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Preface

Renewable energy sources have received considerable attention
during the past few decades as an extension to the depleting
fossil fuels. In spite of the relative reduction of the petroleum
prices, the environmental problems associated with the
extensive consumption of fossil fuel added more importance to
the clean sources of energy.

The high development rates needed for the provision of a better
life style has a direct impact on the environment due to the
excessive use of energy in addition to the direct problems
caused by the industrial waste polluting air, water and soil.

This conference, therefore gives due consideration to both
issues: energy and environment.

This proceedings provides research findings and technical
papers related to the main objectives of the conference. It is
expected to be a valuable reference for science and technology
in this field.

Conference Chairmen
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Abstract

This paper discusses the results of the experimental work investigating the formation of N2O and

NO during fluidized bed combustion of coals, and of chars and volatiles produced from the pyrolysis of

these coals. Ammonia (NH3) and hydrogen cyanide (HCN) are shown to play important roles as gas-

phase precursors of both NO and N2O. The conversion of fuel-N through NH3 and HCN to N2O and

NO was studied using a fluidized bed combustor in the temperature range between 973 K and 1273

K, for two different coals. The results suggest that the principal contribution to N2O emission

originated from volatile-N, however, char-N could also have an important role, depending upon the

temperature.

1 . INTRODUCTION

The emissions of nitrogen oxides have been identified as one of major environmental problems

originating from the combustion of coals in fluidized bed systems. Nitric oxide (NO) and nitrogen

dioxide (NO2) contribute to the acid rain problem and photochemical smog formation. Nitrous oxide

(N2O) is a greenhouse gas and also acts indirectly in the depletion of stratospheric ozone (1,2].

Nitrogen is present in coal mainly in the form of relatively stable aromatic structures [3] and its

release is delayed until ring structures occurs. Simultaneously, other volatiles are driven off as a result

of the breakup of side chains and aliphatic links. The formation of nitrogen oxides from coal-N during

combustion in a fluidized bed occurs in a co-nplex process involving coal devolatilization,

homogeneous gas-phase reactions and heterogeneous oxidation of char. During devolatilization,

nitrogen in coal is divided between char-N and volatile-N compounds which are mainly released in tars

and as NH3 and HCN. During combustion, the char-N is oxidized to NO and N2O whilst simultaneously

partly reduced to N2, however, small amounts of NH3 and HCN may also be formed [4].

The division of nitrogen between char and volatiles and the type of volatile nitrogen compounds

formed during devolatilization are very important for the eventual fate of coal-N in FBC, because the
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extent of subsequent reactions involving the oxidation of char-N and volatiles-N are dependent on

this division and on the different volatile nitrogen species The speciation of volatile nitrogen

compounds is very important for the formation of NO and N2O, because of the different reactions

pathways for NH3 and HCN. The amounts of NH3 and HCN released during pyrolysis depend on a

number of factors, most importantly coal type, heating rate, final temperature and residence time. A

wide variety of experimental techniques have been used and this may be why the data in literature do

not provide conclusive evidence about the influence of coal type on the formation of NH3 and HCN

during pyrolysis [5].

Calculations, using comprehensive kinetic models, show that the relative amounts of NO and N2O

depend strongly on the relative concentrations of NH3 and HCN [6,7,8]. The formation of N2O

through HCN was strong at 1000 K, and weak at 1200 K, when NO was the major product. NH3 was

not observed to be an intermediate causing significant amounts of N2O production. NO was the main

product from NH3 at 1000 K, together with some N2

There is a general agreement [6,7,8,9] that HCN is a very important precursor for N2O formation in

the range of temperatures used in FBC of coals. The most important reactions were found to be

HCN + O > NCO + H

NCO + NO > N2O + CO

over the combustion temperature range in FBC

This was experimentally shown by Kramlich et al. [9] by injecting NH3, HCN and acetonitrile into the

post-flame gases. The results clearly demonstrated that N2O was preferentially formed from cyano

species, whereas very little N2O was released during NH3 injection.

Recently Hulgaard [10] made extensive plug flow reactor studies on NH3 and HCN oxidation at

temperatures between 900 and 1350 K. His data suggest that HCN produced approximately one

order of magnitude more N2O than NH3 , under similar oxidation conditions.

2. EXPERIMENTAL

Samples

The two coals studied. Cimpor coal and South African coal, were crushed and sieved to a particle

size 0.50 -1.00 mm. Chars were produced in a FBC from coals at three temperatures (1073 K, 1173 K

and 1273 K) and at a heating rate in the order of 104 K/s. The characterization of the samples are given

in Tables I and II.
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Combustion o( chars and coal

The combustion of coals and chars were carried out in an electrically heated lluidised bed

combustor with 80 mm of ID and 500 mm height, as shown in Fig.1. The combustion temperature of

coals and chars was varied in the range of 1000 -1200 K.

Both chars and coals were supplied using a screw-feeder located at the top of the combustor. The

particles were injected through a pipe immersed in the bed which was water- cooled to prevent any

devolatilizalion during feeding. The combustion gases leaving the combustor having been filtered and

dried were constantly analyzed for NO, N2O, CO, CO2 and O2 by specific analyzers .

Analyses of Volatiles

The analyses of hydrogen cyanide (HCN) and ammonia (NH3) in the gases released during the

pyrolysis of coals were carried out The samples were collected by passing the gas sample through a

wash bottle with a 0.01 M NaOH as absorption solution.

The determination of HCN and NH3 were performed with ion-selective electrodes supplied by

ORION. The ammonia electrode (model 95-12) is a gas sensing electrode and the cyanide electrode

(model 94-06) is a solid state electrode. The measures were done with the direct method and

assuming that the efficiency of absorption was 100% and the gases behave as ideal gases.

Combustion of Volatiles

The gases released during the pyrolysis of coals at different temperatures were burned in a second

reactor, at the same temperature that chars preparation was performed. The tube that makes the

connection to the second reactor was isolated with kaolwool to prevent the deposition of tars. The

gases released were constantly analyzed tor NO, N2O, CO, CO2 and O2 by specific analyzers and

HCN and NH3 with ion-selective electrodes, Fig.1.

3 . RESULTS AND DISCUSSION

NO and NoO from coal and char combustion

The results were interpreted based on the assumption that coal-N was divided between the

volatiles (volatile-N) and char (char-N) and they were subsequently converted into NO, N2O and N2

Table 3 provides the distribution of fuel-N in both volatiles and char for the two coals studied and

calculations for the mass balance confirmed the split of fuel-N between volatiles and char. It should be

noted that with temperature, the amount of volatile-N was found to increase which could be due to

higher heating rates which encouraged the greater rate of release ot votatiles from coal particles. The

conversion of both volatile-N and char-N to the products were assumed to be through relatively

independent processes although some reduction of both N2O and NO, once formed, on the char
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surface were expected to occur. Conversions of coal-N and char-N to NaO and NO in percentage by

weight, at different temperatures, are presented in Tables IV and V. The data snowed that the

conversion of nitrogen in coal and char to NO and N2O followed tho seme pattern in which amounts of

N2O and NO formed varied inversely with temperature, which have previously been observed as well

[11,12].

The conversion of coal-N to NO, for both coals, are somewhat similar to those observed with char-

N. These results suggest that the contribution of char-N is primarily responsible for total NO formed.

Regarding coal-N and char-N conversions to N2O the observation is different, and it is apparent that

N2O levels were found to be greater with the higher nitrogen amounts in the parent coat and the

temperature of devolatilisation which was observed to determine the amount of volatUes remained in

chars. It could be seen that lor combustion temperatures higher than 1100 K the char-N conversion to

NO became much greater than the conversion to N2O.

HCN and NH3 in Volatiles

During pyrolysis and combustion of solid fuels, NH3 and HCN are the major nitrogen-containing

precursors [10]. The results of this work demonstrated that the yields of NH3 and HCN for the two

coals responded in a similar way as the temperature ol pyrolysis increased. At higher temperatures, the

yield of NH3 was observed to decrease, as given in Tables VI and VII.

HCN and NH3 were not in significant quantities at temperatures below 1073 K, but the sum of the

yields of HCN and NH3 is similar in both Cimpor coal and in South African coal. Also, it could be seen

that the yields of HCN and NH3 in the gases that leaving the second reactor, following the combustion

of volatiles, decreased and no NH3 was found at temperatures higher than 1173 K. It is interesting to

note that, while the yield of HCN released with the volatiles increased with temperature, the amount of

HCN measured in combustion gases decreased with the temperature of pyrolysis increased. This

suggests that HCN became increasingly more prevailing intermediate for the formation ol NO above

1173 K.

NgO and NO from the combustion of volatiles

Conversions of the volatile-N in percentage by weight to N2O and NO, corresponding to the

temperatures at which chars were prepared are presented in Table VIII. The data show that much

higher conversion to N2O than to NO took place. It is the opinion of the authors that the volatile-N had

a dominating contribution to N2O. With the increase in the char preparation temperature the amount of

NO formed went up whilst the contribution of the volatile-N to N2O decreased.

Upon correlating these results with the yields ot HCN and NH3 observed, it could be concluded

that at temperatures less than 1173 K, HCN was primarily responsible for the formation of N2O.
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4. CONCLUSIONS

The distribution of fuel-N between HCN and NH3 species in the pyrolysis is an important factor in

determining the amounts of N2O and NO formed. It is believed that there is a significant contribution to

the N2O emission that originates from volatile-N but also the char-N has an important share, particularly

at lower devolatilisation temperatures. Char-N is the principal source of NO formed. It is the opinion of

the authors that the determination of HCN and NH3 species in the gases released in the pyrolysis of

coal could help to have a better understanding of the chemical states of nitrogen in coals.
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Flgura 1 - Schamatleal Illustration ol th* experimental set-up

1. Electric Furnace; 2. Rotameter; 3. Fluidized Bed Combuslor: 4. Termocouple; 5. Continuous Screw-Feeder;
6. Collector 7. Glasswod Filler; 8. Paper Filler; 9. Pumb: 10. Valve; 11. CO Analyser; 12. 02 Analyser.
13. CO Analyser; 14. N2O Analyser; 15. NO Analyser; 16. Recorder; 17. Wash Boltle; 18. To the atmosphere
19. Volatile* Combustof

TABLE I: CHARACTERIZATION DATA FOR CIMPOR COAL AND CHARS

Proximate and

Elemental

analysis (wt%, db)

Ash

Volatile matter

Fixed Carbon

C

H

N

N/C

Cimpor

Coal

16.49

23.24

60.27

6857

3.84

1.68

0.025

Char

(1073K)

17.45

4.02

78.53

76.71

0.55

1.78

0.023

Char

(1173K)

18.68

2.18

79.14

65.62

0.89

1.64

0.024

Char

(1273K)

18.72

2.06

79.22

83.27

0.86

1.55

0.019
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TABLE II: CHARACTERIZATION DATA FOR SOUTH AFRICAN COAL AND CHARS

Proximate and

Elemental

analysis (wt%, db)

Ash

Volatile matter

Fixed carbon

C

H

N

N/C

South

African

Coal

14.44

29.81

55.75

69.00

4.47

1.74

0.025

Char

(1073K)

16.13

4.42

79.45

78.14

1.06

2.03

0.026

Char

(1173K)

16.33

3.53

80.14

82.22

0.60

1.90

0.023

Char

(1273K)

17.40

2.16

80.44

82.52

0.49

1.87

0.022

TABLE III: SPLIT OF NITROGEN (%) BETWEEN CHARS AND VOLATILES

Temp. (K)

1073

1173

1273

Cimpor

chars

1.78

1.64

1.55

Cimpor

volatiles

0.26

0.39

0.47

S.African

chars

2.03

1.90

1.87

S African

volaliles

0.25

0.36

0.40

TABLE IV: YIELDS (%N IN COAL) OF HCN AND NH3 AS FUNCTION OF TEMPERATURE OF

PYROLYSIS OF COALS AND TEMPERATURE OF COMBUSTION OF VOLATILES OF

CIMPOR COAL

in volaliles after combustion of volatiles

Temperature (K) HCN yield NH3 yield HCN yield NH3 yield

1073

11 73

1273

13.9

20.7

24.6

6.8

7.8

7.7

1.8

1 7

0.9

0.7

0.0

0.0

TABLE V: YIELDS (%N IN COAL) OF HCN AND NH3 AS FUNCTION OF TEMPERATURE OF

PYROLYSIS OF COALS AND TEMPERATURE OF COMBUSTION OF VOLATILES OF

SOUTH AFRICAN COAL

in volatiles after combustion of volatilos

Temperature (K) HCN yield NH3 yield HCN yield NH3 yield

1073

1173

1273

17.8
24.2

28.0

4.6

4.1

2.0

2.5

2.1

1.4

1.0

0.0

0.0
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TABLE VI: CONVERSIONS TO N2O AND NO IN THE COMBUSTION OF

CIMPOR COAL AND CHARS (% BY WEIGHT).

Temp

(K)

1000

1050

1100

1150

1200

Cimpor coal

f(N2O) f(NO)

7.56 11.03

8.72 11.95

8.87 16.83

6.77 18.96

5.39 19.08

Char (1073 K)

f(N2O)

27.55

18.81

15.94

14.30

12.71

f(NO)

10.81

13.09

17.12

19.75

21.90

Char (1173 K)

f(N2O)

25.45

17.42

12.65

13.10

12.56

f(NO)

13.43

15.56

16.06

18.45

20.08

Char (1273 K)

f(N2O) f(NO)

24.94 15.41

16.62 17.61

12.54 17.23

14.05 19.05

12.23 20.82

TABLE VII: CONVERSIONS TO N2O AND NO IN THE COMBUSTION OF SOUTH

AFRICAN COAL AND CHARS (% BY WEIGHT)

Temp.

(K)

1000

1050

1100

1150

1200

South

c

i African

;oal

f(N2O) f(NO)

5.23

5.82

5.41

4.86

3.70

7.93

9.91

11.20

12.53

12.42

Char (1073 K)

f(N2O) f(NO)

18.53

17.05

10.01

13.78

10.38

10.25

15.16

12.29

16.90

20.68

Char (1173 K)

f(N2O)

16.76

15.13

11.90

11.26

10.31

f(NO)

10.43

15.81

17.40

19.81

21.20

Char (1273 K)

<(N2O)

21.21

16.67

14.34

13.39

10.21

I(NO)

10.74

16.25

20.01

20.90

20.23

TABLE VIII: FRACTIONAL CONVERSIONS TO NO AND N2O IN THE COMBUSTION OF

VOLATILES AT THE SAME TEMPERATURE OF PYROLYSIS

Cimpor Coal S.African Coal

Volatiles(1073K)

Volatiles(H73*)

Volatiles(i273K)

f(NO)

0.53

0.83

0.96

f(N2O)

10.48

7.66

4 62

f(NO)

0.38

0.55

0.86

f(N2O)

6.62

3.64

3.32
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EMISSION COKTROL FOR 7REB2ATER CEMBMT KILNS
FABRIC FILTER VS. ELECTROSTATIC 9RBCIPITATOR

WHICH IS BEST?

by John Caine and Hark Brugan
1 September 1994

It is well known that both fabric filters and electrostatic-
precipitators have been used successfully to control emissions from
cement kilns for a number of years. This paper will examine the
current status of Freheater kiln and clinker cooler emission
control technology and experience with respect to both fabric
filters and electrostatic precipitators.

H I S T O R Y - Over tha last thirty years, emission control has become
a wide spread concern in many countries where cement kiln outlet
emissions and opacity requirements have become increasingly more
stringent regardless of the country and location. For example
Figure 1 indicates the trend of how allowed cement kiln outlet
emissions have been reduced by the U.S. Environmental Protection
Agency over the last few years. This is increasingly becoming a
world wide trend where, for example, international loan agencies
are requiring at least 50 mg/m3 maximum dust emissions for new
projects.

In the U.S., before approximately I960, only limited emission
control systems were added to wet cement kilns. Later cyclones
were used not only to control emissions but also to protect the
main induced draft fan. In 1970, with the passage of the Initial
Clean Air Act in the U.S., outlet emission requirements were
reduced to around 100 mg/Nm3 and, since both electrostatic
precipitators and fabric filters can easily handle these outlet
emissions cost effectively, both technologies were used on cement
kiln through the 1970's. Starting in the 1980's however, when dry
preheater/precalciner technology became more widely used and the
emission control device (ECD) had to contend with the unique
temperature, moisture and chemistry problems which
preheater/precalciner technology brings to the emission control
requirement, fabric filters began to be the emission control
technology of choice in the United States.

He will see how these emission control technologies developed in
the U.S., what the implications of fabric filter vs. electrostatic
precipitator are for other countries, and how this relates to
emerging trends of more stringent requirement on a global basis.

To begin this comparison, it will be important to have a basic
understanding of how electrostatic precipitators and fabric filters
are sized and how they operate on cement kiln applications, since
one of the objectives of this paper is to make a capital and
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operating cost comparison, we can begin with a "typical" kiln size.
Given the "typical kiln" off gas conditions, we can develop capital
costs and estimated operating costs for both Fabric Filter and ESP
emission control.

For this "typical" case, we have the design parameters shown in
Figure 2.

HOW A PRECIPITATOR IS SIZED

The primary sizing equation for an electrostatic precipitator is
the well known Deutsche-Anderson equation which involves; a
migration velocity (based on experience factors), and the required
efficiency for that particular application as indicated by the
following formula.

Eff=l-e(-A/V)W

OR

A/V = 1/W LOG 1/1-Eff

WHERE:

Eff = ESP COLLECTION EFFICIENCY, %wt

A =* COLLECTION SURFACE AREA, M2

V = GAS VOLUME, M3/S

W = MIGRATION VELOCITY, CM/S

It is clear from this equation that as the outlet loading
requirements are reduced, and the resulting efficiency increased,
the size of the precipitator will also necessarily be increased.
We can see this graphically represented in Table 1.

For a typical preheater cement kiln application with the above
design parameters, and outlet dust load requirement of 25 MG/NMJ.
The ESP will have 4 field and 10,000 M3 of collecting surface.

The precipitator operates on the principle that the high corona
generates negatively charged ions which attach themselves to the
dust particles. A potential difference between the negatively
charged dust particle and the positive collecting plate provides an
electrical attraction for the dust particles, which migrate to the
collecting plate, are captured, and eventually rapped into the
hopper for ultimate removal. Certain other factors impact the
overall size and performance of the precipitator such as;

• Aspect ratio - electrical field length to field height
ratio. Since rapping loss is a problem, as outlet
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emissions are reduced the precipitation length must be
increased. Fig. 3.

• Proper cross sectional area - to provide low gas
velocities through the precipitator, since re-entrainment
is a potential problem,

• High electric power requirements to achieve high
efficiencies (low outlet loadings) Figure 4.

• Larger precipitation and high electric power requirements
for removing fine particulate - since the electrical
field energy requirement is inversely proportional to the
mean particle size Figure 5.

FABRIC FILTER OPERATION - KILNS
Fabric filters operate on a totally different principle, especially
the low ratio, reverse air cleaned fabric filters generally used in
cement preheater kiln applications and clinker cooler vent systems.
These units operate on the principle of inertial impact and capture
of dust particles in a filter cake which has been built up on the
filter media. The ability to capture fine particles is a function
of the particle size distribution of the dust particles themselves,
hence a fabric filter has an inherent ability to capture extremely
fine particulate (less than 10 microns). The fabric filter is
sized based on an air-to-cloth ratio, which is essentially the
velocity of gas through the fabric, in MJ/Min. For preheater cement
kiln applications, this ratio is approximately:

•0.5 M/Min. (and for cooler systems 1.0-1.2 M/Min.).

With a reverse air cleaned Fabric Filter, typical of those used on
cement kilns, the fabric is cleaned intermittently by removing one
compartment from service, stopping the gas flow to that compartment
with a poppet damper and cleaning the bags with gas in the reverse
direction. To accomplish this, the fabric filter must necessarily
be a multi-compartment design as shown in Fig. 6. Typical
operating pressure drop across the fabric for a properly sized
fabric filter is normally in the 100mm - 150mm W.G. static pressure
range. Fig. 7 details a fabric filter, sized according to the
above listed sizing parameters for the "typical" preheater cement
kiln and the cooler application which we have selected.

It is important to note that unlike an ESP, the size of a bag
filter changes little regardless of the required outlet emission
level. This ia not true for the ESP which must become increasingly
larger, and more expensive, with lower outlet emission levels
(higher efficiencies). Precisely, because of increasingly lower
emission requirements, the F/F in recent years has become very
competitive with ESP's.
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CAPITAL COST COMPARISON

Now that v* have properly sized both an ESP and a Fabric Filter for
our application, we can compare th« installed costs of these two
technologies as seen in Fig. 8.

This shows graphically the point made earlier that a fabric filter
costs less on an installed basis than a properly sized precipitator
for these design conditions.

OPERATING COSTS

It is now important to compare the operating costs of these two
technologies; especially relating to operating KW for the main
filter fan, and reverse air fan, bag replacement costs, and
electric energy costs plus repair parts for the transformer
rectifier (T/R) sets.

We show this comparison in Fig. 9. And as we see, even with a
slightly lower operating cost for the ESP, there is still a very
long time to pay back compared to a Fabric Filter.

NOTE: We have used the following assumptions in making these
comparisons:

1. Maintenance costs for the two technologies are equivalent,
although as a general rule, bag filters can be maintained by
a lower worker skill level.

2. Dust handling requirements from both the ESP and F/F are
equivalent.

3. Other aspects of a given project such as foundations,
inlet/outlet ductwork, etc., which are the same for the two
technologies, have not been used as a part of this comparison
and are not expected to have a major input.

OTHER CONSIDERATIONS

For Cement kiln applications there are, however, other aspects of
the operation of a fabric filter vs. ESP, which should be discussed
as follows:

1. CO shutdowns - It is well known that with a precipitator the
operator must pay careful attention to kiln off-gas CO
concentrations to prevent explosions. Indeed, preheater kilns
with ESP's utilize Borne type of CO monitoring device, and
interlock, to shut off power to the T/R sets when high CO
concentration events occur, obviously, during this time full
dust emissions will exit from the precipitator resulting in
high stack opacity and the potential for wear on the main
induced draft (I.D.) fan. since it is desirable to keep 0,
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l«v«ls as low as possible for high«r fuel efficiency, it is
not unconnnon to cross the CO shut-off threshold with an ESP.

2. Change over operation - A precipitator operates more
effectively at lover dust resistivities. During change over
operation, for example, when the raw mill shuts down, it is
possible to create a situation of dust on the collecting
plat*, which whan dried out, has a high resistivity. During
this "change-over" tine, stack opacities nay exceed allowed
values and can ba quite visible and objectionable.

3. Ability to handle high dust load - Both technologies can
' handle high dust loads in different ways. For the
precipitator it may be necessary to include a precleaner
(multi-cyclone) up stream to reduce the inlet dust load, this
device will increase pressure drop by (75mm - loomm w.G.
static pressure) particularly when th* kiln is operated at the
highest capacity level possible, which is normal, A fabric
filter can handle high dust loads as well but usually will not
need th* precleaner which eliminates this component of system
pressure drop. »

4. Considerations of the evaporation cooling tower - A
precipitator oust ba provided with dust of low resistivity.
For a preheater cement kiln, especially in by-pass operation
(raw alii down), a spray tower is necessary to reduce the gas
temperature to approximately 150*C to insure dust with
resistivity below l x 10" ohm Cm for efficient operation of
10" the ESP, Fig. 10. By contrast, with «, fabric filter
using fiberglass bags, only a temperature low, enough to
protect the bags (240*C), is necessary. Given this reduction
in the amount of water sprayed, it is reasonable to assume
that with a fabric filter, an atomized spray system, using a
smaller tower, can be employed ahead of the fabric filter.
With the precipitator, especially in an area of high electric
power costs, the use of a hydraulic atomized system (with
resulting larger spray tower dimensions and residence time)
will be required. This difference may have a significant
impact on where the spray tower can be located, it's installed
cost and the increased consumption of water.

5. On-line maintenance - Since a fabric is inherently
compartnented, so that gas flow can be closed off to a given
compartment during bag cleaning, such a design provides the
possibility of sizing the fabric filter with a built-in "extra
compartment" which can allow inspections, bag change out, and
other maintenance requirements, "on-line", while the rest of
the system is in operation. This obviously is not possible
with a precipitator which, because of the single chamber
design, oust be shut down for routine maintenance. It is
therefore reasonable to project that a fabric filter will
operate with a higher on-line availability than will a
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precipitator.

£. Bag Life - The aspect of baglife also needs to be considered
as a part of this type of overall comparison. Industry
experience projects a three year baglife as reasonable for
heavy duty fiber glass bags in a properly designed and
operated fabric filter. Based on their good operating
performance, the best bag selection in woven, fiberglass bags,
with an acid resistant finish.

7. Problems of insufflation - Many plants use insufflation to
recycle collected dust to the kiln for reprocessing.- This has
the tendency to create a higher dust load from the kiln and
also has the tendency to produce a finer average particle size
distribution. With a fabric filter, this is not as great a
problem as with a precipitator for several reasons:

A. Kith an increase in inlet dust load, the precipitator
efficiency must increase, resulting in a larger
precipitator size.

B. The lower particle size distribution must be addressed in
sizing the precipitator by adding more power in the unit
especially in the latter fields.

C. With a fabric filter, since neither high dust load nor
fine particle size greatly affect the filter sieing, only
a small increase in unit size may need to be added to
address both of these issues.

Given the above, it is becoming more apparent that the decision of
which technology is best for dadusting kiln/mill off-gas is tending
more toward fabric filtration. However, what this paper suggests
is that in every case, it will be important to carefully compare
each technology for your particular situation to make the best
decision for your plant.
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Abstract

The cleaning of Al- cell gases is essential for environmental protection and
fluorides recovery. In this work, dry adsorption of HF is carried out in a 25 cm
diameter fluidized bed of smelter-grade alumina. The influence of the following
factors was studied : distributor design, bed temperature, fluidizing velocity, and
bed aspect ratio.

It was found that the scrubbing index increases with temperature then decreases
with further increase. The effect of fluidizing velocity is a decrease followed by
an increase in the index. The index increases with bed height then decreases. The
nozzle distributor gives the best results. The findings indicate that the scrubbing
index is greately affected with the bed conditions i.e. hydrodynamics and transfer
processes.

1. INTRODUCTION

Fluidized bed technology has widespread applications in many fields [1]. One of
these fields is pollution control.

In Al-industry the cell gases emitted during the electrolytic process contain
harmful constituents [2,3] which should be treated for environmental protection
and for recovery of fluoride compounds. These gases contain hydrogen fluoride
and fluoride compounds. There are generally two methods for achieving this : the
wet process and dry process [2,4]. The wet process [2,3,5,6] uses an aqueous
alkaline solution (e.g.Na3CO3) to absorb the hydrogen fluoride and sulfer dioxide.
The recovered fluorides are recycled to the cell. Corrosion problems are severe in
the wet scrubbing systems. The dry scrubbing system [3,4,7] depends on the
chemisorption of hydrogen fluoride on smelter-grade alumina with the recycle of
the formed aluminium fluoride to the cell. By emploing the dry method, the
corrosion problems and treament of waste water are avoided.
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The present work investigates the effect of some important factors on the
chemisorption of HF gas on smelter-grade alumina. The factors include some
fluidized bed design and operating variables.

2. EXPERIMENTAL WORK

2.1. Materials

Materials used for adsorption experiments are : (a) Smelter-grade alumina used
for the production of aluminium, (b) Cell gases

(a) Alumina :
The alumina used in the experiments is smelter- grade alumina for producing the

aluminium and represents the adsorbent medium in the adsorption process. Table
1 shows the specifications of alumina used. Table 2 shows the size distribution of
alumina.

(b) Cell gases :
The cell gases contain HF gas which is to be removed by adsorption process.

The HF contained in the cell gases has an average value as shown by the
chemical analysis in Table 3.

2.2 Apparatus

Fig. 1 shows the apparatus used in this work. The fluidized bed adsorber was
made of seamless steel pipe of 25 cm inner diameter, 10 mm thickness and 150
cm height. The cell gases were withdrawn from the electrolytic cell of VSS anode
type by the draft fan 3 and were introduced directly to the fluidized bed adsorber
through the windbox 8 and the distributor 9. The freeboard 10 and the enlarged
section 11 (50 cm ID) served to separate the possibly elutriated alumina particles
during adsorption process. The cyclone 12 by turn served for cleaning the gases
from entrained alumina particles. The electric heater 7 is used for heating up the
alumina bed to a specified temperature to simulated different temperatures of cell
gases when introduce through the alumina bed. Fig. 2 shows the main features
and dimensions of the three distributors used. They represent different designs of
both staggered perforated plates and plates fitted with nozzles to give uniform
distribution of gas velocity over the whole section of the bed with good
fluidization characteristics. Fig. 3 shows the sampling method for measuring the
HF concentration at two points.
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2.3 Procedure

The variables studied in the adsorption experiments are : bed aspect ratio, L/D,
fluidization number, W = Uf/Umf, average bed temperature, Tbav. and distributor
designs. For these experiments afresh batch of a specified quantity of alumina is
used. The experiments have been performed at a constant time of 15 minutes. For
each run, two gas samples were taken simultaneously, the first point in the
windbox and the second point in the freeboard. The gases are allowed to pass
through bottles containing 250 ml of 15% sodium hydroxide solution. The
fluorine concentration for both the two points were measured by titration method
using Alizarin as a reagent. An index called scrubbing index, S.I [8,9] was used
to evaluate the effectiveness of adsorption capacity in the fluidized bed. It is
defined for batch feeding by :

S.I. = -1 ( 1/xr) In [ Fg out - Fg in ] kg1

The scrubbing efficiency, S.E., is also defined and related to the scrubbing index
by the equation :

S.E. = - l / x r l n [ 1-0.01 S.I. ] kg1

3. RESULTS AND DISCUSSIONS :

Various test runs were carried out to study the effectivences of HF/alumina
contact in the adsorber. The influence of the following factors was studied :
distributor design ,bed temperature,, fluidizing velocity, and bed aspect ratio.

Fig. 4 shows the relation of scrubbing index against the bed temperature for
three distributor designs at constant conditions of Uf/Umf = 14 and L/D = 0.3. The
distributor design 3 gives the highest S.I. values compared with the other types.
This design is expected to give good fluidization characteristics and good contact
between the adsorbent and the adsorbate. The distributor 2 or 3 could overcome
the dead zone as shown in Fig. 5. The gas circulation increases the residence time
and efficiency of contact and hence the scrubbing index. Distributor type 3 gives
the largest pressure drop that leads to good fluidization [10] which results in gooa
contact between solid phase & gas phase that in turn gives high scrubbing
efficiency . This makes the distributor design No.3 is the best to be used in other
experiments.

Fig. 6 shows the plotting of scrubbing index against the bed temperature under
constant conditions of U|/Umf = 14 and L/D = 0.28. The results indicate an
increase in S.I. and then a decrease with a maximum depending on the moisture
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content in alumina and bed temperature. The temperature increase has two- fold
effect on the adsorption of HF on alumina. The adsorption is usually enhanced by
increase in moisture content [11,12,13] up to temperature ~ 80°C. Further
increase in temperature decreases the ability of particles for adsorption[ 14,15,16].

Fig.7 shows the scrubbing index against the fluidizing velocity at constant
conditions of T= 75°C and L/D = 0.3. The results of Fig. 7 show an initial
increase of the S.I. followed by a decrease and finally an increase. The bed may
be considered as shallow bed as L/D = 0.3. At gas velocities higher than Umf the
interstitial gas at Uf flows in the so-called emulsion phase and the excess gas
(UrUmf) flows as bubble. The capture of HF by adsorption on alumina particles is
mainly in the emulsion phase, while little contribution to adsorption is done by
bubbles through the mass transfer between bubbles and emulsion phase. The
increase of bubble phase gas therefore has two effects. The first is to increase the
S.I. due to the stirring action and well mixing of the solid alumina particles. The
second is to decrease the S.I. due to the escape of cell gas before enough contact
with alumina particles. The region from U(/Umf = 2 to 5 should have been more
investigated. The net effect of increasing Uf/Umf is an increase in S.I. to a
maximum value at nearly Up/Umf = 5. Further increase of U/Umf beyond 5, much
gas escapes from the bed without reaction, in the form of large bubbles leading to
a decrease in the S.I. The decrease of the S.I. continue till a value corresponding
to Uf/Umf= 20. Increasing Uf more will result in elutriation of fine alumina
particles which are transported in contact with gas bubbles enabling remarkable
adsorption to occur in the freeboard as in Fig.8. The transported alumina particles
will return back to the freeboard when entering the enlarged section. This will
enhance more the adsorption process with an increase in the S.I.

Fig. 9 shows the S.I. against the bed aspect ratio for two fluidizing velocities of
Uf/Unu = 5 and UpUmf = 14. The increase of bed height through the increase in
L/D increases the gas residence time for fixed U/Umf. This also leads to an
increase in the scrubbing efficiency as shown in Fig. 10, as directly related to the
adsorption process. This effect will continue by increasing L/D as shown in Fig.9
up to L/D =1. The S.I. tends to decrease beyond the value L/D =1. This is due to
the formation of larger bubbles which are mainly composed of cell gases
containing HF. Less contribution to adsorption process is done by bubbles
through the mass transfer between the bubbles and the emulsion phase.

4. CONCLUSIONS

The main conclusions of the present study are as follows :

- The distributor design 3 gives the highest value of the S.I., compared with the
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other design.
- The S.I. increases with temperature up to nearly 80° C, then decreases with

further increase in temperature.
- The effect of fluidizing velocity on the scrubbing index is not uniform. The

index decreases with velocity increase up to about U/Umf = 20, then it
increases.

- The bubble growth and hydrodynamics affect the scrubbing index. The
index increases with bed height, and starts to decrease at L/D value of
unity.

N O M E N C L A T U R E

dp = \fL [ XJ /dpi ] , mean particle diameter jim
dpi initial diameter of particle of changing size jam
D diameter of fluidizing column m
Fg in concentration of inlet fluorine in the raw gas mg/m3

Fg out concentration of outlet fluorine in the clean gas mg/m3

L fixed bed height m
L/D bed aspect ratio
APb pressure drop across the bed Pa
S.E. = - l /x r In [ 1- 0.01 S.E.], scrubbing efficiency k g 1

S.I. = -1 (l/x r) hi [ Fg out / Fg ^ ], scrubbing index kg'1

Tbav. average bed temperature K
Uf superficial velocity m/s
Umf minimum fluidizing velocity m/s
W = LV Umf, fluidization number
x, mass fraction
xr mass of alumina kg
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TABLE I ALUMINA SPECIFICATIONS
AND ANALYSIS •

TABLE II SIZE DISTRIBUTION
OF SIEVED ALUMINA

Item

Type

Al2Oj

SiO2

Fe2O3

Other impurities

Moisture

Specific surface

Alpha phase

Bulk density

Attrition index

Value

Sandy

98.5% (mim.)

0.02% (max.)

0.03% (max.)

0.65%

0.80%

40-60 m2/g

15-30%

1000 kg/m3

15-20

* Prepared by laboratory of chemical
analysis at Aluminium company of

Egypt

Sieve apperature pan

-200+ 150

-150+ 125

-125 + 90

-90 + 63

-63 + 45

-45 + 32

weight
fraction

0.03

0.04

0.28

0.31

0.13

0.21

3P= 66.7

TABLE III CHEMICAL ANALYSIS
OF CELL GASES

Constituents

HF

CO2

CO

H2O

SO2

Tar

Air

Value

g/m3

0.26

4.6

3.5

1

0.4

0.1

The rest

-629-



ON

O

c
o

o
5

I
cy~&-\

Bfigm
? P ? F P r P

o OOO
ooooooo
ooooooo

ooooooooo
ooooooooo
ooooooooo
nooooon

I



• E W

O.B

0.7

0-6

0.5

OM

0.3

0.2

01

0

1. Bottle wajh(NaOH)
2 Rotameter
3. Vacume pump
4. U-tub« water

manometer

Dimensions: in cm

Fig. 3 Schematic of the HF sampling

Distrmutor 3

1113 nozzles i

L/D = 0.3
IVU«, = 14

20 CO 50 80

TemDerature.'C

100

Fig. 4 Effect of temperature on scrubbing index at
three different distributor aesien

-631-



plat*

t
Gas Gas

Fig. 5 Section of the distributor design 3 showing the gas
flow through the nozzle and its effect on the dead zone
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Summary

Under the Geneva Convention on Long-range Transboundary
Air Pollution, an International Cooperative Programme on
"Assessment and Monitoring of Air Pollution Effects" had
been set-up in 1985. Of the 34 signatory states of the
Convention, 28 participate in the implementation of the
Programme. The objective is to assess effects of air
pollution on forests in Europe, using a common survey
method in order to assure comparability of survey
results. In 1987, 20 countries conducted harmonized
forest health surveys based on the assessment of two
visible symptoms, loss and/or discoloration of foliage.
Harmonization of the surveys was quickly achieved
because of the simplicity of the methodical approach.
The price of rapidly obtaining large-area information on
defoliation of forests is, that no distinction can be
made in the assessment process between defoliation
caused by air pollution and defoliation caused by
natural, biotic or abiotic causes.
Further improvements of the interpretability of survey
results can be expected if additional visible symptoms
can be defined for the major species in the different
European regions. Possibilities and constraints of in-
corporating differentiating symptoms into the annual
health surveys are discussed.

1 • Introduction
After the first signs of forest decline were observed at

the end of the seventies, several European countries started
surveys of forest health, primarily in conifer forests Only
a few forest experts knew then the phenomen to look for
documentation of symptoms was sparse, and -thodical ap-
proaches to damage assessment differed considerably.

A large number of coniferous trees, predominantly at
higher elevations, showed signs of needle loss and discolora-
tion, but nobody could say, under given site conditions and
prevailing silvicultural practices, what constituted a normal
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and what an anomalous loss or discoloration of foliage. This
lack of base-line data continues to affect the diagnosis and
classification of forest decline.

Today, there is no doubt that certain symptoms observed
are not only different from the "traditional smoke damage",
but also from known phenomena of abiotic or biotic origin.
This is supported by the fact that symptoms of forest decline
are also being reported from so-called "clean-air areas".

Early warning of many forest and soil scientists that
increasing amounts of chemical depositions would eventually
produce irreversible effects on forests, soils and ground-
water began to be heeded at the political level, nationally
and internationally. The necessity of solving the problems of
damage assessment and pollution abatement at the inter-
national level was finally recognized.

2. International Cooperation and Coordination
Under the Geneva Convention on Long-range Transboundary

Air Pollution, three Task Force Groups were formed to assess
and investigate the effects of air pollution on

- materials and historical buildings
- rivers and lakes
- vegetation and forests.

Figure 1 shows the structure of international coopera-
tion and coordination under the Geneva Convention and indi-
cates also that financial support is provided by the Global
Environmental Monitoring Program of UNEP for the operation of
two Programme Coordinating Centres at Prague and Hamburg.

The Task Force "Forests" charged with "harmonizing
criteria and methodologies for sampling, assessment and moni-
toring of air pollution effects on forests", could base its
work on results elaborated by a group of experts from the
working groups "Effects" of ECE and "Impacts" of FAO.

Thus, in May 1986 the ECE-Manual was adopted as a common
guideline for conducting forest health surveys.
The Manual recognizes three levels of activities:
1) Large-scale representative surveys
2) Intensive investigations on permanent plots
3) Special ecosystems analysis
(items 2 and 3 represent a combined concept for long-term
cause-effect research).
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Fig. 1: Organisational structure of international cooperation
in assessing the impacts of air pollution on forests.

3. The large-scale representative survey
The following are essential elements of <he large-scale

representative survey, which will be conducted for the third
time in the summer of 1988 by approximately 20 European
countries:
- The survey takes place annually during the vegetation

period, after full foliage has developed but prior to
autumnal discoloration;

- the survey is based on a network of systematically distri-
buted sample points ( 2 x 2 , 4 X 4, 16 x 16 km grids are in
use ) ;

- at each point, between 15 and 30 emergent, dominant or co-
dominant sample trees are selected;

- assessment takes place in two age groups, up to 60 years
old and older than 60 years (in principle the limit shall
bo half the rotation age);
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- two trained observers, equipped with binoculars, estimate
the loss of foliage and/or the percentage of discolored
needles or leaves in 5% or 10% steps and record it as such
in the field form. They must agree on the final score. (The
allocation to the respective defoliation or discoloration
classes is made during electronic data processing in the
office).

Defoliation is classified as follows:
loss of foliage

0 - 10 %
11 - 25 %
26 - 60 %
61 % and over

100 *

score
no defoliation/healthy
slight
moderate
severe
dead

Discoloration is classified as follows: ,
class discoloration score

0 0 - 10 % none
1 11 - 15 % slight
2 16 - 25 % moderate
3 26 - 60 % severe

A combined damage class can be optionally determined for
trees having lost foliage and being also partly discolored.
The defoliation score is lowered by one or two classes for
moderately and severely discolored trees, respectively.

In the classification, no reference is made to assumed
causes unless these are clearly visible in which case they
are recorded (e.g. bark beetle, Rhychaenus fagi, fungi).

4. Possibilities and constraints
The International Cooperative Programme has been

effective in having 20 countries participate in a survey of
forest health based on a common procedure. If a certain
consistency of the results from one year to the other and
between countries has been achieved, this is due to two
factors: First, very early in 1985, the Commission of the
European Communities published a photo-guide containing very
instructive images of damage in forest trees. For major
conifer and broadleaf species, reference trees (zero damage)
and various stages of defoliation, discoloration and symptoms
of abiotic and biotic origin are shown.' Only a year later,
the Swiss Forest Research Institute published a photo-guide
for montane forests. Nearly at the same time the Institute of
Plant Biology of the University of Florence issued a photo-
guide for assenssing trees in north-central Italy. All
publications have been very useful for training and as a
reference in field work.
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Second, in 1986 in the CSSR and 1987 in the Federal
Republic of Germany, forest experts from the Task Force
countries met for three days of field training conducted by
the Forest Research Centre of Baden-Wuerttemberg. These
occasions provided ample opportunity for discussing assess-
ment problems in the forest with different species. Because
of existing regional differences in tree crown morphology and
defoliation pattern, two working parties have been set up for
Mediterranean and alpine forests, respectively. In arranging
these regional meetings the forestry department of the EC at
Brussels and the ECE-Programme Coordinating 'Centre cooperate
closely to assure that common standards are used and the
comparability of data is assured.

In this sense the symptomatology workshop of the
Directorate for Science and Research of ECE contributes to
the improvement of field procedures and to the comparability
of results by bringing physiologists and biochemists in
contact with survey experts. In this kind of survey only such
differentiating symptoms can be used which can be clearly
seen and which are unequivocal in their causal origin.

The survey has been designed to provide an impression of
forest health and to indicate the frequency and spatial
distribution of damage symptoms. This objective has been
achieved within a short time and with a remarkable degree of
consistency. In 1986, 80 million hectares of forests have
been surveyed by assessing nearly 600,000 sample trees on
30,000 plots (see also tables 1 + 2 ) . This would have been
impossible with a more sophisticated, statistically adequate
survey design.

The limitation of the survey to the subjective
assessment of to visible symptoms, i.e., defoliation and/or
discoloration has two inherent drawbacks:
- assessments will always differ between crews and they

cannot be repeated objectively;
- ^ h e statement that a certain percentage of foliage is lost

or discolored does not allow any conclusion on the causal
agents involved. Since biotic and abiotic' natural causes
are not excluded, the effects of anthropogenic factors, in
particular air pollutants, cannot be singled out.

Admittedly, the survey staff would be overburdened by
having to make a differential diagnosis of causes and
effects, involving climatic factors, nutrient deficiency
symptoms and a variety of phenomena caused by insect or
fungal infestations. Stand conditions very rarely permit an
unimpeded view of the entire tree crown. Also, looking
against a bright sky makes the detection of smaller anomalies
extremely difficult. Evidently, the objectives of universal
applicability and simplicity of assessment, procedures are
incompatible with the requirement of statistically accurate
differentiation of causes and effects under the given time
constraints. Differential diagnosis must therefore be made on
permanent plots as part of long-term observations of forest
health.
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Table 1: Countries having conducted surveys in 1986, assessing
all of the national forests (N) or only regionally,
in forests assumed to be situated in risk areas (R)

Parties
to the
Convention

forest damage survey activities

none all
forests

forests
in risk
areas

Austria
Belgium
Bulgaria
Byelorussian SSR
Canada
Czechoslovakia
Denmark
Finland
France
German Democ. Rep.
Germany, Fed. Rep. of
Greece
Hungary
Ireland
Italy
Liechtenstein
Luxembourg
Netherlands
Norway
Poland
Portugal
Spain
Sweden
Switzerland
Turkey
Ukrainian SSR
USA
USSR
United Kingdom
Yugoslavia

N

N

N
N
N

N
N

R
R

30 15
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T.ihlc 2: Percentages of coniferous trees with different degrees of
defoliation (needle loss), in European countries 1986, based
on full-scale national surveys

InLensity
of forest
damage

LOW

MODERATE

HIGH

no
Country defoliation

(class 0)

Sweden
Luxembourg
Finland

Austria

Czechoslovakia
Switzerland
Germany, F.R.
Netherlands
Liechtenstein

82.3
79.8
72.5

63.5

48.0
48.0
hi.2
40.8
40.0

slight to
severe
(classes 1-4)

17.7
20*. 2
27.5

36.5

49.2
52.0
52.7
59.2
60.0

moderate
to severe
(classes 2-4)

2.1
4.2
8.7

4.5

16.4
16.0
19.5
28.9
22-0

conifer
forest area
surveyed
(1000 ha)

19400
31

18484

2075

1570
111
4883
190
6
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Table 2: Percentages of coniferous trees with different degrees of
defoliation (needle loss), in European countries 1986, based
on full-scale national surveys

Intensi t.y
of forest
damage

LOW

MODERATE

HIGH

no
Country defoliation

(class 0)

Sweden*
Luxembourg
Finland

Austria

Czechoslovakia
Switzerland
Germany, F.R.
Netherlands
Liechtenstein

82.3
79.8
72,5

63.5

48.0
48.0
47.2
40.8
40.0

slight to
severe
(classes 1-4)

17.7
20.2
27,5

36.5

49.2
52.0
52.7
59.2
60.0

moderate
to severe
(classes 2-4)

2.1
4.2
8.7

4.5

16.4
16.0
19.5
28.9
22.0

con i ft; r
forest area
surveyed
(1000 h,i)

I9MH)
SI

18A84

2075

1570
777

4883
190

6

* using a defoliation class 0 with 0-20% needle loss
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1. INTRODUCTION
In all branches of science, the development of new techniques and

methods of investigation is as central to progress as the formation of new
ideas and theories. As the study of pollution effects on vegetation has
progressed, new techniques and new methological approaches have been
developed, so that we new have a range of established methods which have
been used to establish links between pollutant exposure and plant
response. Nevertheless, progress in identifying the role of air
polluation in the forest declines currently affecting many parts of Europe
has not been encouraging; although many hypotheses exist, convincing
evidence in support of them is fragmentary. Why is this? Is it that we
are faced with a problem of unparalleled complexity, which will take
decades to resolve by whatever method? Or are the methods we are using
inappropriate, and restricting the development of scientific
understanding?

2. HISTORICAL BACKGROUND
Before considering the current situation, it may be useful to briefly

consider the historical development of methods of establishing that
symptoms of plant injury are due to air pollutants. The first cases of
injury investigated were around individual sources of pollution, which
produced visible symptoms characteristic of the particular pollutant and,
in extreme cases, drastic modifications of the forest ecosystem. Thus
Gorham & Gorham (1963) found that around a large smelter at Wawa, Ontario
species number increased with distance downwind frcm the smelter. In the
zones in wnich individual species started to survive, characteristic
symptoms of injury due to sulphur dioxide oould be found. In such cases,
the clear spatial association between pollutant source and the affected
vegetation and the existence of necrotic symptoms typical of specific
pollutants make diagnosis relatively straightforward; certainty in
attributing causes can be increased if the opportunity is available to
examine the area before the source is operational.

In such cases, the existence of specific visible necrotic symptoms
which are characteristic of specific pollutants is central to diagnosis.
These symptoms, however, are not sufficient in themselves for diagnosis.
Symptoms which are superficially similar may be caused by other stress
factors; for example, same symptoms caused by fluoride are similar to
symptcjns produced by de-icing salts, moisture stress, virus infections,
certain pesticides and certain nutrient deficiencies (Taylor et al.,
1986). [here are also cases in which similar symptoms can be caused by
different pollutants. Lewis & Brennan (1978), for instance, showed that
undersurface glazing of leaves of Petunia hybrida, a symptom ccmmonly
attributed to peroxyacetyl nitrate (PAN), could be produced by fumigation
with a combination of ozone (CO and sulphur dioxide (SCO.

To a certain extent, such problems may be resolved by chemical
analysis of affected tissue (for instance, to demonstrate the presence of
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elevated concentrations of sulphur or fluoride) or by a detailed
histological examination of the affected tissue (e.g. Miller & Evans,
1974). However, analysis of spatial and temporal variations in symptom
expression are also important diagnostic tools. The increased prevalence
of symptoms close to a source of pollution, or in areas experiencing
higher concentrations of the suspected pollutant, provides good evidence
to support diagnosis based on visible symptoms. Furthermore, since
visible symptoms frequently appear immediately after exposure to high
concentrations of the suspected pollutant, links may be established by
simultaneously monitoring symptom occurrence and pollutant concentrations.
Thus, in the example quoted above, lewis & Brennan (1978) showed that
PAN-like symptons of undersurface glazing, of petunia developed after the
occurrence of relatively high concentrations of O, and SO- in the field.

3. REGIONAL-SCALE DECLINES
After the Second World War, cases of forest decline began to develop

which were spread over much wider areas, and which were not associated
with obvious point sources of pollution. These problems emerged at the
same time as the development of taller stacks to improve dispersal of
pollutants, and the increased importance of secondary pollutants, such as
ozone. One such problem was the appearance in the 1950s of a new disease,
initially called 'X disease', on Pinus ponderosa in the San Bernadino
mountains of southern California (Parmeter et al., 1962). At the same
time, the development of post-emergence chronic" tipburn and ch lor otic
dwarf of Pinus strobua was giving rise to concern in a number of areas of
the eastern United States (Berry & Hepting, 1964). In both cases,
diagnosis was lengthy and time-consuming, partly because it was not
immediately obvious that pollutants might be involved, and experimental
approaches were needed. Initially, these included pruning and
fertilisation experiments, transplantation of trees in and out of affected
areas, and grafting experiments; such procedures led to the conclusion
that an atmospheric constituent was of central importance (Berry &
Hepting, 1964; Parmeter & Miller, 1968). However, it was the use of
controlled laboratory fumigation experiments, and the development of
techniques to filter pollutants from the ambient air, that was crucial in
identifying the pollutants involved (Dochinger & Sinclair, 1970; Costonis
& Sinclair, 1969; Richards ejt al^, 1968).

The recognition that long-term exposure to relatively low
concentrations of pollutants could cause adverse effects on plant
performance over wide areas in the absence of any visible symptoms
provided additional impetus to the development" of techniques for
experimental manipulation of the exposure of plants to pollutants. The
past two decades.have seen the development inter alia of open-top chamber
systems to control air pollutant concentrations under environmental
conditions close to ambient; of field fumigation systems for the addition
of air pollutants under ambient conditions; of field systems for the
addition of controlled levels of acid rain; and of sophisticated
laboratory systems allowing , simultaneous control of both pollutant
concentrations and environmental conditions. Many of these developments
have themselves been dependent on the rapid expansion of ccnputer
technology over thfcs period.

The new wave of forest declines currently affecting Europe, North
America, and other parts of the world exhibit features which distinguish
them frcm the regional declines described above. Although both affect
large areas, and both show wide variations in response between adjacent
trees, there appears to be a key difference in the nature of the symptoms
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observed. In these former cases, there was a consistent symptamology
found at affected sites, which was ascribed to a single major cause, viz.
air pollutants. In the present situation, however, most of the reported
symptoms, such as premature leaf loss, altered branching patterns and
decreased crown density, are not specific, but may be caused by a range of
environmental stresses. Furthermore, the visible foliar symptuns
exhibited by the same species may differ on different sites; for instance,
Hehfeuss (1985) has identified several damage types for Picea dbies in
Uavaria. Finally, a wide range of tree species are affected.

Cowling (1985) listed seventeen regional-scale declines which have
developed in western Europe and North America in this century; he aryued
that all are the result of several stress factors acting simultaneously
or sequentially. Manion (1981) developed the concept of multiple
causality by distinguishing three types of stresses which act cumulatively
to send an individual tree into a spiral of decline. The first of these
are predisposing stresses, which have a long-term role in weakening the
tree and making it susceptible to short-term inciting factors: these
inciting factors are episodic stresses which induce sudden physiological
shocks. Finally, contributing factors, such as biotic diseases, may
accelerate the decline of an affected tree. In these schemes, pollutants
may generally play the role of either a predisposing or an inciting
stress, or indeed both.

4. CHOICE OF METHODOLOGY
A range of techniques have been developed to investigate the

relationship between pollutant exposure and plant response. Ihese
techniques can be envisaged as lying along a gradient of decreasing
experimental control and increasing realism. Thus fumigation experiments
under controlled environmental conditions provide a high certainty of
ascribing an observed response to pollutants and provide the opportunity
of reproducing these conditions; however, there is uncertainty alxiuL how
relevant these conditions are to the real world. In contrast, lield
observations provide information under ambient climatic conditions ml
within the complex interactions of plant communities;' however, ihe lack oi
experimental manipulation makes it more difficult to prove CJUSL- ef r̂-.:t
relationships. Field experiments lie in an intermediate |>)sn inn,
depending on the extent of experimental interference wiUi the IH.-,I
ecosystem.

The choice of methodology for a particular diagnostic test cannot t«
made in isolation; it depends on a number of fact6rs including one's
conceptual understanding of the problem being investigated and the nature
of the scientific questions being addressed. Last (1983) has argued that
procedures analogous to those proposed by Koch for identification of the
symptoms of diseases with pathogenic organisms can be used to test, the
involvement of pollutants in forest decline. Thus the major tests i > (».•
satisfied would be that a particular pollutant (or combination of sttess
factors) must be constantly associated with the symptom in the field, tji.it
the symptom can be reproduced by exposure to the pollutant (or comb in it. ion
of stress factors) under controlled conditions, and that. the symjitmt.. • m
be eliminated by removal of the pollutant (or combination n| >I.I.-, .
factors).

However, other plant patholog ists have been less convinced ot up-
value ot Koch's postulates as a basis tor the diagnosis ot plant 'IISLMV,.
hoc instance, Wallace (1978) argued that aLl plant diseases tuwu muii i;>i..-
causes, in contrast to Koch's model of a single pathogenic orj.iuisiii. I'm-,

are thought to differ only to the extent ot which they .H"J lumoi
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Lo causal factors; in some cases, one factor is so predominant that it can
he identified as the 'cause', whereas for other cases a larrje number of
factors may contribute. Wallace (1978) suggested that for disoasos ot
complex etiolocjy, Koch's postulates were of limited value; in such cases,
the major objectives should be to determine the relative importance of
different factors, to understand how they relate to each other and to rti.•
• liS'Msu symptoms, and to identify the roles played by different factor-';.
il>." argued that the most appropriate initial method of approach is n<^
i'<|-»'r iinuntal, but a field-based synoptic approach, 'in which sets of data
on the prevalence of a range of disease symptoms, and on a range I
• •iiv ironmental factors, are collected and then related using mul t iv<jr 1 .it »•
statistical approaches. This should lead to formulation of hypotnosi's
about; how these factors are linked which can be- tested in field
<;x;>.'r iments.

This analysis of methodological approaches in plant pathology seems
to provide a pertinent analogy for pollution studies, in which cases may
range from acute visible injury in the vicinity of a single large source
of: pollution to large scale decline phenomena to which many factors may
contribute. It is highly unlikely that the same methodology will be
appropriate in all these cases. For example, in analysis of spatial and
temporal variation in biological response around a single source, spatial
MV\ ternporal variation in other environmental factors, e.g. in
i:̂  .:• >-J.imate or soil conditions, is treated as 'noise' (Green, 1979).
h';>wcv'-r, in multiple stress situations, in which soil conditions,
remjx-r.iture, water stress etc. may all contribute to the observed
phen.• nKjna, such a method of analysis may longer be useful.
' i > i" ntrolled laboratory experiments

P. is possible to diagnose a complex multi-factorial situation by
designing more and more complex experiments under controlled environmental
conditions? I would argue that this is not likely to be a fruitful
ar-p! >;-jh for a number of reasons. The results of experiments studying the
liiter.-jci ion between just two factors indicate that there are many
linctff.'i! nties about their outcome. The nature of the interaction between
: he same two pollutants has been shown to be dependent on the
concentrations in which they are applied and the length of the exposure.
!hu-. Mcriowall & Cole (1971) reported that synergistic interactions between

anri S0 0 on Nicotiana tabacum were especially pronounced when both were
:;f.;:.in! at close to their threshold doses, while Heagle & Johnson (1979)
four*! 'v-jtih synergistic and antagonistic interactions between O, and SO2 on
i,iy.->'!<: max, depending on the concentrations used.

