynv
decreases relative to the original polymer p(AM-DMAEM). The swelling degree and the capacity of tl
obtained polymeric gels toward Cu2+ wesr©studied. The results are shown in Figure (1) which shows th
the swelling degsee. increases- with, increasing P/M molar ratio. On increasing P/M molar ratio tl"
concentration of AA in the formed polymer decreases which leads to decrease both the compls
formation between the carboxylic and the amino group (7),. and the hydrogen bonding associatk
(plurimolecular aggradation) between -COOH and -CONH2 groups. These complex formation and tl
association between the functional groups of the polymeric chains lead to formation of crosslinkn
between the polymeric chains as shown in structures (1&2), respectively. When P/M molar rat
increases. The degree of crosslinking decreases which increases the swelling of the formed polymer.

The results of Fig. (1) shows that the capacity increases with increasing P/M molar ratio whereas
high P/M molar ratio the capacity decreases. At low polymer concentration syneresis occurs, yieldii-
strongly heterogeneous gel; even if syneresis is avoided large proportion of dangling chains and loop.
produced. Higher concentration of precursor polymer increase the probability for permanent trapp
entanglements to occure. Moreover, at very high viscosity of the medium may be favorable for t'
formation of heterohomohenetities within the gel at which iterpenetration of chains begins'.
Consequently, the capacity of the gel increases. In addition, on increasing P/M molar ratio, the compl,
formation ( l I 'B) and the association between thepolymeric chains increase which leads to increase in t
extent of crosslinking between polymeric chains. Hence, the capacity of the gel increases. At high P/
molar ratio of 1.6 the capacity decreases may be attributed to higher increase in the extent
crosslinking as a result of higher increase in the concentration of the template polymer.
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CH-—CH2

Structure (1): Complex foitnation between the polymeric chains

Structure (2): Pluremolecular aggragation between the polymeric chains

2- Influence of Monomer Concentration:

The influence of monomer concentration on the swelling degree and the capacity toward Cu2+ for the
obtained hydrogei as a result of template polymerization was studied at polymer concentration of 3%
and radiation dose of 20 KGy. The results are shown in Fig.(2), which shows that the swelling degree
decreases whereas the capacity of the hydrogei toward Cu2+ increases with increasing the monomer
concentration. The swelling degree decreases with increasing the monomer concentration as discussed
above in item 1 (Table (1) and Fig.(l)). On increasing the monomer concentration the probability of
complex formation and the association increase. These increase the degree of corsslinking between the
polymeric chains. In addition, the number of carboxylic groups increases which leads to increase the
interaction with the cation. Hence, the capacity of the gel increases. At high monomer concentration the
capacity decreases may be attributed to higher increase in the extent of crosslinking between the
polymeric chains'11'.
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3- Influence of Radiation Doses:

The influence of radiation on the swelling degree and the capacity of the hydroge! toward Cu2+for
the obtaind hydrogel from the template polymerization was studied at P/M molar ratio of 1.3 and
monomer concentration of 10%.

The results are shown in Fig.(3) which shows that the swelling degree increases with increasing the
radiation dose then decreases. The increase in the swelling degree can be attributed to the effect of y-
irradiation on the formed polymer. This increases the degree of branching (14"l7) between the polymeric
chains for gel formation (I5'1*). In addition, the complex formation and the association between the
functional groups of the polymeric chains increase as mentioned hereabove (item 1) which leads to
liigher branching between the polymeric chains. At higher dose the swelling degree decrease can be
attributed to higher increase in the extent of crosslinking as a result of irradiation which hinders the
swelling of the polymer.

Figure (3) shows also that the capacity increases with increasing the radiation whereas at high dose
tine capacity decreases. The increase in the capacity by increasing the radiation dose maybe attributed
to increasing the degree of crosslinking between the polymeric chains due to irradiation !2lJAU'17). The
decrease in the capacity at high doses may be attributed to imidiation of amide groups 04~l*) and the
decrease in the number of carboxylic groups (<>il9).

In addition at high dose the higher increase in the extent of cross-linking between the polymeric
chains decreases the capacity of the hydrogels (l9-20).

2 0 0 4.00

- 3.84 ©aa

3.20
10

Dose, K G y

Figure (3): Influence of radiat ion dose on the swelling
degree and capacity,
o swelling degree & • capacity

1 0 0

4- Sorptioa of Metal Ions on Polymers:

The sorption of metal ions such as Co2*, Cu2\ Ni2*, UO2
2+ and Th4* on the hydrogel was studied at

different pH. The capacity of the hydrogel toward Th and U02 was determined at pH~2 to prevent
the hydrolysis of these metal salts. The capacity was determined and the results are given in Table (2)
which shows that the capacity of the investigated metals follows the order:
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2+Co2 > Cu2* > NiI+ > Tri > UO2

Tliis order reflects agreement with the stability constant of metal complexes with ligands containing
donor atom such N and O (2 I ) . P(AM-AA-DMAEM) contains N and O is similar to other polymers (2'
s.x.22-27) w |1 j c}1 czn bjn(j o r complex metal ions.

Table (2): Variation of capacity of p(AM-AA-DMAEM) toward metal ions

Metal salts

CoCI2.6H2O

CuSO4.5H2O

NiSO4.7H2O

Th(NO3)4

UO2(NO3)2.6H2O

pH

4.23

4.16

4.80

2.47

2.20

Capacity, mmol/g

6.57

4.17

3.50

1.33

1.22

The lower the value of the capacity of the gel toward UO2
2+ and Th4*" may be attributed to the effect

of p R At lower pH-values the amide and the amino group of the polymeric chains are mostly present in
the protonated from leading to imidation of amide groups with the formation of intermolecular
crosslinking between the polymeric chains as mentioned above. By increasing the pH, the degree of
protonation and imidation of amide and amine groups decrease, this leads to increasing the probability
of interaction between the gel and the cations in the aqueous solution with the complex fonnation.

P(AM-AA-DMAEM) interact with metal ions to form a crosslinked structure according to the
possible mechanisms which can be represented in structures (3&4).

a- Amide and amino groups form complex with metal ions.
b- Carboxylic carboxylate group interact with metal ions through cation-exchange mechanism.

Tliis is in agreement with the suggested mechanisms for interaction of poly(amido-amine)(2'31i'9J7'2Ii""),
polyacrylamide(32) and poly(acrylamide-acrylic acid)<MA9'U) with cations.

R

(H2O)n

,0

M

NH2

(a)

R—N(CH3)2

M <-(OH2)n

R—N(CH3)2

(b)

R—COO.

R— COO-
:M<-(OH2)n

(c)

Structure (3): Formation of crosslinked between P(AM-AA-DMAEM)
with cations, where M= Co2*, CuI+, Ni2* and UO2

2+ and
n is number of water of crystalization.
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Structure (4): Formation of Crosslinked between P(AM-AA-DMAEM) and Th4+
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ABSTRACT
Cadmium biosorption by bacterial cells is recognized as a potential alternative to

existing recovery technologies. Bacterial strains under investigation were isolated from
air surrounding gamma industrial facility C06O source of the NCRRT, Cairo. The effect
of different concentrations of cadmium on the growth was determined for the spre
forming bacteria B.coagulans, B.megaterium, B.pumUus, B.pantotfienticus, and also for
Staphylo coccus aureus, the reference standard strain used in these study for
comparison was B.subtilis MERK10646.

The results indicated that, B.pantothenticus was the most tolerant isolate, and it
can resist up to 400 ppm. Cadmium capacity for B.subtilis parent strain was increased
through the influence of different doses of gamma radiation, selected mutant of
B.subtilis show enhanced level of cadmium accumulation. The effect of environmental
parameters as pH, temperature and also the effect of bio mass factor on cadmium
uptake by B.pantothenticus and B.subtilis (m) was traced.

Cadmium/Bacteria/Radiation,

INTRODUCTION

There has been a progressive increase in the environmental load of toxic heavy
metals over the past century. Chronic and acute heavy metal pollution arises from a number
of anthropogenic sources, including energy production, metal mining and refining,
manufacturing, agriculture, and waste disposal "*•
Heavy metal decontamination by physical and /or chemical processes are generally used,
biological method offer a potential alteration to existing methods for metal decontamination
since the other methods are expensive also the ease of metal recovery (metal removal from
biomass) for subsequent reaction.

Heavy metal uptake by biological cells is known under the general term of btosorptin
, most work to date has been directed towards microbial systems to remove metals as
uranium, cadmium, copper, lead and others from contaminated aqueous effluents'21"

There are different mechanisms for metal removal by microbial systems involve
precipitation by immobilization of the metal cations mainly as metal sulfides,
biotransformation include alkylation, reduction and oxidation reactions, intracellular
accumulation through passive diffusion, facilitated diffusion and active transport,
extracellular accumulation at cell surface through precipitation or binding reactions<H.

Binding of metals to cells is related to the composition of cell walls, the nature of
the cation , the metal chemical form, temperature, PH, metal concentration, metal ionic
radius, metal solubility, competing ions, oxidation-reductin potential(4>.
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Cadmium was chosen to be our metal under study because it is one of the most toxic
heavy metal, carcinogenic , teratogenic , mutagenic and causes reproductive system damage ,
kidney failure , lung damage , liver damage , a variety of skeletal effects, anemia,
cardiovascular diseases accompanied by hypertension in human <5>6).

The purpose of this study was to:
• Investigate new strains isolated from the surrounding environment capable of

removing cadmium from polluted area.
• Carry out genetic manipulation of the selected strain by using gamma radiation to

improve their capacity for better accumulation.

MATERIALS and METHODS

Microorganisms

Microorganisms used in these study were isolated from air housing the Co6 0 source
of the gamma industrial facility in NCRRT, they were identified as Bacillus pumilus,
Bacillus coagulance , Bacillus megaterium, Bacillus cerues, Bacillus pantothenticus, and
Staphylococcus aureus . Bacillus subtilis was used as a reference standard strain for
comparison ,it was obtained from MERCK 10646-microbiologie .

Chemicals

Cadmium was used in the form of cadmium chlorid monohydrat (MERCK).

Cultures and growth conditions

All bacterial strains were routinely maintained on TGY/Agar slants, bacterial
suspension was prepared by growing bacterial cells in flasks of TGY broth , shacked at (200
rpm ) and incubated at 30°C for 18 hrs , bacterial biomass were harvested by centrifugation at
6000 rpm for 8 mins, washed three times by sterile deionised water (DDW) and suspended in
sterile NaCl 0.9% solution to be used later.

Effect of different concentrations of cadmium on the growth of bacterial strains
(cadmium toxicity)

1 ml from previously prepared suspension was transferred to 9 ml of 0.9% of NaCl
sterile solution and then diluted through a serial dilution and 0.1 ml from the appropriate
dilution was plated onto TGY agar plates containing different cadmium concentrations
namely (25 ,50, 100 , 200 , 300 ,400 ppm). The plates were incubated at 30 °C for 1-7 days
then growing bacterial colonies were counted (7)'.

Accumulation of cadmium

Accumulation experiments were performed by using 0.01 gm dry weight of bacterial
cells ( unless noted otherwise ) in 10 ml of cadmium chloride 50, 130 ppm ( unless
mentioned otherwise) dry cell weights were obtained by air drying (100 °C)of known volume
of cell suspension before they were exposed to cadmium to determine the appropriate volume
to be used, cells were added to cadmium solution which has been prepared before from
autoclaved stock solution of CdCl2, they were incubated for 24 hrs. at 30°C , and then cells
were re-washed three times by DDW after centrifugation collected bacterial cells were dried
at 80°C for 48 hrs . The dried cells were digested in a boiling mixture of H2O2 and HC1O4
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( 1:1 ) until complete digestion of the organic matter. Theaccumulated Cd was determined
via UNICAM 939, atomic absorption spectrophotometry. . Cadmium biosorption was
estimated by determining the difference in metal content between control tube without
biomass and test tubes containing biomass. (8)\

Irradiation facility

(Gamma chamber 4000A) ,gamma champer4000A is a compact and self contained
irradiation unit offering an irradiation value of approximately 4000 cc . Dose rate was 2.347
kGy / hr at the time of the experiment.

Irradiation of the isolated bacterial strains

The strains under study were prepared in the form of test pieces according to the
method recommended by (9\ Prepared test pieces were exposed to different doses of gamma
radiation ranging from 2- 25 kGy .The irradiated test pieces with their control ( non-irradiated
one ) were aseptically removed from their polyethylene bags then transferred to 10 ml sterile
isotonic saline solution, shacked well and then 10 fold serial dilution was carried out then 0.1
ml of each appropriate dilution was plated on TGYagar plates, incubated at 30 °C for 24
hrs. The growing colonies were counted, and bacterial colonies which showed differences in
their morphological characters comparing to the parent strain of the control were picked up,
purified and cultured on TGY slants for further use.

Different factors effecting cadmium uptake

• Cell biomass : using different amounts from previously prepared bacterial
suspension of Bacillus pantotheticus and Bacillus subtilis which were equivalent to 0.01,
0.015, 0.02, 0.03, 0.035,0.045 gm dry weight

• Temperature : to trace the effect of temperature on sorption capacity, microbial cells
were incubated at ( 2 , 20 ,30 , 60°C ).

• pH : pH was adjusted using NaOH and H NO3 ( 4.0, 7.0, 7.5, 8.0 pH ) , and then
inoculated with the cell suspension.

• Nutrients: this study was performed to observe the effect of nutrients addition on
cadmium uptake after 24 hrs. of incubation, nutrients were added as a solution of glucose
1000 mg /L ; (NH4)2So2 94.6 mg / L ; KH2Po4 17.6 mg/L ; Yeast extract l.Omg/L
and NaCI 5000 mg / L . Final C, N,S and P concentrations in the reaction mixture were
respectively (4.00 mg / L , 0.20 mg / L , 0.23 mg / L and 0.04 mg / L) , microorganisms
suspensions were incubated with solutions of water / Cd2^ 50 ppm without nutrients, and
other group were incubated with water / Cd2+ 50 ppm / nutrients , both groups were
incubated for 24 hrs at 30 °C (10\
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RESULTS and DISCUSION
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Tolerance of the isolates to cadmium was determined by measuring bacterial growth
inhibition in solid TGY medium supplemented with cadmium concentrations up to 500 ppm,
bacterial cells were counted using traditional plate count technique and results expressed as a
percentage of the control value, fig (1) represent the relationship between percent inhibition
against metal concentration added and it clearly shows that B. pantothenticus , B. pumilus, B.
cerus, B. coagulance, Staphylo coccus aures, B. megaterium, B. subtilis, can resist up to

• ( 400 , 400 , 350 , 300 , 300 , 200 , 200 ppm ) respectively.
Differences in resistance might be explained in view of the presence of different mechanisms
for cadmium accumulation by different microorganisms. Bacterial resistance to metal are
heterogenous in both their biochemical and genetic bases'1"' . Metal resistance may be
chromosomally , plasmid or transposon encoded, and one or more genes may be involved<12)'
. Various types of resistance mechanisms can occur singly or in combination and for a
particular metal different mechanisms of resistance can occur in the same species. It was
proved that metal enhances the production of certain proteins which function like
metallothionein and bind free Cd2+ in the cytoplasm these proteins called metallothioneinlike
proteins. It was suggested that Cd2+ resistance in gram-positive bacteria results from the
presence of a P-type efflux ATPase system*13'14*', in contrast resistance to Cd2+ in gram-
negative bacteria is the result of the production of metallotioneinlike proteins <14>, and the
action of proton-cation antiporters, members of a newly-recognized protein family that has
been implicated in diverse functions is called RND. Another new protein family called CDF
for cobalt, zinc, cadmium resistance determinant in the Gram negative bacterium Alcaligenes
eutrophusll3)'.

In order to explain the reduced ability for growth by an actively growing bacterial
culture and Cd2+ effect on DNA. It was reported that Cd2+ causes single -strand breakage in
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the deoxyribonucleic acid (DNA) of Escherichia coli,an actively growing culture displayed
an 85 to 95 % loss in its ability to produce colony forming units on agar plates this was
associated with considerable single strand breakage in DNA(16)*.

Non specific binding of Cd2+ to the growth medium components was equivalent to
about 15 % of the total Cd2+ uptake taken up by the bacterial strains that make it difficult to
interpret toxic effect at the determined metal concentration^.

From results previously illustrated in fig (1) it is clear that the most resistant isolate
to cadmium was B.pantotheticus. All bacterial strains under study were exposed to different
doses of gamma radiation , and their radiation resistances were determined by their D,o
values (the D]0 values is defined as the dose of ionizing radiation required to reduce a given
microbial population by a factor of 10 or 90% or by one logarithmic cycle), B. pantothenticus
, B. pumilus, B. cerus, B. coagulance, Staphylo coccus aures, B. megaterium, B. subtilis their
Dio values were determined to be 3.9,2.4,2.8,1.7,0.6 , 1.8, 2.9 kGy respectively. Different
mutants were picked up from both strains and routine biosorption reaction was carried out
for their cadmium accumulation, results were sum in fig ( 2 )& fig (3).

Cadmium accumulation

The ability of several microbial strains and their mutants to accumulate cadmium was
traced. Fig (2) & fig (3) shows that, B.pantothenticus and B.subtilis mutant (the improved
mutant of B. subtilis which has higher efficiency for Cd uptake than the parent one almost
reached 3 fold) they have the highest capacity for Cd2+ binding and accumulation among
these group. Therefor B.pantothenticus and B.subtilis mutant were selected for further
investigation .

Heavy metal biosorption is a phenomenon includes both passive adsorption of heavy
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metal at binding sites on cell envelopes and metabolicaliy mediated uptake. The occurrence
of these mechanisms depends on the metals and the types of microorganisms due to different
cellular composition. Cadmium biosorption is mainly passive adsorption reactio<10)'

Cd2+is accumulated as metal phosphate at bacterial cell surface as a result of acid
phophatase type enzyme action(I7)\

Effect of cell density

Biomass effect on cadmium uptake byB.pantothenticus and B.subtilis ( m)

I

I
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Fig(4)

Cell density had a marked effect on Cd2 accumulation by B.pantothenticus and
B.subtilis as shown in fig (4). The final levels of Cd2 accumulated by B.subtilis(m) were
approximately 5.39, 6.71, 9.74, 15.01,40.5, 50.0 ppm at cell densities of approximately 0.01,
0.015, 0.02, 0.03, 0.035, 0.045 mg dry weight respectively and by B.pantothintecus were
5.88, 8.8, 9.78, 32.7, 38.15, 50.0 ppm at cell biomass of 0.01,0.015, 0.02, 0.03, 0.035, 0.045
mg dry weight respectively.
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It was evident that cadmium accumulation increase with the increase of cell densities
that suggest the increase ofCd2+ binding sites with the increase of cell number. Despite the
increased removal of Cd2+ from solution at higher cell densities, decreased amounts of Cd:'
were accumulated per cell, these may attributed to a decrease in the availability of exogenous
solute <18)', or to increased electostatic interaction between cells which decrease the
availability of binding sites for metal binding<19)'

Effect of nutrients addition

Nutrients effect on Cd2+ uptake results depicted in fig (5), clearly showed that the
addition of nutrients caused no increase in cadmium uptake level by B.pantothenticus
suggesting that there is no effective active transport system for cadmium in these strain, in

Nutrients Addition Effect On Cadmium Uptake

l.pantothenticus

B sublilis (m)

- Nutrients

Fig(5)
the other hand the addition of nutrients caused a great increase in cadmium uptake by

B.subtilis mutant almost 2 fold more . It can be concluded that B.subtilis mutant has an
energy dependent transport system which allows Cd2' accumulation inside the cell .
Accordingly the high resistance of B.pantothenticus may be due to the lake of active
transport system , and the sensitivity of B.subtilis could be due to the presence of metabolic
transport system. It was reported that metal accumulation in the presence of metabolisable
substrate such as glucose can be three fold greater than in the absence of glucose, that is
because glucose activate transport system membrane bound H+-ATPases , across the
cytoplasmic membrane'". Published data demonstrated that these low concentration of
nutrients were meant to keep biomass growth at insignificant level, in the same time they
were high enough to significantly affect the biomass metabolism . The phosphorus
concentration was also kept low to avoid precipitation of cadmium phosphat.
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Temperature effect

Temperature Effect on Cadmium uptake by
B.pantothenticus and B.subtilis(m)
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Metal biosorption by fungal and bacterial cells is affected by the incubation
temperature ( 19\ The effect of temperature on cadmium uptake level by B.pantothenticus and
B.subtilis mutant was traced and results are sum in fig (6) which clearly shows that
cadmium accumulation increase with the increase of temperature, these phenomenon
observed indicate the occurrence of metabolic mediated uptake process.

At 2 °C (nearly zero) cadmium uptake resulted exclusively from a passive adsorption
mechanism due to low biological activity at low temperature though little or no metal is
sequestered through metabolic processes by viable biomass, at this low temperature
B.pantothenticus accumulate Cd2'" by passive adsorption more than B.subtilis mutant do and
that agree with the results observed from nutrients addition experiment , when the
temperature was raised to 40 °C the metabolic activity of the bacteria increased and cadmium
uptake increase, at 60 °C Cd2+ uptake continue increasing for B.pantothenticus and B.subtilis
,that confirm the occurrence of some metabolic processes other than passive uptake of
cadmium. It was published that with the temperature increase the metabolic activity of the
sludge strongly increased; cadmium uptake also increased over the tested temperature
range* I0)\

Effect of pH

Biosorption of metals by fungal and bacterial biomass is pH dependent. In order to
determine whether or not this was the case with biomass derived from B.pantothenticus and
B.subtilis mutant, routine biosorption reaction was carried out, bacterial biomass were
incubated with cadmium solutions of pH (4.0, 6.0, 7.0 and 8.0). From results illustrated
previously by fig(7), we can conclude that Cd2+ accumulation increase with the increase of
pH over the pH range tested. These phenomenon were already observed with raw sludge
suggesting that metal biosorption mechanism is largely passive. Increased pH result in
increase of negative charges at the cell wall surface which binds to metal cations (19)'.
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CONCLUSION

Based on the data reported in this work, we can conclude that the most appropriate
isolated strain in this work was found to be B. pantothenticus ,this effeciency was affected
by the studied factors . The level of uptake was increased by genetic manipulation of the
parent strain of B.subtilis , the mutant strain was induced by gamma radiation.
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ABSTRACT

This work aims to present simple, rapid and accurate procedures to

recover the pollutant species of chromium, cadmium and lead from

different types of water using the flotation technique. To achieve this goal,

precipitate flotation was the method of choice for this investigation using

oleic acid (HOL) as a surfactant. Cr(III) as its hydroxide and Cr(VI) as

Ag2CrC>4 or Ag2G"2C>7 are removed in 6.5±0.2 and 6-7.5 pH range;

respectively. 2,4,6-Tri(2-pyridyl)-l,3,5-triazine (TPTA), in the presence of

KI, is a good collector for quantitative separation of trace amounts of

Cd(II) in the pH range 6-7.5. Chloranilic acid (CAA) is found to be the

most effective complexing agent for the flotation of trace amounts of

Pb(II) over the pH range 4-7. The effects of surfactant and analyte

concentrations, foreign ions and temperature have been examined. The

application of this procedure to recover these analytes added to natural

samples has been investigated. Also, a procedure for sective separation of

Cr(III) from Cr(VI) either in aqueous solutions or in saline water is

proposed. Moreover, a mechanism of flotation is suggested.
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INTRODUCTION

Nowadays the subjects of environmental pollution occupy the

thought of regulatory personnel, enforcement personnel, graduate students

and experienced scientists. Loading of aquatic habitats with

nondegradable, nonnutritive, cumulative pollutants such as As, Pb, Cd,

Hg, Se and Cr can result in undeniably complex alterations of numerous

teleost trophic levels. These effects can last for centuries and studies

spanning the globe document the ubiquity of such contamination (1).

Industrial and agricultural discharges, sewage effluents and highway or

motorboat traffic are main sources of metal poisoning of aquatic organisms

in many countries (1,2).

Chromium is present in natural waters in two different oxidation

states Cr(IIl) and Cr(VI). Trivalent chromium is not as toxic as hexavalent

chromium and is also considered essential for maintenance of glucose

toulerance factor of the body, whereas hexavalent cliromium is a serious

health hazard (3,4). Cr(VI) causes skin irritation resulting in the

dermatities and ulcer formation, adverse effects in the lungs and

interferences in the sulfur uptake of the cells (5). From published data it

was concluded that sea water contains about 0.5 u.g/L dissolved chroi?•'• -i

(6). The daily intake of chromium by human is estimated to be 0.03-0.14

mg (6). Cadmium and lead are major hazards to health. They are

cumulative poisons. WHO (World Health Organization) standards (7)

require low concentrations of these elements in drinking water, below 50

ug/L (7). Moreover, uncontaminated natural waters contain between 0.01-

1.0 jig/L of Cd and 0.1-2.5 p.g/L of Pb. Therefore, the separations of these

elements from drinking and natural water samples are vital processes.
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General methods for separating and/or preconcentrating elements

have been outlined in several publications (8,9). These methods include

coprecipitation, liquid-liquid extraction, electroosmosis, electrophoresis,

activated carbon impregnated ligands, silicate immobilized ligands,

chelating resins, ion-exchange resins, chromatography, volatility and

flotation. Of these techniques flotation (used in this work) is the most

interesting one owing to its simplicity, time saving, inexpensive tools and

chemicals. Discussioiis of flotation techniques as methods of separation

and/or preconcentration are not yet available in textbooks of analytical

chemistry and they are scarcely found even as monographs and reviews

(10,11).

Although many publications are concerned with the flotation

separation of chromium (12,13), cadmium (14,15) and lead (16-18), the

present investigation aims to present simple, rapid and quantitative

procedures for the separation of these elements from aqueous solutions

and saline waters with special focusing on the selective separation of

Cr(III) from Cr(VI) in their mixtures.

EXPERIMENTAL

Reagents and Solutions

The surfactant used in this study, oleic acid (HOL), was used

directly as received. A stock solution, 6.36x10"2 mol.L"!, was prepared

from the food grade with sp. gr. 0.895 (provided from J.T. Baker Chemical

Co.), by dispersing 20 mL HOL in 1L kerosene. Analytical reagent-grade

chromium (III) nitrate- (Cr(NO3)3), chromium (VI) chromate (K2CrO4)

and dichromate (K2Cr2O7), cadmium (II) chloride monohydrate

(CdCb.H2O) and lead (II) nitrate (Pb(NO3)2) were obtained from Aldrich

Chemical Company.Stock solutions of the above analytes,lxlO-2 mol L-l,
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were prepared by dissolving the equivalent amount of each salt in 1L of

double-distilled water. 2,4,6-Tri(2-pyridyl)-l,3,5-(triazine) (TPTA) stock

solution, 1x10-2 m o i L - 1 , was prepared by dissolving the requisite amount

of TPTA in ethanol.Chloranilic acid (CAA) stock solution, Ixl0"2mol

L~l, was prepared in double-distilled water. The nitrate solutions of Mn,

Hg, Zn, K, Na, Ba, Ca, Mg, Rh, Ru, Zr and Bi were also prepared. The

natural water samples were obtained from Midetrranean Sea at Gamasah

and Ras El-Bar beaches; other samples were also obtained from Red Sea

at Fayed beach.

Apparatus

The flotation cell used (which is a cylindrically tube of 29 cm length

and 1.5 inner diameter with a stop cock at the bottom) was previously

described (18). The concentrations of the analytes were determined using

Perkin-Elmer 2380 Atomic Absorption Spectrophotometer with air-

acetylene flame. The pH measurements of all the prepared solutions were

earned out using Hanna Instruments 8519 digital pH meter.

Procedure

Suitable concentrations (specified for each investigation) of both

the analyte and the reagent [NH4OH for Cr(III); AgNC>3 for Cr(VI);

TPTA (in the presence of KI) for Cd(II) and CAA for Pb(II)] were mixed

followed by 3 mL double-distilled water. The pH was adjusted to the

optimum value for each analyte. The solution was then transferred

quantitatively to the flotation cell and completed to 10 mL with double-

distilled water. The cell was shaken well for few seconds. To this 3 mL of

HOL (with definite concentration) was added. The flotation cell was then

inverted upside down twenty times by hand. After 10 min, for complete

flotation, the concentration of Cr, Cd or Pb either in the mother liquor or in
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the scum (after elution) was determined by atomic absorption spectromevry

(AAS) at 357.9, 228.8 and 217 nin, respectively.

The floaiubility (F%) of the analyte was calculated (18) from its

residual concentration in the mother liquor or from the scum (after

dissolving its precipitate in 2 mL of 1.0 mol L"1 HNO3 and diluting to 5

mL with the solution of the chemical modifiers used for AAS (19,20).

RESULTS AND DISCUSSION

An initial series of experiments was conducted in an effort to

establish the optimum parameters for quantitative flotation of the analytes

(chromium, cadmium and lead). These parameters included: the effect of

hydrogen ion concentration, the use of variable concentrations of diverse

surfactants, the role of ionic strength and other foreign ions, the

concentrations of the analytes and the collectors, the influence of

temperature and the time required for the separation. The above factors are

studied in detail for the elements in concern.

Effect of pH

A part of this study involves the separation of chromium (III) as its

hydrated chromium (III) oxide from aqueous solutions. This is successfully

achieved via the precipitate flotation leclinique. In such technique, the

initial charge of the precipitate plays an important role in the adsorption of

the surfactant on the particles. The precipitate acquires the charge either

by desorption of one of the ionic species of the solid or by adsorption of

ions from solution onto the surface of the crystal. The constituent ions of

the precipitate present in solution are preferentially adsorbed over other

ions; because OH" is a constituent ion, pH has a most pronounced effect

on the charge of hydroxide precipitates.
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The data in Fig. 1 (Curve a) monitor the changes in the flotation

efficiency of chromium (III) as a result of hydrogen ion variation. As can

be seen, the flotation efficiency is zero up to pH 5 after which the

floatability increases abruptly reaches its maximium value (-100%) in the

pH range 6.2 - 6.8. Above pH 6.8, the separation percentage decreases. In

an attempt to understand the behaviour of the chromium (III) flotation at

different pH values, one must take into consideration that HOL begins to

dissociate at pH 5.2 (±1). Although the presence of chromium (III) as

soluble Cr3 + and Cr(OH)2+ (22) at pH < 5, the flotation is zero owing to

the absence of oleate ions (produced from the dissociation of HOL) (2-1).

In the pH range 6-7, chromium (III) is present as soluble Cr(OH)2+and

predominent insoluble Cr(OH)3 species (22,23). According to potential

measurements (22), the surface of Cr(OH)3 precipitate is positively

charged. Consequently, the flotation mechanism can be explained from

electrostatic attraction view point, between negative oleate ions and

positive Cr(OH)2+ and Cr(OH)3. Above pH 7, the soluble species

Cr(OH)4" (22) starts to appear, with the same charge as the surfactant

(oleate ions) indicating inefficient or no flotation of the precipitate. Also,

the fomiation of excessive foams hinders the flotation process. For assured

functioning, all subsequent measurements were carried out at the optimum

flotation pH 6.5±0.2. To facilitate the manipulation and saving the time of

measurements, the control of pH using the addition of a definite volume of

NH4OH to the solution in concern, (instead of instrumental measuring of

pH) was followed. The flotation of 1.9xlO"4 mol L"1 Cr(III) using lxl 0"3

mol L"l HOL in the presence of different volumes of ammonium

hydroxide (0.1 mol L"^) was carried out. It was found that 0.1 - 0.3 m l of

0.1 mol L"1 NH4OH is sufficient for complete flotation of the analyte
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concentration under investigation. Accordingly, 0.3 1T1LNH4OH (0.1 mol

L"l) was considered for further flotation experiments of Cr(III).

Chromium (VI) is present in natural water as C1O42- or CxjO"]2".

These species could be precipitated using silver ion. The formation of such

precipitates depends mainly on the hydrogen ion concentration of the

solution (24), which can be represented as:

2Ag+ + CrO42" -» Ag2CrO4 I (1)

2Ag2 C1O4 + 2H+ -> 4Ag+ + ^Of2' + H2O (2)

Ag2Cr04 + 4NH3 -> 2[Ag(NH3)2]+ + CrO42- (3)

Accordingly, precipitate flotation technique is a suitable one for the

separation of Cr(VI) and the separation efficiency depends mainly on the

variation in the pH of the solution. The role of hydrogen ion concentration

on the floatability of 1.9x10-4 mo\ L-1 Cr(VI) using 3x10-2 m o l L"l

AgNO3 and lxl 0"3 mol L~* HOL is shown in Fig. 1. Curve c in Fig. 1

represents the floatability of CrCXj^- whereas that of C i ^ C ^ - is given by

Curve b. The data show that Ag2CrC>4 has no ability to be floated up to

pH 3. The flotation efficiency starts to be improved at pH 4, reaching its

maximum (-100%) at pH 6 and remains constant until pH 7.5 above which

it decreases. Also, it can be seen that the floatability of Cv2Oj2~ has the

same trend as C rC^- except that an improvement is noticed for the

former in acidic medium. In alkaline solution above pH 7.5, the floatability

gradually decreases. This may be due to the insufficient amount of Ag+

(precipitant) owing to the formation of silver species free from the analyte

(equation 3). Below pH 5, the inefficient separation of Cr(VI)may be

attributed to the partial solubility of the precipitate, floated form, (equation

2). For further experiments, pH 7 was selected as the optimum value for

Cr(Vl) flotation.

1186



It is well known that Cd(II) reacts with nitrogen-containing

compounds in the presence of iodide ions forming stable precipitates

which can be separated quantitatively (25). In this concern, many trials

were made to float Cd(II) using hydrazine hydrate or 2,4,6-tri(2-pyridyl)-

1,2,3-triazine (TPTA) in the presence of potassium iodide and pyridine in

the presence of ammonium chloride, etc. Of these, TPTA (in the presence

of KI) was found to be the suitable collector for the quantitative separation

and determination of Cd(II). ixlO"5 mol L"l Cd(II) was floated using

4xlO"5 mol L"1 TPTA as a collector and lxlO"3 mol L"1 HOLasa

surfactant in the presence of different concentrations of halide ions. The

results are presented in Fig. 2. The data clearly indicate that, there is no

flotation in the presence of fluoride, chloride or bromide. However, in the

presence of iodide the flotation increases gradually with concentration of

iodide reaching its maximum (97-100%) in the range (4-7)xlO~3 mol L'l .

These diverse behaviours of the halides may be due to: 1) the possibility of

the formation of soluble Cd-TPTA-X (where X = F", Cl" or Br) system

uncapable of flotation; 2) the formation of insoluble species of the above

systems is not observed experimentally, even at high concentrations of

their constituents; 3) the formation of a colloidal white precipitate (Cd-

TPTA-I system). Such precipitate is visually noticed at a relatively lower

concentration of the analyte, lxl 0~5 mol L"*, which permits the separation

of Cd(II) at trace levels. The third proposal is more logic since it agrees

with literature (25,26). 5xlO"3 mol L"l of iodide was taken as the suitable

concentration for quantitative separation of lxl 0"5 mol L"1 Cd(II)

throughout the progress of this investigation.

The data in Fig. 3 (Curve a) indicate that the floatability of 1x10-5

mol L"l Cd(II) gradually increases as tliepH of the solution, containing
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3xlO-5 mol L"1 TPTA, 5x10-3 m o ] i~\ KI and 1X1 0"3 mol L"1 HOL,

increases reaching its maximum in the pH range 6-7.5; above which it

again decreases. The maximum separation obtained in the pH range 6-7.5

may be ascribed to the formation of a colloidal white precipitate (visually

observed) easily floated by HOL surfactant. Below pH 6 the incomplete

flotation may be due to the partial solubility of that precipitate, whereas

the decrease in the floatability above pH 7.5 may be attributed to the

formation of excessive foams which hinders the process. Fortunately, the

direct addition of the reagents to the analyte at the investigated

concentrations accepts the mixture pH ~7. Consequently, there is no need

for controlling the pH throughout the progress of Cd(II) flotation

experiments.

The data in Fig. 3 (Curve b) show that the quantitative separation

(-100%) of 1x10-5 m o i L-1 Pb(II) in the presence of 3x10-5 mol L~l

CAA is achieved in the pH range 4-7 and decreases on both sides of such

range. Below pH 4 the depress in the floatability is due to the partial

dissolution of the Pb-CAA complex.

Effect of Surfactant Concentration

The results in Fig. 4 (Curve a) show that in the (5-15)xlO"4 mol L~l

concentration range of HOL complete flotation of Cr(III) is achieved.

Below and above such range of the surfactant, the floatability decreases.

On the other hand, it is observed that Cr(VI) floats completely (-100%) as

Ag2CrO4 or Ag2&207 in a wide range of HOL concentration up to

8x10"3 mol L~* (Fig. 4, Curve b). At higher concentration of surfactant the

incomplete separation of Cr(III) or Cr(VI) may be attributed to the fact

that the surfactant changes the state of suspension of the particles

(Cr(OH)3, Ag2CrO4 or Ag2Cr2O7) from coagulation precipitation
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through coagulation flotation to redispersion with an increase in the

amount of HOL added.

Figure 5 shows the role of the change of surfactant concentration on

the flotation of Cd(II) + Kl + TPTA (Curve a), Cd(ll) + TPTA (Curve b),

Cd(II) (Curve c), Cd(II) + Kl (Curve d), P(TI) + CAA (Curve e) and Pb(II)

(Curve f). The parameters of flotation are listed in the figure legend. The

flotation efficiency of cadmium is still zero (Fig. 5, Curve d) even at higher

concentration of HOL. The maximum flotation efficiency is obtianed in the

(1-20) xlO-4 mol L-l HOL range for the system Cd(II) + Kl + TPTA.

Also, the range (l-14)xlO~4 mol L'l HOL is suitable for complete

separation of Pb(II) in the system Pb(ll) + CAA (Fig. 5, Curve e). lxlO"3

mol L-l is chosen throughout Cr(lII), Cr(VI), Cd(II) and Pb(TI)

investigations.

Effect of Collector Concentration

Definite concentrations of the analytes Cr(VI), Cd(II) and Pb(II) are

floated in the presenc eof different concentrations of AgNO3, TPTA + Kl

and CAA as collectors, respectively using lxl 0-3 mol L~l of HOL at the

optimum pH. The data are graphically presented in Fig. 6. As can be seen

from Fig. 6 Curve a, a relatively high concentraiton of AgNO3 is required

for quantitative separation of Cr(VI). Comparing Curve c (absence of Kl)

with Curve b (presence of Kl) it is noted that, the presence of Kl together

with TPTA is substantial for complete flotation of Cd(II). This means that

Kl and TPTA are essential constituents of the sublate being floated. Also

from Curve b, the maximum flotation efficiency (-100) is obtained at a

molar ratio of 1:2 for Cd: TPTA. Experimentally the maximum floatability

of Cd(ll) is obtained in (2-4)xlO"5 mol L"1 TPTA concentration range.
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Accordingly, 3xlO"5 mol L"1 TPTA was selected for further Cri(II)

experiments.

Although lead forms (1:T) complex with CAA (27), twofold

concentrations of CAA are required experimentally for the quantitative

separation of the analyte (Fig. 6, Curve d). This may be due to flotation of

a part of free CAA with HOL surfactant. The most interesting feature of

using CAA as a collector is that the excess amount of it has no adverse

effect on the flotation process which facilitates the separation of
>

microamounts of Pb(II) from unknown matrices. Unless otherwise

specified, 3xlO~5 mol L~l CAA was used for the complement of Pb(II)

separation.

Effect of Analyte Concentration

Under the optimum conditions listed in the experimental section,

different concentrations of the analytes are floated. The data are shown in

Figs. 7 and 8. As can be seen, a large concentration range up to 28xlO"5

mol L"l Cr(III) could be separated (Fig. 7, Curve a). Also, concentrations

up to 1.8x10-3 mol L~l Cr(VI) could be completely separated (Fig. 7,

Curve b). It is worth noting that such separated quantity of Cr(VI) needs

relatively high concentration of the precipitant (AgNO3) which may be

attributed to co-precipitation of Ag2CrC>4 or Ag2Cr2(>7 with Ag+- These

data agree with that obtained in Fig. 6, Curve a. The data in Fig. 8, Curve

a show that the maximum flotation efficiency of Cd(II) is obtained up to

2xlO-5 mol L-l Cd(II) using a combination of TPTA with KI in the

presence of HOL surfactant. As can be seen, the flotation efficiency

decreases after attaining a stoichiometric ratio of 1:2 (Cd(IT): TPTA).

Since the coordination number four is the predominant for Cd(II), the

expected floated precipitate species may be [Cd(TPTA)2l2l- The data in
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Fig. 8, Curve e indicate that the separation of Pb(II) is quantitative up to

1.5xlO"5 mol L~l, confirming the data obtained in Fig. 6, Curve d.

Effect of Temperature

The effect of temperature varies according to the particualr system.

Thus in some cases an increase of temperature has no effect on ion

flotation, whereas in others it may have positive or negative effects. In

precipitate flotation a temperature increase has a positive effect due to its

influence on the size of the particles formed. On the other hand, it will also

increase the solubility of the precipitate and the instability of the foam,

giving rise to partial dissolution of the precipitate and insufficient foam

consistency to hold up the precipitate. Under the recommended conditions

set out for each analyte, conductive series of experiments were carried out

under a wide range of temperature (5-85°C). It is observed that the process

of separation was not affected up to 80°C for Cr(lli), Cd(Il) and Pb(Il); 60

°C for Cr(IV). Accordingly, all the experiments were carried out at ~25°C.

Effect of Foreign Ions

The data in Table 1 show that most of the investigated foreign ions

do not interfere in the recover}' of Cr(III) from aqueous solutions. Al(lII),

Bi(III), Fe(III), Cu(II) and Tl(III) are the only ions that interfere seriously.

These ions may form hydroxide consuming the precipitant on the expense

of the analyte. This was confirmed by controlling their effects via adding

slightly excess of NH4OH. To avoid the interferences encountered from

high concentrations of some selected ions (viz., Zn, Mn, Co, Ni, Ca, Sr,

Ba and Mg) ammonium chloride (lxlO~3 mol L~l) could be added. Also,

' the addition of such concentration of NH4CI to the flotation pulp

containing one or more of these interferents makes the process selective

for Cr(III). Figure 9 shows the effect of adding different concentrations of
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TABLE 1

Effect of some foreign ions on the floatability of 1.9xlO"4 mol L"1 (10 ppm)Cr(III)

using 1x10"3 mol L ' 1 HOL at pH 6.5.

Foreign ion*

K(I)

Sr(II), Co(II)

Na(I), Mg(II), Ba(II), Cd(II), NO3-

Li(I), Ca(II), Ni(II)

BO33-, B4O72-

Cs(I), Pd(II), MOO42-

Al(III), Bi(III), Fe(III), Cu(II), Tl(III)

Concentration

(ppm)

1000

800

400

200

100

50

50

Flotation

efficiency of

Cr(III), %

100

99.90

99.98

100

100

99.93

0

Each foreign ion is used alone.
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NH4CI on the flotation of 1.9x10-4 mol L"1 Cr(III) using lxlO"3 mol L"1

HOL at pH 6.5. The results reveal that the maximum flotation efficiency

(-100%) of Cr(III) is obtained over a wide concentration range of NH4CI

up to 0.1 mol L"l.

The influence of some selected foreign ions (cations, taken as

nitrates) on the flotation efficiency of 10 ppm Cr(VI) is shown in Table 2.

High concentrations of most ions have no effect on the separation process.

Only Al(III), Fe(III), Bi(III) and Cu(II), 50 ppm each, decrease the

flotation efficiency to 20%. This may be due to the flotation of the

hydroxides of such interferents on the expense of the analyte at pH 7.

Trials were carried out for the speciation of Cr(III) and Cr(VI)

added to natural water (seawater) samples. This aims to test the feasibility

and amenability of the proposed separation procedure for high saline

solutions. The following mixtures were added to 20 mL filtered seawater:

1) 5 ppm Cr(III) + 5 ppm Cr(VI), 2) 5 ppm Cr(III) + 10 ppm Cr(VI) and

3) 10 ppm Cr(lll) + 5 ppm Cr(VI). Chromium (III) was completely

separated from these three mixtures by precipitate flotation teclmique

(using NH4OH as a precipitant and HOL surfactant). The precipitate in the

scum was eluted with hydrochloric acid (2 mol L~l) and aspirated directly

(after adding the recommended chemical modifier) for Cr(III) AAS

determination. Also in the same mixtures, attempts were made to separate

chromium (VI) using AgNO3 as a precipitant and HOL surfactant. The

results obtianed were not satisfactory at all. On the other hand,

separation of Cr(III) as its hydroxide followed by reduction of Cr(VI) in

the mother liquor, subsequent precipitation of its reduced form, Cr(IlI),

and its flotation gave encouraging results. The third trial was earned out

by the reduction of Cr(VI) firstly in the mixture, precipitation of total



TABLE 2

Effect of some foreign ions on the floatability of 10 ppm Cr(VI) in the presence of

3xl0-2 mol L"1 AgNC>3 u s i n 8 lxlO"3 mol L ' 1 HOL at pH 7.

Foreign ion

Sr(Il)

K(I),Ba(II),Cd(II)

La(III), Y(III)

Na(I), Mg(II), Co(II)

Ca(II), Ni(II), HCO3-

Li(I), Cs(I), NH4+ B4O72-

AI(III), Cu(II), Fe(III), Bi(III)

Concentration

(ppm)

1000

800

500

400

200

100

50

Flotation

efficiency of

Cr(VI), %

99.80

100.00

99.90

99.85

100

100

20
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chromium (III) and flotation. Optimestic results were obtained in such

case. Accordingly, the salinity of seawater has no effect on the separation

efficiency of Cr(IH) by flotation of its hydroxide whereas it hinders the

separation of Cr(VI) completely by flotation of its silver chromate.

Therefore, this study recommends the separation of Cr(III) and Cr(VI) in

seawater by reduction of Cr(VI) with sodium sulfite in slightly acidic

medium, precipitation of total chromium as its chromium (III) hydroxide

and flotation with oleic acid surfactant.

To investigate the degree of success of the flotation procedure, the

separation of Cd(II) in the presence of different ions usually associated

with it in natural materials and waters was tried. The data in Table 3

indicate that most of alkali and alkaline earth metals have no effect on the

separation of Cd(II) up to 400 ppm of each. Also, some of transition

elements (viz., Y, La and Ir) and most of the investigated anions (viz.,

B4O72-, IO3-, SO42-, C1-, CT2OJ2' and SO32-) do not interfere in the

flotation procedure. The remainder of the investigated ions interfere to

some extent. The interference may be due to partial consumption of the

reagents (TPTA or KT) by the interferent. Such explanation is proposed

because most of these effects are normalized by adding a slight excess of

TPTA and KI. Moreover, under the optimum conditions of flotation the

tolerance limits are indicated. It is worthy noting that, the separation

efficiency does not exceed zero in the presence of copper. Accordingly in

samples containing copper it should be separated firstly by flotation as its

acetate as previously mentioned in literature (28).

The limits of concentrations of different foreign ions added to the

solution of Pb(II) being floated, under the optimum conditions, are

tolerated and listed in Table 4. An alternative series of experiments was
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TABLE 3

Effect of different concentrations of some foreign ions on the floatability (F%)

of ixlO'5 mol L"1 Cd(II) in the presence of 3x10-5 TPTA and 5xlO"3 mol L'1

KI using lxlO-3 mol L"1 HOL at pH 7.

FiireigY)

• ion

Li

Na

K

Mg

Ca

Ba

Tl

Fe

Co

Ni

Cu

Zn

Mo

ir

Cr

Foreign km. ppm*

4D0

99.8

99.7

98.8

99.8

98.7

97.8

98.8

0

0

0

0

0

85

99.6

61

100

99.8

99.8

99.8

99.8

99.9

99.8

99.9

0

0

0

0

50

85

99.8

75

50

99.9

99.9

99.9

99.8

99.9

99.9

99.9

0

9.5

0

0

89

85

99 8

90

10

99.9

99.9

99.9

99.9

99.9

99.9

99.9

50

65

10

0

99.6

90

99.9

99.8

1

99.9

99.9

99.9

99.9

99.9

99.9

99.9

99.9

99.9

58

0

99.9

99.8

99.9

99.9

I'oreiyi

ion

Y

Hg

Te

La

Pb

BaO7
2"

KV

SOa2"

cr

Cr ?0 7
2 -

so,2-

HPOa2"

HCO-f

COr*

S^O-,2"

Foreign inn, ppm*

400

99.7

0

39

99.5

0

99.6

99.7

99.8

99.5

99.6

99.8

0

0

2

50

100

99.8

40

40

99.7

60

99.7

99.7

99.8

99.5

99.6

99.8

75

76

40

85

50

99.8

62

66

99.7

85

99.7

99.8

99.9

99.6

99.7

99.9

99.6

99.5

85

99.5

10

99.9

80

80

99.8

91

99.8

99.8

99.9

99.6

99.8

99.9

99.6

99.5

90

99.6

1

99.9

99.8

100

99.8

99.9

99.8

99.9

99.9

99.8

99.8

99.9

99.7

99.6

99.7

99.8

400, 100, 50, !0, 1 are the concentrations of foreign ions in ppm used.
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conducted to float lead in the presence of the foreign ions (listed in

Table 4) at higher concentrations, 100 times over the tolerance limit.

Serious interferences were observed. These adverse effects were

completely eliminated by adding excess CAA (2xlO-2mol L"l).

Application

The applicability of the flotation procedure was investigated to

recover 5 ppm of each analyte added to different types of waters taken

from different locations. The data and separation conditions of each

analyte are given in Table 5.

Proposed Mechanism

A mechanism is proposed for the precipitate flotation of Cr(III),

Cr(VI), Cd(II) and Pb(II) on the basis of the fact that colloidal particles

have charged surfaces (18). These charged surfaces interact with the

hydrophilic part (polar carboxylic group) of the surfactant

(electrostatically) giving hydrophobic aggregates which float with the aid

of air bubbles, (created inside the flotation cell by slight shaking) to the

surface of solution inside the cell (18).
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TABLE 4

Tolerance limits of the interferents on Pb(II) flotation under the recom-

mended conditions.

Interferent

NO3-

K, Ba

Na, Mg, Ca, Sr

Cr, B4O72-

Al

Bi, La, Co

Fe

Tolerance limit (ppm)

1000

500

400

100

50

1

0.1

[Pb(II)]=lxl0"5 mol L"1; [CAA]=3xl0"5 mol L^ ; [HOL] = lxlO"-1 mol

L"l; pH = 7. Each result is the average of three determinations and the

mean recovery of Pb(II) = 99.7 ± 0.2%
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TABLE 5

Recovery of 5 ppm of Cr(III), Cr(VI), Cd(II) and Pb(II) added to water

samples using lxlO"3 mol L"l HOL surfactant.

Type of water

(Location)

•

Distilled water

Tap water (Mansoura City)

Seawater (Gamasah)

Seawater (Fayed)

Under ground water (Meat Badr

Khamese City)

Recovery (%)

Cr(III)a

pH 6.5

99.9

100

98.9

99.9

99.2

Cr(VI)b

jH6.5

99.8

100

99.0

99.2

99.3

Cd(III)c

Ph7

99.7

99.8

99.5

99.7

99.5

Pb(II)d

pH7

100

99.9

99.7

99.8

99.2

(a) in the presence of lxlO"3 mol L"1 NH4CI; (b) reduction to Cr(III) with

Na2SO3 followed by adding lxlO"3 mol L~l NH4CI; (c) in the presence

of 4.5xlO-4 mol L"1 TPTA and 2x10"2 mol L"* KI and (d) in the presence

of8xlO-5molL-lCAA.
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Figure captions

FIG. 1 Effect of pH on the floatability of 1.9x10"4 mol L"I chromium

using lxlO"3 mol L"1 HOL:

(a) Cr(III) using HCl or NH4OH for controlling pH;

(b) Cr(VI) as Cx^O-]2-- using 3xlO"2 mol L"1 AgNO3 and

(c) Cr(VI) as CrO42" using 3x10-2 mol L"1 AgNO3.

FIG. 2 Effect of halide concentration on the floatability of 1 x 10"5 mol

L"1 Cd(II) in the presence of 4xlO"5 mol L"1 TPTA using lxlO"3

molL-1 HOL at pH 7.

FIG. 3 Effect of pH on the floatability of 1x10-5 mol L"l of Cd(II) or

Pb(II) using 1x10-3 mol L"1 HOL:

(a) Cd(II).+ 5x10-3 m o i L-1 KI + 3xl0"5 mol L"> TPTA;

(b) Pb(II) + 3x10-5 m o i L-l CAA.

FIG. 4 Floatability of 1.9xlO"4 mol L"l cliromium as a function of HOL

concentration.

a) Cr(III);

b) Cr(VI) using 3x10-2 m o i L-1 AgNO3 as a precipitant.

FIG. 5 Floatability of lxlO"5 mol L'1 of Cd(II) or Pb(II) as a function of

[HOL]. (a) Cd(II) + HOL + 5x10-3 mol L"1 KI + 3x10-5 mol L"l

TPTA; (b) Cd(II) + HOL + 3x10"5 mol L"l TPTA; (c) Cd(II) +

HOL; (d) Cd(II) + HOL + 5x10-3 mol L"l KI; (e) Pb(II) + HOL +

3x10-5 mo{ L-l CAA and (f) Pb(II) + HOL.

FIG. 6 Effect of different concentrations of the collector on the

floatability of 1.9x10-4 mol L"l Cr(VI), 1x10-5 mol L-l Cd(II)

and 1x10-5 m o i L-1 Pb(II) using lxlO"3 mol L"1 HOL at pH 7.

(a) Cr(VI) + AgNO3; (b)Cd(II) +5x10-3 mol L"* KI + TPTA;

(c) Cd(II) + TPTA and (d) Pb(ll) + CAA.
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FIG. 7 Floatability of different concentrations of chromium using 1x10-3

mol L-l HOL. (a) Cr(III) floated as Cr(OH)3 and (b) Cr(VI)

floated as Ag2Cr207 or Ag2CrC>4 using 5x10-2 mol L-l AgNC>3.

FIG. 8 Floatability of different concentrations of Cd(II) and Pb(II) using

1x10-3 mol L-l HOL at pH 7. (a) Cd(II) + 5xlO"3 mol L"l KI +

4x10-5 mol L-l TPTA; (b) Cd(H) + 4x10-5 mol L~l TPTA; (c)

Cd(II) using HOL only; (d) Cd(II) + 5x10-3 m o l L"l KI; (e)

Pb(II) + 3x10-5 mol L"l CAA and (f) Pb(II) using HOL only.

FIG 9 Effect of NH4CI concentration on the floatability of 1.9xlO"4 mol

L-l Cr(III) using lxl0"3 mol L"l HOL at pH 6.5.
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Destruction of Molecules or Nuclei of Hazardous Substances in
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INTRODUCTION

The acceleration of chemical reactions by means of ultrasonic stress-long ago known at
peace effect, but few utilized in industry due to it high price and the complexity of control. Firm
ROSLO created simple and exceedingly effective device, in which you may carry out differential
chemical and nuclear reactions. In given work are described the experimental events only of reactions
of distraction on chemical and nuclear layers, and also is given the short-form intended explanation of
occurring appearances.

The fundamental motive factor of process in both cases is cavitation bubble. The special ar-
rangement generates captations bubbles - the ultrasonic activator. The power of the destroy of the
chemical bindings of the majority of chemical mergings does not exceed 4 aV. The maximal power of
binding, on one nucleon in nucleus, is equal approximately 8 MaV. In spite of on grand difference in
powers, the ultrasonic activator lets the way of the setup of technological parameters to cany out how
chemical, so and nuclear processes.

Experimentally apparatus is checked on the reaction of distraction of molecules of phenole,
from which is attached, for example, acetone; on molecules heavy hydrocarbonal remnants from the
treatment of oil (masut, goudron), from which are obtained of molecules easy hydrocarbonal factions
(gazolinal, kerosinal, dieselful) et al. The experimental processes of the division of kernels are
presented by reactions the fission of nuclei of stable strontium and unstable caesium on two and more
of shards et al.

Author is convinced, what on of the available experimental material already you may create
pilot and industrial mountings for annihilation hazardous chemical and nuclear wastes.

1. THE THEORETICAL REASONING OF FEASIBILITY
SOUNDCHEMICAL AND SOUNDNUCLEAR OF REACTIONS

In spite of on the long ago history of use ultrasound for the expedition of some process in chemical
and oilchemical industry, many ultrasound effects in process have no unambiguous scientific
explanation. Margulis, for example, parsing numerous hypotheses, ascribing to the device of sound-
chemical reactions, counts, what nature of primary activation of molecules within of cavitation bubble
is or heat, or electric [1]. This author will give preference to the device of indirect action ultrasound
suggested by Prudom and Grabar, according to which in ultrasound margin originally is carried out
the distraction of molecule water on vacant radicals, which react with dissolved substance. Vacant
atoms and radicals really game grand role into many chemical processes [2]. On the whole the family
of cases they are that active centers which conduct chemical process. For initiation as a result of the
collision of two atoms or radicals of stable molecule essentially, in order the some quantity of power
(not less, than the total kinetic power of clashed fractions) was lost or for account of the process of
radiation, or as a result of collision with third fraction, role which can game and the upside of solid
[2]. This is the case called chill of the products of reaction. If such escape of power will not that aris-
ingal as a result of collision molecule for the cycle of one wave is destroyed, because distinguished at
the initiation of the binding of power enough for the destroy of this binding.