Tho time sequence of exposure may be important; thus Hogsett ot al.
(I984i found that SO- and NO, reduced the growth of Raphanus sativus when
applied simultaneously, but not when applied sequentially. Even when only
•-.inqlo [xHlutants are involved, the time course of pollutant exposure may
bo critical to the outcome. Garsed S> Rutter (1984) compared the effects
on Pinus sylvestris of exposure patterns to SO- which provided the same
long-term mean concentration, but different patterns of temporal
fluctuation; they found some evidence of greater effects on growth of a
treatment providing peaks of 20-30 h duration compared with a treatment
providing no peaks. Chanway & Runeckles (1984) reported a complex
relationship between the length of exposure of Phaseolus vulgar is to 1<JW
concentrations of ozone and the subsequent impact of an acute dose.

The nature of interactions between pollutant exposure and other
environmental factors is also known to show complex relationships with
pollutant concentration, exposure duration, and temporal dynamics. For

(•instance, Heggestad et al. (1985) reported that the nature of interactive
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effects between O^ and soil moisture stress on yield of Glycine max varied
according to the concentration of 0, applied. Rpcent work at our
laboratory has shown that the growth rate of Aphis fabae on Vicia faba is
increased by exposure of the plants to 100 ppb O3 for' less than 24 hours;
however, exposure of the plants to 0, for 24 hours or longer tends to
reduce aphid growth rates (Brown, pers. conrn.). The environmental
conditions under which an interaction is studied may also influence the
outcome. Thus, with another aphid/plant system, Cinara pilicornis on
Picea sitchensis, Brown (pers. connt.) found that exposure of plants to O,
at low temperatures enhanced aphid survival, but at high temperatures the
opposite effect was found. Symptom expression may also be affected;
Miller & Davis (1981) reported that exposure of Phaseolus vulgaris to
<Xj/SO_ mixtures produced O_-type symptoms at 32 C, SO--type symptoms at
laX, and a mixture of symptoms of 24 C.

Finally, there is evidence that plant age and the stage of
development of individual leaves may influence responses to pollutants.
Thus Davis & Wood (1972) reported that needles of sensitive conifers were
generally most injured by acute doses of O, between. 4 and 10 weeks after
budbreak, while Evans et al. (1978) reported that simulated acid rain
caused more visible lesions on leaves of hybrid clones of Populus which
had just expanded than on very young or very old leaves. Garsed & Bell
(1978) exposed seedlings of Pinus sylvestris ranging in age from 0.6 to
3.0 years to SO_, and found the greatest effects on dry weight on the
youngest material. The effects of the much wider difference in age
between a mature forest tree and the seedlings and saplings which must be
used in controlled environment facilities are not certain. Nevertheless
it seems inevitable that the major differences between them in, for
instance, hormonal balance, water relations, assimilate partitioning,
canopy processes and reproduction must have a major influence on the
nature of pollutant effects on tree function.

Clearly, given the complex nature of two-factor interactions, the
uncertainty attached to the outcome of four- or five-factor experiments
will be considerable. In such circumstances, experiments involving
different levels of stress and different temporal patterns for each factor
will rapidly become impossibly complicated. The alternative, of
reproducing the precise temporal dynamics of each stress factor observed
in the field, in order to ensure that the experiment is carried out at a
point on the response surface which is similar to that observed in the
field, may be technically feasible. However, one must question whether
the effort expended on reproducing field conditions in this way might not
be tietfeer used in manipulating the field situation in situ, especially as
there are same aspects of the field (e.g. the physical separation between
roots and leaves, and the population dynamics of major pests) which cannot
be satisfactorily handled in a physically restricted environment,
(b) Field observation

Field observations may be used to establish associations in time
and/or space betwen symptom expression and ambient pollution levels. As
indicated above, such associations can provide strong evidence of the
adverse effects of a single large source of pollution, as the scale of
spatial or temporal variation in pollution levels is large compared to
that of other factors. However, the value of such an approach in
large-scale declines, which may have developed over many yedi.s, and in
which many causal factors may be involved, is less certain.

Although much effort has been spent throughout Europe over the past
few years in national surveys of tree health, there has been little
attempt to analyse the causes of the observed spatial variation, or to
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test associations with pollutant distribution. In the U.K., djt.i f r «n
surveys in 1984 and 1985 were subjected to a step-wise multiple n<|r«ssn»i
analysis (Binns et al., 1985r 1986). Sulphur deposition was used as a
variable alongside climatic factors (such as rainfall) and site factors
(such as slope); it was found that for Pinus sylvestris, needle lonrji.-v it y
was increased in areas with higher levels of sulphur deposition. il> M W . T ,
is a simple multiple regression technique, which seeks rel.it ionsh i;>s
between an individual symptom and a limited set of uncorrelat id cius.il
factors, a useful model for the analysis of complex multi-factor d».'<:lin.>
phencmena? When surveys are based on a small number of symptoms, at
whatever level of biological organisation, there is no possibility of
recognising links between groups of stress factors and groups of plant.
responses, and thus the generation of testable hypotheses is unlikely.
Similarly, if only one or two stress factors are included, if is
impossible to evaluate the relative importance of different causal a'junts
or to identify critical combinations which may be linked to specific
symptoms. There is thus a need to recognise that the response of the
forest ecosystem can best be described by a suite of symptoms, which may
be expressed at different levels of biological organisation, and that a
large number of variables may be required to describe adequately the
causal factors which may be involved.

Implicit in this approach is the use of multivariate techniques, such
as cluster analysis, principal components analysis and discriminant
analysis, for interpretation of field data. Such techniques are routinely
used in the interpretation of data on water pollution and its effects
(Green, 1979), but have received surprisingly little attention in the
analysis of the effects of airborne pollutants. Nevertheless, they are
exceptionally powerful tools for evaluating complex ecological problems,
since they allow relationships between groups and combinations of
variables to be readily identified. One example of the use of this type
of analysis is the work of Young & Matthews (1981) who exposed Pisum
sativum plants at a number of sites in north-east England. They used
canonical correlation analysis to identify relationships between a set ot
environmental parameters and a set of four parameters describing plant
response. The analysis allowed identification not only of simple
relationships (e.g. between temperature and plant growth), but also
interactive effects (e.g. between maximum temperature, minimum temperature
and the fluoride content of plant parts).

The use of field-based observational approaches to seek spati.il <ind
temporal associations between symptoms of plant response and air pollutant
inputs may be limited by the problems of defining the dose of each
pollutant received by the plant. Where large numbers of sites are
involved, it rapidly becomes prohibitively expensive to monitor
continuously all pollutants. It is not always certain what the importance
of occasional episodes of high concentrations is, as opposed to lorvj-t'T-rn
mean concentrations which can be determined at lower cost for certain
pollutants, e.g. using diffusion tubes (Atkins et al., 1986). In the
absence of on-site measurements, it may be possible to use interpolated
data from monitoring networks (although their accuracy will depend on the
density of the monitoring stations) or values derived from computer
models. However, local topographic and microclimatic features may
substantially alter the concentrations and rates of deposition which are
actually experienced at an individual site. It is not possible to
generalise; different physical forms and different pollutants exhibit
different scales of temporal and spatial variation which influence the
certainty with which their deposition rates at any point can be estimated.
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However, it is clear that better methods of evaluating site-specific
pollutant levels need to be developed if data from large-scale £iel<i
surveys are to be used to best advantage.

In using temporal associations to establish relationships between
pollutant exposure and plant response, the use of historical data may be
ijt considerable value. In the case of lake acidification, the analysis ot
diatom assemblages in sediment cores has provided crucial evidence <>£
decreases in pH in catchments with different management histories
(battarbee & Charles, 1986). More recently, evidence has been obtained of
a reversal of this trend over the past five years (Battarbee et al.,
1988), which is associated temporally with the fall in U.K. SO_ emissions
since 1980. Measurements of the growth rings of Picea abies (Kenk e_t al.-,
1984) or of annual shoot growth of Fagus sylvatica (Roloff, 1985T hi~ve
shown that growth rates of trees showing visible symptoms of decline began
to decrease about 20-30 years ago. There have been few attempts in Europe
to relate such changes in annual growth rate to environmental parameters.
Such a dendrochronological approach has received greater attention in the
eastern U.S.A. in relation to declines of Picea rubens and other sjjecies.
For example, Cook (1985) developed a model to predict annual ring growth
from climatic data using information for the period 1890-1950. Subsequent
ring widths were close to those predicted until 1967, when they began to
fall below those predicted. Such results provide evidence of recent
changes in tree growth patterns, but in the absence of good historical
pollution data, it is difficult to provide more rigorous tests of the role
of pollutants in this. The value of such an approach could be enhanced by
paying attention not only to ring width, but also to ring structure, or
chemical composition. Fumigation experiments with SO-, for example, have
shown that its effect is mainly on the formation and structure of latewtxxl
in both Picea abies and Fagus sylvatica (Keller, 1978; Keller & Beda-Puta,
1981). In field studies of Pinus densiflora around an industrial area,
Yokobori & Ohta (1983) found that pollutant levels were more closely
correlated with an index combining ring width with variations in ring
density than with ring width alone.

It is vital to recognise the importance of the ability of a tree to
respond to environmental changes. A range of hcneostatic mechanisms may
be involved in recovery of the organism from the impact of an
environmental stress, whether it be an episode of high pollutant
concentrations, a severe drought, or a pest outbreak. Thus changes in
responses to environmental stresses may of considerable diagnostic value.
There is evidence of this type from dendrochronolog ical studies. For
example, Mclaughlin et al. (1985) found that the growth of both healthy
and declining individuals of Acer saccharum was depressed by an outbreak
of forest tent caterpillar in 1975-78, but that the growth of the healthy
individuals recovered to a much greater extent after.the outbreak.

Temporal associations between pollutant input and physiological or
biochemical response may also be of value. Lee et. a_l. (1987) compared the
responses of the substrate enzyme nitrate reductase to episodes of wet
deposition of nitrate in Sphagnum species. Vt\en Sphagnum cuspidatum was
transplated from a relatively unpolluted site to the southern Pennines, an
area of northern England where many Sphagnum species have disappeared, the
response of nitrate reductase to nitrate deposition was initially
observed, but rapidly disappeared. In contrast, populations from the
southern Pennines showed a very low activity of nitrate reductase, and no
response to nitrate deposition. These different patterns of response
provide good evidence of that nitrate deposition is a major factor
res[xjnsi!:le for the poor performance of these species in the southern
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Pennines.
(c) Field experimentation

Field observations can provide evidence of associations between a sot
of causal agents and forest decline symptoms, from which it may be
possible to construct working hypotheses to explain the relationships
between them. If there is evidence that pollutants are involved, is it
possible to test this working hypothesis by manipulating the forest system
in the field to test whether responses consistent with the hypothesis
occur? The need to do this on the scale and level of complexity of ,i
mature forest raises two major problems. Firstly, can techniques
developed for use with crops or tree saplings simply be scaled up and,
secondly, will the requirement for an adequate level of replication in the
more variable field environment make the exercise prohibitively expensive:*

Techniques for the application or removal of dry deposited pollutants
offer a range of possibilities for field studies in mature forest
canopies. One possible approach is the use of outdoor fumigation systems
(e.g. Mcleod et al., 1985). Such systems have the major advantage that
they cause minimal environmental alteration, and thus the responses of
ecosystems can be studied in situ. However, the use is limited to the
addition of pollutants to the ambient concentrations; although non-chamber
exclusion systems have been constructed (e.g. Olsyk et al., 1986) the
large air flow required results in their use being limited to low growing
crops. Outdoor fumigation systems have been used effectively with tree
saplings (Shaw, 1986) or with rows of fruit trees (de Cornus et al.,
1975). Their application, however, in closed forest canopies is less
certain. A second major type of approach is the use of open-top or
semi-open top chambers to enclose tree saplings or individual specimens.
Such chambers have been used to study the effects of both pollutant
addition or removal (e.g. Arndt et al., 1985; Wang et al., 1986).
However, the environment within such chambers is inevitably different from
that outside; temperatures are higher, rainfall is partially excluded, and
wind speed and direction are altered. Furthermore, the presence of. pests
and pathogens may be considerably altered. Such chambers were originally
developed for use with crops and were restricted in dimensions to 2-3 m.
Although it is physically possible to construct larger chambers, it is not
yet clear whether the problems of increasing scale will not cause
insuperable problems in terms of greater alteration of environmental
conditions and ensuring air distribution patterns which provide realistic
patterns of pollutant deposition within the tree canopy. A final inethul
of approach which may prove valuable in mature canopies is the enclosure
of individual branches. The exclusion of ambient pollutants has proved to
be a useful tool, for example, in identifying the cause of necrotic damage
to needles of Pinus strobus (Costonis & Sinclair, 1969) or leaf-roll
necrosis of. lilac (Hibben & Taylor, 1974). In the latter case,
solar-powered motors were used to provide air circulation through ,t
cylinder enclosing individual branches. Treatment of, individual branches,
rather than the whole tree, means that only certain questions can be
addressed and the validity of the approach in long-term experiments
depends on the extent to which individual branches act as autonomous units
or ..ire influenced by physiological changes in neighbouring branches.
Nevertheless, this technique may provide a useful method for examining how
pollutant impact is modified by differences in microclimate, and in leaf
structure and physiology, through a forest canopy and for testing whether
pollutants contribute to specific leaf symptoms.

Methods for manipulating the wet deposition of pollutants have also
primarily been developed for use with crops or with tree saplings; two
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major difficulties arise in increasing the scale of application. Firstly,
it ambient rainfall is not excluded additional applications will increase
total rainfall above that normally received, and in polluted areas a
suitable control treatment is not available. If, on the other hand, sane
torm of. permanent shelter is constructed to exclude ambient rainfall, the
environmental conditions in the experimental area will inevitably be
jltered substantially. A valuable campremise is provided by automatic
exclusion systems, which allow shelters to be moved into position at the
onset of a rain event (e.g. Kuja et al., 1986), but the feasibility of
contructing such a system for a mature forest system must be doubtful.
The second major problem is that of providing a facility that
realistically simulates the process of interception of wet deposition by
forest canopies. This problem may be particularly acute in the case of
wind-driven cloud or mist, which because of their high ionic strength and
high efficiencies of capture by forest canopies (Lovett, 1984) may make a
major contribution to total wet deposition in many areas.

The technical possibilities of manipulating wet and dry deposition
rates of pollutants to a forest canopy all have major disadvantages in
terms of cost and a requirement for power, which prevents their
application at remote sites. However, it is important to recognise that
comparatively simple manipulative experiments may still provide useful
diagnostic information. A good example is the use of fertilisation
experiments for the diagnosis of nutrient deficiencies. This approach is
well established in forestry, and has been usefully applied to current
problems of forest decline. For example, Zoettl S. Huettl (1986) reported
the results of three diagnostic fertilisation trials, based on analysis of
nutrient contents of needles and soils at sites showing different types of
forest decline symptom. At one site, application of zinc, calcium and
magnesium resulted in a greening of chlorotic tips* of older needles of
Picea abies which was associated with increased needle content of these
elements; at a second site, showing needle loss, tinselling and general
chlorosis of the same species, it was application of potassium which led
to an improved green colour and more vigorous growth. Another type of
manipulative experiment designed to test the role of mineral deficiences
in the development of chlorotic symptoms on the older age classes of Picea
aDies was reported by Lange et al. (1987). This experiment was based on
the observation that chlorosis often developed in late spring when a new
tlush o£ green needles was produced, suggesting that a translocation of
critical mineral elements was responsible. They removed terminal buds
from branches of both symptomatic and asymptomatic trees; chlorophyll
contents of previous year's needles of asymptomatic trees were not
affected by this procedure, but those in symptomatic trees were ncreased
by removal of the new flush of needles. The relationship of these changes
to altered nutrient contents was not clear in this particular experiment,
but this experiment shows the importance of retranslocation between older
needles and new needles in the development of chlorotic symptoms in the
former.

This type of simple manipulation experiment can provide equally
valuable negative results. Thus Parmeter & Miller (1968) reported that
fertilisation with NPK, or injection of micronutrients into tree stems,
hud no effect on chlorotic mottle of l>inus ponderosa. They also used
reciprocal grafting to establish the cause of this symptom. Healthy
scions grafted onto diseased trees remained healthy, while scions showing
chLorotic nettling continued to exhibit symptoms when grafted onto healthy
trees; these results strongly supported the inferen-.. .• hat the observed
symptcnis were due to direct effects of an air pollu.ant, rather than
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inadequate root supply or the presence of a transmissable pathogen.
Such techniques do not provide direct tests of the role of particular

pollutants in causing observed symptoms, and clearly cannot provide a
complete diagnosis. Thus, the demonstration of a specific nutrient
deficiency still leaves the question unanswered of why this deficiency has
developed; the roles of, for example forest management, of soil
acidification or of enhanced rates of leaching remain to be elucidated.
Nevertheless, such simple and inexpensive techniques,, which may provide
positive results relatively quickly, may be invaluable in excluding
certain hypotheses, and in identifying critical aspects of the decline
phenomenon. As such, they can serve to focus the more elaborate, more
time-consuming and more expensive research programmes on the relevant
scientific questions.

It may indeed be possible to develop more specific chemical
treatments to study the role of specific pollutants at remote field
locations. One example is the use of ethylenediurea (ECU), a chemical
which protects plants from injury due to ozone. Foliar spraying of EDU on
agricultural crops has been shown to reduce visible O- injury and increase
yield (e.g. Bisessar, 1982). The compound has been shown to protect tree
seedlings from 0, damage in greenhouse conditions (Roberts et al., 1985)
although it has not yet been used with larger trees in the field. The
potential of this, and other such chemicals, as a diagnostic tool must be
considerable, as they also offer possibilities of investigating
interactions between 0, and other stresses in the field.

5. CONCLUSIONS
The Interpretation of observations and experimental manipulations

made under field conditions will require a thorough understanding of the
normal functioning of a forest ecosystem. Since a full diagnosis of
multiple-stress situation may require unravelling very subtle and complex
interactions between pollutant inputs and the annual patterns of growth,
decomposition and nutrient cycling within the forest, it is essential that
good conceptual models of the system are available. Such models will be
an essential tool in the integration of information obtained at different
levels of biological organisation, as well as in synthesis of the enormous
body of data now being accumulated throughout Europe. Unfortunately,
there are many gaps in our knowledge of healthy forest ecosystems. For
example, understanding of the physiology of trees is not as advanceed as
that of agricultural crops, while understanding of the structure and
functioning of the rhizosphere, which many results indicate may be a
critical area in forest decline, is very limited. There is therefore a
requirement for better understanding of the normal situation.

It is clear that field observation, field experimentation and
controlled environment experimentation can all play an important role in
the diagnosis of forest decline and the identification of the contribution
of different pollutants to this phenomenon. Each approach has its
individual strengths and weaknesses. However, this begs the crucial
question, i.e. what is the most effective and efficient route to a
satisfactory diagnosis? Sigal & Suter (1988) identified four levels of
biological organisation at which pollutants may act, viz. the individual,
the population, the community and the ecosystem. While effects at higher
levels of organisation will only be observed if there is an impact on the
individual organism, these effects on individuals will be integrated at
higher levels of organisation to produce responses which may be
qualitatively quite different. Two further points are critical in the
present context. Firstly, there are certain processes, such as
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biogeochemical cycling, which are probably of central importance in forest
decline and which can only be properly considered at the ecosystem level,
where biotic and abiotic environments combine. Secondly, for practical
reasons most experimental methods of studying pollutant effects on the
individual have been developed for tree saplings or seedlings, which
differ greatly in structure and physiology from the mature trees which are,
of more concern at the community or ecosystem level.

These considerations, together with the likely involvement of many
causal factors, leads me to conclude that field-based research must play
the central role in diagnosis. It is essential to design and execute
field surveys which take into consideration a wide range of responses at
different levels of biological organisation, and as many potential
contributing factors as possible. Such a comprehensive synoptic approach
will be expensive to carry out, but I believe that it can provide crucial
information on the relative importance of different factors, or
combinations of factors, in contributing to forest decline, and on how
different symptoms interrelate. Wallace (1979) argued, in the context o£
plant pathology, that such synoptic studies can be most cost-effective
when a multiple-causal situation is suspected, when the disease is
widespread, and when the amount of damage is high; these are all criteria
which apply very well to forest decline. At the same time, field
experiments are essential to provide confirmation . of the role of
pollutants and to test hypotheses which may develop from field
observations. Again, integrated research programmes will be required to
evaluate the effects of any manipulation of the forest at different levels
of organisation, and to understand how they interrelate. There is a major
need for technical developments which will allow such experiments to be
conducted on an appropriate scale, but in the meantime there is some scope
for simpler manipulative work. Finally, while controlled laboratory
experiments can never provide a relevant and comprehensive test of
multi-causal hypotheses at an ecosystem level, they do provide an
important facility in which to test ideas of how individual components of
the system interrelate in isolation.

Concentration of research effort on large—scale field-based exercises
will require collaboration of scientists from many different disciplines
to provide the maximum benefit. It will also be essential to provide a
method of integrating the information which is collected; conceptual
models can provide a framework for this, within which the links between
responses to pollutants at different levels of biological organisation,
and with the aerial and edophic environments, can be properly understood.
By combining several different types of manipulative experiment on a
single site, it may be possible to increase the extent to which the role
of pollutants with the forest ecosystem can be elucidated. Nevertheless,
it would be foolish for anyone to propose a rigid scheme for diagnosis, or
for resources to be devoted to one line of approach to the exclusion of
any others. Science often progresses not through rigorous step-by-step
procedures but through a sudden flash of insight from a totally unexpected
quarter. There may yet be a simple, all-embracing explanation of forest
decline waiting to be stumbled across, but if there are indeed many causal
factors long-term field-based observation and experiment will bo
essential.
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ABSTRACT: Monthly variations of Linke, Angstrom and SchDepp turbidity
coefficients and a exponent as well as the influence of climatic factor on them
are analyzed. For each of these turbidity coefficients; calculated from
measurements of broad band filters at Helwan, Egypt, desert climate, are
reported. A linear regression model fitted to Angstrom's turbidity coefficint /?
and Linke turbidity factor L for Helwan. The calculation showed that, it is
higher values of atmospheric turbidity coefficients due to, both the effect of air
pollutants in the Helwan atmosphere from the four cement companies and
some of Heavy industrial factories, and the effect of the former's desert
climate.
1- INTRODUCTION

The determination of the turbidity of the atmosphere is becoming increasingly
important because it integrates the total loading of aerosol in the atmosphere. Atmospheric
turbidity is generally recognized as the extinction of solar radiation by suspended particles
with radii from about 100 to 10 OOOnm. Several turbidiy indices exist, namely the turbidity
factor L of Linke and Boda (1922), the coefficient (3 of Angstrom (1929) and the factor B
defined by Schuepp (1949) Each index is referred to the extinction at a specific
wavelength or spectral interval: L to the spectrum, P to a wavelength of 1 OOOnm and B to
a wavelength of 500nm [1].

The solar radiation going through the atmosphere is partially absorbed by its
constituents, partially reflected back to space and partially diffused, with the remaining
reaching the ground as direct solar radiation. In a planetary scale, 17% of solar radiation is
absorbed by the atmosphere, 30 % is reflected by the constituents of the atmosphere, and
53% reaches the surface of the earth, 31% of it as direct solar radiation and 22% as
diffuse radiation [2], In addition to the absorption and diffusion of solar radiation by the
usual constituents of the atmosphere, aerosol particles and water (liquid or solid) also
absorb and cause diffusion of solar radiation quite significantly. Therefore, the percentage
of solar radiation finally reaching the surface of the ground depends on the turbidity of the
atmospheric mass over the examined area and consequently on the concentration of the
pollutant material. The reduction of the solar radiation is very important parameter when it
refers to areas of increased atmospheric pollution such as big cities and industrial areas
The most interesting information is the fact that the atmosphere cannot clean itself when a
specific limit of pollution has been reached [3]

Beginning at 300nm wavelength, there is a broad ozone (O,) absorption band
called the Hartly-Huggins band that extents from 35Onm wavelength. The Capuis Ch band
then extends from 500 to 700nm wavelength V-,'-;-. \ap-v (HiOl absorption occu:...-



throughout the spectrum from 570nm to 2800nm. The strength of this absorption varies a
great deal from wavelength to wavelength and is negligible at some wavelengths.
Absorption from carbon dioxide (CO2) occurs at several wavelengths longer than 1 OOOnm,
but the effect of CO2 is relatively small. Narrow absorption features for oxygen (O2) are
dispersed throughout the spectrum with the major ones occurring near the 688 and 762nm
wavelengths. Other absorbers shown that have very little effect are methane (CK,) and
nitrons oxide (N2O), which absorb several wavelengths between 1900nm and the end of
the plot, 28OOnm [4].

Thus several ways to express atmospheric turbidity In a global network, which is
designed specifically to record long-term change in the aerosol loading of the atmosphere,
it is preferable to use uniform particles and relative simple techniques so that comparable
data are obtained. This manual will deal only with the determination of "aerosol optical
thickness", from measurements of direct solar radiation made with sunphotometers and
pyrheliometers[5],

2- DATA-BASE

For the study of the turbidity parameters in Helwan, Pyrheliometer data for the
period June 1991-February 1996 were used. The observations were performed from
sunset to sunrise, Local Standard Time (LST is 2h ahead of UT), whenever clouds were
not present in the sight path.

The instrument used was Eppley pyrheliometer equipped with Schott filters
OG530, RG630, and RG695. Their main characteristics (lower cut-off wavelength, and
correction factor CF) are given in Table (1). A quartz filter was also used with a nominal
cut-ofF wavelength of approximately 2800nm. The instrument was situated at the National
Research Institute of Astronomy and Geophysics (NRIAG), 125 m above sea level, near
the center of Helwan, a site known for high pollution level. Additionally, other necessary
meteorological parameters, such as, temperature, relative humidity, wind speed, wind
direction, cloud amount are available on daily routine basis, and sunshine duration.

Since the pyrheliometer measurements depend on weather and sky conditions, the
number of observations is smaller in winter months and greater in summer months. The
cloudiness at the time of the Pyrheliometer observations varied between zero and 2 Oktas.
In the following, the turbidity parameters and related quantities are considered on a
monthly basis.

3- DETERMINATION OF TURBIDITY WITH THE
PYRHELIOMETER

Essentially, the pyrheliometric method consists of measuring solar intensity through
broad-band filters. These are short-wave cut- off filters which transmit solar radiation of
wavelengths greater than 53Onm (Schott RG1), 630nm (Schott RG2), and 695nm (Schott
RG8). The intensity measured behind the filters is normally used to compute turbidity with
the methods described by Linke and Boda (1922), Angstrom (1929) and SchOepp (1949)
More detailed information is given in the IGY Instruction Manual (CSAGI, 1958) and the
guide to Meteorological Instruction and Observing Practices (WMO,1971) The
evaluation of broad-band filter data requires assumptions about the wavelength
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dependence of the aerosol extinction coefficient Extraterrestrial solar spectral irradiance
data are needed These data are at the present time only available with absolute accuracies
of 2 per cent. Consequently, the accuracy of turbidity determinations is uncertain [4]

4-TURBIDITY MEASUREMENTS

Paniculate matter suspended in the atmosphere interferes with the passage of light
from the sun to the surface of the earth mostly by scattering it. Some of the scattered light
will return back to space while the rest will appear as diffuse sky radiation. The scattering
causes a certain degree of extinction of incoming light, characterized by an extinction
function which can expressed as:

W (i)

where A
3

a

denotes the wavelength of the incoming light
denotes the extinction coefficient at X=\ x 103nm (turbidity coefficient, ani
characterizing the aerosol content, and
denotes a factor (wavelength exponent) related to the size distribution of
the particles responsible for the extinction = 1 3 suggested by Angstrom
is currently accepted [6], It is varies between 0 and 4.

The IGY Instruction Manual recommends the calculation of 3 using the RG630
filter and the clear filter measurements (i.e., 250nm to 630nm band)

Table (1): Values of ^ and DR of the filters

Filter
Am (nm)
DR

OG530
530
1.082

RG63O
630
1.068

RG695
695
1.042

The turbidity of the atmosphere is defined as the reduced transparency of 'K.
atmosphere, caused by absorption and scattering of radiation by solid or liquid par t ies
other than clouds, held in suspension. As developed by Angstrom, the turbidity os (he
atmosphere is defined by 3, the extinction coefficient at k=lx I03nm, normally called the
turbidity coefficient, and a, the wavelength exponent. 3 values less than 0.10 normally
denote a very clear condition whereas values greater than 0.20 are a distinctly hazv
condition

The average value of a, which is dependent on the particle size distribution, w-as
found by Angstrom to be about 1.3. The distribution of the size of the suspended particles
greater than approximately lOOnm and is governed by the formula.

dN = krr dr (2)

where r is the particle radius
dN is the number of particles per unit volume in the size range r to
r+dr
k is a constant dependent on the total number of particles, and
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is an exponent which determines the "slope" of the particle number
verus size curve In practice r varies from about 3 to 5 typical value for polluted and clean
atmospheres is 4

These values were obtained by solving the Bouguer equation:

I.u ^ Am *xp / -m (TR.U • r..u - B X " ) (3)

so that
ft =lm X" I ln(fou

where Iu.u

- m (TKM )] (4)

m
given by:

m
0

denotes the spectral irradiance observed outside the atmosphere at the mean
sun-earth distance in the wavelength band (spectral interval) AA.
denotes the spectral irradiance observed at the instrument in the same
spectral interval
denotes the average extinction coefficient over the wavelength interval for
molecules (Rayleigh scattering), and
denotes the average extinction coefficient over the wavelength interval for
ozone.
A simple expression by Kasten that we use for all solar zenith angles is

= [cos9 + 0 15 (93.885 - 6 ) ' 1 2 " ]"'
Solar zenith angle.

(6)

The Linke turbidity factor is estimated from the expression:

L= P(m) (log IOAX - log IM-2 log s) (5)

where, P(m) is a function of the optical mass m The values of P(m) which are used in
this study are obtained by the next formula which is the best fit of the values given by
Coulson [7] The extinction due to water vapor absorption can be ignored if the
calculations are made only for those wavelength intervals X.<700nm.

The pyrheliometer technique to developed by Schuepp (1949) requires replacing ft
X a in equation (3) with B and using logarithms to the base 10 rather e The same
assumptions used in the determination of P apply to the determination of B with the
exception that Schuepp calculated the wavelength exponent a. This was done by
calculating B values for two wavelengths intervals 5J0<X<63Onm and 630<X<695 nm.
With this information,

a = (lnBi30 Bf,3a)(X63o> XS3oi) (7)

A turbidity coefficient value for 500 manometer can then be calculated:

In Bsoonn, = a I In (X6)0 500)/+In BM (8)

Since the mean values of the two wavelength intervals cited above are relatively
closed together, i.e X? *53Onm and X6 «630nm, small errors in the computed Bl, and B3



values can result in large variations in a. It is recommended that if all three filters are
used, a should be determined from either of the band B pairs listed below:

1-
2-
3-
4-
5-

I = 250<^ <2800nm
Bl= 250 < A. < 530 nm
B2 = 53O<A.< 630 nm
B3 = 630 < X < 695 nm
B4 = 695<X< 2800 nm

Since the average attenuation in the broad band intervals changes with air mass,
the average wavelength for these intervals will also change. One method of selecting the
average wavelength is assign it that wavelength for which the average attenuation (TR+TZ )
m, has the same values as the (xR+tz ) value for m=l. For the broad band intervals
(X<500nm, A.<630nm, A.<695nm), the average Rayleigh+ozone attenuation is a function of
the air mass [2]. These variation are shown in table (2)

Using the appropriate values for (TR+TZ) and I OAK B may be calculated for any of the
spectral intervals from the following relationship:

B=fm.lnl0 7 . U ) ] - ( T R + T Z ) (9)

The factor s in the equation used to adjust the observed irradiance to the mean sun-earth
distance. Angstrom (1929) determined that a has an average value of 1 3 when the

Table (2): The average of Rayleigh+Ozone attenuation function in
air mass (m)

B

Bt

B2

B3

AX

250<X<530 nm
530<X<630 nm
630<X<695 nm

( TR t- T:)

m=l m=5

0.164 0.117
0.051
0.028

X
m=l tn=5

396 430
591
662

loAX
cal cm'2 min'

0.558
0.270
0.150

wavelength is given in microns, so that

B= 1.069(J (10)

In practice, a varies between about 0-4 depending on the particle size distribution
(Angstrom, 1929; Bullrich, 1964), so the exact relationship between P and B requires an
accurate knowledge of the wavelength exponent. In addition, determinations of p are
generally made from pyrheliometer measurements of the radiation in relatively broad
spectral intervals[6].

-663-



5- RESULTS AND DISCUSSION

Compare the weight of a 10 (am particle near the upper limit of those found
suspended in the air and a 0 lum particle which is near the lower limit. This range is high
effective on visible light (between 300-800nm) The mode with the lOum maximum are
particles introduced to the atmosphere as solids from the surface of the earth and the seas,
plus particles from the coagulation- condensation made which have grown larger and
moved across the saddle between the mode into the larger size mode. These are primly
Silicon, Iron, Aluminum, Sea salt, and Plant particles. Thus there is a dynamism that
creates small particles, allows them to grow lager, and eventually allows the larger
particles to be scavenged from the atmosphere by sedimentation (in the absence of
precipitation), plus washout and rain out when there is precipitation. Much of the concur
about particle matter in the atmosphere arises because particles of certain size ranges can
be inhaled and retained by the human respiratory system. There is also concern because
particle matter in the atmosphere absorbs and scatters incoming solar radiation. Helwan
characterized by a high degree of turbidity, traffic in Helwan, but the turbidity must be due
to the heavy industry surrounding the region. In the north-east and north of Helwan,
cement industry is found in Toura, where the north-east and north winds transport the
smoke and pollutants to Helwan atmosphere. Also, in the south iron-steel and cement
industries are found, and the south wind transport the pollutants to Helwan, specially in
winter One of reason of turbidity in Helwan, its position relative to Cairo in the south-east
direction and the effect of north or north-west wind. Cairo contains about one million cars
work by the international combustion engines, produce 8x 10s Kg/year of the pollutants.
Also 2xlO5 Kg/year of lead is out from them, and increase by a rate of %2.6 per year. In
the east of Cairo there is burning for 4xlO6 Kg/year of the remains in the desert: The
industrial region in the north of Cairo (Helwan), produce the following:- 2xlO9 Kg/year of
Carbon monoxide CO. 6 5xlO7 Kg/year of Nitrogen oxides Nox. 2.5xlO8 Kg/year of
Hydrocarbons. The concentration of the pollutants in these two region are 1200 (ig/m3 [8].

In south of Cairo, there are four companies for cement industry, two in Toura and
two in Helwan, about 2x105 Kg of the pollutants and dust release from the chimneys
every day. Using the electric precipitates and filters to collect the dust by efficiency about
99%, the high quantity of the released dust can be reduced, and in the same time the
production of each company from cement can be increase by about %5. In 1980 the
amount of the precipitant dust in Helwan area are 3.37xlO5 Kg/mile2/month, and led to
hard environment condition.

The major source of pollution at Helwan are from three types of factories as
following-
1- Cement factories, high include four factories distributed from the north in Toura to the
south in El-Tebeen at a distance of about 30 Km.
2- Engineering industries (Cars factory, Pipes and tubes factory)
3- Iron and steel factories.

The locations of the factories which represent the major source of air pollution at
Helwan with respect to the observatory place (NRIAG), the wind direction and the
percent of each direction represents the distribution of total As it can be see, the major
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source of wind direction is from the N and N-E, which represents about 50% of the total
direction [9].

This means that Toura El-Cement and Helwan Portland cement factories represent
50% of the air pollution resources at Helwan. The national cement factory and iron and
steel factories represent about 40% (N-W, S, W, S-W directions) of the total percent of
air pollution resources at Helwan.

Fig.(l) shows the annual variation of the monthly means of intensity of global (G)
and direct (I) solar radiation, spectral bands Bl, B2, B3, B4. This result is not surprising
and is in a good agreement with many other studies that mention a pronounced maximum
in summer and minimum in winter Fig.(2) shows meteorological parameters (relative
humidity, air temperature, sunshine duration, visibility, and wind speed.

Fig.(3) shows the Linke turbidity factor in Helwan during the period 1915-1921
[10], equivalent values during 1934 [11], 1967 [12], and 1991-1995 for different month of
the year, the lower curve i.e. that of 1915-1921 shows values markedly below that of
1934, 1967, and 1991-1995. This is the result of the increased air pollution in the ^rea
during recent years, as during the period (1915-1921) the area was nearly free of the
industrial establishment as mentioned before. As a result of the industrialization of the area
the turbidity factor was more than double (fig. 3a). For example the turbidity factor L in
July 1991-1995, 1967, and 1934 was equal to 6.2, 5.4, 3.2 respectively, while during the
same month in the period 1915-1921 it was 3.1. The curves in the fig (3a) clearly indicate
that the turbidity factor shows slightly monthly variation before industrialization, while
marked variations are noticed in recent years i.e. after industry has spreader in the region.
This is mainly due to monthly variation in pollution levels within the area in recent years.

The monthly values of P and L for Avignon, Dhahran, and Helwan plotted in
Fig.(3a), indicate that the variation of the turbidity coefficients at Helwan is similar to that
of Avignon and Dhahran. However, the magnitudes of the monthly values of the
coefficients for Helwan are about double those of Avignon and smaller than Dhahran
generally in Linke turbidity except in winter months that due to, higher values of relative
humidity in winter months. With respect to Angstrom turbidity represent by a higher than
Dhahran in all months except winter months because in spring, due to Khamassin
dispersion with additionaJ to air pollutants . In summer due to higher values of air
temperature and wind speed which caused the diffusion in dust and aerosols from the
source of air pollutants (cement factories). Winds blow from the desert area and are highly
loaded with dust particles especially in spring months that increase the atmospheric
turbidity throughout the year with addition to effect of air pollutants from the industrial
wastes. On the other hand, Avignon is a semirural site falling in a temperate climate zone
and dominated by vegetation and lack of dust storms.

Fig.(4) shows the rate of variation for Linke and Angstrom turbidity for the
spectral distribution in all bands under study: high values are also observed in April, which
due to the increase of dust concentration due to the occurrence of Khamssin depressions.
There is a minimum for L and (3 in March, which characterized by clean atmosphere
(especially after passage of the cold front). March can considered as a transitional month
from winter regime (extratropical depressions) to spring regime (Khamssin depressions)
There is also, a minimum for p in October and November. This is due to inversion of air



masses coming from Mediterranean sea, to replace the summer boundary layer loaded by
dust over Helwan In addition, This months are almost cloudless Having the annual
minimum of P, and enjoying stable weather conditions. Observation were taken in the
period of June 1991 to February 1996, the number of observations totaled 475. On
examining the mean values of a we found that, the value equal 1.29 closed the mean value
of 1.3 suggested by Angstrom.

Fig.(l,4) shows the results which given in table (2), Angstrom turbidity shows
highest degree of turbidity in B2 which demonstrate the effect of dust and aerosol. For
Linke turbidity as same result that Bl and B4 has a highest degree of turbidity respectively
except in January and December due to highest in relative humidity and lowest in air
temperature, sunshine duration, visibility, and wind speed. The meteorological parameters
effect on some of short-wave and move some to long-wave which demonstrate clear in B4
specially in January and December. Regulation result given by other bands that, B3 have
lowest value and same result for B2,B3, and B4 With respect to I which denote to
summation of all bands given a media level for all bands. Hence we can say that, the
degree of turbidity demonstrate highest values in the band which given a high effect with
dust and aerosol. Degree of Angstrom turbidity ranged from 0 1 to 0 2 in autumn and
winter and from 0 15 to 0 3 in spring and summer. Relationship between Linke and
Angstrom turbidity shown in fig. (5), note that B2 given highest value in Linke and
Angstrom:

Table (2): Monthly mean average of global (G), direct(I), and spectral bands
(B1,B2, B3), maximum(Max), minimum(Min), average( X), and
relative of standard deviation (St. Dev.).

Parameter

G

I L

Bl L

P
IAX

B2 L

P
IAX

B3 L

P

B4 L

Max.

608
559
6.55
157
69
0.17
68
7.57
0.282
47
6.11
0.24
287
7.19

Min.
311
408
446
97
471
0.04
47
45
0.14
33
3.98
0 11

231
3 39

X
507.25
513.5
5.96
139
6.21
0.116
62.7
6.49
0.21
41.12
5.4
0191
269 83
6.16

St. Dev. %
20
8
10
II
9
32
8
13
19
7.3
10
21

5
16

Î x = denotes the spectral irradiance observed at the instrument in
the same spectral interval

Fig.(5) shows the relationship between Linke and Angstrom factors at Helwan
represented by:



Band

Bl
B2
B3

Equation

p = -0.186-
P = -0.270-
P = -0.076 H

HO.

1-0.

i-O.

048
073
049

L
L
L

CC%

66
81
67

RMS

0 19
0.24
0 19

(11)
(12)

(13)

The relationship of equ.(9) is similar to the model reported for Avignon
(France)[ 13],

P = -0.103 +0.052 L (14)

and to the relationship of Potsdam (Germany)[14],

P =-0.100 +0.05 L (15)

It is observed from Fig.(6) which given monthly mean variation of Angstrom and
Linke turbidity at different spectral bands, that medium size particles of the B2 band
contribute more to the extinction effect, followed by the large particles of the B4 band,
and then by other small and medium particles of the bands B2 and B3.

Based on the definitions of G and P & L, a typical was made to correlate them
by a Linear regression relation, ff was demonstrate from Fig.(6), found that:

CC% RMS.

I
B2
B2

L—
L=

P=

3
2
0

.454

.300

.015

+ 0.
+ 0
+ 0.

00483
00826
00038

G
G
G

89
90
89

0
0.
0.

2010
0640
0005

(16)
(17)
(18)

The values of Angstrom and Linke turbidity are high in afternoon than beforenoon,
because the source of pollutants almost in North-east and North in wind direction.

6- CONCLUSION

The Linke turbidity factor L, and Angstrom turbidity coefficient (3,were obtained
from the spectral measurements of radiation The summer varies of these coefficients
were found to be larger than their winter values. The urban climate represented by Helwan
showed to have higher L and P values compared with the semirural climate represented by
Avignon (France) and Lower values of L but the higher order of P compared with the
desert climate represented by Dhahran (Saudi Arabia)

The results reported here suggest that there is a significant decrease in attenuation
by aerosols and particles with wavelength The Angstrom turbidity coefficient can be taken
equal to the attenuation at the wavelength B2 which ranged fror* 530 to 630nm. The
Linke factor L, and Angstrom coefficient P, were obtained from the radiation
measurements. The summer values of these coefficients were found to be larger than their
winter values. The desert climate represented by Helwan showed to have higher L value
compared with the observations which taken at the same site Spectral distribution of
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different bands from I to B4 showed a variation within the regression coefficients between
p and L.

The atmospheric turbidity for a Helwan region is highly dependent on wastes of
industrialization and the weather activities in that region (i.e., wind speed, wind direction,
air temperature, and humidity); three factors can be advanced to explain this behavior:
Winds origin; north, north-west winds, which are the more turbid are more frequently
observed in summer than in winter. The air temperature: higher temperature in summer,
enhancing vertical convection and particle, can induce more turbid atmosphere The water
vapor content: high humidity can induce growth and development of water droplets. In
our case: air mass origin plays the most important contribution in the atmosphere turbidity
and humidity are secondary factors, with only limited effects

It is established that, there are a good relationship between global solar radiation
with Angstrom and Linke turbidity factors at Helwan.
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ABSTRACT:

Maintenance of structural elements (i.e. buildings, factories, gaz stations, road structures
and cultural monuments) is one of the major problems in Cairo due to the high degree of air
pollution combined with natural phenomena such as dust storms. Economically, this maintenance
represents a lost in material, money and time which local authorities have to absorb.

Lack of resources and difficulties in foreseeing the impacts of air pollution are gradually
resulting in a deterioration of these structural elements in urban areas. On the other hand, if the
impacts of air pollution on these construction elements could be assessed, the most appropriate and
convenient material could be selected for the maintenance of existing structures, and also for the
design and building of new ones. This will help in decreasing the overall future maintenance cost,
decreasing the lost which occurs over the years as a result of deterioration, thus creating an
environment more pleasant to the general population.

By developing a prototype Model using GIS technology this paper states a frame of a
project to assess the impact of air pollutants from industrial emissions and other sources on
structural elements over the greater Cairo area. It will provide a guide for the selection of the
appropriate material for each element of a structure (external walls, windows, etc .) as a function
of its geographic location, its resistance to specific pollutants prevailing the atmosphere and their
distributions within the area. The suitability of the material will be presented in terms of
maintenance cost (materials/sq.m., person-days, etc....). This model will involve the economical
aspect of structural elements maintenance and package it into a procedure for public use.

1. INTRODUCTION:

Geographic Information system (GIS) is an integration technique which collects data bases
about objects of different aspects, then locates the derived statics, analysis and deduced
information on geographic maps, thus providing a powerful procedure for distinct info-
representation which is the key for the right decision.

In this paper, this technology is now adopted to solve problems related to the degradation
of the environment using a flexible data base management system (DBMS)to organize the
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dispersion, homogenity of information and the variety of the levels of user sectors by offering an
usable output accessible to public use for many locations

The principal core for developing an integrated and coherent GIS software model is the
well construction of its data base constituting its successive layers over geographic maps The
collection of spatial and non spatial data and their conversion methodology must be performed for
designing a conceptual GIS data base and its functionalities. Applying the different commands of
the GIS softwares and overlapping the selected layers provide the output information in the
required form

A large amounts of the data needed to achieve this research were not available to the
author due to either their non existance for Egypt (ex: updated air pollution) or to the difficulty of
obtaining them regarding the time (years), budget and facilities required for experiments to
measure the durability of materials.

The numbers used here, either ancient or estimated may be replaced and updated by new
ones as soon as they will be available.

2. CONSTRUCTION OF THE DATA BASE:

The data base of this project is composed of two major items which are, the degree of
concentration of air pollution at the located area of the project and the durability of the suggested
material to be used for each element of the structure. In addition to some minor items concerning
the type of project, the structural element and the level of the users sectors.
Fig. (1) is a graphical representation of all the items composing the data base of the GIS model and
described in the following:

2.1 The Degree of Air Pollution at a Specific Geographic Location: |A|

The first step was the collection of data about the degree and distribution of air pollutants
by designating the locations of the sources of emissions, their amounts and the effect of
metrological data as winds on their distributions, concentrations and transports

In fact , the updating data about this point were unavailable in Egypt, the documents of
reference [Rl] were the ideal form of data for this research, from which table (1) was deduced
showing the degree of producing the four main influencing pollutants (HC, NO, CO and paniculate
matters) over the regions of Cairo expressed by tons/year.
The sources of pollution were considered as point source, line source and area source
Fig. (2 & 3) from [R 1] are an example of illustrating the degradation of concentration of these
elements and the effect of metrological data, specially the wind (speed, strength and direction)
causing their accumulation or diffusion due to transport or dispersion over the greater Cairo area.

2.2. Type of Protect (PI and Structural Element IS1

The type of the constructed project [P] (ex: industry, factory, school, bridge, buildings,...
etc.) implies if other factors will impose their effects which may overcome the effect of [A]. These
factors may control the degree of depreciation of the material, the expected time of its damage
(duration), or in contrast the required level of finishing and decoration (lux, super lux,
moderate... etc.)

The place of the structural elements [S] to be covered by the material is another item to be
considered. Obviously, the internal elements (walls, floors, columns. ) are less affected than
exterior ones where their directions, if facing the polluted air currents, may be critical.
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2.3. Materials

2.3.1. Durability of Materials [DJ:
The second major channel of data collection was the experimental results showing the

durability of different materials affected by those pollutants to deduce the time of their gradual
deterioration or complete damage

This info called [D] may be expressed by mm/year representing the rate of its deterioration
when exposed to the effect [E] of a certain concentration degree of pollution as showing by table
(HI) containing fictitious data.

To fill the spaces of table (III) by real numbers, laboratory experiments have to be
performed by subjecting the considered material to similar atmospheric polluted conditions for long
times and then calibrate the erosion measurements periodically by field data. Certainly, the time is a
main factor to implement these experiments although the over concentration of the emitted
currents may overcome a part of this effect giving an acceptable range for this information The
validation tests and the field observations for existing buildings are significant items
The following paragraphs state the conditions to be considered to achieve this step and some
results of previous experiments in that domain deduced from [R.III]

2.3.1.1. Mechanisms of Deterioration:
Air pollutants damage materials by four mechanisms:

1 Abrasionxaused by solid particles traveling at high velocities.
2. Deposition and removal may spoil the apperance of the material, however, the removal of

these particles by frequent cleaning may cause noticeable deterioration
3 Direct and indirect chemical attack as tarnishing or acid mist or conversion of sullfur

dioxide to sulfuric acid.
4 Electrochemical corrosion: If water is contaminated with air pollutants, it is very likely to

have electrical conductivity and corrosion will proceed faster especially for ferrous
materials in presence of sulfur dioxide.

2.3.1.2. Factors Influencing Atmospheric Deterioration
The more important factors that influence the attack rate of damaging pollutants include

moisture, temperature, sunlight and air movements. Moisture is the most effective factor
increasing the atmospheric corrosion when combined with air pollution especially in the presence
of sulfur dioxide.
Table (IV) shows the critical atmospheric humidity, which when exceeded, produces a sharp rise in
the rate of corrosion for some metals used or entering in the composition of covering materials

2.3.1.3 Expected Infection of Materials
The service life of a well formulated and properly applied exterior coating is limited by its

infection by pollutants causing decrease of durability, discoloration, composition of crystalline
bloom on paint, corwion .... etc.

Stones such as granite and certain sandstones in which the grains are cemented together
with materials containing no carbonate are relativily unaffected by sulfure dioxide in the
atmosphere. Carbon dioxide in the presence of moisture produces carbonic acid which converts the
limestone into a water soluble bicarbonate easy to be leached away (ex: works of art).
Table (V) shows the results of exposing six different types of building materials to suspended
paniculate concentrations ranging from 60 to 250 ng/m3.
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Paints:
Paints contain both pigment and vehicle. Pigments, such as white lead, titanium dioxide,

and zinc oxide, provide color, hiding, power and durability. The vehicle consisting of binder and
additives holds the pigment to the surface. Air pollution may limit both of these functions.

From experimental results of exposures to 1 p.p.m sulfure dioxide or 1 p.p.m. ozone, the
increase of the erosion rate for different types of coatings was found as follows:

oil based house paint : largest
latex and coil coatings. moderate
industrial maintenance: smallest

The effect of sulfure dioxide was more effective than ozone
The water based paints, which now dominate the exterior paint market were not experinced yet

Glass and Ceramics:
Although enamels and glasses are especially resistant to the chemical action of air

pollutants, the surface apperances change with time ( 5 years) and gradual degradation occure
Hydrogen flouride is the only pollutant capable of attacking ceramic materials by reacting

with silicon compounds.

2.3.2. Cost of Materials [TC]:
Construction Cost (CC] and Maintenance Cost [MC]:
The other phase of the material's database is its cost of construction [CC] which is an

absolute value [LE/m2] fixed and determined at the construction time in addition to the maintenance
costs [MC] which, in contrast are variable with time and depend on other factors deduced from the
previous databases as:

[A] The degree of air pollution at the geographic location of the project [P] and the type of
the strctural element [S].
Fig. (4&5) and table (VI) show how these values may be estimated and deduced

2.3.2.1 Methods of Maintenance:
According to the specifications of each material, the treatment of its maintenance may use

one of the following methods:
Use of water and air under high pressure (1200 psi/(84 kg/cm2)
Some buidlings may be cleaned by either wet or dry sandblasting or dilute acids
Coatings of silicon surface sealant (not effective in reducing soiling of bricks)
Removing soiled layer.
Repainting or rebuilding.

2.4. Types of use r s [Ul:

The types of users [U] are required for both the input and output databases of the GIS
model.
For input they may be: - fr

Individual persons (rich-poor)
Oragnization (foreign, investment, private, government). This determine the quality of use

the financial budget and the availability of sequential maintenances
Finally the output must be tabulated according to the level of the user sectors (owners.

engineers, contractors, technicians.) as gradual degrees of details
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Table (VI) is a suggested table for the output which may be provided to contractors and
engineers where the total cost after n-years may be estimated as equ. (1) if the assumed squential
period is 3 years and the increase of maintenance cost equals 0.2 every 3 years.

TCn = CC + MC3 + 1.2 MC3 + + ( l+-xO 2) MC3 - eq.(l)

Where:
TCn = Total cost after n years.
CC = Construction cost.
MC3= Maintenance cost after 3 years.

3. RELATIONSHIPS BETWEEN SUBDATABASES AND OUTPUTS

Relationships between the experimental results from the material experiments [D],cost of
construction [CC] and maintenance [MC] are established as functions of time [T] and geographic
loaction and linked to the GIS database to deduce the following outputs:

3.1. The total Cost of Material [TCI

The combination of the three items [A], [P] and [S] provide the final effect [E] of air
pollution at the geographic location of the project on the material used or suggested to cover the
selected structural element. [E] is the value which must be considered to use table (III) giving the
deterioration rate [D] to extract the numbers of years [T] indicating the maintenance procedure and
so the maintenance cost [MC] as shown by Fig. (4).
The charts designating the total cost [TC] for each material based on its [CC] and [MC] along 20
years. . or more may be designed as Fig.(4).

3.2. The Right Decision IR1:

If the type and level of the user's sectors [U] are taken into consideration with the total
cost [C], the right decision [R] about selecting a certain material for a specific structural element in
a project at a located area is achieved:

CONCLUSION:

This paper shows how different branches of engineering may cooperate fruithfully to solve
a very severe problem related to the impact of environmental circonstances of air pollution causing
gradual deterioration or complete damage of materials used to cover structural elements over the
greater Cairo area.

The outputs: Tables (VI), charts of Fig (4) will present a guide for the selection of the
appropriate material for each element of a structure for a certain project as a function of its
geographic location, its resistance to specific pollutants and their distribution within the
area. Obviously, the right choice is a practical and economic decision to save money and
time in addition of creating an environment more pleasant by keeping the good appearance
of buildings to the general population.

Both private and government sectors, contractors, engineers, industries and the public
either small or large owners will benefit from this project.
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The experimental results, when achieved, will provide series of tools for evaluating the
potential degradation of materials

Each of the sub-databases used either for input or output for the GIS model represents in
itself, separate or combined a valuable result which its use may be extended to solve other
problems such as the problems related to health.

The values of the results of this project will be more significant and the numbers much
reliable and accurate if this procedure will be applicable in well planned cities where regions
are more homogenous (residentials, industries, green land*. ) such as 10th of Ramdan or
6th of October

The flexibility of the DBMS will give the opportunity to enlarge the applications either by
aggregation (large areas, governorates). or disaggregation - and provide the updating of the
tables and outputs by new market prices.
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Table (1) Degree of Pollution at Geograi
Location

Helvvan & Tebin

Shubra El-Khema

El-Hawamdia

Bein - Elsarayat

Ain-EI Sera

El-Abassava

El-Ameria & Mataria

El-Dokki

El-Giza

El-Warak

Dowika

Shubra

Abu Zaabal

Toraha & Masarah

HC

3055

2783

8.3

54

373.0

4 274

4.27

218.8

53.3

154.3

180

80.9

250.4

37.6

NO

10261.1

9636.2

197.0

193.2

1188.9

154.0

296.7

7880.8

1915.0

3472.8

413.4

1717.6

9017.8

1354.6

hie Locations (|ig/m )

CO

295.5

312.5

8.3

5.4

733.0

4.3

4.3

218.8

53.3

154.2

360

80.9

250.4

37.6

Particulate matter

99077622

1496.414

94.862

61.707 '

869.767

49 176

490108

3068.602

604.3135

483.383

360.0

1712587.98

Table (II) Sulphur Dioxide Mean Daily Data (1991)
Method: Acidimetric (Hydrogen Peroxide)

M. Units: Microgram/Cubic Meter
M A C . 24 hours Av. 200 Microgram/Cubic Meter

Annual Av. 60 Microgram/Cubic Meter

S I T E

Cairo Governorat e:
Ministry of Health
Attaba Square
Azbakia
El-Sahel
Abbaasia
Heliopolis
Nasr City
Abu El-Soud
Maasara
Helwan
El-Tebbien

No.

2 0 0
193
185
151
2 9 1

94
164

58
S7

2 3 4
152

TOTAL

Ar.M.

11
2 0
24
2 8
17

2
-
7
_

a

SAMPLES

C M .

3
3
3
6
4
1
-
2
_
2

St.D.

20.1
39.2
43.1
36.2
26.3
10.3

21.1
_

30.0
-

SAMPLES>M.A.C.

No.

1
2

_
_
_
_
1

\

-
5 . 2
1 . 1

-
_
_

_
_

0 . 4

Ar.M.

-
223
265

-
_
-
-
-
_

362
-

S I T E
DESCRIPTION

C.C.
C . C . H . T .
H . T . R . R .
R. CH. T.
R.C.
R.C.
R .H.T .
R.C.
R. I n .
R . I n .
R. I n .
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Table (III) The deterioration rate [D] of material

(X) of total thicknes 100 mm.

Effect [E]

150

400

•"^^^ Time

ug/m3

(ig/m3

[T] 5 years

0.5 mm

5 mm

10 years

1.5 mm

20 mm

IS years

5 mm

50 mm

20 years

20 mm

100 mm*

= Complete damage

Table (IV) Cirticai atmospheric humidity.