In given work is considerred several another procedure of chemical reactions in cavitation
bubble. In connection with topics, what our ultraconic activator has the radiation rate in 100 and more
times superior, than medium as to known origins, it can
be assumed, what power of cavitation bubble became the basic mover of technological process.
Namely that is why became the eventual enforcement of nuclear reactions, existent in cavitation bub-
ble. Presented below theoretical and experimental materials, are demonstration that, what our
assumption truely.
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1.1. THE THEORETICAL REASONING OF THE FEASIBILITY
OF SOUNDCHEMICAL REACTIONS

According to Arrenius theory the rate constant of chemical reaction is expressed as follows:

K=C exp(-A/RT), (1)
where A - activation energy

R - universal gas constant
T - temperature of reaction
C - corresponds to the number of collisions of both types of molecules (first ans second class)

divided by the Avogadro number, under condition that their concentration is 1 mole per cm3 .
Activation energy of most reactions is of order of 4 (104 - 105) J/mole, R=8 J/mole grades, and
temperature is not usually higher than 1000K. Therefore

A = E + S RT = 4(104 M 105) + S 8 1 0 3 » E (2)

The following molecules appears to be active: -those with encreased kinetic energy; -those
composed of atoms with increased energy levels; -those containing electrons with increased energy
levels. Activation energy of most reactions is as follows:

4(10*' 105)
E = — = 0,66(10"19 10"18) = 0,4 4 eV (3)

Upon closing the cavitation bubble, those molecules present inside the cavity and those placed close
to the bubble wall are concentrated in a centre. Kinetic energy of single molecule equals

m v2

WK (4)

For example, the molecule of water will reach the energy of 4 eV at the speed

2 • 0,66 • 10"18

0,66-10* m/s (5)
18 • 1.66-10"27

which exceeds the sound speed in water more than 4. Under normal conditions it is very difficult to
achieve such a speed. In conical diffuser, the drop of pressure is required for fractionation

103 • (0,66 • 104)2

AP = = o,22 • 1011 Pa (220 000 atm.) (6)
2

Kinetic energy of the closing bubble

Wa=| sVmdR= [S°| WJIR 2 ( J (7)

where

Ro
65

and denotes the liquid sphere radius which takes part in motion upon the bubble closing. The
displacement of this sphere boundary upon the bubble closing 8 equals to the size of molecule:

Ro - bubble radius at the initial moment of the closing stage;
Rjc - bubble radius at the final moment of the closing stage;
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v - speed of motion of the bubble walls;
p - liquid density;
m -mass of moving liquid;

- quantity of liquid that flows into bubble per unit of time

RVn=
 4h itRn - bubble volume at the initial moment;

xm=0,915Rn Vp/AP - Reles time of the bubble closing;
AP - loss of pressure on the boundary of bubble at the initial moment.

In the real ultrasonic activator, which was used in these experiments, the sound pressure
reaches the value of 3 MPa and more. The optimal static pressure value has to be approximately equal
to the half value of the sound pressure. Assuming that the inside pressure in the bubble can be
neglected then the drop of pressure on the boundary of the bubble equals to 4,5 MPa. If the initial
radius of the bubble is Rn = 2,5 • 10"4 m (according to Margulis [1] this unit is in the range ( 1 -
5)-104), and the density p = 103 kg/m3, then the time of the bubble closing represents

r m = 0,915-2,5-lfT \ / = 3,4-10* s
,5-106

The bubble volume at the initial moment: Vn =
 4/3-3,14-(2,5-10"4)3 = 65,2-10'12 m3

The amount of liquid flowing inside the bubble per unit of time (the medium power of the source)

19,2 -10"6 m3/s
3,4 • W6

Considering the value of S being equal to the size of the molecule of water 6 = 3-10'10 m, then the
liquid sphere radius which moved upon the bubble closing is:

(2,5 • 10"4)3

Ro = \ / = 0,132 m
3-3-1010

The bubble radius may be considered to be equal to the molecule of water at the final moment of
closing stage: Rk = 3-10"10 m

103 • (19,2 • W6)2

Kinetic energy of the closing bubble is: Wo = = 49 J
8-3,14-3-10'10

49
This energy is high enough to activate n = = 74 • 1018 molecules,

0,66 • 10"18

n 74-10"18

giving them 4 eV each or:— 12310'6 mole while, the volume of these
NA 6-1023

molecules equals

« 74-10'18 „ ,
V = Vm n/NA = 18 • 10"6 222 • 1 0 u m3

6 • 1O23

e.g. that this value exceeds the initial volume of the bubble by
V 222-10"11

34 times
Vo 65,2-1012

This example shows that the closing cavition bubble process appears to be an energy transformer that
transforms the energy of low parametres (sound energy) into the one of high parametres. The sound
energy concentration
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I -3 • 106

Ea 2,0 • 103 J/m3

c 1,5 • 103

after conversion into 1 mole represents Ea = 2 • 103 • 18 • W6 = 36-10"3 J/mole.
Apparently this is less than the activation energy - 4 • 105 J/mole.
The energy concentrated inside the closing bubble

Wn 49
EM „ 1012 J/m3

Vn 65,2 • lO'12

or expressed in mole: E ^ I S - I O 6 J/mole
This is 40 times higher than the activation energy. Thus, the chemical reactions of the activation
energy of » 4- 10s J/mole and higher can take place inside the volume of the cavitation bubble. From
those follows onward, what by basic mover of chemical reactions in our case you may count not radi-
cal attached from cavitation bubble, but power which hoards bubble to the collapse moment

1.2. THE THEORETICAL REASONING OF FEASIBILITY
O F SOUNDNUCLEAR REACTIONS

All set before in previous partition you may with scaling factor 106 relegate and to nuclear
reactions. For the nuclear reactions of the most characteristic power of sequence 1 MeV. Knownly,
what at the powers of collisions higher 1 MeV grew the eventual birth of electrons in couple with
positrons. At power about 10 MeV already you may snatch from nucleus one proton or neutron. At the
powers of collision up to 150 MeV arises the destruction of nuclei, but nuclear nucleons else will
remain unchanged. At the powers of collision higher 150 MeV starts the birth of new fractions, mass
which grows with increase the powers of collision. At the else grand powers of the collisions of
sequence 5 GeV on nucleon the nuclei are compressed so greatly, what stand alone nucleons are
merged in common conglomeration matter, to similarly stuff in neutron stars or in black holes.
Experimentally in our experiences were frozen nuclear processes into the entire specified band of
powers.

Real-life > power single cavitation bubble in Experimental apparatus, how was shown higher,
accesses significance 50-100 J, what corresponds (0,5-l,0)109 GeV. This power enough for the
initiation approximately of 105 superheavy nuclei with the figure of nucleons sequence 250.

Besides,. as to our assumptions, powers cavitation bubble enough for the initiation of super-
microscopeable black holes, which in accordance with process Hawking quick as thought evaporate,
remaking substance in the radiation power. Experimentally this process we observe while only as to
decrease the masses of manipulated dilution and as to the snap of the self ultimate longwave share of
the spectrum of electromagnetic radiation by heat detectors. Detector is a ekectricity conductal micr -
poriferous body. Micropores operating, in given incident how resonators of Gelmholz, will convert
electromagnetic power in warmth which is frozen as to alteration temperatures.

2. EXPERIMENTAL PART

2.1. MATERIALFOR MANIPULATION

Town water as to CSN 75 7111, water distilled STN 96; nponaH-oVraH, wasters of emulsions,
sour goudron, chloride of strontium six-aqueous, arsenic (in wasters), phenole 99.5% pharmacologial,
fluoride potassium (chemically clear), marine salt (alimentary).

2.2. ANALYTICAL APPROACHES

Chemical analysises are performed in the analytical laboratories of The Institute of Catalysis
Sibirian Department of Russian Academy of Sciences in Novosibirsk, of The Institute of Aqueous
Economy in Bratislava, of The Research Institute of Chemical Technique in Bratislava, Physical
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Institute of Slovakian Academy of Sciences in Bratislava, Ecological Laboratory in Spisskoj Novoj Vsi
(Slovakia), of Moscow State University, of The Institute of Technique of Microelectronics and The
Particularly clear Materials of Russian Academy of Sciences in Moscow.

23. EQUIPMENT

The scheme of the technological system is shown in Fig.l. The main parts are as follows:
an ultrasound activator (1) where various physico-chemical processes take place such as a fission and
synthesis of nuclei and molecules, speeding up the chemical reactions, heating up the reaction
mixture, etc.,

an evaporator (2), designed to heat up the reaction mixture to the adjusted temperature needed for
transfer of the product into a gaseous phase followed by a preliminary separation of both phases,
a volume separator (3), designed for separation of the liquid phase from the gaseous-liquid mixture,
a conic separator (4), designed for the final separation of the liquid phase from the gaseous phase.
The supporting systems are:
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a cooling system (5), consisting of three water radiators and designed to: a) cool down the liquid
products returning from the separators 3 and 4, to be processed repeatedly in an ultrasound activator
1, and b) condense the final gaseous products. The cooling water circulates in the closed system
equipped with a circulating pump, an air-cooled heat-exchanger and an electric fan,
a supply system (6), designed to supply the ultrasound activator with starting materials under adjusted
pressure. It consists of a pump, tank and pipes.
a water supply system (7), designed to supply the ultrasound activator with water under adjusted
pressure,
a gas supply system (8), designed to supply the ultrasound activator with a gaseous reagents,
a collection and storage system (9), designed to: a/ collect the condensate from a condenser of the
cooling system 5, b/ to return gases and water back to circulation, c/store the starting materials and
water saturated with carbonhydrates. It consists of several plastic tanks.
a device for heating of the supply system (10), designed to maintain the temperature of the supply
system in the range 80-90 C in order to diminish the viscosity.
a cooling system of the ultrasound activator (11), designed to cool down the processed materials in
the working chamber to the optimum temperature. It consists of an air-cooled radiator, fan and pipes,
a cooling system of the mechanical gasket (12), designed to maintain the temperature in the adjusted
range, not more than 200 C. It consists of an air-cooled radiator, fan, circulating pump and pipes,
an electric distillation device (13), designed to distillate the final products and to control the
composition of the starting materials,
supporting systems for transferring water (14) and starting materials (15), designed for rapid supply
the whole equipment or its individual systems with water and starting materials.

3. EVENTS AND DEBATE

3.1. THE DESTRUCTION OF EMULSIONS

In this process intensive ultrasonic stress is utilized for the partitioning of emulsion, on the
distillation of water and the cleaning of oil. Use of ultrasound lets to abandon from application
anysome chemical reagents in the process of the elimination of emulsion regardless of their brand.

In table 1 are presented the events of the partitioning of very old solidified emulsion on
laboratory ultrasonic mounting.

Table 1.
m

of trial

1.

2.

3.

The trial composition.
The station of the selection

of trial
Oil. The volume separator
pos. 3. (see fig. 1)

Water.
Collection pos. 9.

Water
Distillator pos. 13.

Parameters

Outer sort

Viscosity
Outer sort
pH
CSB
Outer sort
pH
CSB
Chlorides
Test on vibrochurning
(Schuttelsohaumtest)

Dimension

Black oil with fractions milk
colors.
42,8 cSt

Very cloudy
9,6
6470 mgO2/l
Transparent
9.9
6780 mgO;s/l
10mg/l
10 ml on 30 sec=0

Remark: These analysises were performed firm HOUGHTON in Germany.

In another experience at the water manipulation from collection in ultrasonic activator with
the extension of atmospheric air for liquid-phase process oxidating of organics was obtained
transparent water with next indicators:
• nonpolar extractivable stuffs, mg/1 0,5
• chemical usage of oxygen, mg/1 64,38
• phosfates, mg/1 0,06
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soluble stuffs, mg/1 32
These results were obtained from the ecological laboratory of firm EL in Slovakia.

3.2. DESTRUCTION OF WASTES OF OIL REFINERIES

In process of cracking power distinguished at collapse of cavitation bubble, is utilized for the
destroy of chemical bindings between the atoms ofgrandmoleculesof hydrocarbon. The power of
uncoupling is changed in hydrocarbons over a wide range, approximately from 40 up to 400 KJ/mole
[3]. The power of chemical bindings CSM - H less, than C-H, i.e. atom of hydrogen tear away easier in
mid of molecule normal parffin, than with back-end of the molecule. The power of abruption C-C
alliances in molecules of normal paraffins also several descends to the mid of carbonic chain, i.e. long
hydrocarbonal molecules automatically are torn in medium share.

Heavy remainder from classic oil refineies is goudron, and at use sulfuric acid refining of
crude oil - sour goudron. Such sour goudron the breakaway of oil refinery Petrochema in Slovakia,
operational as to oil schema with sulfuric acid refining was utilized as a source raw material on ultra-
sonic mounting.

The treatment goal consisted in partitioning of sour goudron on element. Primal forming of
sour goudron are: sulfuric acid up to 30%, organic mergings up to 60%, the rest of the water.

On ultrasonic mounting sour goudron is shared in the beginning (first stage) on two shares:
hydrocarbonal and aqueous with simultaneous cracking process hydrocarbonal portions. If on
entrance in mounting hydrocarbonal share of goudron has temperature started boiling 500 and
higher, that after cracking process this hydrocarbonal portion has the temperature of the end of boil
(96% distillation) 378 , i.e. as to fractional composition this already almost diesel fuel. Aqueous
share comprised vacant sulphur 0.22% and sulfuric acid 0.71% bulk. The fractional composition of
organic share was set up in labs Slovnaft and the chemical composition of water in labs VUCHT.

3.3. CLEAVAGE OF PHENOL

In experiences with phenol dissolved in distilled water were carried out the processes of
cleavage and synthesis of molecules of phenol. On fig. 2 is given the dependence of density of phenol
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perhigh specific weight the condition of black hole, stuff totally passes on in power. In given incident
experimentally we discover the reduction of the mass of manipulated stuff.

3.4. THE ANNIHILATION OF FLUID NUCLEAR WASTES

The suggested technique assumes implementation, at least, of three variants of the process of
annihilation radionuclides.
•The synthesis of new cell from radionuclide and components of dissolvent (in given incident - of

nuclei forming of molecule water). Nuclear reactions, behavioring as to this variant, can be next:
137 1 H - l 3 8 B a - l b U

I6O-*l53Eus1able

137Cs + H2O - 155Tb - 155Gd stable

In first three cases right away are obtained stable elements. The isotope terbium-155 unstable, but the
half-decay all 5.32 day, and the half-decay of caesium-137 is 30 years.

Similar reactions with other long-lived radionuclide strontium-90:
0 I 9 l 9 1

stable

', stable

106Pd

The unstable of isotopes yttrium-91, OCMHH-180, rhenium-180 have the half-decay correspondingly
58,5 days, 21,7 min and 2,43 min.

Similar answers with easy long-lived of isotope of hydrogen 3H (tritium):
3H + 'H - "He «*,.

3H + H2O -» 2tNa —21Ne s ,^
3H + 3H-*6He-» ^istabk

The half-decay of sodium-21 is 22,48 sec, and of tritium is 12,3 years.
Mentioned reactions give pictorial notion about theoretical and the applicable abilities of the

suggested means of annihilation radionuclides in the duty of the synthesis of elements. There are the
materials of the experimental ensurings ofmeans carried out in Novosibirsk at job with radioactive
caesium with small (less 10 uc) by activity.
• Fission of radionuclides. Nuclear reactions in given incident can be next:

I37Cs -* ^Co + 69Ni (two fragments)
" C o - 6 8 N i - 6 8 C u - f i 8 Z n , « l W ,

137Cs — 2 45Ar + 47K (three fragments)
4 5 A r - 4 5 K - 4 5 C a - 4 5 S e ^ .e

K. —* C a —* SC —* T l stable

Cs -» 3 34A1 + 35S (four fragments)
stable

34Al-»34Si-*34P-34S
S ~* Cl 5|ai,je

Hand the example of above-mentioned the reactions of division is shown only schema of
process. The real-life shards of division can be another, because process of division cannot be set up is
alike for all nuclei.
• Annihilation of radionuclides.

By sub term "annihilation" here follows to understand the complete transfor-mation of nuclei
in radiation. Originating in this case beaming owns exclusively grand infiltrating ability, to similar
neutrinoless radiation. Such radiation can arise at the compaction of the nucleus of up to superhigh
specific weight of condition, which currently is supposed in space objects called by black holes. At
compaction of cavitation bubble at residing within atoms or ions in the intial stage of compaction are
compressed electronic shells. In gress of electrons in nucleus interact protons as to reaction: e + p -* n
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+ v. Proton in this case is converted in neutron and radiates antineutrino, which abandons not only
zone of reaction, but also solar system on the whole. Neutrinoless radiation bears along the portion of
power and, consequently, the share of mass, equivalent power. At further compaction of bubble all
electrons will communicate with protons and nucleus will turn out to be consisting of one neutrons. In
this condition emerges the ability of further compaction, because disappears force electrostatic repul-
sion of protons. The density of nuclear stuff rapidly grows aiming at infinity.

When the density of nuclear stuff will access specified dimension which, for example, for the
nucleus of caesium-137 is equal 1.4-1033 kg/M3, the radius compressed of nucleus will become equal or
less radius of sphere Schwarzschilds. With this moment compressed hub will become microscopic
black hole. Microscopic black hole with mass less 1015g transient and according to hypothesis Hawk-
ings lose power "by steam", how black body at same temperature.

The temperature of black hole is recognized as to formula:

he 6,6310-34-3108

T = = = 4,6-1048 ,
4-jt-k-Rg 4-3,14-l,38-1023-2,5-1050

where: h - immutable of Plank;
k - immutable of Bollzman;
Rg - gravity radius (the radius of sphere Schwarzschild)

The rate ofthe escape of power by evaporated black hole is recognized
by formula:

dE
= irRg-a-T4,

dt
where: Rg - gravity radius;

a- immutable Stefan - Bolzman.
Corresponding the time of steam (the lifetime of microscopic black hole comprising one nucleus of
caesium-137 with mass 2,3 1025 kg) is equal:

E me2 2,3 10'25 91016

T = = = 6,5 10"93 sec.
dE/dt jfR/'O-T4 3,14 6,25 HT100 4,6 10192 5,67 10"8

The medium length of the wave of radiation is equal:

h-c 6,63 10"34 3 108

X = =3 10"51 m.
kT 1,38 10-23 4,6 1048

This radiation owns exclusively grand infiltrating ability and that is why vacantly moves away for the
utmosts of solar system. Currently does not exist of equipment for his direct measurement. You may
take advantage of indirect measurements, for example, as to outflow of bulk of manipulated stuff or as
to the alteration of the temperature of ekectricity conductal microporiferous body which is able to
devour electromagnetic radiation. The events of experimental ensuring given procedure are driven
below.

3.5. ANNIHILATION OF THE NUCLEI OF ARSENIC

Situation described higher, at the studies of effect intensive ultrasound on very formidable
hydrocarbonal molecule of phenol previously was in the process ofthe annihilation ofthe chemical
element of arsenic (As), the Arsenic dilution for manipulation was obtained pathname solution in
drain water and sedimentation of waste substances pappy appearance of chemical integrated plant
Dusla. Job with arsenic was produced in special apartment and by sub the observation of engineers
VUCHT. The analysises of the trials of dilution with arsenic up to and after manipulation were
performed in labs VUCHT and in ecological laboratory EL. The events of manipulation are presented
on fig. 4. Everything was performed of 9 experiments at the differential duties ofthe rate of radiatioa
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in dilution from the duty of manipulation of ultrasound. As to the run of curve eminently, how
fluctuates direction and the speed of response of cleavage or synthesis. Maximal rate formed 2,5
g/min or 26,6 mmole/min. The maximal rate of synthesis was in duty 9-10 and equaled 1,8 g/min or
18,9 mmole/min. Everything was carried out of 8 duties with the reduction of density, of 10 duties
with the increase of density and 3 duty without the density alteration.

Hand bottom given and earlier experiments you may state, what in ultrasonic margin by rate
beamings 100 and more W/CM2 are activated how chemical so and nuclear reactions. Basic acting
factor in these processes is ultrasonic cavitation. In experiences with phenol dissolved in sweet water,
were obtained events how of the chemical cleavage of phenol up to acetone, so and nuclear
transformation of phenol in molybdenum (Mo), tin (Sn), silver (Ag). At chemical cleavage of phenol
are torn bindings between stand alone atoms in one or several stations. Acetone is obtained, likelyly,
at destroy of molecule of phenol in two stations. On fig. 2,3a, 3B, 3C is presented the dependence of
density of phenol in dilution from the rate of the radiation of sound.
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At nuclear transformation of phenol, atoms forming molecule are merged in one hub
comprising the sum of all protons and all neutrons. The charge of this hub maybe is equal (if in the
process of this fusion is not lost neither one nucleon) 50, the figure of neutrons 44, of i.e. this
unknown isotope of tin-94 (94Sn) which by pathname of family decays is converted in stable isotopes
of molybdenum-94 or-92. Isotope of molybdenum-92 can arise, if in the families of the beta decays of
tin-94 will occur two protons of breakdown. If unknown isotope tin-94 will break up by only
pathname of the radiation of protons that breakdown is terminated on stable isotope of krypton-80.
Thus, in products given procedure you may sleep appearances (with different extent the certainty
values) of the spectrum of cells from krypton up to molybdenum (Kr, Rb, Sr, Y, Zr, Nb, Mo). In the
products of reaction looked up only molybdenum, tin and silver and found their.

Real-life spectrum of obtained cells else more wide, because in cavitation bubble can be
poured out in one hub not only nuclei one molecule of phenol, and the most differential combinations
of nuclei. For example, cells tin (Sn) and silver (Ag) be found in processed solution of phenol, are the
products of breakdown unknown of isotope neodymium-112 (mNd), which is obtained as a result of
the fusion of the nuclei of the molecules water and phenol.

Was utilized one and same dilution of phenol in sweet water, which sequentially was
manipulated in mounting from beginning to end with the selection of trials after the completion of the
next duty of manipulation. Everything was performed approximately of 30 experiences. In first 22
experiences the time of manipulation ultrasound was of 20 minutes, and in ultimate experiences this
time was of 60 minutes.

The cause of the rise of density of phenol some experiences currently not yet is cleared up.
On this count exist only hypothesis.

The causes of the lowering of density of phenol and other manipulated stuffs in ultrasonic
activator there is several, at least, two basic. This destruction and initiation chemical or nuclear
bindings. Cavitation bubble has enough powers for the implementation of specified processes. In any
event, at implementation how chemical, so and nuclear processes, the density of source stuff descends
and emerge stuffs new. In self ultimate case, when cavitation bubble compresses the stuff of up to su-
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As to axis of ;ordinates is deferred the quantity of arsenic in grammes. Negative means elimination,
and sign plus synthesis of element.

Fig. 4. Dependence of arsenic concentration in solution and bulk of water on the
method processing by ultrasound
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Since to the experiment moment with arsenic already repeatedly was noticed the
disappearance of differential chemical cells that at a time were carried out of observation of quantity
dissolvent (water) in the process of experiments. The alterations of the quantity of water in mounting
also are shown on fig. 4. Eminent enough sharp correlation with alterations the quantities of arsenic.

3.6. THE DESALINATION OF SEAWATER

Experiments produced on Moaejn>HOH seawater obtained the way of solution the marine salt
of Adriatic sea in demineralized water. The composition of marine salt: NaCl-98%, Ca-0,021%, Mg-
0,085%, K-0,079%, KJ up to 0,0035%, the rest of the minerals in sum 1,565%.

Was performed of 4 experiment as to the desalination of seawater. The events of experiments
presentated in table 4, in which for comparison are driven sanitary codes on town water in Slovakia.

Table 4.
We

pos.

1.

2.

Rating, the unit of
measurement.

The chemical usage of
oxygen, mg/1
pH

Source
seawater

7,66

J*fe of experiment

1
0,88

8,44

2

4,30

3
1,80

4,0

4
1,84

3,5

Codes
STN75

7111

3

6-8
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... 3,

4.

5.
6.
7.

8.

9.

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.
23.
24.

25.
26.

.Mineralization for 105 ,
mg/1
Mineralization for 600 ,
mg/1
Conduction, mS/m Sedi-
ment, mg/1
The need of oxygen for
neutralization up
topH=4,5, mg/1
Content of CO2, mg/1

•vacant
•coupled
•aggressive

Hydroxide of carbon, mg/1
Oxide of carbon, mg/1
Hardness Ca + Mg, total,
mmole/1
Hardness Ca, mmole/1
Hardness Mg, mmole/
Mineraliz. total, mg/1
Content of Mg, mg/1
Content of Mn, mg/1
Content of Na, mg/1
Content of K, mg/1
Content of Ca, mg/1
Content of Fe total, mg/1
Content of NH2

+, mg/1
Content of NO3", mg/1
Content of NO2, mg/1
Content of phosphates,
mg/1
chlorides, mg/1
Sulphates, mg/1

5,4

41,3

8600
110
22

17725

311

302

57,6
0

0,1

2,2
3,5
12,5
6,1

6,1
• 0 , 05

0
0,05

5,0

102,0
7,0
0

0,05

0,09
0

0,01
0,05

198,5

3,66

3,50

2,0
3,70

0

1,1

3,1

<0,05
0,8
<0,5

0,19

0,34
<5,0
<0,01
<0,05

5,7
<4,0

52

50

10,1

0

0

0

<5,0
<0,05

<10,0
0,33

0,58

<0,05

29,8

20

18

18,1
0,1
0

0

0

<5,0

<10,0
0,39

0,43

<0,05

36,9

100
5

>0,8

0,9-5

1000
125
0,1
<20

0,3

0,5
50
0,1

100
250

The present process likewise, how all processes described higher, is taken around of anni-
hylation doping elements along with the share of source water. This circumstance lets to carry non-
waste technology of thedesalinationofseawater. Besides, in process arises the allotment of power/at
expense of the nuclear exothermic reactions of the synthesis elements. The quantity of this power
more, than enough for the distillation of seawater. This is means, what on given techniques you may
carry out the process of the desalination of seawater without the usage of outer power.

CONCLUSION

Experimentally is shown the ability of implementation virtually any chemical and nuclear rea -
tions by pathname cavitation the manipulations of stuff residing in fluid condition.
Energy efficiency of the reactions of the synthesis of elements lets to carry out the practical use of
the nuclear exothermic reactions of the synthesis elements in industrial measure.

The use of native power demounts limitations in the process of the desalination of seawater and
other processes.

Experimentally is shown the ability of cleavage or complete transformation in radiation (in the
power) of virtually any nuclei, what lets to carry out total annihilation of wastes in fluid phase into
the entire band of human activity: from sanitary waste up to nuclear waste.
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• The outlet of the products of the synthesis of heavy elements lets to carry out the economically
advantageous production of chemical elements in industrial measure.

• Along with topics in suggested by the referral of analysises remained else set of queses, answers on
which can be found in subsequent analysises.
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ABSTRACT

The sorption of different dye wastes normaly released from industrial textile
factories by a graft copolymer of poly(vinyl alcohol)/poly(carboxymethyl cellulose)
blend with polystyrene has been investigated. The dye sorption was evaluated at
different conditions. The amount of sorbed dye was determined by using a
spectroscopic method. The blend graft copolymer showed a relatively high sorption
for basic dye than other dyestuffs such as acid, reactive and direct Moreover, it
was found that the dye sorption did not depend on the weight of the blend graft'
copolymer or the volume of the waste solution. The treatment of the dye waste by
using the prepared blend graft copolymer may be considered a practical one from
the point of view of environmental methods.

Key Words: PVA/CMC blend/ Grafting/ Dye Sorption/ Dye Waste

INTRODUCTION

Poly(vinyl alcohol) (PVA) is a nontoxic highly crystalline water-soluble polymer and it is
widely used in biochemical and biomedical applications. Moreover, PVA has good film-forming,
highly hydrophilic properties and has been studied as a membrane in various ways. Meanwhile PVA
as a soluble polymer in aqueous medium can not be used in the treatments of waste waters.
Therefore, PVA is rendered insoluble by the introduction of crosslinks into the macrostructure

Although extensive research work has been carried out on the synthesis and application of
polymeric materials in treatment of wastewaters. Few authors were concerned with PVA/CMC
polymer blend. It has been reported that the introduction of 6-16% of CMC Na salt to PVA matrix
lead to increased sorption capacity of the composite films with respect to water vapor™. The
composite films can be used as sorption membranes and hygrometers. Sorption of organic
compounds dissolved or suspended in water and a new crosslinked polystyrene-type sorption material
showed superiority of the latter to other chem-related adsorbents®. The sorption and desorption of
organic compounds by crosslinked polymeric sorbents investigated by the use of a model with a
bidisperse structure has been reported to depend not only on the composition of the sorbent but also
on its morphology<J).

.The structure and compatibility of poly(vinyl alcohol) (PVA) /Silk Fibron ( SF) blend films
were investigated by DSC, TMA, TGA, X-ray diffractometry, SEM, and TEM(4>. DSC curves of
PVA/SF blend films showed a major endothermic peaks at 220°C, and 280°C. These endotherms
were assigned to the thermal decomposition of the ordered PVA component and to the degradation of
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silk fibroin, respectively. The PVA/SF blends behaved in a manner intermediate to the pure
components, as suggested by both contraction-expansion and sample weight retention properties
recorded by TMA and TGA measurements. The IR absorption spectra of the blends were identified
as purely a composite of the absorption bands characteristic of both PVA and SF pure polymers. The
X-ray diffraction patterns of PVA/SF blends showed overlapping spacings due to PVA and SF. All
these finding suggest that PVA and SF are incompatible.

To improve hydrophilicity and enhance the transport flux of nylon-4/PVA membrane for
dialysis, the instability of PVA in water was significantly improved by esterification of PVA with
formic acid when it was used as a casting solvent of PVA/Nylon-4 blend membrane(5). By this
method, the stability of PVA in H2O can be obtained more easily than by other methods, such as
chemical, y-ray crosslinking, or high temperature treatment. The effects of maturation time of the
casting solution, and casting solvent compositions on esterification of PVA, salt permeability, water
content, partition coefficient, diffusivity, and mechanical strength of membranes have been
investigated.

The present work is undertaken to investigate the applicability,capacity and affinity of
poly(vinyl alcohol)/carboxymethyl cellulose graft copolymer for absorbing different dye wastes.

EXPERIMENTAL

MATERIALS

The polymer poly (vinyl alcohol), laboratory grade, used in this study was in the form of powder,
has an average molecular weight (Mw) of 125,000 and was obtained from Laboratory Rasayan.
Carboxymethyl Cellulose, sodium salt (grade pure reagent) was a low viscosity in the form of
granules, and was supplied by El- Nasr Pharmaceutical Chemical-Prolabo, Egypt. Four dyestuffs
belonging to different classes were used throughout this work. These dyes are : Remacryl Blue (basic
dye) was kindly supplied by Hochest, Germany. Sandolan E- 3GSL (acid dye) and Drimarene Blue
K-3GL (reactive dye) were kindly supplied by Sandoz, Switzerland. Solophenyl Olive EGL (direct
dye) was kindly supplied by Ciba-Geigy, Switzerland. The treatments of industrial wastewaters were
carried out on a dye waste taken from the draining released from Hosni Dyers & Finishers Co. Cairo.
It contains different colours from the reactive dye Remazole (product ofHochest, Germany) and the
added usual Glauber salt, sodium hydroxide and detergents.

Preparation of PVA/CMC blends

Films of carboxymethyl cellulose / poly(vinyl alcohol) blend (20wt%/80wt%) were prepared
by the casting solution technique. The PVA powder was dissolved in distilled water at 95°C while the
sodium salt of carboxymethyl cellulose was dissolved in distilled water at room temperature. The
polymer solutions were then mixed with continuous stirring till complete miscibility and subsequently
cast onto glass dishes to form a transparent films. The cast films were dried in vacuum oven at 80°C
for 24 hours.
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Preparation of Blend Graft Copolymer

PVA/CMC blend was grafted with styrene monomer in the presence of methyl alcohol and
4% carbon tetrachloride using the direct method of radiation grafting. The grafting conditions such
as styrene concentration and radiation dose were adopted so that the graft yield of polystyrene onto
PVA/CMC blend was ~ 30%. At this graft yield the obtained blend graft copolymer was
homogeneous and suitable for aqueous processing. Irradiation to the required doses was carried out
in Co-60 gamma cell (made in India) at the National Center For Radiation Research and Technology,
Cairo, Egypt. The grafting process was carried out at a dose rate of 2.75 kGy/hour.

Dye Sorption Measurements

The dye sorption of the different dyesruffs and the industrial dye waste by PVA/CMC-g-PS
blend graft copolymer was carried out by a general procedure based on spectrophotometric
measurements of the dye solution before and after dye sorption. Standard curves were first
constructed representing a relation between different known concentrations from each dye and the
corresponding light absorption as shown in Figures 1 and 2.
The different expressions governing these relations were calculated to be as follows:
Light absorption = 0.223 x basic dye concn. (mg/L)
Light absorption = 0.026 x acid dye concn. (mg/L)
Light absorption = 0.023 x reactive dye concn. (mg/L)

Light absorption = 0.013 x direct dye concn. (mg/L).

In this procedure, a certain concentration from each dye under investigation (20 mg/L) was
first dissolved in boiled water and added to the dye solution without any additives. Thereafter, a
constant weight of PVA/CMC blend graft copolymer was then immersed in the different dye
solutions and the dye uptake by the graft copolymer was determined by measuring the light
absorption of the residual dye solution. The dye sorption by the blend graft copolymer was
determined according to the following equation:

n c, , . / n / \ Dye concn. on graft copolymer 1 r t A
Dye SorptlOn{%) = Initial dye concn * 100

The light absorption measurements were performed using a UV/ Vis Spectrophotometr (Unicam UV2
series).

Colour Difference Intensity Measurements

A computerized micro colorimeter unit made by Dr. Lange (Germany) was used for colour
measurements. The L*, a*, and b* system used is based on the CIE -colour Triangle (Commission
International de I'Eclairage Units X, Y, and Z). In this system, the L* value represents the dark-white
axis, a* represents the green-red axis and b* represents the blue-yellow axis. The L*, a* and b*
values of PVA/CMC-g-PS blend graft copolymer films before dye sorption were measured and taken
as a reference. The colour difference (AE*) intensity on the grafted samples after sorption was
determined as follows:

AE* = V(AT) 2 +{Aa*f +(Ab*f
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RESULT AND DISCUSSION

The highly absorbing capacity of PVA/CMC blend is attributed to the presence of the
hydrophilic groups such as the hydroxyl and sodium carboxylate. However, this blend is soluble in
aqueous solution and can not be used in treatment of wastewaters. Thus, an attempt was made to
convert PVA/CMC blend to a non-soluble material through grafting with styrene monomer using the
direct method of radiation grafting under appropriate conditions to give a graft yield of ~ 30%.

Dye Sorption By PVA/CMC-g-PS Blend Graft Copolymer

In textile industry, different dyestuffs belonging to different classes are being used to dye
textile fabrics depending on the kind of fibers. Moreover, among the one class of dye, there are
various types of dyes and colours according to the producers. While the reactive and direct dyes are
specific for dyeing cotton cellulose fibers, the acid and basic dyes are used for dyeing protein fibers
such as wool and silk. Also, the disperse dyes are now widely used in dyeing the cotton blends with
polyester fabrics. In general, the choice of the dyestuff is based on the function groups on both the
fiber and the dyestuffs.

In the present work, solutions of the basic, acid, direct and reactive dyes already used ir
textile factories were prepared by dissolving a constant concentration from each one. The dye
sorption of the different dyes by PVA/CMC blend graft copolymer as a function of immersion time ai
room temperature and 70°C was investigated as shown in Figs. 3-6. It can be seen that the dye
sorption by the blend graft copolymers with increasing time of immersion differs from one dye tc
another. The dye sorption of the basic and the acid dye was found to increase significantly after E
very short time of 10 minutes and afterwards tends to level off with increasing time of immersion up
to 120 minutes as shown in Figs.3 and 4. In the case of the reactive and the direct dyes, the sorptior
by the blend copolymer was observed to increase substationally with increasing time of immersion up
to 60 minutes and then tends to levell off. In all cases, the dye sorption was found to increase with
increasing the temperature of the dye solution from room temperature to 70°C. Comparing the
maximum dye sorption at 7o°C of the different dyestuffs by the blend graft copolymer at equilibrium
the affinity for absorpting can be arranged according to the following order:

Basic dye> Acid dye > Reactive dye > Direct dye

The relative sorption affinity of the blend graft copolymer for the different dyestuffs ma'
explained on the basis of the following points:

(1) The affinity of the blend graft copolymer for absorbing the different dyestuffs is essentially diu
to the highly hydrophilic groups present in the blend. Also, the sorption process goes through i
chemical bonding between the active groups of the different dyes and those of the blend and no
through physical absorption. This is because when the blend graft copolymer was left for lonj.
time in the dye solution for equilibrium, the desorption of dyes did not occur. Thus a sort o
dyeing of the blend graft copolymer with the different dyestuffs is believed to occure depending
on the relative affinity for each dye.
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(2) Since the mechanism of dyeing with basic dyes implies the presence of an anionic part in the
medium to react with the cationic part of the dye through ionic bond. Therefore, the enhanced
sorption of the basic dye goes though the reaction with hydroxyl groups of the PVA component of
the blend.

(3) The enhancement in acid dye sorption is also due to the formation of ionic bonds with the
hydroxyl groups of PVA component of the blend.

(4) In addition, the opening up ofthe blend structure during grafting of styrene may also facilitate
the absorption and diffusion into the blend macrostructure

Factors Affecting Dye Sorption

The economics of treatment and removal of toxic substance from wastewaters is very
important. From the practical view point, it is effectively to use a small weight of absorbent to treat a
large volume of wastewaters. This because the preparation and synthesis of such materials are
relatively expensive. Therefore, in the present work, the effect of weight of PVA/CMC-g-PS blend
graft copolymer on the sorption of different dyestuffs was carried at room temperature and the
sorption was performed on constant volume of 100 ml as shown in Fig.7. In general, it can be seen
that the dye sorption increases with increasing the weight of the blend graft copolymer to a certain
weight and the tends to show a saturation state. This trend is shown to occur with all the dyestuffs
under investigation. However, this certain weight differs from dye to another. It is clear that
increasing the weight of blend graft copolymer has no effectof the sorption of the basic and acid
dyes. On the other hand, increasing weight ofthe blend graft copolymer seems to affect the sorption
ofthe reactive and direct dyes to some extents. On the basis of the data on Fig.7, the depending of
sorption on weight of the blend graft copolymer for the reactive and direct dyes can be calculated as
56% and 75% respectively. This high dependency can be attributed to the relatively low affinity of
the blend to these dyes.

The effect of volume of dye solution on the sorption (%) ofthe basic dye Remacryl Blue, as
an example, at different immersion times at room temperature is shown in Fig.8. It is to be noted that
the dye sorption process was carried out on constant weight of the blend graft copolymer of ~ o.75g.
It is obvious that the depending ofthe sorption on volume of dye solution displayed different trends
depending on the time of immersion. When the immersion time was 24 hours, the volume of dye
solution has nearly no effect on sorption whereas when the blend graft was immersed for 2 hours, the
dye sorption was affected by the volume of dye solution to some extent.

In conclusion, the sorption of the basic dye by the blend graft copolymer does not depend on
either the weight ofthe absorbent or the volume of dye solution when immersed for longer times.

Treatment of Industrial Dye Waste

The radiation-induced degradation of dye waste has been extensively reported (6"3>. Even
though, the ionizing radiation may be promising in this field, the radiochemical yield products ofthe
degraded dye wastes are not granted. This is because most dyestuffs are aromatic compounds having
at least two fused benzene rings or sometimes polynuclides. As a matter of fact the the discolouration
of dyestuffs is mostly due to the degradation ofthe chromophor group responsible for the colouring
and not the main structure of dyes. In some cases, the high energy radiation may cause a partial
degradation to the main structure to small aromatic fragments. Thetoxicity of their fragments may
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cause dangerous effects rather than the original structure. The treatment and purification of such dye
waste by sorption using graft copolymers with active groups may be considered the most efficient
active practical method from the point of view of enviromental pollution.

In the present work, PVA/CMC-g-PS blend graft copolymer was utilized in the treatment of
industrial waste normaly released from some textile factories in cairo. It should be noted that the dye
waste sample was taken from the drain of the dye bath at the end of the dyeing process. This dye bath
contains, beside the reactive dyes used for dyeing cotton fabrics, the usual additives used during
dyeing such as salts, wetting agents and alkalies. In practice, it is difficult to determine the amount of
absorbed dye by the graft copolymer because the concentration of dyes in the waste drains is
unknown. However, an attempt was made to determine approximately the dye sorption of the
industrial dye waste by comparing a corresponding known dye sorption of similar class of dyestuff by
the same blend graft copolymer. Figure 9 shows the dye sorption (%) of the reactive dye Drimarene
Blue (taken from Fig.5.) by PVA/CMC-g-PS blend graft copolymer and the corresponding colour
difference intensity on the blend graft copolymer at different immersion times. It should be noted
that the colour difference intensity is measured after the dye sorption, i.e., it is proportional to the dye
sorption (%). It can be seen that, at shorter time of immersion of 20 min., there is a large difference
between the percentage dye sorption by the blend graft copolymer and the corresponding measured
colour difference intensity on the graft copolymer. However, this difference seems to significantly
decrease with increasing time of immersion to end with an approximately concide points. Therefore,
it can be concluded that the colour difference intensity is propertional to the dye sorption.

Table 1 shows the colour difference intensity on PVA/CMC-g-PS blend graft copolymer after
had been immersed in the industrial dye waste for different lengthes of immersion times. It is
obvious that the blend graft copolymer displayed a remarkable dye sorption behavior higher than its
sorption capacity for the identical laboratory dye solution. Moreover, it shows a high sorption
behavior after a very short time as much as 5 minutes

Table. 1. Colour Difference Intensity on PVA/CMC -g-PS Blend Graft Copolymer As a Result of
Immersion for Different Lengths of Time in an Industrial Dye Waste*.

Time of Immersion
(min.)

Colour Difference
Intensity (AE*)

5

72

10

74

20

75

30

75

40

76

60

76

*It contains different colours of reactive dye; Remacryl Red 2BS, Remazol Black and Remazol Blue
RSP at different concentrations according to the factory recipe.
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PVA/CMC-g-PS blend graft coplymer and the corresponding
colour difference intensity on the blend graft copolymerat
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ABSTRACT

The photocatalytic degradation of hazardous waste like chlorinated paraffin compound (1,12-Dichlorc-

dodecane Dcd) was investigated in different aquatic media using GC-MSD. The direct photolysis of Dcd

in HPLC water was considered to be negligible ( k = 0.0020 +- 0.0007 h'1). An acceleration of the

photodegradation rate was occurred in presence of different TiO2 catalyst systems. Molecular oxygen

was found to play a vital role in the degradation process. Anatase TiOj was proved to be the most

efficient one (k = 0.7670 +- 0.0876 h"'), while the rate constant of the rutile T i d was calculated to be

0.2780 +- 0.0342 h'1. Improvement of photocatalytic efficiency of rutile T i d was achieved by addition

of Fe*2 giving a rate constant = 0.6710 +- 0.0786 h*1.

Key Words: Photodegradation, Catalysts, 1,12-Dichlorododecane.

INTRODUCTION

One of the famous classes of industrial organochlorine compounds is the chlorinated paraffins (Cps)

group. The short-chain chlorinated paraffins (carbon chain length C I0 - C,3) are considered to be the

most important class of this group as they have the greatest potential for environmental release01. Cps

are produced and consumed in large scale globally, and are considered to be highly toxic compounds0"4'.

Cps do not undergo direct photolysis, but may degrade when exposed to light in the presence of oxidizing

radicals<5) and are completely destroyed at 300 to 400 °C t<w.

In the past decade, the applications of semiconductors for photocatalyzed oxidation of aqueous

pollutants has been very helpful for water purification00. An important advantage of photocatalytic

processes is that they may be perfonned at low or ambient temperatures and that complete mineralization

of the organic compounds may be achieved<a>.

Although the photoactivity of TiO2 has attracted a great deal of attention, few studies have focused on

die influence of the different phases and structures of titanium oxide. In contrast to anatase phase

TiO2, which has been commonly used from commercially available sources as a successful
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photocatalyst, rutile phase TiO2 has been reported to be a very poor photocatalyst.This is attributed to

its higher hole-electron recombination rate (9'10). However, Sclafani et al. (U), examined several

commercial and prepared TiO2 samples and found that the activity of rutile was influenced by its

preparation conditions.

The objective of this work was to study the rate of photodegradation of l,12-dichlorododecane(Dcd)

in pure HPLC water and in presence of different TiO2 catalyst systems. The effect of dissolved O2 was

also investigated.

EXPERIMENTAL

1. CHEMICALS

1,12- Dichlorododecane (98%) and titanium dioxide (anatase and rutile) were purchased from

Aldrich Chemical Co. (Milwaukee, WI). Ferrous ammonium sulphate was purchased from Fisher

Scientific, (Edmonton, AB).

All solvents used were of GC, HPLC and spectrophotometry grade. HPLC water used for sample

preparation was Burdick & Jackson Brand High Purity and was purchased from VWR Scientific of

Canada Ltd. (Mississauga, Ontario). Acetone, Methanol, Hexane and Acetonitrile were purchased from

VWR Scientific of Canada Ltd. (Mississauga, Ontario).

2. INSTRUMENTATION

Quantitative analyses of 1,12-Dichlorododecane were carried out with a Hewlett Packard (HP) 5890

GC coupled to a HP 5970 MSD using the selected-ion-monitoring (SIM) mode. The column used

was a 30 m x 0.25 mm x 0.25 mm (Supelco SPB-5). A 1 ml sample was injected via a HP 7673

autosampler into a splitless injection port held at 200 °C. Helium was used as carrier gas. A typical

temperature program was as follows: initial temperature held at 75 °C(1 min), 25 °C/min to 200 °C,

10 °C/min to 225 °C, then 25 °C/min to 280 °C (9.5 min).

UV spectral analysis was carried out using Hewlett Packard 8452A Diode Array Spectrophotometer.

3. KINETICS OF PHOTOLYSIS

Photolysis of 1,12-Dichlorododecane was carried out in tightly capped 50-mL Pyrex centrifuge tubes. A

control blank sample of the same composition as the sample under study was used for each experimental

set. The control blank tube was wrapped with aluminum foil to prevent photolysis.

1240



A stock solution of 1,12-dichlorododecane was prepared in 1:1 acetonitrile/ water. A specific volume

this solution was added to each sample, in which the concentration ofDcd was adjusted to be 8.38

0.33 ug/L. Acetonitrile content was kept constant at 0.0004 v/v in each of the different samples und

investigation.

The photodegradation rate of Dcd was studied in the following aquatic media: a) pure HPLC water, 1

HPLC water saturated with highly purified O2, c) anatase TiO2 suspended in O2 saturated HPLC wate

d) rutile TiO2 suspended in O2 saturated HPLC water, e) rutile TiO2 suspended in O2 saturated HPL

water in presence of lmM Fe+2, f) rutile TiC>2 suspended in N2 saturated HPLC water in presence <

lmM Fe+2.

For the above preparation, oxygen or nitrogen flow rate of 15 mL/min was allowed to pass for 3

minutes before irradiation, 1% w/v anatase or rutile TiO2 was used.

A 150 watt Xenon lamp was used as a light source to simulate the sunlight spectrum. This lamp emii

radiation from 290 nm and through the visible region of the emission spectrum. Kinetic data wei

determined in duplicate and averaged for each time interval.

Extractions of Dcd from water were performed using C-18 Sep-Pak cartridges. Refreshment of each Sep

Pak was carried out by passing 5 mL hexane, 5 mL acetone, 5 mL methanol, respectively followed by 1

mL HPLC water through each prior to extraction. Recovery of Dcd from the Sep-Pak was achieved usin

10 mL hexane. The extracts were dried by passing through them anhydrous Na2SC>4 (dried at 3 00°C

backed column, and concentrated to 1 mL, using a gentle stream of highly purified N2 prior to analyses.

RESULTS, DISCUSSION AND CONCLUSION

1. PHOTOLYSIS IN HPLC WATER

Figure 1 represents the UV absorption spectrum of 1,12-dichlorododecane (Dcd) in 1:1 HPL<

water / acetonitrile solution. The spectrum shows a broad, tailing band with maximum absorbance a"

254 nm and a cut-off at 280 nm. Since no absorption occurs above 290 nm, Dcd will not underg*

direct photolysis under sunlight or simulated sunlight conditions.

As shown in Table 1, the rate constant of photodegradation of Dcd in pure HPLC water was calculatet

to be 0.0020 ± 0.0007 h"1. This indicates that, direct photolysis of Dcd is considered to be negligibly

which is obviously clear from the UV spectrum analysis.

Quantitative recoveries of the parent Dcd from dark controls over the entire exposure period indicated

negligible losses due to biological and chemical degradation, volatilization, and/or analytical procedures.
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Table 1: Pseudo first order rate constants and half-lives of photodegradation of 1,12-

dichlorododecane under different conditions.

Reaction medium k (h*1)* t i /2 (h)
_ . _ _ _ _ - - _ _ _ _ _ _ _

O2 0.2710 ±0.0165 a 2.6

anatase TiOj/Oa 0.7670 ± 0.0876 a 0.9

rutile TiO2/N2/Fe+2 0.0030 ± 0.0006 be 231.0

rutile TiO2/O2 0.2780 ± 0.0342 a 2.5

rutile TiO2/O2/Fe+2 0.6710 ± 0.0786 ac 1.0

*Pseudo-first order rate constants measured in different aquatic media, °HPLC water saturated b

bubbling O2 for 30 minutes with a flow rate of 15 mL/min before irradiation, HPLC water saturated b

bubbling N2 for 30 minutes with a flow rate 15 mL/min before irradiation,c In presence of 1 mM ferrou

ammonium sulphate.

2. PHTOLYSIS USING DIFFERENT CATALYST SYSTEMS

The photoexcitation of Ti(>2 semiconductor particles by near-UV results in the transition of electron

from the valence band (vb) to the conduction band (cb) generating (e") - hole (h ) pairs<8), (Equation 1)

TiOi + hv > e"c + h ^ (1)

As noted earlier, in n-type semiconductor, e.g. TiO2, the more reactive species are the holes, which carr

the major part of the energy of the light spectrum. The holes may react by recombination with electror

(lowering the quantum efficiency), or may react with organic molecules (Equation 2), or with surfac

OH"^8 1 (Equation 3).

h + + RH2 > Rff + H + (2)

h + + O H a ( b > Off (3)

Since, holes at the particle interface react faster than electrons, the particle under illumination wi

contain an excess electrons. Removal of these excess electrons is necessary to complete the oxidatio

reaction of an organic compound, Preventing the recombination of electrons and holes. The most obtaine

easily and economic electron acceptor is molecular O2 (Equation 4).

e" + O2 > O'2 (4)
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Although Dcd does not degrade by direct photolysis in HPLC water, the rate of degradation was

found to be enhanced by saturation with molecular O2 (Table 1 and Figure 2). A significant increase of

the photodegradation rate is observed in the presence of anatase TiC>2 and saturation with O2.

Anatase T1O2 is considered a good photocatalyst in presence or absence of O2
 (12; nx or in presence of

dissolved metal ions (I4)> or even in presence of low concentration of H2O2 in the range of 10"4 to

10-2M (15).

The increased rate of the photodegradation of Dcd in presence of O2or anatase TiO2 saturated withO2

reveals that molecular O2 plays me main role controlling the rate and mechanism of the photoreaction.

In the presence of molecular oxygen the negatively charged electrons, produced from the photoexcitation

of TiO2, are preferentially trapped by oxygen, forming either super oxide anion radicals, Equation 4, or

hydrogen peroxide, Equation 5, which leads to the production of hydroxyl radicals, Equation 6, ( 7 ) .

2e + O2 + 2H+ > H2O2 (5)

O'2 + H2O2 > OH" + Off + O2 (6)

The influence of dissolved O2, N2 and Fe+2 on the photodegradation of Dcd in the presence of rutile TiO2

was also studied (Figure 3). The rate constant in presence of rutile TiC>2 saturated with O2 was

calculated to be 0.2780 + 0.0342 h"1, similar to the rate constant obtained using HPLC water saturated

with O2 (0.2710 ± 0.0165 h*\ Table 1). This suggests that rutile TiO2 has no considerable effect in the

degradation of Dcd.

Comparing the rate constants of the photodegradation in presence of TiO2 saturated with O2 in its two

different phases, the rate was found to be 3-fold faster in presence of anatase.

In N2 saturated rutile T1O2 suspension in the presence of Fe ions, the rate was considered to be

negligible (k= 0.0030 + 0.0006 h*1, t\i2 = 231 h). However, addition of Fe+2 ions in O2 saturated TiO2

rutile suspension caused a significant decrease of Dcd half-life (from 231.0 h to 1.0 h). Again, the

presence of molecular oxygen with T1O2, anatase or rutile, assists the photodegradation process.

It is to be noted also that in the presence of Fe , the reaction between holes and Fe is supposed to be

the most probable (Equation 7) decreasing the recombination between holes and electrons on the rutile

surface. This step probably occurs in a relatively fast step, whereas, the rate limiting step may be transfer

of the photoexcited electrons to molecular O2. Formation of O"2 leads to the production of OH* radicals

which react readily with Dcd molecules forming organic radical species. By further oxidation complete

mineralization is believed to occur to the organic radical species.

h + + Fe42 > Fe4 3 (7)
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Figure 2. Photodcgradation of 1,12-dichtorododccanc in, ( • ) HPLC water, ( • ) HPLC water saturated

with oxygen, and ( • ) HPLC water saturated with O2 in presence o f l % w/v anataseTiOj. The data

representing the degradation of Dcd with n=2 atcach time interval
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Figure 3. Photodegradation of 1,12-dichlorododccatic in, ( • ) HPLC water saturated with N* in presence

of 1% w/v rutite TiOj and I mM Fcfl, ( • ) HPLC water saturated with O5 in presence of I % w/v rutite

TiOi, and (A) HPLC water saturated with O2 in presence of 1% w/v rutileTiOj and lmM Fe*J. The

data representing the degradation of Dcd with n=2 at each time interval
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CONCLUSION

From the obtained results one may conclude that, Dcd could not be degrade at all in pure HPLC watei

(very slow tj/2 = 346.5 h). Homogeneous photodegradation in presence of dissolved O2 was found to be

very helpful. Heterogeneous Photodegradation in presence of different T1O2 catalyst systems indicatec

that anatase TiO2 is the most efficient one. However, improvement of photocatalytic efficiency of rutik

TiO2 was achieved by addition of Fe+2 ions. The order of photodegradation rates of Dcd in differem

aquatic media are; UV/O2/TiO2 anatase > UV/O2/Fe+2ffiO2 rurile > UV/O/ITCfe rutile ~ UV/O2.

This work was supported by Chemistry Department - Faculty of Science - The University

Winnipeg - Manitoba- Canada .
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ABSTRACT

A systematic study on the use of y-rays for the destruction of organic
ingredients present in water and wastewater was carried out . The effect of y-
rays on two organic dyes in a distilled water medium was studied at various
dye concentration and at different dose rates and pH of solution. The kinetics
of the decolouration process was also studied and it was found to follow a first
order reaction. In all cases the G-value was calculated as a function of
irradiation dose. The investigations were extended to dye solution in
wastewaters originating at the textile factory. The different factors affecting
the decolouration percentage in case of wastewaters were studied. The G-
values were determined and the kinetics of the degradation process were
established. It was observed that the rate of the degradation reaction in case of
wastwater was slower than the case of distilled water. It is planned that work
is to be extended to conditions simulating natural conditions of wastewaters
released from the textile industry.

Key words: y-Irradiation / UV spectrophotometry / Drimarpen dyes / Kinetic

INTRODUCTION

Dye stuff materials commonly used in the textile industry are toxic compounds and present an
environmental hazard when released to the ecosystem. The elimination of these compounds from
industrial wastewater has been studied using different techniques and methods (1). Among these
methods adsorption on charcoal has been extensively studied (2). Activated alumina has been also
widely used (3).

It is well known that the use of ultraviolet radiation is common for the treatment of chemical
pollution in different aquatic media, and also in the photolysis process (4). Also, ultraviolet radiation
could be used in presence of catalysts together with ozone or hydrogen peroxide; a process which
results in an increase in the efficiency of the photodegradation process as a whole (S).

Quite recently the use of high energy radiation techniques has gained importance and it was
shown that y-rays and electron beam irradiations can be effectively used for the destruction and
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elimination of organic pollutants from wastewater. In our laboratory a number of investigations on the
degradation of dye materials using y-rays has been previously carried out (6,7).

In this work the use of y-rays for the destruction and elimination of some dye materials from
water and wastewater originating in the textile industry has been investigated.

EXPERIMENTAL

Commercial Drimarpen Scarelet F3G (DS) and Drimarpen Brill Green X3G (DBG) dyes
obtained from Sandoz, Germany, were used without further purification. The chemical formulae of
these two dyes are not known to us. Other used reagents were of analytical grade.
Actual wastewater released from some textile factories drain was used.

A unicam UV4 UV/VIS spectrophotometer was used for measuring and scanning the
absorption spectra.

Irradiations were carried out in the ""Co gamma chamber 4000 of the National Center for
Radiation Research and Technology (NCRRT), Egypt. The dose rate was measured to be 2.25 kGy/h
using Fricke dosimetry [G (Fe^+) =1.62 umol /J].

The dye solutions were prepared by dissolving the dye under investigation in doubly distilled
water or actual wastewater. The solutions were placed in pyrex tubes (1.5 cm diameter and 6 cm
height).