Metal

aluminium

miled steel

nickel

copper

Zinc

magnesium

Critical humidity

80%

60-75%

70%

63%

70%

93%

presence of

sulfur

dioxide

100 p.p.m

in unpolluted

air

Table (V) Degree of Soiling

Material

Cedar siding

painted white

Asbestos shingle

Conrete, limestone

window glass

Asphalt

Observations about its degree of soiling

degree of soiling was proportional to the square root of

the supended paniculate dose.

directly proportional to suspended paniculate dose

1 poor soiling

Ozone concentrations as high as 52 ppm produce

oxidative changes and cracks.
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Table VI Kxample of the output
of total cost | rC.'| for contractors M;ileri;il | \ |

6s
00

CC/m2

Labour

person
0.2

payment

4LK

a

Subimaterials

type

X|

X2

Xi

quantity
0.75 kg
0.1kg
0.3 m3

price

0.5 LH

5 LH

1.5 LE

b
Total = [CC] = a + b

M.C. (LE/m2/3years
Labour

person

O.I
payment

3LE

c

Subimaterials

type

X4

x5

X2

quantity
0.25 kg
0.3 kg
0.1 m3

price
1LE

0.75 LF

1LE

d
[MC3] = c + d



Fig. ( t ) Data base of the GIS model
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2. : OUfrlbution Of Total Emissions From Point Source*.
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Fig. 3 : Computed Contours Of Particular Mattw inGntat Cairo (Mo /m 3 )
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Fig.(4) Charts of Total Cost
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REDUCTION OF LEAD POLLUTION FROM
VEHICULAR EMISSIONS IN CAIRO

Part 1: Comparison of alternative solutions

M.A.EI-Kady**, S.M.EI-Haggar* and S.K.Saleh*

ABSTRACT

It has been recognized for decades that the major source of lead pollution is lead

additives to automotive fuels. This problem has been countered in most countries in

Europe and USA by introducing alternative anti-knock chemicals and unleaded gasoline.

In Egypt lead is still being added to gasoline in large quantities. However, progress has

been made, and unleaded gasoline is currently being produced in Alexandria.

Nevertheless, the major pollution problem remains in the Greater Cairo region as

indicated by the atmospheric lead levels and the lead blood levels of the children in Cairo.

The aim of the present study is to find an optimum solution to this problem. A

comparison of the different solutions is conducted in order to come up with the most

feasible solution to this urgent problem.

In conclusion it has been demonstrated that the elimination of lead additives, with

its huge positives effects on the country environment, proved to be profitable.

INTRODUCTION

Lead Pollution in Cairo has been found to be very serious problem. Lead toxicity

has adverse effect not only on human health but also on vegitation and welfare [1]. Its

entry to the ecosystem has appreciable effect on the children behaviour and educational

attributes. The major channel through which lead is absorbed is through inhalation of lead

compound present in the atmosphere as a result of vehicular emission.

* The American University In Cairo, Engineering Department , P.O.Box 2511, Cairo,
Egypt.
* • Vice Dean, Higher Technological Institute, Tenth of Ramadan, Egypt.
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The use of lead compounds as anti-knock additives in gasoline was introduced in

1923 [2]. " Knocking "or detonation is a phenomon related to abnormal combustion and

derives its name from the sound heard 1 om the engine, characteristic to driving in low

gear.

The measure of the anti-knock ability of a fuel is the octane number. Three types

of octane number are commonly used, research octane number (RON), motor octane

number (MON), and road octane number (ON). The reseach octane number is measured

at light working conditions, usually at an engine speed of about 600 rpm. The motor

octane number is associated with heavy conditions at an engine speed of about 900 rpm.

The octane number which is generally used to define a fuel is the road octane number and

is defined as the average of the research and motor octane numbers. The research octane

number is always greater than the motor octane number and the difference between them

(RON-MON) is known as the sensitivity [3],

Three major families of hydrocarbons may be defined as the constituents of

gasoline. Aromatics are known to have a high octane number. Olefms, which are the

major constituents in gasoline, have medium anti-knock abilities, Paraffins have the

lowest octane numbers and therefore the highest potential for knocking [3].

Lead is added to gasoline as tetraethyl or tetramethyl lead. The production of

tetraethyl lead is cheaper and therefore it is more widely used than tetramethyl lead

although the latter has advantages because of its lower boiling point and higher vapor

pressure which enables it to be more evenly distributed among the engine cylinders.

These lead compounds form radicals, under the heat of combustion, which react with the

radicals formed by the burning of gasoline resulting in enhancement of burning rate and

consequently reduces the tendancy of detonation.

The ability of lead to increase the octane number of a fuel is demonstrated in table

1. Obviously the higher the octane number of fuel, the less effect lead will have in

increasing it. For example, lead will have a much greater effect in increasing the ON of

parafine than that of aromatics when added in the same quantity.

There remains the problem of disposing with the lead resulting from the

dissociation of lead compounds due to the heat of combustion. Chlorides or bromides are

usually added to the fuel to oxidize the lead and convert it to an easily disposed of

gaseous form. Seventy to seventy five percent of the gaseous lead thus formed is released
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with the exhaust, about half of which becomes airborne. The remainder is trapped in the

exhaust system and engine oil [4].

Nevertheless, another point of major concern is the effect of lead on catalytic

converters, which have become necessary addition to most automobiles in USA and

Europ. Catalytic converters are devices which utilize a catalyst to promot further

combustion of the exhaust gases of the engine. The result is that exhaust gases such as

corbon monoxide and hydrocarbons, which are resulting from incomplete combustion,

are reburnt and converted to harmless gases which are then exhausted. The point of

concern in this case is that these converters work only with unleaded fuel, since lead

poisons the catalyst involved. The effect of lead on catalytic converters can be seen

clearly in Fig. 3.1, from which it is obvious that leaded fuel drastically alters the

performance of the converters [5].

In order to maintain proper control on the lead quantities emitted, regulations and

laws must be passed limiting both the quantity of lead added to the fuel, and the

concentration of the lead components in the atmosphere.

The United Kingdom was one of the first countries to impose regulations on the

use of lead in gasoline. In 1972, a limit of 0.48 g/1 was set, which was reduced to 0.4 g/1

in 1981, and then to 0.15 g/1 in 1985. In 1982, CLEAR (campaign for lead free air) was

formed,with a target of total removal of lead from gasoline by 1990 [6]. In Germany, a

limit of 0.4 g/| was set in 1978. Extensive forest damage and the use of catalytic

converters induced an early attempt at banning leaded petrol in 1986, closely followed by

Denmark, Holland and Luxembourg. <\ final EEC directive was issued, introducing

unleaded petrol in 1986, but not essentially required till 1989, and limiting the

concentration of lead in air to below 2 micrograms per > ubic meter, to be achieved by

1987 [6], The US Clear Air Acts Amendment of 1970 limited the amount of lead in

gasoline to 0.026 g/1 [7]. In general, lead-free gasoline is defined to be between 0.01 and

0.02 g/1 in Europe, and below 0.0135 g/1 in the USA.

Different trends, however, may still be found in Europe. For example, in 1990, the

sales of unleaded fuel in Italy comprised only 5 % of the total sales as compared to 67 %

in Germany. Table 3.2 shows the maximum allowable lead content and percentage

consumption by unleaded fuel in Western Europe, USA, and Japane.

In Egypt, no specific regulations regarding the lead levels in air or in gasoline

have been set yet. The National Environmental Action Plan, dated March 199? states "

Recognizing the increasingly high leve' of lead in bl-^iH snmples of children ir. urban
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areas and its injurious effects on their health and development, GOE (Government of

Egypt)wishes to discourage the use of high levels of lead in gasoline. A start would be

made by introducing unleaded and low lead gasoline with lead concentration of less than

0.15 g/1. To encourage the use of unleaded gasoline such gasoline will need to be priced

at levels less than leaded gasoline[8J". Although recent efforts have managed to reduce

the levels of lead in some areas to be within the range mentioned above, it must be stated

that in some areas, levels reaching 0.60 g/1, which is four times the figure quoted and

about twenty three times the limit in USA, are still being used.

Possible Alternatives

The function of lead in gasoline is to increase the octane number, and thus

improve the efficiency of combustion. Several alternatives may be used to achieve this

result without lead additives. These may be grouped into two categories : alternative fules

and alternative methods using gasoline.

Alternative fuels

The use of alternative fuels in automobiles would require not only totally new

production units for the fuel, but also new car designs to accomodale the new fuel such as

Diesel, propane, compressed natural gas (CNG), liquified natural gas (LNG), alcohols,

hydrogen....etc. The most common alternative fuels applied in Egypt are Diesel and CNG.

The diesel engine was invented at the end of the 19th century and is used mainly

for large commercial vehicles. The main difference with the diesel engine is the method

of ignition. Diesel engines use much higher compression ratios which cause sufficient

friction between air molecules for spontaneous combustion, i.e. no spark is induced. No

lead is included in the fuel but higher sulfur concentrations exist, leading to larger

emissions of sulfur oxides. However, although the exhaust of diesel fuel seems visibly

much more hazardous than that of Petrol fuels due to the black carbon particulates

emitted, diesel fuel produces less carbon monoxide, and nitrogen oxides[2]. Diesel fuel is

more viscous than gasoline and ignites easily, so that less unburnt hydrocarbons are

produced. The pollution effects of diesel fuel are generally considered to be less than

those of gasoline. A comparison is shown in Figure 3.2[2].

Compresed natural gas (CNG), on the other hand will cost one third to one half

the price of gasoline. Natural gas is composed mainly of methane (CH4), with possibly

some ethane, propane and butane. In conversions from gasoline, a 10 to IS per cent
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power loss has been experienced. Significant reductions in emissions of carbon

monoxide, unburnt hydrocarbons, and nitrogen oxides have been monitored, as well as

the eliminations of lead compounds from the exhaust[9].

Liquified natural gas LNG, is another alternative fuel. The basic operation in

liquified natural gas are gas treatment, liquification and storage. Gas treatment involves

the removal of contaminants such as water, carbon dioxide, sulphur compounds, dust, oil

and heavey hydrocarbones. The natural gas may be liqified by lowering its temperature to

about-162 C.

Storage containers for LNG should have special insulation to maintain the low

temperature vary widely in size and structure. The estimated cost of conversion from

petrol engine to LNG driven one is about $3000 compared with $ 1500 to converted to

CNG engine. Necessary modifications include major fuel tank and electric system

changes. Both the liquifaction unit and refueling stations are very expensive, mainly due

to the necessary preautions involved. The emissions from LNG driven engine are similar

to those from CNG driven ones [10].

Ethanol C2H5OH, and methanol CH3OH may also be used as alternatives to

gasoline. A mixture of ethanol and gasoline is also used, termed gasohol, which requires

only minor modifications to the normal engine. Gasoline octane rating is boosted when

alcohol is mixed with gasoline and higher compression ratios may be used with alcohol

or gashol. The use of alcohols would require majour engine modifications. Besides,

several operating difficulties, such as cold-starting exist with alcohol. Evaporative

emissions from the fuel tank and carborator are much higher than those associated with

gasoline. Also, aldehyde, and nitrogen oxide emissions increase greately when alcohol is

used, while carbon monoxide emissions are reduced [11].

The most environmentally friendly fuel is hydrogen which has been termed the
fuel of the 21 st century. The use of hydrogen as a fuel totally eliminate lead,

hydrocarbons, and carbon monoxide emissions. Nitrogen oxide emissions are also

significantly reduced. However, the use of hydrogen as a fuel necessitate modifications to

the gasoline engine include new tank and fuel system, hydrogen detecting devices for

safety and aditional gages and indicators. The liquifaction of hydrogen (must be cooled to

-252 C) is also very expensive and refueling stations require high technology for safety
reasons [12].
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Alternative Solutions Using Gasoline

To accoraodate the use of alternative fuels in order to eliminate the problems

associated with lead additives in gasoline, new production units, distribution networks,

filling stations, and car designs must be implemented. This obviously will lead to

necessary costs which may not be 100% feasible. The alternative is to continue using

gasoline, and introduce solutions to the lead compounds exhausted by the engine such as

lead traps, other additives, unleaded gasoline....etc..

The idea behind a lead trap is to absorb the lead compounds produced during fuel

combustion by introducing a certain material in the exhaust. Studies conducted in

Germany have related the use of lead traps to a 75% decrease in lead emissions over 35

thousand kilometres of testing. Basically, a lead trap is a filter containing steel wool

coated with alumna, and it has the main advantage that no modification is necessary

either to the car design or the refining and distributing processes[7]. The disadvantages of

lead traps, however, are many such as the cost of the trap and its replaceable parts. The

use of such traps produce a back pressure on the exhaust system, which leads to a loss in

engine efficiency. The lead trap does not solve the problem of lead pollution, but merely

transfers it from an atmospheric to a solid waste one[7].

The use of other additives introduces an alternative solution. One of the earliest

compounds used as an anti-knock additive is Fe(CO)5. This shows promise in raising

octane number, especially on paraffinic fuels on which it was first used. However, several

problems including effects on the engine led to the phase out of its use.

Methylcyclopenta-dienyl Manganese Tricarbonyl (MMT) has been used in USA as an

octane booster in recent years[5]. However, MMT works most effectively in the presence

of lead itlkyls, and therefore does not eliminate the problem. Recently, the direction has

been towards using organic substances which may be classified into two families;

aromatics containing nitrogen and oxygen such as amines and caster, and non aromatic

compounds containing oxygen such as alchohols and ethers (oxygenates). Most of these

additives are very expensive, unstable, and environmentally undesirable since they

produce strong odors[5].

Several options may be utilized whereby octane levels can be maintained while

eliminating the lead added to gasoline by changing its composition. This can be achieved

by increasing the use of refinery processes yielding high octane blending components

such as aromatics, olefins or isoparaffins.
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Improvement on octane number of about 20 numbers can be achieved by the

isomarization process (isosive process) which allows the removal of normal paraffin's

but with shrinkage in gasoline volume. To avoid volume shrinkage the isosive process

can be integrated with isomarization to convert C5 and C6 normals to the higher octane

isomers. This integration is marketed as the Total Isomarization Process (TIP) [13]. The

feasibility of implementing refinery processes to boost gasoline octane rating was studied

by the same authors [14].

Alternatives to Lead in Gasoline : A Comparison

The possible methods of eliminating lead compounds in automobile exhaust were

introduced. Each of these methods has advantages and disadvantages in terms of factors

such as cost, performance and environmental effect. In this section, an attempt will be

made to compare between the different methods in such a way as to emerge with an

optimum solution to the lead pollution problem posed by lead additives in gasoline, with

special emphasis on the situation in Egypt.

Break Even Analysis

The break even analysis is one of the simplest ways to provide a logical

comparison between alternatives from the consumer's point of view. A simple break even

analysis between unleaded fuel and lead traps will be conducted, since these are the two

solutions which are widely available in the market. Since these methods have not been

implemented in Egypt, the USA will be taken as the base of the analysis.

Relevant data for the analysis include prices of leaded and unleaded gasoline, cost

of the lead trap, and the expected running cost of replaceable parts needed for the lead

trap. Prices of the gasoline are available per gallon, and it is estimated that the average car

travels 40 kilometers per gallon. The obtained data are as follows:-

Unleaded Gasoline: Initial cost = 0

Running cost = $ 1.07 / gallon

Lead Trap : Initial cost =$110

Running cost (fuel) =$ 0.95/gallon

Running cost (parts) =$ 0.10/gallon

Total running cost =$ 1.05/gallon
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The running cost of replaceable parts is estimated at $ 30 per year for an average

of 1000 kilometers per month. Using the conversion of 40 kilometers per gallon, this cost

is calculated at $ 0.10 per gallon. The initial cost of $ 110 for the trap includes the cost of

the trap and its incorporation into the exhaust system. The break even point (x) is

therefore calculated as follows:-

1.07 X= 110+ 1.05 X X= 5,500 gallons

Again, using the previously estimated value of 40 Kilometers / gallon, the break

even point is found to be at 5,500 X 40 = 220,000 kilometers. This indicates that, for the

consumer, the use of a lead trap will only be cost efficient after 220,000 kilometers which

is more than the average car will ever travel. Figure 3.4 shows the graph of cost versus

kilometers for both alternatives.

Clearly, through this quick calculation, the lead trap has proved to be inefficient in

terms of cost. Since this will obviously be the only factor which will induce a person to

use leaded gasoline with a lead trap in favor of unleaded gasoline, it can only be

concluded that the lead trap does not provide a feasible solution to the lead pollution

problem when compared to the use of unleaded gasoline. Indeed, the use of lead traps has

met with minimal success in both Europe and the United States.

Scoring Matrix Criteria

The scoring matrix criteria provides one of the most efficient methods of

comparing between alternatives. This is achieved by selecting criteria of importance in

the comparison, calculating a weight of importance for each, and assigning relative point

values to the criteria for each alternative. Total scores are reached for the different

alternatives which may then be compared relatively.

The criteria of importance can be defined as environmental impact, cost, required

maintenance, safety, and engine performance or efficiency. The general term 'cost' is

intended to cover both costs related to the production of fuels and necessary

modifications to existing designs, and running costs including costs of raw materials.

The main alternatives which have been chosen for comparison are leaded fuel,

unleaded fuel, leaded fuel using a lead trap and other fuels. Other fuels includes all

alternative fuels discussed previously. Since they are relatively similar with respect to the

chosen criteria, it is possible to group them as a single solution. Similarly, the term
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unleaded fuel comprises the different types discussed previously. Leaded fuel may be

considered as a control alternative for use in comparison. The scoring matrix criteria is

shown in Figure 3.5.

The first step is to obtain the weight of importance for each criterion. To do this .

each criterion is given a number expressing its importance relative to all other criteria.

Four represents major preference, three medium preference, two minor preference, and

one indicates no special preference. The numbers are shown in the intersections between

the criteria. Since this study is conducted from the environmental point of view,

environmental impact was chosen to have minor preference over cost and safety, and

medium preference over maintenance and engine performance. Again, as an example, the

number 1 in the intersection between cost and safety implies that the former has no

preference over the latter. The numbers on each of the slanted rows are then added to give

the score for each criterion, and adjusted on a range of 1 to 10 to give the relative weight

of importance.

The four alternatives are then given scores in each of the different criteria, ranging

from one, which denotes poor, to five, which denotes excellent. These scores arc shown

in each cell below the diagonal line. As an example, leaded fuel scores ' poor' on

environmental impact, and the lead trap scores ' fair* on cost. In terms of environmental

impact, unleaded fuel and other fuels are the best solutions, while leaded fuel is the worst.

The reverse is true for cost. Other fuels score low on safety since most of them are either

very flammable or hazardous to store and handle. Leaded fuel scores highest on engine

performance or efficiency, while the lead trap scores lowest on required maintenance.

In each cell, the number above the diagonal line is simply equal to the number

below the line times the weight of importance for the relative criterion. The final score for

each alternative is the addition of numbers above the diagonals across the row. Unleaded

fuel is seen to score highest (87) due to its good environmental impact, safety and

efficiency, followed by other fuels (72), leaded fuel (70), and finally, the lead trap with a

score of (66). It may seem strange that the lead trap scores lower than leaded fuel.

However, although the lead trap will improve environmental impact when used with

leaded fuel, its poor performance in terms of cost, effects on engine performance, and

required maintenance tends to overshadow this improvement . When the solid waste

problem posed by the lead trap is taken into account along with its financial unfeasibility

from the point of view of the consumer (previously demonstrated in the previous section),

it proves to be a solution which we can safely neglect.
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When deciding on a course action to implement in Egypt, all of the above factors

must be taken into consideration.

The use of alternative fuels will prove to be infusible in the near future due to

several factors, not the least important of which is cost. Availability of raw materials will

also be a problem. Therefore , the only remaining solution is the use of unleaded fuel,

which indeed has proven to be the most practical solution.

CONCLUST1ON

The use of alternative fuels instead of gasoline as a way to reduce the level of lead

and lead compounds emitted from motor vehicles is not completely fesaible. New product

units, distribution networks, filling stations, and engine modifications must be

implemented.

The use of other additives, on the other hand is not an acceptable alternative most

of these additives are expensive, unstable, and environmentally undesirable since they

produce strong odors.

The use of the lead trap does not solve the problem of lead pollution but transfer it

irom an atmospheric to a solid waste one. Besides, the cost of the trap and its replacable

parts, and the negative effects of using the lead trap on engine performance are major

drawback that the lead trap has proven to be inefficient in terms of cost compared with

the use of unleaded fuel. Using the scoring matrix criteria to compare between all

•ihcrnatives proves that the use of unleaded fuel introduces the most feasible solution

when compared with the use of leaded fuel, the use of lead trap, and the use of alternative

fuels.
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Table 2 Lead content and consumption patterns in W. Europe, USA, and Japan
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Figure 1 Typical vehicle emissions with a catalytic converter.
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LEAD POLLUTION SOURCES AND IMPACTS

by
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ABSTRACT

Despite the medical awareness of lead toxicity, and despite legislation designed to reduce environmental

contamination, lead is one of the most widely used heavy metals. Significant human exposure occurs from

automobile exhaust fumes, cigarette smoking, lead-based paints and plumbing systems

Lead spread in the environment can take place in several ways, the most important of which is through

the lead compounds released in automobile exhaust as a direct result of the addition of tetraethyl or tetraethyl lead

to gasoline as octane boosting agents. Of special concern is the effect of lead pollution on children, which affects

their behavioral and educational attributes considerably. The major channel through which lead is absorbed is

through inhalation of Lead compounds in the atmosphere.

Lead is a heavy metal characterized by its malleability, ductility and poor conduction of electricity. So, it

has a wide range of applications ranging from battery manufacturing to glazing ceramics. It is rarely found free in

nature but is present in several minerals and compounds

The aim of this paper is to discuss natural and anthropogenic sources of lead together with its distribution

and trends with emphasis on Egypt. The effects of lead pollution on human health, vegetation and welfare are also

presented.

It could be concluded that, the excessive release of lead into the environment, especially through the

atmosphere, can produce many detrimental and sometimes fatal effects on human, agriculture and zoological life.

Besides, it is very plain that there is a serious problem of pollution by lead in Egypt and specially in Cairo.

* The American University In Cairo, Engineering Department, P.O.Box 2511, Cairo,

Egypt.

** Vice Dean, Higher Technological Institute, Tenth of Ramadan, Egypt
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INTRODUCTION

Means of transportation utilization for energy sources is escalating to meet the

demands of the population growth encountered in Egypt. Mass and privet transportation is

consuming massive amounts of leaded gasoline as the common fuel used in cars and variable

size trucks. Tetraethyl Lead used as anti-knock chemical to improve the octane number of

gasoline is still in use though it is phasing out now in Egypt. Other sources of lead pollution in

the Egyptian environment is localized around its sources of industrial generation and its

combat should be focused in those impacted areas.

Lead is present in two major forms. The first is inorganic lead as various salts and

oxides. The second is alkyl or organic lead, which includes tetraethyl lead. Lead is cumulative

poison affecting multiple systems within the body. Most notably it affects the central and

peripheral nervous system, the kidney, and hematopoieses and heme synthesis. Absorption

varies with age, as adults absorb about 10% of an oral dose while children can absorb up to

50%. Lead is stored in the bone with minimal excretion in the bile and urine. From the kidney,

lead is excreted in the urine and redistributed to other tissues mainly the bones [1].

Lead (Pb) is a soft, silvery-white or grayish metal in Group IVa of the periodic table. It

is very malleable, ductile, dense and a poor conductor of electricity. Known to be the oldest of

metals, lead is highly durable and resistant to corrosion (that is why it was used by the ancient

Romans in the manufacture of water pipes [2]).

Lead is rarely found free in nature, but is present in several minerals, the most

significant of which is the sulfide, PbS, also known as galena or lead glance. This is the major

source of lead production throughout the world. Lead may be extracted by roasting the ore

(healing in a stream of air) in an open -hearth furnace or by roasting and smelting the ore in a

blast furnace. Lead oxidizes quickly, forming a dull gray coating ( a mixture of lead and lead

monoxide, PbO) which protects the metal from further corrosion.

A traditional use of lead is in sheet and pipe, mainly in building and also in chemical

plants. Lead sheets are used in building for roof coverings, in walls to block the transmission of
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sound, in foundations to absorb vibrations from street traffic and other sources. The main use

of lead sheets and pipes in chemical plants is for handling sulfuric acid. However, the demand

for lead pipes used in water and wastewater has decreased drastically due to their substitution

by cheaper alternatives such as plastics.

White Lead (basic lead carbonate) was in the past used as a pigment for paints, mainly

in wood primers, but was weathered and washed away by rain, to be dispersed in the

environment. Red Lead and calcium plumbate are used as rust-inhibiting pigments in primers

for iron and steel. Another important pigment is yellow Lead chromate, used in exterior paints

and plastic compounds for road marking. Lead-pigmented paints tend to be eroded and can

therefore be considered as an added minor source of lead contributing to the environmental

pollution.

Lead bisilicate is widely used in glazing ceramics. Lead compounds go into the

manufacturing of glass, fluorescent lights and television tubes. Small quantities can enter the

environment from these applications, but they are unlikely to cause significant lead

concentrations [3]. Minor cumulative concentration can be leached from lead base glaze when

used in food utensils and oven and table ware, where acidic food is kept for prolonged time.

Many other uses of Lead in metallic form exist, such as lead shot for bullets , but the

most important are lead alloys such as printing metals and solders. It is also used as shielding

around nuclear reactors, particle accelerators and X-ray equipment due to its absorption of

electromagnetic radiation [2].

However, for a long time, the largest application of lead was in cable sheathing, mostly

for cables buried in the ground. Lead sheathing is almost hard to destroy and chances of lead

entry to the environment are slight [3].

Nevertheless, lead batteries for auto industry is a major application of lead. Batteries

are, in fact, enclosed packages of lead which therefore does not enter the environment during

their use. Almost all of the lead used in batteries is recovered and gere back to smelters and

refiners.
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Tetraethyl and tetraethyl lead are added to gasoline since this has always been

considered the most convenient and economic method to improve the anti-knock

characteristics (increasing the octane rating) of gasoline. This application has been the major

source of lead pollution [5].

As it can be seen from figure 1, the production and consumption of lead started rising

steeply starting from around 1950. Consumption continued to grow at a rate of about 3'/J

percent annually and was expected to continue in doing so until the year 2000. Recently,

consumption has slowed down, mainly due to the increased usage of alternative anti-knock

additives in gasoline. Both production and consumption are expected to level off; eventually

mining has also slowed down greatly due to increased recycling [5],

SOURCES AND EMISSION OF LEAD

Lead is a widespread constituent in the earth's crust and has always been present in

soils,, rivers, lakes and seas. It has also been present in the air (following the burning of wood

and coal) and in both edible and inedible plants. Lead in soil ranges from 2 to 200 ppm and

averages 16 ppm. The compounds of lead are generally insoluble, therefore, concentrations of

lead in natural water bodies are usually very low (ranging from 0.001 to 0.01 ppm.)

There are various ways in which lead can enter the environment : from primary and

secondary smelting operations, from fabricating processes, as a result of ways in which it is

used, in the combustion of coal and other natural products, and in the disposal of unwanted

materials containing lead products and combustion of leaded gasoline [5].

The biggest source of Lead emitted into the atmosphere by far, is the combustion of

fuels containing Lead additives [7].

In USA, the lead emission has decreased dramatically in the late 1970's and early

1980's as a direct result of the introduction of unleaded fuel. However, a study conducted in

England shows that in 1976,46% of lead in the atmosphere came from the burning of gasoline

only [3]. Also, for a decrease in lead constituents in petrol of 56%, an average decrease in lead

blood levels was found to be 37% [7].
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Table 1 : Sources and emissions of Lead in USA, million metric ton/year.

source 1975 1984

Transportation

Fuel combustion

Industrial processes

Solid waste

Total

122.6

9.3

10.3

4.8

147.0

34.7

0.5

2.3

2.6

40.1

A very useful study was conducted in the USA to survey the lead sources and emission

for 100 years during 1880-1980 [7]. It was conducted on the Hudson -Raritan river in New

York State and provides an input - output matrix for a material balance method . The matrix

consists of pure sources, intermediate receptors, and retention & final fates.

It was clear from this study that over 54 % of the lead emitted was due to fossil fuel

combustion, the majority of which comes from alkyl - lead compounds in automotive gasoline.

On the other hand, only 1% of the lead came from natural sources, which implies that through

man's activities, the amount of lead in the environment has been increased one hundred fold.

It was obvious that lead may reach the environment through several channels. It is

retained on land and in the soil, and is therefore absorbed by vegetation, and in turn by animals

eating the vegetation. It moves into surface waters, upsetting the ecological balance and having

a toxic effect on marine life.

In Egypt, pollution by lead has reached alarming levels, especially in big cities and

most markedly in Cairo, due to the high population density and the dense traffic in Cairo.

The lead levels in the atmosphere in Cairo were found to be concentrated at street level,

and decrease gradually with altitude. In some areas, the level has reached six times the

allowable ambient level in the USA (0.15 ug/m3), and it is estimated that the average person

living in the crowded regions of Cairo absorbs about 32.5 micrograms of lead per year [9].
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A study was conducted by the Faculty of Medicine (Cairo University) to monitor lead

levels in the atmosphere in Cairo and their effect on traffic Police men in 1986. The level of

lead in the blood was found to range from 8 to 30 micrograms per 100 ml.of blood. In

crowded regions, the average was 62.78 micrograms/100 ml as opposed to 20 micrograms/100

ml which is the maximum limit set by health authorities [10].

Another study conducted by the National Research Center showed that the atmospheric

level of lead reached 3.4 micrograms /mJ in Cairo in 5985 as opposed to a maximum

international limit of 1.5 micrograms /m5 [10].

EFFECTS OF LEAD POLLUTION ON HEALTH

General

The adverse health effects of lead on reproduction has been known since the mid-

1800s. Exposure to lead may decrease fertility in both sexes; it can increase the frequency of

abnormal pregnancy, spontaneous abortion, and stillbirths. The concentration of umbilical cord

blood lead was discovered to be associated, in a dose-related fashion, with an increased risk for

minor anomalies [11]. A higher proportion of retarded infants were bom to women who drank

water containing excessive amounts of lead during pregnancy. It has been suggested that the

teratogenic effects of lead represent a paradigm for transplacental toxicant.

Airborne lead can be inhaled directly, absorbed through the skin or inhaled with dust

particles to which it readily clings [11].

Human exposure to lead in the various ways discussed previously can lead to many

different effects on health. These can be split into acute effects, which arise abruptly, in a few

days or weeks of exposure to relatively high lead levels, and chronic effects, which occur

slowly, getting slightly worse year by year. The latter are associated with long term exposure

to relatively low levels of lead pollution, and are of greater concern because they represent the

majority of poisoning cases, and also because they are difficult to be assessed [7].
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1
The threshold limit value of lead in air in the UK and USA is 0.2 mg per cubic meter

[6]. This is considered to be a borderline level for most people who work regularly with lead.

In Russia, the limit is 0.01 mg per cubic meter. Japan has set a threshold value of 0.12 mg per

cubic meter for a 48 to 60 hour working week [3].

Acute lead poisoning produces neurological, blood and kidney effects, which may be

accompanied by headache, dizziness, insomnia, loss of appetite and a metallic taste in the

mouth. Symptoms of neurological damage include weakness, nervous irritability, muscle and

joint pain and tremors. Severe poisoning can result in brain damage leading to coma and death.

Constipation and abdominal cramping are also signs of acute poisoning, sometimes relieved

only by surgery. .

Chronic lead poisoning is evident in blood and neurological disorders. Lead interferes

with the synthesis of hemoglobin, resulting in anemia. Even at very low levels before anemia is

evident, lead inhibits certain enzymes important in the formation of blood components. The

toxic effects of lead on the nervous system vary with the duration and intensity of exposure.

Hearing, eye - hand coordination and muscular strength and endurance are all affected by the

amount of lead in the body. Tremors and psychological symptoms (hostility, aggression and

anxiety) are also evident, indicating that brain and nerve damage result from low - level

exposure to lead. Slow reaction time and slow growth have also been associated with chronic

lead poisoning. [7]

The proportion of lead entering the body through inhalation has been found to be very

high. Figure 2 shows the contribution of airborne lead to total lead intake. Clearly, airborne

lead can reach humans through a variety of channels, but the only direct one is inhalation.

Also, Figure 3 shows the direct and obvious relationship between lead in the air and in blood.

It has been estimated that 20-40 % of inhaled lead settles in the lungs, while 50% or more is

absorbed into the blood and accumulated in the bones. Since it has been proven that the

majority of airborne lead results from that used in petrol, a direct relationship should be

expected to exist between lead in petrol and lead in the human body. This relationship is

demonstrated in Figure 4.
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Children

Children are of particular concern in consideration of lead exposure and effects. Not

only are children exposed to additional sources of lead, but they are more susceptible to its

toxic effects, exhibiting symptoms at lower levels than adults. They are more sensitive to lead

anemia and may experience subtle neurological damage which is very difficult to monitor,

but is evident in loss of motor skills and speech ability. Learning ability may be affected due to

motor in-coordination. Lack of sensory perception, inability to concentrate and kidney disease

have also been found to be more prevalent in children than in adults. It has been estimated that

lead can cause a deficit of 7 IQ (Intelligence quotient) points in children.

In a study conducted in Boston Massachusetts [12], the relationship between lead

levels (measured in the teeth) and behavioral and educational difficulties in school children

was studied. The results are depicted in Figure 5. The following characteristics were found to

have a direct relationship with elevated lead levels: distractible, not persistent, dependent,

unorganized, hyperactive, impulsive, frustrated, daydreamer, unable to follow directions and

sequences and low overall functioning.[12]

In Egypt, a study was conducted [10] in which random samples of children from

different areas of Cairo were tested for lead levels in the blood. It can be seen that the average

lies in the 111-120 micrograms per liter sector, i.e. above the maximum limit. Indeed, the

percentage of children tested between the ages of 0 and 12 whose lead blood level exceeded

the allowable limit was 74%, which is alarmingly high. In Figure 6, the distribution of children

is shown geographically, illustrating the proportion of children between ages 0 and 6 who have

exceeded the allowable blood level in each area. It is very clear that the situation becomes

progressively worse as one moves from Maadi to Zamalek to Mohandessin to Dokki and Giza.

In the latter two, 100% of the children tested had lead blood levels exceeding 100 micrograms

per liter, Fig. 7 [13].
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Lead also affects unborn children whose mothers have high lead blood levels, since it

is readily transferred across the placenta. Therefore, the concentration of lead in the blood of

new bom children will be similar to that of their mothers [8].

EFFECT OF LEAD POLLUTION ON VEGETATION AND ANIMAL LIFE

The movement of lead in the environment results in further accumulation throughout

food chains. Therefore, lead in the atmosphere can be washed down by rain, enter the soil and

be absorbed by plants, which may be consumed by animals, which may in turn be consumed

by human beings. Four barriers restrict the movement of lead otherwise the effects of this chain

would be catastrophic. The first is in the soil, where only a small proportion of the lead is

available to plant roots. The second is in the roots, from which only a small proportion of the

absorbed lead is transported to the shoots. The third is in the intestines of animals, from which

only a small proportion of the ingested lead is absorbed, the remainder being excreted. Finally ,

the fourth barrier results from the partitioning of lead in the tissues of animals where it

accumulates in the bones, and does not therefore contribute significantly to the dietary intake

ofman.[4]

Laboratory and field data have shown that at high concentrations, lead can affect

certain plants and inhibit photosynthesis, reduce growth and alter species composition. It can

also alter the composition of soil microbial communities and inhibit invertebrate activity

resulting in delayed decomposition of organic matter, reduced nutrient supply, and altered soil

properties, such as lower organic content. [4]

Lead is toxic to all Phyla of aquatic biota. Water concentrations as low as 19 mg / liter

have been associated with increased mortality and impaired reproduction in aquatic

invertebrates. Vertebrates (fish) appear to be even more sensitive.[4].
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Lead poisoning in livestock is reported in the vicinity of lead smelting operations and

usually takes place due to the ingestion of lead dust-contaminated foliage, either in the acute or

chronic form.

Acute lead poisoning in cattle is characterized by excessive thirst, salivation, loss of

appetite, constipation, delirium and reduced milk production, which all may lead to death.

Chronic poisoning involves a spectrum of symptoms including diarrhea, colic , nervous

disorders, swollen joints, lethargy, in-coordination, bellowing stupor, tough coats, and

emaciation, as well as a variety of metabolic changes similar to those experienced by human

beings. Lead is retained, as in humans , in increasing quantities by the tissues, particularly in

the bone. [15]

CONCLUSION

It can be seen that the excessive release of lead into the environment, especially

through the atmosphere, can produce many detrimental, and sometimes fatal, effects on human

, agricultural and zoological life, as well as the environment on the whole.

It is clear that there is a serious problem of pollution by lead in Egypt and especially in

Cairo. Keeping in mind that the above statistics are not very recent, and lead levels are

expected to have increased throughout the previous years due to the increase in population

density, number of cars, and overall congestion. Decreased levels of calcium intake and

malnutrition in children exacerbate the lead pollutional health impacts in the children the most

vulnerable category of population to lead poisoning. Parasitic infections predominantly

increasing between Egyptian population is an added contributing factor to children

malnutrition which enhance the negative health impacts of lead on children, and women.

It is seriously needed to monitor continuously the lead level in the crowded urban

centers where large number of people are affected with lead concentration especially if they

are repetitively exposed to it. Emission control devices should be installed on the car exhaust to

limit the environmental health degradation created by the use of unleaded gasoline.
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Abstract

The environmental and safety regulatory compliance aspects of municipal public works
and utilities will be discussed

The functions and typical scope of services and regulatory requirements for divisions of a
typical Department of Public Works in a municipality like Street Maintenance, Sanitation
and Waste Collection, Water Pollution Control/Sewage Treatment Plant and Facilities,
Water Treatment Plants and facilities. Public Works Engineering, Water and Sewerage
Services, Traffic Operations, Building and Safety Inspection, and Facilities Maintenance
Divisions are included.

The paper also identifies the environmental and safety concerns that impact both employee
health and safety as well as the environment Statistical information on occupation-related
injuries, diseases and fatalities in the United States is provided to underscore the
importance of Environmental Safety and Health Management

Recommendations are also made to aid regulatory compliance and improve worker safety
and health as well as Environmental Safety and Health Program implementation and
training.

1. Introduction

The United States Congress has mandated a safe environment and safe occupational
workplaces through a complex network of laws and regulations administered by the
Environmental Protection Agency (EPA), Occupational Safety and Health Administration
(OSHA) and the Departments of Transportation and Interior. These laws and regulations
were initially directed at US Industry, but have become applicable to the Federal
government and local government in recent extensions. '
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Delegation of enforcement to the states creates a second set of laws and accompanying
regulations which now apply both to industry and municipal government, which are often
unsure of their present compliance status. Non-compliance not only creates unsafe and
environmentally unsound operation, but also subjects the institution to potentially costly
fines, civil and even criminal action as illustrated in Tables 1 and 2.

Table 1.
Top 20 Cited OSHA Violations

October I, 1993 through September 30,1994

1
2
3
4
5
6
7
8
9
10
11
12
13
14
IS
16
17
18
19
20

Subject

Written Hazard Communication Program
OSHA 200 Log
Hazard Communication-Employee Information
Hazard Communicauoo-Labcling
Posting of OSHA Notice
Access to Employee Exposure A Medical Records
Lockout/Tagout-Eoergy Control Program
Lockoul/Tagout-Energy Control Procedures
Machine Guarding-Types of Guarding
Abrasive Wheel Machinery-Exposure Adjustment
Hazard Communicslion-MSDS
Fust Aid-Eye Wash for Corrosives
Lockout/Tagoul-Training and Communication
Mechanical Power-Tmnsmission-Pulley Guarding
Wiring Methods-Flexible Cords and Cables
Machine Guarding-Point of Operating Guarding
Abrasive Wheel Machinery-Work Rests
Guarding Floor & Wall Openings & Holes
Electric-Guarding of Live Pans
Electric-Wiring

Vinhtinn. Penalty

1910.1200 (eKD
19O4.2U)
1910.1200<b)
1910.1200(0(5)
1903.2UXD
1910.20(gXl)
1910.147(cKD
1910.147(cK4)
1910.212(aXU
1910.215(bX9)
1910.1200<gXl)
19IO.151(c)
1910.147(cX7)
!91O.219(dXl)
1910.305(gXD
I910.212UX3)
19lO.215(aX4)
1910.23(cXD
19IO.3O3(gX2)
1910.3O5(bXD

5826
3941
3834
3367
2895
2166
1960
1476
1886
1735
1626
1583
1485
1376
1228
1187
1156
1113
1059
1020

$3,170,303.00
2.258.237.00
1,427.512.00
1.194.210.00

656.205.00
136.205.00

1.926.388.00
2,953.552.00
2,969.327.00

878.290.00
646.800.00

1,410.260.00
8.780.450.00
1,123.733.00

610,493.00
1,973.635.00

715,655.00
1,520.348.00
1,093.602.00

627,905.00

1993 Williams Knowledge Systems, Inc.
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Table 2 documents the maximum fines and criminal penalties possible for violation of the
statutes mandating training requirements.

Table 2. Representative Civil and Criminal Penalties for Federal Environmental Statutes
which Mandate Training

Law

Dean Water Act

Hazardous and Solid
Waste Amendments

Superfund Amendments
and Reautborizatioo Act
Hazardous Materials
Transportation Act

Requirement

TOM. SPCC

RCRA

HAZWOPER

DOT 105(f) unlawful
tampering of markings

Civil Penally

$5,000/day

S25.0OO/day

$70,000/offense

S25.000/offense

Criminal Penalty

$250,000 and/or 15
yeara
$50,000/vk>lation
and/or 2 yean or
$250,000 and/or 15
years

$500,000 or S yean

Inquiries and lost time have had a major inpact on the efficiency of US industry. OSHA
keeps statistics describing these problems. Table 3 documents the problems.

Table 3. WORK RELATED ACCIDENTS in 1993
(Source: Accident Facts 1994 Edition - National Safety Council)

Total Cost in 1993 to U.S. Businesses $111.9 Billion

Breakdown of Costs (in Sbillions):
Insurance administrative costs $ 14.4
Wage and productivity losses $59.9
Medical costs $20.7
Uninsured costs, e.g. time lost by non-disabled
injured workers, accident investigation costs.
reports etc $10.2
Fire losses

$3.1
Damage to motor vehicles in vehicle accidents $4.1
Cost per worker
(Value of goods/services per worker
needed to offset cost of workplace injuries) $990
Cost per death, excluding properly damage
(estimated wage lost medical expenses,
insurance administrative costs, uninsured costs) $780,000
Cost per disabling injury,
excluding property damage
(estimated wage lost medical expenses,
insurance administrative costs, uninsured costs) $27,000

Total Cost of Work Accidents in 1993 is equivalent to:

Loss in Corporate Dividends to Stockbolden 66 cents per dollar
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2. The Developing Practice of Environmental and Safety Auditing:
Overview

Environmental and Safety auditing methods have been developed to assist municipalities in the
process of the Review, Evaluation. Implementation and Monitoring of environmental and
safety programs and procedures for typical city Departments:

Table 4.

Typical City Departments

Mayor's Office Department of Public Works and Utilities City Attorney s Office

City Council's Office Civil Service Commission Human Relations Commission

City Administrator's Office Community Development Ombudsman Office

Assessment Division Data Processing Parks and Recreation

City Clerk's Office Finance Department Personnel and Labor Relations

Fire Department Court Purchases and Supplies

Police Department Housing Commission Treasury Division

Review

First a thorough review of all aspects of the City's current safety program is conducted
Through meetings, responses to checklists (created and tailored specifically for each of the
Department), observations, and a careful assessment of all the saferv related documents,
an overview of all of safety programs, procedures, and equipment is obtained

Evaluate/Recommend

The audit team typically will consist of engineers, health and hygiene specialists, and legal
experts. A multi-disciplinary team is can bring points of view to the analysis from all of
the fields that are important to safety. The City's current safety program, procedures, and
equipment are compared with the existing federal and state government regulations, as
well as requirements that the regulatory agencies are planning for the future A safety
program that will meet all federal and state regulations is then recommended The
program must be efficient, economical, and easy to implement and maintain

Implementation

The most crucial phase of the project requires the cooperation of most of the Citv's
employees. This is an area in which a multi-disciplinary team is particularly well suited.
With experts from a variety of fields, the team has significant experience in dealing with
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people in a variety of job classifications. In safety development, the team continually
stresses to the employees that while the employer must give the employee proper safety
training and equipment, it is the employee who is ultimately responsible for his or her own
safety on the job Typical training will include hazardous materials handling, confined
space, lock out/tag out, and any other specialized safety information to all personnel
whose job classifications require it. Training materials, procedures for any required
monitoring, recordkeeping, and reporting must be set up. A multi-user database to track
all safety records, schedules, audits, programs, and procedures is needed.

Monitor

Lastly, management must provide on-site monitoring and review of the City's newly
implemented safety program, and keep City personnel abreast of new regulations and
developments, as well as providing training to meet new regulations.

3. The Audit Process

Requirements

An initial meeting is held between key members of the project team and key
representatives of the City. The City Safety Officer and representatives from Fire, Police,
HealtK and Public Works should be at the initial meeting and form a City Executive Safety
Committee. At this meeting the requirements of this project are reviewed. A City wide
Safety Committee should be established. This Committee will consist of a representative
from the safety committee of selected Department/Cost Centers listed in Table 4. These
representatives serve as the contacts through which the Consultant sets up individual
Department meetings, obtain documents, and passes information.

Current Program and Procedures Documentation

After the initial general meeting and the selection of the City Wide Safety Committee,
separate meetings with each Department/Cost Center are held. These meetings are
attended by the Consultant, the Safety Committee member and any other Department/Cost
Center personnel that are knowledgeable about the safety programs and procedures. The
City Safety Officer is requested to be at all meetings, schedule allowing. To maximize the
information transfer at the meetings, each representative is given a preliminary
questionnaire to fill out and return to the Consultant prior to the meeting. This preliminary
questionnaire consists of general questions about the operation of that Department,
existing safety programs, accident records, etc. The questions are structured so that
information about that areas compliance with the safety laws can be obtained At the
meeting the questionnaire is discussed, questions will be clarified, and any other
information needed is obtained The Consultant makes follow-up visits to any Department
where additional information or clarifications are needed.
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Current equipment, training, and familiarization

All information concerning equipment, training, and familiarization obtained through the
questionnaire, meetings, safety records, etc., as discussed in the above section is obtained
by walk through inspections and meetings at the operations level

Report

The Consultant uses the information from the preliminary questionnaire and the
information obtained at the meeting to write a detailed report on the City's existing
compliance status with safety laws The report is "Safety Regulatory Compliance Agenda
for the City: Existing Safety Programs and Procedures Status".

4. Evaluate and Recommendations

Meet with staff for review of compliance status

A meeting is then held with the City Executive Safety Committee, to review the
findings. The Consultant will note any new information, clarifications, questions, and
feedback. The Consultant uses the findings and any information obtained at this meeting to
create a detailed Safety Inspection Checklist Because the safety needs and concerns of the
various Departments are different, e.g. Mayor's office versus Public Works, ther,e will be
different Safety Inspection Checklists for the different Departments/Cost Centers. These
checklists are used to evaluate each Department current safety program status. It consists
of a self audit that an employee can perform on their Department Once the checklists are
developed, the Safety Committee member is given the Safetv Inspection Checklist and
training on its use. The Safety Inspectors use the Checklist to perform a safety inspection
on their respective Department/Cost Center The Consultant will be available to the Safety
Inspectors during their inspections to answer questions or give them help as needed

Evaluate and recommend programs and procedures

After safety inspections have been completed, the Consultant meets with each Safety
Committee member to go over the results. The Consultant compares the findings of the
audit against mandated safety requirements to evaluate the status of compliance

-726-



5. Training: Environmental and Safety Training Requirements

Municipalities are faced with multiple regulatory training and training recordkeeping
requirements, including those related to the environment, employee safety, and
transportation. These explicit training requirements are supplemented by institutional
practices that translate regulatory standards into municipal department, and facility-level
standard operating procedures. Together, these requirements and practices must be
communicated to a broad range of employees. Hence, an environmental and Safety audit
will always trigger the need for a major training program.

Content Federal Training Requirements

Table 5 lists the federal environmental, health and safety, and transportation training
requirements applicable to municipalities. It includes those requirements applicable to the
handling and management of regulated substances, but excludes those related purely to
employee safety concerns, such as hard-hat or lock-out training. It also excludes any
related state or local training requirement.
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TableS: Federal Envii ital Trainint; Requirements

Name

Hazardous
Waste Training

SPCC training

Technician
training and
certification
Technician
training and
certification
TOT training

Laboratory
Safety
Hazardous
Materials
Transportation

Dangerous
Goods
HazCom

HAZWOPER

Process Safety

Asbestos
training

Citation

40CFR' 264.16
and 265.16
4OCFR
262.34(dX5)

58FR:31114
40CFI
112.7(eK10)
40 CFR 82.40

40 CFR 82.40

40 CFR 433

40 CFR 792.29

49 CFR
SubpartH

49 CFR 117.816
T1J6-I-1&DGR
1.5
29 CFR
1910.1200
29 CFR
1910 12«q>

29 CFR
19I0.119(g)

29 CFR
1910 1001

Description

Hazardous waste regulatory compliance and
emergency response
Hazardous waste regulatory compliance and
emergency response for small quantity
generators
Hazardous waste minimization
Oil spill prevention control and
countermeasures
Training and certification: refrigerant
recycling, mobile and stationary systems

Training regarding management of solvents
and wastewater discharge

Hazardous communication training for
employees who come into contact with
substances that are significant new uses.
Laboratory operations and safety

Hazardous matenals transportation awareness
level
Hazmat training for employees with specific
compliance responsibilities
Hazmat training concerning emergency
response information and proper handling
procedures for Hazmat movement
Hazmat training for drivers
Hazard communication and air shipment
compliance
Hazard communication

Emergency response, first responder awareness
level
Emergency response, first responder
operational level
Emergency' response, technician level
Emergency response, specialist level
Emergency response, incident command level
Training designed to provide specific safety
and health hazard information and emergency
operations data associated with processes
Training for those employees exposed to
airborne levels of asbestos at or above action
levels

Frequency

Animal

Unspecified

Unspecified
Unspecified

Initial

Unspecified

None

None

Biennially

Biennially

Biennially

Biennially
Biennially

Initial

Annually
Annually
Annually
At least every
3 years

Annually
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Content: State Safety Requirements
The Michigan Occupational Safety and Health Act (MTOSHA) operates under a plan
approved by the US Department of Labor in 1973. The Michigan Departments of Labor
(MDOL) and Public Health (MDPH) are responsible for administrating the Act. Michigan
occupational regulations (standards) are developed by either MDOL or MDPH The
standards which they develop are taken from, and are essentially identical to, U S OSHA
standards. Some standards are developed by MDOL. e.g. lockout/tagout, some are
developed by MDPH, eg. laboratory safety, and some have been developed by each. e.g.
confined space.

Table 6 is a listing of the primary regulations, with citations, that the consultants review
for municipal DPW compliance The consultant also considers related regulations with
which a comprehensive safety program must comply.

Table 6. Safety Regulations

Confined Space
Primary Federal: 29 CFR 1910.146 - Permit-Required Confined Spaces

Slate: MDOL - General Industry Part 90 - Confined Space Entiy
MDPH - R 325 63001-63002 - Permit-Required Confined Spaces

Electrical and Mechanical Lockout/Tagout
Primary Federal: 29 CFR 1910 147 - The Control of Hazardous Energy (Lockout/Tagout)

State: MDOL General Industry Part 85 - The Control of Hazardous Energy Sources

Emergency Planning and Co nity Right to Know
Primary Federal: 40 CFR 300.215 - Title III Local Emergency Response Plans

40 CFR 355 Emergency Planning and Notification

Eicavation, Trenching and Shoring
Primary Federal: 29 CFR 1926.650 - Excavation. Trenching and Shonng

State: MDOL General Industry Part 9 - Excavation. Trenching and Shoring

Hazard Communication (HAZCOM)

Primary Federal: 29 CFR 1910 1200 - Hazard Communication

State: MDOL Construction Industry Part 42 - Hazard Communication
MDOL General Industry Part 92 - Hazard Communication

Hazardom Material! (HAZMAT)
Primary Federal:

29 CFR 1910 101 - Compressed Gasses
29 CFR 1910 102 - Acetylene
29 CFR 1910.103 - Hydrogen
29 CFR 1910 104-Oxygen
29 CFR 1910.105 - Nitrous Oxide

29 CFR 1910 106 - Flammable and Combustible
Liquids

29 CFR 1910 107 - Spray finishing using Flammable and
Combustible Materials

29 CFR 1910 108 - Dip Tanks Containing Flammable and
Combustible Liquids
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29 CFR 1910 KW-Explosives and blastini; agents 29 CFR 1910 115 - Sources ol Standards
29 CFR !'M0 I ID - Storage and Handling of Liquefied 29 CFR 1911) 116 - Standards organizations

Petroleum Gnses 29 CFR 1926 250 - Materials handling, storage, use &
29 CFR 1910 111 - Storage and Handling of Anhydrous disposal

Ammonia

Slate: MDOL General Industry Part 55-Explosives. MDOL Part 56-LPG. MDOL Pan 69-
Compressed Gas. MDOL Pan 75-Flammable and Combusuble Liquids. MDOL Part 78-
Ammonia

Hazardous Want Operations and Emergency Response (HAZWOPER)
Primary Federal: 29 CFR 1910 120 - Hazardous Waste Operations * Emergency Response

Slate: MDPH Rule 325 52130 - Emergency Response to Hazardous Substance Releases

Laboratory Safety
Primary Federal: 29 CFR 1911) 1450 - Occupational Exposure lo

Hazardous Chemicals in Laboratories

Slate: MDPH Rule 325 70101 - Laboratory Safety

ProccM Safety Management
Primary Federal: 29 CFR 1910 119 - Process Safety Management

State: MDOL General Industry Pan 91 - Process Safety Management

Personal Protective Equipment

Primary Federal:

29 CFR 1910 132 - Personal Protective 29 CFR 1910 137 - Electrical Protective Equipment

Equipmeni - General Requirements 29 CFR 1910 13X - Hand Protection

29 CFR 1910 133 - Eye and Face Protection 29 CFR 1910 139 - Sources of Standards

29 CFR 1910 134 - Respiratory Protection 29 CFR 1910 140 - Standards Organizations

29 CFR 1910 135 - Head Protection

29 CFR 1910 136 - Foot Protection

State: MDOL Construction Operations Pan 6 - Personal Protective Equipmeni
MDOL General Industry Pan 33 - Personal Protective Equipment
MDPH R 3501 - Personal Protective Equipment
MDPH R 3502 - General Respiratory Protection

Welding. Cutting, and Brazing
Federal:

29CFR 1910251 -Definitions 29CFR 1910 254 - Arc Welding and Cutting
29 CFR 1910 252 - General Requirements 29 CFR 1910 255 - Resistance Welding
29CFR 1910 253 -Oxygen-Fuel Gas Welding 29CFR 1910 256 - Sources of Standards

and Cutting 29 CFR 1910 257 - Standards Organizations

Stale: MDOL Construction Operations Part 7 - Welding and Cutting
MDOL General Industry Part 12 - Welding and Cutting
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Content: Institutional Environmental Training Practices

The following institutional practices that often form the subject of municipal training
programs

Name

PCB management
Hazardous waste management practices
Non-hazardous waste management
Empty container management
Emergency preparedness and response practices
Container and tank management practices
Waste minimization practices
Used oil management practices
Exempt waste management practices
Universal waste management practices
Asbestos
Solid waste management

Audience

The explicit or institutional training requirements affect one of four identifiable categories
of training:

Awareness Training

Certain training requirements apply to all personnel who come into contact with or work
in the vicinity of regulated materials, but do not have anv specific compliance function
beyond being "aware of the environmental risk associated with the material and to have
knowledge of where to seek help or instructions if questions arise.

Function-Specific Training - Level I

Specialized subgroups within a facility, such as material handlers, electricians, tank farm
operators, etc , have clearly defined environmental responsibilities These employees must
receive detailed, specific training unique to their "function "

Function-Specific Training - Level II

Each facility maintains individuals who are responsible for facilitv-level compliance (such
as the Environmental Coordinator, the Safety Engineer, or the Shipping Supervisor)
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These individuals must be intimately familiar with the dav-to-day procedures necessary to
maintain facility-wide compliance and reduce future liability

Professional Training

Many individuals within the municipality have responsibility for institution-wide
environmental decisions, such as corporate-level environmental compliance staff This
group must receive detailed and comprehensive training to alert them to upcoming
regulatory shifts, new risk-reduction technologies, and the implications of their actions and
practices.