RESULTS AND DISCUSSION

Validity of Beer's Law

Figures 1-4 show the absorption spectra of different concentrations of aqueous solutions of
both Drimarpen Scarlet F3G (DS), and Drimarpen Brill Green X3G (DBG) dyes dissolved in distilled
water and wastewater, respectively. It can be seen that, each aqueous solution of the different
Drimarpen dyes have a main absorption band in the visible region. The absorption spectra of DS dye
has two adjacent peaks at 400 nm and 504 nm and the amplitude of the peak at 504 nm is higher than
that of the peak at 400 nm. This absorption peak (400 nm) disappears in the case of wastewater. Also,
it can be noticed that the absorption peak of this dye is shifted towards lower wavelength (496 nm) in
the presence of wastewater. The absorption peak at 504 nm was therefore, used for expressing the
concentration of DS dye. On the other hand, the absorption spectra of the DBG dye has two adjacent
absorption peaks at 620 nm and 660 nm. In the presence of distilled water as a solvent for the DBG
dye, the prominent absorption peak appears at 660 nm while in the presence of wastewater, the 620
nm is the prominent absorption peak. From the four figures (1-4), it can be also seen that, the
amplitude of the absorption bands of the two dyes with different solvents (distilled water and
wastewater) increases gradually with the increase of the dye concentration.

By plotting the obtained optical densities at these absorption peaks against the different
concentrations of the dye solutions, linear relationships were obtained as shown in Figs. 5 and 6,
indicating that Beer's law is obeyed in the range of concentrations from 0.00625 g/L to 0.0375 g/L and
from 0.0125 g/L to 0.05 g/L for DS and DBG dyes respectively. The respective slopes of these straight
lines give the extinction coefficients, (e), at each wavelength which were found to be 85.60 L.g"l.
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cm"1 (504 nm) and 65.40 L. g"1. cm"1 (496 nm) for DS dye, and 48.84 L.g"1. cm"1 (662 nm) and
38.06 L. g"1. cm"1 (620 nm) for DBG dye in distilled water and wastewater, respectively.

In a previous work (8), it was found that the extinction coefficients (s), is 15.89 L. g"1. cm"1

for LB dye (612 nm), 17.37 L. g"1. cm"1 for LBR dye (514 nm) and 44.94 L. g"1. cm"1 for LBY dye
(414 nm). It is shown that the dyes under investigation in this part of the work have higher (s) values
than the other dyes which had been investigated before.

Radiolytic decoloration of dye solutions

Three different concentrations (namely 0.0125, 0.025 and 0.0375 g/L) of both DS and DBG
Drimarpen dyes dissolved in either distilled or wastewater were irradiated for different absorbed
doses. Figures 7 and 8 show the absorption spectra of the unirradiated and irradiated 0.025 g/L OS dye
solution dissolved in distilled water and wastewater. It can be observed that the amplitude of all
absorption bands decreases gradually with the increase of the absorbed dose and that complete
decoloration (indicated by complete disappearance of the absorption band in the visible region at 504
nm and 496 nm) occurrs at about 8 and 10 kGy, respectively. Identical absorption spectra for other
concentrations of DS dye were obtained indicating the same behaviour on irradiation with gamma
rays (9-10).

Similarly, figures 9 and 10 show the behaviour of radiation-induced decoloration of DBG dye
(0.025 g/L) dissolved in distilled water and wastewater (at 660 nm and 620 nm for distilled water and
wastewater dye solutions). The complete decoloration of this dye appears at higher absorbed doses (15
kGy for 0.025 g/L). It can be concluded, however, that the complete decoloration in case of both DS
and DBG dyes could occur at lower absorbed doses for lower dye concentrations.

The response of different dye solutions having different concentration was investigated and
was expressed in terms of the degree of decoloration of the respective dye. The degree of decoloration
of DS and DBG dyes dissolved in distilled water and wastewater was estimated from the reduction ir
the optical density of the absorption bands in the visible region of the spectrum (11) (at 504,496, 66C
and 620 nm, respectively) using the relationship:

Decoloration % = A ° ~ A ' X100 (1)
Ao

where, Ao and Aj are the optical densities before and after irradiation.

Figures 11-14 and tables 1-2 show the percentage decoloration for different initial
concentrations, Co, of DS and DBG dye solutions dissolved in distilled water and wastewater ai
different absorbed doses.

It is clear that, for the same initial dye concentration, the degree of decoloration increases witr,
the increase of the absorbed dose for the two dye solutions. Also, the degree of decoloration at the
same absorbed dose decreases by increasing the initial concentration of the dye. The extent o
decoloration for the same dye concentration is less in wastewater media than in distilled water. This
decrease can be attributed to the presence of other different organic and lorganic resedues in tin
wastewater medium causing a dispertion of the y-ray energy.
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Table 1. Decoloration percentage (AA/A0) of DS dissolved in distilled water (D) and wastewater
(W) for different initial concentrations (Co) and radiation absorbed doses analysed at
504 nm.

Cone.

0.0125

0.0250

0.0375

Dose,
KGy

D
W
D
W
D
W

Decoloration percentage, (AA/Ao), %
0.2

26.69
n/a

20.66
n/a
7.23
n/a

0.4

37.03
20.02
30.20
23.55
16.51
16.88

0.8

59.02
50.30
52.99
43.25
30.03
29.46

1.5

77.63
65.32
68.07
63.70
46.11
51.08

3.0

94.17
81.68
84.47
80.00
66.04
65.30

5.0

99.25
90.50
92.96
92.00
81.15
81.30

10.0

n/a
n/a
n/a
n/a
93
n/a

Table 2. Decoloration percentage (AA/A0) of DBG dissolved in distilled water (D) and
wastewater (W) for different initial concentrations (Co) and radiation absorbed doses at
660 nm.

Cone.

0.0125

0.0250

0.0375

Dose,
KGy

D
W
D
W
D
W

Decoloration percentage, (AA/Ao), %
0.8

n/a
21.70
n/a

11.00
n/a

10.50

1.5

48.90
n/a

35.60
n/a

21.50
n/a

2.0

n/a
41.20

n/a
24.20

n/a
20.00

3.0

74.60
n/a

49.70
n/a

L35.60
n/a

5.0

86.00
72.80
73.20
48.50
49.70
40.00

10.0

95.00
86.10
n/a

73.00
73.20
62.00

15.0

n/a
n/a
n/a

85.70
n/a

75.00

25.0

n/a
n/a
n/a
n/a

95.00
83.00

Kinetics of degradation

Aqueous solutions of commercial Drimarpen dyes in the presence and absence of other
specific pollutants of the textile and dyeing industry, at different concentrations, were used to study
the degradation kinetics. The results show that the kinetics of the degradation process can be described
by a first order reaction kinetics.

Figures 15-18 show the relationship between the variation of the residual concentration (for
different initial concentration of DS and DBG dyes) in case of both distilled and wastewater at
different absorbed doses. It is seen that, for the different concentrations investigated the radiation-
induced decrease in the dye concentration (12), as plotted on a logarithmic scale, is found to be linear
with the absorbed dose, in accordance with a first-order radiolytic effect as expressed by the following
equation:

-dC = kj C dD

which when integrated gives ;

(2)
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or

In C = In C o - kj D

C = C . e *kiD

(3)

(4)

where, C = dye concentration (g/L), Co = initial dye concentration (g/L), D = total absorbed dose (Gy)

and Iq = reaction rate constant (Gy/h).

The reaction rate constant is obtained as the slope of the straight lines shown above. This
kinetic constant is dependent on the initial concentration, Co of the dye. It decreases as the
concentration of the dye increase, so

oc
Co

_ constant

Co

Table 3 shows the reaction rate constant, kj, for different values of initial concentrations of
DS and DBG dyes. The plot of kj versus 1/CO gives straight lines passing through the origin (Fig. 19)
showing a good agreement with the proposed degradation scheme ofPiccinini and Ferrero for the
degradation of other dye compounds. Piccinini and Ferrero related the kinetic rate constant kj to the

initial concentration by the following equation:

- —
1 Co

where K* is the efficiency coefficient of dye radiolysis.

(5)

In our case the efficiency coefficient of radiolysis, K*, was obtained as the slope of the
straight lines given in Fig. 19, and it was found to be 1.17 x 10"6 and 5.9 x lO^g.L'l.Gy'* for the
decoloration process of DS in distilled water and wastewater, respectively. Also, it is found to be 4.53
x 1CT6 and 3.21 x 10"6 g.L^.Gy"1 for the decoloration process of DBG.

Table 3. Kinetic constant, k t, for different initial concentration, Co, of DS and DBG dyes
dissolved in either distilled water or wastewater.

Co, g/L

0.0125
0.0250
0.0375
0.0500

DS
dist. Water

^ max- 504 n m

0.268 xlO'3

0.455 xlO"3

0.958 xlO"3

Wastewater
^ max- 496 nm

0.167xlO-3

O.251xlO-3

0.462 xlO-3

DBG
dist. water

A. m»x= 660 nm
0.105xl0-3

0.189x10-3

0.355 xlO-3

Wastewater
^max= 620 n m

0.073 x 10"3

0.130xl0-3

0.254xl0-3

1261



0.05 g/L
0.025 g/L
0.0125 g/l

Absorbed Dose, kGy

Fig. 17. Residual concentration of DBG dye dissolved in distilled water vs absorbed dose,
(nbsorbance of the dye solution is measured at }.„,, = 660 nm, (A) 0.0125 g/L ( • )
0.0250 g/L (•) 0.050 g/L.

• 0.05 g/L
• 0.025 g/L
A 0.0125 g/l

0
I

5 10
I

15 20 25 30

Absorbed Dose, kGy
Fig. 18. Residual concentration of DBG dye dissolved in distilled water vs absorbed dose,

(nbsorbance of Ihc dye solutidn is measured at X,™, = 620 nm, ( A) 0.0125 g/L ( • )
0.0250 g/L (•) 0.050 g/L
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It is shown from Fig. 19 relating kj to 1/CO that the efficiency of the degradation process K*

presented by the slope of the different curves in the figure, is higher in case of distilled water than in
case of wastewater for the two dyes investigated.

Radiation-chemical yield (G-value)

The radiation-chemical yield (G-value) for the decoloration of the two dyes is calculated using
the general formula (13-14):

G(-Dye) = — g/J (6)
p.D

where, AC is the change in concentration of dye (g/L), r is the density of dye solution (kg/L), D is the
absorbed dose in Gy.

Because of the fact that the molecular weight of this group of dyes is unknown, the G-values
of these dyes were obtained in unites of g/J. Figure 20 shows the variation of the G(-Dye) values with
the concentration of DS, DBG dyes. Since the relation between the radiation-induced change in
absorbance (AA=AO-Aj) and absorbed dose was not found to be linear allover the range of
concentration studied (see Figs. 11-14), the G-values were calculated for different initial concentration
of dye solutions using the slope of the straight part of the curves relating the dose to the percent
decoloration (Figs. 11-14). The G-value for each dye solution was found to increase with increase of
dye concentration as shown in Figure 20 for the case of distilled water and wastewater.

CONCLUSION

The absorption spectra of the two dyes under investigation (DS and DBG) were found to obey

Beer's law in the range of concentrations 0.00625 g/L to 0.05 g/L. The radiolytic decoloration at
different concentrations of dye solutions was established at different absorbed doses. The degree of
decoloration for the same initial concentration (Co) of the dye increases with the increase of the
radiation absorbed dose. In the degradation study, it can be seen that the radiation-induced decrease in
the dye concentration is linear, in accordance with a first-order radiolytic effect and the reaction rate
constant (kj) decreases with the increase of the dye concentration. The decoloration percentage and
the G-value for a given absorbed dose was found to be lower incase of wastewater than in case of
distilled. Also, the efficiency coefficient of radiolysis of the two dyes was found to follow the same
trend.
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ABSTRACT
The paper presents results of investigation of possibility to apply strong base
anionite for treating waste water of a hydrometallurgical plant from cyanide
compounds of heavy metals and to utilize value component (An, Cu, Zn and so on).
As an object of the investigation thickener outlets of a processing plant were
chosen. Sorption researches were carried out with model solutions allied to the
thickener outlet and with the thickener outlets too in static and dynamic conditions.
The main technological parameters were determined, technological schemes of
value component sorption and ionite regeneration were developed

Key Words: Cyanide-Contained Waste/Sorption/Valuable Component Recovering

Ecological strategy of the modern production includes closed water rotation and valuable
component recovering as the main resources of the production. One of the cardinal decisions of the
ecological problems that arise together with generating wastewaters is development of low-waste and
non-waste methods of platering and hydrometallurgy processes instead of waste treatment with
formation of metal hydroxide sludge

Ion-exchange technique has the great importance for the regeneration and treatment of wastewaters
and for the making of the water rotation cycles. The technique together with others (electrochemical,
membrane, sorption techniques) may provide as abidance by the ecological requirements, so as
regeneration of valuable components.

In the paper results of investigation of possibility to apply strong base vinylpyridin anionite VP-
102 for treating waste water of a hydrometallurgical plant from cyanide compounds of heavy metals and
to utilize value component (Au, Cu, Zn and so on) are presented.

As an object of the investigation discharge of concentrating plant thickeners was chosen. Discharge
volume is 60-120 m3/h. Analysis of the discharge is given in the table 1.

Sorption study was carried out with model solutions, allied to the thickener discharge and with the
thickener discharge also. The initial model solutions had the following analysis, mg/1:

solution Jfel 1.0; KCN-500;

solution J6 2 - Au - 0,88; Cu - 455; Zn - 50; KCN - 500.
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Table 1.

Initial analysis of the thickener discharge, mg/1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

total cyanides
copper
zinc
aurum
silver
iron
nickel
calcium
magnesium
plumbum
chlorides
sulfates
bicarbonates
nitrates
rodanides
polyacrylamide
xanthate
cyclohexanol
solid
pH

200-600
200-500
20-50
0,1-0,5
2-5
0,5-1,5
0,2-0,5
50-800
10-130
0,5-1,5
80-1000
200-400
200-1800
0-9
300-600
<3,0
3-15
<5
2000-4000
9-11

Curves in fig.1 present features of the process of aurum sorption with ionite VP-108: for the
solution Nl (that does not contain impurities) time of achievement of 95% level of Au recovering is 6-8
hours, while for the solution N2 (that contains a lot of Cu and Zn) ionite capacity to Au is much lower
and contact time increases up to 16-18 hours.

Kinetics of Au Sorption with Ionite Vp-102
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The isotherms show that presence of Cu and Zn cyanide complexes with concentrations almost in
500 times more than Au concentration significantly decrease ionite holding capacity of Au. However,
the general form of the equilibrium curve and value of anionite VP-102 holding capacity, received at
sorption in equilibrium conditions from solutions with different concentrations, allow making conclusion
of effectiveness of the Au sorption process on the ionite VP-102 in spite of additive concentration is in
hundred times more than Au concentration.

Analysis of Cu and Zn content in the ionite phase, given in the table 2, show that element behavior
is different from each other in the conditions. So, changing of the ionite holding capacity to Zn is not

13 until ~20 mg/g together with increasing Zn concentration from
25 to 56 mg/g. The ionite holding capacity to Cu changes wide - from 15.7 to 36 mg/g, and the highest
capacity values are in the solutions with the lowest Cu content. Reducing the ionite capacity to Cu goes
at one time with rising the ionite capacity to Au and, less, to Zn. This fact may be explained by
successful competition of Au cyanide complex (and Zn) with Cu cyanide complex.

Table 2

Isotherms of Au, Zn and Cu sorption with anionite VP-102 from the multi component solution(N2)

Concentration in the solution, mg/1

Au
0,83
0,78
0,76
0,65
0,57
0,42
0,20
0,15
0,10

Cu
463
438
455
448
448
448
428
438
393

Zn
56
50
50
50
56
44
38
38
25

Ionite holding capacity,
mg/g

Au
2,35
2,27
2,01
1,81
1,94
1,38
0,89
0,69
0,41

Cu
15,7
14,8
16,2
17,0
14,4
16,9
19,6
22,6
35,9

Zn
19,1
19,3
19,5
20,4
19,9
15,2
20,8
14,6
13,3

The Au sorption in dynamic conditions was studied at the solution flow rate 3 and 20 volumes to 1
volume of the anionite per hour. It was revealed the cyanide sorption goes more effective at flow rate 3
vol./vol. of ionite per hour: appearance of Au sets in after transmission of 300 and 250 volumes of the
solution at the flow rate 3 and 20 volumes to 1 volume of the anionite per hour respectively, and
average capacity to Au is about 0.8 mg/g for both rates.

Analysis of the data about distribution of the additive elements in the anionite along the column
height, given in the table 3, shows the sorbent capacity to Fe, Zn and Ni changes not wide and the
capacity to Cu decreases while the sorbent is being saturated with others elements. The fact indicates
that Au cyanide complexes displace Cu from the ionite
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Au Sorption Isotherm, in the ionite VP-102
(solution JSs2)

-fig

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Content in the solution, mg/1

Fig.2.
Table 3

Distribution of the elements in the ionite VP-102 along the column height at sorption from
industrial solutions

N° of sample
from bottom to

top
1
2
3
4
5
6
7

Au
5,3
4,4
3,5
2,2
1,2
0,6
-

Ionite holding capacity,
mgfe(flOE)

Fe
3,48
4,42
5,08
3.77
4,56
2,98
2,7

Cu
7,25
8,45
7,72
9,23

-
8,17
8,5

Zn
24,6
22,1
20,4
21,9

-
21,6
20,7

Ni
0,15
0,18
0,16
0,16
0,20
0,16
0,16

In current time the regeneration of the strong-base ionite is carried out with different methods in
dependence on origin of ions sorbed. There are following procedures, used for desorption of cyanide
complexes of Au, Ag, Cu, Zn and so on:

1.Desorption with solutions of potassium cyanide (4% KCN + 0,5 % KOH)

2. Desorption with solution of nitric acid (3,5 %)
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3. Desorption with thiourea solution (TM) (8% TM + 2,5% H2SO4)

4. Treating with alkali (4%)

For the regeneration of the strong base ionite VP-102, saturated with industrial solutions,
following regeneration schemes without cyanide were studied (table 4):

Table4

The main procedure of regeneration schemes

Scheme
number

1 .

2

JVaof
procedure

1.1
1.2
1.3
1.4
2.1
2.2
2.3

Content of the solution

50g/lH2SO4+10g/lH2O2

80-90 g/1 TM + 25 g/1 H2SO4

water (cleaning)
40 r/n NaOH
80-90 g/1 TM + 50 g/1 H2SO4

H2O2 (cleaning)
40 g/1 NaOH

Temperature, °C

60
60
20
20
60
20
60

5:
Data of main element contents in the saturated and after regeneration ionites are given in the table

Table 5

The main element contents in the saturated and after regeneration ionites, mg/g

Regeneration schemes
Saturated ionite
Ionite after regeneration
(scheme 1)
Ionite after regeneration
(scheme 2)

Au
1.03
no

no

Ag
1.56

no

Fe
1.95
1.90

1.64

Cu
4.4
no

no

Zn
23.1

0.046

0.07

Ni
0.06

<0.04

<0.04

Implementation of the scheme N2 has revealed that treating with acid solution of thiourea in the
beginning let carry out full regeneration of the ionite at one cycle and water cleaning and alkali treating
is required only for washing acid and for ionite transmission in alkali form with purpose to return it in
the sorption stage. Hereby, suggested schemes of saturated ionite regeneration provide desorption of all
elements and practically full rehabilitation of sorption properties of the ionite. Choice of scheme
depends on requirements to final production
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ABSTRACT
Significant tonnages of Aluminum are discarded in the Residual Solution WL

from Cuban Ni-Co mineral processing. After a previous treatment a new residual
solution will contain 6 g/L of aluminum in sulfate media. In the present work a Solvent
Extraction flowsheet was developed to recover Al using as solvent a 0.4 moI/L
kerosene solution of DEHPA converted to the calcium salt Some studies related with
the extraction and stripping process of Al and other metals containing in the waste
liquor were carried out. These/ studies have shown the possibility of Alrecqvering
from the WL. The process parameters were optimized. A 75 % purity AIClj was
obtained with a 70% yield for all the process.

Key Words: Aluminum/ Recovery/ Solvent Extraction

INTRODUCTION

The Waste Liquor WL is obtained as residual from the Nickel Company "Pedro Sotto Alba" in
Moa. It represents an extraordinarily harmful action on the flora and the marine fauna of this zone
because of its high acidity (pH = 1.2-1.4). Twelve thousand cubic meters of WL are discharged per day
to the sea. This residual contains valuable metals and it is the principal source of contamination in this
region in the north of Holguin. Seventy two tons of Al, 48 tons of Cr, 15 tons of Mn and 30 tons of
sulfuric acid are discarded in the waste solution. For this reason intensive studies have been developed in
order to reduce the contamination action of the WL and recover some elements contained in it (1'*). The
chemical composition of the WL liquor is referred in previous work ^ .

Solvent Extraction is considered a very useful method for residual treatment and isolating metals.
Aluminum may be extracted from acidic solutions by a number of organic extractans such as the alkyl
phosphates <8). DEHPA was chosen in preference to other extraclants because of its higher loading
capacity, ease of stripping with HC1 and its availability.

Extraction of Al with DEHPA involves an exchange of Al ions for hydrogen ions, so the acidity in
the raffinate will be increased after each extraction stage(8). Efficient extraction of Al is obtained only in
the pH range 2.8-3.2. Consequently, only small amounts of Al can be extracted unless the hydrogen ions'
transferred to the aqueous phase are continuously neutralized. It is recommended the use of limestone,
lime or hydrated lime. When extracted Al from sulfate solutions, gypsum (CaSO4) is precipitated in the
extraction circuit. In this case the settler has to be equipped with a special assembly to facilitate
continuos removal of the precipitated gypsum from its bottom.

The aim of the present work is to propose a scheme for aluminum recovery from the WL by
solvent extraction using as solvent a kerosene solution of DEHPA converted to the calcium salt.
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Different options for the treatment of the WL have been studied (2"7\ Any solution that might be
proposed will be very expensive due to the large volume of this residual (12 000 m3 per day). It may be
convenient to treat part of the WL and recover useful elements from it. One of the methods proposed for
the treatment of the WL is based on its neutralization with pulp of coral silts and lime grout(5). As a
result a gypsum precipitate is obtained and it remains a liquor with an aluminum concentration between 5
and 6 g/L and pH = 3. According to Ritcey (l) the Al can be recovery from this liquor by solvent
extraction with DEHPA-Ca.

MATERIALS AND METHODS

Materials
- Standardized EDTA solution (0.01 y 0.1 mol/L)
- Standardized ZnSO4 solution (0.01 y 0.1 mol/L)
- Eriochrome black T indicator
- Ammonium Buffer (pH=10)
- Mechanic agitator MLW, model ER-10
- Magnetic agitator with hot plate
- Atomic Absorption Spectrophotometer, PYEUNICAN
- A12(SO4)3 • 16 H2O (AnalaR)
- MnSO4. 4 H2O (Pekings Reagents)
-NiSO4 .6H2O (AnalaR)
- CoSO4. 7H2Q (Reachim)
- ZnSO4. 7H2O (AnalaR)
-MgSO4 .7H2O (Merck)
-K2Cr2O7 (Reachim)
- (NH4)2Fe(SO4)2. 6H2O
- DEHPA (Indian Rare Earth Ltd.)
- Kerosene

All chemicals were reagent grade and they were used without further purification.

Preparation of synthetic WL
In order to obtain a synthetic solution of the WL it was necessary to prepare stock solutions of

each component present in this residual by dissolving the corresponding salt into water. Then the stock
solutions were mixed in the following order until a homogeneous mixture was obtained:

- Al... from the salt A12(SO4)3.16 H2O
- Mn ... from the salt MnSO4. 4 H2O
- Ni... from the salt NiSO4. 6H2O
- Co ... from the salt CoSO4. 7H tO
- Zn ... from the salt ZnSO4. 7 ^ 0
- Mg... from the salt MgSO+ 7H .O
- Cr ... a potassium dichromatc solution was prepared. Because of the high redox potential of

chromate and dichromate in acid medium, a great number of agents can easily convert Cr
to trivalent state (Cr3+). Since tartrates, sugars and polyhidroxyl compounds form
generally stable complexes with Cr34, sugar was added to the K2Cr207 solution. Thereby a
green dark solution of Cr3* was obtained, and it was also added to the previous mixture,
taking the synthetic liquor WL a greenish coloration.
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- Fe... Finally Fe was added as aqueous solution prepared from the Morh salt. It was necessary to
keep the pH of the solution around 3 to avoid the oxidation of Fe2+ to Fe3*.

Once all stock solutions were added to the mixture, distilled water and a sulfuric acid solution
were continuously added until the required pH and volume were reached. Thereby 9 liters of WL
synthetic solution at pH = 3 were prepared for extraction studies.

Analytical Methods
The complexometric method(9) was used for analytical determination of Al in the single-component

extraction studies. The other metals were analyzed adding to the samples EDTA and the excess EDTA
was titrated with zinc sulfate solution(10). The Atomic Absorption method was used for analytical
determination of each element in the WL, raffinates, scrubbing and stripping solutions. The free acidity
of the aqueous samples was determined using potentiometrictitration(U). The research methods used in
the work are described in the next section.

EXPERIMENTS AND RESULT DISCUSSION

In order to keep the pH range 2.8-3.2 in the aqueous phase for the extraction of Al, it is necessary
to convert DEHPA into its calcium salt (DEHPA-Ca).

Firstly, the experiments were carried out using 1 mol/L kerosene solution of DEHPA-Ca, but the
phase separation rate was extremely slow. For this reason it was necessary to use a more diluting
medium. George(8) recommends 0.4 mol/L kerosene solution.

Some experiments carried out to define the best conditions for recovering aluminum from the WL
are described below.

Solvent Extraction of Aluminum. Zinc and Manganese
In a sulfate media with pH=3, the extraction efficiency for the elements present in the WL by

DEHPA is the following171:

Zn > Mn > Al > Mg > Co > Ni > Cr

In this series zinc and manganese are placed before the aluminum. For this reason it was decided
to study the extraction of these three element with 0.4 mol/ L DEHPA-Ca.

Stock solutions of A12(SO4)3, ZnSO4, MnSO4 were prepared with the concentration in the range
corresponding to their concentrations in the WL and pH = 3. In the single-component equilibrium studies,
equal volumes of extractant and aqueous solution were placed in a separatory funnel, shaken vigorously
for a minute and allowed to stand.

The equilibrium metal concentrations in both the aqueous and organic phases were determined.
The distribution ratio was calculated from these concentrations. The results are shown in table No.l.

The distribution ratio for Al is higher with DEHPA-Ca than with 1 mol/L DEHPA(7). For Zn and
Mn the distribution ratio is lower with the new extractant.
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Table No.l.- Extraction studies of Alt Zn and Mn with 0.4 mol/L DEHPA-Ca in kerosene.

Component

Al
Zn
Mn

Initial
Concentration

(g/1)

6.68
0.2
1.4

Equilibrium
concentration in
aqueous phase

4.21
0.06
0.81

Equilibrium
concentration in
organic phase

(g/L)
2.47
0.14
0.59

Distribution
ratio
Kd

0.59
2.33
0.73

Extraction of Al, Zn, Mn and Mg from the WL
Batch solvent extraction tests were carried out using 50 mL each of organic solvent 0.4 mol/L

DEHPA-Ca in kerosene and synthetic WL solution. Table No.2 illustrates the concentrations of each
metal in the raffinate as well as the respective extraction percent.

Table No.2.- Simple extraction tests of WL liquor with 0.4 mol/L DEHPA-Ca
Component •". :• .':•,'::.' V - / . • ' :

Initial Concentration (g/L)
Concentration in raffinate (g/L)
Extraction percent (%)

5.15
2.86
44.5

i't-'ir: :.ZttW-,:!::-

0.15
0.01
93.0

yimMnB-:'
1.50
0.61 j

59.3

2.60
1.69
35.0

A 44 % of Al present in the WL can be extracted to the organic phase only with one extraction
stage. The impurities of Zn, Mn and Mg that were extracted should be removed in further scrubbing and
stripping stages.

Me Cabe Thielle Diagram
Figure No.l exhibits the McCabe Thielle diagram for aluminum extraction from the WL using 0.4

mol/L DEHPA-Ca as extractant. It is visualized in the figure that using a phase ratio O/A = 2, three
extraction stages are sufficient to transfer more than 90% of the AI to the organic phase.

Fig.l.- 0.4 moVL DEHPA-Ca

Al Concentration
Organic Phase (g/L)

0,5 1,5 2 2,5 3 3,5 4 S 5,5

Equilibrium Curve

Operating line

Al Concentration
Aqueous Phase (g/L)

Counter-Current Solvent Extraction Study
A counter-current extraction scheme with three stages, as shown in Fig.2, was studied. After each

cycle, the extract and the raffinate were analyzed. The results are summarized in table No.3. In this case
the phase ratio was 1:1, therefore the aluminum concentration in the raffinate was higher than the
expected according to McCabe Thielle diagram at a 2:1 phase ratio.
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Fig. 3.- Counter current extraction scheme with three stages
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Table No.3.- Aluminum concentration in extract and raffinate during the counter current solvent
extraction with 0.4 mol/L DEHPA-Ca.

Cycle No. 1
Cycle No.2
Cycle No.3

Al concentration in organic phase
(g/L)
1.51
1.34
1.40

Al concentration in raffinate
fe/D
0.92 •
2.04
2.06

Phase Separation Rate
There are three phases in this extraction system: 2 liquid (organic and aqueous) and a solid one

(the CaSCU precipitate). The phase separation rate was determined using the dynamic method described
by Koppiker (l2). The two liquid phases were separated during the first 30 seconds after the shake had
been stopped. The CaSO4 precipitate remained between liquid phases. Figure 3 illustrates dependence
of the high of this precipitate in the mixing tube on the settling time. The sedimentation lasted around 30
minutes, although some solid particles remained in the organic phase.

Fig.3.- Study of the Settling Time of Calcium Sulfate Precipitate
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Definition of the Extraction Scheme
The aim of this work was to define a scheme for Al recovery from the WL. For this purpose the

results obtained in previous studies are needed. The number of extraction stages at a phase ratio
O/A = 2 from McCabe Thielle diagram was three. Under these conditions the Al concentration in the
raffinate was low (< 10%).

The scrubbing process is indispensable when using DEHPA-Calcium as solvent. The Calcium
has to be removed from the organic phase, as well as other metals extracted from the WL with the Al.
Nevertheless, the number of scrubbing stages can not be high, because the aluminum may be stripped
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from the organic phase. Some experimental tests with one and two scrubbing stages were carried out.
The process will be more effective with only one stage.

The Aluminum is stripped from the organic phase by a 6 mol/L HC1 solution at a O/A = 10:1
phase ratio. It was experimentally demonstrated that all the Al can be recovered from the organic phase
with three stripping stages. Stripping is not improved by using a smaller volume of stronger HC1
because the aluminum concentration in the aqueous solution will be determined by the solubility of the
aluminum chloride (AICI3. 6H2O).

The extraction circuit also contains a water scrub stage. The purpose of this stage is to remove
entrained aqueous stripping solution from the stripped organic prior to advancing the organic to the
extraction circuit. The aqueous phase is continuously recycled and a 2% of the water stream is bled
from the circuit and replaced with fresh water.

After that, the extractant (DEHPA) has to be converted to the calcium salt (DEHPA-Ca). This
process takes place in the liming stage. As in the water scrub circuit, the aqueous phase (Ca(OH)2

solution) is continuously recycled and a 20% of the stream is bled from the circuit and replaced with
fresh solution.

Figure 4 exhibits the proposed extraction circuit. It comprises the following stages:
-3 extraction stages at a phase ratio O/A = 2
-A scrubbing stage at a phase ratio O/A = 5
-3 stripping stages at a phase ratio O/A = 10
-A water scrub stage at a phase ratio O/A = 1
-A liming stage

Fig.4.- Solvent extraction circuit flowsheet

0.4 mol/L DEHPA-Ca 0.4 mol/L DEHPA

Ca(OH)2

Recycling

Extraction (3 stages)
O/A = 2

H2O

Recycling

Scrubbing (1 stage)
O/A :

Stripping (3 stages)

Raffinate Scrub solution
(O.8g/LAIC13)

HCl (6 mol/L)
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If the proposed scheme is used with a feed solution flow of 12 000 m3 per day, 116 tons of
Aluminum will enter in the extraction circuit and it is possible to recover 88 tons from them. It
represents a 76% yield for all the process.

CONCLUSIONS

• It was experimentally demonstrated that it is possible to recover Al from the WL using di-2-ethyl
hexyl phosphoric acid converted to the Calcium salt (DEHPA-Ca) as solvent.

• The extraction circuit for Al recovering from the WL will comprise:
-3 extraction stages at a phase ratio O/A = 2
-A scrubbing stage at a phase ratio O/A = 5
-3 stripping stages at a phase ratio O/A =10
-A water scrub stage at a phase ratio O/A = 1
-A liming stage

• A 75% purity aluminum chloride solution was finally obtained. The yield of the whole process was
around 76%.
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ABSTRACT

A study has been made to modify water-soluble poly(vinyl alcohol) (PVA), by
grafting acrylic acid and styrene (AAc/Sty) binary monomers using gamma rays as
initiator. The factors that affect the preparation process and grafting yield were
studied and more economical grafts under the most favorable reaction conditions
were obtained. It was found that the high degree of grafting of such system was
obtained in presence of ethaaol-water mixture in which water plays a significant
role in enhancing the graft copolymerization. The critical amount of water to afford
maximum grafting yield has been evaluated. The effect of comonomer composition
on the grafting yield was also investigated and it was observed that using a mixture
of AAc/Sty monomers influence the extent of grafting of each monomer onto the
PVA substrate and the phenomenon of synergism occurs during such reaction. Also,
degree of grafting increases as the content ofthe solvent decreases in the reaction
medium. The permeation of heavy metals such as Ni and Co through the grafted
membranes was investigated and efficiency of separation process is also determined.

(Key Words: Poly(vinyl alcohol)/ Graft Copolymerization/ Membrane/ Separation/
Selective/Permeation)

INTRODUCTION

Heavy metal pollution from industrial effluents are urgent problem of many industrialized cities
under current trends of worldwide environmental regulations. Chemical industry has the obligation to
control the wastewater and hazardous wastes they generate. The electroplating industry produces a
great number of metal ions that contaminate the industrial effluents. The separation of such metal from
each other is one ofthe principle challenges facing scientists. Also, Selective separation of some
metals from other components is of practical interest, either with the aim to isolate this element from
natural sources or for the purpose of its separation from industrial effluents or wastewater with respect
to the low concentration °'5).

Poly(vinyl alcohol) PVA is a well known membrane material with good film-forming, highly
hydrophilic polymer, and easy availability. Investigations have been done for its use in the field of
separation processes (6>7>. However, such polymer suffers from poor water resistance and low
mechanical strength in aqueous solution. Therefore, it has to be turned into a completely insoluble
stable material with good mechanical properties. A number of investigations have been reported in
literature to modify PVA by crosslinking with different reagents such as mono- and divalent-ions by
aldehyde(8),dicarboxylic acid*9', heat(I0), H3Bo3

(11) and radiation'12*.
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Radiation methods are particularly studied for the production of large variety of graft copolymers
having interesting properties*13*. Extensive work has been performed on methods for optimizing yields
when monomers are radiation grafted to backbone polymer especially with simultaneous
technique04'15'.

The purpose of this investigation is to study and control the insolublization of PVA, thereby
creating a permanent gel layer membranes. Modification by graft copolymerization of AAc/Sty binary
monomers onto PVA film using gamma rays as bitiator and the factors affect such grafting process
are the topic of this study. Also, a trial has been made to separate Co and Ni from their solutions by
using dialysis cells containing PVA-g-AAc/Sty membranes.

EXPERIMENTAL

Materials
• Poly(vinyl alcohol) (PVA) powder, Hanawa Chemical Pure, Japan, DP = 1700, degree of

saponification of 98 mol %, was used.
• Styrene GRG (Avondale laboratories, England), purity 99% and Acrylic acid (AAc), purity

99.9% (Merck, Germany) were used without further purification. The other chemicals, such as
solvents and reagents were reagent grade and used as received.

Methods and Apparatus

Preparation of PVA Films
A solution of (PVA) was prepared by dissolving 5g of PVA in conical flask with standard joint in

100ml distilled water at 80°C. The PVA films were casted from 5wt % aqueous solution on glass plate
and then subsequently dried in air at room temperature. Film thickness is in the range of 50- 60 um.

Graft Copolymerization
Strips of PVA films were weighed and then immersed in the monomer or binary monomers

solution in glass ampoules. The direct radiation grafting method was used in air atmosphere. The glass
ampoules contain all reactants and polymer substrate were then subjected to 60Co gamma rays at dose
rate that ranged from 1.1 to 1.2Gy/s. The grafted films were removed and washed thoroughly with
methanol which is a good solvent for homopolymers of acrylic acid and styrene, to extract the residual
monomer or homopolymer which may be accumulated in the grafted films. The films were then dried
in vacuum oven at 50 °C. The degree of grafting was determined by the percent increase in weight as
follows: -

Degree of Grafting (%) = [(Wg - Wo / Wo)] X 100

Where Wo, Wg are the weights of initial and grafted films, respectively.

Dialysis Apparatus and Procedure
The dialysis permeability measurements were conducted using a diaphragm-type cell. The prepared

membrane was placed in between the two compartments. In the left-hand side of the cell, metal
solution was introduced and in the right hand side, distilled water was introduced. Sample was
withdrawn from both sides of the membrane in time period "5, 15, 20, and 100 min."

Determination of Nickel Ions
Nickel ions have chromophoric properties and give coloured reactions with many reagents. The

most important photometric reagents for determining nickel are dioximes, which give specific and
fairly sensitive methods(16).
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Procedure:
Quantitatively transfer the solution obtained to a 50-ml volumetric flask and 1 ml of the

dimethylglyoxime solution, 2 ml of persulphate solution), and 5 ml of cone. NH3 solution in that order.
Dilute the solution with water to the mark, and mix well. After 10 minutes, measure the absorbance at
445 nm against water.

Determination of Cobalt Ions
In concentrated solutions of potassium, ammonium thiocyanate, cobaltous ions produce a blue

colour, which fades when the solution is diluted with water, owing to dissociation of the complex. The
addition of acetone or any other water-miscible organic solvent, which lowers the dielectric constant
and thereby suppresses the dissociation of the complex, restores the blue colour to the solution(l7). The
colour intensity depends on the concentration of SCN" and acetone. It has established that in 50%
acetone solution increasing the KSCN concentration above 10% produces no further increase in the
colour intensity. The acidity of the solution also affects the absorbance and should, therefore, be kept
constant (within the limits from 0.1 to 1M HC1 in the sample and the reference solutions).

Procedure:
To the sample solution in a 50-ml volumetric flask containing less than lmg of Co, add

hydrochloric acid until 0.5M. Add 10 ml of the thiocyanate solution. If a red colour appears (indicative
of iron), the ascorbic acid solution is added dropwise till declorization, and then add 1 ml more. Add
25 ml of acetone, and dilute the solution with water to the mark. Measure the absorbance of the blue
solution at 620 nm, using water as a reference.

RESULTS AND DISCUSSION

Graft copolymerization of a mixture of vinyl monomers is important since different types of
polymer chains containing various functional groups can be introduced in the structure of supported
materials used. The reaction conditions of the grafting system can be manipulated and a graft
copolymer of desired properties may be obtained. The factors studied which affect on the preparation
process and grafting yield are; the effect of solvent, comonomer concentration and composition. In the
following, the influence of such parameters will be described and discussed.

Effect of Solvent
It is well known that solvent plays an important role to enhance the grafting process of a monomer

onto a trunk polymer. Irradiation of monomer-solvent mixture often leads to energy transfer process,
this introduces additional complications in the reaction kinetics.. In this connection, the effect of
different solvents, on the graft copolymerization of (AAc/Sty) binary monomers onto PVA films is
investigated and shown in Table (1). It can be seen that the high degree of grafting obtained when
water-solvent mixture are used. The higher degree of grafting of such system was observed in the
presence of water-ethanol solvent mixture. The presence of mixed water with any solvent used here
resulted in enhancing the grafting yield if compared with that obtained when such solvents were used
alone.

Results suggested that solvents influenced grafting yield of AAc/Sry comonomer onto PVA
membrane and the enhancement effect is more pronounced with the most polar solvent such as ethanol
/H2O-mixture. Also, results suggested that water plays an important role in such grafting system.
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Table (1): Effect of different solvents on the grafting process of (AAc/Sty) binary monomers
system (2/1 mole/mole) onto PVA films. Irradiation dose; 10 kGy and comonomer
concentration (20 wt %).

Solvent
EtOH/H2O
EtOH
DMF/H2O
DMF
Acetone/H2O
Acetone
DMSO/H2O
DMSO

Solvent Composition (wt. %)
65/35
100

65/35
100

65/35
100

65/35
100

Degree of Grafting (%)
290
60
16
-
14
-

7.5
3.5

Effect of Water/ Ethanol Mixture Composition On Grafting Yield
As mentioned above, the graft copolymerization of (AAc/Sty) binary monomers mixture, onto

PVA films is enhanced in the presence of ethanol/water-mixture as a good diluent for this binary
monomers system. The content of water in the solvent mixture is limited depending on the styrene
content in the comonomer composition due to its insolubility in water. Therefore, the optimum
composition of water/ethanol mixture in the binary monomers, at which the grafting process proceeds
successfully is determined and shown in Figs. (1) and (2) for 1/1 and 2/1 (mole/mole) comonomer
compositions of (AAc/Sty), respectively. It can be seen that there is a critical amount of water, at
which the maximum grafting yield is occurred. The degree of grafting increases as the water content
increases to reach its maximum value at water/ethanol composition of (10/90 mole %) and (20/80
mole %) for AAc/Sty compositions of 1/1 and 2/1 (mole/mole), respectively. Thereafter, it gradually
decreases as the water content increases in the solvent-mixture. Under such solvent-mixtures, the
grafted films were easily removed and extracted from the reaction medium and seem to be smooth, flat
and possessed homogeneous grafting.

Results showed that the presence of water is essential for enhancing the grafting process. The
results also suggest that the higher the AAc content in comonomer composition, the higher the water
content required for obtaining high degrees of the grafting. This is quit reasonable because AAc is a
water-soluble monomer, but Sty is insoluble in water. It seems that in the presence of water, the
packing of PVA polymer is loosened through swelling action of water permitting easily penetration of
AAc/Sty comonomer that resulted in the enhancement of grafting. Water as a diluent has zero chain
transfer constant, therefore, the side reaction involves chain transfer is minimal in water. All these
factors combined together made addition of water very important for grafting of AAc/Sty onto PVA.

Results showed also that at optimum condition, the radiolytic fragments of water may activate PVA
by abstracting the tertiary hydrogen atom in the following manner:

H2O -
R + PVA

y-rays R ( R + OH
>RH + PVA

However, at high water content beyond optimum, radiolysis of additional water produces a number
of radical species, which mutually inhibit the growing of grafted chains leading to decrease in percent
grafting. Meanwhile, in presence of pure ethanol, various chain transfer and hydrogen abstraction
reactions are accelerated resulted in decreasing the grafting yield of such binary monomers mixture
onto PVA films.
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Effect of Comonomer Concentration
Since the suitable monomer concentration varies from one system to another depending on the

polymer substrate, solvent, total dose, comonomer composition, etc. The influence of monomer
concentration on the grafting process of AAc/Sty grafting system has been investigated and shown in
Fig.(3) using water-ethanol-mixture (20:80) as a diluent. It can be seen that, the degree of grafting
increases with comonomer concentration, i.e. it increases as the content of the solvent decreases in the
reaction medium.

These results can be explained by taking into account the diffusion coefficient of both binary
monomers and its variation in various solvent contents. In general, at high comonomer concentration,
a great number of molecules are available to react with the free radical formed in the backbone of the
polymer chains. Alternatively, it also favors the production of large number of growing chains, which
increases the possibility of H-abstraction via chain transfer to give rise to the substrate macroradicals.
This leads to the increased extent of chain propagation resulting in a greater degree of graft add on.

Effect of Commoner Composition
Some attention on enhancing the grafting efficiencies has involved the use of mixed monomer

systems, particularly with regard to synergistic effects leading to more efficient grafting processes.
Therefore, the grafting of (AAc/Sty) binary monomers of various relative compositions is investigated
at overall commoner concentration of 20 wt. in ethanol / H2O mixture as diluent and shown in Fig.(4).
It is clear that the grafting yield increases with increasing styrene content in the comonomer mixture to
reach a maximum percent grafting at (AAc/Sty) of composition (55/45 mole/mole). Thereafter, it
decreases with increasing the styrene content. It is also seen that the percent grafting for comonomer
mixture is higher than that obtained for the individual grafting of Sty or AAc alone, i.e; there is a
synergistic effect in the grafting process of AAc/Sty binary mixture onto PV A film. The presence of
Sty and AAc enhanced the extent of grafting for both monomers onto PVA.

Results suggested that the styrene is a retarding agent by dissipation of the radiation energy
forming a stable exciting state that prevents the free radical formation responsible for the initiation of
grafting sites. Therefore, the feed solution containing excess of styrene hinders the grafting yield of
the comonomer onto polymeric substrate. However, AAc has a higher G(R)-Value than that of
styrene0 8). This resulted in homopolymer formation, which also retard the grafting process. The
presence of styrene in feed solution containing AAc prevents the later to homopolymerize, however
the later activated the styrene units to graft with onto PVA substrate. This resulted in obtaining higher
degree of grafting if compared with that obtained for individual grafting of acrylic acid and styrene.
Again synergistic effect can be attributed to the great amount of complex mobility of AAc/Sty in feed
solution which retarding the rate ofhomopolymerization due to the retarding effect of styrene units.
When one monomer molecule diffuses inside the film structure, it automatically carried the other
monomer molecules present in the complex, thus increasing the monomer concentration in the film
phase, a very favorable situation for higher grafting copolymer formulation.

Separation of Ni+2 from Solution that Containing Co+2

It is well known that it is not so easy to separate Co+2 from Ni+2 metal from their feed solutions
because Co+2 and Ni+2 has the same atomic weight and atomic radii and also they having the same
valence. Therefore, a trial has been made to separate the two metals from their solution by using
dialysis cell containing PVA-g-P(AAc/Sty) membranes.

Fig. (5) shows the transportation process of Ni+2 and Co+2 through PVA grafted membrane. It can
be seen that, under such experimental conditions, Ni+2 only is transported via the membrane and
moved into the received solution. However, Co+2 is not transported but it seens to be chelated with the
membrane functional groups. The transportation process of Ni+2 through the prepared grafted
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membrane shows an inductive period and the transfer into the received solution is occurred after —20
min.

Results suggested that the PVA-g-P(AAc/Sty) membrane is selective towards the chelation of Co+2

and allow to permit Ni+2 to transport through membrane to reach the received solution. This means
that the Co+2 has high ability to complex with -COOH and -OH groups of grafted membranes rather
than Ni+2. The induction period may be attributed to that the Ni+2 and Co+2 at the beginning of the
transportation process chelate with functional groups of membranes. After short time, the unstable
Ni+2 complex replaced by stable Co+2 one, resulting in transporting of Ni+2 into the received solution.

Effect of Degree of Grafting
Fig. (6) shows the effect of grafting yield on the transportation process ofCo+2 and Ni+2 through

PVA-g-P(AAc/Sty) membrane. It is obvious that the concentration of transported Ni+2 ions increases
with time and it gives a curvature relationship at longer time above ~60min. This behavior is observed
for all membranes that having different degrees of grafting. However, the rate and concentration of
transported Ni+2 increases as the degree of grafting decreases. Meanwhile, the Co+2 does not
transported but it is chelated by the membrane.

Results suggested that at higher grafting yield the content of crosslinked network structure is
greater than that at lower grafting yield, which restricts the diffusion of metal through such network
structure. Also the content of hydrophobic of grafted polystyrene increases as the grafting yield
increases. As a consequence, the diffusion of water through membrane decreased resulting in retarding
the diffusion of Ni+2 through the membrane. Therefore, at higher grafting yield, the rate and the
amount of transported Ni+2 metal decreased and a much longer time is needed for its transportation.

Effect of pH
Fig. (7) represents the transportation of Ni through the membrane at different pH's of feed or

received solutions. It can be seen that the change in pH for received or feed solution resulted in non-
remarkable change in the amount of Ni transported throughout PVA-g-P(AAc/Sty) membrane. This
means that the change in pH in such system does not affect the transportation of Ni or enhance the
transportation of Co.

Effect of Ni Concentration on Its Transportation Throughout Membrane
It is expected that the transportation of metal ions throughout the membrane is affected by the

concentration of metal in its feed solution. Fig. (8) shows that as the Ni+2 concentration increases in
the feed solution, the amount and rate of transported Ni+2 increases in the received compartment.

Results suggested that the reduction of Ni+2 amount in feed solution does not affect its
transportation through membranes. Also, the transportation of Co+2 is not enhanced by reducing the
amount of Ni+2 in feed solution.

CONCLUSION

PVA membranes were modified by radiation-induced graft copolymerization of acrylic
acid/styrene (AAc/Sty) binary monomers system. The insolubility of PVA is achieved beside the
introduction of reactive groups capable for separation processes. The optimum conditions at which
such grafting reactions can give more economical grafts were determined. Separation of Ni from
solution that containing cobalt was also studied. Nickel only is transported via the grafted membranes
and moved into the received one. The rate and concentration of transported nickel increases as the
degree of grafting decreases. Also, the change in pH for received or feed solution did not affect into
the amount of nickel transported throughout the membrane. Reducing the amount of nickel in feed
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solution does not enhance the transportation of cobalt. Cobalt is not transported but it is expected to be
chelated with the membrane functional groups. The prepared PVA-g-P(AAc/Sty) membranes showed
a great promise in the practical use in the field of metal separation processes.
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wt.%) and irradiation dose; 5 kGy.
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Synopsis

Preparation of synthetic membranes using simultaneous radiation
grafting of acrylic acid (AAc) and styrene (Sty) individually and in a
binary monomers mixture onto polypropylene (PP) has been carried
out. The effect of preparation conditions such as irradiation dose,
monomer and inhibitor concentration, comonomer composition on the
grafting yield was investigated. The thermal stability and mechanical
properties were also investigated as a function of degree of grafting.
Accordingly the possibility of its practical use in industrial waste
treatment is determined. The prepared cation -exchange membranes
possess good mechanical properties, high thermal stability and good
characteristics for separation processes. These membranes have also
good affinity toward the adsorption or chelation with Fe3 + , Pb2+, and
Cd2+ ions either in a mixture or exists alone in the solution.

Key words: Radiation - grafting - Membranes - Separation

INTRODUCTION
The theories of membranes are further advanced than those of many other ion -

exchange systems and can account reasonably well for even the most complex
phenomena. A chractresttc feature of ion exchange membranes is the large
difference in permeability for counter ions and co-ions (permselectivity). So, it can
be used in the recovery of small quantities of dissolved or colloidally dispersed
substances such as the recovery of metals from industrial effluents. Also, it is
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successfully used in some specefic industrial separation processes relating to gas
and liquid separation and heavy metals removal.

Radiation induced graft copolymerization is a successful technique which
can be used to ulter the surface and /or bulk characteristics of polymeric substrates.
Many studies have been devoted to the search for new and improved membrane
compositions (1"5). Grafting process in the presence of comonomer mixture is very
important, since different types of polymer chains containing various functional
groups can be introduced in the structure of the trunk polymer used.

In this study, the preparation of graft copolymers containing
hydrophopic/hydrophilic groups was carried out by radiation grafting of acrylic
(AAc ) and styrene (Sty) individually and in a binary mixture onto polypropylene
(PP) films . Some factors affecting the preparation process and grafting yield were
investigated. Some selected properties of the prepared graft copolymers such as
melting temperature(Tm)and heat of melting ( AHm), tensile strength and

elongation percent at breake were also investigated to elucidate the possibility of
there practical use. The metal uptake and selectivity of the prepared membranes
toward different metal ions are studied using atomic absorption technique (AA).

EXPERIMENTAL

polypropylene films (PP) of thickness 30 um were provided by El-Nasr Co. for
Medical Supplies, Cairo, Egypt. Acrylic acid (AAc) of purity 99%, (Merck,
Germany) and styrene (Sty) GRG of purity 99 %, (Avondale Laboratories,
England) were used without further purification. Other chemicals were reagent
grade and used as received.

Graft Copolymerization, sulphonation and the alkaline treatment of the grafted
films and mechanical properties measurements were carried out by the same
methods as described in previous studies (6'9).

The degree of grafting was determined by the percentage increase in weight
as follows:-

Degree of grafting (%) = EcBk* 100

Where Wa and W% represent the weights of initial and grafted films, respectively.
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Atomic Absorption (AA) Measurements:
The membrane was immersed in the solution of the metal salt of initial

concentration 1000 ppm. The remaining of metal salt from its original feed
concentration was determined by Atomic Absorption Instrument Unicam Model
Solaar 929 using lamp for Pb, Cd, and Fe.

The metal uptake (mmol/g) = Co -Cf
Where Co and Cf represent the initial and remaining concentrations detected by
AA, respectivily.

Differential Scanning Calorimetry (DSC) :
Thermal analysis of the graft copolymers; melting temperature (Tra) and heat of

melting (A Hm ) were determined using DSC Perkin-Elmer equipped with DSC-7
data station

RESULTS AND DISCUSSION

Effect of Aqueous AAc Concentration and Irradiation Time:

Figure (1) shows the relationship between the degree of grafting and
irradiation time for various aqueous monomer concentrations in N2-atmosphere. It
is obvious that, the degree of grafting increase with increasing irradiation time for
all monomer concentrations investigated here, due to the increases in free radicals
concentration during irradiation process with dose. It is also observed that, the
higher the monomer concentration the higher the initial rate and degree of grafting
obtained. Meanwhile at higher irradiation time and lower monomer concentration
the graft yield tends to level off with time because of recombination of active sites
formed on polymer and monomer pair. For higher monomer concentrations > 20
wt.% and at longer irradiation time the decrease in the rate of grafting is attributed
to the formation of some homopolymers. Such viscous homopolymer may restrict
the monomer diffusion, and as a concequence, the grafting rate decreased with
irradiation time. The higher grafting yield obtained at high monomer
concentrations because of, the grafting process is enhanced due to " gel effect" in
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which the mobility of growing graft chains is lower and termination process
becomes less than that at lower monomer concentration consequently, the initiation
and propagation steps are more longer . The diffusivity of the monomer into the
polymer matrix is also enhanced at such high concentrations. This resulted in
increasing both the initial rate of grafting and the overall grafting yield.

Effect of Irradiation Time at different Sty Concentrations:

Figure (2) shows the effect of irradiation time on the grafting percent of styrene
onto PP films in presence of ethanol as a diluent and 1.5 wt.% FeCU as inhibitor. It
is shown that, the percent graft increases with increasing irradiation dose for all
monomer concentrations investigated and then tends to level off, but the exposure
dose at which the grafting tends to level off is lower for higher styrene
concentration than that for lower ones. These results can be explained by
considering the low G-value of styrene and the sharing of its phenyl ring in energy
dissipation. The low G-value of free radicals for styrene which is naturally lower at
high doses, affecting on the grafting yield and this is more pronounced for the
higher styrene concentration(10).

It can be also seen that, the higher the monomer concentration the higher
the rate and grafting yield obtained due to the increase in and monomer diftusivity
which is enhanced at high styrene concentration. The increase in the graft yield
with dose is attributed to the dependence of free radicals formation on irradiation
dose as mentioned above.

Effect of FeCl3 Concentration as Inhibitor:
For the grafting of (Sty / AAc) comonomer onto PP films (EtOH / H2O)

mixture of composition (80/20 wt. %) was chosen as a solvent The effect of FeCl 3
concentration on the grafting yield and homopolymer formation is studied and
shown in Fig. (3). A curvature relationship is obtained, in which the maximum
grafting yield is found at FeCl3 concentration of 0.2wt %. Thereafter, the grafting
yield decreases as FeCk increases.

The aforementioned results showed that the homopolymer formation and
grafting process are greatly affected by the presence of FeCU as an inhibitor in the
reaction medium. The above results also indicated that, the inhibitation of
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homopolymerization of (Sty/AAc) binary monomers system during radiation
grafting process is occurring on expense of the grafting yield. Therefore, an
optimum condition must be selected at which the inhibitor dose not interferes too
severely with the grafting process and reduces the rate of homopolymerization.

It can be concluded that the addition of 0.6 wt. % FeCb as inhibitor is suitable
for this grafting system at which the homopolymer formation is not remarkable and
the grafted films were easily removed from the reaction medium. The grafting
seems also to be homogeneously distributed in the trunk materials.

Effect of Comonomer Composition:
The grafting of (Sty / AAc) binary monomers mixture of various relative

compositions onto PP films was investigated at overall comonomer concentration
40 wt % and 0.6 wt.% of FeCb was added as inhibitor homopolymerization and
the results are shown in fig. (4). It is obvious that, the grafting yield increases with
increasing (Sty) content to reach a maximum value at comonomer composition
(40 / 60 wt %) of (Sty / AAc). Thereafter, at higher contents of Styrene, the
degree of grafting falls down to reach its lower value at 60 wt. % of Sty. Increasing
the Sty content in the comonomer solution more than 60 wt % results in
increasing the grafting yield again.

Results obtained can be reasonably explained by considering that, styrene
monomer itself acts as inhibitor for homopolymerization process due to energy
transfer effect caused by resonance stabilization from its phenyl ring. Therefore, a
synergistic effect appeared at relatively low content of Sty in the binary monomers
mixture and further increase in Sty content may resulted in retarding the grafting
process. The increase in grafting yield again at Sty / AAc comonomer composition
(80 / 20 wt %) may be due to the high diffusion rate of non polar styrene monomer
to the PP polymer in this high content of Sty and little content of AAc.

Mechanical Properties:

Figure (5) shows the change in tensile strength and elongation percent at
breake with degree of grafting for PP grafted with PAAc,P Sty and P(Sty/ AAc).
It is obvious that both tensile strength and elongation decrease gradually as the
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degree of grafting increases. This behavior is observed for all PP graft copolymers

investigated meanwhile; the films grafted with PSty show higher tensile strength

than that ones grafted with PAAc. At high degrees of grafting, PP-g- (PSty /

PAAc) films still possess high tensile strength if compared with those grafted with

PSty or PAAc individually.

Generally, it can be concluded that the grafting of Sty, AAc and (Sty / AAc)

onto the investigated polymeric substrate resulted a change in their physical

properties. Such change is an overall effect of chemical structure variation and

irradiation effect during radiation grafting process. Crosslinking and degradation

processes may occurred individually or simultaneously by radiation, however, the

ultimate effect is due to the crosslinking content formed via grafting of functional

groups of monomers. This will govern and directly affect on the tensile strength

and elongation percent of the prepared graft copolymers.

Differential Scanning Calorimetry (DSC):
In polymer technology, it is very important to know the changes in thermal

properties of the graft copolymers to determine their advantages and disadvantages

for possible applicability in different uses. So that the melting temperature (Tm)

and the change in its heat (AHm) are determined for different prepared membranes

using DSC and the results are shown in table (1).

Table (1): Change in Tm and AHm for PP films grafted with different

Polymeric chains.

Membrane typ

PP
PP-g-PSty

PP-g-PAAc

PP-g-

P(Sty/AAc)

Degree of
grafting ( % )

0

136

34.5

175

Tm

(°Q
170.5

171.6

174.5

174

A H m

J/g
75.9

21.8

21.9

25.7
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The slight increase in Tm and the observed decrease in AHm with grafting is

ascribed to the effect of grafting on the crystalline structure of PP. This occurred in

terms of the influence on structural regularity, bond flexibility, close packing ability,

interchain intraction and reduced crystallinty. The increase in Tm with grafting is due

to the presence of hard segments of PAAc and PSty grafts and their effects. The

decrease in AHm is attributed to the amorphous nature of the incorporated PSty

and PAAc graft chains and the possibility of partial distortion in the crystalinity of

PP with grafting. This phenomenon indicates that although graft copolymerization

is mainly occurred in the amorphous part, the crystalline domains are also affected.

Metal Uptake for The Prepared Mambranes:

The recovery and concentration of metalic ions from aqueous solution has been

the subject of much effort by both industry and government. Heavy metals such as

Cu, Co, Ni, Cd, Pb, Zn, and Fe — etc are exist in waste water as a result of

industry, which is a serious problem of the environmental pollution.Industrial

chemists give their attention for the preparation of ion exchange membranes

chemically and mechanically resistant, which has opened the way to new processes

have a great future.

In this respect, radiation graft copolymerisation of PP with PSty, PAAc and P(Sty /

AAc) and their treated forms with different reagents that containing various functional

groups acts as a ligand are used as chelating agents, for the purpose of waste water

treatment from some selected heavy metals.

Effect of Treatment Time:

Economically, the time of treatment is very important factor. The efficiency of a

membrane in waste water treatment can be determined from the time required to

absorb the maximum capacity of metal by chelation or complexation with the

functional groups of the membrane. Therefore, the effect of treatment time on the

rate and maximum metal uptake is investigated for different ionic membranes. The.
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metal uptake is expressed in mmol / g i.e. the milli mole of metal uptake by the unit
mass of grafted membranes.

Figure (6) shows the metal uptake as a function of time for Cd2+ using PP-g-
P(Sty/AAc) membrane which has 161 % graft. It can be seen that, the Cd2+ uptake
increases with time to reach its maximum value (denoted as the maximum
membrane capacity) at almost 60 min. Extension of treatment time above 60
min. causes no significant increase in metal uptake even after 3 hours.

The physico- metal and molecular size of the investigated metals have a great

influence not only on its maximum uptake but also on its initial rate. This is

reasonably explained by taking into account the diffusivity of metal into the bulk of

membrane which depend mainly on its polarity, electronic structure, ionic radii,

hydration energy —etc, and also on the nature of interaction with the functional

groups of the membrane.

Selectivity of Membrane Toward Different Metals:

The maximum Fe3+ and Cd 2+ uptake when they are exist individualy and the

selectivity of different grafted membranes and their sulphonated form were

investigated using mixtures of Cd and Pb in the same feed solution. The selectivity

of metals is determined at room temperature -30 °C using atomic absorption

techniques and the results are shown in Table (2,3). It is obvious that the affinity of

the grafted membranes toward Pb2+ is remarkable when it exist in a mixture that

containing Cd2+ and Pb2+. Such result is surprising; in spite of the greater ionic and

atomic radii of Pb2+ (1.12 and 1.26 A0) than those for Cd2+, such results may be

related to the difference in outermost shell electronic configuration of them; Cd2+

(4d 10) and Pb2+ (5dIo, 6p2). It is also observed that the chemical treatment of the

membrane functional groups such as sulphonation enhanced Pb2+uptake by the

membrane containing styrene groups.
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Table (2):Maximum Fe3+ and Cd2+ uptake for different grafted membranes at

different degrees of grafting. Immersion time; 60 min.

Membrane

Type
PP- g - PAAc

PP-g-(Sty/AAc)

Degree of

grafting (%)

157
278
161

231

Max. Fe3

uptake (m.mol/g)

2.8
5.4
2.3

3

Max. Cd2

uptake (m.mol/g)

0.6
0.9
2.5

4.3

Table (3 ) : Metal ion selectivity for a mixture of Cd2+ and Pb2+ ions. Immersion
time; 2hr.

Membrane Type

PP-g- PAAc

PP-g-PSty

( Sulphonated)

PP-g-P( Sty/ AAc)

Degree of

Grafting(%)

254

234

394

Metal Uptake

(mmol/g)

Cd2+

0.4

1.3

0.7

Pb2+

6.2

7.0

3.4

In genera!, it can be concluded that such prepared grafted membranes have

good affinity towards the adsorption or chelation with Fe3+ and Pb2+ either in a

mixture containing other metals or if they exist alone in the feed solution. Also,

the selectivity of different investigated membranes towards metal ions depends

mainly on the ionic valency and ionic radii of the metals.

REFRENCES

1- Gouloubandet R. and chapiro A. , Eur.polym. J., 16,957 (1980).
2- Bittencourt E.. stannet v . , Williams J.L. and H.B. Hopfenberge.J. Appl.

Polym. Sci.,26, 879 and 897 (1981).
3- Fuehrer J. and Ellinghorst G., Macromol.Chem.,93,175 (1981) and

113,153(1983).

1305



4 - Hegazy E. A., Ishigaki I., Dessouki, A. M., Rabie A., and Okamoto J.,J.
Appl. Polym.Sci.,26, 3871(1981) , 27, 535(1982)and28.1465(1983).

5- Hegazy E.A., Dessouki A.M., Rabie A. and I. Ishigaki, J Polym.Sci.,
Polym. Chem. Ed.,22, 3473(1984).

6- Hegazy E.A., EL- Assy N.B., Taher N.H.and Dessouki A.M., Radiat.phys.
chem.,33,539 (1989).

7- Hegazy E.A., Taher N.H. and Ebaid A.,J. Appl. Polym. Sci.,38, 1029(1990).
8- Dessouki A.M. ,Taher N.H. and EL- Boohy H., Radiat.Phys. Chem., 36, 371

(1990).
9- Hegazy E.A., EL- Assy N.B., Dessouki A.M.,and Shaker M.,Radiat.Phys.

Chem.,33(l),13(1989).
10-Stannett V.I., Silverman J. and Garnett, J.I., Incomperehensive Polym. Sci.,

(Allen G), Progamon Press, new York (1989).

1306
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Fig (1) Degree of grafting vs. irradiation time for the grafting of various
AAc concentrations (wt%) onto PP fiims, FeCh concn. ; 1.5 wt %

( - o - ) 10, ( -A- ) 20, ( - D - ) 30, ( -— ) 40, (-JL-)50.
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Fig (2) Degree of grafting vs. irradiation time for the grafting of various Sty
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Fig (4) Effect of comonomer composition of Sty/AAc(40 wt %)
onto PP films , FeCl3 ( 0.6 wt% ), irradiation dose ; (20 kGy)
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ABSTRACT

Key words: Incineration/Single component waste/Process chemistry/Process kinetics/

Process dynamics

An advanced controlled air incinerator has been investigated, developed and put into
successful operation for a single component and other combustible solid wastes. Experimental
studies showed that, at lower temperature, CO2, and CH« contents in gas reactor effluent
increases by the increase of glowing bed temperature, white H2O, H2 and CO decreases. It
was proved mat, a burn- out efficiency (for ash residues) and a volume reduction factor
appeared to be better than 95.5 % and 98 %, respectively. Moreover, high temperature
permits increased volumes of incinerated material and results in increased gasification
products . Process chemistry and kinetics of the gasification were studied . The rate of
reaction of the gasification process was obtamed at different operating conditions by solving a
set of algebraic equations provided by applying the extent of reaction concept . The
comparison showed a satisfactory agreement between the calculated and experimental values .
Unsteady state mass balance equations are developed for the gas reactor . The derived
equations are Laplace transformed and solved to generate the dynamic behavior of the system
. Open loop calculations are conducted to study the effect of some disturbances on the
performance of the gas reactor. Model output was compared with actual experimental data as
only slight corrections have to be made.
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INTRODUCTION

Because of the considerable specific volumes, and other physical and chemical qualities, as well as the
contaminated wastes are not appropriate for final disposal, volume reduction using controlled incineration process
would be highly desirable, as it is often considered to be ultimate disposal approach to contaminated wastes. The
potential advantages of controlled incineration are varied. The primary advantage results from volume reduction
of approximately 90%, as incineration is employed to minimize the stored waste volumes, and to convert the
largest portion of the contaminated waste into chemically inert form (ash). The produced ash is much easier to be
handled and disposed than originally generated waste in nuclear research centers, nuclear facilities, and hospitals
as well. In addition to volume reduction, there is also detoxification of contaminated materials, as it can be broken
into constituents parts composed mainly of carbon dioxide, CO2 and water vapor, H2O. Numerous incineration
technologies have been developed " J to incinerate a vast array of contaminated wastes. Many of these techniques
are employed at general purpose permanent facilities, regional incinerators that serve customers by accepting and
destroying any appropriate waste. The thermal treatment of wastes by incineration is a process involving many
mechanisms and reaction courses not yet sufficiently investigated(2>, therefore, a single component waste may be
utilized to study process chemistry and kinetics . In addition date provided are used to study the dynamic behavior
of the gas reactor. A special attention must be given to bag filter and cyclone separator dusts because of their high
quantities and contents of heavy metals such as copper, zinc, cadmium, cobalt and other organic pollutants(3;.

Experimental Work and Process Chemistry

The Low Active Waste Incinerator(LAWr) demonstration facility of the latest design is the research tool
available to the Nuclear Research Center (NRC), where scientific investigation of contaminated waste
incineration and flue gas cleaning may be conducted . The objective of this investigation work is to develop an
ecologically solid waste incineration process combined to the control of problems arising from pollutants present
in all streams, and to concentrate pollutants residues from flue gas cleaning to make them suitable for proper
disposal (4 \ To assure a good performance, as well as accurate thermohydraulic data collection , LAWI is
equipped with process control and safety systems . The operating switches and control of various electro
mechanical components (valves, burner,, exhaust blower and fresh air blower) are located on the control panel, as
the entire installation can be operated and controlled easily by only two employees. Moreover, construction allows
for very fast start up and shut down .
Process Description /

The gas reactor has to be filled completely with a single component waste via glove box, without shredding or
pretreatment. During operation, there is a positive temperature gradient ( 5 ' in the waste column, as temperature
increases from near room temperature at the top of waste column to about 800 °C around the movable grate (Fig.
2). By addition of under-stoichiometric amount of air, the waste is dried, decomposed, and then gasified in distinct
zones on the waste column. The gas consisting of CO, COz, H2, water vapor and traces of methane is produced.
The CO, H2 and the methane are oxidized by addition of secondary air into the combustion chamber. Also

1314



pyrolysis coke and tar like substances are cracked in this chamber at about 1000 °C. Ashes and coke are falling
through the grate to the bottom of the gas reactor, where it may be burned out by addition of secondary air. To
meet the requirement of Clean Air Act, and the Nuclear Laws, and Ordinances, an efficient off-gas purification
system is necessary. The off-gas is cooled down to about 200 °C in the mixing chamber by mixing with fresh air
before it pass through the cyclone separator and then filtered by using filter group which consists of a self cleaning
bag-filters and high efficiency particulate absolute (HEPA) filters. The purified gas is finally sucked by the
exhaust blower and emitted to the environment via the stack.
Ashes are removed periodically from gas reactor, combustion chamber, cyclone
separator and bag-filters into 40L steel drums to be conditioned by any of the proven conditioning techniques.
Schedule. Feed stock and Operating Conditions

Prior to operating the incinerator, each component and subsystem of the facility was tested. The checkouts
requirements included operating the control valves, blowers, controllers and bag house pulse cleaning system.
During this period, the instrumentation was calibrated. Various experimental runs of 6 hours continuous operating
time each, for the incineration of two types of wastes were performed under the following:
(1). Schedule

Six experimental campaigns of 4 months were carried out with LAWI during 1995 and 1996 as approximately
900 Kg of a single component waste was incinerated.
(2*). Stock materials
Table I lists the composition of the typical incinerable waste used in this experimental work, as account must be
taken of waste characteristics such as calorific value, the physical and chemical state. Non-radioactive traces
containing Co, Mn, Zn and Fe are added to the feed materials in the mixed waste in various experimental
campaigns.

(3). Operating conditions
Table II lists the important operating parameters for the particular
experimentation.
4. Measured and calculated data.
Various experimental campaigns have been carried out to measure and determine the following data for the
incinerated waste:
Description Method used
Gasification rate at different glowing bed temperature Extent of reaction concept
Composition of H2) CO, CO2 and N2 in the gas reactor Analysis by Orsat gas analyzer model GAG
product gases. 120
Composition of H2O in the gas reactor p roduct gases Condensation
Thermohvdraulic data
Air and flue gases flow rates Pitot tube
Pressures pressure gauges
Temperatures Thermocouple.
Composition of exhaust gas Computerized Gas Analyzer model

MSI 2000
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Process Chemistry

The thermal treatment of waste by a controlled air incineration technique is a process involving many
mechanisms and reaction courses not yet sufficiently investigated.
The controlled air incineration is a simple process, being gasification of waste material is essentially a 2 steps
endothermic process, as chemical compounds that form a part of waste are gasified to form ultimately simple
gaseous products. The gasification efficiency is quite dependent on:
• The glowing bed temperature
• The quantity of air injected to the system as air flow is limited to about 30-50 percent of the air required for

complete combustion'6)

• The partial pressure of gaseous products.
For the wood (single component) waste, the first step endothermic reaction occurring as follows:

+1/2 02 -J- 6 CO + 5 H 2 (Eq. 1)

Unfortunately, the cited reaction is idealized. In reality, cellulosic fibers are mainly producing high boiling organic
products and elemental carbon . In step 2, the elemental solid carbon resulting from step 1 undergoes conversion
to carbon monoxide, and hydrogen via carbon and water vapor reaction.
C +H2O = CO + H2

Also, additional side reactions may be occurred as follows:
COz + H2 = CO + H2O (Eq.2)
CH» + H2O = CO + 3H 2 (Eq.3)

To provide energy necessary for drying, decomposition and gasification and to sustain thermal destruction, group
of exothermic reactions important to the system must be secured as follows:
2 CO + 2 H2 - » CH* + CO2 (Eq. 4)

2 CO -> CCfe + C (Eq.5)
As the analysis of gas reactor product gases arising from working campaigns supports these reactions.

RESULTS AND DISCUSSION

During the first experiments under automatic control approximately 900 kg of wood (cellulose) waste was
incinerated. Adjustments of the controllers settings and measuring instruments as required were satisfactory.
It was possible to burn waste composition ranging from 100% cellulose to the non-radioactive simulated waste
with characteristics as shown in Table ( I ) without operational problems.

ft was proven that the design of the incinerator allows for very fast startup periods of 0.5 hour as shown in Fig.
( 3 ) for the single component waste at different operating conditions.
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Quality and Yield Products.

The performance and experimental results obtained from processing feed stocks of the single component waste
are described below.

Gasification Product Gases

Figure (4) shows the relationship between the glowing bed temperature and the gasification rate, as high
temperatures permit increased volumes of incinerated materials and produced gases per unit time for both types of
wastes. Table (TV) shows the average composition of gasification products, as CO, CO2, and hydrogen volume
percent were determined by Orsat Gas Analyzer (model GAG 120) while water vapor content was determined by
condensation. Experimental results proved that, at lower temperature, the CCb, and CH, contents increase, while
the H2O, Hj, and CO contents decrease. This results in a small change of the calorific value.
Figures (5) and (6) show the influence of the glowing bed temperature on the composition of gas reactor product
gases. Based on results reported previously(7-8), the system has to be operated at relatively medium temperature,
as this has a high importance for the destruction of dioxin (PCDD), and furnas (PCDF) formed in the presence of
chlorinated compounds.

„ Volume Reduction

Volume reductions of solid waste were found to be substantially the same for each of the different waste tested.
An average waste volume reduction factor of 98% was observed (without regarding further reduction by
compressing and conditioning of the ashes). These high values are achieved due to the good combustion capability
of the processed wastes. Figure (7) illustrates the reduction factor for different working campaigns.

Burn-out Efficiency

An average bum-out efficiency of 96.3%, for solid residues (bottom and fly ashes) were observed for the non-
radioactive simulated wastes, while the unburned materials in the flue gas were close to zero. These high values of
bum-out efficiency for bottom ashes were achieved by injecting air to the bottom ash before unloading at
relatively low temperature to assure carbon bum-out. The high value of bum-out of fly ash and flue gas were
obtained by optimizing the operating temperature and excess air supply in the combustion chamber. Table (HI)
shows the values of bum-out efficiency obtained for the different working campaigns for the both types of wastes

Environmental Effects

It was proven that the potentially harmful constituents contained in the flue gas are lower than the values
specified as standard limits for incinerator exhaust gas in FRG. Thus it was ascertained that system is essentially
free of pollution.
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Exhaust Gas

ft was found that the concentration of CO, NOx, SOX, and unbumed carbon particulate which are
determined by computerized gas analyzer model, were found less than the values specified for incinerator
exhaust gas as shown in Table(V). Sampling with an EPA method 5 stack sampler of exhaust gas emitted
to the environment via stack showed that only trace amounts of particulate were captured on the fiberglass
filter and the aqueous solutions. This indicated that the bag filters and HEPA filters are performing
efficiently. Results indicated that the concentration of metals Zn, CO, Mn and Fe in the scrub solutions of
the bubblers were below the detection limit. The statistical analysis of the data of the exhaust gas
composition obtained from the incineration of both wastes are shown in Table (VI) . Experimental results
impressively show that the sulfur and nitrogen are not distributed homogeneously in the solid waste , but
SOX and NOX are detected as discrete events . The example of the two days of measurements is to show the
doubtful nature of discontinuous random sample measurements.

Residues

It was proven that the fly ash obtained from the incinerator flue gas cleaning system (cyclone, bag
filters) for both types of waste has chemical and size uniformity which allow it to be conditioned and
stabilized by any of the accepted and proven techniques ' 'SM\ In most cases, the bottom ash has the same
uniformity, as it may contain some coarse clinkers and unbumed pieces due to the lack of oxygen and
incomplete combustion.
The X-ray qualitative analysis of bottom and fly ash powder using Scanning Electron Microscope, shows
that the chemical constituents and heavy metals are partially distributed between the fly and bottom ash.
About 8% (by weight) of the ashes was collected in the gas purification system. No ashes were found
behind the bag filters.

Process Kinetics
Determination of Independent Reactions.

As previously mentioned, species present in the gas reactor are C&H10O5, CO, CO2, O2 , H2 , H2O,
CH«, and the elemental carbon, while the elements are carbon, hydrogen, and oxygen .
The No. of independent reactions may be obtained from the formula :

No. of reactions = N specie, - Nelcmeoa = 8 - 3 = 5 (Eq. 6)
as the five reactions may be represented by Eq. 1 to Eq. 5 .
then the reaction equations have to be checked using the formula

Za i jX, = 0 (Eq.7)
Where a^ is the stoichiometric coefficients of balanced equations; and
Xj is the non zeros constants .
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The constants X, were found to be zero which assured that the derived equations are independent with the
following characteristics :

1. Reaction of (Eq. 1) is irreversible endothermic;
2. Reactions of (Eq. 2) and (Eq. 3) are reversible endothermic; and
3. Reactions of (Eq. 4) and (Eq. 5) are irreversible exthothermic.

To simplify study of gasification kinetics, production of elemental carbon and high boiling organic
compounds may be neglected . The mole fractions of carbon monoxide, carbon dioxide, oxygen, methane,
water vapor, and nitrogen may be calculated from the extent of reaction concept i.e. by applying the
following formula :

Fi = Fa +Iay Rj (Eq. 8)
Where:
F| represents the No. of mole of a specific component in the system at anytime, mole/time;
FJO represents the No. of mole of a specific component entering to the system, mole/time;
Zcijj Rj represents the balance of moles of a specific component due to the chemical reaction

The rate of reactions may be obtained by solving system of algebraic equations obtained by applying extent
of reaction concept after substituting the mole fractions and air flow rates with actual experimental values
using Mathcad 5 Software . Results indicate that the high temperature permits incineration of increased
volumes of waste . It was also found that, model output w.r.t. the gasification of solid single component
waste was compared to the actual values as only slight corrections have to be made .

Determination of Activation Energy and Frequency Factor

In spite the industrial importance of non catalytic solid fluid reactions, there have been relatively few
studies available on chemical kinetics of heterogeneous ( " ' .In our case, it can be assumed that the solid
contain enough voidage to pass freely the fluid reactant and the fluid products and that solid reactant is
distributed homogeneously through out the solid phase. Then it may be reasonable to consider that the
reaction between fluid and solid is occurring homogeneously through out the solid phase. The reverse
reaction is not considered here. Unlike catalytic reaction on solid surface, most reaction with solid surface
can not be truly reversible, since the phenomena of solid deposition in the reverse reaction do not necessarily
provide the solid product with a structure that is exactly the same as the initial solid reactant in the forward
reactions. For most applications, the nth order rate equation can fit the data satisfactorily when the surface
phenomenon controls the rate of solid-fluid reaction. Based on adsorption isotherms, the order of solid-fluid
reaction may be shown to vary from 0-2 depending on whether the gas reactant is strongly adsorbed or
weakly adsorbed.
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As experimental studies also indicate many solid-fluid reactions to have similar range of order of
reactions depending on the operating conditions, the system under consideration may be considered as zero
order with respect to the fluid, and first order with respect to the solid reactant (a\

Since the solid reactant is assumed to be distributed uniformly through out the glowing bed, the solid
concentration may be considered always constant, in case of keeping the geometry of solid particles and the
humidity content unchanged.
Thus, the gasification process may be expressed as:
R j -k jV^c (Eq.9)
Where;
Ri = the rate of reaction for solid component, mole/liter.
Vgi = the volume of glowing bed, liter,
c = the concentration of solid component, mole/liter,
ki = the reaction rate constant, hr*1.
As common, solid residence times range from 1-2 hr for solid phase, in the incinerator (13), the glowing bed
volume may be obtained .

Since the reaction rate constant ku may be well represented by Arrhenius law, the reaction rate constant
ki may be obtained at different temperatures.

k t ^ k o i e ^ g l (Eq. 10)

which fits the experimental data over different temperatures as In ki versus 1/Tgi which should yield a
straight line as shown in Fig. (8).

Results indicate the values of activation energy (E), and frequency factor (kbi) for the gasification process
of single component waste were 7463 cal/mole and 102.27 hr'1, respectively.
Dynamic Model Derivation

Data provided from the study of process chemistry and kinetics may be utilized to derive dynamic model for
the gas reactor.

The analysis of the gas reactor includes the following assumptions:
- The temperature of the solid, as well as the concentration in the glowing bed are considered uniform.
- The pyrolysis gases are completely mixed, therefore, the temperature and compositions are almost uniform.
- The heat losses from the wall of the gas reactor could be neglected.
- The outgoing product pyrolysis gases have the same temperature and composition of gases inside the reactor and
glowing bed.

Applying overall material balance w.r't. solid phase and overall and component material balance w.r.t gas
phase, mathematical processing, and Laplace transformation and applying steady state difference concept gives
the following transfer function :
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P1(s)={B l/(l+7 l2sj'}FA(s)+{B2/(l+7t2sXl+tis)}Co(s)} (Eq. 11)
as the dynamic response of Pi is a first order with the injected air to the gas reactor and the solid concentration
inside the glowing bed with a steady state gain of Bi and B2.
Where :
Pj is the partial pressure for all gas effluent excluding carbon monoxide and carbon dioxide;
7t,is the time constant, 1/KL min .;7t2is the time constant, V/Qv.min . ;B! is the steady state gain w.r.t. gas phase,
RT7 Q,,; B2 is steady state gain, 1.17(9RT Kl Vg,)/ 2 Qv , V is volume of the gas reactor; liter, and Qv is the
volume of gas reactor, liter/ min .

As steady state gains and time constants may be obtained at different'operating conditions .

Disturbance of the Pressure. Pi
Disturbance of the pressure, Pi may be due to change in :

1. Air feed flow rate to the gas reactor
2. Concentration of solid feed to the gas reactor
If the value of one disturbance variable mentioned above is step increased or decreased w.r.t. steady state value
keeping the other variable constant, the response curves and the new steady state value of the variable may be
obtained from open loop calculations .

The response curves of the partial pressure Pi was obtained at different operating conditions after keeping the
solid feed concentration constant.

Table (VII) shows the average steady state conditions for specific cases, while Fig. (9) shows the dynamic
response of the partial pressure, Pi , to step input in feed air flow to the gas reactor . The values of Pi as
calculated from the dynamic model due to step input change in the injected air to the gas reactor , were plotted
against the experimentally measured values as the comparison shows satisfactory agreement as shown in Fig. (10)

CONCLUSIONS

A summary of the aforementioned brings about the specified conclusions .
1. The low active waste incinerator (LAWI) with the latest modified design is proven as a powerful tool for

various applications as complete combustion, and high volume reduction factor are guaranteed.
2. The incinerator can be easily controlled, mainly by controlling primary air fed to the gas reactor.
3. The CO2 and CH4 contents in gas reactor effluent increase at lower temperature glowing bed, while the

H2O, H2 and CO contents decrease.
4. It was proven that the potentially harmful emissions in the flue gas are lower than the values specified as

standard limits for incinerator exhaust gas.
5. It was found that the fly ash obtained from the incinerator flue gas cleaning system is characterized by

chemical and size uniformity and can be easily stabilized
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6. Process chemistry and kinetics were studied as the rate of reaction of the gasification process was calculated at
different operating conditions by solving sets of algebraic equations obtained by applying extent of reaction
concept.
7. Unsteady state material balance equations are derived, developed for the gas reactor. The developed equations
are Laplace transformed to derive the dynamic model using steady state difference concept.
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Table I. Incinerable Waste Characteristics *
Average chemical composition.

Cellulose 95 %
Humidity ' 16 % max.
Physical properties
Average density 750 kg/m3

Average heating value 18,000 kj / kg
Forms Crushed and cured

homogenized pieces of
wood.

Table II Important operating conditions

Waste processed 15-27 kg / hr
Glowing bed temperature 500 - 800 ° C
Combustion chamber temperature 1000 -1100 ° C
Flue gas temperture after mixing chamber 200 ° C
Air consumption in gasification Approx. 5-6 Nm3 /hr

Table HI . Burn out efficiency

erature, ° C

650
700
800

Constituent
H2
Oz
CO
CO,
H2O
CM,
N2

Bottom ash
96.3
96.4
96.4

Burn out efficiency
Fly ash

96.9
96.9
96.9

Table IV. Gas Reactor Effluent Composition

Average composition, °
20.3
0.0

29.6
11.3
9.7

10.3
18.8

Flue gas
>99.9
>99.9
>99.9
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Table V Exhaust Gas Composition

Constituent
Qz
CO
CO,
NOX

sa
Dioxins(PCDD)
Furans(PCDF)
Soot

Parameter

No. of samples
Minimum value
Maximum value
Average value
Standard deviation

Composition, %
13.3
lOppmmax.
1.5-2.3%
lOppmmax.
10 ppm
not detected
not detected
Soot No. 0-1 ace. to Bacharch .

Table VI Statistical Analysis for Exhaust Gas CoDmosition

CO CO2

36 36
5 ppm 0.015
10 ppm 0.023
8.1 ppm 0.0207

1.59 0.322

Constituent
NOx

33
1 ppm
10 ppm
5.3 ppm

2

Table VII : Steadv state oDerating conditions for different cases.

Variable

Temperature of glowing bed. "K
Solid feed rate to the gas reactor, litre/ hr
Time constant, W2, tnin.
Air feed to the gas reactor, mole/ min.
Steady state gain, B,, atm. min. /mole
Pi, m bar

SOx
37

1 ppm
9 ppm

6.3 ppm
2.57

Average value
Casel

773
18.23
0.059
2.3

0.094
478

Case 2
793
20.5
0.052
2.6

0.084
506

o239
0.118
0.16
0.135
1.43

Case 3
823
24.3

0.049
3

0.082
526
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ABSTRACT

The degradation kinetics due to irradiation of aqueous solutions of some
commercial dyes, (Reactive Blue Brilliant, Reactive Yellow and Basic Blue 9
Dye (Methylene Blue 2B), was studied. Factors affecting radiolysis of the
dye such as dye concentration, irradiation dose, dose rate and pH of the
solutions were studied. The effects of different additives such as nitrogen,
oxygen, hydrogen peroxide and sodium hypochlorite on the degradation
process were investigated. The effect of irradiation dose on the different
dye solutions at various concentrations, showed that the Reactive Yellow G.
was very sensitive to gamma radiation. The effect of the pH of the dye
solutions proved to very according type of the dye. Synergistic treatment of
the dye solutions by irradiation and conventional methods showed that
saturation of the dye solutions with nitrogen did not enhance the radiation
degradation of the dyes, while addition of oxygen resulted in a remarkable
enhancement of the degradation of the dyes. Also, the addition of sod in m
hypochlorite (5 %) and the oxidation by hydrogen peroxide resulted hi more
radiation degradation. Also, adsorption of the dyes onto GAC and some ion
exchangers showed that GAC has the highest adsorption capacity. Radiation
degradation of the toxic dye pollutants and their removal from wastewater
down to concentrations not exceeding the maximum permissible
concentration (MPQ according to international standards, proved to be
better than conventional methods of purification alone.

Key Words: Gamma-Irradiation / Degradation / Oxidation/Dyes..

INTRODUCTION

The waste water effluents from textile, printing and finishing plants trpically contain
appreciable quantities of organic dyes that are resistant to degrade by ordinary treatment
processes '. These dyes pass relatively unchanged through the usual biological waste
treatment processes and constitute a highly visible form of pollution in the receiving
waters^" \ Few alternative methods of treatment are available with carbon absorption
appearing most feasible at this time. Attritional tosses and expense of the carbon recycling
process detract considerably from this process. Ionizing radiation may be promising for the
treatment of textile dye waste effluents. However, experience has shown that radiation
treatment alone of large volumes of waste effluents tends to be inefficient and uneconomic. A
more promising approach arises when a combined treatment of irradiation and conventional
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methods can be applied to relatively concentrated waste solutions which speed up degradation
significantly.

The radiation degradation of two reactive dyes, namely Reactive Blue Brilliant,
Reactive Yellow and Basic Blue 9 Dye (Methylene Blue 2B), will be studied. The factors
affecting the radiolysis of these dyes such as dye concentration, irradiation dose, dose rate
and pH of the dye solutions will be investigated as well as the effect of different additives such
as nitrogen, oxygen, hydrogen peroxide and sodium hypochlorite on the radiation-degradation
process. Chemical Oxygen Demand ( COD) and Total Organic Carbon (TOC) measurements
will be carried out.

EXPERIMENTAL

Materials:
Two reactive dyes, namely Remazol Brilliant Bright Blue, Reactive Yellow Dye (G)

and Basic Blue 9 Dye (Methylene Blue 2B), were used in the present study. All chemicals
were reagent grade and used as received. UV, COD and TOC measurements were carried
out as previously described * " \

RESULTS AND DISCUSSION

1. Radiation Degradation of Dyes:

Effect of Irradiation Dose and Dose Rate :

The effect of irradiation dose in kGy on the dyes at various concentrations was
studied. Various concentrations of Reactive dyes (Blue Brilliant Remazol and Remazol Yellow
G) and Basic dye (Methylene Blue 2B) ranging from (50-150 mg/1) were subjected to different
doses of gamma radiation up to 50 kGy and results are shown in Figs. (1-3). It can be seen that
the decoloration of dye solutions and radiation degradation of reactive and basic dyes, the
Reactive dye yellow and Basic Dye Blue are very sensitive to gamma radiation than reactive
Blue Brilliant Remazol; methylene blue 2B is very sensitive to gamma radiation and dose of 20
kGy was enough for its complete destruction.

The existence of two phenyl groups only in this basic dye contributed much to its
high sensitivity towards gamma radiation. Several researchers working with different Basic
Blue dyes reported the same behavior ("9 ) . While reactive dye Blue Brilliant Remazol
showed less sensitivity towards gamma radiation than Basic Blue. The difference in the
sensitivity of both reactive and basic dyes towards gamma radiation may be due to the
difference in their structures as the structure of Remazol Brilliant Blue contains four benzene
rings which contributes to the protection against radiations, while Methylene Blue 2B have
only two benzene rings. The effect of the dose rate on the radiation degradation of the reactive
and basic dyes studied was investigated at three different dose rates namely 1.22, 0.61 and 0.30
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Gy/s. and the results are illustrated in Figs. (1-3). The general trend for the degradation
process is that the percent degradation is highest for the lowest dose rate (0.30 Gy/s), followed
immediately by dose rate 0.61 Gy/s and the dose rate 1.22 Gy/s showed a lower degradation
percent. Suzuki et al. working on the degradation of dyes reported also some dependence
of the radiation degradation on the dose rate .

Effect of p H :

Figs. (4-6) and Table (1) show the effect of pH of the dye solutions with dye
concentration of 100 mg/1. The pH influence has proved to vary according to the type of the
dye. For reactive dye (Blue Brilliant Remazol) and basic dye (Methylene Blue 2B) showed a
remarkable decrease in pH in the neutral and acid media (pH 7 and pH 3), while in the alkaline
medium (pHIO) a slight decrease in pH was observed for all the dye solutions. The drop in the
pH of the dye solutions may be attributed to the mechanism of the radiation degradation of the
dye molecules to lower molecular weight compounds, such as organic acids. The dye
molecules are degraded effectively by the primary active species formed from the radiolysis of
water such as OH, H*, HO2 and the solvated electron (eaq).(16)

Figs. (4-6) show the relationship between the degree of degadation of the dyes with
irradiation dose at various pH values. It can be seen that the amount of the dye degraded was
high at pH 3, followed by that at pH 7 and the degradation was lowest at pH 10. It seems that
the formed organic acids due to the radiation degradation of the dye was somewhat
neutralized by the radiolysis product. The decrease in pH and the radiation degradation of the
dyes was remarkable in the case of Reactive Yellow as shown in Fig. (5).Piccinini et al. * *
reported similar radiation degradation behaviour versus pH.

2. Synergistic Effects on Dyes by Irradiation and Conventional Treatments :

Radiation treatment of large volumes of waste effluents tends to be incomplete and
uneconomic/ ' * A more promising approach involving radiation treatment of wastewater
arises when a combined treatment of irradiation and conventional methods can be applied.
Addition of an oxidant such as oxygen, hydrogen peroxide, sodium hypochlorite coupled with
gamma radiation exposure speed up any degradation of the dyes significantly. The saturation
of the dye solutions with nitrogen gas did not enhance the radiation degradation of these dyes.

Oxygen -Saturated Dye Solutions :

The degree of radiation degradation of the oxygen saturated Reactive and Basic dye
solutions was investigated and results are shown in Figs.(7,8). The addition of oxygen resulted
in an enhancement of the radiation degradation of the dye in the acidic medium. The irradiation
of the dye solutions with gamma radiation leads to the formation of radical and molecular
products formed from the radiolysis of water. Many authors * " ' reported that in addition to
primary OH radicals, the species (HO2 and O2) contribute to the degradation process and that
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this process in the presence of oxygen leads to the formation of peroxides which contribute
also to the degradation reactions.

The influence of dissolved oxygen is generally apparent when working in open air
condition and much greater when the degradation was carried out in oxygen-saturated dye
solutions. A certain dependence between oxygen concentration and pH, which leads to assume
that the global effect can be better understood by a tridimensional relationship between degree
of degradation, pH and oxygen concentration. * ' ' ™

Hydrogen peroxide:

Figs. (9,10) show the degree of radiation degradation of the dyes (Reactive Blue and
Basic Blue) as a function of radiation dose in kGy and at a constant dye concentration of 100
mg/1 and a constant H2O2 concentration of 5 mM measured at various pH values (pH = 3, 7
and 10). The results showed that for the Reactive Blue, a radiation dose of 20 kGy was needed
for the destruction of the dye at pH=3. However, complete degradation of the dye was not
achieved at pH=7 and pH=10. It is obvious that the degradation reaction is promoted by
addition of hydrogen peroxide. Hydrogen peroxide reacts rapidly with the hydrated electron
formed from the radiolysis of water, leading to the formation of OH radical.( ' ' ' ^

H2 O2 + e aq > OH + OH

Therefore, the increase in the degree of degradation by addition of hydrogen peroxide
would be mainly attributable to increasing of the OH radical through the reaction above, in
addition to the primary OH radical. This finding suggests that the OH radical destroys the dye
chromophore more efficiently than the hydrated electron does.

Sodium Hypochlorite :

It was found that, when dye solutions are treated with sodium hypochlorite (5%)
followed by exposure to gamma radiation, the degree of radiation degradation of the dye
increases. The increase is not linear over the range of radiation dose studied as show in Figs.
(11,12). For the reactive blue dye, the highest degradation occured at pH =7, followed by the
acidic medium and the least degradation was observed in the alkaline medium. While basic blue
dye, the highest degradation occured at pH= 10, followed by the acidic medium and the least
degradation in the pH=7. The radiation degradation depends on the type and the
physicochemical characteristics of the dye, a fact reported by many authors •'"* \ The effect of
pH on the radiation degradation may be explained in terms of the various chemical equilibria
present in the system. The ionizable sites of the dye molecules are sensitive to pH, but the
major differences are probably due to differences in the hypochlorite equilibria
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Total Organic Carbon (TOC) and Chemical Oxygen Demand (COD):

Some studies dealing with the use of gamma irradiation in the treatment of waste
water containing dyes and other pollutants have shown that the most considerable effect, that
is the degradation, is accompanied by the oxidation of part of the organic substances (decrease
in TOC and COD) and is a function both of pH and oxygen concentration of the solution.
Changes of Total Organic Carbon (TOC), Chemical Oxygen Demand (COD) and pH values of
the dye solutions as a function of irradiation dose is tabulated in Table (2). A reduction in TOC
and COD was observed for the dyes studied. This reduction increased with the increase of
gamma dose. This reduction in TOC was almost similar for the dyes used and was
accompanied by a decrease in the pH values of the dye solutions as shown in Table (1). The
decrease in TOC was reported by Suzuki and Nagai * ' to be almost equal to the increase in the
amount of inorganic carbon in the solution suggesting that the dye molecule is degraded almost
completely to carbon dioxide in the presence of enough oxygen.

To evaluate globally the amount of oxidation in the dye molecules, COD determination
was made on solutions before and after the irradiation, the relative results are only indicative
of the oxidation amount, as probably only a part of the organic matter is oxidized by the
dichromate, because of the high resistance of such dyes. Chemical Oxygen Demand (COD)
was determined for a number of irradiated samples and the results are shown in Table (2). In
general, it was found that significantly higher doses were required for appreciable changes in
COD. The COD reduction was explained by oxygen addition reactions following reactions
of the radiolytic species. The oxidation reactions can only proceed as long oxygen is available
in the solution. The tendency of TOC reduction, the COD reduction and the change of pH
values for the two dye solutions was similar to each other.

Adsorption Purification of Surface Water From Dyes :

Adsorption onto solid adsorbents has great environmental significance, since it can
effectively remove pollutants from both aqueous and gaseous streams. Due to the high degree
of purification that can be achieved, this process is often used at the end of a treatment
sequence. Figures (13-18) show the relationship between the adsorption capacity (mg/g) of
Granular Activited Carbon (GAC), and Strong Cation Exchanger Merck I for the Reactive
and Basic dyes and the equilibrium concentration at different pH values (pH 3, 7 and 10). The
initial concentration ranged between 2 and 100 mg/1, a volume of 100 ml of the different
concentrations was always used with 1 gm of the adsorbent.

Basic Blue Dye showed somewhat higher adsorption capacity on GAC and Merck I
than Reactive Blue Dye at all pH values which may be due to the difference in physico -
chemical characteristics. The general trend is that better adsorption capacity for all adsorbents
was observed at pH 3, followed by the neutral medium pH 7 then at last the alkaline medium
pH 10 (13"!5). This may be due to the fact that the uptake by changing the buffering pH value is
greatly affected by the ions of buffer solution of the dyes since, it helps the migration of these
charged molecules to be diffused onto the macroporous. Granular Activated Carbon (GAC)
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Table (1): Effect of gamma irradiation doses on the initial pH values of different dyes

Dose
kGy

0

5

10

15

20

30

40

Reactive Blue Dye
pH3

3.00

2.70

2.00

1.80

1.68

1.65

1.60

pH7

7.0

5.8

4.9

4.3

4.0

3.8

3.7

pHio
10.0

9.10

8.70

8.20

8.10

8.05

8.00

Reactive
pH3

3.00

2.80

2.50

2.10

1.95

1.75

1.50

Yellow
pH7

7.0

6.8

6.1

5.9

5.3

4.5

3.6

Dye
pHio
10.0

9.2

9.1

8.9

8.8

8.7

8.6

Basic
pH3

3.0

2.8

2.6

2.5

2.3

2.1

2.1

Blue

pH7
7.0

6.4

6.2

6.0

5.7

5.3

4.9

Dye
pHio
10.0

9.5

9.2

9.0

9.0

8.8

8.5

Table (2): Changes of TOC, COD and pH by gamma-irradiation

Dyes

Reactive Blue

Basic Blue 9

Dose
kGy
0.0
1
3
5
10
30
50

0.0
1
3
5
10
30
50

Reduction %
TOC

-
16
24
34
61
79
92

22
30
41
77
85
96

COD
-
11
19
32
65
79
83

a .

18
29
61
75
81
89

PH

6.38
3.12
3.31
3.47
3.50
3.58
3.64

5.88
3.16
3.24
3.31
3.47
3.63
3.63
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showed the highest adsorption capacity for Reactive and Basic Dyes compared to the ion
exchange resins used. This may be attributed to the very high surface area of GAC (1100
m2 /g) and the high porous nature which causes internal and external distribution within the
carbon particle more than the case of the synthetic polymeric ion exchangers.

It may be concluded that the radiation degradation of toxic dye pollutants and their
removal from wastewater down to concentration not exceeding the maximum permissible to be
better than the conventional methods of purification alone. A combination of the radiation
degradation and adsorption process at the end of a treatment sequence may be the best way for
the complete removal of many organic pollutants.
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ABSTRACT

Graft copolymers that obtained by radiation grafting of acrylic acid and aery lamide onto
LDPE films were converted to N-hydroxy ethyl amide and hydroxamic acid derivatives,
respectively. The possible application for the different prepared chemical derivatives of
LDPE graft copolymers in metal adsorption from solutions containing a single cation or
simulated medium active waste has been investigated. The results showed that the.
adsorption of Cu(II) metal by different chemical derivatives was greatly affected by different
factors such as graft yield, pH value , concentration of metal in the feed solution, immersion
time and treatment temperature. The affinity of N- hydroxy ethyl amide derivative toward the ::
different metals was found to be in the order of; Cu(II) > Pd(II) > Cd(II) > Co(II).
However, for hydroxamic acid derivative, the affinity order was: Cd(O) > Cu(H) > Co(II).
The ESR and IR analysis revealed that the metal ions are chelated through the lone pair of
electrons on the -OH and -NH- groups forming a ring structure. The measured metal ion
uptake from simulated medium active waste mixture by N-hydroxy ethyl amide derivative
was found to follow the following order: Fe> U > Ni > Zr > Zn > Cr. On the other hand,
the measured metal uptake by hydroxamic acid derivative was found to follow: Fe> U > Zr >
Ca. It is concluded that the prepared grafted copolymers are of interest for metal chelation
and could be applied in the field of waste treatment

key Words: Radiation grafting/metal uptake/waste treatment/ ESR/XRF

INTRODUCTION

The presence of metal ions in the environmental is a major concern, especially heavy
metal ions, and treatment of aqueous solutions containing these metals requires a
concentration process of these metals into a smaller volume followed by recovering or secure
disposal. These metals can be treated by absorption on nonspecific sorbents such as
activated carbon, metal oxides and ion exchanger - I Specific sorbents consistence of a
ligand that can interact with metal ions specifically, and a carrier matrix that may be an
inorganic ( silica , glass ) or organic polymers carrier which have been considered for
more specific removal of metal ions. These organic sorbents can be synthesized by
introducing active groups on the polymers, introducing these active groups can be occurred
by different methods such as, chemicals, photochemical and radiochemical methods \ One
of the effective methods is the radiation grafting method (4'S) which can be used to introduce
a given function group used as polymeric sorbent.

The selectivity of polymeric sorbents for metal ions is mainly achieved by the use of
nitrogen, oxygen and sulfur as a donor atoms <4). Nitrogen can be present in a primary,
secondary or tertiary amine, nitro, nitroso, azo, diazo, nitrile, amide and other groups ( } .
Oxygen is usually in the form of phenolic , carbonyl, carboxylic , hydroxyl, ether ,
phosphoryi and some other groups (8). Sulphure is in the form of thiol , thioether ,
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thiocarbamate disulphide groups ... etc. But sorbents which contain nitrogen atom only most
selective in the presence of Cu2+, Co2+and Ni2+ depending on the metal solution properties (
pH, temperature , concentration, ) and the chelating properties of the polymer ligand such
as the shape of the ring forming group ^ .

In this work a trial has been made to introduce an active group containing nitrogen and
oxygen atoms to the radiation grafted low density polyethylene (LDPE) with acrylic acid and
acrylamide individually. The chemically converted graft copolymer was examined to adsorb
metal ions for the purpose of waste water treatment.

EXPERIMENTAL
Materials:

Commercial low density polyethylene films (LDPE) of thickness 55 um from (El-Shireef
Co. for Plastic Industries , Cairo, Egypt) were used as polymeric substrates. Acrylamide
(AAm) of purity ( G O 99% ) and acrylic acid (AAc) of purity ( GC > 99% ) stabilized with
200 ppm hydroxyquinone monomethyl ethylether, from Merck, Germany, were used without
further purification.

Thionyl chloride of purity (GC >98 %) from Riedal - de Hien, ethanol amine from VEB
Janapharam labochemie Apolde(GDR) and all other chemical reagents were of analytical
grade and were used as received.

Chemical Treatment of Grafted LDPE

Chemical treatment of LDPE-g - PAAc.

A specific function group that expected to interact with metal ions was introduced to the
polymer films by chemical treatment of the grafted function group with thionyl chloride as
described by Att et aL <10\ The dried ( acid chloride) films were soaked in monoethanol
amine for overnight and then the films were washed with distilled water until the washing
solution becomes neutral, (pH =7 ) ( U ) . The films were then dried in vacuum oven at 50 °C.
The structure of prepared chemical derivative is represented as : ( LDPE-g-P[AAco-NH-
CHrCHrOH])

Chemical Treatment of LDPE -g - PAAm.

A 100ml. of hydroxylamine hydrochloride solution (3.3M) was added to 20g of dry LDPE
-g-PAAm films in 300ml water and stirred for 1 h. at room temperature, followed by addition
of 50 ml NaOH (3.9 M ). The reaction was continued for 24 h. at room temperature in which
ammonia was liberated during the reaction. The films were then washed with distilled water ,
acidified with 3N hydrochloric acid solution and then washed with distilled water until
become acid - free. The hydroxamic acid that formed .in this reaction can be easily detected
by reacting with FeCIj to give violet colour and its affinity to metal ions - iron (III) and
copper (II)(I3).

Metal Ion Adsorption.

The absorption process by the function pendant group on the grafted LDPE was carried
out with Cu , Co , Pd2+, and Cd2+ by batch equilibrium method(14). LDPE-g-PAAc that
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treated with ethanol amine and LDPE-g-PAAm ( 0.5g ) that treated with hydroxyl amine
hydrochloride were immersed in different metal solutions (50ml) containing 10 m mol /1 of
metal ions. The extent of the metal uptake was determined using compleximetric titration
against EDTA solution or using UV/VIS spectrophotometer. Extraction % is calculated as
follows:

C -C
Extraction (%) = — X100

Where Co and C are the initial and final concentration of the metal ion in the feed solution,
respectively. Also, the adsorption capacity was calculated as follows:

Adsorption Capacity (mg/g) = [V(CrC2)J / W

Where , W is the weight of functional groups in the grafted films (g.); V fe the volume of
the solution (L) and C\,Ci are the concentration of ions before and after adsorption,
respectively, (ppm/L).

Water Uptake Measurements

The tendency of the grafted films for the absorption of water was measured gravimetrically
after immersion in distilled water for 24 h. at room temperature (~25 °C). The films were
then removed , blotted quickly between two sheets of blotting paper to remove the excess
water on the surface and weighed. The water uptake percent was determined as follows:

Water uptake (%) = [(Ws - Wg) /W g ] X 100

Where Ws and Wg are the weights of the swollen and grafted films, respectively. Also, the
change in the area of the grafted films due to swelling in water was determined by measuring
the area of the grafted films on dry and on wet states as follows:

Area Change on wet (%) = [(R^ - Rg)/Rg JX100

Where R. and Rg are the area of the wet and dry films, respectively.

FT-IR Analysis

FTER spectra were made for LDPE, grafted LDPE and chemical treated grafted films by
Mattson 1000 Fourier Transform spectrophotometer over a range of 500 -4000 cm"1.

Electron Spin Resonance (ESR) Measurement

ESR measurement was carried out using the Joel X-band ESR spectrometer at 100
kHz modulation frequency. The sample was measured at room temperature in the
rectangular cavity. The ESR spectrum was recorded as the first derivative curve.
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X-Rav Fluorescence (XRF)

The HNU TEFA-PC XRF automated analyzer, (non destructive elemental analyzer) was
used for the identification of chelated metals in membranes. The high resolution energy
dispersive silicon lithium fSi(Li)] x-ray detector, allows simultaneous analysis of elements
from sodium to uranium in part per million (ppm ) to percentage to (100%) levels. Use of
sealed oil cooled, dual anode x-ray tube and filter, optimizes conditions for detecting specific
elements. A spectrometer and personal computer were used to control data acquisition and
perform analysis quickly and accurately under a variety of conditions for each sample. The
characteristic x-rays produced during fluorescence are used to identify the elements in a
sample.

RESULTS AND DISCUSSION

This work deals with the functionalized grafted LDPE and the application of the different
derivatives in metal adsorption from solutions contianing a single cation or simulated
medium active waste solution has been investigated.

Chemical Treatment of LDPE Graft Copolvmers

Treatment of LDPE Grafted With PAAc by Ethanol Amine.

The preparation of such functionalized films were carried out using the direct radiation
grafting of acrylic acid onto LDPE films. Then the poly(acrylic acid) graft chains on the
LDPE were converted to N-hydroxyethyl amide derivatives according to a reported methods
(lo-ii) y j^ ch e m i c a i reactions can be summarized as follows:

-[CH2-CH

o = c-<

-[CH2-CH2 ]n- + AAc y'Rays , -[CH2-CH ]n- (graft copolymer) (1)

-OH

-[CH2-CH ]-„ + SOC12 > -[CH2-CH fn +SO2 + Hcl (2)
-[CH2-CH]m -[CH2-CHfe

OC-OH O = C - Cl

-[CH2-CH]-n + NH2-CH2 - CH2 - OH > HC1 +
-[CH2-CH]^

O = C -Cl

-[CH2-CH}n (3)
-[CH2-CHhm

O=C-NH-CH 2 -CH 2 -OH

Treatment of LDPE Grafted With AAm by Hydroxvl Amine Hydrochloride

Hydroxamic acid group is known to form chelate complexes of high stability with a wide
range of metal ions(l 7). In the present work, grafted LDPE films with AAm were subjected
to reaction with hydroxyl amine (NH2OH). The grafted amide groups onto LDPE are easily
reacted with NH2OH at room temperature with the evolution of ammonia gas under strong
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basic conditions (pH >10) giving the highest conversion yields with minimal hydrolysis
according to the following equation

-[CH2-CH2]n-+ AAm I±If ^ -[CHr(^H]n- (graft copolymer) (4)
[CH2-9HL

= C-NH2

- [CH 2 -CH]H +NH 2 OH V = ^ -[CH2-CH]-n

** • *Jlil I. £f j J i l l

O=C-NH2 0O-C-NH 2

®NH2OH
H20

-[CH2-CH]-n *==? -[CH2-9H>n+ N H 3 | (5)
o-CHJm^^*. » -[CHo-CH ni,
^ • SH^^T L £. . Jill

?O-C-NH2 O = C-NHOH
NHOH

NaOH/H2O

-[CH2-CHfe+ — * -[CH2-CH]-n (6)
.[CHrCHfe -[CH2-CH]-m

O = C - NHOH O = C - NHONa

The base catalysis permits the formation of final product by removing a proton from the
unstable dipolar intermediate otherwise it would break down rapidly to the starting materials
in which the product was stabilized by salt formation *18>19). The hydroxamic acid that formed
in this reaction can be easily detected since it reacted with FeCLj to give violet colour * .

Swelling Behavior of Chemically Treated Grafted films.

From the practical point of view, the grafted films as well as treated ones should exhibit
suitable hydrophilic properties. Hydrophilic properties of grafted , chemically and alkali-
treated LDPE -g- PAAc films were investigated by measuring the water uptake percent and
the change in area of the swollen films as shown in Figs. 1 and 2 , respectively. From Fig. 1,
it can be seen that the water uptake is gradually increases with increasing graft yield and
tends to level off at high degree of grafting, particularly in the case of pure grafted LDPE
films. This behavior was observed for the alkali-treated and untreated grafted films. For
treated LDPE -g- PAAc films, the percentage of water uptake increases with increasing the
graft yield with higher extents and having a higher water uptake values than the other grafted
films.

Also, from Fig.2, it can be seen that the change in area of all the derivatives forms of LDPE
films is shown to increase with increasing the grafting yield. It is to be noted that the change
in area of the three modified LDPE is approximately proportional to the increase in percent
of water uptake with increasing graft yield as shown in Fig. 1. These results indicated that the
grafting of PAAc onto LDPE films as well as chemical treatment resulted in improving the
hydrophilic properties of such polymer. The relatively low water uptake content observed at
high graft yield compared to that at low graft yield may be attributed to the steric hindrance
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effect caused by formation of hydrogen bonds between the OH groups. This situation will
eventually impede the absorption of water molecules; The high water uptake by grafted
LDPE and treated LDPE -g-PAAc may allow better interaction with metal ions from
aqueous solutions . Also, the observed increase in the surface area of the membrane in
aqueous solutions will allow higher metal ion adsorption.

Application of Different Derivatives of LDPE Graft Copolymers in
Metal adsorption.

Copper ion is one of the easiest metal ion to be complexed with the ligands containing
nitrogen |uid oxygen atoms. Thus, CuSO4 solution is used to obtain an information about the
relative performance of the chemically treated grafted films towards the adsorption of metal
ions. The affinity for adsorption of metal ions was determined by using the single solute
process.

Among the factors affecting the adsorption process of metal ions from their solutions using
the chelating membranes are the following :
1- Treatment or immersion time
2- Effect of treatment temperature
3- Effect of feed concentration.
4- pH of the metal ion feed solution
5- Degree of grafting
6- The structure of the polymer-metal complex.

Effect of Immersion Time

Form the economic point of view, the time of treatment is an important factor. Also, the
efficiency of the polymer in metal uptake can be determined from the time required to reach
maximum adsorption of metal ion by chelation through functional groups of the membrane.
In this respect, the effect of immersion time on Cu(II) uptake is investigated and expressed as
Cu(II) uptake percent. Figure 3 shows the percent Cu(H) uptake by chemically treated LDP-
g-PAAc and chemically treated LDPE-g-PAAm as a function of treatment time. It should be
noted that the chemically treated forms of LDPE was prepared from LDPE grafted with
approximately 75 % of PAAc and PAAm. It can be seen that, the CujTI) metal uptake
percent increases with time to reach its maximum value after almost 2 hours of soaking.
Extension of the soaking time over 2 h. causes no significant increase in Cu(II) uptake
percent even after 20 h. Also, the Cu(II) uptake by LDPE -g -PAAc that treated with ethanol
amine is slightly higher than Cu(II) uptake by LDPE -g -PAAm that treated with hydroxyl
amine overall the entire time of soaking.