Record keeping

Most, but not all. regulatory training requirements mandate that records be kept of
employee statistics, program statistics, and some measure of program success. Regardless
of the mandate, however, it is recommended that records be kept of all environmental
training

1. Employee Statistics
Some degree of employee data is normally required, including

Employee name;
Social Security number.
Job title;
Job description;
Education prerequisites; and
Skill prerequisites

2. Program Statistics
The program itself should be documented, including

• Time and date of delivery,
• Location of delivery;
• Methods of instruction and competency analysis ( e g , test, exercises, etc ),
• Participant and instructor materials, and
Instructor name, qualifications, and contact information

3. Program Success
Many training standards mandate that some degree of competency be proved. For
example

• Hazardous waste training requirements state that "facility personnel must successfully
complete a program that teaches them to perform their duties..." (40 CFR
265.16UX1));

• Hazardous materials transportation training requires that each . Hazmat employee is
tested by appropriate means ..." (49 CFR 172,702(d)); and
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HAZWOPER traininu rules state that employees "shall have sufficient training or have had
sufficient experience to objectively demonstrate competency (29 CFR

Whatever the method of competency analysis used, records must be kept

Current Compliance Status

Some municipalities have developed approaches to develop and implement environmental
training programs The audit process will define this status

6. Summary

US Federal Environmental, Health and Safety law now applies to municipalities, and in
particular to their departments of Public Works, which contain water and wastewater
treatment, and other functions which involve chemical and physical safety hazards.
Compliance, while new, is mandatory to achieve a clean environmental and safe
workplace as well as to avoid costly injured, fines and penalties. In this paper we
document the regulations which impact Michigan cities, the audit process necessary to
achieve compliance, and the training guidelines which are needed to perform mandated
training
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Abstract

Section 304 of the 1990 Clean Air Act Amendments (CAAA) directed the US
Occupational Safety and Health Administration <OSHA) to develop a chemical process
safety standard to protect workers on-site from accidents involving hazardous substances.
OSHA issued 29 CFR 1910.119. Process Safety management of Highly Hazardous
Chemicals (PSM) in 1992. Section 112r of the CAAA further mandated that a standard be
developed to protect the environment from accidental releases of hazardous substances.
The US Environmental Protection Agency (EPA) proposed such a standard in 1993 (58
FR 54190) and revised their proposal in 1995 (60 FR 13525). The final rule for risk
management and accidental release prevention is more comprehensive and extensive than
OSHA's PSM standard. In this paper we will discuss the concepts of both programs, the
classes of substances that would trigger a facility "s need for compliance and review the
regulations for risk management.
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1. INTRODUCTION

An estimated 118.000 to 140.000 facilities in the United States will need to comply with
the US Environmental Protection Agency's (EPA) Risk Management Program for
Accidental Release Prevention of Toxic. Flammable, and Explosive Substances. These
include facilities that use more than the threshold quantity of regulated "highly hazardous
chemicals." including mere drum quantities of such common chemicals as concentrated
sulfuric acid and nitric acid. Many of these facilities must also comply with the
Occupational Safety and Health Administration's (OSHA) "Process Safety Management
of Highly Hazardous Chemicals" (PSM) [1]. While manufacturers of the highly
hazardous chemicals are the prime target of the proposed rules, nonetheless, all facilities
with processes utilizing over the threshold quantity of materials need to be in compliance.
Facilities with covered processes might include: cold storage units using ammonia as a
refrigerant, public drinking water and waste water treatment systems, chemical
wholesalers, propane retailers, and utilities. A process is defined as "any activity
involving a highly hazardous chemical, including any use, storage, manufacturing,
handling or the on-site movement of such chemicals or combination of these activities."
OSHA estimates that industry will save over $2 billion during the next decade in reduced
accidents because of these standards [2].

Section 304 of the 1990 Clean Air Act Amendments (CAAA) directed the Occupational
Safety and Health Administration (OSHA) to develop a chemical process safety standard to
protect workers on-site from accidents involving hazardous substances. OSHA issued 29
CFR 1910.119. Process Safety Management of Highly Hazardous Chemicals (PSM), on
May 26. 1992. Section 112r of the CAAA further mandated that a standard be developed
that attempts to protect the environment from accidental releases of hazardous substances.
The EPA proposed such a standard on October 20, 1993 [3] and revised their proposal on
March 13. 1995 [4]. On January 22. 1996. the EPA released the following draft documents:
"Offsite Consequence Analysis Guidance", "Risk Management Plan Data Elements", and
"RMP for Ammonia Refrigeration Facilities"' [5-7]. The final rule is expected to be
released May 26. 1996. EPA's risk management program for accidental release prevention
is even more comprehensive and extensive then OSHA's PSM standard [1]; both resemble
the International Standards Organization's (ISO) 9000 Quality Standards [8].

In this paper we will discuss the classes of substances that would trigger a facility's need
for compliance. Following this we review the EPA regulation. We will compare the EPA
regulation with the OSHA PSM regulation. Finally, we comment on dual compliance
with EPA and OSHA.

2. COVERED SUBSTANCES

The list of chemical substances, and their threshold quantities, that are covered by the
proposed accidental release prevention program was published as a final rule on January 31,
1994 [9]. This list is also found in 40 CFR 68. If a facility uses any of these .substances, in
quantities greater than the specified thresholds, then they are regulated under the program.
Three classes of compounds are identified: toxics, flammables. and explosives.
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Toxics. The final rule identifies 77 toxic substances and includes organics. inorganics,
and organometallics. These substances were selected for their acute toxicity. The criteria
used for selection were:

Inhalation: I.C5n > 0.5 mg/1 of air for 8 hours of exposure

Dermal: LD50> 50 mg/kg of body weight

Oral: LD50 > 25 mg/kg of body weight

LC50 and LDM) are the median lethal concentration and lethal dose at which 50% of the
test animals died in toxicity studies of these compounds.

The EPA decided to use different threshold levels [1] than are used in OSHA's PSM
standard with EPA's generally being higher. For example, chlorine has a threshold value
of 1500 lb. under OSHA's standard but is 2,500 lb. under EPA's standard. This is
because of the differences in the targets of protection: on the work-site (OSHA) versus
off the work-site (EPA). The EPA used a combination of toxicity and volatility to
determine what threshold level to give each substance. They decided to place each of the
chemicals in one of 7 threshold weights. These range from 500 lb., an approximate
quantity of material that could be contained in one drum, to 20,000 lb., a quantity of
material typically used in bulk operations. Substances on the list having the greatest
combination of toxicity and volatility are considered the most dangerous and are assigned
the smallest threshold of 500 lb. Substances on the list with lesser combinations of
toxicity and volatility are accordingly given higher thresholds.

A facility is regulated by the program if a single unit in that facility contains more than the
threshold amount of a listed substance. A facility is also regulated by the program if the total
amount of a listed substance contained in connected multiple units exceeds the threshold
quantity. Similarly, the total amount of a listed substance contained in unconnected multiple
units must be considered in the threshold calculation if the potential exists for a joint release
of material. If. however, the facility can prove that these multiple units cannot be involved in
a single release, then the facility would be exempt from the regulation.

If a toxic substance is present in a mixture at a concentration below one percent by weight
of the mixture, the amount of the substance in the mixture need not be considered when
determining whether more than a threshold quantity is present. If the concentration of the
toxic substance in the mixture is one percent or greater, but the owner can demonstrate that
the partial pressure of the toxic substance in the mixture under handling or storage
conditions in any portion of the process is less than 10 mm Hg, the amount of the substance
in the mixture need not be considered when determining whether more than a threshold
quantity is present.

Flammables. The most destructive accidents in industry, and those most responsible for
damage extending beyond the work-site, are explosions caused by the sudden release of a
large quantity of a flammable vapor that is then dispersed and ignited. This event called a
vapor cloud explosion (VCE) has been responsible for numerous losses of lives and
significant destruction of property. Because of this, the EPA selected those flammable
gases and liquids that have the greatest potential for this occurrence. The final rule
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includes 63 flammable substances: 44 gases and 19 liquids. The liquids selected all have
flash points below 23°C (73°F) and boiling points below 38°C (100°F). This is the cntena
used by the U.S. National Fire Protection Association (NFPA) for its highest flammability
hazard ranking [10].

Because of the lack of information required to determine individual thresholds, a 10.000
lb. threshold was set for all flammables. That amount is based on the potential for a
serious vapor cloud explosion. This is a conservative value since the 10.000 1b. threshold
refers to the stored amount and it is unlikely that the entire inventory of material would
be released in an accident. This is also the opinion of the EPA as demonstrated in their
definition of "worst case" as discussed later in this paper.

If a flammable is present in a mixture at a concentration below one percent by weight of the
mixture, the mixture need not be considered when determining whether more than a
threshold quantity is present. If the concentration of the flammable in the mixture is one
percent or greater by weight, then, for purposes of determining whether more than a
threshold quantity is present, the entire weight of the mixture shall be treated as the
flammable unless the owner can demonstrate that the mixture itself does not meet the
criteria for flammability of flash point below 23°C (73°F) and boiling point below 38°C
(100°F).

Explosives. Explosives classified by DOT as Class 1. Division 1.1 and listed as such in the
Hazardous Materials Table (49 CFR 172.101) are covered by this rule with a threshold of
5.000 lb. The EPA states that "the threshold quantity for explosives was set at 5.000 pounds
because a detonation of this quantity could yield blast wave overpressures of 3.0 pounds per
square inch (psi) at a distance of 100 meters from the blast site and could have potentially
lethal effects in the community beyond the fence-line."

Mixtures of Division 1.1 explosives listed in 49 CFR 172.101. and other explosives, need
not be included when determining whether a threshold quantity is present in a process
when: (a) the mixture is intended to be used on-site in a non-accidental release and (b| in a
manner consistent with applicable B ATF regulations. Other mixtures of Division 1.1
explosives listed in 49 CFR 172.101 and other explosives shall be included in determining
whether more than a threshold quantity is present in a process if such mixtures would be
treated as Division 1.1 explosives under 49 CFR Parts 172 and 173.

3. ACCIDENTAL RELEASE PREVENTION PROGRAM

EPA proposed this regulation on October 20. 1993 [11. 12]. After a period of public
comment, the EPA modified their proposal in 1995 [4], which significantly changed the
original proposed regulation. If a facility contains more than the threshold amount of a
regulated substance the proposed regulation requires facilities to:

1. Register with EPA not later than three years after publication of the final rule;

2. Develop and implement a Risk Management Program that includes:

a. A Hazard Assessment with an off-site consequence analyses and a
five-vear accident history
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b. A Prevention Program

c. An Emergency Response Program

d. Maintain on-site documentation of the program's implementation

3. Develop and submit to Federal, state, and local authorities a risk management
plan (RMP) that documents the risk management program.

4. l.'pdate the risk management program and plan as required by rule, audit, or
process or chemical changes at the source.

Risk Management Program

The risk management program has four elements:

Hazard Assessment. The EPA Risk Management Program requires a hazard assessment
under which facilities must evaluate a range of potential hazardous chemical releases,
including the history of such releases at the facility. The releases must include the worst
case and more likely, but significant accident release scenarios. A risk-ranking matrix can
be used to characterize the worst case and more likely scenarios

The EPA originally defined a worst case gas release as an instantaneous release. They are
now defining it as the quantity of a regulated substance released from a vessel or process
piping failure over a 10-minute period under worst-case meteorological conditions (F
stability and 1 meter per second wind speed) at ground level and would consider passive
mitigation measures to hold. For liquids, the worst case release is one in which the total
quantity of liquid in the vessel or pipeline forms a pool instantaneously. For a pipeline
release, pipelines are assumed to be full but the volume of vessels attached to the pipelii::
do not need to be considered. The release rate from the pool to the air is determined by
the volatilization rate.

Because many facilities contain several covered similar substances, the EPA has
proposed the following to reduce the redundancy of multiple hazard assessments:

• A single worst-case release scenario would be analyzed for all fiammables on site. on.
one flammable substance would be analyzed for other more likely scenarios as we;>-

• A single worst-case release scenario would be analyzed for all explosives on site, onb
one explosive substance would be analyzed for other more likely scenarios as well: a:*

• A single worst-case release scenario would be analyzed for all toxic substances at the
source; other more likely release scenarios would be analyzed for each toxic
substance covered by the rule.

So that facilities will not be required to incur the expense of dispersion modeling, and i;-
bring consistency to this information, the EPA has developed "lookup" tables to assist
facilities in determining the impact distances for their release scenarios [5]. The tables
specify potential impact distances for releases of substances under conditions that are
relevant to dispersion. Sources will only have to define their release scenarios and
develop the information, such as release rate, needed to use the tables The tables provide
impact distances that sources can then map.
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The proposed rule specifies that sensitive populations potentially affected by a release
should be identified. To limit the effort required to define off-site populations. EPA is
proposing that off-site populations be defined using available Census data. Information
on the number of children and people over 65 may be considered a proxy for sensitive
populations. With the assistance of the Bureau of the Census and NOAA. EPA is
developing a geographic information system. LandView, that will facilitate analysis of
resident populations.

Prevention Program. The second element of the Risk Management Program is a
prevention program. There are 10 elements in the EPA prevention program and 14
elements in the OSHA PSM standard with many of the elements being duplicated.
Fortunately the EPA made a deliberate attempt to retain the same requirements wherever
possible, although differences exist because the two agencies have different
responsibilities. The first column below lists each element of the PSM program and the
second column shows the corresponding element of the prevention program (some
elements have no equivalence):

PSM Program (OSHA) Prevention Program (EPA)

Process Safety Information Process Safety Information
Process Hazards Analysis Hazard Evaluation
Operating Procedures Standard Operating Procedures
Employee Participation (No equivalence)
Training Training
Contractors (No equivalence)
Pre-start Review Pre-start Review
Mechanical Integrity Maintenance
Hot Work Permit (No equivalence)
Management of Change Management of Change
Incident Investigations Accident Investigation
Emergency Planning and Response Emergency Response
Compliance Audits Safety Audits
Trade Secrets (No equivalence)

As can be seen, many elements of the two regulations are identical.

The hazard evaluation (HE) or process hazard analysis (PHA) requires the most technical
sophistication of the above elements. The American Institute of Chemical Engineers has
created the Center for Chemical Process Safety to specialize in the prevention of
accidents and has published an excellent reference on the HE process [13]. This reference
provides a practical map for complying with both EPA and OSHA regulations. They
define a hazard to be "an inherent physical or chemical characteristic that has the
potential for causing harm." A HE is also known as Process Hazard Review. Process
Safety Review, Process Risk Review. Predictive Hazard Evaluation. Hazard Assessment.
Process Risk Survey, or Hazard Study depending on which law or professional
association is utilized. These are all organized efforts to identify and analyze the
significance of hazardous situations that a process or activity might undergo.
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These HE studies are used to identify places in the design and operation of the facilities
that could lead to accidental chemical releases, fires or explosions. HE studies focus on
process safety issues involving either accidental chemical releases or the exposure of plant
personnel and complement traditional industrial health and safety activities. HE studies
use qualitative methods to describe potential equipment failures and human errors that are
components of accidents. They also examine the management and maintenance systems of
a facility. HE focuses on the consequences of episodic events rather than permitted
emissions and hence do not normally consider industrial health and safety issues. Most HE
studies require the combined efforts of a multi-disciplinary team. This typically involves
an engineer, chemist, safety officer, industrial hygienists, maintenance, medical personnel,
and an individual knowledgeable in the methodology of HE techniques.

An accident is defined as "a specific unplanned sequence of events that results in an
undesirable consequence." Thus the first event in an accident sequence involves an
initiating event, which could include equipment or computer software failures,
management system failures, human errors or external events, such as weather, and
vandalism or sabotage. Next in the accident sequence there are intermediate events that are
called promulgating factors such as system safety failure, ignition sources, further human
error and so called "domino effects." There are also mitigating factors called risk reduction
factors that involve facility responses such as alarms and detection systems, safety
systems, containment systems, emergency plan responses, and training. The accident
sequence presents an outcome that can result in phenomena such as a discharge of highly
hazardous materials, the dispersion of those materials, fires, explosions, and missiles.

The common theme in the development of the HE approach suggests that HE studies
should be performed throughout the life of a facility. The HE should be built into the
design and construction, the start up, the operating lifetime and the decommissioning.

While this new science of Hazard Evaluation has come a long way, there are always
limitations. There can never be a guarantee that all accident situations and causes can be
identified. There are always assumptions regarding the accident scenario and the end
results will always be subject to different analysis. In some cases it is almost impossible
to know the nature of the accident's cause. The experience and judgment of experts will
always have some limitations.

Emergency Response Program. The third element of the Risk Management Program
requires facilities to have an Emergency Response Program. This program delineates the
steps to be taken by facility employees in response to accidental releases of hazardous
materials. It also establishes procedures for informing the public and the appropriate
emergency response agencies when a release has occurred and must include emergency
health care and employee training. The training for all employees includes relevant
emergency response procedures together with drills or exercises to test the plan and
evaluate its effectiveness. The plan must be revised based on the findings of the drills and
exercises. Further, it must be coordinated with local emergency response plans developed
by Local Emergency Planning Committees (LEPC) and local emergency response
agencies. As in the case of similar existing OSHA regulations, Resource Conservation
and Recovery Act (RCRA), and Spill Prevention Control Encounter Measure
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Requirements under the Clean Water Act. the emergency response plan must be
maintained at the facility and must include descriptions of all mitigating systems in place.

Facilities must already have an "Emergency Action Plan" under 29 CFR 1910.38(a) so
this emergency response plan simply augments what has already been initiated under
OSHA. The additional requirements include:

1. Detailed steps for all employees to take when there is an accidental release

2. Protective actions for employees not directly involved in responding to the release.

3. Procedures for employees who are responding to the release and descriptions of all
response and mitigation technologies available at the facility

4. Procedures for informing the public and emergency response agencies about the releases

Documentation. The program requires that all elements of the risk management program
be documented in writing and be available on-site for inspection.

Risk Management Plan (RMP)

Each of the above steps constitute part of the development of the RMP that must be
submined and registered with EPA. A summary of the program must be submitted to the
State Emergency Response Commission, the LEPC and the newly created Chemical
Safety and Hazard Investigation Board. When registering the plan with the EPA. the
company must certify that the plan has been submitted to all of these authorities.

4. TIERING THE REGULATORY REQUIREMENTS

EPA's original proposal would require every source affected by the rule to complete all
specified activities and submit an RMP. EPA is now proposing to create the following
three tiers of risk management programs:

Tier I: A brief RMP would demonstrate and certify that the source's worst-case release
would not reach any public or environmental receptors of concern.

Tier 2: A streamlined risk management program requires sources to conduct an off-site
consequence analysis, document a five-year accident history, implement prevention steps,
have an emergency response plan, and submit an RMP. The rule would not require
specific steps to comply with the prevention and emergency response programs.

Tier 3: The full risk management program and plan are described in the proposed rule.

In addition to the approach in the proposed rule, EPA has developed two alternative
approaches to assigning sources to the tiers in a way that takes into consideration risk as
well as differences between types, classes, and kinds of sources:

Approach 1: Sources that could meet the requirements of Tier 1 would comply with Tier
1; manufacturers with 100 or more full-time employees (FTEs) producing pulp (SIC code
2611), chlor-aikalis (2812), industrial inorganics, not elsewhere classified (nee) (2819),
plastics and resins (2821), industrial organics, nee (2869), nitrogen fertilizers (2873),
agricultural chemicals, nee (2879), and petroleum refineries (2911) would comply with
Tier 3 requirements; all other sources would comply with Tier 2 requirements. In
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addition, eight years after the effective date of the rule, sources in SIC codes 2812. 2819.
2869. 2873. and 2911 with 20 to 99 FTEs would be required to meet Tier 3 requirements.

Approach 2: Sources that could meet the requirements of Tier 1 would comply with Tier
1; other sources with fewer than 100 FTEs would comply with Tier 2 requirements; all
other sources would comply with Tier 3 requirements.

5. SUMMARY

Companies have found that OSHA's PSM regulation requires a tremendous effort to develop
and manage the systems needed for compliance. This same, or possibly a greater, effort will
be needed to fulfill the requirements of EPA's program. It is essential that the facilities
recognize and capitalize on the similarities between the OSHA and EPA regulations. If this is
done then facilities will be able to develop effective systems to optimize performance while
controlling the overall effort, within the capabilities of most sites.

The benefits of the successful implementation of these programs are obvious: lives saved,
injuries prevented, capital equipment and the environment preserved. An added benefit is
that compliance with the requirements of these programs will greatly assist a facility in
meeting the requirements of ISO 9000 and 14000 and thereby assist in international trade.
Industry acknowledges that OSHA's PSM regulation is well crafted and it will help industry
to improve their on-site performance. Due to its similarity, EPA's risk management program
is expected to help industry to improve their off-site performance as well.
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Abstract

A demonstration area covering the vicinity around Tombakshia street. Darb Kormoz and

Sannaneen lane was selected tor this study on Gamalia. Physical, social and environmental surveys

were conducted on all residential, commercial and industrial sites. The plan for upgrading the selected

area was based on three alternative scenarios, namely; the developmental approach : the socio-cultural

approach; and the environmental improvement approach. A hybrid scenario of the three approaches

was adopted by the UNDP Task Force as a preliminary action plan. Three capacity building

workshops were later organized for the community of the selected area; resulting in the information of

a new NGO and the adoption of a community based plan. Alter slight modifications, implementation

was initiated for priority items in the plan, such as garbage collection and the construction of a crafts

training center.

1 . INTRODUCTION:

In 1990, the UNDP sponsored Task Force for sustainable Development was formed from

20 Egyptian scholars who were assigned the task of proposing "Strategies !'or Sustainable

Development for Egypt". The Task Force proposed a framework for sustainable development in

Egypt which was based on a balance between (i) resource management (ii) environmental

protection and (iii) human and economic development While the original framework was mainly

concerned with people living in "modern" rural and urban settings, it was recently modified to

include those living in historical areas where heritage protection and environmental improvement •
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are key factors in sustaining these areas. This puts "cultural heritage" as one of the major

resources other than human and natural resources. It also stresses the "built environment" as one

ol ihe components to be protected, other than air. noise, water, soil and waste.

The Task Force was guided by Agenda 21 themes in the development of its program, and

emphasis was given to (i) the management of human settlements and (ii) people's participation &

responsibility. The environmental and development consequences of the breakdown of urban

services, the spread of slums and social decline are enormous. Raising the quality of shelter,

water supply, energy and transportation, and the management of solid wastes and sewage is

essential. Peoples participation and responsibility describes the essential ingredient for success of

these goals and activities. The commitment of the broad participation in all aspects of the decision-

making process will be critical to the effective implementation of the objectives, policies and

mechanisms of sustainable development. Strengthening the role of major groups in realizing

sustainable development should involve fundamental changes in education, public awareness, and

training aimed at placing issues of environment and development at the center of decision making

at ail levels.

While other studies deal with the very important task of upgrading of historical buildings,

our major concern is in the "people" living around these buildings: their quality of life, their

heritage and their participation in the improvement and maintenance of the built environment in

their area whether historical or modem.

Since December 1993. the Task Force activities were directed to sustainable development

concepts, issues and priorities in selected urban centers; notably Gamalia district (Cairo

Governorate) and Rosettacity (BeheiraGovernorate). Emphasis was placed on programs dealing

with environmental improvement and heritage protection in these two areas, both of which contain

much of the cultural heritage of the region and the world. This research activity was made

possible through a cost sharing agreement between the United Nations Development Program

(UNDP), the Urban Management Program (UMP), and recently the Ford Foundation. The long

term objectives of this activity are: 1) Formulate programs and projects that are responsive to the

environmental, socio-economic, and cultural needs and priorities of Rosetta and Gamalia district.

2) Develop a country strategy for the regeneration of Egypt's old city centers, and 3) Mobilize the

resources of the sustainable development task force in alleviating poverty, improving living

conditions and protecting cultural heritage. This paper presents our recent findings in the Gamalia

district. Another paper will deal with the Rosetta study, and a third will present proposed national

strategies for upgrading Egypt's old city centers.

-746-



2 . THE GAMALIA STUDY:

A number of studies and projects pertaining to the planning of Cairo of the middle ages

were reviewed & appraised. The term "al Gamalia area was the name given during the 15th

century to the area between Bab al Nasr and sharia al Tombakshia when Madrasa ot' Gamal al Din

Mahmud al Ustadar. a Mamluk of the Sultan Barquq. was built ai the corner of Sharia al

Tombakshia and Sharia al Gamalia. Today, the term encloses a much larger area, in tact the whole

city of al Qahira (Cairo) built by the Fatimids in 969 and surrounded by a wall In effect, it is the

area between Bab al-Foutuh and Bah al Nasr in the North, and Bab Zuwaila in the South.

While the long term plan is to deal with the whole area described above, the present study is

limited to the area bordered by Darb al Asl'ar-North. Sharia al Gamalia-East. Sharia Bayt al Qadi-

South. and sharia al Mui/z le Din Allah-West. This study area was chosen from among four areas

that encompass (i) historical structures, (ii) housing and demographic activities, and (ni) social

and economic practices.

General physical and social surveys were conducted in the above mentioned area based on

a H)9c sample. However, in order to obtain more reliable data, a demonstration area was chosen

within the above mentioned selected area. The demonstration area covers the vicinity around

Tombakshia street. Darb Kormoz. and Sannaneen lane (Fig. 1). It extends over an area i)i about

27,150 m' (or 6.46 feddan), accommodating 119 families and 165 shops and workshops. The

population density in the area amounts to 81.9 person/feddan. The choice of the area was based

on a number of criteria which favor focusing efforts towards achieving sustainable development.

The most important criteria taken into consideration are: a) This area is well endowed with

excellent examples of Islamic monuments covering the Fatimid, Mamlouki and Osmani erxs b)

The area is not densely populated, thus making it easy to deal with the residents, c) A good

variety of socio-economic activities exist in the area, viz. commercial, services, and workshops,

d). A number of locations within the area are characterized by only few land use activities, thus

making it possible to re-use these locations for other activities, and e) a large percentage of Lhe

population live under low socio-economic standards (poor, very poor or extremely poor).

3 . PHYSICAL SURVEY OF THE DEMONSTRATION AREA:

A questionnaire was designed and used to field-cover the demonstration area. It included

complete information on street names, building and Hat numbers, and data on: present status of

buildings; buildings' heights and use; construction type and building material; ownership;

architectural style; infrastructure; number of units; and surveyor's remarks.
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Various problems were identified in the study through analyzing the different data

collected, namely; poverty; congestion and deterioration of residential buildings; wear and tear o!

sanitation network; accumulation and irregular collection of garbage: noise pollution: absence of

street lights, youth centers, public awareness and participation: utter negligence of historical

buildings (some presently used as warehouses, workshops and commercial shops), and illegal

occupancy of roads (due to the odd mix of human activities especially workshops). In addition to

these problems, the field survey showed that almost 75^ of buildings in the area suffer from

serious deterioration. Some locations house very polluting workshops that generate adverse

impacts on water, air quality, sonic and visual environments, and on the physical structure o(

historical buildings. These adverse impacts decrease the quality of individuals and society's lives.

Fig. 2 shows land-use distribution, conditions of buildings and percentage of different heights in

the demonstration area.

4 . GROUNDWATER:

The problem of undesired quantitative and qualitative changes in water table in Gamalia

district is principally linked to the rapid increase of population in Cairo in general, the consequent

extensive urban expansion, and the resulting extreme demand placed on the aging municipal

infrastructure. The regional subsoil water body moves from areas of higher topographic relief to

those of lower ones. Local leakage's from drinking and sewage systems in the area of Gamalia.

lack of maintenance, and misuse of monuments add to the ground water problems. Those

buildings of historic value that have suffered harmful effects from being in direct contact with the

subsoil water body, require immediate action. This calls for specialized rehabilitation work by

experienced contractors using proper engineering techniques and materials.

5 . SOCIAL SURVEY:

Four tools were used to collect data for the social survey. These were: scheduled

interviews; observations; small group meetings; and visits to the district's institutions and

organizations. The findings revealed a wide range of social problems in terms of: health: nutrition:

illiteracy and low education levels; status of women; high informal employment rates. Examples

of the results of these studies are shown in Fig. # 3. The major characteristics of the study area

have the following trends: 1) Female illiteracy is high and clearly exceeds that of males: 2) The

distribution of the educational level is dominated by the segment of basic education, with a low

representation of university graduates; 3) Female employment is very low: 4) Child labor is very

little represented, and most of the children in the young age brackets are enrolled in schools: 5)

Most employment tends to be related to the special nature of the area as a touristic center and a site

dominated by crafts of silver and gold, as well as other metal and sheisha manufacturers: 6) The
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prevailing socio-economic standard tends to be more on the low side. Social indicators reveal a

culture dominated by poverty, though in different degrees. Some individuals are living under

destitute conditions, both physical and financial.

Analysis of the social survey emphasized approaches for the promotion of popular

participation and self help; promotion of the status of women; non-formal and continuing

education as a vehicle for sustainable development: the upgrading oi educational, health, and

environmental protection programs: and the development of vocational skills and income

generating projects.

6 . ENVIRONMENTAL STUDIES:

In addition to the predominant visual & noise pollutions, the demonstration area showed

three other major environmental hazards; namely: air pollution, garbage, sowers overflow.

a) Air Pollution: is a serious environmental problem that is threatening and detrimental to

the health of the residents especially vulnerable groups like children, pregnant and lactaiing

women. Sources of air pollution include exhaust from workshops that arc using fossil fuels (oil.

coal), congested streets with vehicles that use leaded gasoline spreading iLs exhaust all around the

area, two workshops melting car batteries and spreading their leaded exhausi on the whole

district, as well as bakeries and garbage burning. Children - through adolescence are the first

victims of air pollution, especially because of toxic chemicals lie lead & other heavy metal

pollutants). Mental retardation, learning disabilities, hyperactivity and other forms of health

problems result from such pollution. Identification of sources oi air emissions and monitoring

samples taken from different locations in the demonstration area proved that the average

concentration of air pollutants is about four times that of the Maximum Allowable Concentration

(MAC).

b) Garbage: collection of garbage is efficient and economic and more frequent in higher

income districts where the economic values of garbage recycling is encouraging to ihe Zabbaleen

(garbage collectors). On the other hand, low-income groups usually leave very little of any

recyclable garbage; thus discouraging Zabbaleen from collecting garbage. Most households in the

poor areas dump their garbage in street dumping areas or corners. The municipality's sanitation

department of the district is responsible only for collecting street garbage from haphazardly sited

refuse containers or from scattered street dumps. Very often their men arc absent in such low

income districts. They never go to squatters areas or slums.
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Eighty eight percent of the families reported that they are participants in a system ol

garbage collection managed by an NGO formed by the municipality. According 10 ihis system, the

solid wastes are to be collected from the building's front door daily The system charges the

household two to three pounds monthly. However, residents complain of the irregularuv ol

garbage collection where it may be left lor 2-} days in front ol the building. Ten percent ol the

households carry their garbage to one of the several dumping areas in the street. But again its

collection is not regular. Only one household said that they burn their garbage. This situation

explains the poor management ot the system in which the garbage is always seen scattered all

around the streets of the district.

c) Waste Water System. Although a marked improvement has been observed in the

system as a result of the operation of the " General project for Sanitary Drainage in Greater Cairo"

and the consequent lowering of water levels in all networks, there is still some overflow caused

by the narrowness of the pipes and its blocking due to mal usage and solid wastes thrown into it

This situation is expected to worsen with the increase of the pressures and capacity of the potable

water network and with improvements in the socio-economic status leading lo an increase in the

rates of water consumption expected after the year 2(KX).

The selected area was inspected and problems laced in operation and maintenance were

noted. The areas with repeated blockage and leakage were identified. It was found that most o\ the

pipes are old and of 7" in diameter, and the main line was only 4" which is not satisfactory for the

water disposal quantities coupled with mal use. The proposed plan lor upgrading the sewer

system at the demonstration area included the replacement ot a numner ot •sewer line pipes b\

larger diameter pipes.

7 . PLANNING SCENARIOS:

The physical and social surveys justified the need to prepare more than one alternative

scenario to upgrade the area under issue. This should be dealt with in an integrated and

sustainable manner, taking into consideration urban, environmental, social, demographic, and

tourism aspects. The plan for upgrading the selected area was based on three alternative

approaches, namely: the developmental catalyst approach (scenario 1); me socio-cultural approach

iscenario 11); and the environmental improvement approach (scenario III).

Hie above mentioned alternative approaches were considered by the Task Force who came

to the conclusion that a new scenario should be developed through the hybridization ol scenarios

I. II &. Ill This hybrid (optimumI scenario should be presented to the local residents in order to

create a lorum ot public participation through which realistic planning and developmental options
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may be reached and properly implemented. Furthermore, a feasibility study of this scenario is 10

be prepared in order to test its implementability from an economic perspective, and a clear

definition of the institutional framework, division of responsibility!ics), and beneficiaries should

be undertaken;

The overall target of the optimum scenario is he to achieve sustainable human and

economic development through improving the quality of life in the area. This optimum scenario

should also lead to the support of tourism; with religious, recreational and / or cultural attraction

points, through developing appropriate activity nodes and upgrading the areas environment.

8 . PLAN OF ACTION:

Based on the results of the social, physical and environmental surveys, a structured and

realistic action plan of the optimum scenario was prepared by the Task Force: taking the following

concerns into consideration: proper job creation, mainly for the area's local residents; po verts

alleviation; transparency (enough room of two-way consultation and public participation in the

development planning and implementation processes); creating a market for products oi the

recommended activities: and working towards upgrading and developing the local urban

environment in general.

This was followed by three workshops organized by the "Sustainable Development

Program" for community representatives of different age, sex. background, activity...etc. Issues

of "environment1, "development" and "sustainable development" were discussed, followed by

listing major problems hindering the sustainable development of the area. Based on participatory

interaction, solutions lor these problems were proposed, and a new land-use map was prepared.

At the end of the second workshop, a new NGO named "Sustainable Development Association

for Gamalia (SDAG)" was created. Priorities for implementation activities proposed by SDAG

included (i) proper management for garbage collection, tii) A crafts training center, liii) An area ol

non-polluting workshops for indigenous crafts, (iv) Housing units replacing informal housing.

and (v) A tourist wekala. The COMMUNITY BASED PLAN OF ACTION formulated

during the above mentioned workshop was sligthly modified as a result of discussions at the

Permanent Committee for Antiquities of the Cairo Govemorate (Representatives ol Cairo

Governorate. al Wakf Ministry, Supreme Council for Antiquities and some experts 1. This is

summarized as follows (Fig. 4):

I- Based on the fact that the extremely deteriorated Wekalat Kahla on the Gamalia street (between

Darb Asl'ar south and Bab el Nasr north) belongs to the Cairo Governorate and has no family or

workshop occupancy, it was proposed after a detailed architectural survey, that a would be

cleared from deteriorated structures and upgraded to house non-polluting workshops located al ihe
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Rabae area (El Moez Ic din Allah west and Sannaneen south). Wekalet El Toff ah. Wekalat el

Kharoub. and other workshops at the back side of Al Akmar mosque and #13 Darb Kormo/.

Polluting workshops are to be re-located outside Gamalia. lakiny into consideration the

introduction of techniques which would minimize pollution:

2- Design a number of training courses and programs to serve the residents o! Gamalia. with

priority given to residents of wekalat El-Kharoub as recommended by the social survey studies:

The courses, in addition to serving illiterate women & men. should prepare the residents to work

with indigenous crafts, touristic services & other small project activities. In addition, capacity

building programs will be offered for the local District Council members as well as other

community organizations such as the new NGO established by the project. It is proposed that

these courses and programs be offered at a training and cultural center to be constructed on the

Rah*: area after clearing it of deteriorated workshops and re-locating them to Kahla or outside

Gamalia. A sales outlet for the crafts will also be located at the Rabae Training and Cultural

Center.

3- Upgrade infrastructure and improve basic services (waste water disposal, potable water, road

network and lighting).

4- Following the above, construction will begin ton-

al Housing facilities at Wekaiat al Toffah.

b) A service center (health unit, nursery, library, etc.) at Wekalat El Kharoub.

c) A tourism WekaJat replacing El Kheish Wekaiat.
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ABSTRACT

Importance of environmental hazards is now considered as an essential participation

when dealing with the geotechnical aspects of sites in general and especially for the historical

sites and monuments. Therefore, efforts have been made recently by researchers to evaluate

and understand the impact of such environmental effects on the performance of buildings.

The present paper discusses the geo-environmental conditions and properties of the

capital Cairo and its effect on a heritage historical building known by Al-Wafeya complex. An

evaluation for the October 1992 Cairo Earthquake effect as well as the essential demands to be

aid in the survival of this historical complex for protection and preservation are discussed and

addressed.

1. INTRODUCTION

In the last decade the importance of environmental hazards sheds the attention of

engineers. On account of the dramatic increase of environmental agents either human or natural

factors, historical buildings have exhibited a growing sensitivity to geotechnical actions, which

lead to abrupt failure or destruction. Restoration of old buildings is not any more just an artistic

or architectural job, but it requires the understanding of the statical system and the construction

scheme originated in the past (11. Therefore, efforts have been made recently by researchers

1231 'o evaluate, understand and to emphasize the impact of environmental hazards on such

heritage buildings.

After 1992 Cairo earthquake the first and third authors shared as a geotechnical

participants in the after eathquake workshop committee for the purpose of evaluating damages

of some historical buildings (AETR. 1992). Most of deterioration and damages were found to

be regarded to the impact of geo-environmental conditions and assessments. The earthquake

may be shared in enhancing the problems in most of the investigated buildings.
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T h e p r e s e n t p a p e r c o n t r i b u t e s a n d d i s c u s s e d t h e s i t e g e o l o g y c o n d i t i o n s a n d

• • n v i r e n m e n l a l a s p e c t s for o n e of Ihese h e r i t a g e b u l i d i n s s k n o w n h\ A l - W a f ' a e y a c o m p l e x . T h e

s t u d v i n c l u d e s a n e v a l u a t i o n for t h e Ihc e a r t h q u a k e c i i •..-'.( .is - A T ! ! a s t h e s u r r o u n d i n g

•.•nvironmental c o n d i t i o n s w h i c h had e n h a n c e d the r ap id d* i c i c n i i o r <;j the s u e .

:. Al. WAFAFYACOMPI.FX

Al-Wafaeya complex was built in the 12th century .-it'he eastern h^.trdei • nfcetiiL-rai Cairo

•n the toe of the steep cliff of the Moqiiattaiti hill, as iiiai kcci K t hi.- open circle in Fie.. !. The

general layout of the complex and its supplements is shown in Fii: 2 and Fig .3.

Writers and travellers | 4 . 5 | have devoted mnir. p.ig.-s to describe it. The complex

consists ot the main mosque which its area is about 2C' (1 n: x ?"\0 m. and surrounded by

.umbers ot supplements. A remarkable recent occupation lor !hi complex and its supplements

:A' people are sighted as illustrated in the photos of Fig. 4 and f ig. 5 which .<• ere taken outside

and inside the complex respectively.

2.1 (ieotechnical Conditions and Properties

Subsoil condit ions in Cairo is related to topography, geological formation, historical

developments and river Nile changes. The topography of Cairo may be divided into two areas

of aeohistorically different characteristics: the high land and low land | 6 | .

The high land borders ( ' a im and comprises the high and steep cliffs of Muqattam hills to

:he east and the pyramids plateau to the west. The site of Al-Wafaeya complex is located

t -wards the easten side under the Muqattam hill as shown in Fig. 1.

Geologically this area is belonging lo the Hocene-plateau which covers most of the

hgypiian province land on the two banks of the Nile Valley. It is mainly composed of

carbonate sediments of marine deposits. The main rock unit exposed in the area of Al Wafaeya

complex is limestone belonging to the middle hocene age which had deposited under true

marine conditions Toward the end of the upper F.ocene. the basin became shallower and more

Jeterital sandy sedimends are derrived. This is followed by a period of sea regression leading

so errosional unconformity where the basin was dissected by a large number of drainage

systems. These formations were subjected to tetomc movements which became intensive

toward the end of the Oligocene times \~!\.

2.2 Properties of the Site Subsoil and Ground Water

Fig.6 shows the subsoil profile lor depth of 10 meters at the site oi Al-Waiaeya complex,

it consists of alternative layers of yellowish white limestone with interrelation ol clay and silt

The "round water table was found at the site to be near the ground surface at depth of about

0.10 m. Fig.7 shows an in let pupming test performed in the field, it indicates that

hvdraulicallv the subsurface laver has verv low abilitv to adsorb surface w ater.
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The chemical properties of the groundwater are listed in Table ( I ) . The results indicate

that the water alter filteration is transparent and colorless, and the suspended soil and colloids

are dark grey. Also it shows the precense of excessively high concentration of aggressive ionic

of sulphate and chlorides.

2.3- Alter 1992 Cairo Earthquake Investigation

An investigation for the Al-Wafaeya complex after the earthquake showed that the

complex and its supplements are performed well satisfactory except some minor damages to the

wooden elements of its roof and some cracks in its bearing walls. In fact this well performance

could be due to the firm foundation soil formation and the wide spread of supplements around

the mosque with respect to its height.

3. ENVIRONMENTAL HAZARD CONDITIONS

Among the problems associated from the impact of some environmental hazards in the old

city of Cairo area on old historical buildings can be summarized as follows :-

ia) The rising of ground water table which casuses an over moistening of bearing structural

elements ot brick or stone walls, and decay of wooden elements of structure,

(b) Contamination migration into soil water from both industenal and domestic wastes

icl Increasing level of sulphate and chlorides concentrations in both subsoil and ground water

which causes a creation ot chemically aggressive environment in the foundation of these

buildings.

l d) Increasing of illegal man made activities to the historical sites and its surrounding areas in

the absence of the efficiency development of sewage systems.

These effects result in making a considerable amount of historical buildings in the old

Cairo to be in danger conditions of damages and collapse.

For the present case illegal man made activities, contaminat migration into the soil and

stability problems of the surrounding Mouqattum hill emphasizes (he importance of the impact

of such environmental hazards on the buildings.

4. SUGGESTION FOR PROTECTION AND PRESERVATION

A protection program of two phases should be planned and undertaken. The first phase

is a short term planning which considered the comprenhensive protection policy and temporary

remedying methods. The second is concerening with the planning for long term duration

which includes the micro zoning geotechnical maps that assists in establishing the

environmental impact assessment and permanent remedying methods.
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Table 1 WATER CHEMICAL ANALYSIS

Chemical compound

(part/million or mg/lit )

Results

Total mineral soluble salts (at 105 C°)

Total alkalinity as sodium carbonate (Na

Salinity as sodium chloride (NaCl)

Sulphate (So<)

pH value of water

5168

170

1697

1540

7.3

Fig. 1 Location of Al-Wafaeya complex marked by the open
circle on the toe of the steep cliff of the Moquattam
hill
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Photo (c)

Photo (e)

Photo (d)

iJhoto (f)

Fig. 5 Photo (c) shows the enterance of r! •>• mosque, Photos
( d ) , (e) and (f) show the occupation of people for
the suppJements of the complex
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Photo (a)

Photo (b)

Fig. A Photos (a) and (b) taken outside the complex

showing a recent occupation by people for
the complex
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Fig. 2 General layout of Al-Vafaeya coilei
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Fig. 3 Al-Wafaeya mosque and its supplements
and houses occupied by people
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A b s t r a c t

This paper summarizes the facilities and past, current, and future research
efforts at the Georgia Institute of Technology Plasma Arc Research Facility established
in 1992. This research facility was established specifically to develop and test
applications related to waste management and various remediation concepts. The
results of research programs in the vitrification of asbestos materials, municipal
incinerator ash, and in situ testing programs, including soil remediVion, waste to
energy research, landfill remediation and capacity management. The presentation will
also include conference and symposium announcements and invitations.

1 . INTRODUCTION

In environmental applications, plasma is a new kind of energy for the work of
industry and is a potential source of solutions to some of the most challenging
pollution problems. This paper describes in some detail the work being done in this old,
but newly discovered, technology at the Georgia Institute of Technology Plasma Arc
Research Facility (PARF) in Atlanta, Georgia USA.

Research related to plasma torch treatment and destruction of waste
materials and contaminated media has been conducted at the PARF since 1990. Two
plasma heating systems rated at 100 kW and 240 kW are used in experimental
programs including ex situ destruction of various types of waste materials and in
situ remediation of buried contaminants. The torches are stainless steel cylinders
that integrate copper electrodes, insulators, gas injectors, and water dividers. Each
device is a non-transferred, reverse-polarity "Camacho" design torch. We have the
capability to video monitor the reaction vessel and instrument the systems to
measure physical and chemical parameters.

While we are working on a variety of plasma torch applications, our most
intensive efforts are being directed toward in situ applications. In the process of
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attempting to help successfully accomplish the movement of this technology from
bench scale through pilot scale to full-field demonstration, we have encountered a fair
degree of opposition and skepticism related to the plasma arc. The contentions are
based upon, previously held biases related to cost-effectiveness and some failures in
the past, but a simple, and often compelling resistance to change, both in the
regulatory and consulting communities is perhaps the most prevalent problem - one
very difficult to overcome.

None the less, the plasma arc technology possess characteristics that offer a
very attractive array of operating characteristics (Table I). These attributes make
the plasma arc a plausible option in environmental applications because every
contaminated site is unique. Differing in significance and magnitude, depending upon
the specific conditions, sites having such diversity lend themselves to solutions offered
by flexible technologies.

2. GEORGIA TECH PARF: CURRENT RESEARCH INITIATIVES

Today, the PARF is involved in a broad array of research enterprises including:

Characteristics of Vitrified Geomaterials

Asbestos-containing Materials Destruction
Waste Materials Vitrification
Plasma Remediation of In Situ Materials (PRISM)
In Situ Landfill Remediation
Municipal Solid Waste Pyrolysis & Cogeneration of Energy
Incinerator Ash Vitrification

In each general area, our experiments involve testing and development of
techniques and protocols for valorizing/destroying wastes. Georgia Tech researchers
[1] have conducted a series of fourteen experiments using a 100 kW and a 240 kW
reverse-polarity, nontransferred plasma torches to investigate the melt
characteristics of soils having a wide variety of minerologies and grain-size
distribution. Several types of igneous rocks were produced that had properties,
including dynamic moduli and compressive strengths, much improved over the parent
soils. In these experiments water content had no apparent influence on the
vitrification process, and, using a unit cost rate of $0.05 per kW, the resulting
operating costs were calculated at about $0.12 to $0.26/kg ($308 to $695/m3 or
$107 to $241/ton). Such cost ranges are comparable to several of methods
traditionally used in soil improvement.

One highly successful, well known incinerator ash vitrification project, completed
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during 1993. involved our collaboration with the French firm of Europlasma in
Bordeaux, France. The goal was to vitrify incinerator ash into glassy residue thereby
immobilizing heavy-metal contaminants. Four, two-hour tests vitrifying 100 kg of
incinerator ash were conducted. Off-gas production problems experienced were
solved through modifications of the scrubber. Ultimately, tap design/composition
changes and operational modifications resulted in a system whose gases and a
vitrified material fully complied with both French and U.S. emission and leaching
standards. Europlasma and the City of Bordeaux are building a system near their
CENON municipal incinerator plant.

Among the special-waste treatment research projects we have carried out are
the vitrification of asbestos-containing wastes, as well as treatment of other wastes
and materials such as circuit boards, soils contaminated with organic liquids and
sludges, TyvekTM filter paper, HEPA filters, and composite debris tested surrogate
mixed-waste materials to encapsulate of radioactive wastes (2). The results of this
project, funded by the Savannah River Technology Center, U.S. Dept. of Energy, Office
of Technology Development (SRTC/DOE/OTD), showed strong indications that plasma
processing has considerable promise for vitrifying soils, circuit boards and HEPA
filters, as well as treating heterogeneous drummed wastes.

We feel that in situ stabilization options using plasma torch systems could
include:

Slopes and Landslides
Vertical Cuts and Excavations
Soil Subject to Liquefaction
Structures Subject to Excessive Settlement
Artificial Fills: landfills, sludge beds, dredged materials, and mine tailings
Foundations for Structures

Successful research and demonstration could lead to basic improvements in the
field of foundation engineering, where conditions limiting construction operations might
be overcome or at least at some level made less restrictive, and other situations
where effective soil stabilization might result in important benefits. For instance,
preliminary cost estimates, depending on what percentage of the soil is completely
melted, range between $30-$80/ton. An important research goal is the verification of
cost-benefits for applications in an array of diverse settings.

3. PLASMA REMEDIATION OF IN SITU MATERIALS: PRISM

The next major breakthrough area for environmental applications, we believe, is
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in the in situ use of plasma arc systems. The variety of potential uses and benefits
is truly impressive. As mentioned previously, PRISM is the principal area of research
concentration for the Georgia Tech PARF. Hazardous/radioactive waste stabilization,
landfill waste destruction and capacity conservation, as well as slope stabilization,
foundation enhancement, and erosion control are the main interests at this time. Slope
stability and erosion control can be important ways of preserving and protecting
people as well as certain environmentally sensitive areas and valuable real estate.
Table II lists many of the advantages that may accrue from PRISM, hopefully making it
a technology that is cost-competitive which more traditional approaches. In situ
uses of plasma arc technology decrease movement and disturbance of wastes and
contaminated media. Thus, exposure to toxics are often lessened.

The primary issues surrounding PRISM that require research and development
involve a host of factors associated with the physicochemical nature of the melt,
contaminant behavior, and cost-effectiveness (see Table III).

Tables IV, V, VI, and VII summarize some of the available information on the
characteristics of various vitrified soils, their leachability, and treatment effectiveness.
While there is much to be learned, more to be verified, and a great deal of field
demonstration to be accomplished, these data and supporting information bode well
for significant economies that may be achieved in environmental improvement and
protection utilizing plasma arc technology.

In the U. S., one of the most pressing environmental problems (see Table VIII) is
the presence of leaking and potentially leaking landfills. While a great deal of progress
is being made in the area of pollution prevention and improved waste management,
planners predict that landfills will continue to be constructed, even if at a slower pace.
Typical costs cited in Table VIII are tipping fees, not plasma remediation. Of course, in
Europe, particularly France, a much higher percentage of municipal waste is
incinerated. Thus, the need for additional municipal landfill capacity is anticipated for
the foreseeable future. PRISM may have the facility, through in situ remediation, to
positively impact many difficulties associated with landfills including:

Complete Remediation
Eliminates Leaching
Creation of Fuels (Gases)
Nearly Impermeable, Rock-Like Bottom
Recovery of a 60 to 90% of Landfill Volume
Reuse/Remediate Landfill Until Full
Stable Foundation for Construction
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According to Dr. Lou Circeo, PARF Director, costs, not including potential sale of fuel
gases, are approximately $50 /ton of landfill material vitrified in situ; whereas, ex
situ plasma remediation is estimated at about $75/ton-not including sales income
from fuel gases resulting from the process.

Finally, plasma applications to the most recalcitrant of hazardous wastes may be tne
most urgent use for this technology. Table IX. shows a projection of costs
associated with a theoretical hazardous waste contamination site.
For comparison, radioactive wastes would probably be around 2 to 3 times the cost
($250 to $4007ton) of hazardous chemical waste contamination, and municipal landfih
remediation is -$50 /ton. Another cost variable relates to simple, non-waste
treatment soil stabilization operations which are estimated to cost be between $30
to $80/ton depending on whether the soil/waste requires complete or only partially
melting.

In conclusion, PARF engineers and scientists are enthusiastic proponents of the
proposition that plasma arc deserves a series of well-defined, research-based proofs
of concept, because of its promise and the existence of diverse, difficult, and costly
contamination problems We are in the midst of finalizing further research
demonstrations, including:

An in situ solid waste treatment research project, funded by a special
appropriation of the State of Georgia Legislature

A research program to evaluate the feasibility of environmentally safe and
cost-effective plasma arc technology applied to the disposal of wastes from
the pulp and paper industry

The SRTC/DOE, OTD at the Savannah River Site has acquired a Russian Hybrid
Plasma Induction-Cold-crucible Melter. The system, currently being located at
the Georgia Tech PARF, will be used to perform research for the optimization
of heterogeneous waste vitrification.

Testing is planned to address concerns of off-gas composition and final-
product chemistry and segregation of individual components in the vitrification.
of Thorium nitrate, the stored chemical form of 232Th [3]. Stored by the
Defense National Stockpile Center. 232Th is being phased out as a fuel to be
used in breeder style nuclear reactors. This research is part of the program tc
assure proper long-term storage of this long-lived radionuclide.
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We welcome your comments, and would be happy to explore joint participation
research projects centering upon environmental applications of plasma arc
technology, particularly in situ applications.
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TABLES

TABLE I. PLASMA ARC TECHNOLOGY CHARACTERISTICS

Power Levels - 100 kW to 10mW

Plasma Temperatures - 4,000 C to 7,000 C +
No Air Required
Torch Operates with Any Gas

Note: No air required means that the torches can be operated in subterranean boreholes.

TABLE II. POTENTIAL ADVANTAGES OF PRISM ~

Remediation of a variety of mixed wastes

Minimum exposure to buried contaminants
High thermal coupling with soil
Operates well under varying ground (subsurface) conditions and
materials
Process proceeds from the bottom of the hole to the surface
High rate of vitrification & remediation
Significant cost reduction of remediation

Cost ~= $130/ton for hazardous and toxic wastes

TABLE III. TECHNICAL FEASIBILITY ISSUES.

Melt Behavior and Effects

Radii and Properties of Melt and Adjacent Zones
Specific Energy Requirements -- KWH/ton
Formation of Contiguous Melts
Volatility of Contaminants
Composition of Off-gases
Adaptability of Existing Off-gas Treatment Technology
Transport of Volatiles into Surrounding Media
Comparative Cost Effectiveness
Hazardous and Mixed Wastes
Non-hazardous Wastes
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TABLE IV. PROPERTIES OF VITRIFIED SOILS.

Density: >150 lbs per cubic ft
Compressive Strength (PSI): 35K - 40K (Concrete 3 - 8K)
Splitting Tensile Strength (PSI): 4K - 8K (Concrete 0.4 - 0.6 K)
Wet and dry Cycles: Unaffected
Freeze and Thaw Cycles: Unaffected
Leachability: 5 times Less Leachable than Bottle Glass
Physically & Chemically Analogous to Natural Obsidian

TABLE V. LEACHABILITY (U.S. TCLP) OF VITRIFIED MUNICIPAL WASTE
RESIDUES.

Permissible Measured
Heavy Metal Concentration (mo/l) Concentration (ma/h

Arsenic - As
Barium - Ba
Cadmium - Cd
Chromium - Cr
Lead - Pb
Mercury - Hg
Selenium - Se
Silver - Ag

5.0
100.0

1.0
5.0
5.0
0.2
1.0
5.0

<0.1
<0.5
<0.02
<0.2
<0.2

<0.01
<0.1
<0.5

TABLE VI. IN SITU VITRIFICATION OFF-GAS TREATMENT: TYPICAL
INORGANIC REMOVAL EFFICIENCY.

Inorganic Contaminant Removal (%)

Pb, As, Cd, Ba, Cr, Ni 99.9
Hg 97.99
Ra, U, Th, Pu 99.9

Source: [4]
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TABLE VII. IN SITU VITRIFICATION OFF-GAS TREATMENT: TYPICAL ORGANIC
REMOVAL EFFICIENCY.

Organic Contaminant

MEK, Glycol, Fuel Oil

DDD, DDE, DDT, Chlordane,
Dieldrin, Aldrin

PCB's and Dioxins

Removal (%)

>99.9

>99.9

>99.9

Source: [4]

TABLE VIII. MUNICIPAL SOLID WASTE DISPOSAL: THE PROBLEM

The U.S. Generates >200 million tons/yr
67% Landfilled
16% Incinerated
17% Recycled

Number of Landfills
1993: 6,000
2000: 2,150 (Capacity shortage = 64 million tons)

Typical Disposal Costs (per ton)
Ohio: $30
New York: $130

Source: Dr. Lou Circeo, Georgia Institute of Technology
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TABLE IX. PROJECTED REMEDIATION COSTS: HAZARDOUS/TOXIC WASTE
CONTAMINATION

Scenario: 1.0 acre contaminated to a depth of 10ft with a 5 MW
Mobile System

Capital Cost (10 yr life; 6 mo. project) $0.5M
2 feet of Overburden & 400 boreholes 0.5M
Electric Power (SER = 500 KWH/ton) 0.6M
Labor (5-person shift, 2 shifts) 0.9M
Maintenance ($100/hr of operation) Q.3M

Total Cost (Cost Per Ton = $130) $2.8M

Source: Dr. Lou Circeo, Georgia Institute of Technology
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Introduction

Using engineering student-faculty teams, the U.S. Department
of Energy sponsored Industrial Assessment Center (IAC) at the
University of Louisville does free pollution prevention and
energy assessments at small to medium size manufacturers (SIC 20-
39) in Kentucky and Indiana. Each client plant must meet three of
the following four criteria:

. Annual energy bills less than than $1,750,000 and more
than $50,000

. Gross annual sales of less than $75 millon

. Less than 500 employees

. Lack a dedicated energy/waste engineer

. Lack of in-house staff to perform these analyses

The program criteria and assessment procedures are briefly
described and summaries of assessments at a sheet fed offset
(lithographic) printing plant and 2 denim jeans prewashing plants
are presented.

Assessment Procedure

The primary objective of the IAC is to identify and evaluate
opportunities for energy conservation and waste minimization.
Prior to the site visit the following plant information is
requested:

. Copies of utility bills: water, sewer, gas, electricity,
any other major fuel used, e.g., coal for a full year

. Equipment List

. Lighting List

. Plant Layout

. Process Flow Diagram

. Chemical List

•Dept. of Chemical Engineering, University of Louisville,
Louisville, KY 40292, 502/852-6357, FAX:502/852-6355,

iil:m0flei019ulkyvB.louisville.edu
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. As they apply: Annual hazardous waste generator report,
SARA 313 Toxics Release Inventory Form R, Air permits,
Wastewater permits. Waste analyses

. Annual quantities and costs for hazardous waste and solid waste
transportation and disposal.

. Other waste management costs, e.g., permit fees, taxes,
analyses, maintenance, supplies, labor, & administration for
above wastes, wastewater treatment, air pollution control

If any of the requested data is not readily available or
additional arise, they are obtained or developed during or after
the site visit.

Generally the energy assessments are primarily prescriptive,
while the waste assesssments are primarily descriptive. Data are
gathered primarily during a one day site visit which usually
proceeds as follows:

. Plant overview and briefing, followed by a more intensive
interview for the waste team.

. Separate guided plant tours for the energy and waste
teams. The waste team tour usually takes longer since the
focus is on the process from raw materials in the door to
wastes and products leaving the plant. During the tour the
services of plant personnel other than the host(s) may be
needed, e.g., plant electrician to aid in measuring
power factor, operator to collect waste samples,
maintenance supervisor to verify operating conditions,
etc.