Effect of Temperature

The adsorption of Cu(II) on treated LDPE -g -PAAc and treated LDPE-g-PAAm
membranes were carried out at different temperatures that ranged from 20 to 60 °C as shown
in Fig. 4. The percent Cu(II) uptake increases with increasing the treatment temperature to
reach a maximum value at 40 °C and then decreases at higher temperature. The decrease in
the Cu(ET) uptake may be explained on the basis of the higher stability of low molecular
weight complexes at low temperature. This observation is in a good agreement with the
results obtained by other authers .
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Fig. (1) Water uptake percent as a function of grafting yield of

PAAc onto LOPE for different derivative forms:
• L0PE-g-P[AAco-NH-(CH2)2-OH];B LDPE-g-P[AAC) and
* LDPE-g-P[AAcooNa]
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Fig. (2) Change In area on wet as a function of grafting yield

of PAAc onto LOPE films for different derivatives forms;

* LDPE-g-P[AAc] " LDPE-g-P[AACOONa] an
• LDPE-g-P[AAeo-NH^CH,)j-OHl ;

Fig. {3) Effect of treatment time on the Cu(ll) uptake percent by:
(1) LOPE -g-PAAc that treated with ethano) amine
(2) LDPE - g- PAAm that treated with hydroxyl amine.
Initial Feed Concn.; 2000 ppm.

30 45 60

Temperature (°C)

F!g.(4) Effect of temperature on the Cu(ll) uptake percent by
(1) LOPE -g-PAAc that treated with ethanol amine
(2) LOPE - B- PAAm that treated with hydroxyl amine.
Initial Feed Concn, 2000 ppm; Immersion time, 3 h.
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Effect of Metal Feed Concentration

To illustrate the capacity of metal uptake by the different chemical derivatives of LDPE
graft copolymers, the effect of Cu(II) feed concentration on the Cu(II) uptake percent was
investigated and shown in Fig. 5. It can be seen that increasing the feed concentration of
Cu(II) results in an increase in Cu(II) uptake. Therefore, it may be concluded that the Cu(II)
uptake by the different chemical derivatives is dependent on the Cu(II) concentration within
the investigated range. It is to be noted that the capacity of metal uptake by LDPE -g -PAAc
that treated with ethanol amine is higher than that by LDPE-g-PAAm that treated with
hydroxyl amine particularly at the same Cu(II) metal concentration as a comparison.

Effect of pH of Feed Solution

The adsorption behaviuor of the Cu(II) metal on the chemically treated membranes of
LDPE -g -PAAc and LDPE -g -PAAm at different pH values was examined and the results
are shown in Fig. 6. The uptake percent of Cu(II) by LDPE -g -PAAc that treated with
ethanol amine was found to increase with increasing the pH value reaching a maximum at
pH range of 4.0 - 4.5, thereafter, it tends to decrease at higher pH values. This decrease may
be due to the hydrolysis of the metal ions at high pH values (24). On the other hand, the
Cu(II) uptake percent by hydroxamic acid derivative seems to increase with the pH value.
Therefore, it my concluded that the uptake of Cu(II) by the latter derivative is very efficient
within the acidic medium. However, in near neutral solution, the metal uptake seems to reach
its maximum value.

Effect of Degree of Grafting

Adsorption behavior of Cu2+ on the chemically treated grafted films with different grafting
yields was presented in Fig.7. It can be seen that the Cu(II) uptake percent increases with the
grafting yield reaching a maximum value at ~ 70 % and then it levels off at high grafting
yield? This may be due to mat Cu(II) blocked the pandent group in the outer surface layers
and prevent more diffusion of Cu(II) into the interior layers of the film. Also, at high degree
of grafting , the crossliniking content is high resulting in restriction of diffusion of metal
solution by such net work structure.

Coordination Structure ofCu(II)- Polymer Complex

The ESR spectrum of a polymer complex reflects its coordination structure, in which the
interaction between the spin of the central metal ion and coordinated ligand deciding the
adsorption pattern and its g-value ( g-value is the spectroscopic splitting factor). The ESR
spectrum of the Cu(II) complexed with LDPE -g-PAAc that treated with ethanol amine
shown in Fig. 8. The spectrum pattern is a typical for the square planer Cu + - polymer
complex (2S) and the parameters of the spectrum are g y = 2.3079 and g L = 2.082. These
values are in agreement with those obtained from Cu(II) complexed with {polymer-CO-NH2-
CH2-CH2-NH2} by Barbucci and Casolaro (26'27). It was suggested that part of Cu(II) is
coordinated with polymeric function group and the other part of ions present as hydrated
form. Also , these parameter values obtained only When one nitrogen atom is coordinated
with the Cu(H) as follows.

Polymer
o y

- C - NH -CH9-CH
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Fig.(5) Effect of initial feed concentration on the Cu(l!)
uptake by: (1) LDPE -g-PAAc that treated with ethanol
amine (2) LDPE - g-PAAm that treated with hydroxyl

Fig. (6) Effect of pH of feed solution on Cu(ll) uptake
percent by: (1) LDPE -g-P[AAc] that treated with ethanol

amine (2) LDPE • g- AAm that treated with hydroxyl amine
Initial Feed Concentration, 2000 ppm; Immersion time, 3h.
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Fig. (7).Change in the Cu(II) uptake percent with
the graft yield percent of chemical treated films :
(1) LDPE -g-PAAc that treated with ethanol amine
(2) LDPE - g-PAAm that treated with hydroxyl amine.
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Therefore , the Cu(II) is expected to complex with LDPE -g -PAAc that treated with
ethanol amine forming square planer structure by interaction between one nitrogen atom and
oxygen atom as follows:

Polymer- CH2-CH2- 6 - HN OH
v-^ri2 — C/H2

Also, this structure was confirmed from the IR spectra for the treated LDPE -g- PAAc and
chelated with Cu(II) as shown in Fig.9. From this figure, it can bee seen that there is a
similarity between peaks in the two ER spectra, but the shift in the peak at 1540 cm"1 to a high
wavelengths indicates that the polymer operates by a neutral coordination mechanism
[through lone paired electrons] and not by ion exchange mechanism (24). A similar
mechanism may be suggested for the interaction of Cu(II) with LDPE -g -PAAm that
treated with hydroxyl amine as indicated from the ESR spectrum and the IR spectra before
and after complexation.

Simulated Medium Active Waste Treatment.

The affinity of the chemically treated films toward different divalent metal cations was
investigated by the equilibrium batch method(28) using aqueous solutions of Cd(II), Co(II),
Pb(II) and Cu(II). The metal ion uptake by complexation or chelation is determined using the
LTV7VIS spectrophotometer and X-ray fluorescence (XRF). Figures 10 and 11 show the
metal uptake percent by different chemically treated films as a function of grafting yield of
PAAc and PAAm, respectively. It should be noted that the metal uptake percent was
determined by UVYVIS spectrophotometeric analysis based on measuring the absorption of
the different coloured solutions of the different metal ions before and after metal uptake
process. A standard curve represents the relation between metal ion concentration and the
corresponding absorption was first adopted from which an unknown concentration can be
determined by measuring its absorption. It can be seen that the metal uptake percent
increases with increasing the degree of grafting for the different metal ions investigated to
certain extent of degree of grafting and then it tends to level off. The highest percent of
metal uptake by LDPE -g -PAAc that treated with ethanol amine was found to occur at a
graft yield ~ 60 % PAAc while that by LDPE -g -PAAm treated with hydroxyl amine is at ~
70 % graft yield of PAAm. As shown in Fig. 10, the affinity of the amide derivative for the
different metal ions in terms of percent uptake can be arranged as follows: Pd(II) » Cd(II)
> Co(II). In the case of LDPE -g -PAAm that treated with hydroxyl amine, the affinity
follows the order : Cd(II) > Cu(II) > Co(H) as shown in Fig. 11.

Also, it can be seen that both chemical derivatives displayed an approximate equal affinity
for Co(II).

The affinity and selectivity of the prepared chemical derivatives for different ions were
investigated in terms of metal uptake from mixture of metals. A standard simulated medium
active waste (WIA\
shown in Table 1.
active waste (MAW), in background of nitric acid was prepared according to Ali et al.(10) as
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Table (1):
Simulated medium active waste (MAW) solutionin aqueous nitric acid

Elements

Al
Ca
Co
Cs
Cu
Fe
U
Mg
Mn
Mo
Na
Ni
Sr
Zn
Zr
HNO,

Concentration (g/1)

0.23
1.5
0.08
0.005
0.14
0.38
0.08
0.75
0.08
0.38
81.14
0.08
0.001
0.15
0.08
IMol/l

The percent uptake of such prepared metal solutions is determined by immersing the
grafted membranes for about 24h. (to reach equilibrium) and then measured by XRF.

The XRF data for different metals chelated by LDPE-g-PAAc that treated with ethanol
amine and LDPE -g -PAAm that treated with hydroxyl amine membranes are presented in
Table 2.

Table 2:
Metal uptake percent from simulated (MAW) aqueous solution which adsorbed by the LDPE
-g -PAAc that treated with ethanol amine and LDPE-g-PAAm that treated with hydroxyl
amine . XRF is used for measurements.

Membrane
forms

LDPE-g-P[ AACO-
NH- (CH2)2 -OH

LDPE-g-P [AAmco.
NH-OH ]

Al

0.5

-

Ca

1.8

6

Cr

4.9

1.5

Metal uptake (%
Fe

33.8

58.6

Ni

18.3

2.8

Cu

2.1

1.0

)
Zn

5.2

0.9

Zr

13.7

12.2

U

19.7

17

Based on the results presented in Table 2, few points may be addressed:

1. The metal uptake behaviour depends essentially on the chemical structure of the
functional reactive groups in the prepared grafted membranes.
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2. Non of the prepared chemical derivative has a direct affinity and selectivity for
monovalent metals such as Na and Cs or for Sr existing in the simulated mixture solution.

3. The amide derivative has very low affinity towards trivalent metals such as Al(III),
whereas, the LDPE-g-PAAm that treated with hydroxylamine has no affinity for such
metal.

4. The highest affinity for metal adsorption was found for Fe(III) metal in which the uptake
by LDPE-g-PAAm that treated with hydroxylamine is almost twice of that obtained by the
amide form.

5. Both the chemical derivatives showed a satisfactory affinity for Uranium and Zirconium
metals , however, the amide form showed higher affinity for Nickel metal than that by the
oxamic acid derivative.

Finally, it can be concluded that the prepared graft copolymers are of great interest for some
practical uses such as the treatment of waste water from heavy and toxic metals.
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. ABSTRACT EG0000243

The sorption of Methyl Green (basic dye) by different grafted polymers with
individual acrylonitrile (AN) and its binary comonomer mixture with N-vinylpyrrolidone
(NVP) has been investigated. It was found that at approximately equal levels of graft yield of
AN, poly(tetrafluoroethylene-hexafluoropropylene) (FEP) showed the highest dye sorption of
the basic dye while the grafted low density polyethylene (LDPE) displayed the lowest dye
sorption.. On the other hand, the different grafted polymers with AN/NVP binary monomers
which having an approximately equal total graft yield (TGY) showed a dye sorption for the
same basic dye according to the order: HDPE > FEP > LDPE > PP. Nevertheless, it was found
that the dye sorption values by the grafted polymers with AN/NVP mixtures are much higher
than those by the grafted polymers with individual AN monomer. The dyeability of HDPE
grafted with individual AN and the comonomer mixture AN/NVP towards basic and disperse
dyes was utilized to investigate the synergism during radiation grafting of the comonomer
mixture. Results showed that such graft materials are promising in practical use for the
treatment of industrial dye wastes from textile factories.

Introduction
The industrial expansion of the textile- and dying industry in the world causes great

problems of environmental pollution. These pollutions can not be consumed easily by ordinary
processes because they are highly variable in composition. The common methods employed
for treating textile wastewater include various combinations of biological, physical and
chemical processes. The dye molecules are oftenenly possess big structure, hence they are
very difficult to break down biologically and cannot be treated efficiently by any combination
of biological, chemical and physical methods. Moreover, the cost of textile waste treatment is
increasing rapidly and this has prompted further research efforts to identify other more
efficient treatment methods in an attempt to lower the treatment cost.('"3)

The radiation-induced degradation of dye waste has been extensively reported.(4"*'
Even though, the ionizing radiation may promising in this field, the radiochemical yield
products of the degraded dye wastes are not granted. The elimination and purification of such
dye waste by sorption using grafted polymers with active groups may be considered the most
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practical method from trie view point of environmental pollution. The latter application is the
objective of the present work.

Experimental
Materials

The different grafted films used throughout this work were obtained by the direct
radiation grafting of acrylonitrile (AN) and its binary comonomer mixtures withN-vinyl
pyrrolidone (NVP) onto low and high density polyethylene (LDPE)& (HDPE), polypropylene
(PP), and poly(tetrafluoroethylene-hexafluoropropylene) (FEP) films. The details of radiation
grafting procedure was described elsewhere(7) . However, the graft yield (in the case of
individual grafting of AN) and the total graft yield (in the case of grafting of comonomer
mixtures of AN and NVP) were determined by the percentage increase in weight of the grafted
films based on the weights before grafting. Three dyestuffs belonging to different classes were
used and kindly supplied by Hoechst AG (Germany) .These dyestuffs ar.e: Remarcry blue 3G
(basic dye), Methyl Green (basic dye), and Samaras Red 2BSL9 (disperse dye).

Dye Sorption Studies
The dye sorption of the basic dye Methyl Green by the different grafted polymers

under investigation with either AN or AN/NVP comonomer mixture was tested. In this
procedure, the dye was first dissolved in boiled water and added to the bath without any
additives. The dye sorption was carried out at different temperatures for various lengths of
times. A general procedure was used to determine the dye uptake on the grafted polymers
based on measuring the light absorption of the coloured solution after dye sorption. In this
method, a standard calibration curve was first made representing a relation between known
different concentrations of the basis dye and the corresponding light absorption. The light
absorption measurements were performed using an UV/VIS spectrophotometer (Unicam UV2

Series).

Dyeing with basic dye
The dye bath was first prepared by pasting the required concentration of the basic

dye (based on film weight) with minimum amount of acetic acid and then dissolved in boiled
water. The dissolved dye was added to the bath such that the samples to liquor ratio was 1: 50
The samples to be dyed were then introduced into the bath at 30 °C and the temperature was
raised to the boil within 30 minutes. The dyeing was continued for 60 minutes during which
Glouber salt (Sodium sulphate) was added for complete exhaustion. The dye bath was let to
cool down slowly and then the samples were rinsed in cold water. The dyed samples were
soaped with a solution containing 5g / L Na2CO3 and lg/L detergent, washed with hot and cold
water and left for air drying.

Dyeing with Disperse Dye.
The dye of this group must brought into a state of fine suspension in the dye bath.

Therefore, the required concentration is continuously stirred with 20 times of its weight of
water at 60 °C for at least 10 minutes. The samples to be dyed were then introduced into the
cold bath and then the temperature is raised slowly up to 80 °C . The dyeing is continued at
that temperature for one hour till the shade of colour is leveled. Finally, the samples were
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washed and soaped as mentioned in the case of dyeing with basic dye. It is to be noted that a
dispersing agent Setamol WS was added to the dye bath at 2% concentration (based on liquor
volume) to ensure complete suspension of the dyestuff.

Colour Difference Measurements
A computerized microcolour unit manufactured by Dr. Lange (Germany) was used for

colour measurements. The L* ; a* ; and b* interceptions used in this system is based on the
CIE-Colour Triangle(Commission International De Eclaire units X,Y,Z). In this system, the
L* value represents the dark-white axis, a* represents the green-red axis and b* represents the
blue-yellow axis. The L*, a* and b* values of the ungrafted films were measured and taken as
a reference and the colour difference AE of the grafted films after dyeing was determined as
follows:

A (CD) = y^A L*)2 + (Aa*)2 + (A b*)2

RESULTS AND DISCUSSION
In the present work, the colour difference A(CD) values were correlated with the

corresponding quantity of dye uptake on the different substrates. This is because the
measurement of colour difference is an easy method rather than measuring the light absorption
for every single test. First, the light absorption of different molar solutions of the used basic
dye was measured as shown in Fig. 1. From this standard curve, it can be seen that the ratio
between the light absorption and the dye concentration, in moles, is equal to 12.27 x 103 .
The dye sorption by HDPE film grafted with AN was carried out for different lengths of time
in solution containing constant concentration of the used basic dye. The colour difference of
the HDPE films was measured and at the same time the dye uptake content was calculated
using the standard curve in Fig.l. From these experiments, it was found that the colour
difference A(CD) and the dye uptake content were always related to the following equation:

Colour difference A(CD) = Dye contents (Moles) x 68.64 x 103 .

Dye sorption by LDPE and HDPE Graft Copolymers
Figures 2 and 3 show the basic dye sorption rate curves for grafted LDPE with PAN

and PAN/PNVP copolymer at different temperatures. It can be seen that the rate of dye
sorption in terms of colour difference increases gradually with time up to 60 min. thereafter,
an equilibrium state is reached. This behaviour is observed for both the grafted LDPE with
PAN and PAN/PNVP copolymer at low temperature range up to 60 °C. At higher
temperature, the rate of dye sorption is found to increase remarkably with time. Meanwhile,
the value of the initial rate of dye sorption for LDPE grafted with PAN/PNVP copolymer is
twice that for LDPE grafted with PAN.

The temperature is considered to be one of the important factors influencing the dye
sorption by polymeric materials. This is due to its responsibility for the diffusion of dye into
the super structure of the polymer. Moreover, it accelerates the reaction between the cationic
group of the dye and the accessible grafted groups on the polymer film. Therefore, it can be
concluded that the dye sorption is a temperature dependent reaction. In this case, the initial
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rate constant of dye sorption is related to the activation energy E* and the absolute
temperature T in the Arrhenius equation as follows :

log k = constant - E*/R(l/T)

Also, the change in colour difference is directly proportional to the quantity of the sorped dye
by the substrate and hence is approximately equal to the rate of dye sorption reaction. The
dependency of the initial rate of dye sorption on temperature for grafted LDPE with PAN and
PAN/PNVP are shown in Arrehenius plots (Fig.3 ). The calculated activation energies of dye
sorption reaction by LDPE-g-PAN and LDPE-g-PAN/PNVP are found to be 6.01 and 5.59
kcal/mole, respectively. It can be concluded that the dye sorption is enhanced at higher
temperature and that the dye sorption by LDPE-g-PAN/PNVP is higher than that of LDPE-g-
PAN graft copolymer since it possesses the lowest activation energy.

The enhancement in dye sorption can be explained on the basis of two factors: (1)
Principally due to the introduction of suitable functional groups in the polymer structure via
grafting and thus becoming the centers for dye sorption and reaction with the appropriate
class of dye molecule,.(2)The opening up of the polymer structure during graft
copolymerization, will create an additional resting places and more accessibility for the dye
molecule. It follows that, during graft coplymerization, these factors are working
simultaneously to enhance the dye sorption. However, it seems that grafted LDPE with either
the individual PAN or with the PAN/PNVP mixture possesses a significant dye sorption and
strong affinity towards the used cationic dye. Nevertheless, can not certainly determine which
component in the graft copolymer mixture is responsible for the increased dye sorption. This
is because the composition of the graft copolymer mixture is complicated especially the used
LDPE graft copolymer with PAN and that with PAN/PNVP mixture have nearly the same
graft yield.

The dye sorption rate curves of HDPE-g-PAN and PAN/PNVP copolymer at different
temperatures are shown in Figs.5 and 6. It is clear that the dye sorption of the basic dye
significantly increases with increasing time and temperature, however, the dye sorption at 80
°C is much higher than that at low temperatures. Moreover, the dye sorption by HDPE-g-
(PAN/PNVP) copolymer is almost two ahdhalftimes that by grafted HDPE with individual
PAN polymer. The dependence of the initial rate of dye sorption reaction with grafted HDPE
on temperature is shown in Fig. 7. The calculated activation energies of the dye sorption
reaction were found to be 9.13 and 11.9 kcal/mol for HDPE -g-PAN and HDPE-g-
(PAN/PNVP) respectively. Thus, the dye sorption by the second graft copolymer is higher
than that of the first since it exerts the lowest activation energy.

Dye Sorption by PP and FEP Graft Copolymers
Figures 8-11 show the dye sorption by PP and FEP grafted with PAN polymer and

PAN/PNVP copolymer as a function of time at different temperatures. It is obvious that the
dye sorption increases as the time and temperature have been increased. Such trend is
observed irrespective of the substrate and the grafting system. However, PP -g-AN possesses
higher dye sorption man PP-g-(AN /NVP)one. On the other hand, the grafted FEP with PAN
or (AN/NVP) possesses an approximately equal dye sorption of the basic dye. Arrhenius plots
of the temperature dependence of the initial rate of dye sorption by grafted PP and FEP on
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temperature are shown in Figs.12 and 13. The calculated activation energies from these plots
for the dye sorption by PP-g-PAN, PP-g-P(AN/NVP), FEP-g-PAN and FEP-g-P(AN/NVP)
were found to be 10.34,4.11,3.1 and 6.9 kcal/mol, respectively.

On the basis of the above results, several point may be concluded:
(1) The grafted polymers with either individual PAN chains or PAN/PNVP copolymer
displayed a dye sorption affinity for the used basic dye at different extents depends on the type
of the polymer.
(2) The dye sorption by the different grafted polymers with individual PAN at higher elevated
temperature and longer lengths of sorption time can be arranged in terms of colour difference
A(CD) as follows:

FEP-g-AN > PP-g-AN > HDPE-g-AN > LDPE-g-AN

(3) The results of the rate of dye sorption indicate that the grafted FEP with individual AN
monomer displayed the highest value with respect to the other grafted polymers while LDPE
possesses the lowest dye sorption. These findings are in good agreement with the calculated
activation energies in which the dye sorption reaction by grafted FEP goes with the lowest
value, whereas, the dye sorption reaction by grafted HDPE displays a relatively higher
activation energy.
(4)The relatively higher dye sorption showed by the grafted polymer with PAN/PNVP
copolymer cannot be explained until the composition of the relative grafted fractions from
each monomer are known. This is because both moites as seen before have a dye affinity for
the used basic dye, however, certainly one possess higher dye affinity than the other. The
determination of the different grafted fractions may give a better understanding for this
phenomenon.

Investigation of the Synergism During grafting Binary Comonomer
Mixtures by a Dyeing Method

The proposed dyeing method is based on different aspects
(1). All polymers under investigation are hydrophobic in nature and have no direct affinity for
any class of dyestuffs. This is due to the absence of reactive groups capable to react with the
appropriate class of dyestuffs. In accordance, the dyeability can be imparted to different
polymers by introducing suitable functional groups along the macrostructure accessible to
react with the different dyestuffs. This property can be achieved via graft copolymerization in
which new groups can be introduced.
(2) The radiation grafting of different binary monomers mixtures of AN and NVP onto the
different polymeric substrates will produce graft copolymers having different compositions of
PAN and PNVP grafts. Such composition of these graft copolymers will depend in the first
place on the synergism, i.e., the mutual effect and the respective reactivity of the two
monomers during graft copolymerization. Therefore, the estimation of such composition in the
graft copolymer will help to explain the synergism during graft copolymerization.

(3) The change in the dye affinity for the different grafted copolymers with PAN/PNVP for
basic and disperse dyes were used to determine quantitatively the graft yield fractions of PAN
and PNVP corresponding to the different grafted comonomer mixtures.
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The applied dyeability method can be explained in the following steps taking HDPE-
g-P(AN/NVP) copolymer as an example for dyeing with the Remacryl Blue basic dye. In this
method, HDPE that grafted with individual AN or NVP to different graft yields were dyed
with the basic dye. The colour difference A(CD) of the different grafted HDPE substrates was
measured and plotted against the graft yields as shown in Fig. 14. It can be seen that the colour
difference A(CD) increases gradually with increasing the graft yields of PAN. On the other
hand, the colour difference A(CD) is also increased with increasing graft yields of PNVP on
HDPE but to higher extent. These trends indicate that both PAN and PNVP grafted chains
have a dye affinity for the used basic dye.This reference curve was utilized to determine
separately the contribution of each PAN and PNVP graft fraction in the final graft copolymer
obtained by grafting of AN/NVP binary monomers mixture onto HDPE under certain
conditions. For example, HDPE was grafted by different AN/NVP compositions and the total
graft yield (TGY.s) were determined by the percentage increase in weight. The grafted HDPE
was dyed with the same basic dye and the colour difference was measured and recorded as
shown in Table 1.

Table 1. Colour Difference and Graft Yields Fractions of HDPE Grafted With
AN/NVP binary mixtures at Different Comonomer compositions of

AN and NVP ( Dyed with Remacryl Blue the Basic dye )

Comonomer
Composition

AN NVP

40% 60%
50% 50%
80% 20%

Total Graft
Yield (%)

110
123
128

Colour
Difference

(AE)
23.2
18.4
13.2

Graft Yield
Fraction of

(PAN)

75.22
86.75
82.59

Graft Yield
Fraction of

(NVP)

34.78
36.25
45.41

Grafting conditions: [FeCl3] = 0.1 (wt%), [MEK] =40%, [AN:NVP] =[40:60] = 60(wt%).

As a matter of fact, the recorded colour differences in Table 1. represent the contribution of
colour difference from both PAN and PNVP graft fractions present in the final graft
copolymer. For the HDPE sample grafted through the bath containing 40% AN and 60% NVP,
the total colour differences(TCD) is found to be 23.2. From Fig. 14, this value of TCD
corresponds to 80% graft yield of PNVP or 173% graft yield of PAN. Since, the colour
difference is an added quantity, thus, a graft copolymers of HDPE composed of these fractions
having TGY of 253% should results a TCD of 46.4. Also, a graft copolymer of HDPE having
half or double of this value should give half or double of the value of TCD too. Therefore, it
may be concluded that the mole fractions of the grafted PAN and PNVP is constant at any
condition. It follows that the mole fraction of PNVP in the graft copolymer in this case will
equal to 0.3162 while the mole fraction of PAN will equal to 0.6838. Accordingly, the true
graft yield fractions of PNVP and PAN in the used comonomer mixture will equal to 34.78%
and 75.22%, respectively. Figure 14 can again be used to determine the corresponding graft
yield fraction of PAN and PNVP for the grafting different comonomer mixtures shown in
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Table l.By applying the same procedure, the calculated graft yield fractions of PAN and
PNVP in the graft copolymer could be obtained as shown in Table 1.

It can be seen that by increasing the content of AN monomer in the binary comonomer
mixtures from 40% to 50%, the corresponding graft yield fraction of PAN is increases and
then tends to decrease by increasing its content from 50% to 80% in the reaction medium.
Moreover, it can be occluded that the presence of NVP in the grafting solution initiates the
build up of PAN grafting onto HDPE.

hi order to see the reproducibility and validity of the proposed calculation method
depending on the colour difference, the grafted HDPE films with different (AN/NVP)
composition were dyed with another class of dyestuffs (disperse dye, Samaron Red 2BSL)and
presented in Table 2. Figure 15 shows, also, the colour difference on HDPE grafted films with
individual AN and NVP to different graft yields and dyed with the disperse dye Samaron Red
2BSL. It is evident that, HDPE-g-PNVP substrate shows higher dyeability with the used
disperse dye than HDPE-g-PAN substrate. Moreover, the dye affinity for both grafted HDPE
films is much higher than their dye affinity for the used basic dye . This was obvious from the
higher values of colour difference in the latter case. These trends can be attributed to the
higher affinity of disperse dyes for synthetic groups and the hydrophobic nature of this class of
dyestuffs.

Table.2. Colour Difference of HDPE grafted with Different ComonomerMixtures
of AN and NVP, Dyed with the Disperse Dye Samaron Red

Comonomer
Composition

(AN NVP)

40% 60%
50% 50%
80% 20%

Total Graft
Yield
(%)
110
123
128

Colour
Difference

A(CD)

75.5
73.2
71.2

Grafted
Yield PAN

(%)
61.82

84.73
80.56

Grafted
Yield PNVP

(%)

38.18

38.27
47.44

Comparing the results obtained on tables 1 and 2. by applying the proposed dyeability
procedure, it can be concluded that this method is valid for the different dyestuffs used.
Moreover, the dyeability method confirm the positive synergistic effect of AN and NVP over
each other during radiation graft copolymerization.
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ABSTRACT

In the present work, a process for the treatment of Abu Tartur phosphate rock for the
recovery of lanthanides without interfering with the normal route proposed for fertilizer
production is proposed using HNO3 as a leaching agent. Further, an attempt was made to
defluorinate the leach solution in order to upgrade the fertilizer and at the same time recover
the fluorine.

A significant benefit of Abu Tartur phosphate rock processes for the recovery of the
lanthanides lies in their relatively high content (averaging 0.1112%), while the produced
fertilizer would least pollute the environment with radioactive materials due to the low
uranium content(averaging 25ppm). A further advantage of phosphate rock as a source of rare
earth products is the absence of radioactive thorium, the safe disposal of which is vexation to
monazite-based processes.

Key Word: Abu Tartur Phosphate Rock /Defluoration /Solvent Extraction /Lanthanides.

INTRODUCTION

The working sample was collected from the experimental mine of Abu Tartur plateau
and which has been, prepared as an international standard (Phosphate-3 by the Nuclear
Materials Authority)11'' It represents the average composition of the main phosphate bed(9m
thick) belonging to the "Duwi Formation" of the Upper Cretaceous to Lower Tertiary age.
The phosphate occurs in the form of marine skeletal and non-skeletal fragments composed
mainly of carbonate fiuroapatite which is traditionally known as francolite. Most of their
content of the trace elements have been uptaken during diag'enesis i.e. post deposidonally*2''

Eleven elements of the rare earth group plus yttrium have been estimated to be
1112.8ppm with a remarkable enrichment of the LREEs over the HREEs by a factor of about
7(Table.l). The low content of uranium in Abu Tartur phosphate rock(averaging 25ppm) is
significant compared to domestic phosphate deposits and is most probably due to post
depositional leaching0*

EXPERIMENTAL

Analysis

For analytical control during processing of the working sample, a simple and rapid
method for the determination of the total lanthatiides without the need of expensive
equipment was used. In the present work the total rare earth elements was determined by
titration against a 0.01M EDTA solution (sodium salt)using pyridine(pH=6-7) and arsenazo-I
as indicator''. A mean formula weight of 332 was assumed for the total rare earth
e!ements(Ln;O3). based on the expected distribution of the individual elements in Abu Tartur
sample.
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All other elements were analyzed by atomic absorption except fluorine which was
analyzed by an ion selective electrode whereas the nature of the final product was identified
by X-ray diffraction.

Dissolution

The rock sample was dissolved in the required stoichiometric amount of HNO3 and
the slurry was filtered to remove the insoluble siliceous gangue materials.

Defluoration of the Leach Solution

The nitrophosphate solution was defluorinated by the addition of a calculated amount
of NaN03 at 70°C while agitating.

Separation of the Lanthanides 4

The nitrophosphate solution was adjusted to pH=l by ammonia and its lanthanides
content was then extracted with tributyl phosphate in a single stage at an organic/aqueous
phase ratio of 1:1(3). The organic phase was then scrubbed with limited amount of hot water
to remove the impurities that have been extracted with the lanthanides. The lanthanides
content was afterwards stripped with 0.05NHNO3 at 70°C in two stages at an organic/aqueous
phase ratio of 1:1. This strip solution was then subjected to precipitation of the lanthanides
by oxalic acid at pH=l, then precipitate washed and ignited at 1200°C to an oxide
concentrate. The filtrate from oxalate precipitation could be combined with the phosphoric
acid solution to recover its phosphate content.

The nitrophosphate raffinate solution after extraction of the lanthanides was then
treated in the usual way to produce the fertilizer i.e. cooling to -5°C to crystalline
Ca(NO3)2.4H2O which is removed by the centrifugation whereas the phosphoric acid is
neutralized by ammonia to form ammonium phosphate fertilizer.

. RESULTS AND DISCUSSION

Dissolution:

The leaching of phosphate rock sample with nitric acid was found to be more
effective than sulfuric acid under comparable conditions. In the wet phosphoric acid process
based on sulfuric acid attack of phosphate rock only 25% ofREEs are solublized while in
nitric process complete solubilization is attained(4). Alternatively, if complete dissolution of
the lanthanides occurs in the phosphoric acid produced by sulfuric acid, they will be mostly
lost in the co- produced gypsum(5).

Defluorinarion of the leach solution

The presence of fluorine in the nitrophosphate solution does not only contaminate the
fertilizer produced but also lower its grade. It was therefore thought that removal of this
fluorine would the beneficial to the quality of the fertilizer and would also be a way of
conserving natural resources if this could be recovered in a useful fonn(6\ In Abu Tartur
phosphate sample contains about 2.80% fiuorine(Table.l). During its leaching with nitric
acid 80% of its content was volatilised as Hf and SiF4, and which have to be recovered in
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Table( 1) Chemical Composition of Abu Tartar Phosphate Rock
[Phosphate-3](l)

(A-Major and Minor Elements) (B'Trace Elements)

Component
SiO2

A12O3

Fe2O3

MgO
CaO
Na2O
K2O
H2CT
H2O+

TiO2

P2O5
MnO
CO3

C-residual
Cl
F

SO3

Weight %
6.86
1.30
4.44
1.21

41.81
1.08
0.13
1.54
2.51
0.72

26.52
0.143
5.29
0.75
0.033
2.80
9.54

Element
Cr
Ba
Rb
Sr
V
Zn
B
Co
Sc
Sn
Zr
Hf
Th
U
La
Sm
Gd
Eu

ppm
56.90
199.99
90.0

1558.4
70.50
140.40
13.00
9.30

24.70
16,20
13.80
1.90
15

25.0
174.2
39.0

43.10
9.90

Element
Tb
Yb
Ce
Nd
Lu
Se
Nb
Dy
Pr
Pb
Cu
Ni
Sb
Y
Be
Cd
Er
AS

ppm
4.8
17.2

315.3
183.6
1.9
6.1

0.22
39.2

25.8
12.8
27.1
0.24
280
4.5
3.3
4.5
30.5

industrial installations. The remaining part was thus removed by addition of NaNC>3
which was effective in precipitation of sodium fluorosilicate according to;

iF6
2--> NaSiF6+2NO3-

Sodium fluorosilicate may be a starting material for the preparation of cryolite Na3AlF6, an
important reagent in the electrolytic production of aluminum.

Separation of the Lanthanides

It is well known that rare earth cations [Ln3] can be extracted from nitrate media by a
neutral organophosphorus compound(L) according to the following general mechanism:

Ln3++3NO3>3I/= Ln(NO3)3L3

where bars denote the presence of the species in the organic phase . It is clear from the above
equation that extraction increases with increasing the aqueous nitrate concentration. Two of
the best known commercially available extractants of this type are tri-n-butyl
phosphate(TBP) and di-n-butyl phosphate(DBBP)(7).

In the present work, tri-n-butyl phosphate was used. The lanthanides are known to be
extracted from the nitrophosphate leach solution (Table.2), when the free acidity is as low as
possible(5). This can be achieved by adding ammonia until a precipitate is just about to be
formed. This was found to take place at a pH of about 1. The lanthanides were then almost
completely extracted by TBP in a single stage an organic/aqueous phase ratio of 1:1. Then,
scrubbing of the organic phase was performed in two stages with a limited amount of hot
water to remove the coextracted impurities. The extracted Ianthanides was then stripped with
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hot 0.05 N HNO3.. It was found that a two stage stripping at an organic/aqueous phase ratio
of 1:1 at 70°C, removed all the lanthanides from the organic phase.

Table(2) Typical Analysis of Nitrophosphate Solution
(Leaching Solution)

Component
P2O5

Ca
Mg
Fe

Ln2O3

U
NO3

Amount(%)
22.9
29.8
.58
1.83

.1107

.0025
41.2

On the other hand, appreciable amounts of Ca2+! NO3-, H2PC4 and other impurities
are coextracted with the lanthanides whether during extraction or during striping. Indeed, all
of these except calcium are separated by an oxalate precipitation of the lanthanides at a pH of
about 1. Thus excess oxalic acid was added and the mixture was stirred for Ih and the
precipitate was filtered, washed with water, dried in air and ignited at 1200°C to oxides. The
obtained experimental results show that an excess of H2C2O4 is favorable for the elimination
of Cr(III), Ti, and Fe(III) as well as Zr, Al, Ta, and UO?2" In a typical test, the weight of the
oxide concentrate obtained represented 4% of the weight of the phosphate rock treated which
agree with the work of Habashi(1996) on Florida phosphate rock(3> Analysis of the
concentrate produced from Abu Tartur phosphate rock was found to give 96% CaO, 2.8%
Ln2O3) 0.6%P, 0.009%Fe. This indicates that almost complete recovery of lanthamdes content
in Abu Tartur phosphate rock sample have been obtained. Also, the oxide mixture was
identified by X-ray diffraction to be mainly CaO, CaY2O3, Ce2O3 and other minor
unidentified peaks supposedly due to other oxides of the lanthanide group(Table.3)

Table (3) X-Ray Diffraction Data Of the Oxide mixture

Oxide Mixture
Sample

dA°
4.34
3.10
3.07
2.77
2.62
2.40
2.28
1.92
1.86
1.71
1.68
1.59
1.55
1.47
1.45

I/Io
16.7
30
50
32
34
100
5.3
24

31.9
18
17
30
2
8

5.3

CaO ( ASTM Card
No.4-0777)

dA°

2.77
2.405

1.701

1.451

Mo

34
100

45

10

Y2O3(ASTM Card
No.5-0574)

dA°
4.34

3.06

2.65

2.26

1.599
1.531
1.47

I/Io
16

100

30

8

46
5

31
6
1

CeO2 (ASTM Card
No.4-0393)

dA°
3.12

2.70

1.91

1.63

1.56

I/Io
100

29

51

44

5
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In a trial to separate the CaO content which represents the built of the obtained rare
earth oxide concentrate(96%), the latter was slurred in water and neutralized to pH 7 with
nitric acid where most Ca dissolved as nitrate. The latter was then filtered and the
undissolved rare earth oxides was washed, dried and analyzed(Table.4). From the table, it is
clearly evident that the final product assays 96.4% Ln2O3.

Table(4) Composition Of The Rare Earth Oxide Mixture

Component
Total REES

Na
Mg
Al
Si
K
Ca
P

Amount(%)
96.4
..002
.002
.001
.0003
.002
.06
.016

Component
Mn
Fe
Co
Ni
Ti
Zn
Cd
Ba

Amount(%)
.003
.006
.0001
.0001
.0001
.0002
.0001

. .002

GENERAL FLOW CHART OF THE PROCESS

The investigated described allow proposal of a general flowchart for the process of
production of the rare earth oxide mixtures from Abu Tartur phosphate rock fig(l). The
production may be subjected to subsequent processing to obtain individual rare earth
compound.
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ABSTRACT
The WL is a residual liquor from the sulfur precipitation plant at the Cuban

Nickel Company. The waste solution contains light and heavy metals. Among them the
aluminum has the highest concentration. The possibility of Al recovery was studied
using a solvent extraction (SX) process. A 1 mol/L kerosene solution of DEHPA was
used as solvent The SX of Aland other metals contained in the WL was studied. A
mathematical model to describe the extraction process of Al was obtained and
experimentally verified. The maximum loading capacity of the solvent and the phase
separation rate was experimentally determined. Finally, a scheme for recovery
aluminum from the WL liquor was proposed.

Key Words: Aluminum! Recovery I Solvent Extraction

INTRODUCTION

The Waste Liquor WL is obtained as a residual from the Nickel Company "Pedro Sotto Alba" in
Moa. It represents an extraordinarily harmful action on the flora and the marine fauna of this zone
because of its high acidity (pH = 1.2-1.4). Twelve thousand cubic meters of WL are discharged per day
to the sea. This residual contains valuable metals and it is the principal source of contamination in this
region in the north of Holguin. Seventy two tons of Al, 48 tons of Cr, 15 tons of Mn and 30 tons of
sulfuric acid are discarded in the waste solution. For this reason intensive studies have been developed
in order to reduce the contamination action of the WL and recover some elements contained in it. The
chemical composition of the WL liquor is shown in table No.l.

Table No.l
Component'

AI
Cr
Mn
Fe
Ni
Co
Zn
Ms
Ca
H2S

Free acidity
pH

Concentration - -
•'- fc/L> -^

5-6
0.4 0.6
1.2 1.6
0.3 0.5

0.04 0.09
0.004 0.01

0.1 0.2
2 3

0.4 0.5
0.15

8
1.2 1.4
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Different options for the treatment of the WL have been studied and reported by several authors
n-6> Labadie and Garcia(S) have proposed the liquor neutralization with pulp of coral silts and lime
grout. In the first step of this process the free acid is eliminated by neutralization up to pH=3. This way
a calcium sulfate precipitate (gypsum) is obtained and it remains a liquor with an Aluminum
concentration between 5 - 6 g/ L. The chemical characteristics of the new waste liquor are similar to the
initial conditions reported by Ritcey (1) for a solvent extraction process for recovery Al. The Solvent
Extraction method is very adequate for residual treatment and isolating metals. The aim of the present
work is to define a scheme to recover Aluminum from the neutralized WL liquor using liquid-liquid
extraction process. The final product should be a 75% purity Aluminum chloride.

MATERIALS AND METHODS

Materials
t. - Standardized EDTA solution (0.01 y 0.1 mol/L)

- Standardized ZnSO4 solution (0.01 y 0.1 mol/L)
- Eriochrome black T indicator
- Ammonium Buffer (pH=10)
- Mechanic agitator MLW, model ER-10
- Magnetic agitator with hot plate

Atomic Absorption Spectrophotometer, PYEUNICAN
- A12(SO4)3.16 H2O (AnalaR)
- MnSO4. 4 H2O (Pekings Reagents)
-NiSO4.6H2O (AnalaR)
- CoSO4. 7H2O (Reachim)
•ZnSO4.7H2O (AnalaR)

MgSO4.7H2O (Merck)
- K2Cr207 (Reachim)
- ( N R ^ F e ^ O ^ . 6H2O
- DEHPA (Indian Rare Earth Ltd.)
- Kerosene

All chemicals were reagent grade and they were used without further purification.

Preparation of synthetic WL
In order to obtain a synthetic solution of the WL it was necessary to prepare stock solutions of

each component present in this residual by dissolving the corresponding salt into water. Then the stock
solutions were mixed in the following order until a homogeneous mixture was obtained:

• Al... from the salt A12(SO4)3. 16 H2O
• Mn... from the salt MnSO4. 4 H2O
• Ni.. . from the salt NiSO4. 6H2O
- Co... from the salt CoSO4. 7H2O
- Zn... from the salt ZnSO4. 7H2O
• Mg... from the salt MgSO4. 7H2O
- Cr ... a potassium dichromate solution was prepared. Because of the high redox potential of

chromates and dichromates in acid medium, a great number of agents can easily convert
Cr to trivalent state (Cr3*). Since tartrates, sugars and polyhidroxyl compounds form
generally stable complexes with Cr3+, sugar was added to the K2Cr207 solution. Thereby
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a green dark solution of Cr3* was obtained, and it was also added to the previous mixture,
taking the synthetic liquor WL a greenish coloration.

- Fe ... Finally Fe was added as aqueous solution prepared from the Morh salt. It was necessary
to keep the pH of the solution around 3 to avoid the oxidation of Fe2+ to Fe3+.

Once all stock solutions were added to the mixture, distilled water and a sulfuric acid solution
were continuously added until the required pH and volume were reached. Thereby 9 liters of WL
synthetic solution at pH = 3 were prepared for extraction studies.

Analytical Methods
The complexometric method(7) was used for analytical determination of Al in the single-component

extraction studies. The other metals were analyzed adding to the samples EDTA and the excess EDTA
was titrated with zinc sulfate solution(8). The Atomic Absorption method was used for analytical
determination of each element in the WL, raffinates, scrubbing and stripping solutions. The free acidity
of the* aqueous samples was determined using potentiometric titration(9). The research methods used in
the work are described in the next section.

EXPERIMENTS AND RESULT DISCUSSION

Choice of the extractant
Although solvent extraction have been extensively studied for recovering and purifying metallic

elements, the selection of extractant is a very crucial problem. Cation-exchanger extractants are used for
this purpose. Aluminum can be extracted from a sulfate media essentially free of ferric iron, with a
kerosene solution of an alkyl phosphoric acid. Considering the availability of di-2-ethyl hexyl
phosphoric acid (DEHPA), its effectiveness for isolating metals and some reported data (10 'n\ this
solvent was selected as extractant for Al recovery from the waste liquor. Some extraction tests of Al
with a 1 mol/L DEHPA in kerosene were carried out in order to define a mathematical model to describe
the process. The mathematical models for the distribution ratio of other elements present in the WL
(Co, Ni, Mg) were previously reported (12). These models can be used for accurate distribution
predictions in future studies with real solutions.

Solvent Extraction of Al with 1 mol/L DEHPA in kerosene
Equilibrium distribution ratio (Kd) of a metal in the extraction from an acid medium using

DEHPA as extractant depends on the initial concentration of the metal and the free acidity in the
aqueous phase, according to the expression(13):

Kd = A (BH> (1)

where: A,B - constants, that depends on the metal initial concentration.
H - acidity of the aqueous phase before the extraction.

The distribution ratio of Al was determined by the batch solvent extraction method, 20 ml each of
organic solvent of 1 mol/L DEHPA in kerosene and aqueous aluminum sulfate solution contained
predetermined concentration of Aluminum and acidity were transferred to a separatory funnel and
shaken vigorously for a minute. After phase separation the aluminum concentration in the raffinate was
determined. The aluminum concentration in the organic phase was estimated by difference. The initial
metal concentration and acidity using for this study as well as the obtained equilibrium distribution ratio
are reported in table No.2. From these data unknown constant A and B of the equation (1) for each
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initial Aluminum concentration were determined and listed in the table together with the correlation
coefficient (r).

Table No.2.- Solvent extraction of Al with 1 mol/L DEHPA in kerosene.

Initial Al
Concentration

fe/L)

0.18

0.37

0.54

0.70

0.84

1.82

3.67

5.59

7,13

Initial Free Acidity
(mol/L)

0.00002
0.00003
0.0011
0.026
0.087
0.0001
0.0002
0.0014
0.023
0.093
0.0003
0.0011
0.039
0.093
0.0003
0.0004
0.0015
0.02
0.11

0.0003
0.0013
0.014
0.13

0.0005
0.0016
0.027
0.074
0.0009
0.0029
0.056
0.11

0.0009
0.0022
0.021
0.11

0.0005
0.0012
0.0019
0.007
0.11

Equilibrium
distribution ratio

Kd
17.20
11.60
10.01
2.10
0.31
6.21
4.66
3.28
1.88
0.24
1.93
1.54
1.08
0.48
1.54
1.14
1.06
1.11
0.23
0.99
0.67
0.92
0.13
0.51
0.47
0.35
0.22
0.24
0.21
0.16
0.09
0.18
0.16
0.13
0.07
0.24
0.14
0.12
0.1
0.09

A and B Coefficients

A =13.51
B = - 95.31

r = 0.94

A = 4.89
B = - 45.6
r = 0.91

A =1.79
B = -13.38

r = 0.97

A =1.28
B = -13.3
r = 0.91

A = 0.9
B = - 11.86

r = 0.90

A =0.49
B = -11.13

r = 0.99

A =0.23
B = - 6.59
r = 0.98

A = 0.18
B = - 9.44
r = 0.99

A = 0.15
B = - 4.35
r = 0.94

According to these results the coefficients A and B can be expressed by the following
expressions, like functions of the initial Al concentration:
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A = 0.004. Cum

B = 0.161. CU 7 3

(2)

(3)

Where C - Initial aluminum concentration in the aqueous phase. It has to be expressed in mol/L in
the mathematical model.

Replacing the equations (2) and (3) in the equation (1), the mathematical model for distribution
ratio of Aluminum in 1 mol/L DEHPA in kerosene and sulfuric acid extraction system was obtained:

Kd = 0.004 • C"1-608 • exp (0.161 (4)

Using this expression (4) it is possible to predict the equilibrium data under any new initial
extraction condition within the studied range of concentrationSj

Solvent extraction of Zn k Mn
Single - component extraction studies of Zn and Mn were carried out to define the extraction

efficiency for the elements present in the WL by DEHPA The other components of the WL (Co, Ni,
Mg) have already been studied(12). The chromium is not extracted by DEHPA(14). Stock solutions for
these tests were prepared with the metal concentration in the range corresponding to its concentration in
the WL and pH=3. The experiment results are given in table No.3.

Table No.3.- Equilibrium distribution ratio of the metals present in WL with 1 mol/L DEHPA
Component

Zn
Mn
Mg
Co
Ni
Al

Initial Metal Concentration
fe/L)
0.2
1.4
2.5

0.007
0.06
6.0

Kd

6.65
1.06
0.24
0.15
<0.1
0.31

According to the obtained distribution ratio (Kd) for each metal, the extraction efficiency for
elements by DEHPA is in the order:

Zn > Mn > Al > Mg > Co > Ni > Cr

From this series it is appreciated that extracting aluminum from the WL with 1 mol/ L DEHPA
in kerosene, Zn and Mn can also be extracted as well as the other elements but in lesser proportion.

Stripping process of Zn. Mn from the loaded organic phase
The extracted elements were recovered from the organic phase by back extracting with 2 and 6

mol/L HC1. The raffinate samples were analyzed. The obtained results are given in table No.4. It is
visualized in the table that Zn and Mn extracted to the organic phase were partly stripped with 2 mol/ L
HC1, the remained metals were stripped with the more concentrated solution (6 mol/ L). The raffinate
solution from the stripping process with HC16 mol/ L will contain aluminum with some impurities of
Zn and Mn. This requires a further stripping study. The other elements (Mg, Co, Ni), that may have
been extracted, are totally removed from the organic phase scrubbing it with 2 moV L acid solution.
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Table No.4.- Stripping study of Al, Zn and Mn from loaded organic phase with HC1
Metal

Al
Zn
Mn

Metal
concentration in
Organic Phase

(R/L)
1.62
0.19
0.71

Stripping with HC12 mol/L
Metal cone, in
Aqueous Pfease

fg/L)
0.03
0.1
0.3

% Striped

1.85
52.6
42.8

Stripping with HC1 6 moi/L
Metal coac. in
Aqueous Phase

te/L)
0.76
0.19
0.7

% Striped

46.9
100
100

Counter-current solvent extraction study with three stages
A counter-current extraction system with three stages and a phase ratio O/A = 50:50 was studied.

Separatory funnels and beakers were used to simulate mixers and settlers. The extraction scheme is
shown in Fig.l.

DEHPA 1 mol/L

r ,:«
Stage;

3 '

Loaded DEHPA (extract)

Raffinate Initial Solution WL

Fig.l Flowsheet of the Counter-current extraction process with three stages.

The Aluminum concentration in extract and raffinate after each cycle was determined. The results
are shown in table No.5. The previously obtained mathematical model (4) for Al extraction with
DEHPA was verifying in the third cycle of this experiment. The coincidence between the calculated
using mathematical model and the experimental results are very good. It is visualized in table No.5.

Table No.5.- Aluminum concentration in extract and raffinate during the counter current solvent
extraction with DEHPA

Cycle No.l
Cycle No.2
Cycle No.3

Model output
(after 3rd cycle)

Al concentration in organic phase

fe/L)
1.08
1.19
1.49

1.52

Al concentration in raffinate
<ZfL)
4.01
3.70
3.60

3.45

Definition of the loading capacity of the extractant
The loading capacity of the extractant is an important parameter for any extraction system.

Figure 2 exhibits the loading capacity of DEHPA 1 mol/L. It is visualized that between the fifth and the
sixth contacts there is not appreciable variation in the aluminum concentration in the organic phase.
Thereby it was determined that the loading capacity of DEHPA 1 mol/L is 2.45 g/ L of Al.
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Al cone, of in organic phase
te/U

Number of contacts

Fig. No.2.- Determination of loading capacity of the solvent

Phase Separation Rate
The phase separation rate is an important aspect for designing solvent extraction equipment,

mainly the settlers. This is also an indispensable criterion for an economical analysis of the process. The
retention time of the particles in the settler will be greater if the phase separation rate is slower. This
implies a greater dimension of the settler, so the cost of the equipment will be increased. The phase
separation rate is determined using the dynamic method described by Koppiker(13). The results are
shown in the fig.3. This figure demonstrates that the dispersion will disappear and aqueous and organic
phases will be totally separated after 1 minute 40 seconds the shaking have been stopped.

Dispersion
High (mm) Organic Phase

Aqueous Phase

0 20 40 60 80 100 120 Time(s)

Fig.3.- Definition of the time for phase separation

Definition of the extraction scheme
Once the main extraction studies of aluminum and other elements present in the WL liquor were

concluded, a solvent extraction scheme was developed. The mathematical models of each element were
used for equilibrium distribution predictions of metals under different extraction conditions (metal
concentration and acidity of the medium). Main parameters that influence in the extraction process were
optimized using an experimental design. The studied parameters were:

- Volume of the organic phase
- Volume of the initial aqueous phase
- Volume of the scrubbing solution
- Number of extraction stages
- Number of scrubbing stages
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The first 2 parameters define the phase ratio to be used in an extraction process. This ratio can
not be lower that one because it is not effective in the process, neither very high because the other
elements of the WL may be extracted and it influences negatively in the purity of the obtained
aluminum. The more feasible phase ratio was two.

Extraction of Aluminum with DEHPA involves an exchange of aluminum ions for hydrogen ions,
so the acidity in the aqueous phase will be increase after the extraction process and the distribution ratio
for the next extraction stage will be lower. Since the extraction efficiency in the last stages will be very
low a high number of extraction stages is not recommended. Efficient extraction of Al is obtained only
in the p range 2.8-3.2(U). It was verified that only two extraction stages are needed.

Concerning the scrubbing process, it is not convenient more than one stage, because the
aluminum may be stripped. This process is, however, necessary in order to remove the impurities of Ni,
Co and Mg that were extracted to the organic phase.

In order to recover the aluminum from the organic phase it was stripped with 6 moI/L HC1
solution at a phase ratio O/A = 10:1. A 95% of aluminum will be transferred to the aqueous phase. The
Zn, Mn and Fe present in the organic phase were also stripped with the Al. This fact should be the
object of future studies.

Finally the extraction circuit will comprise the following stages:
-Two extraction stages at a phase ratio O/A = 2
-A scrubbing stage at a phase ratio O/A = 5
-Three stripping stages at a phase ratio O/A = 10.

The scheme is illustrated in Fig. 4

Recycled 1 mol/L DEHPA

Feed Solution
Liquor WL

(5.15g/LAI)
HCl

(6 mol/L)
> t

Raffinate
(2.4g/LAI)

Scrub
Raffinate (2.1 g/LAI)

Aluminum
Chloride (25 g/LAI)

Fig.4.- Solvent extraction scheme for recovery Aluminum chloride with DEHPA

If the proposed scheme is used with a feed solution flow of 12 000 m3 per day, 116 tons of Al
will enter in the extraction circuit. After two extraction stages 62 tons of Al will be transferred to the
organic phase and after scrubbing and stripping processes it is possible to recover 52 tons. It represents
a 44% yield. It means that around 56% of aluminum will be lost daily. For this reason it was
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recommended to study the extraction of aluminum from the WL liquor, using as solvent DEHPA
converted to the calcium sail(11> to increase the efficiency of the process.

CONCLUSIONS

• The studies have shown that it is possible to recover Al from the WL residual using di-2ethyl
hexyl phosphoric acid (DEHPA).

• A extraction scheme for aluminum recovery from the WL was proposed using a 1 mol/L kerosene
solution of DEHPA as extractant. The extraction circuit will comprise: two extraction stages, one
scrubbing and three stripping stages.

• A 75% purity aluminum chloride solution was finally obtained. The yield of the whole process
was around 44%.
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ABSTRACT

This work contains results of theoretical and experimental investigations of possibility to ap-
ply industrial ionites of different kinds for recovering complex cyanide of some d-elements (Cu,
Zn and so on) and free CN-ions with purpose to develop technology and unit for plating plant
waste water treatment Finally, on basis of experimental data about equilibrium kinetic and dy-
namic characteristic of the sorption in model solutions, strong base anionite. in CN- and OH-
forms was chosen. This anionite has the best values of operational sorption uptake. Recommenda-
tions of using the anionite have been developed for real cyanide-contained wastewater treatment.

Key WordsiCyanide Contained Wastes/Electroplating Waste Treatment/Industrial Ionites

One of the main sources of high-toxic cyanide and heavy metal intakes in the Environment is waste
water of electroplating industry.

Current technologies of cyanide-contained waste water sterilization and recovery of valuable com-
ponents from the wastes are based on use of electrochemical, membrane, ion-exchange, biochemical,
reagent and others methods.

It is need to say that, in connection with necessity of creation of low-waste and non-waste tech-
nologies, including the discharge solution regeneration and the component recovery, the range of ion-
exchange application will be expanded in the near future and one of the ways is establishment of modu-
lar ion-exchange units involving in the operational technological mechanism.

and importance. But, although the ion-exchange resins are common in others industries, their applica-
tion for waste water treatment is problematic due of ion-exchange thermodynamic constant deficiency,
difficulties in calculating of the chemical potentials in the such complex multicomponent solutions as the
waste waters, and their chemistry and volume variety

On purpose to improve the technology and to develop the local unit for plating industry waste wa-
ter treatment, the theoretical and experimental investigation of possibility to apply industry ionites of
different kinds for recovery of complex cyanides of some d-elements (Cu, Zn and so on) and free CN-
ions was carried out.
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It was revealed from the analysis of cyanide compound stability constants that metal ions, being
subject to recovery, are presented in the real solutions as polyatomic anions. Therefore, anionites with
various basic capacity and in different forms- SO42-, C1-, CN-, OH- were studied.

As a result of the study experimental data of equilibrium, kinetic and dynamical characteristics of
the sorption process were received and, finally, strong base anionite of CN- and OH- forms was chosen.

The technological parameters of the sorption treating for the chosen sorbents were determined from
the process of the real cyanide-contained waste water treatment on a bench-top sorption column with
diameter 25 mm and height 500 mm in dynamic conditions.

Desorption of the cyanide compounds was conducted with using 3-5 % solution of sulfaric acid
and with inputting oxidizer for destruction of the cyanide compound of Cu (I), taken by the sorbent. The
solution delivery rate was 1 volume of the waste water on 1 volume of the sorbent per hour, t=50-60°C.

The method of desorption allows recovering and concentrating copper, zinc and cyanide-ion in the
small volume (5-8 column volumes). During the desorption, cyanide hydrogen is escaping due the inter-
action between saturated ionite and sulfaric acid. A lot of the cyanide hydrogen is trapped and returned
into the main technological process.

As the example, there are results of the cyanide-contained water waste treatment, shown in the ta-
ble 1 30 14, C 4 0 , 2 Fe,Co,Ni-8.

Table 1

Values of the sorption treatment of the cyanide-contained water waste with the chosen ionite.

I. Sorption

Elementary
component

Cu.mg/l

Zn, mg/1

CN-, mg/1

Number of delivered volumes

50

H/O

H/O

0,5

100

H/O

H/O

5,1

160

H/O

H/O

11,4

180

0,1

H/O

15,6

220

0,2

H/O

29,1

240

0,4

H/O

34,5

260

0,9

H/O

39,7

280

1,6

H/O

40,0

300

3,0

0,1

40,0

340

8,1

0,2

-

360

16,0

0,4

-

380

24,0

0,8

-

400

30,0

1,5

II. Desorption

Elementary
component

Cu,mg/1

Zn,mg/1

Number of delivered volumes

1

25

9

2

14

6

3

120

290

4

250

115

5

2800

1800

6

2700

1420

7

1400

900

8

420

120

9

180

120

10

50

1,5

11

10

0,8

12

5

0,3

Thereby, as result of the investigations, process conditions and parameters (table 2) of the cyanide-
contained water waste treatment with usage of the certain ionite were determined.

Table 2
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Technological parameters of the sorption treatment of the cyanide-contained waste water

Action

1.Sorption

2.Desorption

3.Water cleaning

4.Alkali
treatment

Process conditions

T=5-300C; CCu=20-50mg/l, CZn=5-30 mg/1, CCN=30-40 mg.l; solution deliv-
ery rate - 0,5-10 vol./vol. of the sorbent per hour

T=40-60oC; CH2SO4=30-50 g/1; desorbent delivery rate - 0,5-1,0 voL/vol. of the
sorbent per hour; solution yield - 5-8 column volumes

T=20-40oC; water delivery rate - 5-10 vol./vol. of the sorbent per hour; water
volume - 2-4 column volumes

T=20-40oC; CnaOH=20-40r/ji; solution delivery rate - 3-5 vol./vol. of the
sorbent per hour, solution volume - 3-4 column volumes

Literature

1. M.A.Meretukov, A.M.Orlov. "Noble Metal Metallurgy (foreign experience)", M. Met-
allurgy, 1990,416 p.

2. lone-exchange Materials for Hydrometallurgy, Waste Water Treatment and Water
Conditioning , Directory, 4th edition, M., VNIIHT,1989.
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TREATMENT AND DISPOSAL OPTIONS FOR OIL
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I.ABSTRACT

The presentation discusses the origin of NORM in gas and oil
industries and the hazards arising from working with Natural
Occurring Radioactive Material. This paper illustrates the positive
steps taken related to personnel health, environmental impact, the
extent of the problem, prevention and controlling, as well as handling
and disposal control of radioactive material . The study aims at
avoiding the release of contaminated substances into the surrounding
environment and at taking radiation protection measures in order to
prevent and / or limit the radiological risk involved in routine
maintenance operations.

2 . INTRODUCTION
Naturally Occurring Radioactive Materials, commonly known as
NORM, are present in varying concentrations in hydrocarbon
reservoirs in a number of areas of the world, specifically the North Sea,
Gulf coast, Alaska, and Western Canada. The petroleum industry has
recognized that these materials can give rise to radioactive scale during
oil and gas production. The radioactivity of the scale is the result of the
co-precipitation of Radium from the hydrocarbon reservoir with
Barium , Calcium and Strontium sulphates or carbonates. Scale
formation occurs from one or & combination of several factors including
the mixing of incompatible formation water with injection water or
from of changes in temperature, pressure , PH, flow rate and regime
during fluid production. The scale, emits alpha , beta and gamma
radiation which poses problems when equipment containing radioactive
scale has to be handled or removed from service.

EG0000247
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3 . NORM SCALE PREDICTION AND INHIBITION
Diagnostic method and tool have been used to predict & identify causes
and potential locations of NORM, to recommend a proper program to
mitigate tllie NORM problem and to reduce the need for the costly
handling and disposal of waste.
3.1. SCALE PREDICTION. The two main components of scale
prediction are :- the proper characterization of the chemical
composition of the various water ( e.g. formation, sea water and
workover brines ) and the validity of thermodynamic calculations that
used to perform scale precipitation .Although the potential for NORM
scale was high when mixing seawater with formation water, NORM
scale was not observed in producers because the seawater was injected
into the aquifer zone.
3.2. SCALE INHIBITION. An inhibition program is recommended to
avoid BaSo4 scale and consequently NORM scale, either remove sulfate
from seawater before injection or use scale inhibitors in the mixing
zones. The use of sulfate-removal selective membranes costs were
relatively high and this approach was not used, therefore the inhibition
program was assumed to be effective, inhibition squeezes were
performed on an offshore platform with the phosphoric acid inhibitor
and a self-neutralizing acid process squeeze.

4. SCALE HAZARDS
Radiation usually does not present a health hazard to the public or to
the majority of employees unless inhaled, ingested, or absorbed into
human tissue, however, during well workover, maintenance, equipment
handling or repair and vessel entry employees may have direct physical
contact with radioactive scale and sludge. Therefore, safe system of
work and proper procedures are required which recognize the hazards,
protect the employees from harmful exposure, minimize interference
with the environment and conform to government regulations . Alpha,
beta, and gamma are the three types of ionizing radiation emitted from
radioactive scale. Gamma radiation can penetrate the steel walls of
vessels or pipes, however, the external hazard due to gamma radiation
from scale inside plant equipment is very small. Alpha and beta
radiation do not pose external radiation hazards outside production
and process equipment as they are stopped by the equipment wall. The
radium contained in NORM causes the emission of radon gas. Radon-
222 has a half-time of 3.42 days and through subsequent
transmutations produces a series of radionuclides. Of these
radionuclides polonium -218 and polonium -214 are of great

1398



radiological importance since, being transported in the dust, they may
reach the respiratory system and cause irradiation to the bronchial
fiber.

5. RADIOACTIVITY MEASUREMENTS
Radioactivity is measured and reported in various forms, the original
unit is Curie , it defined as ,1 Curie ( Ci) = 3.7 X 1010 disintegration
per second . The Curie is a rather large unit and more recently the
Becquerel has been adopted , defined as,
1 Bequerel (Bq) = 1 disintegration per second. The measurements
for personal is the measurement of resultant damage when radioactivity
is absorbed within a living tissue. The measurement units of
radioactivity energy per unit weight called Rad, Rem and Seivert ( Sv)
where 1 Sv = 100 rem.

6. NORM EXISTENCE
Radiometric survey had been done by means of AGEP (National
Institute of Radiation Protection) in 1994 and A.E.A. (Egyptian Atomic
Energy Authority), confirmed the significance of NORM in many
components of installation. Gamma spectrometric and radio-chemical
analysis were made to allow a general classification of the various
matrices ( sludge , scales , water ) on the basis of the contents of
radioactive elements.
6.1. GAMMA DOSE RATE SURVEY. Measurements were made at
different points on contact with each individual component. This
information makes it possible not only to monitor the evolution of the
phenomenon but also allow suitable scheduling of maintenance job at
the installation and application of radiation protection procedures as
illustrated below . The measurements results indicate the presence of
NORM in the tanks, heat exchanger, separators, desalters, ect.
6.2. RADIO-CHEMICAL ANALYSIS .Samples of different matrices
(sludge, soil, scales, water etc.) must be taken around the installation
area for analysis to determine the content of radioactive elements.
Radiochemical analysis will show if the samples contain radioactive
elements such as ( Th & U & Ra ) or not.

7. DISPOSAL OF CONTAMINATED EQUIPMENT
Any equipment at which radioactive scale is found cannot be re-used
until decontaminated ,a proper record should be kept noting the
radioactivity level and safe disposal options must be considered.
Disposal of contaminated pipes within abandoned wells as the most
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environmentally sound option posing the lowest risk to personnel
involved in the disposal process, according to American petroleum
Institute instruction . To allow normal disposal the radioactivity level of
the equipment should be reduced by means of clean or scale removal
procedures. Cleaning procedure is a mechanical cleaning and
radioactive decontaminated foams leads to nil radiation levels, and the
removed scales should be loaded in sealed canisters for down hole
disposal.
l.l.CLEANING PROCEDURES. The cleaning of contaminated
equipment must be conducted in a controlled environment that
eliminates the escape of dust and scale. Safe and proper work
procedures are absolutely essential. The following operating guidelines
and radiation protection procedures should be considered in presence
of NORM and when dealing with removal of contamination.
7.2. OPERATING GUIDELINES FOR ACTIVITIES . The aim of this
procedures is to reduce the radiological risk of exposure of personnel
and the population to ionizing radiation. This procedures must be
considered an integral part of the safety standard normally adopted at
oil industry.
• Before carrying out maintenance jobs, make all the necessary

radiometric measurements around the installation involved in order
to detect the presence of NORM.

• If NORM is detected , the maintenance work must be suitably
planned and it must be ensured that the necessary or useful material
is available in the appropriate ways and times.

• Before carrying out activities, make radiometric controls at the work
site and surrounding area in order to obtain information which
makes it possible to decide whether decontamination activities will be
necessary or not at the end of the work.

• Personnel working in the presence of NORM must be suitably
trained.

• Before starting the activities, the personnel (contractors or
otherwise) must be informed about the presence of NORM so as to
knowingly take the necessary radiological protection measures.

• Personnel working in the presence of NORM must have personal
dosimeters and the dose values absorbed by each worker must be
recorded and kept up-to-date.

• Personnel must be equipped with the necessary protective clothing
and equipment in order to avoid direct and, above all, inhalation or
ingestion of NORM . This normally includes, waterproof boots,
rubber or neoprene gloves, protective overall (disposable overalls are



the best) , protective glasses, half or full face masks (with filters
approved for use in environments with radioactive dust) full face
masks must be used during activities which could produce high
quantities of dust/fumes (cutting of components, milling, welding,
descaling in general, etc.)

® The personnel must follow normal industrial hygiene rules: no
eating, drinking, or smoking during work in contaminated area or on
contaminated parts.

• All parts disassembled where NORM has been confirmed must be
recorded and subjected to radiometric controls to check if they are
contaminated or if they can be used without restrictions.

• All the contaminated parts must be clearly labeled, recorded and
kept in a suitable place with restricted access while awaiting disposal
or decontamination.

« To reduce the release of radioactive dust into the environment, work
should be carried out in "humid environments". Avoid activities

• which generally generate great quantities of dust. If these activities
are unavoidable, take the necessary measures to minimize the
dispersion of contaminants.

• If a part of section of the installation with NORM has to be opened
or disassembled, use appropriate barriers to avoid the release of
contaminated material into the environment ( plastic sheets to cover
the ground, think sacks in which small contaminated parts, tools etc.
may be placed ). Plastic bags may be used to seal flanges, pipes etc.

• The NORM must be collected and appropriately disposed of.
• Use suitable containers (e.g. airtight plastic drums) to temporarily

deposit and transport NORM.
• Radiation Protection measures to be taken in the presence of NORM

in closed environments.
• Ventilate the tanks, separators etc. for at least 4 hours before

operations.
• If the ventilation is not sufficient or if inspections must be made

before the ventilation period is over, use breathing apparatus.

7.3. MECHANICAL SCALE REMOVAL. Mechanical scale removal
primarily deals with the scale removal from tubular products two
systems were employed with essentially the same end results. In the first
a drill shafts is rotated with a drill bit that cuts out the scale to the
inside diameter of the tubing. In the second case, only the drill pit
powered by compressed air, rotates. In both cases air is injected at one
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>()(< of the tube and a vacuum applied at the other end in order to
ensure the removal of the scale. Both systems are totally enclosed with
the scale existing first into a dry collection drum, a second stage water
bath and finally a third stage air filtration system. The removed
radioactive scale solicited in dry drums, and loaded into a number of
canisters utilizing a sealed loading head.
*.* STORGE OF CONTAMINATED MATERIALS, Contaminated
tubing, rods and pumps are stored on pipe racks in district warehouse
yard in a designated area clearly marked and cordoned off as a
hazardous area. The ground where the pipe rack is located, has been
prepared by proper diking to contain rain water. The diked area is
covered with a thick gauge polyethene sheet secured in place. Rods and
pumps are placed in a specially built container for transportation from
the welisite and are stored inside sealed canisters and placed on the
piperack until disposal.

8 NORM MANAGEMENT AND DISPOSALS
8.1. MINIMIZATION: Waste minimization through particle seperation
and dewatering can reduce the total volume of NORM generated
during soil remediation and vessel-cleaning operations . Waste -
minimization systems use a series of mechanical shakers with screens of
varying mesh sizes to separate the solid waste material. After the
particle-size separation has been completed, lab analyses are performed
on representative sample to determine whether a portion of the waste
stream can be reclassified to a nonhazardous materials . In addition to
particle seperation , waste-minimization systems are centrifuges to
dewater the fluid portion of the waste stream, passive decanting of the
wash water is also used . The dewatering portion of the system was
highly successful in reducing the total volume of the NORM generated
during the vessel-cleaning operations.
8.2. ON-LINE VESSEL CLEANING. Vessel cleaning performed while
continuing to produce oil/gas through the platform process equipment
has several safety and economic advantages . The process used the
vessel's drain system to gain access to the interior of the vessel. A high-
volume, low-pressure lance was connected to one of the drain lines on
the bottom portion of the vessel. The y-shaped lance allowed fluids to be
pumped into the vessel and NORM solids to be removed
simultaneously. A high volume of water was pumped through the lance
in to the bottom of the vessel, causing the NORM solids on the bottoms
of the vessel to become suspended. The NORM solids/ fluid mixture was
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then removed from the vessel through the lance and separated by a
shaker system.
8.3.ENCAPSULATION DISPOSAL NORM material can be
encapsulated in casing and disposed of in the wellbore during P/A.
operations. This process provides an opportunity to dispose of NORM
material that is difficult to decontaminate (e.g. NORM-contaminated
filters ). Individual joints of casing are used to provide a container for
the NORM material. Each joint is filled with the NORM material and
then sealed by welding a plate on the inside of each and the joints of
casing are then run into the hole with a drilling rig or dropped into the
wellbore during P/A. operations. This process is not effective when
disposing of large volumes of NORM material because of the small
container size of each joints .

9. PETROBEL RADIATION POLICY
. Petrobel pays attention to the safety of its personnel at all stages of

production cycle.
. Petrobel radiation protection policy defines principles, criteria and

guidelines to guarantee radiological safety of the people and
environmental protection.

. Petrobel safeguards the workers , population and environment "as
safe as possible " according to radiation protection concept indicated
by International Commission for Radiological Protection (I.C.R.P.).

. Petrobel identify, reduce eliminate and prevent the critical situations
during the company's activities.

. Petrobel encourages cooperation with internationally recognized
organization e.g. Atomic Energy Authority (A.E.A.) and Natural
Institute of Rad. Prot. (R.A.D.I.) in AGIP Italy which create
radiological critical situation, facilitate early identification of critical
areas and take the proper remedial action.

. Petrobel will comply with Egyptian law (No. 4/94).
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10. CONCLUSIONS
1. The results of the radiometric survey confirmed the significant

presence of Naturally Occurring Radioactive Material (NORM) in
many components of the installation.

2 The survey confirmed that restoration work is indispensable and that
appropriate procedures must be adopted when work is performed on
contaminated components of the installation.

3. It would be important to have the cooperation of the Egyptian
Atomic Energy Authority for the definition and implementation of a
plan which takes into consideration the real possibility of managing
and disposing of radioactive waste produced at the installation in
conformity with national standards .

4. Radioactive scale can occur downhole.
5. Chemical control is possible
6. The danger to personnel is not from external to the radiation but

from the inhalation, ingestion or absorption of scale particles into the
human body (internal exposure ) .

7. Safe work procedures are essential and must be followed when
dealing with NORM contamination.

8. Mechanical cleaning methods are effective in reducing radioactive
waste volumes from tubing joints.

9. Disposal in abandonment wells is on accepted options.
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ABSTRACT

Central treatment of Industrial wastewater requires pretreatment of some
specific pollutants which may be not effectively degraded in down stream
processes in central treatment unit.
Some of (he hazardous pollutants in industrial wastewater including
acrylonitrile, pesticides and some commonly used dyes (active and acid
dyes) have been subjected individually to oxidation using hydrogen
peroxide catalyzed by ferrous tons in acidic solution.
Treatment efficiency was monitored by chemical oxygen demand (COD)
removal using a specially developed concentration/COD curves.
Initial concentrations (in terms of COD) were 910 PPM, 1348 and
530ppmnnd the respective COD reductions were 91,98 and 99%, for the
pesticide, acrylonitrilc and the reactive dye.
Oxidative degradation of polarcd and acid green also reduced COD by
99and 100% respectively.
The obtained results confirm the appropriateness of oxidative degradation
as a pretreatment for some hazardous pollutants prior to treatment in
central facilities or municipal activated sludge stations.

Key words: Central treatment, Dyes, Pesticide, Acrylonitrile, Oxidation,
Prctreatment

INTRODUCTION

Central treatment of industrial wastes is one of the cost-effective approaches for

environmental management in industrial zones. Central treatment approach requires

unification of treatment methods for all incoming streams. Presence of soluble

hazardous chemicals may inhibit the efficiency of the central treatment units (e.g.

activated sludge). Further, the hazardous chemicals may be refractory and pass to the

receiving water body with no significant degradation. Tims, onsite treatment of some

hazardous chemicals prior to down stream treatment in the central facility is mandatory

in numerous cases. Also, some of the organic compounds which are difficult to treat

biologically demand modified treatment including biodegradation, stripping, sorption or

combinations of these processes. Systems with preozonation assist may be also included

(1). Refractory organics require chemical or oxidative degradation to render them

available for secondary treatment process.
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Three common pollutants generally found in industrial wastewater namely dyes,

pesticides and acrylonitrile have been chosen for oxidative degradation as a pretreatment

step prior to any down stream treatment. The selection of the dye stuff is justified by the

enormous size of the textile sector in Egypt. The presence of coloring material would

reduce colour transmission in recipient water bodies. Further, toxicity of numerous dyes

will significantly affect the present aquatic life (2).

Pesticides generated from manufacturing processes, pesticides packaging in

addition to pesticides normally present in agricultural run off will affect water, fish and

may get into the food chain (3,4).

Acrylonitrile as one of the chemicals used in the manufacture of polymer

composites, packaging materials and numerous industrial and household chemicals may

cause substantial threat to health and environment (disorders related to skin, nervous

system and probably cancer) unless properly treated or disposed of (5,6).

Numerous physicochemical and biological methods could be used for the

treatment of many dye stuffs. Ozone, ion exchange, membrane separation, adsorption,

chemical precipitation may be used separately or in combination for the treatment

(2,7,8).

Also, pesticides may be treated by appropriate oxidation system, e.g. ozonation,

UV, ozone/UV and UV/ H2O2 (3,9-14).

Powdered activated carbon and ozone assisted activated sludge treatment show

promising indicators for the removal of toxic organic compounds including acrylonitrile

Acrylonitrile (]20mg/l) was 99.1% removed in a batch system comprising combination

of stripping and biodegradation. Ozonation decreased the biodegradability of

acrylonitrile (15). Acrylonitrile was not readily oxidized by ozone (16). Wastewater

discharged from the production of acrylonitrile is treated by activated carbon adsorption.

The wastewater may be subjected to preliminary oxidation (17,18).

A mobile treatment system including mediafilter, activated carbon, chlorination,

coagulation and physical-chemical methods can handle a spilled hazardous materials

including acrylonitrile(19).

Chemical wastes such as those generated from the production of acrylonitrile

can be treated by any of three basic two steps systems including wet air oxidation

followed by biological treatment, physical treatment followed by wet air oxidation and

wet air oxidation with biophysical treatment (20). Organic nitriles (e.g. acrylonitrile) can

be hydrolyzed into amide by the" action of hydrogen peroxide in alkaline medium (21).

Ozone is used to decompose the organic nitrogen contained in acrylonitrile. The initial
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pH and the alkainity seem to affect the degradation rate of organic nitrogen. At low

initial pH (e.g. 4) the acrylonitrile has a shorter t\a of 18.9 min. (22). Membranes may

be used to transfer the ozone nondisparsively into wastewater streams containing

acrylonitrile (23,24).

In view of the stated indicators concerning the treatment of the three target

pollutants, an additional work is still needed to simplify oxidative degradation using

Fenton reagent under appropriate conditions.

This paper outlines the results of oxidative treatment for the target pollutants

using the H2O2/Fe++ system in acidic medium.

MATERIALS AND METHODS

To prepare the simulated wastewater 3 dyes namely polared, acid green and

reactive dye were purchased from the local market (Hoxet). Acrylonitrile was supplied

by Fluka >99% (GC) and pyrociel is a local pesticide manufactured by El Naser

Intermediate Chemicals.

The concentration of the synthetic dye wastewater was adjusted to 250 PPM.

Likewise, synthetic solutions for pesticide-containing wastewater has been prepared

using commercial locally produced pesticide (pyroceil). The concentration was adjusted

to 500 PPM. Acrylonitrile wastewater of 500 PPM concentration was prepared similarly.

The experimental program adopted numerous oxidation runs based on samples

of the simulated solutions (50 ml each).

Each sample was acidified to pH 3-4 prior to the slow addition of hydrogen peroxide

and the ferrous salt.

Details of the oxidation are described in earlier publications (2,25). The plan of

work included exploring the impact of oxidant quantity and retention time on the

efficiency of oxidation in terms of COD reduction. COD was evaluated using Hach DR

2000 Spectrophotometer and standard test kits 0-1500 vials. Further, dye concentration

was monitored using developed light absorption curves.
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RESULTS AND DISCUSSION

A. OXIDATION OF DYES

Oxidation of dye solution using Fenton reagent showed significant colour

removal and COD reduction. Typical values for dye concentration and COD reduction

are shown in Table (I) and Figures (1,2). The estimated reduction corresponds to the

given oxidant dose and chosen retention time.

Hydrogen peroxide oxidation has been carried out for polared (acid dye), acid

green and reactive dyes. Addition of Hydrogen peroxide to polared removes the colour

almost completely (99-100%). COD decreased from 528 mg/1 to 30 mg/1 after 15

minutes. The colour of the acid green dye has been removed completely using 0.4 ml

H2O2. COD value decreased from 470 to 20 mg/1 after 15 min. Full COD removal was

observed after 30 min using 0.7 ml of the peroxide. Colour removal of the reactive dye

approached 99%. Also, COD decreased from 530 mg/i to 10 mg/1 after 45 min.

Table (I) Effect of time on COD reduction of dyes

dye

Polared

Acid green

Reactive dye

GOD<

Initial

528

470

530

mg/1)

Final

30

30

25

20

20

10

ND

ND

20

10

ND

time

(mirt)

15

30

45

60

15

30

45

60

15

45

60

10% H2O2

(ml)

1

0.72

1
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B. OXIDATION OF PYROCIEL

Oxidation results reveal full removal of COD using about 2 ml of H2O2. About

98% COD reduction could be achieved using 1 ml of H2O2 Fig. (3). These

results suggest the adequacy of Fenton oxidation as a pretreatment stage for the

removal of some pesticides.

C. Oxidation of Acrvlonitrile

The concentration of acrylonitrile (expressed as COD) decreased by

about 91% using 4 ml of H2O2 (10% cone). COD removal reflects linear

dependence on hydrogen peroxide dose as shown in fig. (4).

The COD value decreased from 1348 to 46 mg/1 after 60 min. using 4

ml of H2O2. The oxidation efficiency is about 91%. Increasing the time of

oxidation from 15 to 60 min increased the oxidation efficiency from 89.5% to

91%. Thus, 15 min was considered appropriate for the oxidation of acrylonitrile,

Fig. (5). Additional work is still needed to identify residual oxidation products.

OXIDATIVE PRETREATMENT FOR THE ACTIVATED PROCESS

A proposed treatment scheme for the integrated oxidation/Activated

sludge/Powdered activated carbon (PACT) is proposed, Fig. (6). The integrated

complex may incorporate additional chemical precipitation if needed.

CONCLUSION

Central treatment of industrial wastewater may be an appropriate option within

some industrial complexes. Realization of sustainable central treatment system requires

unification of the principal treatment technology. Thus, an appropriate pretreatment

should be employed to destroy organic wastes, which affect the efficiency of down

stream treatment operations. Fenton oxidation may be regarded as an appropriate option

to be applied for in situe treatment. Results of this work confirmed the adequacy of

Fenton oxidation for degradation and removal the colour of polared, acid and reactive

dyes.

Further, oxidation of pyrociel (local pesticide) and acrylonitrile approached 98%

and 91% (expressed as COD) reduction respectively. Additional research is still

needed to identify residual oxidation.
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ABSTRACT

Through the years, a large number of liquid-liquid extraction processes have been
proposed for metal waste recovery and recycling (*»2). However, few of them have
achieved commercial application. In fact, relatively little information is available on
practical operation and economic feasibility. This presentation will give comple-
mentary information by describing and comparing three processes, based on the
AmMAR hydrometallurgical concept and representing three different modes of op-
eration.

Key Words: Liquid-Liquid Extraction/Waste Recovery/Metals/Process Operation

INTRODUCTION

In most countries, solid waste containing heavy metals such as neutralisation sludge from the
plating industry and flue dust from the metal and steel industries, is currently collected and dumped in
landfill, where it constitutes a perpetual toxic thread to the environment and a waste of resources. The
alternatives to this landfill deposition are, either to reduce the rate of discharge at source by an indi-
vidually designed recovery process or to separate and recover the metals from the collected waste at a
centrally located facility. A presumption for this statement would be that companies with heavy metals
in their effluents require a treatment of the total waste water streams. This could be accomplished
through the relatively simple process of neutralisation, which requires only minor investment in sedi-
mentation tanks and de-watering equipment and involves relatively modest operation costs.

Although the problem of disposal of heavy metal waste is faced by most industrialised countries,
relatively few operations with respect to waste recovery have, to date, been started. Sweden still de-
posits its de-watered heavy metal waste in simple landfill, although Swedish industry has been in the
forefront for developing both hydrometallurgical and pyrometallurgical recovery techniques. The
same applies to most European countries, however, interest in environmentally safe recovery has in-
creased in recent years and recovery plants are now being considered.

It was earlier generally believed that the at source approach with an individually designed recov-
ery process entailed a considerable risk of investing in small, non-viable industries. Thus, it would
appear that the central recovery facility was likely to be the only feasible manner in which to solve the
disposal needs in a large, number of point-sources. Such recovery plants, based on hydrometallurgical
treatment concepts, were suggested already 30 years ago, however, at that time, these processes were
doubtfully feasible. The pyrometallurgical treatment was marketed as an environmentally safe
method for removing a number of different metals, among them copper, lead and zinc, from waste
water sludge or mining slime and tailings. However, it was shown improbable that such processes
would be economically justified in the case of relatively small volumes of waste that were likely to be
at hand.
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Today, to my knowledge, there is no central waste recovery plant (pyro or hydrometallurgical) in
operation in Europe. However, there are many examples showing that at source hydrometallurgical
recovery processes are economic in small-scale operations. To verify this observation, some process
developments, based on the general hydrometallurgical concept AmMAR, will now be described in
more detail.

THE AmMAR CONCEPT

First, please note that the AmMAR concept 0) is not one specific process - it is a general proc-
essing route for a broad variety of feed materials. The detailed design of each specific process in-
volves a required number of known chemical operations, combined in unique ways. The main thread
is the ammoniacal solution and its extraordinary chemical flexibility.

The main metals in the feed material are iron, chromium, copper, zinc and nickel, with minor
amounts of other metals e.g. lead and cadmium. Some general sources are:
• Brass mil! flue dust (Cu, Zn, Ni)
• Steel mill flue dust (Fe, Zn)
• Neutralisation sludges from the plating industry (Fe, Cr, Cu, Ni, Zn)
• Accumulator scrap (Ni, Cd)

The general flow diagram below, describes the outline of the AmMAR concept for the treatment
of materials containing the above mentioned metals.
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• In the leaching operation, the metals copper, zinc and nickel (lead, cadmium) are dissolved as chlo-
rides, chloro-complexes or ammonium-complexes, while iron and chromium remain in the solid
residue as hydroxides.

• Lead impurities will be precipitated as lead sulphate.
• Ammonia is added in excess to form metal ammonium complexes.
• Copper and nickel are subsequently removed from the leach solution by solvent extraction. After

selective stripping, nickel sulphate is produced by crystallisation and copper metal by eiectrowin-
ning.

• The excess ammonia is evaporated and recovered from the remaining solvent extraction raffinate
and recycled to the leaching filtrate after the lead removal.

• The remaining zinc (cadmium) is precipitated as carbonate by addition of carbon dioxide or am-
monium hydrogen carbonate. After filtration the filtrate can be recycled to the leaching step.

• To maintain the water balance, especially when water containing sludge (30% DS) is treated, an
effluent treatment with lime is necessary.

Leaching

To achieve an efficient leaching, the treatment is performed in two steps. The initial leaching step
in the most complicated case, is an acid treatment containing ammonium chloride - hydrochloric acid:

Me(OH)2 + 2 NH4CI + 2 HCI -* MeCU2" + 2 NH4+ + 2 H2O

Me(OH)2 + 2 HCI -*• Me2+ + 2 Cl- + 2 H2O

MeO + 2 HCI -* M e 2 + + 2 Ch + HjO

Me stands for di-valent metals. Depending on the acidity, the chloride ion concentration and the
complexing tendency of the metals, the metal oxides and hydroxides are dissolving as metal chloride
salts or metal chloro-complexes or both. In general, the higher the chloride ion concentration is, the
higher is the complexing tendency. The ZnC^--complex is very strong and the formation is therefore
favoured. Lead forms very weak chloro-complexes and dissolves as PbCl2- The salt has a limited
solubility. Elevated temperature increases the solubility and the reaction speed. In addition, pH and the
ammonium chloride concentration are determined by the desired leaching action.

Trivalent metals, like iron and chromium, are dissolved by similar reactions as above. The metal
chloride salts are very soluble and the most likely chloro-complexes, however not very strong, are -
FeCl4" and CrClg^-. Thus, these metals are, to some extent, dissolved. Depending on the conditions,
Fe(III) may precipitate again by forming the hydrous oxide goethite, FeO(OH). An oxidation of Fe(II)
to Fe(III) may be necessary already in the initial stage, however, some caution is recommended as
hexa-valent chromium has to be avoided. The dissolution of iron may be necessary in order to break-
up iron masked metals like zinc ferrite, existing in e.g. steel flue dust.

Although the dissolution of desired metal oxides or hydroxides is good, substantial amounts of
iron and chromium are present in the leach solution. This is taken care of in the second step of the
leaching procedure where ammonia is added to pH > 8.5. The following reactions, exemplified by-
copper and iron, occur:

C11CI42- + 2 NH4+ + 2 H2O + 6 NH3 -* Cu(NH3)42+ + 2 OH- + 4 NH4CI

Fe3+ + 3 Cl- + 3 NH3 + 2 H2O -•• FeO(OH) + 3 NH4CI
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Copper, zinc, cadmium and nickel (Ni(NH3)g2+) form fairly strong metal-ammonium-
complexes and these metals will therefore remain in solution. Cr(III), with six Nlij-ligands as nickel,
and Fe(II) form weak complexes, although strong enough to interfere with the hydroxide precipitation
if the excess of free ammonia is too high. In alkaline solutions Fe(II) is readily oxidised to Fe(III) by
air. Ammonium complexes of Fe(III) and lead (Pb) are not known.

Of complementary interest is the possibility to dissolve metallic copper and zinc in e.g. brass mill
flue dust, directly with an ammoniaca! leach solution (pH about 8.5). The following expressions illus-
trate the reactions:

2 Cu(NH3)2+ + 0.5 O2 + 4 NH3 + H2O -+ 2 Cu(NH3)42+ + 2 OH"

Finally, leaching with an ammoniacal solution containing carbonate is advantageous as such a
solution has a buffering effect around pH 8,2. In fact, when a metal carbonate precipitation stage is
included in the process, carbonate in the leaching stage will be difficult to avoid.

Solvent Extraction

The solvent extraction technique offers a possibility to selectively recover metals from a leach
solution by the choice of operation conditions. Considerable concentration effects can be achieved by
variation of the flow ratio of organic to aqueous solutions. In addition, a solvent extraction operation is
flexible with respect to the composition of included components and to the size of operation, and can
be made economic in small-scale operation.

Copper and nickel are transferred from the leach solution into concentrated product solutions by
using a solvent extraction procedure. The ammoniacal leach solution, the aqueous feed, is mixed in the
extraction mixer-settler stages, counter-currently with an organic metal extraction solution. This solu-
tion, insoluble in water, mainly consists of a metal selective, organic reagent diluted in kerosene.
Nickel and copper form metal-organic compounds with the reagent, which are more soluble in the
kerosene solution than in the water solution. The concentrations of nickel and copper in the ammonia-
cal leach solution are reduced and the resulting raffinate may therefore be almost freed from nickel
and copper. In the following scrubbing stage (not marked in the figure) eliminates the carry-over of
ammonia and co-extracted small amounts of zinc.

In the first section of stripping mixer-settlers, the nickel-reagent compound is split by weak sul-
phuric acid (controlled conditions) and nickel is transferred to an aqueous solution of concentrated
nickel sulphate, from which the nickel sulphate salt can be crystallised.

In the second section of stripping mixer-settlers, the copper-reagent compound is split by con-
centrated sulphuric acid and the copper is now transferred to an aqueous solution of concentrated
copper sulphate, from which copper metal can be produced by electrowinning.

PROCESS OPERATION MODES

Based on the AmMAR concept, three process examples will now be described. These processes
represent three different modes of operation - on-line, in-line and off-line.

1424



• The on-line process represents an operation integrated like a kidney in the main production. The
solvent extraction operation gives a raffinate, which is directly returned to production to reuse the
chemicals and, in addition, a product solution, which may be treated e.g. by crystallisation or elec-
trowinning to give the product.

• The in-line process is a separate production unit, incorporated in the main production. Internal and
external waste, such as flue dust, neutralisation sludge, slag and scrap are treated to increase the
supply of feed material and to solve internal environmental problems.

• The off-line process is an independent production plant, treating waste materials.

PROCESS EXAMPLE 1. THE MECER PROCESS (on-line)

The etching solution used in the manufacturing of printed circuit boards in the electronics indus-
try is very commonly an ammoniacal solution. The solution contains free ammonia, one or more am-
monium salts and complex chemicals like stabilisers, catalysts etc. During etching, the copper con-
centration is increased. Optimal etching efficiency is obtained when the etching solution contains 140-
160 g/l copper. Spent etching solution must continuously be withdrawn and replaced with fresh etch-
ing chemicals to maintain the etching efficiency constant and optimal.. It is to be noted that the spent
solution is a simplified leach solution in the AmMAR concept, only containing the metal copper, and
the solvent extraction procedure to follow will be the same.

RINSE WATER

Printed Circuit Boards
FEED TO ETCHING

P C S ' -
ETCHING,

PCB
WASHING

SPENT ETCHANT RECYCLE ETCHANT

Printed Circuit Boards
READY ETCHED

RINSE WATER

— — — ORGANIC EXTRACTION CHEMICAL - » — —

- " r ' EXTRACTION No {• • • » EXTRACTION No 2 B -i- STRIPPING,

PREGNANT
ELECTROLYTE

I RINSE WATER TO
: EFFLUENT

We MECER CHT

ELECTROW1NNING

COPPER METAL

In the MECER process (4), integrated (on-line) in the production, chemicals are recycled and
copper recovered as electrolytic cathode copper. The process contains basically two unit operations:
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• Solvent Extract (SX) for the transportation of copper out of the spent etching solution and the rinse
water into the electrolyte

• Electrowinning (EW) for the production of high quality copper metal.

The solvent extraction operation contains three mixer-settler stages - one for the extraction of
copper from the spent etching solution, another for the extraction of copper from the rinse water
(including the cleaning of ammonia), and a third for the re-extraction (stripping) of copper to a sul-
phuric acid electrolyte.

In the first extraction mixer-settler, stage 1, the spent etching solution is mixed with an organic
solution, containing an organic reagent, dissolved in kerosene. Part of the copper in the etching solu-
tion forms a chemical compound with the organic reagent and, as this compound is more soluble in the
kerosene than in the aqueous etching solution , copper is transferred to the kerosene solution. The
copper concentration, initially about 150 g/1, is in this way reduced to about 90 g/1. The treated etching
solution, now capable of etching a new amount of copper, corresponding to that extracted, is returned
to the etching machine.

•'a '

To compensate for evaporation and drag-out losses of chemicals (about 5 %), a make-up of fresh
replenisher is added to the etching machine. This make-up also contains some carbonate in order to
achieve a buffering effect around pH 8.5. A pH-control unit maintains a constant pH by addition of
ammonia gas.

In the second extraction mixer-settler, stage 2, the used rinse water from the etching machine is
mixed with the organic solution from the first extraction. Under prevailing conditions, copper is ex-
tracted almost quantitatively, down to an amount less than 5 ppm. Part of the treated rinse water,
having a pH of 9.5 and containing 0.5 g/1 ammonia, is re-used as rinse water in the first rinsing stage
in the etching machine.

The organic solution finally flows to the third re-extraction mixer-settler, stage 3, where it is
mixed with a sulphuric acid electrolyte. The copper-organic compound is split and the copper is now
transferred to the electrolyte. The organic solution, freed from copper but containing the reagent, is
recycled for renewed extraction of copper in the first extraction mixer-settler, stage 1.

The copper-enriched electrolyte is fed to the electrowinning cells for precipitation of copper
metal. The feed flow and current load in the cells are controlled to maintain a constant copper concen-
tration in the electrolyte. The copper depleted electrolyte, overflowing from the cells, is taken back to
the third re-extraction mixer-settler, stage 3, for renewed enrichment of copper.

PROCESS EXAMPLE 2. THE NIFE/CD PROCESS (in-line)

The main leaching procedure to dissolve the valuable metals nickel and cadmium from worn-out
accumulators is performed with an ammonium carbonate solution. This procedure has several advan-
tages; iron will remain in the leach residue, nickel and cadmium are relatively easily leached and
form metal-amine complexes in solution and, finally, the buffer capacity of the solution facilitates
solvent extraction of metals with hydrogen ion exchange reagents.

Due to chemical passivation in "old" waste materials, a subsequent leaching of the leach residue
with sulphuric acid is necessary to achieve yields much greater than 95 %. If pH in this second treat-
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ment is kept about 3, leaching of iron is negligible. Also, to reduce iron in the leach solution, spent
potassium hydroxide electrolyte from discarded batteries, can be used for iron hydroxide precipitation.

Nickel is extracted from the leach solution using an a-hydroxyoxime. Significant amounts of
ammonia and cadmium are co-extracted. Scrubbing is therefore performed, first with an ammoniacal
carbonate solution and then with very diluted sulphuric acid. Nickel is stripped with sulphuric acid to
produce a nickel sulphate solution, containing 90-100 g/l nickel. This solution is used directly in the
production of new accumulators.

_L
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NH, ADDITION
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The presence of carbonate in the ammoniacal system offers a possibility of controlling the condi-
tions for the formation of cadmium carbonate. Thus, after separation of nickel in the solvent extraction
loop, cadmium is precipitated as carbonate. The ammonia concentration is reduced by thermal strip-
ping. Some carbon dioxide will also be stripped. The precipitation is made complete by cooling the
solution and by addition of a carbon dioxide purge. After filtration of cadmium carbonate, the filtrate
is used for absorption of the stripped ammonia and the resulting solution is recycled to leaching. The
cadmium carbonate precipitate is directly used in the main production.

It is necessary to bleed about 25 % of the filtrate from the carbonate precipitation to keep the
material balances. This large bleed is due to the sulphate added in the sulphuric acid leach and to the
fact that the waste material contains considerable amounts of alkali (KOH) and water. The bleed needs
special treatment to recover ammonia and to produce an environmentally acceptable effluent.

PROCESS EXAMPLE 3. THE UDDAMAR PROCESS (off-line)

The UDDAMAR process (5) is a pyro/hydro metallurgical process concept to be used in a cen-
trally located recovery plant for the treatment of oxidic and hydroxidic waste materials from steel and
metal works, including the plating industry. The process, shown in the figure below, is based on the
use of a pyrometallurgical treatment in the Uddacon induction converter, combined with the AmMAR
hydrometal'urgical trea: aent for copper, nickel and zinc.
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Fyrometallurgical Treatment

The supply of pulverous feed material to the furnace in the pyrometallurgical part of the opera-
tion is performed through an injection tuyere, situated below the metal surface. The material is blown
into the melt, suspended in a small quantity of gas. All reducible metals are reduced in the Uddacon
furnace as it is very efficient for reducing purposes. The non-volatile metals are trapped and alloyed in
the melt. The volatile metals pass the converter as metallic vapours. Non-reducible oxides are col-
lected in the slag.

FLUE DUST
SLUDGE

RESIDUE A
j F«, Cr, Nl, Zn, Pb FLUE GASES

PIG IRON
OR

MASTER ALLOY

ZINC OXIDE - * • CALCINATION
NH3 STRIPPING

ZnCOi
PRECIPITATION

LEACHING 2

For the treatment of ferruginous powders in the Uddacon converter, dry dust is mixed with coal
powder as reducing agent and, if necessary, also with fluxes. The mixture is blown into the furnace in
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which pig iron is used as starting melt. Iron, nickel and other metals with low vapour pressure are
reduced and collected in the melt. Zinc and other volatile metals are reduced to metallic vapours and
will escape through the mouth of the converter, outside which they are combusted by excess air and
will form fumes of corresponding oxides. The secondary dust is recovered by filtration and leached in
the hydrometallurgical part (Leaching 2).

The thermal energy, generated in the flue gases from the furnace, is used for drying the feed ma-
terial and for stripping ammonia.

Hydrometallurgical Treatment

The first step of the hydrometallurgical part of the operation, the feed material is leached with a
ammoniacal solution. Metals like copper, nickel and zinc form metal-amine complexes and will there-
fore dissolve in the leach solution. Other metals like iron and chromium form not soluble hydroxides
and will remain in the leach residue. This residue is dried and mixed with the feed to the Uddacon
converter.

Copper and nickel are separated from the leach solution by solvent extraction, either by differen-
tial extraction of the metals, one by one, or by co-extraction, followed by selective stripping. Zinc
extraction can be neglected. Products are copper cathodes and nickel sulphate.

To treat the secondary dust from the Uddacon converter and. in the same time, increase the zinc
concentration in the solution, the dust is leached with the ammoniacal raffinate from the Cu/Ni ex-
traction. Zinc carbonate is then precipitated by thermal stripping of ammonia, cooling and addition of
a carbon dioxide purge. The zinc carbonate is calcined to zinc oxide and liberated ammonia and car-
bon dioxide are recycled to the leach solution.

GENERAL COMMENTS ON THE THREE PROCESSES DESCRIBED

Process Development

The initiative to develop an on-line or an in-line process very often comes from an industry and
emanates from internal environmental problems. The development of the process may be sponsored
by the industry, the government or by private R&D organisations, which may be attracted by the gen-
eral market potential. The incentive of installing such a process in the industry is, besides the envi-
ronmental advantages, the possibility of recycling expensive chemicals and of optimising the main
production.

The incitement to build an off-line process is often the result of an environmental problem, which
is tending to disturb the public at large. The initial money comes from governmental funds, although
industry may actively participate. As industry usually has limited knowledge of such general recovery
projects, the development work is predominantly performed by R&D institutions or organisations.
Close co-operation with the industry concerned is generally the case.

The development conditions feasible for an on-line or in-line process are somewhat different
from those of the off-line process, regarding the freedom in feed materials and end products. This is
especially characteristic for the on-line process, where the feed solution is dependent on optimal
working conditions in the main process and therefore is quite fixed in composition. In addition, the
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product solution must have an accurate specification in order not to disturb the main production. In the
development work, a good knowledge of the main operation is necessary.

Process Specification and Operating Conditions

The strong link between the on-line process and the main operation is the cause of a large degree
of automatisation. Absence of easily adjustable valves and an on/off mode of operation are recom-
mended. The fact that the industry in question has neither competent knowledge nor specially experi-
enced personnel, means that services and troubleshooting have to be arranged by an external organisa-
tion. A certain independence in utility time of the auxiliary and main processes is arranged by built-in
buffer capacities.

The in-line processes have to be rather flexible with respect to the physical conditions and to the
composition of the feed material. This is very important, as this may be the decisive incentive for the
investment. In both in-line and off-line processes, treatment of bleed streams* is necessary and is often
extensive.

Process Economy

Some summarised data on the three processes are given below:

Annual feed material

Products
Copper metal, USD 2.25/kg
Zinc oxide, USD 1.60/kg
Nickel sulphate, USD 2.90/kg
Cadmium carbonate, USD 3.20/kg
Pig iron, USD 0.12/kg
Master alloy (Cr part), USD 1,20/kg

Saving in etchant, USD 0.85/lit

Direct investment kUSD

Operation cost kUSD

Product value kUSD

MECER

600 m3

30 tons
-
-
-
-
-

200 m3

300

45

240

NIFE/CD

2,400 tons

-
-

1,300 tons
300 tons

-
-

-

5,200

700

4,750

UDDAMAR

25,000 tons
(7,500 ton DS)

300 tons
1200 tons
2000 tons

-
1650 tons
750 tons

-

15,000

4,000

7,500

In general, the direct investment is highest for the off-line, and lowest for the on-line processes,
as they can be built in very small units. The decision time for the investment usually drastically in-
creases in the order on-line < in-line < off-line. The big investment, the relatively low return, the un-
stable value and uncertain situation of feed materials (raw material or waste) and finally, the fluctuat-
ing prices of end products characterise an off-line metal waste recovery process. These facts indicate
the necessity of financial support from the government to secure the realisation of such a project.
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The operation costs are comparably lower in on-line and in-line processes because of the integra-
tion in the main operation. The off-line process has for example administration costs, which can be
almost neglected in on-line and in-line processes. The same for work supervision, especially at night,
which can be shared with the main operation. On-line solvent extraction processes have very low costs
for chemicals and energy. The consumption costs for an in-line process is dependent on the bleed
stream treatment and on the possibility of using intermediate products in the main operation. In an off-
line process, all products have to be of commercial specifications.

The economic result (feasibility) of an off-line solvent extraction process is comparable with all
other hydrometallurgical operations and is highly dependent on price and quality of the metals pro-
duced. Adequate quality and quantity of cheap feed materials are also essential. It is very important to
consider the fact that the transformation of waste to raw material usually involves a drastic increase in
the value of the feed material. For on-line and in-line processes the economic result can't be isolated
to the auxiliary process, but is the result of the combined effects on the total operation.

Conclusions

Considering the general conditions for an off-line (and many times also for an in-line) metal
waste recovery plant, a conclusion may be reached - it would be desirable to store all metal waste un-
der controlled conditions and with no mixing or dilution. Future development will definitely result in
new and more economic recovery procedures. As metal-containing wastes differ widely in nature and
complexity selective separation techniques such as solvent extraction will be of increasing importance.

The three process examples given, are all tested in pilot plant scale, in their entirety or in inde-
pendent parts. Experience shows that metal waste recovery, integrated or incorporated in the main
production is the most attractive process alternative. Over 100 MECER (on-line) processes are in op-
eration world wide. Only one NIFE/CD (in-line) process has been built. However, similar processes
for copper and zinc are in operation. No decision to build a full scale UDDAMAR process has been
taken, mainly due to the very uncertain availability and cost of feed materials.

The reasons for the success of the MECER (on-line) process are the moderate investment and the
fairly rapid return of assets, which lead to rapid decisions. Internal recycling, new possibilities of
cheap feed material sources and an internal solution of the environmental problems are other strong
incentives for this type of process.
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ABSTRACT

Radiation vulcanization of NBR based composites were prepared whereby
polytetrafluoroethylene, PTFE scrap was utilized as additive. The thermal property of
composits, using TGA technique was investigated as a function of irradiation dose as
well as the degree of loading with Teflon scarp . Moreover, the effect of gasoline
solvent of varying content of toluene on the swelling characteristics of prepared
composites has been followed up at 100 °C whereby, the irradiation dose was kept at
100 kGy. It was found that due to incorporation of PTFE powder , the solid
composites obtained possess good thermal stability as well as swelling resistance. The
best swelling resistance was obtained for the gasoline which does not contains toluene.
The prepared rubber composites would be recommended for manufacturing rubber
articls characterized by having self-lubricating property used as rubber seals under
static condition, that may be at temperatures as high as IGO'C .

Key Words : Polytetrafluoroethylene Scrap / Nitrite Butadiene Rubber /Thermal properties /
Swelling / Fuels.

INTRODUCTION

It is well known that gamma rays degraded PTFE powder cannot be used as material because of
its lower mechanical strength. However, various characteristics of PTFE such as the lubrication quality
, non-adhesiveness, heat stability, chemical stability and non-flammability were not changed by this
radiation recycling treatment Furthermore, the process gives an excellent dispersive character to waste
PTFE by making the fine particles of lower molecular weight'0. Engineering plastics such as
polyacetal, polyester, and polystyrene have excellent characteristics such as high hardness, stiffness and
anti-compression deformation. However, they also have a disadvantage in large frictional resistance on
friction surfaces. The lubrication property of engineering plastics increases remarkably with the addition
of 10-20% PTFE wax.. With die use of mixture of engineering plastics and PTFE wax as a raw
materiats.various machine parts such as gears, bearing, ball joints, and sockets with very low frictional
properties can be produced cheaply. By coating PTFE wax on the surface of rubbers and plastics and
metals an extremely thin film (10-30 um)with an excellent antistatic property is formed on their surface.
The materials is coated by spraying with the mixture on binder, resins, powdered PTFE wax and
solvent. . The coated materials is heated to evaporate the solvent and cured, and thus the surface of the
material becomes very smooth. Hardness and lubrication of the surface can be adjusted by changing the
type and composition of the mixture. Also, by spraying the PTFE wax on to the inside surface of a
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mould, cast plastics and rubber can be easily released from the mould in the plastic and rubber
processing, inks and paints with excellent lubrication can be obtained by adding the PTFE wax(1).

From the literature survey, it is apparent that, PTFE powder used with engineering plastics or
as a coating surface for rubber and plastics and no attention paid for using PTFE powder as additive for
rubber. In this article, PTFE will be used as additive for NBR rubber. The effect of PTFE powder on
the properties of NBR will be focused on their solvent as well as heat resistance .

MATERIALS AND EXPERIMENTAL TECHNIQUES

Polyacrylonitrile butadiene rubber (KRYNAC) 40.50 (Bayer Fiber,Organic,Rubber Division
Germany), N,N Methylene diacrylamide (MD) (Riedel - de Haen Germany), Phenyl -p
Naphthylamine (PpN) (Bayer .Germany), PTFE Scrap(2) ( SEALOL- EGYPT) Ameria, and TEEG
company , Mohandiseen, Cairo, Egypt, ZnO -Stearic acid(3) system of commercial grade (China)

Fuels:- Fuel A: Commercial gasoline (iso-octane 90 % vol. + n heptane 10 % vol.), Fuel B : 70
volume % of Fuel A+ 30 volume % of toluene, Fuel C : 60 volume % of Fuel A + 40 volume % of
toluene, Fuel D : 50 volume % of fuel A+ 50 volume % of toluene . The toluene used in fuels B, C and
D is of industrial grade toluene from EL Nasr pharmaceutical chemicals Co. Cairo, Egypt. Moreover,
the used gasoline has been obtained from Kaltex fuel station.

Table (1) Ingredient of composites

Ingredients

Raw NBR

PTFE powder scrap

Phenyl p-Naphthyl amine

N'N'Methylene diacrylamide

ZnO-Stearic acid

phr

100

20-100

1

10

5-1

Use

Synthetic rubber

Filler

Antioxidant

crosslinking agent

Activator

Effect of fuels on NBR(4)

The irradiated samples to 100 kGy in triplicates were weighed out in air to the nearest mg (Mi
). They were then transferred to a flask 2/3 filled with the different reference fuels, to be mentioned
specifically later. The flask with its contents was then connected to condenser. Heating has been
carried out at 100°C for different time periods, namely, 22 , 46, 70 and 94 hours. After that, the flask
was allowed to cool to room temperature. The samples were then plotted lightly with filter paper to
remove remain liquid fuels. They were then reweighed again accurately (M 2 ) .

The percentage change in weight was then calculated using the following equation:
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Mi - M2
Change in weighty % ) = xlOO (1)

Mi
where

Mi = initial weight of specimen

M2 = final weight of specimen

Thermogravimetric analysis measurements

The thermal behavior of samples was tested by applying the Thermogravimetric Analysis (
TGA) technique using a TG - 50 instrument from Shimadzu (Japan) with a heating rate of 10 °C / min
and heating range from room temperature up to 600 °C. Measurement were carried out under inert
atmosphefe of nitrogen gas. The weight of samples ranged from 3 to 5 mg.

Empirical analysis of TGA measurements.

Doyle(5;i proposed an index of thermal stability of single component polymeric system in terms
of its decomposition temperatures called " integral procedural decomposition temperature " ( i p d t ) ,
which is based on TGA measurements.

The TGA curve is integrated on the basis of total experimentally accessible temperature range
from initial test temperature up to ~ 650 °C .

The integration is accomplished quickly and easily by copying the curve and the outlines on paper, then
cutting out and weighing the pieces on analytical balance, then TA* is calculated according the following
equation:

TA* = ( Tm - T . ) A* + To

whereby

TA* the characteristic end -of- volatilization temperature

Tm end of the test temperature

To initial test temperature

A*

(2)

I

Tm Temperature To

(curve area) equal the weight of all crosshatched region divided by the total rectangular plotting
area.

The value of (ipdt •) temperature value is calculated according the following equation:

ipdt = ( T m - T o ) A* K* + To (3)

whereby

K* (curve area) equal the weight of doubly crosshatched region in the same figure divided by the
rectangular area bounded by TA* and the residual weight fraction at the fixed end -of- test temperature.
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RESULTS AND DISCUSSION

Thermogravimetric properties

Polymeric materials, whether as such or as composite are used frequently in several application
at elevated temperature . Hence, gaining information about their thermal stability under such kind of
application is beneficial and necessary under such circumstances. Moreover, it would be expected that
fillers would probably have some effects on the thermal stability of polymers as well as their
composites. Therefore, assessment of the effect of temperature has been carried out in this
investigation. especially when reference is taken into consideration that NBR is being used in
manufacturing oil seals in machines operating at high temperatures.

The thermo-analyticai method used is the thermogravimetric analysis TGA, and the
measurement have been carried out under inert atmosphere of nitrogen gas on samples that weighed 3 *
and 5 mg. Heating has been carried out at a rate of 10 °C/min and the range of heating was from
room temperature up to ~650°C. The thermogravimetric data presented in Fig.(l). show the variation
of residual weight fraction %, (RWF % ) as a measure of the weight loss of samples, as a function of
heating temperature for PTFE unloaded and unirradiated NBR samples as well as unloaded but
irradiated NBR samp'. •: • • aereby a dose of 100 kGy has been applied. It may be observed that the two
thermograms obtained are relatively comparable and are characterized by being single stepped.
Moreover, it can be seen that thermogram corresponding to unvulcanized sample has experienced some
weight loss in the temperature range from ~ 150 °C to ~ 400°C, with respect to vulcanized sample. This
is probably due to decomposition of some additives such as organic functional monomers e.g. MD,
which are supposed to act as coagents on irradiation . On raising the temperature higher than ~ 400 °C
the RWF % values for the two thermograms show a sudden drop and then start leveling off in a plateau
at temperature of ~500°C. The sudden drop occurring in RWF % at 450 ± 50 °C may be attributed to
decomposition of the main constituent of composite, namely, the rubber matrix.

Figure (2) shows the data obtained for the variation of RWF % as a function of heating
temperature for radiation vulcanized and neat PTFE loaded rubber composites, whereby the degree of
loading lies between 20 and 100 phr. The thermogram corresponding to the unloaded but radiation
vulcanized sample is also included as reference. It can be seen that the thermograms obtained for
loaded composites are two stepped thermograms indicating that two distinct pyrolysis processes have
taken place on heating the composite. The first sharp drop in the values of RWF % corresponding to
the first step may be attributed to the decomposition of the rubber component of the composite.
Compared with the reference, it may be observed that it has shifted to a higher temperature range
with the increase of the concentration of the filler.