. Obtaining or determining needed data during the plant
tour by interviewing operators, instrumental energy
related measurements, and shooting photographs and/or
video with the client's permission.

. Debriefing meeting with the host(s) following the audit,
to discuss preliminary findings and identify additional
information needs. Separate meetings may be needed for
energy and waste.

Following the site visit, energy conservation and waste
reduction recommendations which look promising are pursued.
Additional contact with plant personnel is often necessary to
verify data, obtain additional information, etc.

Assessment Recommendations

Assessment recommendations (ARs) for energy conservation and
pollution prevention/waste minimization are identified both
during and following the plant visit. .So far as possible we try
to address the client's priorities. Since site visits are brief,
the ARs may be limited in scope. In developing the ARs,
literature, vendors, P2tech (listserve), and other resources are
used to obtain information on methods, equipment, and costs to
evaluate technical and economic feasibility. Capital investment,
operating costs, and potential materials and waste management
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savings are estimated, and a simple payback period (no time value
of money) is determined. Sometimes, net positive value is also
used as an indicator of economic feasibility.

On the waste side, potential savings in most cases address
direct costs, primarily reduced material requirements and waste
disposal. Labor, maintenance, and supplies, e.g., waste drums,
are also estimated as available and/or necessary. Indirect costs
such as record keeping are usually not accounted for in the ARs
because of the uncertainty in allocating them to specific wastes.
Furthermore, many of these costs are not readily attainable and
are often unclear as they are often merged with other costs.
However, as available, permit fees, taxes and chemical analysis
costs are generally accounted for. Other savings not usually
quantified include elimination or reduction of a variety of
future possible costs, such as those related to changing emission
standards and regulations, potential future liability, and
improving general employee safety end health and environmental
quality.

The assumptions, data and calculations used to estimate
energy consumption and waste generation, and costs, savings and
payback for the ARs are reported in detail. Thus changes or
corrections may be easily made should the client not agree with
the data or assumptions. The estimates are intended to be
conservative. When suggested ARs involving engineering design
and significant capital investment are attractive to the company
and engineering services are not available in-house, it is
recommended that a consulting engineering firm be engaged to do
the detailed design and cost estimating for implementation. For
some ARs, testing may be appropriate to verify anticipated
performance of suggested methods. Some ARs may be more
speculative in that research and development may be required.

Additional waste minimization and energy conservation
considerations are identified and briefly described. These items
are not presented as ARs due to insufficient time for research,
insufficient data, or unfavorable economics. Some of these
measures would require relatively long payback periods (>4yrs.)
or save less than $200/yr, or were otherwise beyond the scope of
the assessment.

Assessment at a Printing Plant

The plant does sheet fed lithographic (offset) printing
using soy-based inks to make tray cards for compact discs and
labels for cassette tapes. Production rate is 80 millon units/mo,
with annual sales of about $30 millon, with 170 employees. The
company is a small quantity hazardous waste generator and does
not submit SARA 313 Toxic Release Inventory reports. Process
waste water from image processing and fountain tank cleaning are
sent directly to the POTW after silver recovery from fixer. The
VOCs consist primarily of aliphatic and aromatic napthas, with
blanket wash being the major contributor. Non isopropyl fountain
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solution is primarily used.

Customer provided proofs go through image processing to
(presensitized) aluminum plate making. The plates are used in
makeready prior to the actual printing job. Ink is removed from
the press ink wells afterjob completion, and the wells and
rollers are cleaned with blanket wash and solvent wetted rags.
The rollers are not cleaned when the same colors are to be used
on the next job or the existing job is to be continued on the
next shift. The product is then sent to the bindery for cutting,
folding, and stapling, and the packaged product is then shipped.
The overall process flow is shown in Figure 1, the energy usage
summarized in Table 1, and the waste generation summarized in
Table 3.

The plant has implemented the following waste minimization
efforts: switching from petroleum-based to soy-based inks; VOC
reduction by improved production planning and scheduling; reusing
plastic wrap from incoming paper shipments; reusing pallets for
in-plant storage and product shipments; off-site corrugated
recycling; silver recovery; mylar film recycling; recycling un-
useable aluminum plates; reuse and recyle of plate developing
chemical containers; use of make ready waste paper to remove ink
from presses after job completion; off-site waste paper
recycling; switch from xylene based cleanup solvent to naptha
based; just in time and first in-first out inventory control for
ink; ordering paper cut to size; and changing from a (hazardous
waste) solvent based parts washer to an aqueous biodegradable
detergent.

Recommendations for pollution prevention and waste
minimization are summarized in Table 4. Additional waste
minimization possibilities that were not costed out include:

. Automated ink blending and dispensing

. Testing and reuse of expired ink, possibly by blending

. Ultraviolet curable inks

. Sending metal bands from incoming paper and plate
shipments to a scrap metal dealer

. Taking back empty boxes from customers for reuse

. Solvent recovery from rags

. Digital (computerized) image processing

. Enclosed automated blanket wash delivery

Recommendations for energy conservation are summarized in
Table 5. Additional energy conservation measures considered but
not costed out include:

. Reduce demand cost on electricity by off-peak hour
scheduling of energy intensive operations

. Light timers in areas not always occupied

. Set back thermostats in areas such as offices
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Aaaessaents at 2 Denim Jeans Prewaahina Plants

Both plants perform stone and enzyme washing of jeans from
various jeans manufacturers. The plants have annual sales of
about $4,000,000 (Plant A) and $6,000,000 (Plant B), and about
125 and 110 employees, resp. One plant has an adjacent industrial
laundry, and the other a commercial dry cleaning-laundry
operation. The industrial laundry has caused Plant A's total
effluent to exceed the POTWs criteria for oil and grease. At each
plantt the respective effluents from each operation are combined
and sent to a POTW. Between the 2 plants, a combined total of
about 200 milion gallons/yr. of water are used to process about
14 millon pair of jeans. Sewer bills are based on the amount of
water used rather than the actual effluent discharged to the
POTW. However, a significant amount of incoming water is lost by
evaporation in transporting washed jeans to the drier, in the
driers, from the warm wastewater and entrained in the removed
lint (as shown in Figure 2).

Both plants pay substantial wastewater BOD. and total
suspended solids surcharges to their POTWs. Solids are another
major waste, primarily consisting of lint from the washers and
dryers. Other significant wastes include pit sludge, cardboard,
and shrink wrap. Plant A is not a hazardous waste generator;
Plant B is because of solvent (PERC) recovery in their dry
cleaning operation. Neither submits SARA 313 Toxic Release
Inventory reports. Air permits are required for Plant A for the
dryers, but not for Plant B which is in a different state. Pit
sludge and washer lint is landfilled as special waste for Plant A
and as ordinary trash for Plant B.

The process is generally similar for both plants as shown in
Figure 2 for Plant A. Jeans are delivered by the jeans
manufacturers and then transported to the washers where water and
chemicals are added. Jeans are washed according to customer
specifications, i.e., chemicals, cycles, etc. Plant B pays for
its washing chemicals, while in Plant A their customers pay.
Wastewater from the washers primarily containing dye, lint, and
rocks (when stone washing is used) is pretreated for suspended
solids removal before discharge to the POTW. Solids removed from
the water are landfilled. The washed jeans are dried and
particulates (lint) in the exhaust gas are removed in wet lint
collectors. These solids are landfilled as well. The dried jeans
go to finishing and shipping as needed, and are shipped back to
the jeans manufacturer or directly to retail stores.

The wastewater treatment schemes differ slightly for Plants
A and B, and are shown in Figures 3 and 4. In A, lint, rocks, and
other solids are removed from the washwaters in 2 pits and by a
vibrating screen (30-60 mesh). Settling in the pits is not
desired since their primary purpose is equalization. In plant B,
solids are removed from the wastewaters by a 150 mesh screen, a
vibrating screen, a cyclone and a settling basin in series. In
both plants, heat is recovered from washwaters in a heat
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reclaimer, to preheat incoming city water.

Each plant has implemented various waste minimization
measures. Suppliers take back unused chemicals that previously
were flushed through the washers to the sewer. Some chemical
suppliers will take back empty plastic drums which would
otherwise be landfilled. Plant A has gone to automated chemical
metering for liquidson all their washers. Plant B uses scoops to
meter both liquids and powders from the central chemical storage
drums and transport and add them individual washers, with
significant spillage occuring at each step.

One manufacturer delivers jeans in heavy duty plastic
containers, which can be used for weighing and transport in the
finishing process, and for shipping out finished jeans. The
plastic boxes last longer than the "palletainers" with cardboard
sides, which eventually are landfilled. In plant A the wet lint
collectors use recycled water following the vibrating screen,
instead of fresh city water. City water is recirculated in Plant
B's in the dryer wet lint collector. Incoming pallets are used
for finished jeans shipments and in the respective adjacent
industrial laundry and dry cleaner. Damaged pallets go to a
reconditioner.

Energy usage is summarized in Table 5 and recommendations
for energy conservation in Table 6. Additional energy
conservation measures considered but not costed out include those
mentioned above for the printer and in addition for Plant B:

. Reducing compressed air leaks

. Preheating combustion air or makeup water with stack gas
heat recovery

Waste generation is summarized in Table 7 and pollution
prevention/waste minimization recommendations in Table 8.
Additional waste minimization possibilities that were not costed
out include:

. Improve free and emulsified oil removal from Plant A's
industrial laundry wastewater prior to combining
with denim washing effluent to POTW by e.g., dissolved air
flotation, coalescing cartridge filter, emulsion breaking,
microfiltration or ultrafiltration

. Have Plant A's suppliers ship jeans in heavy duty plastic
containers rather than palletainers (racks with cardboard
sides) and use plastic boxes for jeans weighing and
transport within the plant, and shipping finished jeans

. Replace foldable cardboard boxes used in Plant A for
in-plant jeans transport, with stackable or plastic
containers or canvass bags

. Automate chemical metering and injection in Plant B

. Improve operating practises in Plant B for metering
chemicals to washers

. Reduce suspended solids (and associated BOD) loadings to
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POTW and surcharges by adding coagulation/flocculation,
finer mesh backup screen, polishing filter, or replacing
vibrating screens with a rotating drum screen or container
filter.
Additional wastewater treatment to reduce BOD and allow
for water reuse by e.g., carbon adsorption or chemical
oxidation
Soften incoming water
Keep rainwater out of lint dumpster and allow drainage
from wet lint
Recycle shrink wrap and increase corrugated recycling
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Figure I: Process Flow Diagram (Priming)
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Table 3 • Waste Generation (Printing)
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Table 4 - Summary of Waste Assessment Recommendation (Printing)
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Figure 3 (Plant A): Water Flow Diagram
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Table 5 • Energy Usage Summary (Denim Jeans)
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Table 7 • Waste Generation (Denim Jeans)
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Table 8 • Summary of Waste Assessment Recommendations (Denim Jeans)

CurrcM Pnctict E n i a u u d N o
ABB—I Saving!

Sewer charge* v t buados
UM volume ri-nMti purcnaaad
(ban thaw

Insailaa
meter Mid pay directly fer
ibe volume dudianKl Smut*

Simple H i n d Tin

0
11.000
19,000

I 5 mom hi

11.000

I24.JO0

Rcuaa ta* 6ml 3 now M

SavingE
Simptt Paytadt Tim

M.0OO.0O0 |al
SI.000

m.ooo
I 4

13.000.000 cal
110.500
X4IJO0

All linl generatad * ita
baluy it Laadfillad

Puicnatt btlu/comjmaai to
bola linl and tMva it awsy to
praapacnw aaan

Simple Payback Tim.

11.000 Ib I
O.000 |

si.ioo I
I 6 yean I

200.000 Ib
S5.000
12.100

2 n a n

Solan an alknM to MUa
ID tba fint >N«na»«nr pro

JtUttll Ul Uf tttAlMaT IO SSItMA
tha aaur is Ida p u . pnvottiaj

•obdi fnm tmimt Savtnac
Simpla Payback Tit

42,0001b I
Sl.000
SI.70O

31 vmb

13.000 b
11.000
SI 700

Ramoval of oupkooad
aniidi wins a vibrating

•a filter

loatall > bydmcydona in

•anal witli icraao to incrai

k removal

Wai
lir

Savtagc

Simple Payback Tin

210 0001b

S3.IOC-ii.600
1)600

0 6 - 1 4 veare

N/A

-790-
NEXT PAGE(S)

left BLANK



Solid & Hazardous Wastes



Proceedings of the Fifth International Conference
on Energy and Environment, Cairo, Egypt, 1996 EG9700035

GE0SYNTHET1C APPLICATIONS IN LANDFILL DESIGN

Ibraheem S. Alshunnar, P.E.
Project Manager. NTH ConsulUnu. Ltd

Farmington Hills. Michigan. U.S.A.

Sherif S. Afifi, Ph D.. P.E.
Vice President. NTH Consultants. Ltd.

Farmington Hills. Michigan. U S A .

Benedict Tiseo. P E
President. NTH Consultants, Lid

Farmington Hills. Michigan. U S A

Abstract

Landfills are designed to contain waste and to provide protection against discharges of leachate into the environment. Main
components of a landfill include a liner system, a leachale collection system, and a cover system. Traditional designs have
typically incorporated clay soils for containment and sands with embedded piping for leachate collection As a result of
recent advances in design, geosynlheuc materials are now widely used for these components While these materials present
coat and feasibility advantages, they also pose significant challenges in stability evaluations, handling during installation, and
quality assurance

This paper presents an overview of applications of geosynthetics in landfill design and construction, including Advantages,
disadvantages, design criteria, possible economic benefits of various systems, and related construction considerations

1. GEOSYNTHETIC MATERIALS

Geosynthetics are relatively thin planar products They are manufactured from polymeric materials ()f the monv types or
geosynthetic materials manufactured, geotextiles. geognds, geonels, geomembranes. and geosynthetic clay liners are
commonly used in landfill construction and closure These materials have a wide range of applications A brief description
of each material is provided below A summary of their applications in landfills is presented in Table I

GeoteitUes (GT) - Geotextiles are textiles fabricated from synthetic materials such as polypropylene, polvesler. and
poh/amide. The textile consists of porous woven, nonwoven or knitted fibers. Geotextiles are used in multiple applications
but they generally serve one of the following functions To provide a separation between two media: to act as a reinforcing
structural member, to filter certain size materials, and to allow effective drainage across the fabric The most important
physical properties of geotextiles include apparent opening size, permittivity, and tensile strength The fallowings are brief
descriptions of these properties:

Anrtarent Onening Size t AOSV The AOS is defined as the U S standard sieve number that has openings closest in size to
the openings in the geotextile In filtration and separation applications, the AOS is usually specified to provide openings
which are large enough to allow tluids to tlow through the geotextile and small enough to retain soil particles on us upstream
side. The AOS is measured bv ASTM D 4751
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Permittivity: Permillivity. which is a measurement of flow across the geotexlile. is defined us the cross-plane permeability
of the geotextile divided by its thickness. Permittivity is a critical parameter in filtration applications In these applications.
the permittivity of the geotextile should be sufficiently large that the ilow through the geotextile will not be impeded The
permittivity of the geotextile is measured by ASTM test method D 44'J I and reported with a unit second ' (S1) Its value
ranges from 0.2 to 2.2 S"'.

Tensile Strength,; Tensile strength is the most important property for geotexliles when used in reinforcement applications
In landfill applications, shear stresses induced within the liner or cover systems hy drainage or cover soils are transterred
into tension in the high strength geotextiles The tensile strengths of geotexliles van' depending on manufacturing type and
mass per unit area. The wide-width tensile strength lest (ASTM D 4595 ) is generally used to estimate the tensile strength
for design purposes

Gtogrids (GG) - Geognds have a gnd-like configuration with large openings and are made of high-density polyethylene.
high-tenacity polyester, or polypropylene These products are manufactured under controlled temperature conditions to avoid
any fracturing during creation of the gnd-like formation. Geognds are used pnmanly as reinforcement structural members,
occasionally, they are also used as a separation medium The tensile strength of the geognd is its most important properry
Most manufacturers use a modified form of ASTMD 4595 test method to measure the tensile strength of the geognd The
tensile strength of geognds ranges from 30 to 200 kn/m width.

Gtonets (GN) - Geonets are manufactured in a net-like formation by extrusion of polymers in ribs at acuie angles so as to
form large apertures Geonets are almost exclusively made of polyethylene The thickness of these nets range from 5 0 to
7 2 mm. The primary function of a geonet is to convey fluids along a plane; thus transmissivity, which is a measuremeni
of flow within (he plane of the geonet. is its most important property It is defined as the inplane pemieabclitv (if the geonei
multiplied hy its thickness The transnussiviry is usually estimated using ASTM D 4716 The test must he performed under
conditions simulating field conditions, including gradient and overburden pressure

Geomembranes (CM) - Geomembranes are essenlially impervious thin sheets of rubber or plastic used primarily as a
barrier to moisture and vapor At present, almost all geomembranes are made of polymers These materials charactenstically
become soft and pliable when heated They can be seamed hy heat, extrusion or chemical means and do not experience
significant change in properties as they revert to their ongmal properties when cooled. There are several types of
geomembranes that are manufactured using different polymers, including polyethylene (PE) and polyvinyl chloride (P VC).
Based on the densities of the PE geomembranes, they are classified as high density (HD), linear low density (LLD), and low
density (LD) PE geomemhranes The most common geomembrane is the high density polyethylene (HDPE) This type is
widely used in liner systems. Linear low polyethylene (LLPE) has a lower density than HDPE and is relatively more flexible.
Because of its flexibility. LLPE can accommodate large deformations and is mainly used in cover systems PVL"
geomembranes have high flexibility and are also most commonly used in cover systems The width of geomembrane sheets
generally vanes from I 8 to 9.2 meters Sheets can be created in a smooth configuration or a roughened configuration to
increase interface factional resistance with other surfaces

Geoaynthetic Clay l i n e n (GCL) - Geosynthetic clav liners are gaining wide acceptance as containment media to replace
clay liners or augment a clav liner Thev are manufactured from factory-fahncaled rolls of bentonite clay attached to a
geomembrane or sandwiched between two geotextiles Both woven and nonwoven textiles are used Nonwoven textiles
generally will not permit hvdrated bentonite to squeeze through the fabne. Woven textiles will permit the squeezing of
hydrated bentonite through the fabric, thus providing a more effective seal. However, tins also has the effect of lubricating
the interface between the GC'L and the overlying material, thus significantly reducing the interface fnctional resistance The
geosynthetic clay mats are generally 6 mm in thickness. 4 to 5 m in width and up to 30 to 60 m in length One layer of GCI.
is usually used to replace a 3-fool compacted clav layer The permeability of the GCL is one of the important properties in
liner application. It is measured as described in ASTM D 5084 and usually ranges from 6 x 10" to 3 x 10"" cm/s.

2. LINER AND COVER SYSTEMS

As the impact of waste disposal on the environment became more understood, the need tn engineer landfilhng became
apparent in the United Stales As a result, it has now become common practice to design landfills in such a way as to isolate
the waste from direct contact with the public and to minimize the release of any waste-generated substances into the
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environment Industrial and household produced wastes, although fundamentally different, will produce leachale when they
become in contact with water; also, decomposition of most wastes results in gas releases Thus, engineered elements of a
landfill facility must include components to encapsulate the waste and minimize generation of leachale and means to collect
and handle any generated leachate and decomposition gases. In this section, we will address common design features in
waste containment and leachale generation control, along with design features commonly incorporated to bring leachate to
a point where it can be collected Engineered features to collect and utilize landfill gases, as well as features to treat the
recovered leachate. are beyond the scope of this paper

In the past, designers relied primarily on low permeability soils to form liner systems to encapsulate waste, and on high
permeability soils or processed rock and piping for collection and removal of leachate. As engineers were faced with the
task of designing more complex (and perhaps more protective) liner and leachate collection systems and as more landfill
sites with naturally permeable subsurface were encountered, the need to utilize geosynthetic materials became more and more
obvious In general, it is now agreed among professionals that a liner system combining the use of geosynthetics and natural
soils is preferred over one which relies on one material only

Liner and drainage units which are currently used in the United States to compose suitable liner or cover systems are
illustrated in Figure I A. The system that is ultimately selected must be functional, feasible to construct, protective of the
environment and, in the United States, must satisfy minimum regulatory requirements

Figure 1 A illustrates three possible units which can be used alone or in combination with others to compose a complete liner
system. These are One or two compacted clay layers, a compacted clav layer underlying a geomembrane; and a
geosyntheuc clay liner underlying a geomembrane Figure I A also illustrates three possible drainage units: A gravel layer,
a sand layer, and a layer consisting of geonct underlying a geolextile As suggested previously, these individual units are
used alone or in combination and other materials may he added to supplement their use For example, a geoiextile would
be needed for protection if gravel is placed above a geomembrane

Landfill cover and liner components with varying levels of geosyiithetic use are illustrated m Figure I B These systems
include a cover system, a single composite svstem. a double liner system, and a double composite liner svstem. As shown,
a cover svstem consists from top to bottom of A iaver of topsail to crow vegetative cover !oi erosion control and
landscaping reasons, a layer of geotextile over geonel (or alternatively sand) for drainage of water Horn infiltration: and
a geomembrane over a laver of compacted clay (or alterativelv a GCL) to act as impermeable harrier over a layer of sand,
which represents the final laver of daily cover on the finished waste surface This typical cover meets permeability
requirements established by regulatory agencies in the United Slates

Figure I B illustrates a single composite liner svstem with two alternative components to handle leachale drainage Both
contain a GM over a CCL. In one case, leachate drainage is provided through exclusive use of soil I sand and gravei ). in
the other case, drainage is provided through exclusive use of geosynthetics by a geolextile over a geonet

Figure 1 B also illustrates a double liner svstem consisting of two liners designated as primary and secondary liner systems
Each liner may consist of one or more lavers of soils and/or geosynlhelics If each of the primary and secondarv liner
systems include a composite liner svstem. the liner is called double composite liner system. As shown, ihe double imer
system includes a leachale collection system and a leak detection system. The purpose of the leak detection svstem is to
collect any tluids that mav leak through the primary liner The purpose of the secondary liner is to contain any leaks llirough
the primary liner

The single composite liner system shown in Figure I B presents the minimum requirements for solid municipal waste
landfills while the double composite liner system, also shown in Figure I B. presents the minimum requirements for solid
hazardous wastes

3. CHALLENGES

l-andfill applications usuie geosvnthelic materials have met mam challenges i hese challenges included developing design
methods that account lot the lime-dependent behavior and long-term pertnnnance of geosynthetics and lor conditions lhat
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may be encountered during their service life in a landfill environment. Cieosynlhetics have visco-elastic characteristics winch
change strength and stifihess over time.

Installation of large thin geosynthetic sheets is also a challenge Detailed specifications must be developed to define
safeguards to he taken to prevent damage during installation or waste filling operations Other challenges include the quality
control and quality assurance lor such materials The variations in the properties within the same product make it necessary
to implement aggressive quality control programs. However, space limitations do not allow discussion of the quality control
and quality assurance requirements The current practice in the design and installation of geosynthetics in landfill
applications is summarized below

3.1 Design Issues

In landfill applications, geosynthetics can be used for containment, drainage, filtration, and reinforcement The design bv
function for each geosynthetic component is summarized below:

Drainage Applications • Cieonets are the most common drainage media used in the landfill industry. As previously
mentioned, they can be used to transfer leachate in the leochale collection systems and percolating rain water in a cover
system. The drainage capacity of a geonet depends on its Ironsmissivity However, the transmissivity of the geonet may
be affected and reduced as a result of the reduction of geonet cross sectional area (flow area), due to one or more of the
following conditions: ( I ) Elastic deformation and intrusion of the adjacent geosynlhelics into the geonei; (2) creep
deformation and intrusion of the adjacent geosynlhetics into the geonei. (3) chemical clogging and/or precipitation of
chemicals in the geonei core, and (4) biological clogging Conditions I and 2 are related to the level and period of loading
Conditions 3 and 4 apply to cases where the geonei is used to transmit leachate Taking into account the effect of these
parameters on the capacity of the geonet. the allowable flow rale for a geonet can be estimated using Equation I

Where a = 0 / w ( ! ) (I)
FSED X FSCR X FSCC x FSHC

a , = the allowable flow rate to be used in design. m'/sec
8 = transmissivity of geonei. nr/sec
i • hydraulic gradient.
w » width of geonei. m
FSED = the factor of safety for elastic deformation of the adjacent geosynlhelics inio the geonet s core

space,
FS,-, = the factor of safety for creep deformation of the geonei.
FSrc = the factor of safety for chemical clogging of the geonet core space, and
FSgc = the factor of safety for biological clogging of the geonet core space

For landfill applications, each factor of safety ranges from I 4 to 2 0 depending on the overburden pressure and the fluid
transmitted

Filtration Applications

Geotexules are commonly used in landfill filtration applications In these applications, the design calls for transmitting the
(low through the geotextile itself while retaining the soil on Us upstream side To transfer the flow, the permittivity of the
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geotextiles must be adequate To retain the soil panicles, the apparent opening size for the geolextiles must he adequate
The ability of the geotcxtiles to transfer the liquids is estimated as shown in Equation 2.

Where

; )
FS^ xFSSCB x FSCR x FSCC x FSBC

a , = the allowable flow rate to he used in design, mVsec
<p = permittivity of geolextile.
Ah = the head loss, m
A = cross area of geotextile. m:

FSE0 = the factor of safely for elastic deformation of the adjacent geosynthetics into the geotextile's core
space.

FSx, = the factor of safety for soil clogging and blinding,
FSr, = the factor of safety for creep deformation of the geolextile.
FSc,. = the factor of safety for chemical clogging of the geolextile 's core space, and
FS K - the factor of safely for biological clogging of the gcotextile's core space

As for the case of the geonet. factors of safely are included to account for soil clogging, creep, intrusion, and chemical and
biological clogging For landfill applications, each factor of safety ranges from I 0 to 4 0 depending on the type of retained
soil, overburden pressure, and type of liquid transferred (e.g.. water versus leachate)

The ability of the geotextiles to retain the soil particles is estimated based on the grain size distribution of the retained soils
and the apparent opening sze of the geotexuks. Several methods are available. One of the simplest methods was developed
by Carroll"1. Based on this method, to provide adequate soil retention, the AOS (in millimeters) for the geotexlile must he
less than 2 tunes the soil particle size in millimeters for which 85 percent of the soil is finer, d,, (i.e.. AOS < 2 d^).

Recent research m indicates that, for relatively mild landfill leachate. a nonwoven geolextiles with apparent opening size of
0.212 millimeters (i.e., M 70 sieve) will provide adequate filtration.

Reinforcement Applications

Geotexules and geognds are the most commonly used materials for reinforcement applications. Any reinforcement materials
must have relatively high elastic modulus and tensile strength. For these applications, ui order to account lor installation
damage, creep, and chemical and biological degradation, large factors of safety are normally used to define the allowable
tensile strength Only high strength geolextiles can be used for reinforcement applications in landfill design Some
geotexules with low elastic modulus, including nonwoven gedexiiles, ore generally not suitable for landfill reinforcement
application Typical applications inciude:

1I) Reinforcement of liner and cover systems on the slope to transfer weight of cover or drainage soils within the liner
system without inducing tensile stresses within the system. In this case, the reinforcing layer is placed above the
layers of the liner system that are not capable of transferring the load. The reinforcing layer is designed to transfer
the load of the overlying soils by tension. The reinforcing layer is anchored at the lop of the slope. The anchor
configurations are selected and designed to provide capacity that exceeds the expected tensile stresses within the
reinforcing layer.

(2) Reinforcement of liner systems on the bottom of a vertical expansion to minimize the potential for excessive
differenual settlement that may damage the new liner system. In this case, settlement of the new liner is expected
due to mechanical compression and biodegradalion of the underlying waste. Since waste materials are
mhomogeneous and nonuniform, the settlement is expected to vary and significant differential settlements may
occur over small distances. Such settlement may cause damage to the overlying liner system. The reinforcing layer
in this case is introduced below the liner system to bridge the areas of settlement and minimize the potential for
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excessive differential settlement The reinforcing layer is designed to hridge the area of concern hy mobilizing
tensile stresses. The design tensile stresses are estimated on the basis of a worse case differential and/or local ized
settlement that may occur due to significant changes in the types of waste

Containment Applications

Geomembranes and GCLs are usually used for containment. A general description of the geomembranes and GCL design
is provided below

Geomembranes - The details for the design of geomembranes are beyond the scope of this paper However, it is noted that
the selection of a geomembrone for use in a specific project must address issues related to the following:

• Subgrade settlement - the thickness and tensile strength of the geomembrane must be sufficient to withstand localized
settlement in the subgrade soils In some cases, other methods of reinforcement including geotextile reinforcement are
placed below the geomembrane to provide adequate subgrade support

• Liner system stability during construction and filling - the interface friction angle between the geomembrane and other
components of the liner system must be sufficient to provide adequate factor of safety against sliding dunng construction
or waste filling The interlace friction angle can be determined using ASTM D 5321 The test must he performed
under conditions that simulate those that are expected in the field. Both textured and smooth geomembranes are
currently available in the market Texturing can generally increase interface friction angles by as much as IO°-15°

• Thermal expansion of geomembranes - geomembranes have high coefficient of thermal expansion Therefore, they
sustain relatively large shrinkage when temperatures decrease and sustain large expansion when temperatures increase.
Depending on the climate of the project area and the season dunng which installation occurs, large deformations may
occur between daylight and night hours. If the liner is expected to be installed in high temperatures, some slack must
be introduced to avoid inducing tensile stresses once temperatures cool down. The selection of the amount of the
required slack can be estimated using the expected temperature change and coefficient of thermal expansion However,
the implementation of such slack in the field is relatively difficult and site specific

Geosynthetic Clay Liners (GCL) - The selection of the GCL for containment applications must include an evaluation of the
stability of the GCL after hydration. The bentonite component of the GCL as well as the interfaces between the GCL and
other liner components are potential slip surfaces that must be evaluated. The evaluation must include estimating interfaces
and internal shear strength parameters. Shear box testing in accordance with ASTM standards must he used to estimate these
parameters. The testing must be performed under condition similar to those expected in the field including bentonite
hydration and stress levels Classical slope stability analyses are then performed to evaluate the factor of safety against
sliding.

3.2 Handling and Installation

Space limitations for this paper do not permit a detailed description of the installation procedure for the different type of
geosynthetics A summary description highlighting the main concepts and issues is presented below for each type of
geosynthelics.

Geonets are supplied to the site in rolls protected with a plastic wrap The geoncts are usually rolled down the slopes and
along the floor of the landfill Following installation, adjacent sheets of the geonet are joined using threaded loops at a
specified spacing. In general, geonets must be covered immediately after installation to minimize the potential for damage
and fouling that can occur from soils transported by water and wind

Geognds are installed similarly to other geosynthetics However, the connection between the different rolls must be strong
enough to transfer the expected loading The placement of the soil backfill must he performed in such a manner as to
minimize damage to the geogrid or undue stresses
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Prior to the installation of a geomembrane, the suhgrode must he prepared to provide a relatively smooth and stable surface,
free from sharp edges that may damage the liner. Following the preparation of the subgrade. the liner is installed and
ballasted with sand bags to minimize the potential for wind uplift. If wind speeds are above 30 kilometers per hour,
installation operations are usually halted.

After the placement of several sheets of geomembrane, the already overlapped liner sheets are seamed Fusion welding
techniques are usually used with controlled speed and temperature. Prior to any seaming, the machine is calibrated and trial
seams are performed and tested to assure the ability of the machine and the operator to produce acceptable seams The seam
area must be cleaned of dust and moisture prior to seaming. The occurrence of moisture or dust within the seam area will
result in a low quality seam. Therefore, seaming operations are usually halted on rainy days or during dusty conditions.
Following installation operations, the liner is inspected for damage and damaged areas are repaired by seaming a piece of
geomembrane above the damaged area. Nondestructive testing methods including air and vacuum testing are utilized to
assure seam tightness and continuity Destructive seam testing is used to assure adequate seam strength.

The installation of GCL provides several challenges. While the rolls of GCL can be placed in a similar manner to
geomembranes. the GCL rolls are much heavier. In the case where GCL is used as part of a double composite liner system,
heavy equipment is not allowed on top of the geomembrane during the placement of the GCL In these cases, light all terrain
vehicles (ATV) are used at low speeds without making abrupt changes in directions or turns During the placement of the
GCL rolls, adjacent sheets are overlapped approximately 150 mm. The seaming of the GCL sheets is achieved by placing
bentonite between the overlapped sheets. As installation of the GCL proceeds, covering of installed sheets must proceed
prior to any precipitation event Any wetting of the GCL during construction will result in a premature hydxation of the
bentonile At very small overburden pressures, such hydration will result in inadequate containment Therefore, it is
essential that the installation of GCL is followed immediately by the installation of the overlying component of the liner
system (i.e., geomemhrane in most cases) Drying of the GCL could also be a problem The installation of GCL in hot
weather without adequate protection may result in reducing the moisture content of the GCL that may cause the bentonite
sheets to shrink, resulting in loss of overlap between adjacent sheets.

3.3 Advantages and Disadvantages

In landfill applications, the use of geosynthetics has several advantages and disadvantages relaled lo Engineering
performance, volume, installation, cost, stability, and quality assurance and quality control These advantages and
disadvantages are discussed briefly in the following paragraphs

Engineering Performance - The engineering performance of geosynthetics is considered superior to natural materials. As
examples, (I) Geomemhranes are almost impermeable compared with natural soils; (2) a6-mm thick GCL is considered
equivalent to a 3-foot compacted clay liner, (3) a 6-mm geonet has 300 times the drainage capabilities of a 60- cm sand layer
with permeability of 1x10 ' cm/sec, and (4) a 3-mm geotextile has superior filtering capabilities when compared to a soil
filter. In addition, geosynthelic materials including geomembranes and GCLs, when used in cover systems, can withstand
significant settlement due to compression and decomposition of the underlying waste, while clay liners may crack as a result
of much smaller settlements. Furthermore, GCLs have a superior performance under cycles of freeze-thaw when compared
to compacted clay liners In areas where freeze-thaw is frequent, the use of GCLs could be the only way lo maintain the
integrity of a cover system. Finally, geosvntlielics have better compatibility with the type of leachate, generally expected
in the landfill applications than most clays

Volume - The use of geosynthetics to replace thicker natural soils will increase space available for waste disposal The
increase is expected to increase revenue and therefore make geosynthelics more economically advantageous However,
relatively thin liner systems that mainly consist of geosynlhetics (i.e., double liner system in Figure IB), may be vulnerable
to puncture by sharp objects (e.g., steel rebar) during waste placement operations. Such concern can be alleviated by placing
at least 2 m of waste which does not contain sharp objects (i.e., contaminated soils) or the placement of a protective soil layer
above the liner system.

Installation - The time required to install geosynthetic materials can be significantly less than time required to install
equivalent natural soil components For example, the time needed to install a GCL is far less than that required to place 3
feet of compacted clay and the time needed lo install a layer of geonet and geotexule is far less than that required to install
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60 cm of sand. However, the installation of the geosynlhelics requires significant care to avoid damage to the geosynlheiics
or to its function. For example, physical damage to the geomembranes can occur due to walking with shoes that have sharp
edges, GCL's can be damaged fry premature hydration due to rain, and geonets and geolextiies can be plugged by silt blown
by high winds.

Coal - Depending on the availability and cost of placement of suitable natural soils, the cost of geosynthetics could be
competitive with that of natural soils. For example, in the areas where cohesive soils are scarce, the use of GCLs as a
replacement is expected to show significant cost reduction compared to hauling and placement of suitable natural soils
Furthermore, in the areas where good drainage soils are scarce, the use of a geonet/geotexlile layer is considered cost •
effective. In some cases, even though suitable natural soils are available, geosynthetic materials con be cost-effective due
to the high placement cost of natural soils or the inability of natural soils to meet design performance requirements without
treatment..

Stability • The use of geosynthetics results in the creation of potential slip surfaces between the different layers of a cover
or a liner system. Stability of such interfaces must be evaluated and in some cases additional reinforcement elements
including geognds or geotextiles must be incorporated in the design to assure adequate stability. The addition of such
elements could odd to the cost of using geosyntheiics in the liner system.

Quality Assurance/ Quality Control - Manufacturing, handling and installation of geosynthetics requires significant quality
assurance and quality control activities to assure that the materials meet the project requirements', that they are handled in
an appropriate manner to minimize the potential for damage; and that they are installed in accordance with design
requirements Successful implementation of such programs requires significant personnel training and attention to details.
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TABLE I

PRIMARY GEOSYNTHETIC MATERIALS COMPONENTS

No.

•

(1)

(2)

(3)

(4)

(5)

TYPE

Geotextiles (GT)

Geogrids («;)

•

Geonets (ON)

Geomembranes (GM)

Geosynthetic Clay (((CL)

DESCRIPTION

Fabric, Porous

Grid-like, Large Apertures

Netlike at Cross Acute Angles

Thin Sheets, "Impervious"

Fabric, Bentonite Sandwich

FUNCTION

S, R, F, D, M

R

C

B,

B2

S: Separation D: Drainage
R: Reinforcement M: Moisture Barrier
C: Convey Fluid B,: Liquid-Vapor Barrier
F: Filtration B2: Hydraulic Barrier
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Abstract
The operating environment in Middle East and especially in Egypt is particularly

severe in terms of the high ambient dust concentrations experienced throughout the
Eastern and Western Provinces. Sand covers more than 90% of the Egyptian lands and
the warm desert regions are characterized by sudden fluctuations in wind speed and
temperature seasonally Airborne contaminant levels are particularly high and the
maximum concentration measured was approximately 1.0 milligram per cubic meter.
During severe dust storm conditions dust concentrations of the order of 100 to 500
times higher may be encountered.

The demand of developing an adequate high efficiency oil filter is increasing to
meet the high ambient dust concentrations experienced. This can be achieved by using
the depth fibrous oil filters. Those filters are made of long fibers of good adsorbability
of impurities, foreign products and water absorbability in the oil. Also, their trapping
capacity of oxidized resins such as sludge and carbon is far greater other competitors
as well as the retained contaminant capacity is exceptionally high as contaminants are
trapped at the surface and inside the element.

This paper describes the testing of three different types of partial-flow by-pass
fibrous oil filters combined to the conventional full flow filter and installed in three
buses for total running distance of 30000 km. Their performance has been controlled
by Direct Reading and .Analytical Ferrography for oil samples taken every 5000 km
The test results show that the degree of oil cleanliness was greatly improved by the
installation of the fibrous filters which provided high contaminant adhesion efficiency
to continuously trap the troublemakers impurities of oil.

1. INTRODUCTION
Internal combustion engines over the last decade have increased in efficiency and

working power The demand for increased efficiency and higher working power
resulted in new engine design sensitive to contamination and required finer filtration.
The lubricant can be contaminated from some contaminants which may be built into
the system because of inadequate cleaning of the component parts or because of faulty
assembly Contaminants may be picked up when adding fresh oil to the engine, [1,2],
and during the installation of replacement parts, where traces of casting sand and
machining swarf are usually present in new engines in spite of the care devoted by
manufacturers to excluding them, [3,4]. Contaminants may be generated at sliding
surfaces of piston rings and cylinder liners, bearings and cams, where metallic wear
debris is constantly being added to the abrasive content of the lubricant, [5-8]
Lubricants in storage containers may have become contaminated during processing and
filling Chemical reaction can produce contamination when improper containers are
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used. [9] Combustion soot contained in blow-by gases enters the crankcase oil.
Under the influence of high temperature, the soft soot panicles harden and
aealomerate into larger and more abrasive particles, [10] The major part of abrasive
material in the engine lubricant is the sand which enters the crankcase through the
breather. Sand entering the cylinders through the carburetor may also enter the
lubricant. The operating environment in Middle East and especially in Egypt is
particularly severe in terms of the high ambient dust concentrations experienced
throughout the Eastern and Western Provinces. [II] . During severe dust storm
conditions dust concentrations of the order of 100 to 500 times higher may be
encountered. It was found that the vast majority of airborne in the Eastern Province
are concentrated in the smaller sizes. 95% of ail particles are below 20 ^m and 50% of
ill particles are below 1.5 urn in size. [12].

The fineness of commercial and fine filters used in internal combustion engines is
ranging from 15 jam to 25 urn and 10 u.m to 15 p.m respectively. These values of
fineness are not enough to capture the majority of sand particles entering the
crankcase. A good filter must balance between filtering accuracy and filtering
capacity. Filtering accuracy means to what size can a filter be capable of removing
contaminant panicles; filtering capacity means how much particles can a filter remove
per hour and how much panicles can it retain. If a filter is to be increased with filtering
accuracy, the flow rate of the oil passing through the filter decreases as the filter
qu'.ckJy becomes clogged High filtering accuracy can be obtained simply by adopting
very fine mesh and its filter can trap many contaminants, but the mesh soon becomes
dogged not allowing the rest of the oil to pass through, [13]. An air filter for small
cars has been designed to withstand the local environmental conditions so that the
engines could exhibit less wear rate and therefore longer life. The filter has been tested
under homogeneous air flow using specially designed test rig, [14].

Depth filters consist of several layers of porous materials which form a tortuous
path through which the fluid must pass It is difficult to establish an absolute size rating
for this filter since pores in adjacent layers do not line up. These filters have a larger
dirt holding capacity than a surface filter and can trap a substantial amount of
contamination between layers. The most common material used is resin impregnated
paper Sintered phosphor bronze is also used and can be cleaned. Because of the
winding fluid paths through the layers, depth filters are very effective for removing
fibres Under conditions of vibration, shock, high fluid flow and pressure surges;
particles may be forced through the filter element. As the filter becomes loaded with
contaminants, it will trap finer and finer particles to move from one layer to another
until they pass through the filter. The density of the fibres and their distribution are
arranged so that porosity decreases in size towards the interior of the cartridge Thus
coarser particles are held at the outer edges whilst smaller particles are lodged deeper
in the cartridge until the pore openings are smaller than the size of the panicles they
are designed to entrap This high absorptive capacity gives long cartridge life, and
makes the cartridges particularly suitable for filtration of liquids having a high dirt load,
cind thus requiring a commensurate degree of purification, for example, fuels and
lubricants, [15] A fibrous filter medium comprises a blend of coarse and fine fibres
with an increasing gradient density fibre packing from the dirty filter side to the cleaner
filtrate side was introduced, [16]. The filtration mechanism is one of sorption of fine
paniculate on the fibre surface by impaction-impingement followed by depth
mechanical sieving of coarser paniculate which pass through the initial open fibrous
network.
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In the Egyptian environment concentration of dust in air is relatively high due to
the lack of rain and the vast area of desert. The inefficient filtration system as well as
the high concentration of dust in air cause an increase in wear rate As a consequence,
period of lubricating oil change has been reduced to get rid of the contaminated oil as
quickly as possible to avoid further wear This solution was not the proper one because
lubricating oil contains antiwar additive which needs longer time to react and give up
the required lubricating properties It was proposed to filter the used oil every 1000
km in situ through a filtering mobile system fitted by coarse and fine filters of high
capacity It was aimed to extend the life time of the lubricating oil and make full use of
the antiwar additives dispersed in the oil, [17]

In the present work, three different types of partial-flow by-pass fibrous oil filters
combined to the conventional full flow filter and installed in three buses for total
running distance of 30000 km were tested. Their performance has been controlled by-
Direct Reading and Analytical Ferrography for oil samples taken every 5000 km.

2. KEYWORDS
Crankcase filter, depth, surface, fibrous, contaminant. Direct Reading, Analytical

Ferrography and desert environment.

3. EXPERIMENTAL
Three oil filters of different types were tested in three buses for 30,000 Km. The

first filter (A) is multi-ply paper made of natural fibres and is set with special crepeness
and density for high contaminant adsorbability and water absorbability The elements
removes factors causing contamination such as sand, dust, silt, metal particles and
water in the oil. It also traps oxidized resins (sludge and carbon) so as to allow the
viscosity of the fluid to be recovered to certain levels, and TAN to be recovered to
nearly new oil values. It does not remove oil additives allowing the oil to function
continuously in the desired possible condition. The filter (A) functions on a 3-stage
filtration basis. The surface and second stage traps large contaminants. The second
stage, supported by a supporting wrap, is rolled under relatively low tension making
contaminants accessible to the element. But the third stage, is pressurized to give it a
higher density compared with the second stage, so it captures all remaining
contaminant particles small enough to pass through the second stage. The third stage is
protected by a cardboard wrapping and coordinates with the housing's leakproof edges
to prevent leakage inside the housing, Fig. 1 The element is also secured by an
unwoven cloth at the bottom. This system ensures any fluid entering the housing and
element from escaping with being filtered, and contaminants are perfectly held from
top to bottom. Its high retaining contaminant capability leads to the element's longer
life, [13].

The second filter (B) consists of one or two elements where the oil flows axially
through the filter element made of natural materials. To avoid the channel formation
through the fibrous layer, the flow is cut by so called homogenized layers. Due to the
very slow flow rate, the filter by absorption can remove such injurius impurities which
full flow filters or even by pass centrifugal oil filters can not retain. The level of carbon
soot which may disturb the performance of ZDDP additive and reduce the ami wear
characteristic of the oil and accelerate its oxidation can be minimized by application of
filter (B) The separation of contaminants is done through the fibrous filter material of
140 mm thickness. Every fibre consists of three smaller ones in a manner that the
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filtering area is quite large. The blocking of this filter is difficult. The filtering material
is environmentally friend because it does not contain any adhesive material. The oil
pressure helps in densing the filtering material. When a particle or a fluid flows in the
oil stream it may be collected by the fibre of the filter . If the particle could not flow in
the oil stream it may be separated by inertial impact to the felt fibre. The very small
particles follow the Brown motion. So, the filtration function of this filter is
represented by adhesion of particle to each other or to the felt fibre while the smaller
particles are trapped inside the filter. The inlet of the filter is fitted by spiral reducer to
prevent blocking. The felt is pressed through a screw fastened to the filter cover, Fig
2. The function of the similar other depth filters depends on the conical filtration which
reduces the area of filter and consequently increases the flow velocity In this filter the
oil is flowing through the whole cross section of the filter. The resistance of the
homogeneous layers is relatively low. The filtration process is repeated inside the filter
25 times where every layer experiences single filtration process. The flow velocity is
constant across the filter. Also, the filter is fitted by polymeric screen to collect the
fibres. The filter can absorb water contaminants as well as the fuel diluted in the
lubricating oil, [18].

The third filter (C) tested in this work was binder free microfibre. This filter is
chemically and biologically inert and temperature resistant, [19] The filter (C)
guarantees a three dimensional filtration effect (filter area times the full depth generates
a large filter volume). The asymmetrical structure of the medium promotes depth
filtration and improves dirt retention. A further advantage of this filter is the two stage
depth filtration where coarse contaminants are retained by the first stage fibres while
smaller particles are lodged deeper in the second stage fibres. The void volume of this
filter is relatively large and represents about 94% of the filter volume. Increased flow
rates and a lower pressure difference are the advantages of this filter. It means in
practice that the filter can be loaded much more still guaranteeing the highest constant
efficiency and at the same time increasing the capacity to retain dirt. This may extend
the service life of the filter, and reduce the operating costs

The recommended depth filter can be installed on all engines. The "In" and "Out"
installation can differ according to each engine model. The "In" installation can be by
diverging out from the pressure switch or from the blind plug on the main gallery The
"Out" connection can be installed to the blind plug on the engine block, by replacing
the bolt on the return pipe of the injection pump, By tapping or welding on the oil filler
pipe and by removing an oil pan bolt, then drilling a hole through it and replacing with
the depth fibrous filter.

The three tested filters A, B and C were installed in three buses running in urban
area besides the full flow filters and a fourth bus was equipped by the conventional full
flow filter of impregnated paper type and used as a base of comparison. Oil samples
were taken from the engines of the four buses every 5000 km for total running distance
of 30000 km. The lubricant used in the experiments was Vanellus FE 10W/30. The oil
samples were heated to 65 °C for 30 minutes, shaken for 10 minutes and diluted
(100:1) by suitable solvent. The oil samples were inspected by Analytical Ferrography
and Direct Reading (DR) Ferrography.

4. RESULTS AND DISCUSSION
The Direct Reading (DR) Ferrography is designed as an instrument for rapid

on-site monitoring of wear in oil lubricated machinery. The prepared sample is placed
in an elevated vial. The oil is siphoned down through a plastic capillary tube and into a



glass precipitator tube which is located in a highly divergent magnetic field. The Direct
Reading Ferrography magnetically precipitates the wear particles from the oil samples
and provides digital readings of the quantity of both large ( > 5 urn) and small
( 1 to 2 nm) particles present in the oil sample, [20]. These numerical readings provide
a reliable basis for assessing the degree of wear occurring and the degree of oil
cleanliness which reflects the performance of the filter. The Direct Reading values for
the four tested buses are illustrated in Figs 5 - 8 The Direct Reading Ferrography
prepared from crankcase oil of the bus that equipped only by the full flow filter
represents relatively higher values of both DL and DS. The measured values increase
with increasing the running distance. Those readings reflect that the oil is contaminated
by considerably high concentration of wear particle and the filter can not clean the
oil as planned. Fig. 6 displays the effect of the performance of filter (A) on reducing
the contaminant concentration in oil where the number of both the large particles (DL)
and the small particles (DS) decreased after the installation of filter (A). The best
performance was observed for the filter (B) where the Direct Reading values represent
minimum values and continue with no increase for 20000 km, Fig. 7. This performance
confirms the high capacity of filter (B). The number of wear particles contaminated in
the crankcase oil of the bus that equipped by filter (C) decreased after the installation
and continued for 15000 km then rapidly increased, Fig. 8. It c;in be concluded that the
particle increase is from the clogging of the filter.

The Analytical Ferrography is a technique where the ferrous particles are
magnetically collected from a sample of oil and deposited on to a thin microscope slide
called a Ferrogram. The Ferrogram can then be examined by optical microscope, [21].
The photomicrographs of Ferrograms prepared from crankcase oil of the bus that
equipped by the paper full flow filter are shown in Fig. 9. Normal wear particles are
shown in Fig. 9, a for oil sample taken after 5000 km. As the running distance
increased to 10000, 20000 and 30000 km, Fig. 9, b, c and d respectively, the wear
particles increased. The intensity of wear particles reveals the inefficient performance
of the impregnated paper full flow filter. The effect of the installation of filter (A) on
the degree of cleanliness of the crankcase oil is clearly shown in Fig. 10, a, b, c and d
after running distances of 5000, 10000, 20000 and 30000 km respectively. The
intensity of wear and abrasive sand particles is relatively low . The same trend of
improvement can be observed for oil samples taken from the bus that equipped by filter
(B), Fig. 11, where normal wear particles at low concentration are contaminated in oil.
The Ferrograms of oil samples taken from the bus that equipped by filter (C) are
shown in Fig. 12. The intensity of wear particles for 5000, 10000 and 20000 km, Fig.
12, a, b and c respectively, can be considered as normal wear tod the degree of the oil
can be accepted. When the running distance increased to 30000 km wear intensity
increased especially the large particles, Fig. 12, d. The reason of this increase may be
from the limited capacity of filter (C).

5. CONCLUSIONS
After the testing of the three filters by Direct Reading and Analytical Ferrography,

it can be concluded that the combination of a partial flow by pass fibrous filter of high
capacity with the conventional full flow filter can provide long term oil contamination
control due to the following reasons:
1 Smaller contaminants can be trapped and the oil cai/be cleaned thoroughly because
of the filtering accuracy provided by the by pass fibrous filter.
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2. The oil change interval for the conventional full flow filter can be extended to three
times.
3. As the depth of the by pass fibrous filter increases its capacity of removing particles
increases with no danger of clogging.
4. The severe environmental working conditions and the increased sand particles
contaminated in air can be eliminated by the application of the proposed filtration
system.
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Fig. 4 The installation of the proposed depth fibrous filter on the engine.

-811-



180

5 10 15 20 25
Running Distance, xlOOO km

30

Fig. 5 Direct Reading Ferrography prepared from crankcase oil
of the Bus that equipped only by the full flow filter.

140

120

a 100
•a

X
Q

80

~ 60
s

40

20

\

\
\

Filter A
• DL «-*DS 1

5 10 15 20 25
Running Distance, slOOO km

30

Fig. 6 Direct Reading Ferrography prepared from crankcase oil
of the bus that equipped by filter A.

-812-



a
•a

as

140

120

100

80

60

0

\ . •
\

A

•> *

/ \

Filter B
• D L ^ D S

)

5 10 15 20 25 30
Running Distance, xlOOO km

Fig. 7 Direct Reading Ferrography prepared from crankcase oil
of the bus that equipped by filter B.

1OU

140

e no

-! 100
a

D
R

 U
ni

ts
,

- 
O

\ 
C

O

\ \

Filter C
• DL « D S

I

1 • "
1

•

T
5 10 15 20 25 30
Running Distance, xlOOO km

Fig. 8 Direct Reading Ferrography prepared from crrikcase oil
of the bus that equipped by filter ( .

-813-



-W8-

\ ( | p.tililnih.t i t : i | | sn«| ,u|| ino.ij
IIKI.IJ p.t.llillj.lll SIIII!.l7tO.I 1.1 ,| JO SI

!.i.) IIIO.IJ

p.nlihnli.) | i : i | | vii<| oi | | mo.ij
t . | jo SI|(II:.



11 PlioloiiiitTOKriiplis of FriTogniins prrpi i r rd from a j i n k i n s o nil
l:ikin from I he bus Hull i-qnippi-d liv lilli'i (It).

I'ig. 12 riioliiiiiii-roi!r»pliN <il l'Vn(»j;ii»ins p r rpsu rd I'KIIII rnuikcii.sc nil

lakcii Iroiu Hie Ims lluil c<|iiippcd liy filler ( ( ' ) .

-815- NIXT PAQB(8)
toft BLANK



Proceedings of the Fifth International Conference » / UUUo /
on Energy and Environment, Cairo, Egypt, 1996

Analysis of Wastewater Treatment
Plant Influent Data

Ralph H. Kummler, C.C. Lin, and Young- Yun Rhee

Department of Chemical Engineering
Wayne State University
Detroit, MI 48202

Abstract

Wastewater Treatment Plants are perceived to be major sources of conventional
and toxic contamination for the Detroit River (DR) In order to assess the current
loadings for the RAP Stage II process, the raw influent data of daily average
concentrations provided by DWSD (Detroit Water and Sewerage Department)
WWTP (Waste Water Treatment Plants) were used to analyze the trend of each
parameter's annual average influent conventional and toxic concentrations. The
first fiscal year (1983) and last fiscal year (1992) concentrations were calculated
using a t-distribution and the 95% confidence limits were determined. Secondly,
the ratio between the 1983 and 1992 annual average influent toxicant
concentrations for each parameter was calculated. Because of the City of Detroit's
Industrial Pretreatment Program, the general decline of industrial activity in the
area, the conscientious efforts of industries to reduce discharges through pollution
prevention, and other factors, the current (1992) DR toxicant concentrations and
loadings are substantially less than the 1979 toxicant concentrations and loadings.

1. Introduction

A major portion of the Detroit River basin encompasses the Detroit Metropolitan
area as shown in Figure 1. Urban development impacts on the Detroit River water quality
make it necessary to carefully plan and implement good management practices for these
basins. The population in the basin is approximately 4 million and the Detroit River
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Fig. 1 Detroit River basin and its tribuUries
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provides important habitat for fish and birds. Southeast Michigan is one of the nation's

foremost locations for motor vehicle manufacturing and a wide range of other

manufacturing activities which are characterized by a large sector of heavy industry with

primary and secondary processes including coke ovens, iron and steel industry,

incinerators, power generation facilities, lime and cement operations. Immediately across

the Canadian border, the urbanized areas in and around Windsor, Ontario, also have high

population density and a variety of manufacturing facilities. The Detroit River receives

treated and untreated waste water from the City of Detroit and suburban districts (Wayne

County, Macomb County, and Oakland County), industries, runoff from urban and

agricultural lands, and effluent from Combined Sewer Overflows (Lin, 1994; Roginski,

1981; USEPA and EC, 1988; Camp Dresser & McKee, 1993).

Atmospheric transport and deposition of chemical contaminants, leakage from

Michigan's Act 307 contaminated sites, and industrial effluents to the system provide a

source for a variety of toxic chemicals to the Detroit River through the Combined Sewer

Overflow (CSO) process (Arimoto, 1989; Michigan Department of Natural Resources,

1993). In early studies for many toxic substances, the ambient atmosphere has been

determined to be a substantial source of water quality degradation through both wet and

dry depositions (Eisenreich et al., 1981; Bidkman, 1988; Pirrone and Keeler, 1993;

Holsen et al., 1993). CSO's have been demonstrated to be a major source of conventional

and toxic contamination to the Detroit River (DR), for example, by the 1979-1980 major

monitoring and modeling work on the Section 201 Final Facilities Plan conducted by the

Joint Venture (Giffels et al., 1980), to characterize the DR CSO loadings. The quantity

and quality of the discharge for 10 constituents (Cadmium, Chloride, Copper, Lead,

Mercury, Nickel, PCBs, Total Phosphorus, Silver, and Zinc) from 45 City of Detroit

CSOs were summarized (Table 1) from among 23 constituents monitored during that

period. All of the CSOs studied discharge directly to the Detroit River except for three

that discharge to the Rouge River at its mouth near the confluence with the Detroit River.

The Detroit Water and Sewerage Department (DWSD) used a planning level collection

system model which determines the system-wide overflow quantity and quality of CSOs

(Kummler, 1982). This model was a computerized mathematical representation of

Detroit's combined sewer system which, for a given rainfall event, was capable of

determining the amount and quality of runoff and subsequent overflows which would

occur from the various overflow locations in the city. In 1979 the total CSO discharge

from the City of Detroit to the Detroit River was estimated to be 16.8 billion gallons and

the average yearly discharge was calculated as 12.45 billion gallons. The average year was
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1965 and was determined to be statistically representative of typical rainfall patterns

(Giffels, et al., 1980; Combined Sewer Overflows Technical Workgroup, 1994).

Table 1 Mean contaminant concentrations of Combined
Sewer Overflows for Detroit in 1979

Parameter

Cadmium

Chlorides

Copper

Lead

Mercury

Nickel

PCBs

Total

Phosphorus

Silver

Zinc

All Sites

(ug/1)

32

63000

165

252

39

361

13.4

5200

34

335

Rouge

River Sites

(ug/1)

28

74000

129

166

34

455

17.4

6200

33

222

Detroit

River Sites

(ug/1)

41

44000

218

447

45
139

2.4

3900

38

555

A Remedial Action Plan (RAP) for the Detroit River was initiated in 1986; the

purpose of the Stage I RAP was to define and describe in detail the environmental

problems in the Detroit River including a definition of impaired beneficial uses, the causes

of impairment, a description of all known sources of pollutants involved, and an evaluation

of other possible sources (Michigan Department of Natural Resources and Ontario

Ministry of the Environment, 1991). Fish contaminant monitoring programs in the Detroit

River have shown elevated levels of Mercury and PCBs in some species of fish, for

example, the Walleye (Mercury) and Carp (PCBs) (Detroit River Remedial Action Plan,

1990-1991). The Stage I RAP used the 1979 CSO concentrations to estimate the CSO

loadings to the Detroit River. However, the population, industrial productivity and control

measures, and the Detroit Sewerage System Configuration has ail changed substantially

since the 1979 data were developed. Thus, the Stage I RAP document does not present a

current estimate of Detroit CSO loadings.
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Stage II of the Detroit River Remedial Action Plan is designed to update the Stage

I DR RAP and a Technical Workgroup was established to review the current strategies

designed to solve the CSO problem, assess the adequacy of current CSO control activities

and Strategies (CSO Technical Workgroup, 1994). In order to more correctly assess the

current loadings for the Stage II RAP process, a new estimate in the absence of rww

measurements had to be made. The authors served as the data analysis team for the DR

RAP to estimate the CSO conventional and toxic concentrations from the analysis cf

DWSD Waste Water Treatment Plant (WWTP) influent data for the period 1983 throu^:

1992 (Michigan Department of Natural Resources and Ontario Ministry of the

Environment and Energy, 1995).

The objective of this study is to present a simple method utilizing the pds

measurement data (1979) of Combined Sewer Overflows to make reasonable predictions

of conventional and toxic concentrations for 10 constituents based upon antecedent

documented conditions in the DWSD WWTP influent

2. Methodology

First, DWSD provided daily data of DWWTP influent flow and concentrations fcj

the period July 1, 1982, through June 30, 1992, (called herein fiscal year 1983 through

fiscal year 1992) including the wet and dry weather days. The average number of sampk-,-.

per year is 285 (maximum 365 in fiscal year 1989, minimum 52 in fiscal year 1992; f; .-•

Mercury raw data, 361 (maximum 365 in fiscal year 1991, minimum 332 in fiscal year

1983) for Total Phosphorus raw data, and 16 (maximum 49 in fiscal year 1983, mirJ r T-.

11 in fiscal year 1991) for Silver raw data. Those raw data were used to analyse •

parameters (Total Phosphorus, Chloride, Total Suspended Solids, Arsenic, Carim^'.

Total Chromium, Hexavalent Chromium, Copper, Iron, Lead, Mercury, Nickel, Silver

Zinc, Oil/Grease, Phenols, Total PCBs). Both annual average influent concentrations and

loadings from fiscal year 1983 to fiscal year 1992 have been examined. The first fiscal year

(1983) and last fiscal year (1992) points are also calculated using a t-distribution and the

confidence intervals (95% confidence limits) are determined.

Secondly, the Technical Workgroup calculated the ratio of 1983 to 1992 DWWTP

annual average influent concentrations for each parameter. This ratio then was applied to

the 1979 CSO concentrations to estimate current CSO concentrations, because the ar.nusi

average CSO concentrations for the Detroit River can be assumed to be proportional fo

the DWWTP annual average influent concentrations.
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3. Results and Discussion

The results (See Figure 2 for Mercury, Figure 3 for Total Phosphorus, and Figure

4 for Silver) displayed herein include the trends of each parameter's annual average

influent loadings and concentrations. The confidence intervals ( 9 5 * confidence limits) of

the first fiscal year (1983) and last fiscal year (1992) points are 0.107 and 0.09 for

Mercury loadings, 0.04 and 0.027 for Mercury concentrations. 368 and 196 for Total

Phosphorus loadings, 184 and 74 for Total Phosphorus concentrations, 4.84 and 6.09 for

Silver loadings, 1.81 and 2.11 for Silver concentrations. In addition. Tablet 2 and 3 show

the 17 parameter annual average influent loading and concentration reduction percentages

between first fiscal year (1983) and last fiscal year (1992) for the DWSD WWTP.

Because of the City of Detroit's Industrial Pretreatment Program, the general

decline of industrial activity in the area, the conscientious efforts of industries to reduce

discharges through pollution prevention, and other factors, Table 4 predicts the current

(1992) Detroit River CSO concentrations to be substantially less than the 1979 Detroit

River CSO concentrations.

4. Conclusions

Detailed and complete in situ field sampling, analysis and evaluation of the

magnitude CSO loadings, both temporally and spatially, and the effect of each

contaminant on all environment media is almost impossible from a financial point of view.

Hence we must utilize the past and current sampling to learn how to make reasonable

predictions of toxic loadings based upon antecedent document conditions. Based upon the

trends from 1983 through 1992 at the Detroit WWTP, it has been estimated that CSO

loadings for r'afowm? have been reduced by 18%, Copper 79%, Lead 77%, Mercury

50%, Nickel 72%, PCBs 95%, Phosphorus 24%, Silver 57%, and Zinc 53%. However the

CSO loading for Chloride has been increased by 13%. Further study is now being

conducted to provide an estimation of Event Mean Concentrations of toxicants during

storm events for several categories of Land Use to support the above analysis, using 1995

sampling data in selected Detroit River sites.
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Table 2. Reduction in DWSD DWWTP Influent Loadings between Fiscal Year 1983 and 1992

Parameter

Total Phosphorus
Chloride
Total Suspended Solid
Total Chromium
Hexavalent Chromium
Copper
Iron
Cadmium
Arsenic
Total PCBs
Lead
Mercury
Nickel
Silver
Zinc
Oil/Grease
Phenols

1983 Influent
Loading (Kg/Day)

10880
306700
490700

637
33.0
582

19870
42.6
144
149
343
1.42
465
354
1607

76840
354

1992 Influent
Loading (Kg/Day)

9504
372700
434600

167
78.3
146

7819
40.7
7.55*
0.92
85.9
0.80
138
155
816

60170
174*

Reduction
Percentage (%)

13
-22
11
74

-137
75
61
5

48
94
75
44
70
56
49
22
51

1990 Influent Loading



Table 3 Reduction in DWSD DWWTP Influent Concentrations between Fiscal Year 1983 and 1992

Parameter

Total Phosphorus (mg/l)
Chloride (mg/l)
Total Suspended Solid (mg/l)
Total Chromium (mg/l)
Hexavalent Chromium (mg/l)
Copper (mg/l)
Iron (mg/l)
Cadmium (mg/l)
Arsenic (ug/I)
Total PCBs (ug/1)
Lead (ug/1)
Mercury (ug/1)
Nickel (mg/l)
Silver (mg/l)
Zinc (mg/l)
Oil/Grease (mg/l)
Phenols (ug/1)

1983 Influent
Concentration

4.460
125.0
194.6
0.265
0013
0.240
7.788
0018
5.928
6.192
1260
0.560
0 191
0014
0.656
30.99
149.5

1992 Influent
Concentration

3.376
141.0
151.0
0.065
0.030
0.051
3.032
0.014
2.683*
0.334
29.39
0.283
0.053
0006
0.306
21.20

66.20*

Reduction
Percentage (%)

24
-13
22
76

-126
79
61
18
55
95
77
50
72
54
53
32
56

1990 Influent Loading



Table 4 Estimated CSO Contaminant Concentrations and Load from DWSD

Parameter

Cadmium

Chloride

Copper

Lead

Mercury

Nickel

PCBs

Phosphorus

Silver

Zinc

1979
CSO
Cone
ug/1
41

44000

218

447

45

139

2.4

3900

38

555

1983
Influent
Cone
ug/1
18

125000

240

126

0.56

191

62

4460

14

656

1992
Influent
Cone.
ug/1
14

141000

51

29

0.28

53

033

3376

6

306

1992
/

1983
Ratio
0.78

1.13

0.21

023

050

0.28

005

0 76

043

047

Calculated
Cone

ug/1
32

49632

46.3

103

22.7

39

0 13

2952

16

259

1992 Annual
Avg. Loading to
Detroit River*
Lb/Yr Kg/Yr
3320 1500

5170000 2330000

4830 2170

10700 4830

2350 1060

4020 1810

13 6

308000 138000

1700 764

27000 12100

1979 Annual
Avg Loading to
Detroit River**
Lb/Yr Kg/Yr
5750 2590

6160000 2770000

30500 13700

62600 28200

6310 2840

19500 8760

336 151

546000 246000

5320 2400

77800 35000

* 1992 Loading based on Annual Average Total CSO discharge to the Detroit River of 12.5 billion gallons
•• 1979 Loading based on Annual Average Total CSO discharge to the Detroit River of 16.8 billion gallons
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Fig. 2 Trend of Annual Average Mercury Influent
Loadings and Concentrations to DWWTP
from 1989 to 1992 (95% Confidence Limits)
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Fig. 3 Trend of Annual Average Phosphorus Influent
Loadings and Concentrations to DWWTP
from 1983 to 1992 (95% Confidence Limits)
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Fig. 4 Trend of Annual Average Silver Influent
Loadings and Concentrations to DWWTP
from 1983 to 1992 (95% Confidence Limits)
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Acronyms

CSO: Combined Sewer Overflow

DWSD: Detroit Water and Sewerage Department

DWWTP: Detroit Wastewater Treatment Plant

RAP: Remedial Action Plan

PCB's: Polychlorinated Byphenyl's
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INTRODUCTION

Coal processing and biomass pyrolysis and combustion
operations typically produce effluents that contain among other
constituents several phenolic compounds. Adsorption on activated
carbon or synthetic resins is an effective method for the
removal of these contaminants to meet regulatory criteria for
waste discharge. Fixed-bed adsorbers are commonly used in
drinking water treatment and air and water pollution control due
to their ease and reliability of operation. However, column
pressure drops can be high, and particularly in the case of
liquid feeds with particulates the columns may need to be
backwashed periodically to remove accumulated solids and
biological growth.

A high overall rate of adsorption is desirable in the
adsorber to utilize the adsorbent capacity most efficiently. One
method of increasing the overall rate of adsorption is to use
smaller adsorbent particles. However, as the particle size is
decreased the head loss over the bed will increase dramatically
necessitating an increase in backwash frequency to minimize
energy consumption. Periodic backwashing can result in the loss
of adsorber efficiency due to mixing of the adsorbent particles
and consequent dispersion of solute front in the column.

The use of layered beds to increase adsorbent capacity
utilization has been reported by Fox et al. (1985) and
Basmadjian (1983). Two layers were used in cylindrical beds with
one layer of large particles followed by a layer of small
particles. This arrangement was found to produce a greater bed
capacity utilization, and at the same time the pressure drop was
found to be lower than that of a bed consisting entirely of
small particles. This type of arrangement is suitable when the
feed contains very little particulates, and backwashing is not
required. In typical liquid-phase adsorption applications with
particulates, the bed will restratify according to particle size
when backwashed. For the two-layer system, this will result in
an upper layer consisting of small particles and lower layer
with larger particles.

The effect of particle size distribution on adsorption in
conventional fixed-bed adsorbers has been studied theoretically
by Moharir et al.(1980) using the homogeneous solid phase
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diffusion model of Rosen (1952). Compared to a uniform particle
size, breakthrough curves for a bed with an adsorbent particle
size distribution was delayed, and the breakthrough time
increased as the size distribution became broader. Mathews(1984)
presented various mean diameters to represent adsorbent size
distributions in a fixed-bed. Dynamic simulations indicated that
when the particle size decreases from the top of the bed to the
bottom, upflow mode of operation resulted in delayed
breakthrough compared to downflow operation.

A novel adsorber design that utilizes a tapered
configuration with adsorbent particles stratified according to
size or density was studied in this research. The reactor
configuration and particle size variation is such that the
influent fluid contacts an adsorbent bed with decreasing
particles size and decreasing velocity in the direction of flow.
The main objective of this paper is to compare adsorption
efficiencies for such systems in relation to conventional fixed-
bed adsorbers for the removal of phenols from wastewaters and to
evaluate the results in terms of a mathematical model.

DESCRIPTION OF THE TAPERED' BED ADSORBER

The tapered adsorption bed has a cross-sectional area that
varies along the length of the bed. Sketches for two
configurations are shown in Figures 1 and 2. The adsorbent is
stratified within the bed based on size or density. In the
upflow mode, a stratified tapered adsorber (STA) wherein the
cross-sectional area increases in the direction of flow as in a
divergent tapered bed is used (see Fig. 1). The adsorbent
particle size varies from'large size at the bottom of the bed to
small sizes at the top section of the bed. This type of
arrangement is suitable when the solid and fluid densities are
such that bed expansion and fluidization do not occur during the
adsorption step. The reverse stratified tapered bed (RSTA) has
a convergent taper, and is used in the downflow mode of
operation (see Fig. 2). In this case, the larger adsorbent
particles are located at the top section of the bed, and the
smaller sizes are placed at the bottom of the bed. Once the
adsorbent is in place, the particles will remain reverse
stratified during backwash due to the increasing velocities and
sizes in the upward flow direction.

EXPERIMENTAL METHODS

Reagent grade phenol and 2,4-dichlorophenol were obtained
from J.T. Baker Chemical Company. The activated carbon utilized
in the study was obtained from the Ceca division of Atochem
Inc., Tulsa, Oklahoma. The adsorbent was sieved into narrow size
fractions, washed with deionized distilled water to remove fines
and leachable impurities, and dried to constant weight. The
total weight of adsorbent used in all the experimental studies
was 224 gms. Eight layers of different particle sizes with
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geometric mean diameter in millimeter of, 1.539, 1.295, 1.091,
0.917, 0.772, 0.647, 0.543, and 0.458 were used. The weight of
adsorbent for each layer was same and equal to 28 gms.

Fluid.
Oullal

Goikat

—Gradad Sorb.nl Madia
Vorlobla Araa Bad

Inarf Malarial

-Gaikal

Fluid
Oullal

Fraa Spaca Or
Inarl Malarial

Gradad Sorbanl Madia

Gatkat

Flow Olilrioutor

Fig. 1. Reverse stratified Fig. 2. Stratified tapered
tapered adsorber adsorber

Adsorption experiments were conducted in plexiglas columns
of conventional cylindrical, and tapered configurations. The
cylindrical columns had a constant circular cross-sectional area
of 20.3 cm2. The tapered column had a square cross section, with
a top area of 3.63 cm-, and a bottom area of 19.8 cm2. In the
following studies a convergent tapered bed with a 1.2° half-
angle was used. Both columns were fitted with outlet taps at
various sections of the bed to obtain breakthrough profiles as a
function of bed length. Water filtered through a pre-adsorption
column was pumped from a constant head tank into the cylindrical
and tapered adsorption columns. A metering pump was used to
discharge precise quantities of phenol solutions to give the
desired solute concentrations at the adsorber inlet. Analysis
for solute concentrations at the inlet and outlet and various
sections along the bed were made using a UV/Visible
spectrophotometer.

RESULTS AND DISCUSSION

Single Solute Adsorption

Adsorption breakthrough profiles for the adsorption phenol
in conventional cylindrical adsorber and RSTA under identical
volumetric flow rate and carbon loading conditions are shown in
Figures 3 to 5. The influent phenol concentration was 150 mg/1,
and the flow rate to each column was maintained constant at 33 0
ml/min. The adsorbent particles in the cylindrical columns were
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stratified as in standard practice, with fine particles at the
top and coarse particles at the bottom. In the RSTA, adsorbent
particles are reverse stratified.

As seen from Fig. 3, the solute front becomes more diffuse
as it moves down the depth of the cylindrical column. On the

8 10 12 14

TIME (HOURS)

16 18 20

Fig. 3. Phenol concentration profile in cylindrical
fixed-bed as a function of bed volume (BV)

other hand, in the RSTA, a combination of varying velocity and
varying particle size results in a sharpening of the adsorption
wave front as it travels through the column. The net change in
breakthrough time at the exit of the columns is shown in Fig. 5.
The RSTA arrangement provides for approximately 61% more
operating time at breakthrough compared to the conventional
fixed-bed arrangement.

Solute: Phenol

8 10 12 14 16 18 20

TIME (HOURS)

Fig. 4. Phenol concentration profile in RSTA as
a function of bed volume (BV)
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Results for Che adsorption of 2,4-dichlorophenol (2,4-DCP) at a
much lower concentration of 30 mg/1 are shown in Figs. 6 and 7.
These indicate again, a self-sharpening profile in the RSTA and
a diffuse front in the conventional fixed-bed. At breakthrough,
the RSTA can treat 55% more fluid than the conventional system.

S 8 10 12 U 16 13 20

TIME (HOURS)

Fig. 5. Comparison of exit breakthrough curves for
cylindrical bed and RSTA

o
O 100
O j BV*16%

0 20 40 60 SO 100 120 140 160 180 200 220 240

TIME (HOURS)

Fig. 6. 2,4-Dichlorophenol concentration profiles for
cylindrical bed as a function of bed volume (BV)

These studies indicate that RSTA's can be expected to be
significantly more effective than cylindrical beds over wide
solute concentration ranges. Also, it is evident from the
breakthrough profiles at various bed depths that the RSTA system
will provide improved performance with increasing empty bed
contact time (EBCT) since the solute front is self-sharpening.
For the conventional system the corresponding increase in
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breakthrough time will be less due to the spreading from. The
maximum relative improvement that can be achieved is when a
shock wave is produced. Moreover, the increase in throughput is
higher for lower breakthrough concentrations. This type of
arrangement is particularly suitable for water and wastewater
treatment applications, since treatment criteria are quite
stringent for these systems. For example, for many carcinogens,
the MCL's are less than 10 ug/1 and the MCLG'3 are zero, and
the breakthrough criteria may be set to extremely low values.

0 20 40 60 80 100 120 140 160 180 200 220 240

TIME (HOURS)

Fig. 7. 2,4-Dichlorophenol concentration profiles
for RSTA as a function of bed volume (BV)

Reverse stratified
tapered bed

0 20 40 80 SO 100 120 140 160 180 200 220 240

TIME (HOURS)

Fig. 8. Comparison of exit breakthrough curves
for cylindrical bed and RSTA

The laboratory data presented show bed-lives ranging from 7
hours to 85 hours. In water and wastewater treatment
applications with low solute concentrations, mass transfer zone
lengths may be quite large, and the bed life may be several
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months. However, regardless of whether the bed life is 7 hours,
85 hours or 6 months the relative increase in breakthrough time
noted above will be present when the system is properly scaled-
up and bed lengths are not excessive.

Multicomponent adsorption

The operational advantage of RSTA is also extended to
multicomponent systems as shown in Figures 15 and 16 for the
adsorption of phenol and 2,4-DCP from a mixture with initial
concentrations of 150 mg/1 each. Both adsorbers were operated
under identical conditions at a flow rate of 330 ml/min and a
velocity of 0.27 cm/s, corresponding to the cylindrical bed.

o Phenol
• 2,4 DCP

10 15 20 25 20 35 40 +5 50

Time (hours)

Fig. 9. Bisolute breakthrough curves for phenol and
2,4-dichlorophenol from cylindrical bed

For both weakly and strongly adsorbed components the
breakthrough time for RSTA is approximately 60% greater than the
conventional system. The effect of influent concentration
fluctuations was also found to be less pronounced on the RSTA in
a bisolute experiment with phenol and 2,4-DCP. The displacement
due to concentration change was found to be dampened well by the
RSTA and the RSTA continued to remove 2,4-DCP for an extended
period compared to the conventional adsorber.

SUMMARY AND CONCLUSIONS

A novel adsorption system, wherein the adsorbent is
stratified according to size or density in a tapered fixed-bed
adsorber has been studied for the removal of phenolic compounds

-837-



10 20 JO 40 50

Time (hours)

60

Fig. 10. Bisolute breakthrough curves for phenol
and 2,4-dichlorophenol from RSTA

from aqueous solutions. The adsorption front is seen to be self-
sharpening in the reverse stratified tapered bed (RSTA)
resulting in significant increase in breakthrough time compared
to conventional fixed-bed adsorbers. For adsorption of phenols
on activated carbon from aqueous solutions, the the RSTA was
shown to provide an increase in throughput of more than 50%
relative cylindrical fixed-bed adsorbers. The same trend was
observed for bisolute systems.
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Abstract

Free powders as well as compact shapes of molybdenum and cobalt have been

successfully recovered from spent hvdrogenation and desulphunzauon catalysts. A process

flow sheet was followed involving crushing, milling .particle sizing, hydrometallurgical acid

leaching, roasting of the obtained salts in an atmospheric oxygen to obtain the respective

oxides. These were reduced by hydrogen gas at I IOO°C and 900°C respectively. Parameters

affecting the properties of the products and the recovery efficiency value such as acid

concentration, particle diameter of the solid catalyst, , temperature . time , under a constant

mass flew rate of the hydrogen gas, have been investigated.

A mixture of cone, sulphuric and nitric actds(3:1 by volume) achieved adequate

recovery of both metals. The latter increased with the increase in acid concentration, time up

to 3 hours and temperature: IOO°C and with the decrease in particle diameter of the spent

catalyst. The pH of the obtained filtrate was adjusted to 2 with ammonia to precipitate

insoluble ammonium molybdate and a solution of cobalt sulphate. Cobalt hydroxide can be

precipitated from the latter solution at apH=7.6 using excess ammonium hydroxide solution.

The obtained results showed that the metallic products are technically pure meeting

the standard specifications. Compact shapes of molybdenum acquire density values

increasing with the increase of the pressing load whereby a maximum density value of 2 2 SO

kg/m3 is attained at > 0.75 MPa. Maximum recovery efficiency amounts to 96%.
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A model explaining the obtained results assume that molybdenum and cobalt in the

spent catalvst cement to an alumina carrier Deposition of carbon usually poisoned the

catalyst during use. The weight ratio of carbon increases as the particle size of the catalyst

decreases. Nitric acid helps dissolution of these metals to form complex sulphate salts. High

oxide states of molybdenum and cobalt are formed by roasting in atmospheric oxygen.

Reduction with hydrogen gas takes place in two steps, the overall activation energy of which

amounts tol44.39 kJ.mot1 for molybdenum and 143.4 k).mot' for cobalt.

Metal powders are rough surface with irregular shape. Densificatian of these powders

by pressing takes place due to random movement of the metal particles. Under certain load,

minimum void volume is achieved and the particle-particle friction resists and overweighs

the magnitude and direction of the exerting load. An economic study has revealed that spent

catalyst contains molybdenum and cobalt that are recoverable. Cost of recovery is significant

and the process of recovery is simple.

1 INTRODUCTION

Recovery of metal powders and/or metal alloys have been a subject of investigations

reported in the literature. Two methods were given. The first involved hydrometallurgical

processing. Berrebi et al (1) showed that nickel and copper were separated by solvent

extraction to obtain pure metal. The process started with regeneration of the catalyst to

eliminate hydrocarbons . carbon and sulphur. After caustic roasting, the material was leached

to obtain a solution containing mainly molybdenum and vanadium and a solid containing

essentially alumina, cobalt and/or nickel. It has been also shown that Mo. Ni, V and W were

recovered from spent hydroprocessing catalyst. The catalyst was roasted in an oxygen-

containing gas by ammonia leaching and hydrogen peroxide (2, 3 ).
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Molybdenum, cobalt, vanadium, cadmium and zinc metals were recovered by solvent

extraction from spent hydrosulphurizing catalyst (4). Recovery of these metals from spent

waste was carried out by anhydrous chlorination followed by caustic-acid leaching

processes* 5). Molybdenum was recovered by roasting followed by wateT leaching (6,7).

Hydrogen peroxide leaching (8). sodium hydroxide and sodium aluminate followed by oxygen

pressure leaching (9),were also reported. Rokukawa(lO) extracted Mo and V by sodium

carbonate containing hydrogen peroxide.Pyrometallurgically. Yong etal (11) roasted spent

catalyst at high temperature to recover Mo, Ni, W. Cu and chromium. High yield of extraction

of Mo and vanadium was effected by roasting the spent catalyst with sodium carbonate) 12.13).

Hubred (14) used ammonium carbonate and precipitated molybdenum sulphide by hydrogen

sulphide gas. Sujata (15) showed that the density value of the pressed shapes made of

compacted metal alloy powder was improved with increase in temperature. Mitkov (16)

reported that densification and the micro structure development during hot isostatic pressing of

API superalloy powder were influenced with pressure and temperature.The influence of

manufacturing parameters on the sintering of molybdenum alloy structure (17) and metallic

powder compacts (18) had been showed.

2 EXPERIMENTAL

The experimental part of this study included the preparation of the materials, the testing

rig and equipments, and measurements of the physico-chemical properties of the input and

output products

2.1 The Materials

2.1.1 The spent catalyst.

A spent catalyst sample weighing about 50 kg was supplied by Coke and Basic

chemicals company.Cairo.Egypt. The catalyst is usually used in industrial hydrogenation and
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ammonia fixation ;is well as desulphurization processes. The sampie was visually inspected

vvherebv foreign contaminants were removed It was then classified with respect to particle size

by mechanical sieving with a set of sieves having4. 2 40. 120 and 0 35 mm opening

diameters I ive cuts were obtained I -4 down to -0 3 5 mm in diameter)

2.1.2 The chemicals

Mineral acids as well as caustic soda of pure grade were used as follows.

• Cone, sulphuric acid ( W o ) and nitric acid (70%) were used for acid leaching

processes (3:1 by volume).

• Caustic soda (60°o concentration by weight) was used for the hydrometallurgical

recovery of metal hydroxide.

• Lead acetate 4%. EDTA 0. IN, and zinc sulphate 0. IN were used for the

determination of molybdenum, cobalt and alumina respectively

2.2 Methods of Preparation of Molybdenum and Cobalt Powders

Figure [ I) shows the process tlow sheet followed for the preparation of metal powders

of molybdenum and cobalt However, reduction step was carried out in a tube furnace fitted

with hydrogen gas cylinder and gas purification system. Reduction was monitored at a

temperature range 500-900 JC for 1-3 hours. The metal oxide was charged in a porcelain boat

(25 g). After the temperature of the hot zone of the furnace have been brought at the required

level, the boat with the charge was introduced into the reaction zone. Hydrogen gas was

allowed to flow at a flow rate 0.5-1.5 liter/minute.

After each experiment, the furnace was switched off meanwhile hydrogen gas was

flowing When the temperature of the furnace and the sample were cooled down to » 100°C.

hydrogen gas cylinder was closed. The boat was then discharged and placed in a dissecator

The obtained metal powder was weighed and investigated. Plate 11] shows a photograph

of the used reduction test rig.
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Waste spent catalyst

particle sizing

Coarse tractions F1.F2

grinding

Fine fractions F3.F4

Acid leaching ( I00°C. 3 hours)

Complex acid sulphate solution

pH adjustment

to salts preparation
other oublication

by addition of ammonium hydroxide

Ammonium molybdate

1

Cobalt sulphate

F

Tiermal decompositi

up t

Thermal h

0 /UU I.

on

vdrogen reduction

* pH=7

Cobalt hydroxide

QOO°C

1100°C

Molybdenum powder

•-»^ Compact shapes by press

Cobalt powder

ng

Fig.(l) The process flow sheet for the preparation of molybdenum
and cobalt powders and compact shapes from spent catalyst.
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Plate (1) A photograph of the used test rig for hydrogen reduction.
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2.3 Methods of Measurements of the Physico-Chemical Properties of the Input and
Output Products.

• Particle size (mean value) was determined by a sieve shaker type VEB MLW

Labortechnik iL Menau. Germany

• Specific surface area was determined by isothermal liquid nitrogen adsorption method

(BET).

• Density of the powder and compressed shapes were determined with the help of

density bottle using kerosene as a displacement fluid.

• Molybdenum was determined as lead moh/bdate (19).

• Cobalt was determined complexmetry with 0 IN EDTA and meroxide indicator (20).

• Recovery efficiency of molybdenum and cobalt from spent catalyst was determined

according to :-

weight of recovered metal x 100

weight determined of the metal in the sample

Efficiency of reduction was determined according to

weight loss ( at a given T & t) x 100

weight loss due to complete reduction

3- RESULTS

Table (I) shows the particle size distribution of the obtained spent catalyst sample. It

can be seen that the major part of the sample has a particle diameter of -0.3 5 mm whereas the

coarser fraction (+4 mm) amounts to 13.4 % by weight.The chemical composition of the

obtained four fractions ( Fl through F4) is given in Table (2). It can be seen that the coarser

fractions > 1.2 mm contain the highest content of molybdenum and cobalt and lowest carbon

content Figure (2) shows the weight loss percentage ( AW ) as a function of heating the
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catalyst fractions Fl through F4 It is seen that AW values increase rapidly with increase in

temperature up to 500 C With further rise in temperature . AW values slightly increase

approaching a constant value at 700'C However, coarse fractions (Fl and F2) acquire lower

AW values (42%) as compared to the finer fractions F3 and F4 (60%).

Figure (3) shows the efficiency of recovery (;,ct ) value of molybdenum and cobalt

metals achieved at = 100 C as a function of leaching time and acid concentration It is

seen that (;,„. ) values are insignificant with dilute acid mixture.With cone acid

mixture. Ur<x ) values amount to 74 % after 30 minutes. It then increases gradually

with increase in time approaching a constant value of 9 2 % after about 300 minutes.

Figure (4) shows that (Cnx ) value increases with increase in particle diameter of the catalyst

sample. Maximum and constant(crec ) value of 94% is acquired with particle size of > 12 mm

Figure (5) shows the effect of leaching temperature on the (Crec ) value of molybdenum and

cobalt from coarse panicles (II and F2) of the catalyst. It can be seen that parabolic

relationship curves are obtained At the lower temperature level < 50 JC. (4rec ) value is

insignificant (• 15 %) With rise in temperature, a drastic increase in ( t r ec ) value takes place

passing through a maximum at 100 C amounting to 80% and 96% after 120 and 240 minutes

respectively With further rise in temperatures up to 150°C . (4rec ) value decreases rapidly

down to an insignificant value Figure (b) is the Arrhenius plot devoted to the hot acid

leaching process An activation energy value of 674.9 kJ.mol1 is obtained.

Figure I 7 ) illustrates the effect of temperature on the decomposition percentage and the

magnitude of loss in weight of ammonium molybdate to obtain molybdenum trioxide. It is seen

that up to 300 C only 23% weight loss is achieved However at 500°C. 54% weight loss that

corresponds to 94% decomposition is achieved. Complete decomposition takes place at
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f)00 C Tigure (8) shows the reduction efficiencv of molybdenum tnoxide and cobalt oxide

with hydrogen gas to obtain molvbdenum and cobalt metal ponders It can be seen that with

molybdenum, a flat portion of the curve is achieved within the temperature range bOO-800 C

corresponding to (Cred ) value of I l°o. Increasing the temperature hring about higher values of

<4red ) vvherebv complete reduction is matched at MOOT With cobalt oxide, complete

reduction takes piace at 775-800 C

Figure (<)) shows the surface area of the obtained molybdenum and cobalt powders It

can be seen that similar set of curves as given in Fig. (8) with a maximum surface area of 120

square meters is obtained FiguTe (10) shows the density values ( pp ) of the prepared powders

as a function of compression load. It can be seen that pp value increases gradually with the

increase in pressing load. Maximum and constant pp value of 2420 kg m ' is obtained for

powder pressed at 570 kPa.

4- DISCUSSION

The spent catalyst under discussion is one of the recurring waste material that contains

valuable metals such as molybdenum and cobalt Die catalyst is manufactured by coatins

alumina carrier with active molybdenum and cobalt metals probably by impregnation

technique. The catalyst is used for hydrogenation and desulphurization of coal gas as well as m

ammonia fixation processes. The fresh catalyst is cylindrical pellets having 5 mm in diameter

and pale green in colour. During the catalytic action, coal gas undergoes excessive cracking so

that carbon particulates are one of the resultant species. Deposition of carbon smoke on

accessible surface of the catalyst is liable to take place. Legitimately, the catalyst becomes

black in color and is poisoned whereby its catalytic efficiency gradually diminishes. Also, pan

of the catalyst deforms to fines with no practical catalytic effect. Under these conditions.
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cokeries usually remove the immaterial part of the catalyst by sieving The under size part is

discarded. It is our input waste material.

In the light of making use of industrial wastes, recovery of molybdenum and cobalt

powders from spent catalyst shed a special consideration. The investigated catalyst sample of

this work contains grains having different particle diameters as given in Table (1). The major

part of the sample (40% by weight) is under 0.35 mm size. Analysis of that part reveals it is

composed of 97.95 % by weight of carbon and alumina. In other words, only » 2% of the

sample contain molybdenum and cobalt metals. This finding may be reasonable.. The coarse

fractions (F3 and F4) contain higher weight ratio of the two metals. These are more feasible

for metals recovery.

The gradual increase in recovery efficiency ( £ , « ) with increase in particle diameter is

self explanatory. The fine catalyst part bears excessive carbon deposits per unit weight as

compared to the unbroken grains. That coating carbon deposit may establish a barrier to the

attack of the acidic leachant. Such effect becomes more pronounced with fine fractions. With

the coarse ones, however, incomplete coverage with carbon helps dissolution of the more

available metals in the corrosive fluid.

Under the conditions undertaken in this work, the effect of acid diffusion to the

particle boundary has been controlled by adequate stirring. The gradual increase of recovery

efficiency with increase in time stands for the corrosion resistance property of these metals.

The maximum recovery value amounts to nearly 92% after 300 minutes. Complete recovery

(100%) is not liable to take place. Minor part of the metals lies on the bottom of surface

contour of the alumina carrier. Diffusion of the attacking fluid through the alumina pores to the

metal lying on the bottom is controlled by a concentration gradient established across the pore

system of the carrier.
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Acid dissolution of molybdenum and cobalt oxides is enhanced by increasing the

temperature of the system. From our measurements. AE amounting to 674.9 kJ.mol" would

be applied to promote acid dissolution. Such energy value might be satisfied at 100°C. At

higher temperatures ( corresponding to highly concentrated sulphuric acid) the leaching

process is gradually decreasing as the required aqueous medium is lacking.

Results given in Fig (7) can be ascribed on the premise that ammonium molybdate is

decomposed to molybdenum trioxide according to

heat
(NH)4MoO., • MoO, + NH, + H2O [I]

The initial horizontal part of the curve achieved at as 300°C can be anticipated to the

dehydration of the input molybdate salt. The drastic increase in loss in weight value with

increase in temperature up to 700 °C illustrates the formation of molybdenum trioxide.

Most of the molybdenum metal is used as an alloying element in steels and certain

nonferrous alloys According to the Bureau of Mines . United States production of

molybdenum metal powder is approximately 416 tonnes. The largest consumption of cobalt is

in magnetic alloys, cutting and wear-resistant alloys and catalysts production.( 21,22).

Therefore, reduction of the prepared oxide with hydrogen to produce molybdenum

metal is our final goal. Reduction process takes place in two steps. The first involves reduction

to a lower oxide state. The second produces metal. Thus ;

600-900°C
MoO, +H2 * MoO2 +H2O [2]

1100°C
M0O2 + 2H2 > Mo + 2H2O [3]

With cobalt oxide, reduction with hydrogen takes place at 850°C . "rfe low value of

reduction efficiency obtained at < 600°C may be due to the formation oi lower oxides of
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cobalt Hie obtained molybdenum and cobalt metals powders are needle-shaped crystals with

different shape and size lliese are investigated metallugraphicallv Plate (2) represents the

crystal structure of these two preparations. Particle size measurement shows that the major

part of these powders is 10-50 micron in size. This product find industrial applications as

pressed shapes. So we have prepared molybdenum and cobalt shapes by pressing their

powders. The bulk density v alues of these preparations are shown in Figure) 10) However

pressing of these powders does not bring about a density value of the casted metal (10200

kg.m"' for molybdenum and 8900 kg.m ' for cobalt) . This is logic as the prepared particles are

irregular in shape and size as is judged from metallography and surface area measurements

During pressing, random orientation of these panicles is effected. In other words, voids and

pores cannot be satisfied by solid particle rearrangement However, the particle-particle friction

resist the magnitude and direction of the exerted pressing load. With further increase in the

latter, the aforesaid resistance may overweigh extra pressing load. In this case, constant bulk

density values are acquired.

5-THl£ ECONOMIC STUDY

An economic study has been conducted to evaluate the techno-economic feasibility of

recovery of molybdenum and cobalt powders as well as pressed shapes from spent catalyst.

The study is based on cost centers principle by grouping two or more steps in one center to

achieve certain basic process. The prices of the materials .chemicals .power, manpower... etc.

are taken as the home prices of the year 1994. The SUS price equals to 3.399 Egyptian

pounds. Table (3) shows the cost elements and economy norms of the recovery process.
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Plate (2) A photograph showing the metal molybdenum
crystal as obtained from the prepared spent catalyst by
reduction of molybdenum trioxide with hydrogen gas at
11OO°C. (Mag.x 100 ) . Etching solution was IS ml nitric + 3 ml

HF and 80 nd water.
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6- CONCLUSION

The investigated sample of spent catalyst contains molybdenum and cobalt metals that

can be recovered. The obtained metals powders meet the standard specifications. Compact

shapes of these powders have been successfully prepared by pressing under >570 kPa.. The

recovery efficiency amounts to 97% and the applied technology of recovery is simple. The

recovery process is costly significant and the price of the products is competitive to the market

price.
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Table (1) The particle size distribution of the used spent catalyst

sample

1

2

Mean value

particle size .mm ( weight %)

F1.+4

13.6

13.24

13.412

F2.-4+1.2

24.2

24.0

24.1

F3. -
1.2+0.35

22.5

22.34

22.42

F4,-
0.35

40.0

40.0

40.0

Table (2) The chemical composition of the catalyst fractions

fraction size.mm

Fl ( +4)

F2 (-4+1.2)

F3 (-1.2 + 0.35)

F4 ( -0.35 )

Metal content, weight %

molybdenum

9.70

8.40

1.29

1.03

cobalt

7.95

6.60

1.23

1.02

alumina

40.35

43.00

37.38

37.85

carbon

42.0

41.90

60.10

60.10
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Table (3) Cost elements and economic norms

Item

Raw materials, kg

Chemicals . kg

energy. kWh

power. kWh

equipments

labour . x 2weeks

overhead charges 8%

Banking rate. 12%. 1 month

others 38%

subtotal

End products ;

MO metal powder, kg

Co metal powder .kg

Net gain (profit)

quantity

units

2500

1159

10576

8237

6

95.32

34.20

pnce.S

20

3101

312

243

1240

640

77

512

235

75

54

sub

priceS

5633

747

7147

1846

total

price.S

6380

8993

2613
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Abstract:

Recently extensive research is being carried out to develop methodologies for safe

management of solid waste. Selection of a proper site for solid waste disposal is still annoying

the environmental managers. The geophysicists could help in solving this problem which has

particular importance in the every day life. Detailed knowledge of characteristic physical

properties of subsurface rocks, subsurface structures and the his essential if we are able to locate

the proper site for solid waste dumps. These sites which keep the solid waste and possible

pollutants in one place away from the surrounding environment should be characterized by the

following: completely isolated from the surrounding environment by impervious bedrock in

order to minimize leaching from getting into water system, free from any fissures, faults, voids

and sand bodies, and sufficiently remote from important water resources and the water table

should be at deep depths and there is no path ways between underground water and dumps.

It is shown that the shallow refraction seismic technique provides vital information about

shallow subsurface structures, boundaries between different layers and depths to the ground

water table or bed rocks. In this studv, . ,-e camples will be presented to demonstrate the

power of the this technique for evaluating the adequate sites to be used as solid waste dumps of a

city or other industrial residues.

Introduction

Solid materials include municipal waste (house hold), hospital waste and industrial

(hazardous and non hazardous) waste are usually defined as solid waste. Disposal of these solid

waste by burial represent serious problems for most countries. Since any land containing solid

waste is a potential threat to the ambient region, one of the requirements of landfill operations is

to ensure that the site is adequately sealed from the adjoining subsurface materials and

properly capped to prevent the refuse from being washed away from the site. When this

conditions are not met, surface and underground water may be heavily polluted as a result of

contamination by liquid and solid components of the waste.

According to Niefer (1988) and Mauritsch and Walach (1990) the sites in which the solid

wastes and possible pollutants should be kept, must be characterized by the following :
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1 Completely isolated from the surrounding environment by impervious bedrock such as

massif igneous, metamorphic rocks and/or hard sediments like marl to minimize leached

elements from geiuna into water system. Permeable rocks like sandstone and conglomerate

could rapidly tr.uiMmt water containing pollutants.

2- Free from any fissures, faults, \oids. and sand bodies intrusions for the same reason

mentioned above.

3- Sufficiently remote from important water resources and the water table should be at deep

depth and there is no path ways between the underground water and dumps.

4- Away from weakness zones such as earthquakes, kind slides und/or volcanic zones.

All these concepts mentioned above have characteristic physical properties that make them

suitable targets for shallow refraction seismic investigation

Refraction seismic technique

The seismic refraction method utilizes seismic energy that returns to the surface after

traveling through the ground along refracted ray paths. The method is normally used to locate

interfaces separating layers of different seismic velocity varies smoothly as of depth or laterally.

Refraction surveying are usually carried out along profile lines which are normally arranged to

be sufficiently long to ensure that the refracted waves from target layers are recorded as first

arrivals (also head waves).

Refraction seismic technique is applied to a very wide range of scientific and technical

problems, from engineering site investigation surveys to large scale measurements designed to

study ilie structure of the entire crust or lithosphere. For environmental studies, shallow

refraction seismic method provides ati excellent technique for investigation of shallow

subsurface geological structures. Locating of sites suitable for solid waste dumps is considered to

be one of the important fields of this methcxi. This is because the lateral changes in seismic

velocities are usually related to the lateral variations either in lithology and/or in depth along the

subsurface interfaces (usually refractors or boundaries).

Since the early 1920s to the present several papers have been published on the subject of the

interpretation of seismic refraction travel time data. Depending on the travel path of the rays (or
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wavesi, the interpretation methods of in-line reversed profiles have been cl:i>sified irim iwo mum

groups. The first group, the common refractor |x.>int methods, visualizes critical r.tvs emeruinj:

from a common point on the refractor. This group includes the wave front method (Thornbureh.

1930) and Hales method (Hales, 1958). T\\c second group, the common surface point methcxls.

makes use of ray paths converging in common surface point and includes ABC method

(Heilnad, 1963); the plus part of the plus-minus method (Hagedoorn, 1959). All these methods

used the total reversed travel time and are considered to be correct as long as the refracted rays

emerge from the same refracting interfaces or from the same refractor element. In this studv, the

Common Refractor Element (CRE) method, Seisa (1991) will be applied to interpret shallow

refraction seismic data. For more details about shallow refraction method refer lo Musgrave

(1967) and Seisa (1991).

The area of study

The area of study to be a solid waste dump (landfill) site is located near the city of Schwerien,

NE Germany. The regional geological stratification of the deposits comprises impervious marls

underlain by fluvioglacial sands which is considered as the main ground water reservoir. On the

basis of three bore hole data, the thickness of this marl layer, the impervious bed. is different

from 9 to 20 m, Burkhardt et. al. (1992). The aim of this investigation in this area using

refraction seismic profiles can be summarized in the following :

1- To detect the lateral variations along the marl layer, if existed,

2- To determine the depth to the ground water aquifer, and

3- To ensure that there is no paths through the marl layer to the aquifer i.e.. the sand deposits

are continuos beneath the thick impervious marl layer or these sands are found in separate sand

lenses or sand bodies.

In this paper, a synthetic model and two field examples o\ shallow relraeiion seismic

profiles will be used. The ray tracing program RAY LIN (Seisa and El Shafey, 1995) is used to

construct the travel time curve Surl of a subsurface model consists of three homogenous layers

.The first layer has a velocity of 400 m/s. the second layer corresponding to the impervious marl

layer with seismic velocity of 13 m/s. The third layer is ground water aquifer with seismic

velocity of 1750 m/s . In this model, the distance between the shot point and first geophone is 5

m and the distance between every two successive geophones is 10 m.
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As a seismic source, a 10 kg hammer is used as usual in such near subsurface investigation.

The frequency of the vertical geophones (receivers) is 10 Hz. These profiles are SUR 2 and

SUR 3, with total distance of 48 in and 72 in respectively. The distance between the shot point

and the first geophone is 0.5 in and the distance between every two successive geophones is 1

in.

Results

The refraction seismic data (also usually called first arrivals or head waves) of three profiles

are shown in figures la, 2a and 3a, respectively. The CRE interpretation method was used to

calculate the refractor (subsurface interfaces or boundaries) velocities and depths.

In the first example Surl, which represent synthetic data, the interpretation of the travel time

curve shown in figure la indicate tl»at the velocity increases with depth (the slope of the travel

time segments decreases with increasing distance from the shot point). The used model in this

example represents the ideal condition for a landfill site.

In the other two field examples (Sur 2 and Sur 3), the thickness and composition of the marl

layer varies dramatically as shown in figures 2b and 3b. The thickness of this layer reaches its

maximum at the right sides with a seismic velocity of 12 to 1300 m/s, (figures 2b and 3b.) The

lack of parallelism of travel time curves in the left part of both (figures 2a and 3a) can be

interpreted as dry sand bodies within the marl layer where the seismic waves travel through the

sand bodies itself with different seismic velocities and not along the interfaces. The low

seismic velocity (700 - 800 m/s) in this part is another factor to confirm that the marl layer

contains dry sand bodies. The maximum depth to ground water surface of this aquifer is about

17 ni with a seismic velocity of 1700 - 1750 m/s. This means that the area represented by those

2 profiles have lateral changes within the impervious marl layer and the transmission risk of

pollutants through those sand bodies to the aquifer is high.

Conclusion

Geophysicists play a crucial role in the aspects of environmental contamination where the

land-water ecosystem is involved. Their knowledge of earth materials, the subsurface structures,

and the characteristics of surface and ground waters is essential for environmental managers.
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This paper demonstrated the use of shallow refraction seismic technique in evaluating of

subsurface conditions of solid waste disposal sites. It is clear that the lateral variations either in

velocity (composition) and/or depth along an impervious layer can be easily detected using the

shallow refraction seismic technique. So, a subsurface picture of dump site could be drawn

which could give guidance to environmental managers to decide if this site is environmentally

safe or not.
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List of Captions

Fig.l. The travel time curve, (la) and the corresponding subsurface model (lb).

Fig.2. The travel time curve, (2a) and the corresponding subsurface (2b). The marl layer has

different seismic velocities and consequently the composition may be varied from marl

to sand (low velocity of 700 - 800 m/s zone) at the middle part and to marly sand (zone

of 1000 m/s) at left part of the subsurface structure. The depth to the water aquifer is

about (7.5 m.

Fig.3. The travel time curve, (3a) and the corresponding subsurface (3b). The middle part of

the subsurface is characterized by low velocity zone (700 - 800 m/s) and this part is

easily to be interpreted as a sand body. The depth to the water aquifer is about 13 m.
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1. ABSTRACT

The soil distribution coefficient for highly concentrated TNT soil is
determined. Different amounts of TNT soil are placed into 250 ml of distilled
water, and the concentration of TNT in water is monitored throughout the
experiment. At the conclusion of the experiment, the remainder of TNT in the
soil is determined. The soil distribution coefficient is calculated by dividing the
concentration of TNT in the soil by the concentration of TNT in the water phase.
The average soil distribution coefficient is found to be 4.86 L/kg

The mass transfer coefficient was determined for the static experiment.
This experiment involves a comprehensive study of TNT distribution profiles in
the soil and solvent phases. The experiment was conducted under a controlled
temperature environment, for extensive periods of time. Samples were collected
on a regular basis and were analyzed promptly. The average value of the mass
transfer coefficient was determined to be 3.4x10"3 hr1.

2. INTRODUCTION

The knowledge of physicochemical properties of the different types of
organic compounds is important for the environmental engineer in understanding
and predicting the fate, effect, and potential of engineered processes for removal
or control of these compounds. Physicochemical properties include, but are not
limited to, solubility, hydrophobicity, polarity, volatility, density, and energy
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content. Solubility is somewhat related and useful in understanding the
tendency of organics to partition between phases i.e. solid-liquid or liquid-gas
partitioning. Processes especially important in understanding the fate and
removal of organics found at contaminated sites are volatilization, sorption, and
transformation reactions.

The purpose of this experiment is to determine the soil distribution
coefficient of 2,4,6 Trinitrotoluene (TNT) and is defined as the approximate
distribution of a contaminant between the solid and liquid phase. The extent of
desorption of TNT in water is monitored throughout the entire experiment. The
soil distribution coefficient Kd is determined at the conclusion of the experiments.
Also, the mass transfer coefficient, Ku is determined in a separate experiment.

3. MATERIALS AND METHODS

Partitioning Experiment
Oven-dried TNT soil (1.0 g, 2.0 g, and 2.5 g) was added to 250 ml of

distilled water. Duplicates were made to measure the precision of the
experiment. The TNT-water solution was shaken for 6 days. Approximately 3 ml
of sample was tafcen every 12 to 24 hours from each mixture using a syringe with
a 0.20 um nylon filter. The concentration of TNT was determined by high
performance liquid chromatography (HPLC). The analytical equipment used was
a Hewlett Packard 1090 Series II HPLC equipped with a photodiode-array
detection system to analyze TNT in the samples. In order to remain in the
calibration range of the HPLC, the extracted sample was analyzed for TNT using
a dilution factor of 2.5. The sample preparation was done by mixing 2 ml of TNT-
water sample, 3 ml of HPLC-grade water, and 5 ml of acetonitrile. In this manner
the HPLC calibration requirement of 50:50 acetonitrile:water ratio was achieved.

The remaining TNT-water solution was centrifuged and TNT soil was
collected. The soil was placed in a desiccator for approximately 2 days to get rid
of the exoess water. Acetonitrile (20 ml) was added to the soil and sonicated for
4 hours. The extracted sample from the shaken mixture was analyzed by HPLC
and TNT on the soil was calculated.

interface Mass Transfer Experiment
Oen-dried TNT soil (1.0 g, 1.5 g, 2.0 g, 2.5 g, and 4.0 g) was added to

250 ml of distilled water. Duplicates were made to measure the precision of the
experiment. The TNT-water solution were left in a 70°F environmental chamber
for 11 days. Approximately 3 ml of sample was taken every 24 to 48 hours from
each mixture using a syringe with a 0.20 um nylon filter. The extracted sample
was analyzed for TNT using a dilution factor of 2.5. 2 ml of TNT-water sample
were added to 3 ml of HPLC-grade water, and 5 ml of acetonitrile. By doing so
the HPLC calibration requirement of 50:50 acetonitrile:water ratio was achieved.

The remaining TNT-water Solution was centrifuged and TNT soil was
collected. The soil was placed in a desiccator for approximately 2 days to get rid
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of the excess water. Acetonitrile (20 ml) was added to the soil and sonicated for
4 hours. The extracted sample from the stationary mixture was analyzed by
HPLC and TNT on the soil was calculated.

4. DISCUSSION AND RESULTS

Soil-Water Distribution Coefficient
When a solute is added to a system of two immiscible phases the

substance will be distributed in each in fixed proportions at a given temperature,
independent of the quantity of the substance [1. Schroeder, 1987]. This is
known as the distribution law. The ratio of the concentrations in each phase is
defined as the distribution (or partition) coefficient. The transfer of TNT across
the water-soil interface depends on adsorption-desorption and solubilization of
TNT from the solid phase [2. Metcalf & Eddy, 1991]. The soil distribution
coefficient Kd can be defined as

Kd = S/C (1)

where
S = mass of solute (TNT) sorbed per unit mass of dry soil, g/g
C = concentration of solute (TNT) in the liquid phase (water), g/m3

Kd = soil distribution coefficient, m3/g
The soil distribution coefficient will vary with the contaminant and the

characteristics of the soil, particularly the clay content.

The amount of TNT desorped in water for the mixtures was monitored
throughout the experiment. The average TNT concentrations were calculated
and plotted versus time (refer to Figure 1). The mass of TNT sorbed per mass of
dry soil (S) at the end of the experiment was calculated for each of the shaken
samples. Using equation (1), the soil distribution coefficients for the TNT-water
shaken mixtures were determined. The average Kd for the each of the shaken
mixtures was calculated (refer to Table 1). The average Kd for all of the shaken
mixtures was 4.86 L/Kg.

Soil-Water Interface Transfer
The amount of TNT desorped in water for the mixtures was monitored

throughout the experiment. The average TNT concentrations were calculated
and plotted versus time (refer to Figure 2). Then plots of In (C*-C) versus time
(refer to Figure 3) were generated to find the mass transfer coefficients Ku

(negative values of slopes).
The results showed a slow increase of TNT concentration in water with

time. As expected, increasing the amounts of TNT soil to be mixed with the
water increased the TNT concentrations. The experiment should have been run
longer to find the true peak of TNT concentration in water. The maximum
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solubility of TNT for the stationary mixtures occurred most frequently at 239.75
hours and had a concentration of 56.87 g/m3 with a standard deviation of 8.253
g/m3. The Ku values along with their respective residual-squared values were
taken from the In (C*-C) versus time plots. The average Ku values for each of
the stationary mixtures were calculated (refer to Table 2).

6. CONCLUSION

Soil distribution coefficient and mass transfer coefficient were determined
in this experiment for TNT which are important in understanding the kinetics of
contaminants in soil. The list of possible technologies to remediate a
contaminated site usually includes transport of the contaminant within the soil
using water as the carrier. Therefore, it is important to have a thorough
understanding of these physicochemical properties before selecting a
remediation technology to be used at the site.
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TABLES

TABLE I: DETERMINED SOIL - WATER DISTRIBUTION COEFFICIENTS

Mass of TNT Soil in Mixture K,,
(g) (L/Kg)
1.0 5.4
2.0 4.3
2.5 4.9

-874-



TABLE II: MASS TRANSFER COEFFICIENTS

Mass of
TNT soil

(g)
1.0
1.0
1.5
1.5
2.0
2.0
2.5
2.5
4.0
4.0

(hrs1)

2.6 X10"3

1.9x10*
2.8x10J

3.1 x 10"3
3.4X10-3

3.4X10-3

4.6 X10"3

4.4x10*
4.0X10-3

3.9x10^

RGURES

Figure 1: Average Concentration of TNT Vs. Time
(1.0 grains shaken)
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Abstract

The influence of biological processes, including bioturbation, on the mobility of

contaminants in freshwater sediments is described. Effective mass transfer coefficients

are estimated for tubificid oligochaetes as a function of worm behavior and biomass

density. The mass transfer coefficients were observed to be inversely proportional to

water oxygen content and proportional to the square root of biomass density. The

sediment reworking and contaminant release rates are contrasted with those of

freshwater amphipods. The implications of these and other biological processes for

contaminant release and in-situ remediation of soils and sediments are summarized.

1. INTRODUCTION

The Hazardous Substance Research Center/South and Southwest is a university

consortium led by Louisiana State University that also includes Rice University and

Georgia Tech University. The primary focus of the research conducted by the Center

is the assessment and remediation of contaminated sediments and dredged materials.

The Center provides fundamental technical support to the Superfund program,

developing the process understanding, tools and technologies that allow the region and

the nation to appropriately address contaminated site problems. The Center's activities

recognize that assessment, including characterization and evaluation of a

contaminated site, evaluation of natural recovery processes, and the identification of

appropriate environmental endpoints, are closely linked with removal technologies and

their successful selection and application. As part of that assessment effort, the Center
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supports research by myself, K.T. Valsaraj and L.J. Thibodeaux into the interaction of

biological and physicochemical processes to influence contaminant transport and fate.

This paper focuses on recent results of that activity.

Hydrophobic organic and metal contaminants are generally strongly associated

with the paniculate fraction of soils and sediments and partition only weakly into air and

water. This often leads to the retention of these contaminants in the soil and sediments

resulting in releases to the air or water long after the original source has been

controlled. Assessment of the ecological and human health impact of these

contaminants is often difficult because only a portion of the contaminants are available

for release or uptake by organisms. Because it is a direct measure of the mobile and

available fraction, it is believed that the rate of release of contaminants is a better

indicator of contaminant impact than total sediment concentration. The current

research is directed toward identification and quantification of key processes

influencing the release rate.

For a contaminant that is essentially inert, its ultimate distribution in the

environment is controlled by physico-chemical equilibrium. For many organic

compounds, this distribution process is dominated by hydrophobic interactions, that is,

partitioning to the ait is governed by a Henry's Law constant and sorption to the soil is

governed by the amount of organic carbon in the soil and the organic carbon based

partition coefficient of the compound. For metallic and elemental species this process

is much more complicated due to the variety of forms which these species can take.