On other hand, its depth, i.e., the RWF % range becomes shorter with increasing the filler
concentration. In other words, the length of the descending side, of the first step decreases with
decreasing the relative concentration of the matrix NBR rubber in the composite . Accordingly, it may
be assumed again that this later descending side is ascribed mainly to the decomposition, i.e., pyrolysis
of the NBR rubber . The composite after NBR decomposition would be composed mainly of PTFE.
Apparently, the pyroKsis of this latter has resulted in appearance of the second step as its descending
side becomes longer with increasing the concentration of PTFE in the composite . Moreover, the
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temperature corresponding to the beginning moves towards lower values, i.e., thepyrolysis of PTFE
starts at a lower temperature with increasing its concentration in the composite. This later behavior has
resulted in decreasing the length of the quasi-perpendicular side of the second step . Apparently, the
protective action of the pyrolysis products from the first step, such as occluded gases, decreases with
the decrease of the relative concentration of the rubber NBR in the composite and hence the start of
decomposition of PTFE at lower temperature as mentioned before .

Doyle(5) proposed an index of thermal stability of experimental polymeric materials in terms of
decomposition temperature, referred to as the index of integral procedural decomposition
temperature" (ipdt). This index is empirical one and has a relationship to thermogravimetric analysis
in inert atmosphere and is based on the residual weight fraction (RWF) of the tested polymer up to 900
°C, as it is expected that all organic based materials would volatile completely below 900°C, Moreover,
this index may show whether the decomposition occur in a single step or in several consecutive steps
which can been determined on the basis of the whole shape of TGA curve.

The values of TA* and ( ipdt ) which were calculated according to equ.[2], and [3]
respectively are represented in Tab.(l) . Also, Table (1) gives the values of (ipdt) for NBR rubber
samples irradiated at constant dose of 100 kGy and also included in the table is the value of (ipdt) for
the unloaded but irradiated reference sample. It can be seen that the values of (ipdt) increase by
increasing the content of PTFE powder. The (ipdt) value for unloaded sample and that of loaded one
with 100 phr is 417.06 °C and 477.90 °C respectively. These results indicated that thermal stability of
maximum loaded sample by 100 phr PTFE increases by about 60.84 °C with respect to that of unloaded
one. For unloaded sample and unirradiated, the (ipdt) value equals 403.40 °C as can be seen from
Tab.(l). Then it may be concluded that the latter sample showed the lowest thermal stability. This
empirically calculated value of ( ipdt ) temperature is in accordance with the value determined
experimentally from the data given in Fig.(l) as the value of RWF decrease abruptly at ~ 405 °C. This
latter temperature is almost the same for samples of unloaded NBR composite, whether irradiated or
non-irradiated. On other hand, the Doyle's empirical method has predicated that the decomposition of
unloaded but irradiated composites would decompose at 417.06 °C, i.e., at temperature relatively higher
than that corresponding to unloaded and unirradiated ones of 403.4 °C. Such expectation would be in
accord with the assumption that induced crosslinking may lead to higher decomposition temperature.
Experimentally however, this is not the case as mentioned before and can be seen from Fig.(l).

The values given for TA*, i.e., the empirically estimated end-of-volatilization temperatures are
444.16 °C and 454.02 °C for unloaded composite samples whether unirradiated or irradiated
respectively. The corresponding experimental value, however, is the same for both samples and
corresponds to about 500 °C. Apparently, the occurrence of other ingredients in the rubber composite
such as ZnO, PpN, MD and other have lead to the experimentally determined higher temperature with
respect to the empirically estimated ones. From the data given in Tab. (1), it may be seen that the value
of estimated (ipdt) temperature varies between 436.47 °C for composites loaded with 20 phr of PTFE
and 477.90 °C for composites loaded with 100 phr of teflon. The corresponding experimental values
varies between about ~ 405 °C and ~ 440 °C, as can be seen from the experimental data illustrated in
Fig. (2). Whereas a comparable range of ~ 37 ± 5 °C is obtained in both cases, the range itself has
shifted to lower values in case of experimentally one. On other hand, the estimated values for TA* has
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changed from 493.52 °C to 513.08 °C for the same range of loading with PTFE. In case of the
experimentally determined values, however, the corresponding end-of-volatilization temperature lies at ~
500 °C.

From the above mentioned results which are either empirically calculated or experimentally
investigated, it may be noticed that the thermal stability of prepared composites increases by increasing
the content of PTFE powder in the composites. This may be attributed by the fact that PTFE possess
higher thermal stability than the other component of the composite. It is known that substitution of
macromolecular hydrocarbon compounds affects its thermal stability. The energy of C - C bonds
generally decreases with increasing the number of substituents e.g. CH3 group in the chain. PTFE offers
an exception of this general rule as substitution of fluorine for hydrogen increases its thermal stability.
PTFE, therefore, is being considered as very thermostable polymer as it does tttit decompose before
heating at temperature higher than 400 °C(6).

Table (2) The change of ' ipdt' for NBR rubber samples unleaded and loaded with PTFE powder
irradiated with 100 kGv.

PTFE

phr.

0

0

20

60

80

100

Dose

kGv

0

100

100

100

100

100

A*

0.7016

0.7045

0.8132

0.7812

0.8398

0.8167

K*

0.9018

0.9133

0.8726

0.8997

0.9112

0.9271

T A \ °C

444.16

454.02

493.52

499.12

507.95

513.08

ipdt, °C

403.40

417.06

436.47

451.97

464.90

477.90

Effect of fuels on NBR composite

NBR rubber is used specifically in applications where solvent or oil resistance is required. This
resistance has been followed up by measuring its change of weight %, as a function of the degree of
loading with PTFE, when immersed in different fuels for different time periods but at the same
temperature degree, namely, 100 °C. The dose of irradiation was kept constant at 100 kGy. Relatively
high temperature is used; namely 100 °C when following the effect of fuels on PTFE loaded NBR
because such temperatures could be encountered in different engines such as car's motor. Moreover,
the irradiation dose of 100 kGy has been applied as at this dose the PTFE scrap reached its leveling
values of molecular weight decrease and crystallinity increase.

Figure (3) shows the relation between the change of weight of NBR samples and PTFE powder
content in these rubber samples. PTFE of particle size of 125um was used. The loaded as well as
unloaded rubber samples were immersed in different fuels, namely A , B , C , and D for 22 hours at
100 °C . All samples were irradiated previously with constant dose of 100 kGy, i.e. before being
immersed in different fuel solution. It can be seen from the figure that the change of weight values
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decreases slowly and almost; linearly for all samples with increasing the content of PTFE powder.
Moreover, it may be observed that the values of change of weight corresponding to fuels B , C , and D
lie relatively close to each other. On other hand the values of change of weight in case of fuel A lie
distinct from values of other fuels and are less in magnitude. The values of change of weight of samples
having the same PTFE content and immersed in these fuels decreased as follow: Fuel A < Fuel B <
Fuel C < Fuel D, respectively.

For fuel A, the change of weight % for NBR rubber samples ranged from 25 % for unloaded
rubber to 12.5 % for 100 phr loaded rubber with PTFE. In case of fuel B, the change of weight % for
NBR rubber was found to occur between 42.5 % for rubber free teflon and

25 % for the 100 phr loaded rubber. For fuel C, the change of weight % for NBR rubber samples
ranged from 49.8% to 27.7 % for 0.0 and 100 phr PTFE content respectively. The change of weight
% for NBR rubber samples when immersed in fuel D ranged from 52.3 % for unloaded rubber to 31 %
for 100 phr PTFE loaded rubber.

The NBR used in this investigation has a commercial name Krynac and is characterized by
having acrylonitrile content of 40%. In other words, this kind of rubber contains a relatively high
content of acrylonitrile component. This is very important as it known that resonance stabilization of the
nitrile group of acrylonitrile results in its occurrence in the form of dipoles which may attract each other
forming a kind of physical bonding. Hence, the higher the content of acrylonitrile the higher the degree
of physical attraction between the dipoles of the - C sN groups and the higher the resistance to swelling
of the rubber when immersed in fluids. Hence, the usage of this kind of rubber in this investigation is
justified. Moreover, resistance to swelling would also occur by the chemical crosslinking induced in the
rubber component by gamma irradiation; it will increase with increasing the density of crosslinks in the
rubber phase. Apparently, the kind of fuel used affected also the change ofwt% of rubber, i.e., its
swelling property. Generally, it is known fact that the extent of swelling increases considerably with
increasing the aromatic content in the hydrocarbon fluid(7) . This is in accordance with the results
obtained in this investigation as the change of weight % increases, for the same degree of PTFE
loading, with increasing the toluene content in the fuel, i.e., from fuel B to fuel D .

As indicated before, PTFE is being considered as inactive filler and is being used due to its very
low value of its friction coefficient(0.05 ), and hence its suitability as solid lubricant. Therefore, its
incorporation in the composite prepared would lead to dilution of the rubber content, i.e. NBR. As a
consequence of this dilution effect, the amount of rubber left to absorb the fluid will decrease with
increasing the content of PTFE in the composite. Hence, the observed decrease in the change
of weight %, i.e., increase of swelling resistance, with increasing the PTFE filler content is obtained as
shown in Fig.(3).

The results obtained for other immersion times, namely, 46 , 70 and 94 hours, under the
same experimental of irradiation dose and heating temperature, are shown in figures 4 , 5 , and 6
respectively. It can be seen that the variation of change of weight % as a function of the PTFE content
in the composite is generally the same as one described before in Fig. (3). The values obtained for fuel
A lie relatively lower than those obtained for other fluids of B , C and D values obtained for the latter
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three fluids lie close to each other. Moreover, the values for the change of weight % for all fluids
decrease with increasing the content of PTFE in the composite whereas it increase from fluid A to fluid
D for the same content of filler. Therefore, the discussion given before for the results shown in figure
(3) is also valid for the data presented in figures 4 , 5 and 6.

The results which were discussed before show considerable variation in change of wt % for
NBR rubber samples unloaded and loaded with different concentration of PTFE when immersed in
different fuels for different hours. Table (3) show the collective data obtained for the change of weight
% of NBR samples whether unloaded or loaded with 100 phr PTFE

Table (3) Change of weight % for NBR samples unloaded and loaded with 100 phr PTFE, immersed in
* fuels for different hours.

Hours of
immersion

^ . P T F E

Fuel\^

A

B

C

D

22 h

Ophr

25

42.5

49.8

52.3

100 phr

12.5

25

27.7

31

46 h

Ophr

25

45.4

50

55.7

100 phr

13.4

25.5

27.8

31.4

70 h

Ophr

25

46.2

50.4

56.3

100 phr

14.3

26.2

28.5

31.2

94 h

Ophr

26.2

47.4

55.5

55.5

100 phr

145

27.4

29.5

32

The difference between the data shown in the last four figures can be visualized by presenting
the change of weight % as a function of filler content for the same fluid but for different immersion
times.

This is shown in figures 7 , 8 , 9 and 10 for fluids A , B , C and D respectively.

From the data given in Fig. (7), it may be assumed that equilibrium swelling has been reached for
samples having PTFE up to 60 phr, as the values lie close to each other. For PTFE content higher
than 60 phr, however, the equilibrium swelling has not been reached at lower immersion times of 22
and 46 hours.

The data shown in Figs.(8), (9), and (10) indicate the range for variation of values of change
of weight % increase with increasing the content of toluene in the fluid. Moreover, equilibrium
swelling has not been reached as the values of weight change % also increase with increasing immersion
times for the same content of filler.

The swelling character of NBR (60 / 40) rubber when immersed in different fluids as seen from
the results presented in figures (3) to (6) and figures (7) to (10), may be discussed in terms of one of the
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simplest base of chemistry, namely, " like dissolves like ". Qualitatively and based on thermodynamic
treatment carried out by Hildebrand and Scott(3), it has been found that a polymer would dissolve in a
solvent when both components posses approximately the same cohesive energy density (c.e.d) which is a
measure of heat of vaporization per cm3. The (c.e.d) is related to solubility parameter, 8 by the simple
relation '' : 6 = Vc.c.d Accordingly, it would be expected that a rubber vulcanizate will resist swelling
in fluids which have solubility parameter that are different, by at least one unit, from the value of
rubber vulcanizate.

The solubility parameter of NBR rubber has been found(10) to increase with its acrylonitrile
content, e.g. for NBR (75 / 25 ), 8, = 9.5 (cal / cm3 )05 whereas for NBR (60 / 40), 82 = 10.3 (cal /
cm3 )05 The value reported for isooctane is S3 = 6.85 ( cal / cm3 )"5 whereas that for toluene is 54 =
8.9 (cal / cm3 ) 0 3 . The higher the difference between the two solubility parameter of NBR rubber and
the fluid in which it has been immersed, the higher the resistance of NBR rubber to swell in that fluid. In
case of fluid A which is composed of 90 % iso-octane and 10 %

n-heptane it would be possible to take the value of solubility parameter for iso-octane to represent its
solubility parameter. The difference between 82 and 8 ; amounts to 3.45 units. Hence, the resistance
of NBR vulcanizate to swell in fluid A is expected to be high which is the case from the obtained results
presented in figures (3 - 6). Substitution of toluene to a certain volume of fluid A would lead to
increase in value of S3 of resultant fluid. The difference between 82 a S3 would be less than obtained
before in the first case. Hence, it can be assumed that the resistance to swelling will decrease with
increasing the content of toluene in the fluid. This is in accordance with the results illustrated before as
the change in weight % increases from fluid B to fluid D with increasing the toluene content from 30 to
50 wt % respectively.
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ABSTRACT

study focuses on the recovery of metal values from spent dry battery cells
(DBC) applying a liydro-pyro metallurgical method. A process flow sheet was followed
up starting with cutting the DBC with toothed cutter disc followed by water soaking "
and rinsing. Water soluble ingredients were filtered. Solid residue was assorted with
the help of magnetic separation and water flotation. The method utilizes hydrogen
peroxide to enhance dissolution of these metals in acidic or alkaline leachauts.
Parameters affecting the recovery efficiency such as stoichionietric ratio, solid:liquid
ratio, temperature, time and pH of the system were investigated, la this concern,
experiments were executed with a battery sample weighing up to IS kg.

Atomic absorption analysis showed that the input DBC contain appreciable
amounts of metal zinc, zinc chloride and manganese that are recoverable. Results
obtained revealed that metallic parts, carbon rods and paper were safely separated
for recycling. From the water-soluble salts, pure NEUCI, MnO2, and ZnCI2 salts are
obtained meeting the standard specifications. Temperature up to 55 °C enhances the
recovery process. Under the optimum conditions, maximum recovery efficiency
obtained amounts to 93 % for Mn, and 99.5 % for Zn and NH4CL A model for
explaining the obtained results was also given. Dissolution of metals concerned
increases in the order nitric > hydrochloric acid. Results were explained in the
premise of the kinetic and thermodynamic properties of the reactions involved. Cost
estimate of the products shows that the prices of the products are competitive to those
of the market prices.

Key Words

Dry battery cell recovery, Waste management, extractive metallurgy, recycling of
spent dry battery cell.

INTRODUCTION

Spent primary batteries were separated into button type and large batteries. These batteries
were subjected to a series of processes including size reduction, screening, magnetic separation,
mechanical and chemical processes for recovery of zinc and ammonium salt [1-2]. Nicolae [3]
made mechanical separation for Leclanche batteries. The powdered manganese oxide and other
compounds were dissolved in cone. HCl then oxidized to obtain MnO2 and Zn(OH)2. The last
mixture was washed with dilute HCl to dissolve Zn(OH>2 and thus zinc was recovered as
ZnCli. Shaoguo [4] recovered zinc and NH4CI from spent dry cells. The effect of temperature
on recovery process was studied. The powder feed of the spent batteries was leached after
shredding and grinding with 1-50% H2SO4 and / or HCl under inert atmosphere [5] or in the
presence of reducing agent of hydrazine sulphate to recover Zn and Mn. Zinc was precipitated
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with oxalic acid and separated by filtration, Mn was then precipitated in the form of mixed
hydroxide and carbonate using Na2CO3 [6], Lindermann, et.al. [7] applied a novel procedure

including mechanical separation for steel and plastic casings and then leaching in H2SO4.
Zinc was recovered by solvent extraction or by electrolysis [8].

The pyrometallurgical recovery of zinc from spent dry batteries in an oxidation or a
rotary furnace was reported. Zinc and its compounds were vaporized and entered a bubbling
type condenser [9]. The recovery processes were carried out under non oxidizing atmosphere at
1000-1150 °C. [10], by carbon reduction [11], by carbon-containing materials [12] or by
vacuum distillation[13]. Rabah and El- Sayed [14] studied the recovery of zinc from zinc waste
materials. The coarse fraction was heated with 10% NH4CI at 600 C to produce zinc with
recovery efficiency amounted to 89%.

The aim of this work was to make use of spent dry battery cells and prepare valuable
products applying a cost effective method. Parameters affecting the efficiency and quality of
die end products such as time, temperature, pH value and stoichiometric ratio of the leaching
solutions were studied.

EXPERIMENTAL

The experimental part of this work includes the preparation of the materials, execution of the
experiments and determination of the chemical properties of the starting, intermediate and end
products.

Materials
The starting material of this work was spent dry battery cells (DBC). Different samples having
different trade marks were obtained from waste collector agencies. They were washed with tap
water and left to natural drying before further processing.

Chemicals used were of technical pure grade
Bidistilled water was used for chemical analysis whereas tap water was used for execution of
the experimental program.

The flow sheet of the use method
Figure 1 shows a conceptual flow sheet used for extraction of the valuable components of the
spent DBC samples. The cleaned batteries were splitted longitudinally with the help of a
toothed cutting blade 1.0 mm in thickness fitted in a cutting machine that is driven by 1 kW
motor , 2940 r.p.m. Cutting was adjusted just to cut the outer casing made of paper together
with the corroded zinc cane. The obtained cut was further crushed by soaked in water having
different pH values while stirring followed by wet screening using a sieve of 1 mm openings.
The over size fraction was further separated with the help of a magnetic separator to get rid of
steel discs. Others were sorted to paper and carbon rods. The sieved slurry fraction was filtered
into soluble components and black paste.

Determination of the chemical properties of the input,
intermediate and end products
Paper and steel discs were determined gravimetrically on dry weight basis. Ammonium chloride
was determined. Zinc and manganese were determined with atomic absorption spectrometer
type Unicam 1000 SP after dissolution in hot hydrochloric acid.

1450



Dry Battery Cells scrap
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Fig. 1 The conceptual flow sheet for processing spent dry battery cells.
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RESULTS

Components of fresh (unused) as well as spent dry battery cells (DBC) were determined
gravimetrically. Table I shows the different components of these DBC samples.

component

start battery
loss on cutting
paper
steel
Zn (cane)
C. rod
White paste
Black paste
moisture

Trade i

SizeD

JfcL_
81.6
0.07
3.85
3.87
11.7
4.57
4.65
38.6
14.4

%
100

0.09
4.72
4.75
14.3
5.6
5.7
47.3
17.6

uark A

Size

<8>
15.7
0.03
0.66
0.53
4.52
1.00
0.89
5.39
2.83

AA
%
100

0.18
4.2
3.4
28.0
6.4
5.7
34.3
18.0

Trade mark B

SizeD
(g)

97.0
0.06
12.7
3.49
16.2
4.75
5.51
37.8
16.5

%
100

0.06
13.1
3.6
16.7
4.9
5.68
39.0
17.0

SizeC
(s)

46.7
0.50
8.03
1.82
7.75
2.20
2.1
15.9
8.4

%
100

0.11
17.2
3.9
16.6
4.7
4 5
34.1
18.0

Spent
battery

(g)
(kg)
20
-

1.8
0.84
1.60
1.3
1.2
10.9
2.34

wt%
%
100
-

9.0
4.2
8.0
6.5
6.0
54.5
11.7

Figure 2 represents the extraction percentage of the water-soluble components from crushed
spent DBC as a function of the water: solid ratio. Leaching experiments were conducted at pH
value 7.8 for 45 minutes and at 30°C and 50 °C. It is seen that the extraction percentage
increases gradually with increase in water: solid ratio passing through a broad maximum.
Extraction percentage obtained at 50°C is higher than that attained at 30°C. With die lower
temperature, the maximum extraction percentage amounts to 77 % with a watersolid ratio of
35. The corresponding values acquired at 50 °C amount to 98% and 20 respectively. Figure 3
shows the extraction percentage of the water-soluble components from the crushed DBC as a
function of leaching time in minutes. Similar to the experiments of Fig.2, pH value of the water
leachant and the water: solid ratio are kept constant at 7.8 and 20 respectively.

at3O°C

at5OC

5 10 15 20 25 30 35 40 45 50

water: solid (crushed DBC)
ratio

Fig. 2 Effect ofwater:solid (crushed DBC) ratio on the extraction
percentage of water-soluble components from crushed spent DBC.

pH = 7.8, t= 45 minutes.
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105 120

Time, minutes

Ftg. 3 Extraction percentage of water-soluble components from crushed
DBC as affected by leaching time using water with pH 7

and water:solid ratio = 20.

It is seen that the extraction percentage obtained increases drastically with increase in leaching
time whereby a maximum value is attained after 60 and 45 minutes when the leaching process
is carried out at 30 °C and t 50°C respectively. It is also seen that with the former
temperature, the value of extraction percentage decreases slightly with increase in leaching time
up to 90 minutes and drastically with further increase in time up to 120 minutes. At 50°C
however, the extraction percentage only slightly decreases with increase in leaching time up to
120 minutes.
Figure 4 shows the effect of pH value of the water leachant on the extraction percentage of the
water-soluble components from crushed DBC. Experiments are performed at 30°C and 50°C.

100

30°

40°

50°

1 2 3 4 5 6 6.6 7 7.8

pH value of leaching water

Fig. 4 Effect of pH value of the leaching water on the extraction
percentage of water-soluble components; watensolid ratio 20

time of teaching = 20 minutes.

It can be seen that practically extraction percentage is favored with acidic water having pH
value up to 4 ( 99% and 83 % at 50°C and 30°C respectively). With more alkaline water, pH >
5, extraction percentage decreases rapidly with the corresponding increase in pH value up to
7.8 whereby the lowest extraction percentage is attained ( 6 5 % and 35% at 50°C and30°C
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respectively). It is also seen that such pH effect becomes more pronounced with cold water
(30°C) and is less pronounced with hot water (50°C).
Figure 5 represents the effect of temperature on the extraction percentage of leaching
experiments performed for 20-120 minutes, using water having pH 7.8 and watensolid ratio of
20.

2.
3
~a

>?
a

«

UJ

S
j2

c
a
£
8

o
a

w

100 _
90.
80.
70
60.

/

30'

20
10
o

r

30

o

^ ^ \

1 I 1 1

40 50 60 75

Temperature, C

&— at20
minutes

— o at60
minutes

s — at120
minutes

Fig. 5 Extraction percentage of water-soluble components from crushed
DBC as affected by leaching temperature.

pH =7.8, water: solid ratio = 20

It can be seen that with any time of leactong, extraction percentage of the water-soluble
components increases with increase in temperature up to 50°C. With further rise in leacfiing
temperature up to 60 °C, extraction percentage slightly decrease. With further rise in leaching
temperature and up to 75 °C, extraction percentage decreases more rapidly. Under these
temperature conditions, extraction percentage is in the order 60 > 20 > 120 minutes.
Kinetic study on the extraction of water-soluble components from crushed DBC to estimate
the activation energy of this process. Fig. 6 shows the Arrhenious plot and the value of
activation energy obtained amounts to 3.4 kJ/mol.

e
o
t<ea
•ft
uJ

!l
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30

10000/

ia

31
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•
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a 120min.

a 60min.

a 20min.

Fig.6 The Arrhenious plot of leaching the water-soluble components
from crushed DBC using water (pH =7.8) and water.-solid ratio =20.
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Fig. 7 Effect of ammonium chloride flux on the recovery efficiency
of metal zinc from corroded zinc cane of spent DBC.

T= 600 °C, t = 25 minutes.

Figure 7 illustrates the effect of ammonium chloride in weight percentage used as flux on the
pyrometallurgical recovery of metal zinc from corroded canes of spent DBC.
It is seen that the recovery efficiency value attains a value of 75 % with no flux and such value
increases with increase in the weight percent of ammonium chloride used reaching its
maximum with 10 % ammonium chloride ( 90 % recovery). Using higher amount of
ammonium chloride and up to 15 %, causes a gradual decrease of the recovery efficiency of
metal zinc approaching a constant value of nearly 70%. Figure 8 shows the effect of time on
the recovery efficiency of metal zinc from the corroded zinc canes of spent DBC.
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50

Fig. 8 Effect of time of pyrometallurgical treatment on the recovery
efficiency of metal zinc from corroded zinc canes of spent DBC.

T = 600°C, 10% ammonium chloride flux.

It can be seen that under the recovery conditions of this work, the efficiency value of zinc
recovery increases with increase in time. Maximum value of recovery (90%) is attained after
25 minutes. With long period of treatment up to 50 minutes, recovery efficiency decreases
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Figure 9 shows the effect of temperature on the efficiency of recovery. It is seen that recovery
efficiency increases with the corresponding increase in temperature up to 600 °C and time of
treatment up to 25 minutes. With higher temperature level up to 700 °C, the recovery efficiency
value decreases provided that the effect of time becomes less pronounced. Figure 10 shows the
effect of using three

1
aa
S
u
B
M J,

"8

e
<S
0

UJ

100

90 .

8 0 .
Q

70-

6 0 .

50

10 minutes

15 minutes

25 minutes

450 500 550 600 650 700

Temperature, °

Fig. 9 The temperature-efficiency curves for recovery of zinc from
corroded zinc canes of spent DEC using 10% NH4CI/7//JC

90 ,

10%
NH4CI

10% KCI

10%
NaCI

500 600 700 800 900

Te mperature , C

Fig 10 Effect of using different fluxes on the recovery efficiency
zinc from corroded zinc canes of spent DEC

T= 500-900°C , t = 25 minutes.

chloride salts as fluxing agents; ammonium, potassium and sodium chloride on the recovery
efficiency of zinc from the corroded zinc canes of spent DBC. Similarly, experiments were
conducted within the temperature range 500-900°C for 25 minutes. It is seen that ammonium
chloride was found the most suitable flux to recover zinc metal from the spent zinc canes
pyrometallurgically in terms of the energy consumption ( 600°C ) and recovery efficiency

1456



(90%). However, at the maximum value cr recovery acquired with the used salts, the recoven
efficiency decreases in the order ammonium chloride > potassium chloride > sodium chloride.

DISCUSSION

Of the 200 million dry cells manufactured in Egypt annually, with an estimated retail value of
150 million L.E. ( « 45 million US dollars), over 90% are oftheLechlanche (ammonium
chloride-manganese dioxide-zinc) type. Commercial production of this type of cell began in
1890 [15]. The electrolyte now used in the Lechlanche battery is conventionally an aqueous
solution of ammonium chloride and zinc chloride. There is still controversy as to the detailed
mechanism of the electrode reactions. The following equations show the principal
electrochemical and chemical reactions that are believed to occur at the cathode under normal
conditions of discharge.

2,MnO, + 2 N H / + 2 e - > 2 MnOOH + 2 NH3 (1)
2MnOOH+ 2 N H / - • MnO2 + Mn * + 2 NH3 + 2H2O (2)
MnO2 + 4NH4 + +2e - > Mn21" + 4NH3 + 2H2O (3)

The anode reaction is :
Zn — • Zn2+ +2ef (4)

The zinc ion is undoubtedly complexed with ammonia or chloride ton or both.
The electrochemical reduction of manganese dioxide (MnO2) has been reported to occur only
when the cell delivers current:

MnO2 + 3H* + 2e — • M n " + 2H2O (5)
Two secondary reactions can then occur:

MnO2 + M n 4 + + 2 O H - — • 2 MnOOH (6)
MnO2 + Mn^ + 4 OH" + Zn** - • ZnO.Mn2O3 + H2O (7)

Reaction (7) can occur only if zinc ions are in electrolyte solution in the cathode mix.
Deterioration of dry battery cell occurs in a number of ways among which is the oxidation of
zinc by reaction with ammonium chloride:

Zn +2NU,+ ~> In** +NH/ + 2e (8)

Reaction (4) shows that zinc is currently oxidized and zinc ions go into the electrolyte
(ammonium hydroxide) whereby it may undergo complex reactions with manganese dioxide as
given in reaction (7). Other chemical reactions during and subsequent to the discharge process
had been reported to form Mn(OHh, y MnzOz, Mn2O4, ZnMn2O4, Zn(NH3)2Cl2, Zn(NH3)4

2+

and 4 Zn(OH)2.ZnCl2. MnO2 was shown a nonstoichiometric oxide and was obtained as a
result of the electrochemical reduction of the manganite after it covered most of the oxide
surface, and also d from some of the products of the side chemical reactions. In the literature,
at least seven different types of MnO2 representing several crystallographic forms had been
claimed to exist [ 16 ].
Results obtained in this work reveals the following findings
1. the weight of the corroded zinc cane together with that extracted from the white paste left

after discharging is not equal to the starting weight of zinc cane of the fresh battery. This is
taken to consider formation of water—insoluble zinc-manganese compounds having one or
more of the chemical formulae as shown above.

2. Acid leaching of these zinc-manganese compounds causes decomposition of these
compounds to soluble zinc chloride and manganese and oxides :

ZnO.Mn2O3 +HC1 — • ZnCl2 + MnO2O3 + H2O (9)
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It is thus reasonable to leach zinc more efficiently from spent DBC to use acidified water rather
than alkaline water. The effect of increasing water: solid ratio on the extraction efficiency of
the water-soluble zinc and ammonium salts using cold water having pH value 7.8 can be
ascribed to the possible back reaction involving zinc hydrolysis to produce insoluble zinc
hydroxide. Such effect becomes less pronounced with increase in temperature. Using water:
solid ratio of 15-20 on cold and 35 on hot conditions is found to perform optimum extraction
efficiency. Also leaching for 45 minutes is quite satisfactory. It is worthy to note that
increasing the temperature of leaching up to 50°C enhances extraction of the soluble
components from the crushed spent dry battery cells. At higher temperatures however, less
extraction efficiency value is attained as hydrolysis reaction would take place more readily.
Kinetically, leaching process requires low activation energy (3.4 kJ/tnol.).

Data given for the recovery of metal zinc from the corroded zinc canes indicates that use of
fluxing agent in the process of pyrometallurgtcal treatment would provide the system with a
salt that
1. melts and floats on molten zinc to completely covering the surface of the system;
2. have a starving property to prevent diffusion of atmospheric oxygen into the molten zinc;
3. is chemically stable, and
4. does not react with the extracted zinc.
Under such case, oxidation of the extracted zinc by atmospheric oxygen decreases leading to a
high recovery efficiency. Proper flux was ammonium chloride. This is line with the fact that in
case with pyrometallurgica! recovery of metal zinc, ammonium chloride have its melting point
close to the temperature of recovery. Results obtained with potassium or sodium chloride
showed that less recovery percentage is achieved. This is due to the relatively high melting
points of these two salts ( > 800 °C). Figure (9) shows that the adequate temperature of zinc
recovery is 600 °C. With higher temperature, ammonium chloride would sublime and escape.
One or more of the above mentioned properties is disturbed and lower recovery percentage
would take place.
The obtained products meet the standard specification as specified. From the leached or the
slag or metal recovered by pyrometallurgical processes, other valuable products can be
prepared. Cost estimate indicates that price of the obtained products ( Analysis is not given) is
competitive to market prices of the same products obtained from primary resources.

CONCLUSION

The following output conclusion can be claimed:
Spent dry battery cells in the country are annually recurring in large quantities . They are
sound to be processed for the recovery of valuable products. The suggested method for
extraction or recovery of the valuable products is simple. Results are explained in the premise
of their thermodynamic properties whereby the activation energy of the leaching step amounts
to 3.4 kJ/mol. Prices of the end product is very competitive to market prices of the same
products obtained from primary resources.
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ABSTRACT

A study has been conducted to use the blast furnace slag (BFS) produced by the
Egyptian Iron and Steel Co., Helwan, in the manufacture of soda-lime-silica glass.
It has been found that the unprocessed BFS can be used in concentrations of about
7 wt% in the manufacture of amber soda-lime-silica glass bottles. The BFS has a
beneficial effect on glass melting and refining. Higher concentrations of raw BFS
yielded coloured glasses of objectionable intensity. If appreciable concentrations
of raw BFS are to be used in the manufacture of glass without development of
objectionable colours associated with iron, manganese and sulphur, processed
varieties containing lower concentrations of these elements should be developed.

Key words: Blastfurnace slag /Industrial wastes /Amber glass

INTRODUCTION

The large number of glass types available is usually classified in several ways. The
most common classification is based on chemical composition of glass. By far the industrially
most important family of glass is that based on the soda-lime-silica system. This composition
is used throughout the world, with only slight variations, to produce the most common glass
products, e.g. flat glass, containers, tableware, glass fibers and incandescent lamp envelopes.
These products accounts for about 90% of all the glass tonnage made today(1).

As the name indicates, soda (soda ash or sodium carbonate) and lime (limestone or
calcium carbonate) play a major role along with sand, the principal component, in the
production of such glasses. The chemical composition of typical soda-lime-silica glasses is
shown in table [1]. Sometimes magnesium replaces a portion of the calcium or potassium
replaces some sodium. Also, alumina may be used for improving the chemical durability and
for reducing the risk of devitrification during forming operations. However as the glasses
have similar properties, they are usually classified as soda-lime glasses. The optimum
chemical composition is chosen with respect to cost, durability and ease of manufacture .

The principal raw materials traditionally used for manufacture of various types of
products belonging to soda-lime-silica glasses are shown in table [2]. It can be seen that they
fall into three principal categories according to their origin . The first group includes the
natural minerals. The common natural minerals used are sand, limestone, dolomite and
feldspar to provide glass with SiO2> CaO and CaO and MgO or A12O3, SiO2, Na2O and K2O
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Table [1]: Range of composition of
traditional soda-lime silica glass.

SiO2

Na2O +K2O

CaO + MgO

Al2O3

Fe2O3

71-75

12-17

8-12

0.5-4

0.02 - 0.3

May also contain some

Coloring oxides other than Fe2O3

Table [ 2 j : Raw materials commonly used for the manufacture of principal
glass products, e.g. flat, container, tableware and fiber glasses.

^ A ~* Waisral Minerals

Mineral Oxide ia Glass

Sand SiO2

Limestone CaO

Dolomite CaO & MgO

Deldspar A12O3, SiO2, Na2O & K2O

Soda ash (Na2CO3) Na2O

Borax (Na2B4O7. XH20)

X = 0, 5, 10
B2O3, Na2O

C - Waste Cftess (Cuttet)

Recycling of: internal (in house) and external (purchased) waste glass
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respectively. The second group includes synthetic chemicals, e.g. soda ash and borax as
sources of Na2<D and B2O3 in glass. The final group includes cullet, waste glass whether
internal (in house) or external (purchased).

In addition to these traditional raw materials, there is another class of materials which
is considered as non-conventional. As shown in table [3] the principal purpose for using this
class of materials is to produce glass under more favourable conditions and accordingly to
improve the competitive situation of glass products. The use of such materials also helps to
save natural mineral resources. The conditions to be fulfilled for non-conventional materials
to be used by glass industry are also shown in table [3]. The list of non-conventional materials
includes industrial wastes, e. g. metallurgical slags and natural rocks. Of this list the blast
furnace slag (BFS) is considered to be the most important non-conventional material. The
BFS is a prominent example of a by-product of one industry providing a raw material for
another the use.

The 'iron ore is a mixture of oxides of iron, silica and alumina. The chemical reactions
within the blast furnace reduce the iron oxide to iron. The BFS is considered essentially as a
molten silicate complex formed by the combination of gangue elements in the iron ore with
fluxing and desulphurizing agents. The iron and slag are two partially immiscible liquids
which separate, slag at the top and iron at the bottom, because of a difference in specific
gravities. Accordingly, the principal function of the BFS is to remove gangue elements
from the furnace and to separate it from the main molten iron

Table [ 3 ] : Why to use unconventional raw materials

TO:
1-Provide a cheap raw material
2- Accelerate batch melting and fining,

i.e. increase productivity & save energy
3- Add coloring material
4- Save natural mineral resources
5- Fight pollution

ACCORDINGLY:
The Material to be Used Should be:

1- Readily available
2- Of suitable composition
3- Of suitable purity
4-Of low cost

The use of BFS as a raw material for glass melting and refining was reviewed by

Persson( . He showed that the use of BF slag for making coloured bottles and chemically

resistant glass was first mentioned in 1922. Basore and Hull used up to 40% of BFS and
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reported savings in the cost of raw materials and fuel and to have produced glass of superior
qualities. Since that time the BFS has gradually been adopted as a constituent of amber and
green glasses, sheet glass and fiberglass. It is also used for improving the melting and fining
conditions of glass.

OBJECTIVES OF THE PRESENT WORK

The principal objective of the present work was to consider the possibility of using the
local air-cooled BFS produced the Egyptian iron and steel Co., as a component various types
of soda-lime-silica glass products. The evaluation of such BFS in terms of types and
quantities available and chemical and mineralogical compositions were dealt with
previously " . In this work glasses having the conventional soda-lime-silica composition
were prepared. Raw unprocessed BFS was added to this composition in increasing
concentrations. Adjustment of the batch composition was made in order to keep the final glass
composition as close as possible to that currently produced by El-Nasr Glass Crystal
Company. This adjustment was dictated by the fully automatic production techniques, which
require specific properties of the molten glass. The spectral absorption and some physical
properties of the glasses produced were determined.

EXPERIMENTAL TECHNIQUES

I- Raw Materials
Commercial grades of sand, soda ash and limestone were used in the preparation of

the glasses studied in this work. This means that their chemical composition, purity and grain
sizes were similar to those commonly used for the commercial production of colourless as
well as coloured glass bottles.

The BFS produced by the Egyptian Iron and Steel Co., Helwan, was used in this work.
The sample used was prepared by milling and thoroughly mixing different samples of raw air-
cooled BFS to obtain a representative sample of an average composition, shown in table [4],
of this type of slag, The mineralogical composition is shown in table [5]. The powder
passing through 0.6 mm sieve was collected and used in this work.

II- Glass Composition
The composition of the batch used and the corresponding glass composition is given

in table [6]. This composition is basically similar to the more complex one that is commonly
used by glass industry. Dolomite, as a source of MgO in addition to CaO, and feldspar as
source of AI2O3 in addition to NaiO, K2O and SiC>2, are usually used in commercial
production of soda-lime glass to impart particular properties either to the melt to comply with
viscosity requirements of forming operations or to comply with product service requirements.
The raw unprocessed BFS was added to the above composition in gradually increased
amounts up to 15 g per 100 g glass.
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Table [4]: Chemical composition of air-cooled
BFS produced in Egyptian Iron and Steel Co.

SiO2

CaO

Al2Oi

BaO

MgO

Na2O

K2O

f v

>

ilbss-Fomjing Oxides

33.94

33.16

14.27

. 6.35

4.06

1.39

0.66

2.0

2.0

1.0

0.5

0.5

0.2

0.2

Coiotifing Constituents

MnO
S

FeO

3.75
1.11

0.86

0.2
0.2

0.2

Table [5]: Mineralogical composition of air-cooled blast furnace slag

The chemical composition of"the Air-Cooled Slag is expressed in the
form of individual oxides, as if it is composed of a mixture of oxides.

However, this is not the case:

This type of Slag was shown by XRD to be crystalline, the different oxides
combine with each other to form minerals of specific compositions. The
degree of crystallinity, size of the crystals and to a limited extent the nature
of the crystals depend on the rate of cooling. The main crystalline phases are:

A- Gehlenite (2CaO. A12O3. SiO2) &

Akermanite (CaO.SiO2).(2CaO. MgO. SiO2) in solid solution

B- Pseudowollastonite & wollastonite

C- Dicalcium silicate (2CaO. SiO2)
D- Sulphur appears to be combined with Ca, Ba and Mn forming their

respective sulphides
E- Iron exists mostly in the elemental state

1465



Table [6]: The compositions of both the batch used and the
corresponding glass produced after melting.

:; • \ Batch eeraposjtion

Material

Sand

Soda ash

Limestone

Weight (g)

72

27.2

20.4

1 Glass c«8i|joskkHt

Oxide

SiO2

Na2O

CaO

Weight %

72

16.8

11.2

III- Melting
Batch materials to give 100 g of glass of the required composition were thoroughly mixed and
melted in sillimanite crucibles either in a gas fired furnace at-1400 +20°C or in an electric
furnace at the same temperature for two hours after the last traces of raw materials had
disappeared. After melting has been completed, the melts were poured onto iron moulds in
the form of slabs of dimensions 40x10x5 mm. The glass samples were annealed in a muffle
furnace at the appropriate temperature to release strain.

IV-GIass Characterization
1- Spectral absorption:
The glass samples were ground and polished by the usual technique to a thickness

of 3 mm and were used for measuring their absorption spectra in the UV and visible in the
range 200-900 nm. For this purpose a Carl Zeiss recording spectrophotometer was used. All
measurements were taken against air as a reference. No corrections were made for reflection
losses.

2- Thermal Expansion:
Thermal expansion measurements were conducted in a conventional horizontal

vitreous silica dilatometer. A heating of 5°C/min was used for all the measurements. The
mean linear thermal expansion coefficient, a, was calculated form the equation:

a = ( L / L . T ) + 0.54x 10 '6

where L is the increase in length, L is the original length of the sample, T is the difference
in temperature, and the last term is the correction factor for the expansion of the quartz tube.
The mean linear thermal expansion of the different glasses between room temperature and
three different temperatures, namely 300, 400 and 500°C was determined. The dilatometric
softening temperatures were determined from the points of maximum expansion. All the
thermal expansion coefficient values and softening temperatures were reproducible to better
than ±2 %.
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RESULTS AND DISCUSSIONS

The results obtained can be summarized in the following.

I- Deviation of the Composition of Slag-Containing Glasses
Although adjustment of composition of the slag-containing glasses, in order to keep

the compositions of the final glasses as close as possible to the blank glass, was carried
out during batch design, it was not possible to keep all the constituent oxides of glass at fixed
concentrations. Deviations of the concentrations of some oxides in the slag-containing
glasses could not be avoided. The deviations, from nominal values, in the concentrations
of S, MnO and Fe2C>3 in glass are shown in Fig. (1) whereas those of BaO and AI2O3 are
shown in Fig. (2).

It may be noticed that the base glass does not contain either BaO or MnO.
Accordingly, slag-containing glasses will contain both oxides in gradually increased
concentrations, starting from the zero point for the base glass. Also, the concentration of
S and Fe2O3 gradually increased in glass, with increasing slag content, starting from the
points that corresponding to their concentrations in the base glass. The concentration of
AI2O3, on the other hand, did not significantly deviate from its concentration in the base glass
for slag additions up to ~ 8 wt% and gradually increased with further slag additions.

1.00

0.00
4 8 12 16

slag content of the batch (wt %)

Fig. (1): Variation of the concentration of S, MnO and Fe2O3 in glass as a
function of slag content of the batch.
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4 8 12 16

slag content of the batch (wt %)
20

Fig. (2): Variation ofthe concentration of AI2O3 and BaO in glass as a
function of slag content ofthe batch.

II- Effect of Slag on Spectral Absorption of Glass
1- Glasses melted under reducing conditions
It was observed that the base glass free of slag has a faint green colour. The

introduction of slag led to the formation of coloured glasses ranging in colour from faint
yellow for the lowest addition to yellow, reddish yellow, yellowish red, brownish red to deep
brownish red for the largest additions.

The spectral absorption of slag-free and slag-containing glasses melted under reducing
conditions is shown in Fig. (3). Unlike the spectrum ofthe blank glass, which does not show
distinctive features, the spectra of the slag-containing glasses show an absorption band
centered at about 400 nm. The intensity of this band rapidly increased with increasing the
slag content. Also, the UV cut-off shifts toward longer wavelengths with increasing the slag
content. It may be observed that the colour as well as the spectra of glasses containing BFS in
concentrations in the range of 5-10 % are similar to the various brands of commercially
available amber glasses " .

It is generally accepted that the amber chromophore consists of a tetrahedrally
coordinated ferric iron with one of its oxygen anions replaced by a sulphide anion. ' In
commercial amber glasses, iron is usually held at about 0.15 wt % and the appropriate amber
intensity is achieved by adjustment of the sulphur in the batch. Amber glass is usually
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produced under reducing conditions, which is controlled by the addition of carbon to maintain
appreciable amounts of sulphur in the sulphide state. '

Accordingly, the changes observed in the spectra of the base glass on the introduction
of BFS can be attributed to the formation of the amber colour centers in these glasses. The
constituents necessary for its formation has been introduced into glass by the slag added.
These constituents include Mn, S and Fe in the slag. Sulphur exists in slag as sulphide anion
associated with calcium, magnesium, barium and manganese whereas iron, on the other hand,
exists in the elemental state in slag. The oxidation states of the various elements in slag are in
equilibrium according to the magnitude of conditions of reduction prevailing during the
production of iron in the blast furnace.

During the melting of glass, the equilibrium oxidation states of these elements in slag
are readjusted mainly according to the reducing / oxidizing conditions available in the glass
melting furnace, as no reducing or oxidizing agents were added to the batch. The acidity/
basicity ,of the glass batch plays a less significant role. As melting was carried out under
reducing conditions, but of lower magnitude than those available in the blast furnace,
conversion of some of the lower oxidation states of such elements to the higher ones and
oxidation of some elements, particularly Fe, to an extent depending on how much the
conditions during melting were reducing would be expected. The combination of FeO, Fe2C>3
and FeS leads to the formation of the necessary components of the common carbon-sulphur-
amber chromophore and the intensity of the amber colour developed in glass would depend
on the concentration of slag added to glass.

200 300 400 500 600 700 600

Wavelength! ran)

Fig. (3): Visible absorption spectra of soda lime base glass and glasses
containing air-cooled blast furnace slag. Melting was carried out under reducing conditions.
Glass No. 1 is the base glass free of slag, glass No. 2 contains 1 wt. % slag, No. 3: 3 wt. %,

No.4: 5 wt. %, No. 5: 7.5 wt. %, No. 6: 10 and No. 7: 15 wt. %
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The industrial production of the amber glass includes addition of carbon to generate
and control the reducing conditions necessary for the formation of the colour center and the
development of the amber colour. It may be observed here that the amber colour was
generated in the glasses studied without the necessity to add reducing agents. This may be
attributed to the fact that the elements needed the formation of the colour center are already
existing in the slag in these reduced states. As the results indicate, melting under reducing
condition of the slag-containing batches does not significantly modify the states of oxidation
of these elements during glass melting, but are sufficient to oxidize iron to both the ferric and
ferrous states. Accordingly, the carbon-sulphur amber glass can be produced industrially by
the addition of the suitable amount of the BFS and elimination of the sulphides and carbon
traditionally used for this purpose. It was observed that glass No. 6 was similar to commercial
amber glass. It was also noted that the reducing conditions prevailing in the furnace atmos-
phere during melting, together with the reduced state of sulphur in the slag, could substitute
for carbon traditionally used in the commercial production of carbon-sulphur amber glasses.

* The well-known band centered around 400 nm that is characteristic of amber glasses is
due to the bond between the ferric iron and sulphide sulphur. ' The shoulder at about 650
nm noticed in the spectra of glass No. 7 can be attributed to a ferric complex in octahedral
coordination containing sulphur.

2- Glasses melted under neutral conditions.
When melting was carried out in an electric furnace, i. e., under neutral atmosphere,

glasses significantly different in color from those melted under reducing conditions were
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Fig. (4): Visible absorption spectra of soda-lime glasses containing
air-cooled blast furnace slag. Melting was carried out under neutral conditions.

Glass No. 1 contains 3 wt. % slag, No. 2 contains 10 wt. % and No. 3 contains 15 wt. %
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obtained. The spectra of glasses to which 3, 10, or 15 g of slag were added per 100 g of glas
are shown in Fig. (4). The glass changed in color from pale to pale-to-medium green with
increasing the slag content. Two absorption bands can be identified in the spectra of these
glasses centered at 380 and 440 nm, both of which are characteristic of the ferric ion. ̂  '

The drastic change in the color of the glass as a result of changing the melting
atmosphere, amber under reducing conditions and faint green under neutral ones, indicates
that the formation of sulphide sulphur and hence the amber chromophore is not favoured
under neutral conditions of melting. Also, equilibrium is set up between Fe and Fe + and

2- 6+
S " and S depending on the prevailing melting conditions, i. e. the sulphide sulphur in the
slag becomes unstable under neutral atmosphere, and an appreciable amount of it is changed
to the sulphate state. Accordingly, the probability of formation of the amber chromophore
became significantly nil.

In the light of the spectral absorption results obtained, it may be suggested that slag
can be introduced in various types of glasses in the concentrations shown in table [7] without
affecting significantly their light absorption characteristics.

Table [7]: Suggested maximum concentrations of slag that can be introduced in various
types of glasses without significantly affecting their light absorption characteristics.

Type of glass

Colourless tableware

Colourless flat glass

Amber flat and patterned glass

Colourless bottles

Amber bottles

Slag content, wt %

Up to 1.5

Up to 3.0

Up to 10.0

Up to 3.0

Up to 10.0

III- Effect on Physical Properties
The effect of slag additions on the coefficients of thermal expansion and softening

temperatures of the glasses prepared in this work was investigated. The results obtained are
summarized in the followings:

1- Thermal Expansion
Fig. (5) shows the behaviour of thermal expansion coefficients from room temperature

up to 300°, 400° and 500°C as a function of slag content. It indicates that the coefficient of
expansion increased slightly with the introduction of slag up to about 10 wt. % and then
decreased slightly with further increases of slag.

2- Softening Temperature
The dilatometric softening point of the different samples was determined from the

expansion curves. Fig. (6) indicates that the softening point slightly increased with slag
additions up to about 7.5 wt. % and significantly increased with further additions.

1471



115

'C
m

.'C

<§
^ 9 5

85

•

UP**

g

0
* \ * i

3 6

Slag

25-500*C

1 . t

9 12

addition (wt.%)

15

Fig. (5): Effect of slag content on the thermal expansion coefficient of the glasses

Fig. (6): Effect of slag content on the softening temperature of the glasses

It is apparent from Figs. (5) and (6) that the slight increase in the softening points of
the glasses containing up to 7.5 wt. % slag is accompanied by a slight increase in their
thermal expansion coefficients, whereas the appreciable increase in the softening points of
glasses containing larger amounts of slag is accompanied by a decrease in their coefficients of
thermal expansion.
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The observed effect of slag on the thermal expansion coefficient and softeniru
temperature of glass can be related to the cumulative effect of the different oxides and their
role in the glass structure " , as they may assume either network-forming or network-
modifying positions. Some cations, the intermediates (e.g. AI2O3), may exist in the same
glass in both sites " . The preferred site or how much is the fraction of the concentration
of such intermediate cations in glass that occupies forming or modifying position in the glass
structure is determined by glass composition^ " . The decrease of SiC>2, a network former,
should increase the coefficient of expansion and decrease the softening temperature, whereas
the replacement of Na20, a network modifier, by CaO, BaO, and AI2O3 should have the
reverse effect " . Also, minor components as well as the state of oxidation of iron, sulphur
and manganese will have a significant effect on the expansion coefficient and softening
temperarure( " \ Because the change in composition of glass includes all the constituting
oxides ajid will accordingly, affect both the type of sites preferred by intermediate cations
and the equilibrium between the different states of oxidation of iron, sulphur and manganese,
it would be difficult to make attribution to specific cation or group of cations. However,
from the practical point of view, it may interesting to notice that the change in the softening
temperature of glasses containing up to 7.5 wt. % slag is slight. This may lead us to assume
that the viscosity of these glasses was not significantly affected by the addition of slag up to
7.5 wt. % and accordingly, there will be no need for major modification of glass composition
in order to adjust their viscosity to conform with viscosity requirements of automatic forming
operations. Detailed work is, however, needed to confirm this conclusion.

IV- Melting and Fining Characteristics of Slag-Containing Glasses
The effect of slag on the melting and fining behaviour of glass was also considered.

Homogeneity of glass was taken as a measure of the rate of melting; improved homogeneity
of glass would indicate faster rate of melting of the batch materials. The number of gas
bubbles remained in glass after melting was taken as an indication of the rate of fining;
decreased number of gas bubbles can be taken as an evidence of better refining. Both the
homogeneity of glass and the number of gas bubbles it contains were qualitatively evaluated
by visual inspection. The melting and fining characteristics of glass are extremely important
aspects to glass manufacturers, as faster melting and fining rates mean decreased energy
requirements and increasing productivity of glass melting furnaces . Accordingly, all glass
manufacturers strive hard to find out methods that can be applied to increase productivity of
glass melting furnaces, improve quality of glass and decrease energy requirements.

The addition of slag was found to give glasses of better melting and refining qualities.
The homogeneity of glass, as judged by examination under polarized light, was found to be
improved by the addition of slag. Also, the number of gas bubbles and seeds (fine gas
bubbles) decreased with increasing slag content of the glass. These observations agree with
results reported by several authors. ". The improvement of the quality of slag-containing
glasses can be attributed to two different factors. The first is sulphides in the slag which are
known to accelerate melting and fining processes in the glass melt. The second factor is the
decrease of the content of the batch materials, e.g. limestone and dolomite, which give off
gaseous components, particularly CO2, during decomposition and reaction with other batch
materials in the melting furnace. This would indicate that slag promotes melting and fining
processes during melting of glass and accordingly, can be used in replacement, either totally
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or partly, of traditional melting and fining accelerators added to the glass batch.
Consequently, the use of slag in the manufacture of glass can increase productivity of glass
melting furnaces, improve quality of glass, decrease energy requirements and reduce the cost
of the batch materials.

SUMMARY AND CONCLUSIONS

In this work the possibility of using the huge amounts available of the air-cooled blast
furnace slag produced by the Egyptian Iron and Steel Co. in the manufacture of different
types of coloured and colourless soda-lime glasses was investigated. The study was based on
the addition of the raw unprocessed air-cooled BFS in increasing concentrations to a soda-
lime glass batch of a composition close to that used by glass industry. The batches were
melted under reducing conditions, simulating the conditions that applied in the industrial
production of soda-lime glass," and in electric furnace under normal atmospheric conditions.
The glasses obtained were examined for their spectral absorption, thermal expansion,
softening temperature and melting and fining quality. The main conclusions can be
summarized in the followings:

1- The unprocessed blast furnace slag can be used in its raw state without beneficiation in
the manufacture of various soda-lime glass products. The amount that can be introduced
is primarily determined by the iron and sulphur content specified for each type. The
following slag concentrations (wt. %) can be recommended for some common soda-lime
glass products: up to 1.5 for colourless tableware, up to 3.0 for colourless flat glass and
bottles and up to 10.0 for amber bottles and amber flat and patterned sheet glass.

2- The BF slag provides a cheap raw material which lowers the batch cost as it can replace
either totally or partly dolomite, feldspar and limestone as well as gypsum or sodium
sulphate and carbon which are usually utilized for amber glass manufacture. Its
application for amber glass manufacture would lead to better control and stability of the
amber colour.

3- Modification of the glass composition is needed to control precisely the viscosity of
molten glass during forming, as forming is accomplished by automatic machines.

4- If larger quantities of slag, over 3.0 wt..%, is to be used in the manufacture of colourless
or faintly coloured glass products, processing of the raw air-cooled blast furnace slag to
decrease its contents of colouring ions, i.e. sulphur, iron and manganese should be
considered.

5- The addition of slag led to better melting and refining of glass, which is attributed to
sulphides in the slag that accelerates melting and fining processes in the glass melt and to
the decrease of the content of the batch materials that give off gases on decomposition
and reaction in the glass melting furnace. Accordingly, slag can be used in replacement,
either totally or partly, of traditional melting and fining accelerators added to the glass
batch.

6- The results confirm findings by other authors that slag can be used to increase productivity
of glass melting furnaces, improve quality of glass, decrease energy requirements, reduce
the cost of the batch materials and to reduce environmental pollution.
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Abstract:

Conventional metal stabilizers including those of lead and cadmium are

commonly used as thermal stabilizers for poly(vinyl chloride), PVC, against its

autocatalytic dehydrochlorination. Although they are effective, they cause many

serious problems to the environment when dealing with PVC wastes.

A new class of metal-free stabilizers of organic nature has been developed

and proved to be effective so that PVC becomes not only recyclable but also

environmentally acceptable. A mechanism that accounts for the stabilizing

efficiency of the developed stabilizers has been suggested.

KeyWords: Autocatalytic Dehydrochlorination, Cyanoguanidine, Environ-

mentally Acceptable Polymer, Maleimides, Metallic Stabilizers, Organic

Stabilizers, Recyclable Polymer, Thermal Degradation, PVC Wastes.
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Introduction:

Poly(vinyl chIoride)(PVC) is one of fee most widely used plastics. On the

international industrial production it occupies the second position after

polyethylene. The wide use application of PVC is due to the ease of its properties

so as to be applied either as plastics, fibers or paints an coatings. Moreover, it

can be produced either in a rigid or in a plasticized form. The main drawback of

PVC however, is its poor heat stability. Thus on heating during its molding or its

exploitation it undergoes degradation initiated at the labile chlorine atoms leading

to the liberation of HCl gas and the formation of conjugated polyenes along the

polymeric chains. It has been realize that the degradation is an autocatalytic

reaction that is catalyzed by the liberated HCl gas. The problem of degradation is

not restricted to the harmful corrosive and catalyzing effect of the liberated HCl

but is extended to the severe damage that it causes to polymeric material. This is

manifested in the darkening of the polymeric material as well as the formation of

large segments of conjugated polyenes which facilitate the oxidation of the polyene

chains and the loss of their mechanical properties. In order to improve the heat

stability of the polymer, thermal stabilizers are usually added to the polymer during

its molding. These stabilizers may be either salts such as basic lead sulfate and

basic lead carbonate which can react with the evolved HCl1'2 or metallic soaps
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such as cadmium -barium-zinc stearate complex3"* or esters of dialkyltin7'9 such as

dialkyltin maleate, whose stabilizing action is through the displacement of the

labile chlorine atoms on the polymeric chains by more stable ester groups derived

from the stabilizer. Although these classes of stabilizers are quite efficient at the

industrial level, the metallic residue from some of these organometallic

compounds especially lead, cadmium or tin may present serious environmental

problems* during the landfilling, incineration or recycling of the PVC wastes.

Moreover, some of the metal chlorides resulting from the degradation process

especially those of zinc and cadmium may act as strong catalysts for further

dehydrochlorination process leading to the sudden blacking of certain

formulations. For these reasons the search has been directed in the recent years

towards the use of metal-free, organic stabilizers which might lead to the

production of recyclable and environmentally acceptable PVC.

In this respect, N-substituted maleimides and cyanoguanidine have been

suggested as thermal stabilizers. The N-substituted maleimides are characterized

by their high conjugated nature which allows them to intervene with the radical

degradation process of PVC. Moreover, they can react as good dineophiles which

can interact with the conjugated double bonds of the degraded PVC.

Cyanoguanidine in the other hand is a cheep, non poisonous, commercially
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available product that possesses in its structure a variety of reactive basic

functional groups in addition to the presence of double and triple bonds. This

unique structure provides the compound with the ability not only to intervene in

the degradation process but also to act as strong HCl absorber, thus protecting the

polymer from the deleterious effect of the acidic degradation products.

Experimental:

Materials

Poly(vinyl chloride) (vesolit S7054) from Huls Company, Cyaiioguanidine from

Tokyo Kasei, dibutyltin maleate from Ciba-Geigy, Cadmium- barium stearate

complex from G.Siegle an Co., basic lead carbonate from the national lead

company were use for the study.

N-substituted maleimides were prepared according to the method described by

Searle10

Experimental techniques:

The preparation of the PVC powder samples and the procedure for measuring the

dehydrochlorination by continuous potentiometric method at 180°C in air have

been already described11. The extent of discoloration of the degraded polymer



samples has been measured colorimetrically at X - 500 nm as a function of the

degradation time for various investigated samples (perkin-Elmer UV/ Visible

spectrophotometer, lambda 3 was used in the study).

Results and Discussion:

Results of Hie dehydrochlorination of the thermally degraded rigid PVC at

180°C in air stabilized by various N-substituted maleimide stabilizers are

represented in Figures 1& 2, results of the non-stabilized blank sample and those

of the samples stabilized by the industrially used stabilizers of dibutyltin- maleate,

cadmium barium stearate and basic lead carbonate are also given for comparison.

The results clearly reveal the greater efficiency of almost all the N-substituted aryl

maleimide stabilizers except those of the nitroderivaiives relative to the reference

ones. This is illustrated not only by the presence of a well defined induction period

(Ts) during which no detectable amounts of hydrogen chloride are liberated

(Table 1), but also by the lower rates of dehydrochlorination during the later stages

of the degradation reactions. The following radical mechanism has been suggested

to illustrate the action of N-substituted maleimide stabilizers for PVC.
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Time (min)

Fig. 1. Rate of dehydrochlorination of rigid PVC at 180 °C in air, in presence of 10
mmol of various maleimide stabilizers per 100 g PVC. (A) N-3NMI; ( • )
N-2NMI; «g» N-4CMI; ( » ) N-3CMI; (O) N-PhMI; (D) blank; (D) basic
lead carbonate; ( • ) dibutyl tin maleate; (iX) Cd-Ba stearate.

0 5 10 15 20 25 30 35 £0 l>5 50 55 60 65 70 75 80 85 90
. Time (min)

Fig. 2. Rate of dehydrochlorination of rigid PVC at 180°C in air, in presence of 10
mmole of various maleimide stabilizers per 100 g PVC. (O) N-PhMI; (A)
N-3MeMI; (A) N-2MeMI; (®) N-4HMI; (» ) N-4MM1; ( • ) N-4C1MI; ( o )
N-3C1MI; (A) N-2C1MI; (A) N-2BrMI; (D) blank; (B) basic lead carbona-
te; ( • ) dibutyl tin maleate; (S ) Cd-Ba stearate.
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Tab. I. The induction period as a function of the type and petition of the various
substituents in the N-substituted maieimide stabilizers.

Type of stabilizer

Blank
Basic lead carbonate
Dibutyl tin maleate
Cd-Ba stearate
N-3NMI
iN-2NMI
N-4CMI
N-3CMI
N-PhMI

Ts
(min)

0
10
13
17
9

12.5
18
21.5
25.5

Type of
stabilizer

N-3MeMI
N-2MeMI
N-4HMI
N-4MMI
N-4C1MI
N-3CIMI
N-2C1MI
N-2BrMI

Ts
(;iin)

28
32
35
39
43.5
47.5
52.5
57.5

30

Fig. 3. Absorbance-time curves for stabilized degraded rigid PVC at !80°C in
air (sample concentration 100 mg/3 ml tetrahydropyran, X = 500 nm).
(D) blank; (;>£) Cd-Ba stearate; ( o ) N-PhMI; (A) 2-BrMI; ( • ) dibutyl tin
maleate.
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where x = H, Cl, or PVC
(x = PVC is less favour as no crosslinks for the degraded PVC were observed).
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According to the suggested mechanism, the labile chlorine atoms detached from

the PVC molecule is trapped by the stabilizer molecule (through ethylenic double

bond) resulted m the formation of a stabilizer radical ( eq. 2). The stabilizer radical

one formed blocks the odd electron site on the PVC chain thus desrupting the

radical chain degradation of PVC (eq.3).

The time dependence of the extent of discoloration of PVC samples treated

with N-phenyl maleimide and N-2 bromo phenyi maleimide when heated at 180°C

in air as compared with the blank sample and samples stabilized by various

reference stabilizers is shown in Figure 3. The results reveal the lower extent of

discoloration of the samples treated with maleimide stabilizers as compared with

the blank degraded and the Cd-Ba stearate stabilized samples, while the PVC

sample stabilized with dibutyltin maleate shows the lowest discoloration. The

lowering of the extent of discoloration in presence of the maleimide stabilizers is

most probably due to the dineophilic property of this investigated class of

stabilizers which allow them to intervene with the conjugated system formed on

the PVC chains resulted from the degradation process by Diels-Alder type of
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addition. An equation illustrating this type of interaction follows:

HC=CH CH=CH
I I , / \

C H C H C H C
•V-/V-CI! !-C!1-CH=CH-CH=CH-CH,-CH-^VVA, + C C _ — _ -wwCHj-CH-CH CH-CH,-CH-^W\,

o. a o N o a HC-—CH a

From the above results one can make the following general conclusion:

1 - N-aryl maleimides are efficient thermal stabilizers for rigid PVC; the Ts values

are affected by the type and position of substituents in the aryl ring being higher

for the substituents of positive resonance effect (+R) and lower for those of

negative resonance effect(-R).

2- The stabilizing efficiency of the maleimide stabilizers is attributed to the ability

of these compounds to intervene with the radical degradation products resulting

from the degradation of PVC.

3- The investigated stabilizers lower the degree of discoloration of the degraded

PVC samples by disrupting the conjugated double form on the polymeric

molecules by a Diels-Alder type of addition reaction.

Concerning cyanonguanidine as an organic thermal stabilizers for rigid PVC,

heated at 180°C, in air are shown in Figure 4. The results reveal that

cyanoguanidine exhibits greater stabilizing efficiency than industrially used
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Time(min )

Fig. 4. Dchydrochlorination of rigid PVC at 180°C, in air, in the presence of
cyanoguanidine and reference stabilizers. O, Blank; 3 , cyanoguanidine: ©, basic lead

carbonate; CD, dibutyl tin maleate; Q Cd-Ba stearate.

0 10 60 8020 30 £0 50

. T i m e of deg rada t i on ( m m ]

Fig. 5. Absorbance-ti'me curves for rigid PVC thermally degraded at 18O"C, in air, and
stabilized by various stabilizers. Sample concentration 300mg in 10ml tetmhydropyran
(/. =450nm). O- Blank; 3 , cyanoguanidine: Q Cd-Ba stearate; Q], dibutyl tin maleate.
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stabilizers. Moreover, the degraded polymer stabilized by cyanonguanidine shows

a lower extent of discoloration than that stabilized by Cd-Ba stearate but a higher

extent of discoloration that stabilized by dibutyltin maleate (Figure 5). The

following ionic mechanism could account the action of cyanonguanidine as

thermal stabilizer for PVC.

-~-CH;-CH-CH2-CH-CH=CH-CH,-CH i*
i I |

Cl Cl Cl

-CH2-CH-CH2~CH-CH=:CH-CH2-CH + gl (l)

Cl '
(a) Cl

Cl + H2N—C=N—CssN —•> H , N - C - N ~ C s N ^—*

C 1 NH2

H2N—C—N=C=N (2)

(b) Cl

(a)+(b) —> CH 2 ~CH-CH 2 -CH-CH=CH~CH 2 ~CH

Cl NH2 | Cl ( 3 )

H2N—C N—C^N
I

Cl
(c)
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e
(c) + another Cl

(a)-r(d!

-CH2—CH—CH2—CH-

Cl N H ,

H 2N—C-
I

C!

-N—C=l
e

(d)

H=CH—CH2—CH-

Cl

-CH,—CH—CH,—CH—CH=CH—CH,—CH-

Cl

NH,

I
Cl

CH
ii
CH

2N—C N—C=N—CH

C! Cl CH,
i

CH—Cl

CH,

(4)

(5)

(e) + HCl

(c)

-CH,—CH-CH,—CH—CH—CH— CH,—CH-

Cl

e
Cl

Cl

CH
I!

NH 3 Cl CH
I e l © I

H,N—C-^-N—C—NH,—CH
e I Cl I ' e
Cl Cl H ClCl CH2

CH—Cl

CH,

(6)
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The Results of the use of metal-free organic thermal stabilizers for PVC allow to

arrive to a conclusion that this class of newly developed organic stabilizers can

provide the required stabilizing action for PVC thus replacing the classical metallic

stabilizers. The great advantage of replacing the metallic stabilizers by organic

analogues not only allows the recycIabiHty of the polymer an environmentally

acceptable plastics.
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ABSTRACT

The recycling and final disposal of different types of industrial waste play an
important role in decreasing environmental pollution all over the world.
Three different solid waste slags from steel industries situated in the Helwan area
(Cairo-Egypt), namely blast furnace slags, oxygen converter slags and arc furnace
slags were studied. The morphology of the collected slag powders was examined
using scanning electron microscopy (SEM). Surface characteristics of the slag
powders were measured through nitrogen gas adsorption and application of the
BET equation at 77 K. The thermal behaviour of the slag powders was studied with
the help of differential thermal analysis (DTA) and thermogravimetry (TG). Due to
the presence of some changes in the DTA base lines, possibly as a result of phase
transformations, X-ray diffraction was applied to identify these phases. The
sintering behaviour of the compact slag powders after isostatic pressing was
evaluated using dilatometry. The sintering and melting temperature of the studied
samples were determined using heating microscopy. The effect of changing
sintering temperature and of applying different isostatic pressures on the density
and porosity of the slag powder compacts was investigated.

KEYWORDS

Industrial waste treatment, Iron Slag, Steel slags, Physico-chemical characteristics

Introduction

The problems related to the management of solid waste all over the world have
grown at an alarming rate during the last decade calling for governmental and
nongovernmental intervention. In addition to that, awareness of the rapidly
increasing population and of the strong development of the industry calls for
immediate attention to avoid future hazardous situations of the waste problems.
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The most important sources generating the waste in Egypt are municipal waste from
urban, pre-urban as well as rural areas in addition to hazardous waste from
hospitals, agricultural waste, industrial hazardous and non hazardous waste [1].
Much attention has been directed in the last years to the re-use, recovery or
recycling of the waste, especially industrial solid waste such as slags and ashes.
Many investigations have been done to solve this ecological problem, however, the
general solution has still to be found. Much efforts have been made to close the
materials circulation in the biosphere, but at some countries, the handling of waste
by removing and dumping is still practice to a high degree [2,3]. Some authors have
proposed the utilization of some industrial waste, which can be handled as powders,
such as slags from iron and steel industries and ashes from the thermal treatment of
domiciliary waste or from coal thermal power stations for the production of glass
ceramics [4-9].*
For the case of iron and steel slags , which are industrial by-products, the rapid
development and increase of the metallurgical industry, which produces a vast
amount of them and make them available in large quantities, clearly evidenciates
that there is a great potential for their utilization. In the past, they were almost
exclusively used in the production of hydraulic cements and pavement, but recently
it became necessary to search for alternative uses of these materials. Studies are
being carried out to make use of them to produce composite residues materials with
a glass matrix as a promissory alternative, but many investigations in different
countries are still going on to find new and massive applications in the field of glass
[9-19], glass ceramics [20-34] and building ceramic products [35-41].

In the production of iron, the slags are separated in a molten state, as they float on
the metal at the upper part of the crucible, and, usually, they are rapidly cooled by
immersing them into water. In this way, granulated slags (vitreous material) with
grains of up to 5 mm are obtained. On the other hand, a slow cooling in air
produces a porous crystallized material which should be more interesting for
ceramic applications [27]. In the field of building ceramics, the use of slags is
studied in many countries such as, Japan [28], Germany [30], Hungary [31] Italy [32]
and Poland [34], In Egypt three important iron and steel slags, namely blast furnace
slags (granulated type), oxygen converter slags and arc furnace slags are produced.
The large quantities of air cooled iron slags available in Egypt induced us to search
for an application in the glass ceramic or ceramic industries.

The present work concerns the characterization of the three different slags and the
possibilities of their application in the field of ceramic technology.

Experimental Procedures

The solid slag pieces were firstly powdered by the means of mortar and then milled
3-5h in a rotary agate mortar. These powders were passed through stander sieve
having a diameter < 10 Jim. Table 1 shows the compositions of the different slag
powders. The sintering temperature of powder compacts was optimized using
heating microscopy. The different slag powders were pressed uniaxially at room
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temperature with the addition of 1 -2 drops of polyvinyl alcohol under a pressure of
about 80 MPa. Some of the compact bodies were then pressed isostatically under the
application of different pressures (200 - 600 MPa) before the firing process. The
compact samples were fired in air at a heating rate of 10 K/min. and soaking time
of 2h at the optimized sintering temperature (between 900 and 1100 °C in case of
blast furnace slags- and 1000-1200 °C for other types of slags). All the samples were
cooled down in the furnace.
Physico-chemical characteristics of the different slag powders using x-ray
fluorescence, x-ray diffraction, heating microscopy, differential thermal analysis,
thrmogravimetry and BET techniques, were studied.
The densification behaviour of the compact samples was determined according to
the procedure described in (German industry Norm) DIN EN 1094-4 ( 1994 ).

Experimental Results and Discussions

Chemical Analysis

The results of x-ray fluorescence for the three different slaas are shown in Table
(1).

Table (1):- Chemical compositions of the used slags

Oxide

SiO,
A1A
Fe2O,
TiO,
CaO"
MgO
K,0
Na,0
MnO
SO,
P A
ZnO
PbO
BaO

Blast furnace slags
[Wt.%]

35.19
11.71
0.45
0.44

34.84
2.43
0.55
1.60
4.95
0.51
0.11
0.03
0.00
8.80

Oxygen converter
slags

[Wt.%]
15.68
4.85
20.62
0.30

41.44
2.73
0.09
0.31
11.40
0.39
2.19
0.02
0.00
1.60

Arc furnace slags
[Wt. %]

12.90
6.58
27.81
0.64
33.15
11.66
0.00
0.00
6.70
0.10
0.50
0.03
0.00
0.30

As this table shows, the chemical composition of the blast furnace slags showed
silica (35.19 Wt.-%) and CaO (34.84 Wt.-%) as main constituents; alumina
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(11.71Wt.-%), BaO (8.8 Wt.-%) and magnesia (2.43. Wt.-%) are also present in
appreciable amounts. The sulfur (0.51 Wt.-%) content appear in the normal
percentage to be used in ceramic production. Low contents were found for FeO,
(0.45 Wt.-%), TiOj (0.44 Wt.-%), K2O (0.59 Wt.-%), P2O5 (0.11 Wt.-%) and ZnO.~
In case of arc furnace slags, the iron or iron oxide contents appear rather high
(27.81 Wt.-%) for the application in ceramic production. On the other hand, the
possible corrosion behaviour of the used platinum and aluminium container during
the thermal treatment of oxygen converter slags decrease the probability of using
this type of slags is the sintering or melting technology to produce ceramic or glass
materials.

Powder morphology

Fig. (1) presents SEM micrographs of the three slag types after 3h milling in an
agate mortar. As this figure shows, the particle size of the three different slags is in
the range 2-7 Jim. The specific surface area of the slag powder after their thermal
treatment for 2h at 200 °C is shown in Table (2). Although the mean size of the
particles is in the range of 5|̂ m. the specific surface areas are relatively low, which
indicates the non porosity of the investigated waste powders.

(a) (b)
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Fig. (1):- SEM micrographs of the used slag powders after milling
(a) Blast furnace (b) Oxygen converter (c) Arc furnace

Table (2):- Specific surface area of the different slags, which were thermally
treated at 200 cC/2h

Type of slag

Blast furnace
Oxygen converter

arc furnace

Specific surface area
nr/g
2.01
1.50
2.33

Differential thermal analysis and thermogravimetry

The changes in the structure and properties of the three different slag powders
under thermal treatment was examined by DTA-TG technique. The measurements
were carried out at a heating rate of 10 K/min. The DTA-TG curves of the slag
powders are shown in Fig. (2). These show no changes in the TG base line until
1200 °C for Blast furnace and to 1280 °C for oxygen converter slags (Fig. 2 a, b),
Above these temperatures, a small deviation of the base line can be attributed to the
melting of the examined materials (glassy temperature). The change in the base line
of the TG curve between 800 °C and 1300 °C in c a s W arc furnace slags (Fig. 3c
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is probably due to the oxidation process of the present iron metal and also due to
other phases deriving from the processing of the slags.
In the DTA curves, sharp endothermic peaks are observed by blast furnace slags at
about 1175 °C, in oxygen converter slags at about 1250 °C, and for arc furnace
slags at 1300 °C. These peaks could be attributed to the melting of the examined
slags and their transformation into a glassy state. On the other hand, the exothermic
peaks at a temperature of about 1100 °C for both oxygen converter and arc furnace
slags, and at 900 °C in blast furnace slags may be due to the crystallization of the
vitreous phases as well as the phase transformation to another crystalline structure,
which can be detected by x-ray diffraction analysis.

NtlibCH SlBultano Th«r»oanaly&ancpp. STft 489 HUH//
15

Fig. (2a):- DTA-TG curves of the iron slag powders (Blast furnace slag)

708 1808
T«p«rtitur/oC

Fig. (2b):- DTA-TG curves of the steel slag powders (oxygen converter slag)

1498



Kaa&o/Z
30

-143 |
0 200 400 600 800 1000 1200 1408 1600

Temperatur/oC

Fig. (2c):- DTA-TG curves of the steel slag powders (Arc furnace slag)

X-ray diffraction analyses

The crystalline structure of the investigated iron and steel slag powders before and
after calcination at a temperature lower than the melting temperature was studied
using x-ray diffraction technique, as shown in Fig'-. (3a) . X-ray spectra of the blast
furnace slags before calcination (Fig.3a), shows the presence of Gehlenite
(CaoAl,Si07), while after calcination at about 1100 °C, a marked increase in the
amount of Gehlenite occurred. .
In case of oxygen converter slag powders, Gehlenite (Ca2Al2Si07), Rankite
(Ca3Si207) and Srebrodol'skite (CaoFeX*.,) are observed (Fig. 3b) . The presence of
the Aluminium iron compound (Al86Fel4), manganese oxide (Mn,04), Magnetite
(FeFe2O4), calcium manganese oxide (CaMn,04), calcium iron oxide (CaFeOj),
Rhodonite (MnSiO3) and larnite (CaoSi02) after calcination of the oxygen converter
slags (Fig.3b) could be attributed to the crystallization of vitreous phases as well as
the reaction between the present phases to build these compounds.
X-ray spectra of arc furnace slags (Fig. 3C) showsthe presence of Plnstite (FeO),'
Periclase (MgO), Calcium magnesium aluminate (Ca^MgAUSi^O^), Larnite
(Ca,SiO4) and Gehlenite (Ca^USiO,) phases. The amount of these phases increased
after calcination.
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Fig. 3a:X-ray diffraction analyses of blust furnace slags
Before (I) and After (II) thermal treatment at 1000 °C/30 min.
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Fig. (3c):- X-ray diffraction pattern of Arc furnace slags

Thermal behaviour of the slags using heating microscope

The axial shrinkage of the slag powder compacts in heating microscope is shown in
Fig. 4,5. By comparing the heating microscopy curves of the different slag powders
it can be seen that the sintering temperature of the blast furnace slags is about 100-
200 °C lower than that of the oxygen converter and arc furnace slags. The soften
and melting of the blast furnace slags takes place faster and also at a lower
temperature than for the other two types of slag powders (see Fig. 4, 5).
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Fig. 4:-
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Axial shrinkage of the different slag compact samples in heating
microscopy investigations
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Fig. 5:- Sintering and melting behaviour of the slag powders compacts obtained
using heating microscopy

1503



Dilatometric investigations

Dilatometric curves determined at constant heating rate of 10 K/min. for two
compact slags powder, namely blast furnace slag and arc furnace slag, after isostatic
pressing are shown in Fig. 6. The most important feature in these curves is the T-
simering' which were determined by the tangent line at the curve with the help of a
computer program. In the region (< T simering), a negligible shrinkage occurs but
passing the temperature, T (sintering), the curve of the blast furnace slag shows an
increase in the shrinkage, meaning a significant increase in densification behaviour
with increasing the temperature (> 940 °C) as shown in Fig. 6 . On the other hand,
for arc furnace slags the Tsintering region is not clear up to 1200 °C

These results show good agreement with the DTA-TG curves (see Fig2) and
also a tendency similar to heating microscope results (see Fig.4).

dL/um
128

Segment: 1 . . . I Terap/*C

1883

40 S0
Ze1t/m1n

Fig. 6:-Dilatometric investigations of the blast furnace iron slag powders
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Density and porosity of the slag powders

The theoretical density of the three types of slag were measured by means of an air
comparison pycnometer, after drying at 300 °C for 3 hours. A value of p=3.0442
g/cm3 for blast furnace slag, 3.5040 g/cml for oxygen converter slag and =4.0541
g/cm3 for arc furna.ce slag were obtained
The effect of sintering temperature and pressure on the density and porosity of
different slags is shown in Fig. 7.
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Fig. 7:-Effect of temperature and pressures on the density and porosity of the
different siag powders



In case of blast furnace slags (Fig 7a), the density shows a value of about 2.9 g/cm\
which represent more than 95 % of the theoretical density as well as lower than 1
Vol. % of open porosity at a temperature of 1100 °C/2h and the application of
isostatic pressure (600 MPa). For oxygen converter (Fig 7b) and arc furnace slags
(Fig 7c), however the measured open porosity was more than 10 Vol.% even by
increasing the temperature to 1200 °C/2h and by application of an isostatic pressure
of 600 MPa.

Conclusions

The conclusions of this study can be summarized as follows:

-The high content of Fe or FeO: in steel slags (oxygen converter, arc furnace) as
well as their corrosive behaviour against refractories during the firing process,
requires more investigations for their treatment in order to find an application for
.he production of a new materials.

-The high content of gehlinite in blast furnace slag can cause fluxing during firing.
This may result in lowering the firing temperature and shorter firing times than
when using other raw materials in the preparation of ceramic bodies, which in turn
will result in an energy cost saving.

-Dense samples with low open porosity can be prepared from blast furnace slags at
a temperature range between 1000 and 1100 °C and by application of isostatic
pressing.

-To obtain relatively dense samples from the other slag types, the sintering
temperature must be higher than 1200 °C.

-The results of the sintering behaviour of the blast furnace slags show that this type
of slags appears to be a suitable raw material for use in the heavy clay industry for
making bricks, tiles, pipes and other ceramics bodies.

-The addition of other raw materials to the blast furnace slags must be studied and
optimized. Long term tests such as leaching behaviour, durability, aging ,...of the
produced ceramic bodies containing slag powder have to be carried out in order to
establish their performance in buildings and construction.
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Abstract.

The Present work dealt with the usage of onions and
pomegranates wastes (skin and rind)for colouration of natural
fabrics. Thus, two naturai dyes were extracted from these wastes,
and were applied to the cotton, silk, and wool fabrics. Bright,
distinct colouration with excellent strength was obtainett
Moreover, different hues were produced when different mordants
were used. The printed fabrics were assessed to fastness to light
and washing properties. Also, fastness to wet and dry rubbing and
to both alkaline and acidic prespiration. The obtained results were
examined and discussed.

Introduction

The ancient craft of dyeing was practiced by most early
civilization, long before the advent of chemical dyes, people all
over the world relied solely on nature to provide them with source
of colour (1). Natural dyes comprise those colourants that are
obtained from animal or vegetable matter without chemical
processing. They are mainly mordant dyes, although some vat,
solvent, pigment, direct and acid types are known (2). The first
direct fiber dyes used in the prehistoric times were consisted of
fugitive stains from berries, blossoms, barks and roots resulting
rather limited colour fastness <2). Yellow producing natural dyestuffs
have always been abundant all over the world p.?), and in each
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country there will be many sources of yellow which is the most
common colour produced from plants.

During the last few years, in an effort to preserve old
traditions, an international widespread interest of renewal natural
dyes has been created (8,9). These dyes are considered eco-
friendly, and new sources of colours are discovered creating
endless variation of natural colours. Nevertheless, recently, when
concern of environment has become important there has been a
growing interest in recycling waste matter. Thus, outermost onion
skins and the rind of pomegranate fruits as vegetable wastes have
been used as sources for two classes of yellow natural colours.
Their natural dyes were extracted and were applied successfully in
printing natural substrates.

Experimental:

1- Fabrics:

The specifications of the fabric sample used in this work are given
in table (1). They were white, plain, finished 100%: wool, silk and
cotton

Table (1)

Fabric

Wool
Silk
Cotton

Weight g/m*

109
29
106

No. of
Yarn/cm

warp
25
28
52

weft
20
24
46

Source of Supply

Lindow- China
Joli & son - England
Al-Esaie Saudi Arabia

2- Dve extraction:

Dried, cleaned outermost onion skins were placed in dye pan and
covered with enough water, the temperature was raised slowly to
boiling point, then reduced. The solution was left to simmer for 1 h,
till the entire onion colour has been extracted, then it was allowed
to cool before straining off the onion skins. The same method was
followed for pomegranate rinds. The two extracts were used
separately for printing the selected fabrics.
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3- Printing:

Wool, silk and cotton fabrics were suitably scoured. Tie-and-
dye printing methods with different ways of tieing were performed
to produce the desired printing design on the wqol, silk and cotton
fabrics. Thus, the tied wool and silk fabrics were wetted before
dyeing separately with three different dye concentrations of each
extract, at a temperature of 82 'C for 1 h, and at liquor ratio (50:1)
Samples were then rinsed with excess warm water until the rinsed
water was clear, then washed in warm soapy water, rinsed again
and dried.

4- Mordanting:

Wool and si!k,fabrics were post-mordanted after being printed
by the tie and dye method, while cotton fabrics were pre-
mordanted. Mordants used were aluminum potassium sulphate
(alum) [8% o.w.f.] mixed with tartaric acid [7% o.w.f.] for wool and
silk while with cotton [25% o.w.f.] of aluminum potassium sulphate
(alum), mixed with [6% o.w.f.] of washing soda, copper sulphate
(2% o.w.f.) mixed with acetic acid [40ml of 5 percent dilute acetic
acid o.w.f.], iron sulphate (2% o.w.f), potassium dichromate and tin
chloride (1.6% o.w.f). Mordanting was carried out for Ih.at 82 C at
liquor ratio (50:1). Wool and silk fabric sampies, were cooled,
rinsed with excess warm water, squeezed and dried, then, they
were untied, while cotton samples were left overnight in the
mordant bath, then they were thoroughly washed, dried, tied then
dyed as mentioned before.

5- Fastness determination.

A-Fastness to washing:

Wash fastness tests were carried out according to BS 1006: CO2,
test 2. The samples were assessed against the standard grey
scales for change in clouor and staining.
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B-Fastness to light:

Light fastness tests were carried out according to BS
1006:B02. The coloured samples were directly exposed to natural
day light with the standard blue scales, in Jeddah, Saudi. Arabia.
Colour change of samples was assessed against the standard
blue scales.

C-Fastness to rubbing:

Dry and wet rubbing fastness tests were carried out according to
the AATCC method 8-1977. Colour change of the samples was
assessed against the standard grey scales for change in colour.

D-Fastness to prespiratfon:

Both acidic and alkaline prespiration tests were performed in
accordance to the Egyptian Standard Method 362 (1995) and the
ISO 105-E04 (1987) E. The fastness rating were evaluated against
the standard grey scales for the produced change in colour.

Results and discussions

A-Onion:

The outmost dry papery skin of onion yields the dye Cl natural
yellow 10. Its main colouring component is quercetin Cis H10 O? (3,
5, 7, 3', 4>_ pentahroxy flavon).
Quercetin is a flavonols, which
is a true member of flavonoids
that provide the largest group
of plant dyes ranging in colour
from the pale yellow through
deep yellow, orange, to reds
and blues. They exist in plants as slightly, coloured water soluble
glycosides. Flavonoid embraces the compounds whose structure
is based on that of flavon that consists of two benzene rings joined
together by a\S-pyrone ring. Quercetin is a yellow crystal, m.p.316-
317 °C, dyes wool, silk and cotton in a range of colours on
application of mordants. Thus, the produced colours of the prints
on silk and wool varied from a rang of burnt orangish brown
through brownish khaki till golden yellow and golden orange, while
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on cotton fabric, range of colours varying from pale burnt orange
through medium khaki to ochre when mordanted. Also, changing
the concentration of the dye gave a range of tones of the same
colours. The produced colours were of remarkable brightness and
strength, and table (2) shows the colours of the mordanted printed
samples of silk, wool and cotton printed by tie- and dye method
using the dye Cf natural yellow 10.

Table (2)

Fabric

Silk

Wool

Cotton

Treatment
Control
Al+T
Cu SO4+Ac.A
FeSCU
SnCIa
Same treatment
Control
Al+Naa CCb
Cu SO4+AC.A
FeS04

SnCfe

Colour
Range of burnt orangish brown
Different tones of light burnt orange
Different tones of light brownish yellow
Dark khaki, brownish khaki, brown
Golden yellow, golden orange
Same hues-darker tones
Range of pale burnt orange
Range of light ochre
Range ofjicjht burnt orange
Range of medium khaki
Range of ochre

Abbreviations:

AcA: Acetic acid
Al+T: Alum plus tartaric acid

It is clear that all examined mordant except (Fe) increase the
yellow content of colour. Stannous chloride brightens the colour to
a yellowish tone, while (Fe) darkens and dulls the colour. Tables
(3a-c) show the light, wash, rubbing and prespiration fastness
ratings of the same examined fabrics.
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Table (3,a)

Fabric

Silk

Treatment

Control
Alum+T
Cu SCu+AcA
FeSO4
SnCh

Fastness Ratings

LF

4-5

5
5-6

5
4

WF

5
5
5
5
5

SC

5
5

4-5

5
5

SS

5
5

4-5

4-5

5

FR
dry

5
5
5
5
5

FR
wet

5
5
5
5
5

FP
acidic

FP

5
5
5
5
5

SS

4
4-5

4-5

5
5

sc
3-4

4-5

4
5
5

FP
alkaline

FP
5

SS

4
5 | 5
5
5
5

4-5

5
5

sc
3-4

5
4-5

5
4-5

Table (3, b)

Fabric

Wool

Treatment

Control
Al+Naz Cos
Cu S04+AC.A
FeSCU
SnCb
KzCrOr

Fastness Ratings
LF

4
3-4
4-5

4-5

3
4-5

WF

4-5

4
4-5

4-5

5
5

SC

4
3-4
3-4

5
5
5

SW

3-4

4
3-4

4-5

4-5

5

FR
dry

4-5

4
4-5

3-4

4
5

FR
wet

4
4-5

4-5

3-4

4-5

5

FP
acidic

FP
4-5

5
5
5
5
5

sw
4
5

4-5

5
5
5

sc
4-5

5
4-5

5
5
5

FP
alkaline i

FP
5
5

4-5

5
5
5

sw
3

4-5

5
4-5

5
5

sc
3
5
4

4-5

5
5

Table (3, c)

Fabric

Cotton

Treatment

Control
Al+Naz Cos

Cu SO*+Ac.A
FeSO4
SnClz

Fastness Ratings
LF

3-4

4
3-4

4-5

3

WF

4
4-5

3-4

4
4

SC

4
4-5

4
4
4

SW

3-4

4-5

4
4-5

3-4

FR
dry

5
5

5
5

4-5

FR
wet

4-5

4-5

4-5

4-5

4-5

FP
acidic

FP

4
4

4
4
4

sw
34

4
3-4

3-4

3-4

SC

4
4

3-4

4
4

FP
alkaline

FP

4
4

3-4

4
4

sw
3-4

3-4

3
4
3

sc
3-4

4
3-4

4-5

3-4
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Abbreviations:

FP: Fastness to SC: Staining on cotton.
prespiration. SS: Staining on silk.

LF: Light fastness. SW: Staining on wool.
WF: Washing fastness. FR: Fastness to rubbing.

It is evident, that the light fastness ratings of the prints
showed an average (3 to 5-6) on silk and wool fabrics and (3 to 4-
5) on cotton which is considered as fair to good fastness. Washing
and rubbing fastness ratings on silk fabric were excellent with
negligible staining while washing fastness on wool and cotton were
fair to good (3-4to 5). Also, the prespiration fastness was excellent
on -mordanted silk and wool fabrics (4-5 to 5), while on
unmordanted fabric it was fair to good (3 to5). Cotton fabric
showed fair to good prespiration fastness ratings (3-4) with little
staining (3 to 4-5).

B- Pomegranate:

The dried rind or the thick skin of pomegranate fruit, which is
considered as waste material, may be recycled and used for
printing. This is due to the fact that it contains natural tannins, and
a yellow dye Cl natural yellow 7. The tannin present in rind is of
the myrobolan type and contains ellagi-
tannin flavogaiiol (2). which is a solid extract
(yield 55% of rind) and prepared by
aqueous extraction. It is dark brownish
black in colour.

The colours of the mordanted (tie
and dye) printed samples of wool, silk and
cotton fabrics are given in table (4), while
the light, wash, rubbing and prespiration fastness ratings are given
in table (5 a-c). The natural yellow dye present in the rind of
pomegranate gave a pale yellow through mustard yellow, to dull
dark grey on silk and wool fabrics. Same but lighter shades on
cotton fabrics were observed.
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Table (4;

Fabric

Wool

Silk
Cotton

Treatment
control
Alum
Cu SCU+AcA
Fe SO«
Sn CI2
Same treatment
Same treatment

Colour
Pale yellowish beige
Light mustard yellow
Dull mustard yellow
Dull dark grey
Yellowish beige
Same hues-lighter tones
Same hues-lightest tones

It is noticed here also, that using (Fe) darkens the colour of
the samples as it gave different shades of grey colour, while (Sn)
caused a noticeable brightness.

Table (5, a)

Fabric

Wool

Treatment

Control
Alum
Cu SO4+AC.A
FeSCu
SnCb

Fastness Ratings

LF

6
6
6

6-7

6

WF

5
5
5
5
5

SC

4-5

5
5
5
5

SW

4-5

5
5
5
5

FR
dry

5
5
5
5
5

FR
wet

4-5

4-5

4-5

4-5

4-5

FP
acidic

FP

5
5
5
5
5

sw
4
5
5
5
5

SC
4-5

5
5
5
5

FP
alkaline

FP

5
5
5

4-5

5-4

sw

5
4-5
4-5

4-5

SC

4
5

4-5

4-5

4-5

Table (5, b)

Fabric

Silk

Treatment

Control
Alum
Cu S04+AC.A
FeSCU
SnCla

Fastness Ratings

LF

6
6

6-7

6-7

6

WF

5
5
5
5
5

SC

5
5
5
5
5

SS

5
5
5
5
5

FR
dry

5
4-5

5
5
5

FR
wet

4-5

4
5
5
5

FP
acidic

FP

5
5
5
5
5

ss
5
5
5
5
5

SC

5
5
5
5
5

FP
alkaline

FP

5
5
5
5
5

SS

5
5
5
5
5

SC

5
5
5
5
5
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Fabric

Cotton

Treatment

Control
Alum
Cu SO4+Ac.A
FeSCU
SnCia

Fastness Ratings

LF

5-6
5-6
6-7

6
5-6

WF

4-5

5
5
5
5

SC

4-5

5
5
5
5

SW

4-5

5
5
5
5

FR
dry

5
5
5
5
5

FR
wet

4-5
4-5

5
4-5

4

FP
acidic

FP
3-4

5
5
5
5

SW
3-4

5
5
5
5

SC

5
5
5
5
5

d l -

FP
4-5 •»

5
4-5

5 j
5 ! : :

The light fastness ratings of the prints given in table (5 a-c)
ranging (5-6 to 6-7) which is considered as very good fastness
These samples showed a remarkable darkness on exposure tc
light, which may be attributed to the fact that the aggregated dye
molecules break up by exposure to light giving darker shades. (io>
When the fastness ratings to washing, rubbing and prespiratior
were concerned, the data of table (5 a-c) indicate that excellent
fastness ratings were observed with negligible or no staining.

Conclusion;

The present study showed that onion skins and pomegranate rinds
considered as vegetable wastes may be recycled again to provide
useful, cheap natural dyes characterized by rich, warm and bright
natural colours ranging from golden yellow through burnt orange
up to orangish brown and brownish khaki to khaki on protein and
cellulosic fabrics with very good fastness properties.
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ABSTRACT

The technology allows using electroplating plant waste for recovery of fine
inorganic pigments, which may be used in paintwork and ceramic industry (for
coating and enamel preparation, for ceramic painting), in glasswork (colored glass)
and in building industry (for producing foundation slabs, sidewalk plates and
curbing, for art urban planning, for pavement and aerodrome covering and so on).
For fine inorganic pigment recovery so-called sol-gel method was used.

Key Words: Electroplating Wastes/Fine Inorganic Pigments/Waste Utilization

The problem of regeneration, waste neutralisation and utiluzation of the spent electrolytes, wash
waters and electroplating sludges is very important for ecology and usage of recoverable resources.

On the one hand, wastes of such electrochemical procedures as chromizing, nickelizing, zincing,
cadmium and copper plating, polishing, are high-toxic. During storage of the wastes, heavy metal
compounds permeate into soil and underground water, making significant hazard to Environment.

On the other hand, recovery of non-ferrous and rare-earth metals from electroplating wastes is
possible due of well-proven technology of metal recovery from ores. The technology allows receiving
different kinds of production with high level of cleanness, and, as content of the non-ferrous and rare-
earth metals in the solid electroplating wastes is more higher than their content in the raw material, so
their recovery from the sludge should be profitable.

In German, Japan, USA and some others countries this issue has already found practical
solution, there are some suggestions with different approaches (kinds of the techniquies) in Russia too,
but some factors , such as lack of centralized collectors, apartness and dispersion of the electroplating
plants, diversity of electroplating waste content, shortage of normative documentation for financial
and legal relations between supplying plant of the wastes and processing plant, make the problem of
the metal recovering from electroplating wastes intractable.

Together with the technologies of electroplating waste treatment with purpose of receiving
valuable elements there are some interesting techniquies, that not required a lot of investments and
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power charges and where electroplating sludges are used as raw material for receiving industrial
products. For example, electroplating wastes, received after chromizing, are presented by
comparatively pure chrome hydrooxide with small additions of Ca and Na, and may be used as a base
for development such valuable product as chrome carbide; polishing wastes, containing 95%
aluminuim hydrooxide with little additions of non-ferrous metals, may be used as additives in ceramic
industry and in refractory production. There are others areas of electroplating waste applications as
raw material: in metal manufacture, in production of polishing pastes, and so on.

Especially wide the electroplating wastes may be used in ceramic, glass and building industries:

products, ferritizing (for deeper passivation of the toxic agents), vitrification and so on; or during the
immobilization for mixing with wastes and additives, namely as filler and as plasticizer in mortar,
concrete and so on.

The suggested technology envisages electroplating waste utilization with purpose of receiving
fine inorganic pigments, that may be widely used in paintwork and ceramic industry (for coating and
enamel production, for ceramic paintings), in glasswork (colored glass production) and in building
industry ( for producing foundation slabs, sidewalk plates and curbing, for urban planning, for
pavement and aerodrome covering and so on).

For fine inorganic pigment production so-called sol-gel method was used. It means input of
aqueous-soluble resolved organic compounds, which aid to constant gel generation, into water
solutions of inorganic salt or hydroxides (suspensions) of nonferrous metals, following heat treatment
with temperature 120-150°C and, afterwards, calcination with temperature 1000-1200 °C until metal
oxide formation. As initial water solution etchants, spent electrolytes, solutions after galvanic pulp
opening or their suspension may be used.

Developed sol-gel method of receiving inorganic pigment powder compares favourably with
traditional one by excepting such hazard and energy-intensive stage as grinding. Size or the received
particles is less 1 mkm, this is in order less, than after grinding. Consequently, hiding property will
increased noticeably.

From different electroplating wastes inorganic pigments of various colors (white, black, grey,
different shades of blue, green, brown and yellow) were received. The pigments were tested at glass
ceramic production for microelectronics, colored glaze and paints for studio pottery.
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ABSTRACT
composite concept in materials science can be conveniently applied in the waste
treatment technology to construct specific "tailor made" composite materials, in
which at least one of the phases is built by the waste material. In this work the
applicability of this concept for the fixation and recycling of slags wastes is done,
whereby different mixtures of blast furnace slags are mixed with two different
borosilicate glasses, which serve as matrix material. Thermal behaviour of the
produced compacts were studied. Both melting and powder technology are applied
for the fabrication of dense products. The microstructure of sintered samples is
investigated by electron microscopy. The mechanical proberties such as hardness
and fracture toughness are determined by a Vickers technique. An improvement of
the fracture toughness of more than 50% over the value for the original glass VG98
is achieved by slag addition.

1. INTRODUCTION

1.1. General

Many investigations have been directed in the last years to the re-use, recovery or
recycling of the wastes, especially industrial solid wastes such as slags from metal
industries and ashes from mining industries. However the general solution to solve
this ecological problem has still to be found. Much efforts have been made to close
the materials circulation in the biosphere (Fig. 1).
But in some developing countries, the slow burning and uncontrolled dumping are
the commen methods used untill now (and are still practiced to a high degree) u>. In
many industrial areas in Egypt up till now the wastes are mainly deposed
somewhere around the industrial areas leading to a situation where large parts of
the land (especially the industrial areas) are covered by un-planned dumps of
industrial wastes a). This is not only the problem, but is, because of the character of
the dumped materials, also a problem that effects the whole area and its population.
In industrial countries many waste problems are solved by recycling but there are
still new emerging problems like fly ashes from power stations or waste
incineration plants which are not solved yet.
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Fig. (1) Material circulation in the biosphere

Most efforts concentrate in the field of vitrification of these types of waste to ensure
the chemical bonding of harmful elements such as heavy metals. The resulting
products are either deposed in special waste dumps or in the foundation soil of road
constructions. Even though the partial reutilization of some of these materials has
mai yejxs history (e.g. slag cement and pavement), the inhomogenious
composition of ashes limits this application (3"4).
Some authors (5"25) have been proposed the utilization of some industrial wastes,
which can be handled as powders, such as slags from iron and steel industries, ashes
from the thermal treatment of domiciliary waste or from coal thermal power
stations for the production of ceramics, glasses, glass ceramics and many other
applications
Few approaches for the application of iron slags in building industry have been
examined by some research groups (2S'27>. In these approaches the waste material is
used as binder for/or in combination with cement, as a mixture for concrete or
concrete based elements.
The variation of the raw materials as well as waste materials, due to the difference
of their nature, character, chemical composition and the volume of accumulation,
lead to calls for a development of a general concept to predict the possibility of the
waste material to be recycled in the form of a new materials with a certain
application or deposed in a geological form which have no dangerous effects on the
surrounding.
An alternative technological flowsheet under development for the management of
certain waste material is the incorporation of this (e.g. slags) into a matrix and the
later fabrication of solid products, with adequate properties for their re-utilization.
This technological way has been originally proposed for the immobilization of
radioactive ashes in ceramic-clay matrices or cements <28). The incorporation of a
second phase in a matrix gives as result a composite material, with new effective
properties.
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after drying at 400 °C for 3 hours. The main advantage of these glasses is their
relative low sintering temperature and very high sinterability. The sintering
behavior of these glasses has been investigated 05).
The industrial wastes considered in this study proceed from iron slag of the biggest
iron and steel company in Eltibbin Cairo-Egypt.

Table (1): Physico-chemical proroperties of the materials investigated

Properties

Density [g/cm3]
Thermal expansion Coefficient
Young's Modules [Gpa]
Rupture Strength [Mpa]
Mean Particle Size [fim]
Transformation Temp. [°C]
Specific Surface Area [nr/g]
Present Phases

Blast furnace
slags

3.044

102.05

5
1200
2.01

Gehlinite

Borosilicate
glass [GV98]

2.57
10.65
74.8

47.6±8.1
5.5
537
1.11

Borosilicate
glass [SG7]

2.38
5.19
69.9

51.4 ± 1
7.7
567
1.79

Table 2 shows the chemical composition of the used slags powders as well as the
applied glass powders using x-ray fluorescence analysis.

Table (2): Chemical compositions of the used powders

Oxide

SiO,
Al63
Fe,O3

TiO,
Cad
MgO
BCO

Na,0
MiiO
SO3

PA
ZnO
BaO

Blast furnace slags

[Wt%]
35,19
11,71
0,45
0,44
34,84
2,43
0,55
1,60
4,95
0,51
0,11
0,03
8.80

Borosilicate glass
GV98
[Wt.%]
15,68
4,85
20,62
0,30
41,44
2,73
0,09
0,31
11,40
0,39
2,19
0,02
1,60

Borosilicate glass
SG7

[Wt. %]
12,90
6,58
27,81
0,64
33,15
11,66
0,00
0,00
6,70
0,10
0,50
0,03
0,30
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1.2. The composite concept

The composite concept in materials science can therefore be conveniently applied to
the treatment of solid industrial wastes for the production of a composite material
with "tailor made".
Composites are materials composed of ceramic, metal and/ or polymer components.
They are a type of multiphase materials. Figure (2) shows porous materials as well
as multiphase alloys as limiting cases of composites.

Multiphase materials

1
Phase properties Phase properties Phase properties
similar different extremely different

Multiphased ceramics —» COMPOSITES —»———— Porous materials

Fig. (2): Composite concept in material science

The same is valid for multiphase glasses, which can be considered as one of the
proposed possible material forms for the fixation of wastes. Due to the presence of
different phases having different properties the produced multiphase composites can
have effective properties, which cannot be obtained by monophase materials (29"30).
These properties can also be constructed depending on theoretical bases such as
microstructure-property-correlation. These properties include thermomechanical
properties (3l), field properties <32) as well as mechanical properties (33O4).

The objective of this study is to apply these ideas to produce a new composite
material with optimized properties and also cheap due to the availability of high
quantities of iron slags. In this work different mixtures of the blast furnace slags
and two different borosilicate glasses powders were prepared to study their thermal
behaviour (sintering). Both melting and powder technology are applied for the
fabrication of these dense products with required properties..

2. EXPERIMENTAL PROCEDURE

2.1. Materials

Two different types of borositlicate glass powders namely VG98 and SG7, were
prepared and developed. Their physico-chemical properties are shown in Table 1.
The density of these powders was measured using an air comparison pyenometer,
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2.2 Methodology

In this work melting technology as well as powder technology processes were
applied for the fabrication of the used composite powders with optimized
properties. Fig (3) shows the flowsheet of these two processes.

2.2.1 Melting technology

Melting technology can be understood as a vitrification process of the waste
materials to fix the dangerous type of their components such as heavy, toxic or
radioactive elements in a stable geological form. During the vitrification process of
the dangerous waste elements many problems, such as extreme high temperature,
dangerous and corrosion behaviour of refractory materials, segregation of the
heavy elements and evaporation of the very toxic elements, are present. Therefore
the idea to use the powder technology for these types of waste could be the best
methodology.
In this work the received slag powders was mixed with appropiate quanitities of the
galss powder. The slags content was varied between 5 wt. % and 100 wt.% . A
typical batch size was 30 g. The batch was packed into a 250 cc corund crucible and
placed into a high temperature furnace. The applied melting temperatures were,
1250 and 1400 °C, depending on the quantity of glass. All the melted mixtures show
homogeneous amorphous glass-like structure. These glasses were ball milled to a
mean particle size finer than 50 |im.

2.2.2 Powder technology

In case of powder technology the solid waste ( with or without toxic elements) can
be incorporated into a matrix for the preparation of a new solid product with
adequate properties for their re-utilization in different industrial fields. The very
big advantage of this process is the decreasing of the energy consume (T sinter =
0,7 T melt) and also nonvolatilization of some toxic elements At the same time the
immobilization of a heavy and toxic elements in the formed new structure will be
occurred.
Different compositions of the slag and glass powders were mixed to study the
sintering behavior of the applied mixtures. For these experiments the slag and glass
powders were dry mixed for five hours in a rotary agate morter to obtain a
homogeneous mixture.
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Process

Waste + Glass
have hazardous elements

I
Waste + Glass

have no hazardous elements

Melting technology
fixation of hazardous elements

1
Pressing and sintering

Characterization
Physical, mechanical

and microstructural properties

I
Correlation between

properties and application

[ Reutilization if ecocompatible
j (ecological recycling)

Granulation Granulation

Powder technology

Final Disposal in inert form

Fig. (3): Flowsheet of the powder technology and melting technology processes



2.3 Processing

The different powders were uniaxially compacted into cylindrical samples of 25mm
diameter and 6 mm height before sintering. Table 3 give the compositions of the
prepared samples.

Table (3): The compositions of the prepared mixtures

Sample

G2
G3
G4
G5
G6
G7
G8

BJF.Slag
Wt-%

5
10
25
50
75
90
100

GV98
Wt-%

95
90
75
50
25
10

0,00

Sample

S2
S3
S4
S5
S6
S7
S8

B.F.Slag
Wt.-%

* 5
10
25
50
75
90
1 0 0 •

SG7
Wt.-%

95
90
75
50
25
10

0,00

Pressures of 83 Mpa were used, to obtain green compacts of more than 55% of
relative density. Use of a little quantity of polyvinilalcohol was necessary to assure
structural integrity of the green sample. Heating microscopy was conducted to
determine the begin of sintering of these glasses. The compacts- were sintered in air
atmosphere. The heating rate and sintering temperature and time were varied to
optimize the process for obtaining dense compacts with low porosity.
The densities of the sintered compacts were determined using the Archimedes
principle. X-ray diffraction analysis was conducted and samples for electron
microscopy (SEM) were prepared and the microstructure investigated. For the
selected samples, hardness and fracture toughness were determined by means of
Vickers indentation technique (34). Most of the impressions induced were made by
applying a load of 2.94 N for 15 seconds. At least 10 measurements were taken of
each sample for and average value. The Fracture toughness was also measured using
nondestructive Young's Modulus and application of Evans equation(36).

3. RESULTS AND DISCUSSION

The glasses investigated, VG98 and SG7, showed different melting behavior in
connection with the slags addition. Relevant for this study is the result for the 50
wt. % waste containing samples, melted at 1250 °C and at 1400 °C for two hours.
The first one showed a very low concentration of quartz homogeneously distributed
in an amorphous glass matrix at a temperature of 1250 °C. The second one showed
a fully amorphous glass-like structure, without any phase inclusions. The waste
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material has been completely dissolved in the melted glass powder, which would
sintered at a low temperature. This was confirmed by means of heating microscopy.
The begin of sintering was determined for temperatures between 680 °C and 700 °C
. On the other hand, for the slags powder without glass addition the sintering
temperature is higher than 1120 °C. The results of the sintering experiments are
shown in Table 2.The slags content and the sintering temperature are the main
variables affecting the final density. The samples obtained from a direct mechanical
mixture of the powders show in general a poor densifiation behavior reaching
densities lower than 77% of the theoretical density. The best results for the
densification behaviour are obtained for the samples PG2-PG5 as well as PS2-PS5
using powder technology process. In case of melting technology process the samples
produced from melts MG2-MG8 and MS2-MS8 showed relative densities higher
that 95% of the theoretical value.

Table (4): Densification behaviour of the powder prepared by powder technology
route

Sample

PG2
PG3
PG4
PG5

PG6

PG7

Sintering
Temp.
700
720
740
850
900
900
1020
1050
1100

Density
g/cma

2.05
2.08
2.3
1.73
1.56
2.07
melt
2.15
2.21

Open
Porosity |
0.00
0.00
0.00
24
40
22

26
23

Sample

PS2
PS3
PS4
PS5

PS6

PS7

Sintering
Temp.
800
800
900
900

1100

1100

Density
g/cm3

3.36
2.21
2.25
2.28

2.31

2.38

Open
Porosity
0
0.025
1.58
12.65

19.65

18.09

Table (5): Densification behaviour of the powder prepared by melting technology
route

Sample

MG2
MG3
MG4
MG5
MG6
MG7

Sinter.
Temp.

°C
700
700
720
890
1020
1100

Density

g/cma

2.55
2.59
2.63
2.75
2.77
2.92

Open
Porosity
Vol.-%

0.00
0.00
0.00
0.00
0.00
0.00

%Th.DjSample

98.46
99.20
98.90
99.64
98.93
98.32

MS2
MS3
MS4
MS5
MS6
MS7

Sinter
Temp.

°C
780
780
900
920
920
1100

Density

g/cm3

2.28
2.32
2.37
2.61
2.81
2.91

Open
Porosity
Vol.-%

0.00
0.00
0.00
0.00
0.00
0.00

%Th.D

95.00
95.87
99.16
97.75
97.91
97.32
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The results of the Vickers indentation and fracture toughness tests for the samples
prepared by melting technology procedures can be summarized as follows:

Table (6): Results of the mechanical behaviour of the sintered samples prepared by
powder and melting technological procedures

samp]

G2
G3
G4
G5
G6
G7
G8

Powder Technology
- Hv

GPa
3.81±0.8
3.411.35
3.8811.2
3.94x0.9
3.99+1.5

—
—

0.7910.17
0.7710.26
0.91210.2
0.8810.27
1.04=0.32

—
—

Melting Technology
Hv
GPa

5.2710.3
5.5910.2
5.6410.3
6.1910.2
11.410.7
7.0910.4
6.8+0.2

KIC

MPa+m"2

0.771.06
0.773+0.2
0.7910.13
0.811.03
1.1410.12
0.87+0.08
1.0110.2

sampl

S2
S3
S4
S5
S6
S7
S8

Powder Technology
Hv
GPa

4.94+1.2
5.4911.4
4.9810.9
5.5710.9
5.5811.2

—
—

KIC

MPa*m"2

0.7710.29
0.76+0.34
0.7910.29
0.805+0.3
0.85110.3

—
—

Melting Technology
Hv

'GPa
5.5710.4
5.88+0.4
5.96+0.4
6.1310.2
6.32+0.5
6.6211.2
6.810.2

K]C

MPa*m1/2

0.78+0.26
0.7610.32
0.7510.02
0.80510.13
0.85110.02
0.91310. Id
1.01+0.2

The results of fracture toughness KIC were obtained by means of Vickers hardness
data (Hv) and the relationship by Evans (36). The results of Vicker hardness and
fracture toughness for the sintered samples prepared from slag powders and
borosilicate glass GV98 using powder technology were in the range of 3.94-3.4 Gpa
and 0.76-0.981 Mpa m"2 respectively.
These values were increased to 5.27-11.4 for microhardness and 0.77-1.14 by the
application of melting technology process.
A similar behaviour was concluded for the samples produced from slag powder and
borosilicate glass SG7
This means that the values of Vickers hardness and fracture toughness for the
different samples were increased by applying melting technology process.

Although the Vickers hardness corresponds to the values commonly found for
amorphous glasses (34) an improvement of the Kje over the value for borosilicate
glasses has been obtained.
This means that the multiphase glass resulting form the addition of slags to the glass
shows increase in fracture toughness.
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4. CONCLUSIONS

The conclusions of this study can be summarized as follows:

1- The composites concept in materials science can be conveniently applied to
include powdered waste materials in a glass matrix as an appropriate way to their
treatment, fixation and reutilization.
2- Slags can be conveniently melted with a 50 wt. % borositicate glass VG98
addition at 1250 °C and 1400 °C to form new glass with homogeneous amorphous
structure.
3- Powders from the Egyptian slags containing glasses can be pressureless sintered
at relatively low temperatures (680 CC ) to from dense products
4- The fracture toughness of the slags containing glass is higher than the value for
the original borosilicate glass.
5- Application of melting technology improved the mechanical behaviour of the
prepared slag-borosilicate glass samples.
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