The ultimate distribution remains governed, however, by physico-chemical equilibrium.

Although the ultimate distribution is governed by physico-chemical processes,

the rate of movement toward this distribution is often influenced by biological

processes. For example, the sediment mixing processes associated with the normal

life-cycle activities of benthic organisms, bioturbation, is likely to be the most important

mechanism for release of sorbed contaminants from otherwise stable sedimentsu. The

physico-chemical processes of advection and diffusion only result in the migration of

contaminants in the porewater, a very small portion of the total sediment loading of

contaminants. Porewater transport of a strongly sorbed contaminant is characterized
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by retardation by a factor given by the ratio of the total concentration in the sediment to

the concentration in the mobile phase. Bioturbation, however, often causes movement

of the sediment particles and their associated contaminants. Thus all of the

contaminant mass is mobile and the process is not subject to retardation. In addition,

the microbial degradation of organic matter leads to colloidal species in the porewater

of soils and sediments. For very hydrophobic compounds the presence of this

microbially generated organic matter can significantly increase the mass of

contaminant associated with the mobile fluid phase, reducing the retardation

associated with sorption.

Microbial processes also result in the oxidation and reduction of certain

elemental species such as selenium. Selenium is essentially immobile in its reduced

form but is soluble and thus more mobile in its oxidized forms. Certain bacteria use

selenium as they might sulfur during respiration. As a result, the cycling of selenium

may be the result of competition between two biological processes, microbial processes

that tend to reduce and thus immobilize selenium, and bioturbation, which through

reworking of the upper layers of sediment tends to oxidize that sediment and contribute

to the formation of the oxidized mobile forms of selenium.

The effect of biological processes on contaminant release will be illustrated in

the present paper by examining the movement of hydrophobic organic compounds in

sediments. A series of laboratory experiments with tubificid worms will be used to

illustrate the effect of bioturbation. The behavior of the tubificid worms will be

contrasted with the behavior of amphipods and the effect of dissolved and suspended

organic matter.

2. EXPERIMENTAL PROCEDURE

The laboratory experiments were conducted in small chambers 15 cm long, 5 cm

wide and 4.5 cm deep constructed from 0.64 cm thick Plexiglas. The depth of the

sediment layer was 3-3.5 cm. Continuous water flow across the sediment bed was

provided by a peristaltic pump. In experiments examining the influence of bioturbation,

either tubificid oligochaetes (Limnodrilus hoffmeisteri and Tubifex tubifex) or amphipods
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(Hyallela azteca) were introduced to the sediment surface. The tubificids were

introduced to the sediment after an initial stabilization period at densities of 0, 6700

and 26,700 organisms-m"2. Each organism was 1-3 cm in length and exhibited a dry

weight of 200-500 ug. Amphipods were introduced in a similar manner at densities of

0, 4000 and about 9300 organisms-m'2. The amphipods measured 1-2 mm in length

and a dry weight of about 100 ug.

In these experiments, the sediments were contaminated with polyaromatic

hydrocarbons and the effect of bioturbation was ev* ja ted by monitoring the

contaminant flux from the sediments. In experiments evaluating the effect of microbial

production of colloidal organic matter, colloidal flux from the sediments was monitored

and used to support a model of the influence of colloidal matter migration on

contaminant transport. The sediments employed in all experiments were freshwater

sediments either contaminated in the field or contaminated by inoculation in the

laboratory. The field contaminated samples employed also exhibited a significant oil

and grease content of about 4%.

Contaminant flux was determined by analyzing 700-800 mL water samples

collected from the effluent of the experimental cells. The sample was either added to

0.5 L of hexane and extracted over 8 hours in a continuous extractor or extracted in a

simpler and faster three stage batch procedure. In the three stage extraction

procedure, 80 mL of hexane was added to 700 mL of sample and shaken for 45

minutes in the first stage, followed by two extractions with 60 mL of hexane with 15

minutes of shaking each time. Hot water immersion of the sealed sample was used to

break any emulsions formed during shaking. After extraction, the hexane was

concentrated to 2 mL and exchanged with acetonitrile during evaporation with nitrogen.

Analysis was then conducted via UV detection high performance liquid chromatography

(Hewlett-Packard Model 1090 HPLC) with a 70/30 acetonitrile/water carrier and

150x4.6 mm column packed with Envirosep-PP (a reversed phase C-18 column).

Average recovery of pyrene and phenanthrene by this process was 93.3 and 92.7%,

respectively, by continuous extractor, and 77±4.3% for pyrene, 93.70±1.1% for

phenanthrene and 83.9±6.5% for dibenzofuran by three stage extraction. Although
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average recoveries were less by the multi-stage extraction method, it was felt that

increased sample frequency was desirable and the method was employed for all but

the initial experiments.

3. RESULTS

Bioturbation by Amphipods

The amphipods, Hyallela azteca, scavenge the surface of the sediment for food

and their influence over particle movement in the sediment extends only to the upper

few mm. The organisms are also sensitive to contaminant levels and, as a result, are

often used to evaluate sediment toxicity. The combination of limited vertical influence

of the organism and toxic response to the sediment contaminants resulted in only a

short term influence of the organism on contaminant release rates. Figure 1 shows the

flux of pyrene from an inoculated local sediment (Bayou Manchac, Baton Rouge, LA) in

the control, low and high amphipod density microcosms. The control microcosm is

devoid of animals and therefore contaminant flux is controlled by molecular diffusion.

Although some scatter in the experimental data is apparent, the flux in the control

chambers decrease with the inverse square root of time. The presence of the

amphipods in the other cells gives rise to an increased flux of pyrene.

As indicated above, however, amphipod morbidity combined with depletion of

the contaminant in their limited region of influence caused a rapid decrease in the flux

after three days. The measured fluxes in the control and populated cells were

essentially identical after that time. In order to determine if contaminant depletion or

reduced organism activity or mortality was the cause of the decrease, additional

amphipods were introduced to the microcosm at Day 20 of the experiment. A

significant increase was observed in the fliix was observed indicating that at least some

of the initial reduction was the result of the loss of organism activity. The

enhancement, especially in the high population density cells, however, was less than

originally observed and of shorter duration. This suggests that surface depletion of the

contaminants was also a significant factor in the initial rapid decrease in flux. Thus,
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bioturbation by amphipods would not be expected to have long-term significance

without continuous replenishment of the contaminant at the sediment surface.

Bioturbation by Tubificids

The behaviour of the amphipods is much different than that of the tubificid

worms which can penetrate far more deeply into the sediments and can burrow to

continually expose fresh contaminated sediment. A comparison of the experimentally

measured flux from a local sediment (Bayou Manchac, LA) in control and animal

populated cells is shown in Figure 2. 200 organisms in the 75 cm2 area cell implies an

organism density of 26,700 organismsm-2. The flux from the control cell follows the

expected inverse square root of time dependence and can be predicted with high

accuracy purely on the basis of the physico-chemical characteristics of the sediment

and the contaminant. The flux from the bioturbated cell is clearly significantly different,

however, and that difference is essentially constant at 50-70 ngcm"2day\ Because of

the ability for the tubificid worms to continuously expose fresh sediment, the

bioturbation flux would be expected to continue until the entire upper layers of sediment

were'depleted of contaminants, while the diffusion flux would rapidly decrease to

negligible levels.

This is clearly seen in experiments with aged Rouge River, Michigan sediments

in Figures 3 and 4. In these experiments, the diffusive flux from the sediment is

essentially negligible while the bioturbation flux remains at 50-70 ngcm^day'1 in the

high population density microcosms. The contaminant and biomass loadings is

approximately the same as in the inoculated Bayou Manchac sediments. The effect of

bioturbation can be easily quantified by estimation of effective mass transfer

coefficients from the experimental data. The effective mass transfer coefficient is given

by

{Flux)
Mff

cm^yr
{Sediment concentration} W,pb

cm-
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Table 1 summarizes a variety of experiments that indicate the effect of

population density, water oxygen content, contaminant hydrophobicity and sediment

type on flux enhancement by bioturbation. The effect of hydrophobicity was illustrated

Table 1 Effective Mass Transfer Coefficients - Tubificid Bioturbation

Bayou
Sediments

Pyrene

Phenanthrene

Rouge River
Sediments

Pyrene

Phenanthrene

k^-cm/yr
(Tubificid worms -26,700 #m'2)

LowO2

-2 mg/L

1.7

7.5

4.0

3.1

Med O2

- 5 mg/L1

0.63

1.4

0.58

2.2

High O2

- 8 mg/L

0.15

0.42

-

-

Biomass
Exponent2

0.46

0.32

0.55

0.49

Inadequate control of oxygen level during this experiment- oxygen level estimated on
the basis of limited measurements
Biomass exponent is defined as o in k^, -(Biomass)" based on difference between low
and high biomass loading experiments

by use of the two tracers, pyrene and phenanthrene, which exhibit water solubilities of

about 0.135 and 1.15 mg/L, respectively. As shown by the table, the rate of

bioturbation is essentially the same between the inoculated and aged sediments but

varies significantly with oxygen content, the hydrophobicity of the compound and the

biomass density.

The influence of oxygen content was unexpected and is apparently the result of

a change in behavior of the in-dwelling tubificids. The tubificid worms move sediment to

the surface during tube building and as a result of deposit feeding. Tubificid worms



have been shown to ingest and defecate several times their body weight daily. Under

our experimental conditions an average defecation rate of about 2.3 mg-worm"1-day'1

was measured by collection of the fecal matter. With an organism density of 26,700

worms-m'2 and a sediment bulk density of 1 g/cm3, this suggests that the sediment

reworking rate is governed by a mass transfer coefficient of about 2.2 cm/yr. This is

consistent with the observed mass transfer coefficient for pyrene under hypoxic or low

oxygen conditions as shown in Table 1. Under low oxygen conditions the worms

employ the motion of their tails to assist in oxygen exchange from the water. More time

must be spent at the surface where fecal matter that represents contaminated material

at depth can be deposited directly on the surface. Under higher oxygen conditions, the

need for interaction at the sediment surface is diminished and direct contaminant

transport to the surface is reduced. This result implies that the contaminant release

associated with bioturbation is strongly dependent upon temperature as a result of

both increased metabolic activity and the decreased oxygen solubility at higher

temperatures. Sediments that exhibit high sediment oxygen demands may also

increase the effect of bioturbation as a result of the low oxygen conditions.

The effect of hydrophobicity is to influence the relative importance of particle

movement vs. water movement in transporting contaminants. Phenanthrene is less

sorbing than pyrene and the fact that the effective mass transfer coefficient is greater

than expected by the defecation rate suggests that water-borne phenanthrene may be

a significant fraction of the mass released via bioturbation. In addition, release at the

surface is likely more rapid for the less sorbing phenanthrene.

Significant secondary porosity is also developed within the sediment as a result

of the tubificid bioturbation. Advective processes driven by porewater motion would

likely be considerably enhanced by the presence of this secondary porosity. The

experiments, however, were conducted such that advective transport normal to the

sediment-water interface was minimal.

Despite the differences in flux noted with different organisms and under different

experimental conditions, a surprisingly good correlation has been observed between

biomass density and effective bioturbation rates. Reible et al. (1996) compares
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measured bioturbation transport coefficients to a correlation with biomass density using

data presented by Matisoff (1981)3. The correlation suggests that the effective

bioturbation transport (diffusion) coefficient varies with the square root of the biomass

density, that is, a doubling of the biomass density increases the effective diffusion

coefficient by about 40%. This is consistent with the data shown in Table 1.

Other Bioloqicallv-Mediated Transport Processes

In addition to bioturbation, other biological processes also influence contaminant

transport and fate. Microbial processes are normally of interest as a result of their

potential for the degradation of contaminants. These processes also result in the

breakdown of natural organic matter, however, which results in the formation of fine

particulate and dissolved organic matter in the porewaters of the sediment.

Hydrophobic organic contaminants tend to sorb to this organic matter and effectively

increase the proportion of these contaminants that are suspended or dissolved in the

mobile water phase. The flux of contaminants by porewater diffusion or advection is in

direct proportion to the total mass suspended in that phase. At dissolved organic

carbon concentrations of 10 mg/L or less this is expected to cause no effects on the

phenanthrene in the porewater and a slight effect on pyrene. At 100mg/L disssolved

organic matter, the pyrene loading in the pore water may increase by a factor or 10.

Microbial systems also drive oxidation-reduction reactions in sediments. The

resulting oxidation state of metals and elemental species can significantly influence the

mobility of these species. The solubility of oxidized forms of selenium, for example, is

much greater than that of the reduced or elemental form. Again, reduced water

capacity for the contaminant translates directly into reduced mobility and release rate.

Since the microbial reactions involving selenium are very similar to those of sulfur,

bacteria tend to produce the less mobile reduced form. Bioturbating organisms

compete directly with this process by promoting the introduction of oxygen into the

sediments. The balance between these two competing processes and the implications

for selenium mobility and fate is currently under study.
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4. SUMMARY AND CONCLUSIONS

Laboratory experiments were used to identify the rate and characteristics of the

release of hydrophobic contaminants from sediments durng bioturbation. Common

freshwater tubificid oligochaetes were shown to have a dramatic impact on the rate of

contaminant release and the structure of the sediments. The effect of tubificid

bioturbation on contaminant release rate was especially dramatic in aged oil and

grease contaminated sediments in which the contaminants were largely immobile

without bioturbation. The measured rate of bioturbation-induced contaminant release

correlated well with the defecation rate of the organisms and a square root dependence

on biomass density. By comparison, amphipods influence only the upper few mm of

sediment and the increase in contaminant release rate was minimal and of short

duration. Bioturbation and other biological processes exhibit significant influences over

the rate of release of contaminants from stable (i.e. non-eroding) sediments.
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ABSTRACT

The effect of nitrogen sparging on the rate of cementation of
copper on Zinc cylinders bed- and Zinc powder bed from a simulated
waste solution of Copper Sulphate was studied .

Variables studied were nitrogen superficial velocity, diameter
and height of the Zinc cylinders bed,temperature. These variables
were studied for their effect on the mass transfer coefficient of
copper cementation.

KEY WORDS

Copper removal, Cementation, Metal displacement.

INTRODUCTION

Contamination of industrial waters by the discharge of
industrial waste materials such as mercury,copper,cadmium,nickel,
zinc and other metals or salts causing a universal concern.Metal
contamination renders water poisonous to aquatic life and
unsuitable for domestic water supply on account of
toxicity'1'.Sources of waste effluent containing dissolved heavy
metals include organic and tanning industries, electroplating,
metal processing and refining, storage battery manufacture and dye
industry '2'.With respect to copper as source of environmental
pollution, pickling and plating industries are its largest
consumers'3'.Cementation reaction is an electrochemical process by
which a more noble ion is precipitated from solution and is
replaced in solution by a metal higher in the electromotive
series.Cementation is used commercially to recover gold from
cyanide solutions and copper from leach solutions[4,5].The rate
controlling step in these reactions is the diffusion of copper ions
to zinc surface.
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EXPERIMENTAL

The apparatus shown in figure(l) consisted of a vertical
column (120 mm) diameter and 300 mm in height.The column was fittod
with a perforated plexi glass distributer which contained 'JOO HUUMI
, each hole of 1 nun diameter, the holes were separated from each
other by a distance of 2 mm. The column was packed with Zinc
cylinder resting on the gas distributer .The bed height ranged from
4 to 12 mm and the cylinder diameter ranged from 12 to 20 mm.Before
each run ,1000 cm3 of fresh CuSO4 solution were placed in the
reactor, N2 gas was allowed to pass through the distributer at the
required superficial velocity from an N2 cylinder.The N2 flow rate
was measured with a calibrated rotameter.All solutions prepared
from A.R grade and distilled water.The sample of 5 c.c was taken
from the column and make a filtration in case of using Zinc
powder.The sample was analyzing using spectro photometer.

In case of cementation of Copper ion on Zinc powder the effect
of amount of Zinc (1,2,3,4,5,6,7 g/1 of CuSO4)and the temperature
ranged from(70-90°c) were studied.

In case of cementation of Copper on Zinc metal the factors
studied are:
1- The effect of gas velocity (4.19, 6.54, 8.93, 11.43 cm/sec).
2- The effect of temperature(27, 35, 40, 45, 50, 60°c).
3- The effect of bed height(6,8,10,12 mm).
4- The effect of bed diameter (12, 15, IB, 20 mm).

j ,

Kin I. B.| .r,l ...1 »p1,,li.li.n: (I ) l l . - . . , ; !^ . y < „ ' • » '
( 2 ) R i . i i l i M i l l n H . i r ; ( : i ) r . « I m i i i i i l i l l i - i : ( I ) • . •«»•-• - - '• • ><"">•
( ! i ) t n t a m r t v i ; ( f t ) ("|«€- ( | ! « • < ! o ( c o | " l " ' ! « | i t i r i ' - * ; ( ' I H . . H . . I , '
l . - w l ; ( B ) | < l . v < i v a l v f .
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RESULTS AND DISCUSSION

Figure (1) represents the effect of the amount of Zinc powder
on the precipitation of cupric ions it is seen that the most
effective concentration is 6 g/1.

Figure (2) represents a typical plot for the precipitation of
cupric ions from the solution for Zinc cylinders bed at various
temperatures .Comparison figure (2) with figure(3) which represents
the precipitation of cupric ions from the solution for Zinc powder
bed from these figures, the % removal of copper ions = (Co-C/Co) X
100 was found as shown in the following table:-

Table (1): Comparison between the % removal of cupric ions in case
of using Zinc Powder bed and Zinc cylinders bed.

At

At

50°

40°

c

c

Zinc powder bed

%removal

90%

90%

time,min

16

18

Zinc cylinder bed

%removal

90%

90%

time,min

30

35

From this table it is seen that the time required for removal
of 90% of cupric ions in the case of Zinc cylinders bed is twice
that required in case of Zinc powder bed (7gram zinc/litre of CuSO,(
solution),and the same superficial velocity.

For the batch reactor used in the present work the rate of
diffusion controlled copper cementation with Zinc can be expressed
in terms of the disappearance of cupric ions from the solution by
the equation'6' :

-VB ( dC / dt ) = K A C (1)

Which on integration yields:

In Co/C = K A t / VB (2)

For Zinc cylinders bed the following results were obtained:-

Figure (4) shows a typical dependence of In Co/C on time.The mass
transfer coefficient k was obtained from the slope of (In Co/C) vo.
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t. line.Figure(5) shows the effect of the N2 superficial velocity
on the mass transfer coefficient at different bed heights.The mass
transfer coefficient increases with increasing gas superficial
velocity as seen in equation(3).

K = 0.034 vg
0-88 (3)

Previous studies I7'8' on the effect of gas sparging on the
rate of heat and mass transfer to the vertical wall of bubble
columns have shown that the value of the velocity exponent ranges
from 0.15 to 0.37, while previous studies'9'on the effect of N2
sparging on the rate of liquid-solid mass transfer at fixed beds of
spheres have shown that the values of the velocity exponent was
0.5.The high value of the velocity exponent obtained in the present
study may be ascribed to the cylindrical geometry of the transfer
surface where boundary layer separation and turbulent wake
formation is likely to take place.

Figure (6) confirms the decrease in the mass transfer
coefficient with increasing bed height according to equation(4)

K oc hB - ° -
4 5 8 • (4)

The observed decrease in the mass transfer coefficient with bed
height may be attributed to the fact that, as the gas liquid
dispersion progress through the bed, the local CuSO4 concentration
decreases along the bed with a consequent decrease in the rate of
mass transfer.

Figure (7) shows that for a given bed height and N2

superficial velocity the mass transfer coefficient increases with
increasing particle diameter according to equation (5).

K 0<d8 °-
33 (5)

An overall mass transfer correlation was envistigated using
the dimensionless groups J, Re, Fr usually used in correlating heat
and mass transfer data in gas sparged systems I7'8!..A dimensionless
correlation in the form J = a(Fr _ R e)

b which is usually used in
correlating heat and mass transfer in bubble columnn won found
insufficient for correlating the present data two extra
dimensionless groups were found necessary, namely dB/d and hB/d to
account for the effect of the cylinder diameter ds and bed height
h . The use of the column diameter d in the formulating the two
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dimensionless groups dB/d and hB/d is justified on the basis that
it effects the flow conditions and the axial dispersion coefficient
in bubble columns'10'11'. The data can be represented in the
following equation for hB/d < 0.1

J = 1652.05(Fr.Re)-°-
o27(dfl/d)

o-33(hfl/d)-°-'
185 (6)

CONCLUSIONS

The following conclusions can be drawn from the present
study:-
1- The mass transfer coefficient increases with increasing

superficial gas velocity .
2- The mass transfer coefficient decreases with an increase in bed

height.
3- JThe mass transfer coefficient increases with increasing

particle diameter.
4- The scale factors (dB/d and hB/d) exert marked effects on mass

transfer coefficients for hB/d<0.1 .
5- Solid -liquid mass transfer coefficients are well correlated by

eq."(6)in terms of froude number .Reynold, s number, and the scale
factors dB/d and ho/d.

6- Cementation of Copper ions on Zinc powder bed is better than
that on Zinc cylinders bed,but in the first case it is
difficult in filtration.
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ABSTRACT

Control and recovery of phosphorous pentoxide emission as phosphoric acid, in a rodencide
production plant was carried out. The control unit has been designed and fabricated on a semi-
pilot scale. The results obtained showed that the water and air flow rates are important factors
which affect the percentage recovery of P2O5 from the flue gas. Also, mist elimination is an
important step in the pollution control efficiency. The obtained results revealed that recirculation
of phosphoric acid is very efficient in the absorption of P2O5. Full detailed engineering designs
and cost estimation for a full scale system were carried out.

INTRODUCTION

During the manufacture of zinc phosphide rodencide, in a chemical industrial plant in Egypt,
batches of phosphorous/zinc mixtures are burned outdoors and excess phosphorous is used to
supply heat to start the reaction. Phosphorous pentoxide is emitted as a waste material at a rate of
10-15 tons/year. This emission is a source of air pollution in the area and represents a loss of red
phosphorous which is used in the production process. Control and recovery of wasted materials
is the first logical step in tackling such a problem. Phosphoric acid is an important chemical
which is used by many industries and can be obtained by the reaction of phosphorous pentoxide
with water [1].

Therefore, the aim of this study is the control and recovery of phosphorous pentoxide in
order to protect the environment and to gain benefit as much as possible from wasted materials.

MATERIALS AND METHODS

A control unit of P2O5, based on a semi-pilot scale, has been designed and fabricated. The
system consists of two parts:

1. An efficient combustion system for the facilitation of the burning process and confinement
into one single stream which can be later treated in a subsequent step.

2. A water scrubber for the removal and possible recovery of P2O5 as phosphoric acid for
further utilization . These are described in detail as follows:
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Combustion Chamber

A prototype scale combustion chamber was designed and built up for efficient combustion of
phosphorous in the phosphorous-zinc mixture. Since zinc does not affect the amount of emission
of P2O5, it was decided to carry out the initial experiments using samples of red phosphorous in a
confined combustion chamber (I-'ig. I). The combustion chamber was constructed of carbon steel
wilh inside diameter of 60 cm height and further insulated from the outside with IS cm height)
which contain the phosphorous charge. Compressed air was introduced tangentially above the
metal pot to induce circulatory motion and to enhance the mixing between phosphorous and air.
The air was introduced from the side lube and its rale was adjusted to avoid the extinguishing of
the phosphorous flame and at the same time to facilitate the How of P2O5 containing the Hue gas
stream through different sections of the control system.

Water Scrubber

The water scrubber (Fig. 2) is constructed of carbon steel (it has been mentioned in the
literature that carbon steel is satisfactory in this case [2]) and has an inside diameter of 40 cm
and height of 2 0 in., in addition to the top and bottom heads. The absorption section consisted of
two successive layers of 40 cm. height tilled with P.V.C. raschig rings as a packing material to
facilitate the absorption of P2US in water. These were supported on steel screens and a liquid
shower was fixed at the top. During the course of the experiments, it was found that it is
necessary to add a mist eliminator and to install a glass wool layer of a thickness 5 mm, in
addition to a chimney of 10 cm inside diameter and 44 cm height with tapered plates installed at
the top to trap the phosphoric acid mist which comes out the top of the scrubber.

In the initial experiments, the water flow rate was not controlled and its value was estimated
by the collection of diluent stream over a specified time period. Later on, a gate valve and
calibrated water How meter were used to control and measure the water llow rate.

Phosphoric acid concentration in the effluent stream was measured according to standard
methods (IW2).

RESULTS AND DISCUSSION

Initially, the assembled system was tested using phosphorous samples alone. To study the
factors affecting the efficiency of P2O5 removal, complete runs using samples of 200 gin of red
phosphorous wilh different water flow rates were carried out. Average water flow rates were
estimated from the total volume of solution collected over a specific time. The results of the
experiments are summarized in Table I.

Two additional runs were carried out using zinc-phosphorous mixtures. Their results are
shown in fable II.
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From the preliminary experiments, it is obvious that the water Dow rate is a critical design
parameter which deserves more investigation. Subsequent experiments were carried out while
controlling water flow rate using a gale valve and calibrated flow meter. The results of these
experiments are shown in Table III.

From these experiments the effect of the investigated parameter can be summarized as
follows:

Effect of Water Flow Rate:

By comparing runs 1, 4, 5 and 6, we can see that the recovery efficiency of P1O5 decreases
steadily as the water How rate increases. Apparently, a water flow rate of 0.019 m/min results in
the highest recovery efficiency of 16% when the weight of phosphorous in the sample is 0.S kg.
When (he weight of the phosphorous in the sample increased to 0.8 kg, the maximum recovery
efficiency increased to 57.5% at a flow rate of 0.026 m /min. In both runs 2 and 3, the recovery
efficiency was between 45-57 % compared to a value of 4-16 % for other runs. This can be
explained by the higher partial pressures of P2Os in the water scrubber since the amount of
phosphorous burned was higher which is accompanied by higher mass transfer rates in the
scrubber.

Effect of Air Flow Rate

flic nir flow rate could not be measured directly. However, comparison between run 6 in
which air is introduced by forced draft and run 7 in which air is introduced by natural draft
shows that decreasing the air How rate resulted in higher recovery efficiency due to the increase
in P1O5 partial pressure inside the scrubber.

Effect of Phosphoric Acid Circulation

It was reported in literature [I] that the absorption of P2O5 in phosphoric acid is faster than
the absorption in water and therefore recirculation of the solvent is usually employed in
phosphoric acid plants to enhance the absorption process. To test the effect of recirculation on
(he removal rate, two tests were carried out using batches of 2 kg. of the phosphorous/zinc
mixtures (1:3 ratio) and using the same liquid flow rate of 0.019 m /min. In the first experiment
lap water was used as the solvent but in the second case the accumulating H3PO4 in the effluent
stream of the second experiment was 350 mg/l indicating an increase of the absorption rate by 5
times upon recirculation.

The Need to Use a Mist Eliminator

Initial experiments showed that in the absence of a mist eliminator, a persistent white smoke
is present in the stack inspite of the fact that P^O; reacts vigorously with water. It has been
stressed in literature [3] that mist elimination of the fine H3PO4 droplets is necessary.
Incorporation of a 5 mm thick glass wool layer and a short stack with tapered plates at the top of
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the scrubber was effective. This was obvious from the absence of any visible smoke which is
characteristic of the H3PO4 mist.

Presence of Zinc Phosphide in the Flue Gas

Samples of the effluent gases were analyzed for the presence of zinc phosphide. Although
the phosphide radical was detected in the samples, no evidence for the presence of zinc radical
was detected. This can be explained by the fact that the boiling point of Z^Pj is 1100°C. This is
higher than the actual flame temperature, which was measured during the experiments using a
chromel-alomel thermocouple, by about 100°C. Other metal phosphides e.g. iron phosphide
which might result from the slow attack on the pot walls could be the source of the phosphide
radical in the effluent gas.

DESIGN OF FULL SCALE UNIT

The outcome of our experimental study was encouraging and based on these results and
other engineering considerations a full scale unit was designed. Sizing was based on standard
procedures [3-7]. The main components of that unit are:

Furnace

It consists of a cylindrical combustion chamber of a 6.2m inside diameter and 4m height and
a top in the form of a dome of 2.2m height. The furnace body is made of high alumina firebrick
and the floor is also made of high alumina firebrick resting on one layer of insulating brick and
then onto a reinforced concrete base. Two side doors of 1 m width and 2m height are used for
easy placement and dispatch of the pots. Steel pots of 62 cm diameter (20 are used per batch) are
arranged in circular patter in two rows. Air for combustion and cooling is introduced from a
blower and a flow rate of 2000 m /hr for a 4 hour period is considered to be enough for
combustion and cooling. Combustion is started by the burning of gas oil through side burners
which arc fed through a gear pump from a fuel storage tank. Once the reaction mixture reaches a
spontaneous ignition temperature of red phosphorous, the reaction starts and a considerable
amount of heat is released which can bring the temperatiure inside the furnace to ~IOOO°C.
Cooling of the pots is affected by the flow of air to bring the temperature of the pots down to
room temperature. The hot combustion gases containing P2O3 flow to the scrubber through a
steel pipe at the top of the furnace.

Scrubber

I'or the effective absorption of P2O5 and assuming a 99% removal efficiency, a tower with
hn internal diameter and 3m height (height of packing is 1.5m, packing type: porcelain Raschig
rings of 25mm diameter) is needed. The packing height is also adequate to reduce the effluent
gas temperature down to 50°C. In order to resist the corrosive action of hot concentrated
phosphoric acid , the material of construction should be 316 type stainless steel.
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Phosphoric Acid Cooler

To remove the excessive heat of reaction of P2O5 with water and to cool down the furnace
gases, it is necessary to cool the phosphoric acid leaving the scrubber down to 30cC before
recirculation to the top of the scrubber. This is affected in a shell and tube heat exchanger with
24 tubes (19mm OD and 4.8m length) arranged in square pitch for easy cleaning of shell side in
which cooling water is pumped. The tubes are made of 316 stainless steel and the shell of
ordinary carbon steel. The dilution of the acid is affected in an intermediate storage tank.

Mist Eliminator

A mist eliminator that can remove phosphoric acid droplets with high efficiency size range
of Ijx or less is based on the fiber bed design [3]. Two stainless steel screens of Im and 80cm
diameter and 2m height are used with the space in between filled with fine glass wool. Gases
leaving the scrubber will flow from outside to inside the glass wool bed where clean gases
collect in the central tube and flow upwards whereas phosphoric acid droplets collect and drain
at the bottom.

Chimney

A chimney of 75cin id and 100cm od with a height of 7m is necessary to carry out the flue
gases to the atmosphere. In addition to the above items, pumps, storage tanks, product grinder,
etc.. are needed.

COST ESTIMATION AND PAYBACK PERIOD PREDICTION

The estimated purchased prices are presented in Table IV. Using a Lange Factor of 3.63 [8]
the estimate fixed capital investment [f.c.i] is L.E. 2,790,000.

The total costs for the production of zinc phosphide are estimated in Table V

For a total production of 462 tons/year of zinc phosphide, this amounts to L.E. 8.1 I/kg of
zinc phosphide and since the sale price of zinc phosphide product is L.E. 12 and of phosphoric
acid product is L.E. 2.35/kg, the total annual profit after taxes is L.E. 1,449,000. The payback
period therefore is 1.6S years if the service life of the plant is 20 years and the plant runs at full
capacity.

RESULTS AND CONCLUSIONS

A semi-pilot unit has been tested for the removal of P2O5 from gaseous emissions from zinc
phosphide manufacturing plant and recovery as phosphoric acid. Experiments showed the effects
of important design parameters and indicated the need of recirculation and cooling of phosphoric
acid product and the need to use a mist eliminator to capture phosphoric acid droplets. A full
scall unit was designed and showed a payback period of 1.166 years.
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TABLE I VARIATION OF IljPO, CONCENTRATION WITH WATER FLOW RATE
(PHOSPHOROUS USED ALONE)

0.02823
0.0198
0.07
0.01

BBH—1
141.6
202.3
192.2
105.2

TABLE II VARIATION OF H,PO4 CONCENTRATION WITH WATER FLOW
RATE (PHOSPHOROUS/ZINC MIXTURES ARE USED)

l'=65
/.n=195
l'=375
Zn=ll25

0.UI9X

0.02775

3l.b

129.59

TABLE III VARIATION OF H,PO4 CONCENTRATION WITH WATER FLOW
RATE (WATER FLOW RATE CONTROLLED)

1

2
3

4
5
6
7

1 i
2:3
2:3
1:3
1.3
1:3
1:3

li <

0.8
0.8
0.5
0.5
0.5
0.5

II III')

0.026
0.02
0.024
0.044
0.026
0.028

M «»

291
297
39.2
7.6
22.8
58.2

'" 1
57.52
45.16
11.4
4.06
7.78
19.5

*ln experiment no. 7, air is fed only by natural draft
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TABLE IV PURCHASED EQUIPMENT COSTS (1995 PRICES)

Fuel Tank
Air Blower
Furnace
Scrubber
Phosphoric Acid Cooler
Mist Eliminator
Chimney
Phosphoric Acid Storage Tank
Intermediate Tank
Cooling Water Pump
Phosphoric Acid Pump
Motors for Pumps
Grinder

1000
130,000
50,000

140,000
39,000

112,000
10,000
36,000
32,000
10,000
10,000
3,000

197,000

TABLE V TOTAL PRODUCTION COSTS

Raw Materials
Shipping and Packaging

Maintenance
Operating Labor
Supervision

3,425,000
250,000

223,000
48,000
15,000
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Figure (1) The Experimental Combustion Chamber
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Abstract

The purpose of this study is to investigate the possibility of using sludge resulting
from primary treatment of pulp and paper effluent as a liner material, this is applicable when
landfilling the generated sludge. Therefore, the use of sludge as a liner material will depend
on the sludge adsorptive and self seeling capacities. Investigation of the sludge ability to
withstand contaminants through leaching investigation and migration profiles showed
adsorption of several contaminants as magnesium and potassium that was referred to hydrogen
bonding mechanisms through which cellulose fibres interact with contaminants. The hydraulic
conductivity through the sludge showed a tendency to decrease upon leaching denoting a
potential for use to self contain the existing contaminants in the industrial landfill site.

1. INTRODUCTION

The raw material used in the pulp and paper industry vary from wood (hard and soft)
to non-wood raw material (bagasse, rice straw, reed, and wheat straw). Wood is a mixture of
three natural polymers: cellulose, hemicellulose and lignin, in approximate abundance of
50 2525%, in addition to small traces of extractives. The major component of the cell walls
of fibres is cellulose The molecular structure of cellulose is shown in fig. 1 [I]. Hydroxyl
(OH) groups located along the length of the chain give cellulose a great capacity for forming
hydrogen bonds Lignin is composed of carbon, hydrogen, and oxygen as shown in fig.2 [2],
it is a polymeric substance of a very high molecular weight and serves as a cementing agent,
llemicellulose is similar to cellulose in many ways as illustrated in fig.3 [3], it forms
hydrogen bonds and has great affinity for water.

Kraft pulp involves digesting raw material in an alkaline solution for several hours,
during this time the chemicals attack the lignin molecules, breaking them into smaller
segments which are dissolved and later removed The Kraft process is the dominant pulping
piocess [4], and it is the process adopted in Rakta mill at Alexandria, Egypt. The mill
produces 130 tons pulp from rice straw, and 300 tons paper per day from both local and
imported pulp. From the 400 tons of rice straw used in pulping purposes, 270 tons are
converted to dissolved lignin and rejected suspended fibres.
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The sludge is continuously generated and evokes need for management when
implementing primary treatment to the effluent to comply with environmental standards and
regulations. As landfiliing is one of the recommended options for final disposal of the sludge,
the assessment of the sludge ability to retard the migration of various contaminants was
investigated in order to make use of the sludge as a barrier material. Several investigations
on landfiliing pulp and paper sludge included the study of hydraulic conductivity through
sludge deposit [S] and compressive behaviour of fresh and older primary waste sludge [6].

Landfill disposal refers to the placement of waste on or beneath the surface of the
ground with the intent of isolating the wastes from the environment [7]. This will be
encouraged, or discouraged, relying on regulations, the nature of waste generated, land
availability, transportation cost, reliability on landfiliing for long term, and other factors. The
choice of a suitable barrier material aims the protection and conservation of groundwater
quality by the prevention or retardation of contaminants migration to aquifers.

To a certain extent, anything with which water comes in contact will be dissolved in
or mixed with the flow Contaminants, once introduced into groundwater, may be carried for
very long distances and will be very difficult to remove, although natural processes such as
adsorption, biodegradation, ion exchange, and dispersion may reduce concentrations to some
extent [8]. Water passing through the refuse placed at a landfill site carries with it various
dissolved and suspended materials. The release of leachate first requires the generation of
leachate within the landfill. Sources of liquid that may eventually become leachate are mostly
water from: (i) precipitation falling directly onto the landfill, (ii) surface flow that has run
onto the landfill, (iii) ground water inflow through a portion of the landfill lying below the
ground water table, and (iv) the liquid fraction of the waste disposed in the landfill.

2. EXPERIMENTATION

In order to investigate the interaction between sludge and various contaminants
generated from the waste pile, samples were collected from a kraft mill in Cornwall, Ontario,
Canada. Samples included sludge and effluent from the mill primary treatment plant that were
analyzed for initial characterization then stored. Leaching column experiments were used to
investigate the migration of contaminants through the sludge landfilled on sand layer.
Breakthrough curves and migration profiles of contaminants were developed to study the
ability of sludge to retard their migration. Other measured parameters as pH, electrical
conductivity, turbidity, and redox were measured to highlight the sludge performance.

The variation in sludge moisture content affected its compaction and therefore the
hydraulic conductivity, values of 425% to 100% moisture content of the sludge were
investigated and moisture content of 200% resulted in the lowest hydraulic conductivity of
106 cm/sec, and was arbitrarily chosen for the experiments. Tables 1 and 2 summarizes the
characteristics of the sludge and the mill effluent used in all leaching experiments. Table 3
shows typical paper mill sludge elemental composition [9].

Leaching cells were filled with both sludge and sand then leached with the mill
effluent. Concentrations of various ions were determined in: (a) the leachate collected from
the cells, and (b) the pore fluid. All cells were screwed air-tight to a top cap and a bottom
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base also made of plexiglass with O-rings fitted at both ends. The cells were SO mm diameter
by 100 mm height, and were filled 50% volume with sludge and 50% with sand. The column
material was subsequently compacted. For all cells, the effluent was collected into plastic
bottles at the bottom of the cells after the passage of an amount of leachate equivalent to the
volume of one or several pores of the sludge (denoted herein as pv).

After the passage of the required pore volumes, sludge and soil were extruded and cut
into several sections then analyzed for different ions through the depth of the column. Cations
are measured using a double beam atomic absorption, anions are measured by titration or
directly via electrodes. To analyze the soil pore fluid, an extraction method was applied by
preparing a 1:10 soil water suspension (using distilled water), shaking the suspension and
centrifuging to obtain a clear supernatant for analysis.

3. LEACHING INVESTIGATION

All the cells were leached with distilled water to reach saturated steady state for
approximately one pore volume since the hydraulic conductivity was not exactly the same for
all the cells. Small variation in pH was observed upon leaching (fig 4), and an intermediate
value between the sludge and the effluent pH was reached in the reference cell leachate due
to washing of contaminants from the sludge. For the other leached cells, higher leachate pH
values were referred to higher influent pH.

The electrical conductivity is a qualitative estimate of the total dissolved solids in the
collected samples, the decrease in conductivity (fig 5) indicates less washed ions from the
pores of the sludge, then stabilizes upon complete breakthrough of ions. The electrical
conductivity did not continue decreasing in the reference cell, which would be expected upon
continuous washing of the sludge, this can be attributed to the dissolution of calcium from
the sludge, thus maintaining the conductivity measurements at a steady or slightly increasing
state in all the cells. The decrease in turbidity (fig 6) can be attributed to physical straining
action by the entrapment of suspended solids within the pores of the sludge, this action
affected the hydraulic conductivity through the sludge. Suspended solids migration from the
sludge was high during the first pore volumes then decreased and a steady state was reached
in the reference cell as illustrated by the horizontal portion of the curve.

The lower redox potential in the leached cells (fig 7) is referred to the increased
presence of the contaminants concentrations, including organic and inorganic contaminants,
in the collected leachate. The redox potential tends to increase due to the availability of
calcium upon dissolution from the sludge, since redox potential is high where electron
acceptors are numerous and powerful. In general, when assigning redox potential to a waste
or soil, the electron transfer or redox reactions, which must occur to establish chemical
equilibrium, are often slow [10].

An early reduction of COD was observed (fig.8), followed by an increase in COD
levels far beyond the COD of the mill effluent (320 mg/l). After the passage of five pore
volumes, the difference in COD between the cells and the reference is rather constant and is
reflecting the effect of introducing the mill effluent to the cells. The increasing COD value
thereafter is a consequence of calcium dissolution from the sludge (fig.9).
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The change in hydraulic conductivity is shown in fig. II where the decreasing value
attributed to physical straining and entrapment of suspended solids within the pores while the
slight increase in hydraulic conductivity of the reference eel! can be attributed to the
continuous washing of suspended solids from the sludge.

4. BREAKTHROUGH OF DIFFERENT IONS

Breakthrough curves for different ions determine the pore volumes after which the ions
will exist with a certain relative concentration in the Icachate collected from the leaching
cells If the contaminant concentration in the influent is termed "C,\ and thai in the Icachate
collected from the cells "C,", the relative concentration "C./C," plotted versus lime or pore
volumes leached represents the breakthrough for different ions.

In comparing the breakthrough curves for the different ions (fig. 11), one can observe
a logic behaviour of the different ions. A "0.5" relative concentration was arbitrary chosen for
comparing the breakthrough of different ions. Chloride ions breakthrough {CJC, = 0.5) at the
lowest pore volume value (pv = 2.7) regarding its non reactive behaviour, this value is higher
(pv = 3.36) for the positively charged monovalent sodium Magnesium being divalent is
obviously expected to breakthrough at a higher pv value (pv = 4 3), this is not the case for
calcium ions which shows an exceptional breakthrough at (pv = 2) due to its dissolution from
the sludge which is rich with calcium. Potassium ions concentration in the collected pore
volumes did not reach a C/C, = 0.5, indicating an affinity for potassium adsorption specially
for the low concentrations introduced to the cells.

5. MIGRATION PROFILES

Considering the ions concentration profile through the depth (fig 12 to 15), an increase
in the concentration of potassium and magnesium with the increased leached volume was
observed. This accumulation is expected since the concentration of these ions in the source,
i.e. the mill effluent, is higher than that of the background, i.e. the sludge When considering
the ions profile for sodium and calcium, it is clear that the concentration of sodium did not
increase with the leached pore volumes, different from what was observed for potassium and
magnesium, while the calcium was accumulated and directly influencing the adsorption of
sodium.

The interaction between the fibres of the sludge and the introduced contaminants can
be viewed via adsorption through hydrogen bond at available sites like ether and carboxyl
bonds in lignin Cations with a greater valence are adsorbed more strongly than cations with
a lower valency, i.e. Ca : ' > Mg2* > K* > Na*. Further, for a given valence, cations with the
smallest hydraled radius move the closest to the surface and are strongly adsorbed, i.e.
potassium ions will be favoured for adsorption over sodium ions since the hydraled radius of
K' is 5 82* 10* cm and that of Na' is 7 9*10" cm [11].
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6. CONCLUSIONS

The hydraulic conductivity of the sludge is a major factor to be taken into
consideration when evaluating the use of sludge as a liner material. The pulp and paper sludge
showed variable tendencies foi compaction and workability depending on its moisture content,
and resulted in the lowest hydraulic conductivity of 106 cm/sec when compacted at 200%
moisture content. The hydraulic conductivity showed a slight tendency to decrease due to
suspended solids entrapment within the pores thus encouraging the use of the sludge as a liner
material.

The pulp and paper sludge showed a capability to retain cations throughout its depth,
this is viewed through hydrogen bonding which is characteristic for cellulose fibres.
Adsorption is favoured for cations with higher valence such as magnesium, and cations with
smaller hydrated radius as potassium.

The dissolution of calcium was observed from the sludge, this was directly reflected
in an increase in calcium concentration, electrical conductivity, and COD in the leachate. The
redox potential was also affected by the variance of calcium concentrations.
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Table I IONS CONCENTRATION IN PULP AND PAPER SLUDGE (MG/L)

N«

C i "

ZnJ*

inits

25.07

115

ND>

K*

cr

Pb ! t

not delected

5.0

22

ND

Mg"

PH

Cr1*

w

4.44

7.96

ND

Table 2 PULP AND PAPER EFFLUENT CHARACTERISTICS.

Item mill effluent Item mill effluent
pH
COD (mg/1)
Ca1* (mg/I)
Mg" (mg/1)
Cr (mg/1)
Na' (mg/1)

7.15

320
62.0
12.5
25.0
104

K.- (mg/1)
Pb"(mg/I)
Cr^mg/l)
Cu^ing/l)
Zn^mg/l)
EC.1 ((iS/cm)

14.74
ND'

..ND
flD
ND
65

Not Delected Electrical Conductivity

Table 3 PARTIAL CHEMICAL COMPOSITION OF SEVERAL PULP AND PAPER MILL SLUDGE.
Mill %N %P */.Mg
1
11
HI
IV
V

2.33

0.15
0.27
0.99
0.62

0.50
0.29
0 16
0.42
029

0.74
0.85
0.44
0.62
0.52

1.53
0.10
1.59
0.37
0.85

0.15

0.09
0.10
0.12
0.09

Figure 1 Stereo-chemical formula of

cellulose

I
- c -

- c -

DCH3 H3CD QCH3

HO.XOOCIS
yc>.n nononer"

Figure 3 Stereo-chemical formula of hemi-
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Abstract

As the ecological conditions at Abou-Keer bay in Alexandria is declining due to the
increased pollution load disposed into it, there is an urgent need for its improvement. The aim
of this work is to investigate the application of the sedimentation process to Rakta mill, one
of the biggest pulp and paper null in Egypt, l'lain sedimentation was applied on various types
of mill effluent as white water, bleaching effluent and final effluent Removal of suspended
solids and COD reached '>()% and 60% respectively for paper machine effluent, 70% and 25%
for final effluent, and 50% suspended solids removal for the bleaching effluent. Use of
coagulant aids increased the efficiency of suspended solids removal, and finally
sedimentation process i; recommended to be applied on Rakla mill effluent to enhance the
quality of the discharged effluent

1. INTRODUCTION

The increase and spread of industrialization in Egypt created severe pollution
problems Several industrial plants discharge their wastewater with no adequate treatment into
the receiving water streams Accordingly, development of laws and regulations to control the
disposal of these effluent led to the need of proper treatment process for wastewater.
Pollutants discharge can first be limited by checking the industrial process itself to minimize
spills and overflows resulting from equipment defeats It was estimated that in the average
pulp null, one third of the losses of BOD and fibre are caused by spills resulting from
equipment break down, poor operation, etc.. Fibre losses range from Vi to 4 percent of the
production, installation of clan Hers is justified when large amount of good fibre is lost [I).

Different procedures for treating pulp and paper waste are: (i) reclamation or recovery
piocess for valuable chemicals used in the process, (u) sedimentation and flotation of effluent
in concrete or steel sedimentation tanks, (in) chemical precipitation to remove colloids and
colours, (iv) activated sludge treatment, and (v) iagooning [2|
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Various systems commonly used for the removal of suspended solids in pulp and paper
mills are: (i) gravity settling ponds, (ii) gravity clarifiers where circular and rectangular
clanfiers are used with surface loading rates ranging from 24 to 48 mVmVday, and (iii)
flotation clarifiers particularly used when suspended solids tend to float [3]. Most mills, which
apply treatment to their effluent, have selected conventional circular clarifiers for primary
treatment, although several mills use earthen settling ponds [4].

In warm climates where the density and viscosity of the water is low the settling rate
is higher [5] Surface loading rates of 32 to 40 mVnr/day and 2 hours detention period were
practiced for the removal of a great part of the settleable solids in clarifiers [6]. These
clarifiers were equipped with skimmers to remove the floating materials. Most mills modified
their water systems so as to reduce the discharge with the precaution of not exceeding a
dissolved solid concentration of 5000 mg/1 [7], White water recovery is now almost
universally practiced in the paper industry for a maximum profit of water, heat, fibre, fillers
and other chemicals as well as a great reduction in stream pollution. Sedimentation process
is low in cost, has little sensitivity to variation in flow and requires low maintenance, needs
no specialized skills and relatively small land areas besides that 90% removal of settleable
solids could be expected. Sludge consistency leaving the basin is commonly 1.5% to 3% and
can be thickened producing a filter cake containing 30% solids. Generally the cake is disposed
of by dumping into the land or pressed and burned.

2. WASTEWATER FROM RAKTA PULP AND PAPER MILL

The industrial process at Rakta mill involves pulping and paper manufacturing
processes. The pulping process includes: (i) cleaning of rice straw bales, (ii) digestion using
NaOH (white liquor) in batch digesters, (iii) washing, screening and thickening, and (iv)
bleaching. In the paper manufacturing process additives are added in the stock preparation
section then very diluted pulp stock passes through the head box of the paper machine to the
wire part to form the sheet of paper, then passes to press section, and drier part (PM I&2 are
old machines, PM 3 is a newer one).

The various liquid waste generated are rice straw washing water, black liquor from
washers following the digesters, bleaching effluent from the bleaching plant, white water from
paper machines (PM effluent), floor washing, leakages, house hold effluent and rainfall drains,
fig 1 shows the material balance and sources of wastewater in Rakta mill. The discharge of
pulp and paper wastewater will contaminate water bodies: (i) physically by sludge deposits,
floating, debris, scum and foam, turbidity, colour and temperature, (ii) chemically by
increasing hardness, salinity, alkalinity, and (iii) biologically by introducing high BOD, and
COD loads to the receiving water.

It is estimated that water consumption in the paper mill is 15,000 m'/day (white water)
while total water consumption in Rakta mill reaches 60,000 m'/day (final effluent). These
considerable amounts encourage the concept of treating both effluent separately regarding that
paper mill effluent is usually less susceptible to high levels of contamination and can be
redirected for further use as practiced in some paper mills.
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3. EXPERIMENTAL WORK

Preliminary investigation was conducted using Jar test apparatus to study the effect of
coagulants and polyme-s addition on the settling characteristics of paper machine effluent.
Polymers as Magnafloc and Organosorb were used and samples were analyzed for suspended
and dissolved solids, volatile and fixed solids, COD, turbidity, conductivity, and pH according
to standards. The main investigation was conducted on both paper mill effluent and final
effluent using a settling column that simulates the proposed settling unit to evaluate the
efficiency of applying such process [8,9].

The settling column used was cylindrical, 210 cm height and 30 cm diameter having
six nozzles 30 cm apart and fabricated from plexiglass. The cylinder was provided with both
fixed and moving stirrers to apply mixing when needed. In each run, the cylinder was filled
after collecting the sample from the appropriate sampling location so that the first nozzle was
30 cm below the water surface. Stirring was applied to insure a uniform initial concentration
of solids throughout the column. After initiating the settling process, samples were collected
in plastic bottles at different time intervals and analyzed for turbidity, conductivity, pH,
suspended solids, COD and BOD,. The interface between the supernatant and the sludge
blanket was recorded to estimate settling rates.

4. RESULTS AND DISCUSSION

The objective of this study was to investigate the effect of applying settling process
on both white water effluent and the mill final effluent. Suspended solids (s.s.) concentrations
and removal efficiencies (T|) were first measured for samples withdrawn from the top of the
settling column representing settling tank effluent.

The relationship between time of settling and efficiency of suspended solids removal
from the older paper machines effluent (PM 1&2) is shown in fig.2. Over 85% s.s. removal
in the supernatant was achieved within 10 minutes from the beginning of the settling process
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owing to the settleable characteristic of the fibres. Suspended solids concentration ranged from
1000 to 2300 mg/l. In cases where higher concentrations were encountered (fig 3), settling
was hindered and delayed due to fibres interference, hence longer lime was required for the
settling process to initiate and achieve high efficiency of suspended solids removal.

The settled solids are mainly fibres that are cellulosic material, eg. long-chained
carbohydrates, consisting of glucose (C6H10Oj)n. Hydroxyl (Oil) groups located along the
length of the chain give cellulose a great capacity for forming hydrogen bonds [10] The
nature of the settled fibres allows them to agglomerate and form a mat that requires lime to
form and have considerable weight to settle thus screening with it most of the fibres and
resulting in clearer supernatant with high s.s. removal (97-99%) I'or higher suspended solids
concentration in the paper machine effluent, that occurs mainly due to disturbance in the
industrial process, longer retention periods were required for adequate s.s. removal.
Discharged effluent containing high suspended solids should be avoided and causes should
be remediated as mentioned previously.

Settling efficiency reached over 95% within 15 minutes of settling for the paper
machine effluent when producing kraft paper (fig. 4). For the newer paper machine PM3 with
lower suspended solids, longer retention time was required and less efficiency was achieved
(fig. 5) as the settling characteristic is influenced by several factors as concentration of
particles and particle size [11]. Suspended solids in the final effluent ranged from 1500 to
3000 mg/l, hence, application of the settling process to this effluent (fig. 6) resulted in
considerable removal of suspended solids (70-95%), higher efficiency of s.s. removal occurred
with the lower s.s. concentration. Efficiency of s.s. removal from the bleaching effluent was
approximately 50% (fig 7), solids in this effluent are usually smaller in size and tend to
disperse and suspended solids represent 10-25% of the total solids while the remaining are
dissolved solids.

Settling curves were developed to illustrate the variation in s.s. concentration with time
and space Fig. 8 & 9 are typical curves for paper mill effluent. All curves were consistent
in having a clear front separating a low s.s. removal from a high s.s. removal zone, this was
referred to the screening action of the formed fibre mate. This also indicated that flocculant
settling is rarely to occur and that the predominant settling types are hindered and
compression settling as high concentrations of suspended solids are involved [II] .

Settling rates can be determined by developing time-interface curves as shown in
fig. 10 to 13 The curves can be divided into three zones: the first zone is represented by a
straight line, different inclinations are related to initial concentration of fibres in effluent. The
line is steeper with lower s.s. concentrations indicating a higher settling velocity and lower
interference between fibres, the line inclination is therefore flatter with higher s.s.
concentrations The second zone is a curved transition zone ending with a straight line
representing the third zone which is relatively parallel to x-axis at the end of the settling
process. Compression points and settling rates were developed to enable the determination of
settling periods according to desired s.s. concentration due to the thickening process. Surface
loading rates for paper machine effluent were 30 to 36 mVnr/day, and the use of coagulants
helped increasing the vertical velocity of settling particles hence surface loading reached 52
m'/nr/day.
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Based on the previous settling experiments, a theoretical detention lime of 30 minutes
was consideied optimal for s.s. removal. Corresponding COD removal from white water
exceeded <>0% (fig. 14} while BOD removal was low (15%) regarding the low-biodegradable
nature of cclluiosic fibres. The effect of polymers addition on solids removal from I'M
effluent is shown in fig. 15, ami is compared with plain sedimentation process. Ai.art from a
distinguished change in surface loading rate, solids removal was not subject to considerable
change 1-urther investigation aboul the nature and doses of polymers to be used and their
economic aspect can be conducted and compared with the results obtained herein.

Total solids in PM 1&2 effluent were 4000 mg/l (65% volatile solids and 35% fixed
solids). Fixed solids originate mainly from the fillers added in the paper manufacturing
process to improve certain qualities of the paper. The commonly used fillers are clay (kaolin),
calcium carbonate, calcium sulphate, and calcium silicate [12]. These inorganic constituents
being mainly dissolved, except clay, were subject to minor reduction in their concentration.
Meanwhile, considerable reduction in volatile solids concentration was observed due to fibres
settling, this was also reflected in 45-65% reduction in total solids of the treated effluent.

Settling process slightly enhanced suspended solids removal for the bleaching effluent
(fig. 16) Low COD and DOD removals were attributed to increased dissolved solids and low-
biodegradubiiiry of fibres in the effluent thus alterations in total solids for the bleaching
effluent (fig. 17) were far less than those encountered for paper machine effluent. Changes
occurring in total solids concentration for various wastes are shown in fig. 18. Other
parameters were investigated as electrical conductivity, turbidity and pH (fig. 19). bleedical
conductivity a:id pH for I'M effluent showed no change when using coagulant aids indicating
no appaient influence on dissolved solids. The decrease in effluent tuibidily is directly related
to the effective removal of suspended solids.

5. CONCLUSIONS

Primary treatment is recommended to be applied at Rakta mill as commonly practiced
at most mills due to the rapid settling velocity of suspended solids and fibres. Settling rates
reached 30 to 36 m7m /day for plain sedimentation and 52 m'/nr/day when using coagulants.
Thus llie addition of coagulant aids slightly increased the efficiency of settling and decreased
the required retention lime and consequently the volume required for settling.

Applying plain sedimentation on paper machine effluent (white water), a theoretical
detention time of 30 nun is consideied sufficient for the removal of suspended solids and
COD of at least 90% and 60% respectively. The detention lime can be practically raised by
100% to acconiodate for turbulencies in continuous flow. Fibres can be recovered upon further
investigation on proper reuse in the process. The older paper machine (PM 1&2) effluent
contributed a potential source for fibre recovery view the lack of proper function of their save-
all, compared with the rejected fibres horn PM3 that wore mainly fines with no practical
benefit for fibre recovery.

The settling process when applied to the mill final effluent removed 60-80% of
suspended solids with ilight removal of COD due to the increased dissolved solids content
in the wastewater, while efficiency of suspended solids removal for the bleaching effluent
reached 50-75%.
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6. NOMENCLATURE

r| efficiency of suspended solids removal
D Depth through settling column
PM paper machine
S.S. suspended solids
T time of settling
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Figure 3 S.S. removal from PM 1&2 (b)

Time (min.)
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Miscellaneous effect of applying the settling process

2500

2000

1500

1000

500

0

_ |

l l
S S I

COD1

•FMBfluert

I i 1111JLML
S S 2 S S (haft)

COO2

•TreatedFMBfluert | RwFMBf. DRanSettlng •Ftt/rrersaderi I

Figure 14 S.S.& COD removal from PM eff Figure 15 Effect of polymers addition

1200

1000

800

f 600

400

200

0

m

f
S.S. COO BOO

• Beading Bfluert • Treated Beaching Bf. I BeachirflBfluert D Treated BeacrtngBf. I

Figure 16 Treatment of bleaching effluent Figure 17 Effect on solids concentration

5

4

3

2

1

0

•

1 • •=

PMEIT Beach EH
PMflraft)

ISi.
FralBf.

T.S n raw waste D T S h treated waste 1

800

600

l > 4 0 0

200

0

1
1il

LIB:
Raw(PM)

1111 1Jill
Using Polyn

PS. (PM)

M

I
TBrsfPM

DEC ass mpH

9

8

7

S

i.

Figure 18 Variation in T.S for various waste Figure 19 Settling effect on other parameters

-931-
NEXT PAQE(S)

toft BLANK



Proceedings of the Fifth International Conference EG9700047
on Energy and Environment, Cairo, Egypt, 1996

THE VALUE OF ENVIRONMENTAL IMPACT ASSESSMENTS

Dennis D. Sohocki
Director, Environmental Innovations

947 S. Williams Street
Denver, Colorado 80209, USA

Abstract

The environment and the economy are inextricably linked.
Today the "environmental, economic, and social impacts associated
with project and program decisions are at times of such a
magnitude and duration that they exceed our ability to
understand, let alone mitigate them. Energy production,
distribution, pricing, policies, end uses, and externalities
demonstrate the need for wise planning and informed decision-
making.

International cooperation, based upon mutually shared
respect, responsibility, and innovative solutions is an essential
component of addressing contemporary issues, impacts, and
opportunities. Both Egypt and the United States have laws
requiring environmental impact assessments. Just as Egypt can
learn from our successes and failures in the environmental impact
assessment field over the past 3 6 years, the United States and
other nations can learn as Egypt develops and innovates its own
approaches and solutions.

1. INTRODUCTION

"The environmental crisis is an outward manifestation
of a crisis of mind and spirit. There could be no
greater misconception of its meaning than to believe it
to be concerned only with endangered wildlife, human-
made ugliness, and pollution. These are part of it,
but more importantly, the crisis is concerned with the
kind of creatures we are and what we must become in
order to survive."1

The impacts associated with environmental and economic
decisions cross political, social, cultural, resource, and
geographic boundaries. For example, our production,
distribution, and use of energy directly and indirectly impacts
not only our economic and physical environments, but also our
social and cultural environments.

1Lynton Keith Caldwell, UNEP publication for the United Nations
Environmental Earth Rest Day, 1-3 June, 1990.
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We live in a world of tradeoffs where, as economists point
out, there is no such thing as a free lunch. We can pay now or
pay later; but as a people and a species, we will collectively be
held accountable for our actions. We will either enjoy or suffer
from the consequences of our choices, whether those choices are
made actively or passively.

In the United States, our energy-related choices have
impacted our cultural, social, psychological, moral, and
spiritual qualities, as well as our natural environment. When
environmental, social, and cultural impacts are assessed along
with our technological, scientific, and engineering choices, we
discover some dramatic and surprising consequences. For example,
our choices (both conscious and de facto) of the automobile,
cheap energy, and consumerism have lead to suburbia, television,
refrigerators, freezers, and computers. These, in turn, have
contributed to social and psychological isolation as people less
frequently walk to local markets or meet with friends and family
for entertainment. Families are often spread over hundreds or
even thousands of miles. Workers may isolate with their
computers at work and their televisions, VCRs, stereos, or
computers at home. Children may know television personalities
and day care workers better than their parents. Drug use and
violence increase as people feel less connected and less
responsible.

In Egypt, choices regarding energy, transportation, and
pricing have resulted in dramatic increases in lung diseases and
lead poisoning. This threatens the physical and mental capacity
of increasing numbers of Egyptian citizens. Similarly, Egypt's
valuable antiquities, which are a global heritage, are
deteriorating from pollution. This threatens Egypt's billion
dollar tourism industry which is its second largest source of
foreign exchange. Another example is Egypt's beautiful
Mediterranean and Red Sea coasts, marine resources, and
fisheries' industry which are being negatively impacted by
environmental contamination.2

The environmental, economic, and social impacts resulting
from the choices our industrial and technological societies make
can overshadow our understanding and our abilities to mitigate
them. Today's impacts can be irreversible and irretrievable with
consequences of greater severity and duration than in the past.
Over the long-term, these projects' costs can exceed their
benefits. Yet, for a project or program to truly succeed and
improve the quality of life of its citizens, both current and
future, it must reconcile and resolve these natural, human, and
economic values.

2Environmental Action Plan of Egypt. Egyptian Environmental
Affairs Agency, 1992, pp 18, 68, 69.
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Nowhere are these interrelationships better demonstrated
than in the field of energy, and its production, distribution,
pricing, end use, and externalities. Often the solutions, which
best respect the environment and society at large are also
superior from an economic perspective. The most profitable and
least costly sources of energy are conservation and demand side
management. For example, by changing rate structures to reflect
the true costs, resources will be conserved by existing consumers
and thereby available to meet future demand. These sources and
others such as solar and wind energy and natural gas are less
damaging to the environment, allow social choice, financial
flexibility, and are sustainable.

2. INTERNATIONAL COOPERATION

International cooperation is increasingly essential to
understand and assess these environmentally, socially, and
economically linked issues. A type of cooperation is needed
which is not based upon the double standard of one group of
nations telling other countries or regions that they should not
follow in their resource intensive footsteps. Rather, a type of
cooperation is needed which is based upon mutually shared
responsibility, respect, and solutions. A flexible cooperation
is required which learns from successes and failures and honors
differences as well as similarities.

As we enter the next millennium, we face both a global
environment and global economy. For example:

o By the year 2000, it's estimated the world will have
used one-half of all of the oil ever found.

o Right now there is only one private car per every 1,700
Chinese. If China were to use as much oil per person as
Japan now does, it would need an amount of oil (61 million
barrels daily) which is nearly .equal to current total world
production. In addition, China's population is expected to
grow from 1.2 billion currently to 1.6 billion in 2030.

o The number of motor vehicles in the greater Cairo Area
has increased 10 percent per year from 1980 to 1990, while
electricity consumption grew by almost 9 percent per annum
during the same period. Egypt's population is estimated to
increase from approximately 58 million currently to 86
million by 2025.

o During the September 1994 International Conference on
Population and Development held in Cairo and attended by 179
nations, the participants agreed to a plan to stabilize
world population at 8 to 9 billion by 2050 (compared to 12
billion if population growth continues at its current rate).
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Clearly, we must work together to address these future
global challenges. If developing nations decide to implement
technology in the same way as the U.S., the results will not be
sustainable. We must change the patterns, paradigms, and
possibilities of our collective lifestyles. Otherwise, we should
not be surprised when we end up with predictably negative
outcomes.

3. INNOVATIVE APPROACHES

Just as the symbol in Chinese for crisis also signifies
opportunity, within our global challenges lie our opportunities.
As we come to understand our environment cradles our economy and
that quality of life is about more than per capita income or
gross national product, new doors will open and old obstacles
will be overcome.

Like the designs of nature, "the best human designs
represent interconnectedness, flexibility and feedback."3 In the
United States, we are beginning to learn that we need to use
existing energy more efficiently and increase the development of
renewable energy sources. We are realizing the cost of energy
atnd other resource development depends on what costs are counted.
Often we have designed our systems and priced our resource use
without doing a full accounting of these costs and externalities
associated with our choices.

Hindsight, as we know, has 20/20 vision. It has become
increasingly clear in the United States that we have created
laws, policies, and institutions that prejudice our production
and use of energy in ways that run counter to economic and
environmental efficiency. We now better understand that our
industrial and energy waste represent lost profits and
competitive opportunities. In response, we are moving away from
regulated monopolies towards managed competition as a way to
deliver lower cost energy. We are also trying to integrate
externalities into our decisionmaking and financial systems.

Cleaning up contemporary pollutants is so costly and
difficult that pollution prevention and sustainable design have
become tha best pathways for U.S. public and private sectors.
"In the past, we've tended to look at symptoms of environmental
degradation such as water pollution and hazardous waste sites and
think that they are the problem. Now we're beginning to look
upstream from the symptoms to the root causes."4

3Deep Design, by David Wann, p.3.

4Deep Design, by David Wann, p.6.
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Now major U.S. Corporations, such as the 3M Company and
General Motors, are preventing pollution and saving money. They
are reducing energy consumption, air and water emissions,
resource inputs, and solid and hazardous waste. They are also
integrating recycling and reusing more of their final products.
Even the White House in Washington, D.C. has installed energy and
water efficiency devices throughout.

As we begin to move toward increased efficiency, renewable
energy, and pollution prevention, it is apparent the greatest
hurdle is not the lack of available technology. Rather, it is
taxes, tariffs, policies, financing, institutional entrenchment,
and political will which are the greatest barriers. Sustainable
development and redevelopment are key to reversing national as
well as global pollution problems.

With creative and innovative design, we can have essential
human values co-exist: economic, environmental, and social. We
can develop and implement solutions which cost less, pollute
less, and will succeed for the long term. Nations such as Egypt
have the opportunity to set new standards and approaches to
energy and industrial development. When emerging nations are not
bound by old infrastructures, designs, and policies, they can
make fresh choices that will better carry them into the future.
If a nation has started down a traditional path, it still has the
opportunity to make different, more informed decisions. By
avoiding some of the traditionally short sighted choices which
have been made by other nations, developing countries can create
new alternatives from which we all can learn.

As we search for solutions, we must consider our underlying
purpose and need and a wide range of alternatives. The
environmental assessment process can help us clarify these
considerations. For example, if the goal is to increase the
world's food supply, one approach is to clean up and better
manage water supplies. Much of the world's food supply is
effectively lost through dysentery. World Health Organization
statistics show 90,000 annual recorded deaths linked to water-
borne diseases and millions more suffer from water-borne
diseases. In Egypt, over»2.4 million feddams (6 million acres)
of irrigated agricultural land suffer from salinization due to
poor water management.5 We must recognize the interrelated
nature of resources and the consequences of our management
choices.

5EnvJronmental Action Plan of Egypt, 1992, p. 23.
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4. THE UNITED STATES NATIONAL ENVIRONMENTAL POLICY ACT (NEPA)
AND EGYPT'S UNIFIED LAW FOR THE ENVIRONMENT

Relative to environmental, legal, and regulatory approaches,
there are many ways our two nations can share and learn from each
other. In 1970, NEPA was signed into U.S. law. In 1994, the

Unified Environmental Law was signed into Egyptian law. Both
laws are fundamental laws which require the assessment and
consideration of the environment in the decision-making process.
They both provide a foundation on which other environmental laws
and understandings can be built.

The Council on Environmental Quality (CEQ) regulations,
which implemented the specifics of NEPA, followed the passage of
NEPA. Subsequently, each federal agency developed their own
regulations to implement NEPA as required by the CEQ. NEPA
preceded numerous other U.S. environmental laws such as the Clean
Air Act, the Clean Water Act, and the Resource Conservation and
Recovery Act.

NEPA provided the philosophical foundation for subsequent
U.S. environmental laws and regulations. With the passage of
NEPA, environmental values were required to be considered along
with more traditional economic and engineering values for all
major federal actions. This was a fundamental change in thinking
which is essential if a society is to address and integrate its
environmental responsibilities.

The CEQ regulations and* NEPA also require the use of a
interdisciplinary team which includes environmental, social,
economic, and cultural resource specialists. This has helped
include other perspectives, values, and information in the
decision-making process. It also has changed the values of many
federal agencies over time as these new voices have risen through
the ranks.

An equally important component of NEPA and the CEQ
regulations is that they required public involvement from the
earliest point of the process. This includes full public
disclosure through the development and distribution of
environmental assessment documents, mandated public meetings, and
required response to public comments.

NEPA and the CEQ regulations require the lead federal agency
or agencies and the project proponent to consider the fundamental
underlying purpose and need of a project. The environmental
assessment must include a full range of reasonable alternatives
(including the "no action alternative") and their associated
direct and indirect, long-term and short-term, and on-site and
off-site impacts. Potential mitigation measures (including
avoidance and minimization) must also be fully considered.
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These key components support and reinforce one another. For
example, the development of a broad underlying purpose and need
permits the consideration of a broad range of creative
alternatives. These alternatives, as v/ell as mitigation
measures, can be developed by the interdisciplinary team with
diverse public input and feedback.

Properly done, this approach leads to better decisions,
better projects, advancements in scientific and resource
knowledge, cost savings, innovations, and environmental
protection. Poorly done, it can lead to unnecessary paperwork
justifying decisions already made, unproductive legal delays,
additional costs, and frustration.

Article 1 of the Egyptian Unified Law for the Environment
requires the use of environmental impact assessments (EIAF;) which
are defined as, "Studying and analyzing the environmental
feasibility of proposed projects, whose construction or
activities might affect the safety of the environment, with the
aim of protecting the environment."5 Law Number 4 also created
the Environmental Affairs Agency (EAA) as Egypt's key
environmental planning, policy, and implementation agency.

Among EAA's responsibilities are several related to
environment impact assessments such as:

o The setting of principles and measures for
environmental impact assessment of projects as well as
environmental pollution standards (Article 5).

O The review and comment (within 60 days) on EIAs
prepared by the competent administrative or licensing
authority (Articles 19, 20, and 21).

o The review and oversight of environmental impact data
submitted by owners of establishments (Article 22).

o The supervision of environmental monitoring networks
(Article 24).

There will necessarily be both similarities and differences
between Egyptian environmental impact assessment policies and
practices and those of the United States. It will be helpful for
Egypt to learn from U.S. experience just as the U.S. and other
nations should support and learn from Egyptian experience.

6Egyptian Unified Law for the Environment (Law Number 1, January
1994), p. 9, Article 1 (36).
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5. LESSONS LEARNED IN THE UNITED STATES

In the U.S., NEPA and its implementing regulations have
resulted in successes and benefits as well as some mistakes and
costs. Properly applied, the environmental impact assessment
process (which resulted from NEPA) has caused our agencies,
planners, and public to more deeply consider:

o The underlying fundamental purpose and need for a
project or program.

o A broad range of reasonable alternatives (including the
required "no action alternative") and mitigation measures
developed with broad public input for a project or program.

o A process and information source which is open to all
interested parties and is responsive to public concerns and
suggestions.

O Improved environmental and scientific understanding of
our resources, their vulnerabilities, and their
interconnectedness.

o Better informed decision makers, publics, and decisions
which lead to environmental and cost savings.

Our environmental impact assessment process has had its
setbacks and limitations which must also be considered. For
example, sometimes:

o It has been too costly, benefitting lawyers,
scientists, special interests, and bureaucrats more than the
environment.

o Public input has been requested only to be later
ignored.

o Data has been collected but not used and studies have
become an end in themselves.

o It has been too cumbersome and confusing or used to
justify decisions already made.

o Measures of success have not been determined and
feedback loops have not been established relative to
implementation.

o When it has not been well linked with enforcement or
follow-up, there have been inconsistencies between what is
written and what is actually done.
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Yet, for all its flaws, our environmental impact assessment
process has been one of our most successful planning and
decision-making tools. It has helped to change, clarify, and
challenge our relationship with our environment.

6. CONCLUSIONS

We have an expression in the United States: "Be careful
what you ask for because you just might get it." Perhaps it is
time we all ask, what is it we truly want and need in life and
why? And if we fulfill our desires, what will it mean for us
all?

I .believe the environmental impact assessment approach is an
important tool which can help us both ask and answer these
questions. We can use it to frame our options, consider their
implications, and work with and thereby better serve the public.
It will be helpful for us all to understand how the environmental
impact assessment process is adapted not only in the U.S. and
Egypt, but also worldwide.

"The man who sits on the ground meditating on life and
its meaning, accepting the kinship of all creatures and
acknowledging unity with the universe of things infuses
into his being the true essence of civilization."
[Lakota Chief Luther Standing Bear].
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ABSTRACT

Ozone, being a strong oxidizer for both organic and inorganic pollutants;
makes ozonation treatment of waste effluent a valuable alternative for meeting
stringent environmental limitations. Applications of ozone on effluents from
different local factories concerning dose determination, combination with other
treatment processes and cost estimation for achieving allowable limits in the
environmental pollution low are collected in the present work. Successful
results have been achieved for application in food, textile, petroleum refineries,
and chemical industrial effluents.

INTRODUCTION

Ozone has been used since the turn of the century as a disinfectant in
Europe. The advantages of ozone desinfection, as compared to chlorine
desinfection, are multiple. The desinfected water is safe to the receiving stream
where as chlorination destroys fishes and other forms of aquatic life. The
dissolved oxygen content of the wastewater is at its maximum value because
ozone is injected at a 2% wt. concentration with 98% air.

Ozone is a more effective than chlorine and remove all types of viruses.
Co-current to the desinfection process ozone simultaneously lowers the colour,
chemical oxygen demand and turbidityC).

Ozone also, removes suspended solids by an ozone-induced flotation
process(2). The matrix of suspended solids forms a froth on the surface of the
water in the contact chamber and is removed by skimming. Ozone removes
colour, odour and taste(3"4) and also removes organic substances^4"7).

Finally unlike chlorine, ozone does not change the pH of the water, nor
does it react with the remaining organics in water to form carcinogenic
trihalomethanes.
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Waste effluents from "El-Nasr for Coke and Essential Chemicals(8),
Production", Kaha for Food Production"(9), "Mostorod for Petroleum
Refining"Cu), Dye WorksOl) (synthetic solutions) have been treated by ozone
alone or combined with other processes in bench scale experimental
procedure. Relationship between degree of pollutants and oxidant doses
engineering data required for full scale design and preliminary economic
evaluations were determined for each case.

A number of treatment methods are available which may be broadly
classified as physical, chemical, biological, and ultimate disposal. Frequently a
combination of two or more methods is required, and the waste disposal system
may be taitor-made for a given waste, which can be accomplished through an
extensive pilot plant or laboratory work to the particulate waste.

2. EXPERIMENTAL

. 2.1. Waste water Characteristics

2.1.1. El-Nasr for Coke and Chemicals Manufacture

Representative composite sample was collected from the factory in year
1987(8).

Representative samples of the industrial polluted wastewater arc
collected from a stream of combined effluents from coke oven and by-product
recovery plants. They are stored in 20 litres plastic container at 0°C.

The specifications of the industrial wastewater were analyzed as shown
in Table (I).

It is clear from Table (I) that phenols and cyanides are the major
pollutants. The cyanides were 20-40 mg/l which is very high and toxic if
compared with the allowable standard (0.01 mg/l) while phenols are
100-400 mg/l which is also very high and toxic (the allowable standard is
2 ppb).

2.1.2. Kaha for Food Manufacture

Samples collected in the year 1987 from the 600 m'/day, resulting waste
water from "Kaha" industry in the citrus season (February) are analyzed, Table
(II) summarizes the characteristics of waste stream after screened through a grit
in the industry.

From comparison of actual values and those allowable characteristic
values, it is shown that BOD value is the major defect together with colour and
phenol reduction.
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2.1.3. Mostorod Petroleum Refinery

Table (III) represents the analysis of the wastewater effluent from the
factory after free oil removal by settling (which is reduced from 2000 ppm to
20ppm.

2.1.4. Dye Contaminated Effluent

Soluble dyes, such as direct dyes, acid dyes and basic dyes are
completely and rapidly decolorized by ozone, where as insoluble and dispersion
dyes are removed by means of chemical evaqulants. The principal deterrent to
the use of ozone for dye wastewater treatment was the cost. The high cost of
ozone generation requires a high ozone utilization efficiency.

»
p-Toluedene azo-dye pure powder is prepared from its pure component

and dissolved in 0.1N sodium hydroxide. Dye concentration (initial =
2.6x 10-5mol/l) change is determined on a Graphicord U.V.2. (im. Shimodzo
U.V.-Visible type spectrophotometerO2).

2.2. Preozonation Treatment

2.2.1. El Nasr for Coke and Essential Chemical Manufacture

Wastewater contains high concentration of phenols and cyanides which
may be toxic to micro-organisms, and cause troubles in the biological oxidation
treatment. The screened wastewater is physically separated by settling for one
hour into two separate phases. The upper layer constitutes 15% of the total
volume, is a dark oily layer. By removal of the up-per oily layer the COD of he
pretreated wastewater obtained is reduced to 800 and its BOD to 615 mg/l.

Two proposed treatment techniques are tested on pretreated wastewater
coke effluent. The first technique is ozonation of diluted effluent to 10%. The
second technique is based on biological treatment by aeration followed by
ozonation of aerated stream. Both techniques are tested on bench scale
experiments.

Biological Treatment

Air is compressed passing by a flowmeter, then through a porous medium,
till bubbled into wastewater through a perforated glass tube (Fig. 1). Diameter
of the perforation is 0.1 cm and the number of perforations is twenty. Air
flowrate is fixed at 350 L/hr. The volume of wastewater treated is 600 ml.
Samples are collected for COD analysis at one hour interval times. Total
reaction time is 5hr.
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2.2.2. Kaha for Food Manufacture

The treatment plant is based on biological treatment in an aerobic,
activated sludge, followed by ozonation. The proposed treatment is checked on
bench scale experiments.

Air is compressed passing by a flowmeter, then through a porous medium,
till bubbled into waste water through a perforated glass tube (Fig. 1). Diameter
of the perforation is 0.1 cm, the No. of perforations i30. Air flow rare is settled
about 350 L/hr. This sample of waste water treated is 250 ml.

Samples are collected for COD analysis at 1 hr interval time. Total
experimental time is 4 hrs.

2.2.3. Mostorod Petroleum Refinery

Catalytic photooxidation using ozone/UV is used for degrading toxic
hydrocarbon compounds present in petroleum refinery wastewaters. Fe(lll)
tetracarboxyphthalocyanine catalyst is prepared using modified reported
methodOS), the converted to the oil soluble cetyamine salt. The catalyst at a
concentration of 2% based on emulsified oil in wastewater after free oil removal
by flotation.

2.3. Ozonation System

Ozone occurs as a gas present in weak solution in air or oxygen. Ozone
can be produced economically in air with a concentration of 10 to 30 g/m3 at
NTP. The gas must be brought into intimate contact with the water to enable it
to react with the substances contained in it. This operation is performed in
mixing equipment such as plates, contact-beds on bubble columns, ...etc. The
purpose of the mixing system is to ensure that the ozone reacts completely,
without losses. This means that it must be suited to the specific application.
There is no single system which is suitable for the whole range of dutiesO4).

Chemicai Ozone Demand of the Waste Sample by Laboratory Evaluation

Tests can be performed in a pilot plant which is the best way for the
extrapolation of the results leading to a treatment plant. The analysis show the
true kinetics of the ozonization procesa according to the time and the changes
in water quality. This method offers some disadvantages, namely the use of
important quantities of water investment of the ozone generator, the pilot station
and full time employment. These are the reasons why batch experiments are
often satisfactory, even if they are run in a laboratory.
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One the used methodsCS) consisting of bubbling ozone into a flask
containing the water to be studied, is used in the present work. (Fig. 2).
Gaseous ozone generated in a "Fisher" type ozonizer (capacity 7 mg/mn of
ozone) using oxygen, is bubbled at different rates into 750 ml (concentration
1%) sample for 2 mn. After settling for 4 minutes, water is taken out and the
ozone residual is measured by classical iodometric method.

3. RESULTS AND DISCUSSIONS

3.1. El Nasr for Coke and Chemicals Manufacture

a) COD Time Dependence by Biological Treatment

In this set of experiments aeration of concentrated waste takes place. The
change of COD after five hours treatment, for each one hour interval time is
shown (Fig. 3). It is observed that COD is decreased from 850 mg/l to 660 mg/l
after five hours. From this figure, it is clear that there is a peak after one hour
which indicates that the organic compounds is increased due to primary
oxidation product and then biodegraded by the action of microorganisms to a
certain limit. Complete removal of organic pollutants is not obtained which
assure the necessity of further chemical treatment to eliminate the biochemical
resistant substances.

The estimated quantity of oxygen necessary for treatment is found by
substracting the final mixture COD from the initial value 02 necessary = (850-
660) = 190 mg/l. Because air is only 20% oxygen, and oxygen transfer
efficiencies are of the order of 5%, the amount of air necessary will be
approximately 19 g/l (C,' = 1.29) or 24.51 L/L.

b) Ozonation of Pretreated Wastewater

Chemical oxygen demand is plotted against the ozone flow rate as shown
in Fig. (4). Changes in COD as a function of ozone dosage is represented by a
straight line. The removal of COD can then be expressed by the equation.

COD = A. (ozone applied) + B (1)

Where A is the slope of the straight line relationship, B is the intercept of the
straight line with the y axis, and are obtained from Fig. (4).

By replacing the values of A and B in equation (1) the following
relationship is obtained:

COD = -0.69. (ozone dosage) + 843 (2)
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According to this equation, to a COD value of 100 mg/l the ozone applied
should be 1000 mg/l.

c) Ozonatlon of pretreatod, aerated wastewater

Chemical oxygen demand is plotted against ozone flow rate (Fig. 5), a
straight line relationship is obtained from which ozone dosage can be calculated
from the equation:

COD = A* (ozone dosage) + B1 (3)

where A' is the slope of the straight line, B' is its intercept with the y-axis. From
Fig. (5), A' and B' are evaluated as follows:

A' = 0.576 and B' = 613.8; By replacement in the equation (3).

COD = -0.576. (ozone dosage) + 613.8 (4)

From equation (4) the ozone dose required to reach a COD of 100 is
900 mg/l.

3.2. Kaha for Food Manufacture

a) Time Dependence COD by the Biological Treatment

It is shown from Fig. (6) that COD of the waste water sample treated is
decreased to 230 ppm after 2.5 hr of treatment.

The estimated quantity of oxygen necessary for treatment is found by
substracting the final mixture COD from the initial value.

02 necessary = (435-230) - 205 mg/l

Because air is only 20% oxygen, and oxygen-transfer efficiencies are of
the order of 5%, the amount of air necessary will be approximately 20.5 g/l (C, -
1.29) (15.89 L/L)(5)

According to literature^) 50 L air required for one liter solution of waste
water for complete removal of BOD content.

But from experiment it is shown that the biological treatment can be only
efficient till 15.89 L/L leading a COD content of 230 ppm or BOD content of
extended aeration do not cause any amelioration or decrease in the COD.
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Fig. (7) shows a In-ln plot of COD removed versus ozone dosage (range
62 to 82 mg/l ozone), a straight line is obtained. The removal of COD can then
be expressed by the function(B) of:

In (COD removed) = 1.25 In (ozone applied) + 1.105

According to the last equation, to reach COD 100mg/l or COD removed
would be 800 mg/l, Ozone applied should be: 86.5mg/l; if initial COD is
230mg/l, C OD removed would be 360 mg/l and ozone applied should be:
45.6mg/l.

b) Dose of Ozone Determination

The dilution (1 %) of the "Kaha" industrial waste permits the evaluation of
ozone dose required to remove organic matter in the waste and this required for
its desinfection. From the extrapolation of the straight line relationship (Fig. 8)
obtained by plotting residual ozone against rate of ozonation, the rate of
ozonalton corresponding to 0 residual is that rate to eliminate organic
contaminants in the wastewater (diluted 1%), which means 2.8 mg/l.

For the original waste concentration it will be 2.8 x 100 = 280 mg/l.

And for desinfection, the residual has to be 0.4 mg/l, at this point
corresponding rate is 3 mg/l. For the original waste concentration it will be 3 x
100 = 300 mg/l.

It is to be noted that these doses would be correct if no other inorganic or
refractory matters which would require excess of ozone.

c) Removal of COD

Changes in COD as a function of ozone dosage is given in Fig. (9). Upon
initial treatment with ozone from 0.0 to 5.5 mg/l late, the COD in increased
100% But as the ozone dosage was increased further, COD peaked, and then
decreased as a function of ozone dosage. Treatment of effluents with 62,72.82
reduced the COD to 410, 280, 130 respectively.

3.3. Mostorod Petroleum Refinary

The effects of Ozone UV catalytic photooxidation on oil degradation using
15 or 75 Watt UV lamp (compared with non catalytic process) are shown n Figs.
(l0 and ll).

Data presented in the Fgures show that the oil pollutant in wastewater is
6jgnificantly decreased during the ozone/UV catalytic process, which suggests
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the Fe(lll) catalyst has accelerating photooxidalion activity. An enhanced oil
degradation role for the catalyst is proposed based upon the further
improvement of ozone/UV photooxida tion.

3.4. Dye Contaminated Effluent

Effect of Ozone Dosage on Removal of Pollutants

Effect of ozone dosage on color removal of treated solution at different
ozone dosage is represented in Fig. (12J.

It is shown from the figure that In-ln function of color removed versus
ozone applied relationship is a straight line represented by the following
equation:

In y = 4.6 In x + 54 (5)

From the above results, it is deduced that the removal of color by 10mg/l
ozone dosage, is average 10%.

4. CONCLUSION

4.1. It has been established, with various coke plant wastes that different
ozone dosages are required to oxidized the phenol. The ozone demand is
arbitrary defined as that required for 99% removal of phenols. It is known from
literature that phenol to ozone rate in pure phenol solution is 1:1 which means
about 200mg/l ozone.

In the actual case more ozone is required; about 100 mg/l. This fact is
due to the addition COD present exerting also an ozone demand and consisting
of cyanides, thiosulphates, thiocyanates, sulphides and another complex
organics.

The effect of preparation of waste coke effluents is remarked on the
decrease of ozone demand (900 mg/l) of the effluent.

Based on this study, the recommended treatment of the "Coke
Wastewater Effluent" can be represented by Fig. (12). It is interesting to note
that in a single unit process, ozone removes COD, phenols, cyanides,
thiocyanates, sulphides and colour from coke effluents without the production of
any side pollutant.

4.2. The recommended treatment of the "Kaha" waste water effluent is
that represented by the flow sheet in Fig. (\4).
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The specifications of the produced treated wastewater are represented in
Table (IV).

4.3. Apparent increased % oil removal might be explained as tfte Fe(lll)
catalyst produces more free radicals which cause the over-all reaction Jo
proceed much faster.

Ozone can be reduced from about 10mg/l sample to 1 mg/l in case of low
oil concentration (5ppm) or 3mg/l in case of 30 ppm initial dissolved oil
concentration.

4.4. Ozone treatment is effective for removal of color generated from
azo-dyes.

On typical synthetic solution of p-toluedene azo-dye 10 mg/l ozone
removed 10% of color. The mathematical relation (5) represents the effect of
ozone dosage on color removal. From Fig. (\z), it is found that complete color
removal can be obtained by applying 125 mg/l ozone dosage, when initial dyes
concentration was 2.5 x 10~5mol/l. But generally in dye works wastewater dye
concentration would be about 3mg/l and complete decoloration can be achieved
by injection of 30 mg/l or 30g/m 3 of ozone.

4.5. Economic Indicators

Referring to Hackensak water company which is an American Water
Treatment Plant in New Jersey, of 200 mgd, serving 700,000 people, the final
figure of their ozone production cost is 0.77 $/lbO6) or 5.78 LE/kg* ozone.
Based on required dose estimated for each type of wastewater presented the
following Table (V) represents the ozone dosage cost for treating 1m 3 from
these effluents.
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TABLE I SPECIFICATIONS OF INDUSTRIAL WASTEWATER IN MG/L.

Total hardness
(mg.eq./Lit.
Heavy metals
PH
Sulphide
ci-
SO-2
Phenol
Cyanide
OH-
SCN
Total ammonia
T.D.S.
Tar and oils suspended
Matters
Colour

COD
BOD

Max.

3.0
17.0
9.0
38.0

460.0
300.0
400.0

55
60.0
163

800.0
3000.0
2000.0

-

dark
brown
1400
800

Min.

2.0
5.0
7.0
5.0
15.0
75.0
100.0

14
12.0

0
200.0
250.0
750.0

-

-

800
600

Average

2.5
12.0
8.0

20.0
360.0
200.0
200.0

40
50.0
81

600.0
2000.0
900.0

-

-

1200
700

Allowable limit for
rejection mg/l

1
6.9

1
1
-

0.005
0.1

-
-
-

2000
10
60

-
100
60

TABLE II CHARACTERISTICS OF WASTE STREAM AND CORRESPONDING
MAXIMUM FROM "KAHA" EFFLUENT ALLOWABLE VALUES*.

COD, ppm
BOD, ppm
PH
Suspended solids ppm
Total solids ppm
Dissolved solids
Total ashes
Colour
Settleable solids ppm
Lron ppm
Mn ppm

Average
actual value

435
409
6.5
300
840
540
424

yellow coln

6
0.338

0.6960

Maximum allowable
value
100
60
6.9
60

2000
1100
20
-
-
-

0.1

• Governmental rule for waste effluents in water streams (material 66/Law 48/year 1982 in
ministry of Irrigation).
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TABLE III WASTEWATER SAMPLE FROM CAIRO REFINERY (MOSTOROD).

Parameter

PH
TS
SS
TDS
Oil total
Dissolved
Phenols
Sulphides
COD
BOD
Pb
Cr
Ni
Cu

Hg
CO
Free oil

Maximum
allowable

limits

7-8.5
1000

30
1000
100

5
0.02

1
40
30

0.05
0.05
0.1

1
0.001
0.01

Concentration in mg/l
Before

treatment in
DAF
6.4

1505
262
1296
48.5
28.5

0.026
zero
388
292
0.15

0.043
0.25

0.175
0.05
0.01

20 ml/l

After
treatment in

DAF
6.5
647
40
585
21
16

zero
146
122
0.15

0.043
0.25

0.225
0.032
0.02
5 ml/l

TABLE IV TREATED "KAHE" WASTEWATER SPECIFICATIONS.

COD

ppm

178

BOD

ppm

80

PH

6.5

Suspended
solids

0

Iron

ppm

0.2

Manganese

ppm

0.4

Colour

no

TABLE V DOSAGE OZONE COST FOR DIFFERENT STUDIED EFFLUENTS.

Type of effluent

1. El Nasr for Coke and Chemicals
2. Kaha for Food Manufacture
3. Mostorod Petroleum refinary
4. Dye Contaminated Effluent

Ozone dose
g/m3

900
45.69

10
125

Ozone dose cost
LE/mJ

5.19
0.26

0.0574
0.173

'Based on 1 $ = 3.4 LE as present value.
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Fig. 13. Flow sheet of the recommended coke wastewater effluent treatment.
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The specifications of the produced treated wastewater are represented as follows:
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Fig. 14. Flow sheet of the recommended Kaha wastewater effluent.
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Abstract
Poland now face a very interesting discussion on modern waste treatment methods, although the

waste problems are very old. This paper presents a total waste management view from the formation
process to recycling, utilisation and landfilling. The average municipal solid waste (MSW) annual per
capita generation in Poland is 250 kg per person, which is half of the waste amount generated in Norway
and one third of the amount in USA. The present low per capita generation, large variations in MSW
properties and an expected growth in the standard of living make the decisions regarding future Polish
waste management systems very important. Waste management must be handled carefully to prevent a
rapid growth of waste generation - this is the "Polish challenge", both now and for the future. Three
different possibilities for future waste management systems for rural areas, small cities and larger cities
are discussed in the paper.

1. INTRODUCTION
The amount of MSW in Poland has increased with 80 vol% from 1975 to 1992 |11. The economy

system in Poland changed to market economy in 1989 and since there has been a stagnation period on
waste generation The composition of MSW in Poland is different from other (western) countries,
distinguished with a lower content of paper and plastics and a higher content of organic and inorganic
waste. However, these characteristics are expected to be more comparable in the future.
The paper is divided into two parts - the first part presents the state-of-the-art in Polish waste generation,
characterisation and waste management. The second part presents the government plans for future waste
management systems and three different possibilities for future waste management systems for rural
areas, small cities and large cities. Since 98,7% of MSW generated in Poland today is landfilled [11 and
lack of landfill sites is expected for the future, it seems necessary to employ other methods for volume
reduction of waste in the future. Energy estimations for different treatment methods of MSW are
performed.
Since household waste is a very small percentage (typically in Europe 6-10%) |2] of total waste created, it
is apparent that individuals only can have a small impact on overall waste volumes generated and that the
largest contribution to reducing waste must come from government waste policy and manufacturing
industry, agriculture and from the construction and demolition sectors. The only influence individuals have
on waste generation is to buy less, buy longer life products and to re-use items.
The average MSW per capita generation in Poland is 250 kg per person a year, which is one third of the
amount generated in USA [3] and half the amount generated in Norway [4|. Previous studies have shown
that the variation in waste properties is large in Poland so waste management must be handled very
carefully.
Laws, rules and regulations should create possibilities for a good and proper environmental protection
This includes proper waste management systems and providing basic directions and constraints
concerning water, ground, and air pollution. The appropriate waste management hierarchy should set
specific succession in decision making on Ministry and Parliament level |5|:
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1. Minimise waste generation
2. Recycling
3. Utilisation (thermal destruction and energy recovery, composting)
4. Landfilling

Waste management is controlled under the 1980 Environment Protection Act (EPA) and a number of
Cabinet Decrees [1]. The EPA defines wastes, states the responsibilities of waste generators and the
duties of local government offices, together with penalties and fines for breaches of the regulations. The
EPA is supported by new directives (investment and non-investment enterprises) established in 1995 by
the Parliament, which are aimed at decreased landfilling of waste, neutralising of hazardous waste and
economical use of waste (mainly waste from energy production) [5]. The governmental bodies responsible
for waste management in Poland are [1]:

- Ministry of Environment Protection, Natural Resources and Forestry,
- Ministry of Physical Planning and Construction,
- Ministry of Health and Social Welfare,
- Ministry of Industry.

The information flow between ministries, local communities and councils up to ministry and back, and a
competent financial system must function welt to implement any ideas. The governmental and local
authorities efforts and money can, however, be in vain if the communities do not collaborate for the best
results. Education and information play a significant role for each individual's understanding of the waste
management problem. It is impossible for the government to control all parts of the country, therefore the
local authorities are very important. Only the councils having all of the data and knowledge of the
communities' needs are abte I t make the correct decision for their region.
A free market and people's wish to live in a clean world, country and region should force environmental
friendly activities, supported by governmental policy. A master plan and strategy study for regions are
elaborated by consulting the proper expertise and by co-ordinating the work with councils. The next step
in the decision making is to find a financial source. There is a possibility to take credit from a national,
private or international financing institution (bank). After a feasibility study the project together with the
bank's credits goes to realisation and then to exploitation.

2. PRESENT WASTE MANAGEMENT AND CHARACTERISATION
The waste is divided into three different categories namely municipal waste, industrial waste and

special/hazardous waste. This chapter gives a presentation of definitions, amounts, composition and
present waste management systems for the three different types.

Municipal Waste
Municipal waste is consistent with municipal solid waste (MSW) and municipal liquid waste. MSW

is household waste and institutional/commercial waste. In general it is all waste collected by each
municipality, industrial and hazardous waste excluded. Figure 1 shows that the total amount of MSW
accumulated from 1979 to 1992 is 712 mill m3. The definition of city is an administrative one and there are
835 cities in Poland. In 1992 the amount of MSW in Polish cities or urban areas was 47 mill. nWyr, with an
average of 1.23 m3 per capita per annum and variation between housing types and between cities with
different housing stock [1]. Average density is approximately 200 kg/m3 [1,6]. The Polish MSW is in
general characterised by low effective heating value and combustion is not possible without pre-treatment.
Table I shows the characteristics of Polish MSW for three areas with different population density.
There is a distinct difference between these three categories, where cities and small cities have'the
largest per capita generation. Cities have a higher heating value for the waste as a result of higher paper,
plastic and food waste content and lower content of inorganic material. Smaller cities have slightly higher
heating value than rural areas due to the same factors as mentioned above, but the per capita generation
is 67% higher for small cities than for rural areas. Due to more waste from institutions, shops, hotels, etc.
the generation would be larger and the composition would be distinguished by a higher content of paper,
plastic and food waste as it gets more urban. A culture for re-use of paper and plastics for combustion and
also the use of food wastes for compost in rural areas could explain some of the differences in
composition.

-960-



The variation in composition for MSW is dependent on several factors [1] Seasonally, heating system
(ash content in MSW), standard of living, packaging, overcrowding (recycling/composting is difficult).
MSW collection in Poland is carried out by the Public Cleansing Enterprise of each community's
environmental protection department, or by private enterprises authorised by them. The service covers
urban areas, but it is estimated that between 20% and 40% of rural areas are covered at best. The
average service coverage factor for Poland was 55% in 1990 [1]. Collection methods for MSW vary, but
there is an emphasis on use of large containers in apartment blocks and at special collection points. The
frequency of collection is 2 to 3 times per week from apartment buildings, and weekly from scattered
housing areas, detached houses and suburban buildings. There are currently three methods in use for
treatment and disposal of MSW in Poland, namely landfilling, composting and recycling. In 1992 the 47
million m3 of MSW generated were disposed as follows [1].

- Landfilling 98.7 %
- Composting 1.3 %
- Recycling Negligible post-consumer

There are currently some pilot projects carried out on recycling of not separated glass and paper in
selected areas in Poland. At the end of 1995, contracts were signed for the construction of Poland's first
glass recycling plant in the city of Kutno [7|.
The generation of municipal liquid waste or sewage sludge in 1993 was 14.9 mill m3 |5). Sewage sludge
is presently for rural areas treated at source, smaller cities have treatment plants (biogas, chemical and
biological treatment) and larger cities dump the sewage sludge (into rivers, landfilling).

«
Industrial Waste.

The waste generated during any production process by small and large factories which can not be
used in further processes are named "industrial waste". The waste "producers" are responsible for
removing, collecting and managing of the refuse. The waste management system should therefore be a
part of the production line. Poland generated in 1993 120,5 million tons of industrial waste that was
treated as follows:

- 53,6 % Utilised for site levelling, filling of mining excavations, building and road industry
- 0,3 % Neutralised
- 46,1 % Landfilled, dumped on heaps and in sediment ponds

As we can see almost half of the generated industrial waste was landfilled which will increase the problem
with lack of landfill sites Accumulated amount of industrial waste was in 1993 1834,9 million ton [5]. The
industrial waste composition is as follows [5]:

- 42,6 % Mining refuse - 2,0 % Sodium industry refuse
- 30,0 % Floatation sludge - 0,4 % Metallurgic gas cleaning sludge and dust
-15,0 % Fly ash/slag from energy prod. - 0,4 % Waste water treatment plant sludge,
- 4,4 % Metallurgical slag - 0,3 % Calcium carbide,
- 3,0 % Phospho-gypsum - 1,9 % Others.

Special / Hazardous Waste.
Waste which is dangerous for human life or health or for environment due to its origin, chemical or

biological composition or other properties like: toxic, flammable, explosive or radioactive, are named
special / hazardous wastes [6]. The producers of hazardous refuses are mainly chemical industry and
hospitals. There exists a few hospital waste incineration plants nearby hospitals, some are just
incinerating hospital refuse and some are able to produce steam and hot water for hospital needs
In 1993 the Polish industry produced 3,44 million tons of hazardous waste where 66,2 % were
economically used, 0,9 % were specially neutralised and the rest was dumped 1369 dumping sites have
accumulated 258.24 million tons of special / hazardous waste (1993) [5|. The hazardous waste producers
are specially equipped and trained for safety handling and transport, also in the case of an emergency.

3. FUTURE WASTE MANAGEMENT SYSTEMS - "THE POLISH CHALLENGE"
Future waste management systems in Poland should be based on a socio-economic correct

treatment of waste as a resource and problem. Where economic aspects concerning both investment
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costs and pay back time for different treatment systems should be compared to environmental aspects
such as air, soil and water pollution and the potential costs for solving these problems for the different
waste management systems. Poland's economy and energy infra-structure should also be taken into
consideration when new waste management systems are planned.
Figure 2 shows the development of per capita generation of MSW from 1975 to 199? From 1992 to 2010
we have made three different scenarios for the per capita generation Since Poland has a very low pe'
capita generation, there is a very good opportunity to level out this development for the future and for 2010
may be reach a per capita generation of 300 kg/yr (scenario I) This is an increase of 20s'i. cnmpnred to
1992 and could be a realistic goal for 2010. Since Poland is a country in great development and will
probably, after a stabilisation period with implementation of market economy in 1969. aqam increase their
per capita generation towards the year 2010 due to an expected 'ncrease in standard of living Scenario H
and III which is typical generation for western countries should be avoided The assumed increase '•••••
standard of living will also be a major factor for the changes in composition of MSW in the future It is
assumed that there will be an increase in combustible matter and a higher calorific value and a Jeaoase
in moisture content.

Poland's starting point for implementation of new waste management systems is very good due lo the low
per capita generation and it is possible to enforce the firsl law in the waste management hierarchy namelv
minimisation of waste generation.
The estimation of future generation of industrial waste is more complex Industrial waste comes mamlv
from coal mining and an increase in living standard should give an increase in energy consumption and
hence an increase in industrial waste. On the other hand export of coal could decrease due to
carbondioxide taxes for instance, and hence the industrial waste generation could level out or even
decrease. Therefore, any assumption on industrial waste generation for the future is not included
Waste management systems for Poland are divided into three different categories dependent on
population density. The reason for that is that Poland have a distinct difference in composition and also
generation of MSW for areas with different population density and hence a need tor different waste
management systems. Industry and industrial waste are also dependent on population density, where
agriculture waste dominates the rural areas, wood waste from wood processing and waste from food
producers dominates the smaller cities and waste from coal mining dominates the coal basin (larger!
cities.

The government have the following future plans for waste management within year 2000 [5| Build 2
incineration plants with capacity of 600 ton/day each for MSW Build 10 composting plants with capacity of
100 ton/day each. Implement source separation collecting systems in 20 communities Build 10 large
regional dumping sites and numerous communal dumping sites Build 3 regional neutralising plants with
capacity 20 ton/day each for hazardous waste. Organise 20 regional systems for neutralising of hospital
waste. Build 10 installations to locate mining and waste from energy production m mining excavations (30
million ton/year). Build installation for generating market gypsum from tlue gas desulfurisation products

Wa.sJe_ManagejTientjn_R.uraJ_Areas
Due to the low coverage factor for collecting MSW (20-40%) and laige amount of illegal landfill

sites, waste should to a great extent be source separated and utilised at source in rural areas MSW
generation in rural areas is 60 vol% less compared to small and larger cities The jj ir.position is
distinguished by a high content of inorganic materials and fines (0-10mm) and low content of food wastes,
paper and plastics. The waste has a low heating value due to the low content of combustible matter (12
weight%). therefore collection of rural MSW for combustion would be very expensive clue to several
factors such as:

- Collecting distances - Small quantities
- Processing - Poor quality of waste

A process scheme for a waste management system for rural areas is shown in figure 3 Sewage sludoe is
collected in a collecting tank and transported to small or larger cities for treatment MSW should be source
separated Glass which is one of the five main components of rural MSW is subjected I " recycling j n d
should be collected in a separate container Paper should be combusted at source for h;-ating purposes
during the cold period, which is the present common practice Otherwise paper could be collected in a
separate container for recycling Plant and animal origin food wastes and remaining organic wastes
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according to table 1 should be composted at source. Many people in rural areas already compost organic
wastes today, so this should be easy to implement. The rest fraction after utilisation of organic, glass and
paper wastes should be collected and landfilled.
We have focused on making a simple realistic system which could be implemented without too much
efforts and investments put into a new waste management system.
In rural areas agriculture could be looked upon as "industry" and a source separation of different wastes
into three different categories would be suitable. Plant origin wastes and food wastes should be
composted at source. Straw which today is burnt out in the fields should be utilised for energy production.
The straw should be transported to small or larger cities for energy recovery, because it is not possible to
utilise straw for energy recovery in an economic way in rural areas. There is presently a collaborator,
between Poland and Denmark on utilisation of straw for energy recovery.

Higher population density and a larger fraction of combustible components makes small cities
suitable for a more integrated waste management system with source separation, recycling and RDF
(Refuse Derived Fuel) production. RDF processing facilities will become more common in the future
because of the increasing interest in material recovery from waste. Figure 4 shows a proposed waste
management system for small cities. Sewage sludge from rural areas anrl smaller cities should be treated
at a biogas plant. The gas should be utilised for electricity and heat production and the rest fraction from
processing should be used as fertiliser. Small cities should soit out glass from MSW at source for
recycling. The rest should be handled at a RDF processing facility |8,9| In general the RDF processing
facilities processes the waste to a combustible fraction, wet organic fraction and a metal fraction |9j The
combustible fraction could also include wet organic waste in order to increase the energy output from RDF
and decrease the rest fraction from processing [10). The industry could also deliver pre-sorteri
combustible waste to the RDF processing facility and receive RDF fuel in return at a reasonable price
This fuel could be used for co-combustion in already existing coal firing plants (fluidized bed, grate firing)
The RDF fuel should be densified and classified to meet the requirements for use in co-combustion with
coal [11| RDF fuel is also suitable for combustion in a fluidized bed alone |12|. Fluff RDF could be used
for grate firing or in a fluidized bed with the advantage of one processing step less (densifying). Thp
residue from combustion of RDF should be landfilled.

Metals sorted out from the RDF facility should be landfilled, but in the future recycling could be an option
Wet organic waste if not utilised for combustion, should be composted
Industrial waste should be source separated and the combustible fraction could either cover energy needs
without any upgrading or it could be sent to the RDF facility for upgrading. Residues from combustion of
combustible fraction should be properly landfilled. The rest fraction from source separation of industrial
waste should also be landfilled.
Hazardous waste should be taken care of with a special collecting system and transported to larger cities
for treatment.
Straw collected in rural areas should be utilised for energy production in special designed boilers for stra*
combustion (low exit furnace temperatures) and the energy should be used for district heating.

Waste Management in Larger Cities, Urban Areas.
The MSW composition in larger cities is characterised by a larger content of paper, plastics and

food wastes and a lower content of inorganic material than the case is for niral areas and small cities. The
heating value is higher due to the above mentioned factors. Industrial war.to in larger cities mostly consist
of waste Irom coal and energy industry. Larger cities and urban areas in Poland are characterised b.
many high-rise buildings which were built in 1970s and 1930s with limited possibilities for source
separation of MSW. Just one vertical tunnel per slairv/ay enables people to get rid of different kinds o'
waste into one container. The high population density in these areas makes source separation of wastes
and subsequent re-use, recycling and composting very difficult.
Figure 4 shows a proposed waste management system for larger cities
Sewage sludge from larger cities and rural areas is collected in tanks and then transposed to a Diogar
production plant Sewage sludge together with green wastes are processed for biogas production. The
biogas production is an anaerobic process which mainly produces methnne (50 05%; and carbon dioxide
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A gas motor fuelled by biogas is driving an electricity generator and heat can also be recovered through a
heat exchanger. The multifunctional system with a relatively simple technique and relative low investmenl
cost for biogas production and utilisation serves the following advantages: energy production
improvement of sanitation, control of erosion by recycling organic Tiatter into soil, degradation of toxic
components. The total conversion efficiency is between 20 and 40% Vol jme reduction for a biogas plant
is between 65 to 90% [13,14].
MSW in larger cities is not subjected to source separation but is transported directly to a RDF processing
facility. For utilisation of MSW for energy production one need pre-treatment due to the low effective
heating value of raw MSW The RDF plant for larger cities should consist of grinding, sieving, magnetic
metal separator and a ballistic separator. This system will increase the heating value of MSW by taking
out metals, fines (mostly ashes) and the heavy fraction (glass, stones, remaining metals, ceramics, etc.)
Heavy fraction and fines together with metals should be landfilled and RDF utilised for energy recovery
Residue from combustion should also be landfilled As pointed out in figure 5 energy from combustion of
RDF can be utilised in a steam turbine for electricity production witn an efficiency factor between 30 to
33%, utilised in a combined heat and power plant one would have an efficiency factor between 50 to 60%
For district heating one would typically have an efficiency factor around 80% To choose between these
different methods one would have to take into consideration the energy infrastructure in the actual area
and future demands for energy. Figure 5 has marked with a dotted line that gasification of pre-treated
MSW as a high-technology process is an opportunity for the future The product gas from gasification
offers a wide range of possibilities for utilisation: production of industrial heat or steam, gaseous fuel for
generation of electric power, substitute gas for natural gas and as a synthesis gas for production of liquid
fuels or chemicals. The advantage of gasification compared to direct combustion is a higher electricity
production efficiency (up to 45%), if the power is generated in a combined cycle (gas turbine, steam
turbine and generator). Since gasification is not a well developed process and have high investment costs
and because of the relative low prices of other energy carriers, this will be a technique for the
future[ 15,16).

Industrial waste should be treated as industrial waste in smaller cities is treated, with source separation
and energy recovery, but here most of the waste is non-combustible and this is landfilled.
Energy recovery from straw collected in rural areas is also a possibility for larger cities.
Hazardous waste for larger cities should be collected and treated at treatment plant which meets the
environmental standards for pollutants. One or two larger plants should be built located nearby the largest
industrial areas, where most of the producers of special/hazardous waste are situated
There are several different treatment methods for hazardous waste; for instance chemical treatment,
physical treatment, biological treatment, landfill and several different thermal destruction methods.
Decision on which method or methods that should be used is dependent on: amounts and composition of
waste, economy, politics, technical solutions and even feelings. Feelings are involved because no one
wants to have a treatment plant for hazardous waste close to where they live and people want a method
that is environmental friendly, so the public opinion have to be taken into consideration The Polish
hazardous waste is mainly generated from hospitals and chemical industries and therefore there is a need
for both thermal treatment method for volume reduction and destruction/decomposing of toxic/infected
waste and a need for a well controlled landfill site for non-organic hazardous waste. The most common
thermal destruction method for hazardous waste is combustion and this would be the most suitable
method for Poland at this stage. In addition to combustion there is plasma pyrolysis, which decomposes
the waste at a very high temperature, 5000-12000 °C This technology is, however, new and still in
development [17]. The pyrolysis alternative is in figure 5 marked with a dotted line as possibility for the
future.

5 ENERGY ESTIMATIONS
Poland consumed 3950 PJ of primary energy in 1993 [18], the energy calculations will be

refereed to this figure.
1 ton of average composition MSW [19,20] was used for the energy estimation:

C^ = 9,0 MJ / kg total amount of MSW was 8.2 million ton in 1993
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Landfill Gas Production (LFG).

The period for LFG production in a typical landfill is between 25 and 30 years (taken t = 25).

G, = 183.6 ( 1 - 10" O 0 3 ' 2 5 ) = 151 m 3 / t o n (1)

C,= 18MJ/m3

E, = G, *C,: 25= 108,7 MJ / ton and 0.89 PJ/y (2)
LFG production and utilisation is restricted by the following decreasing energy conversion factors [1]:

• only larger landfill sites can use gas extraction systems, it means that the share of landfill sites
that can be used for LFG extraction and utilisation is 60 - 80% of total registered landfills

- approximately 50% of generated LFG can be extracted
- utilisation method

The total energy conversion factor for LFG production and utilisation is between 2 - 5 %.

Biogas Production.
Period for biogas production is between 10 and 30 days and average biogas yield is 145 m3 /ton.

Eb = 145 • Cb = 3234 MJ / ton and 26,6 PJ/y (3)

Biogas production is characterised by energy conversion efficiency between 25 - 60% depending on
feedstock The total energy conversion factor for biogas production and utilisation is between 12 - 54%.

RDF Production.
Two different methods for RDF production [19] are used for energy estimations:

a) RDF production without food wastes in combustible fraction. Mass reduction is 21%, which gives us
210 kg of RDF from one ton of waste.

Cpa= 16,5 MJ/ kg

Ep = 210 ' Cpa = 3465 MJ / ton and 28,4 PJ/y (4)

b) RDF production including food wastes in combustible fraction. Mass reduction is 58%, which gives us
580 kg of RDF from one ton of waste.

Cpb= 12,6 MJ/kg

Ep = 580 * Cpb = 7308 MJ / ton and 59,9 PJ/y (5)

RDF production is characterised by conversion efficiency between 40-80% depending on method and
feed-stock The total energy conversion factor for RDF production and utilisation is between 22- 64%

Straw for Energy Purposes.
Straw can be regarded both as biomass and as waste from agriculture production. In Poland it is

mostly considered as waste For combustion of straw one should use special constructed boilers with
large combustion chambers and heating area to avoid high temperature corrosion because of the high
content of alkalies The feeding system should be adapted for burning straw in ballots and a gas cleaning
system should be implemented. Energy recovery from straw would also give a net reduction of pollutants
The straw production in Poland was 14 million ton in 1994 [21].
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Cs = 14,3 M J / k g

E s = 14 ' C , = 2 0 0 PJ/y (6)

Utilisation. Methods,
Different utilisation methods are shown in figure 5, each of these methods are characterised by

different efficiency factors, so the final energy amount can be different depending on the method used.
The preliminary assessments were carried out in reference to the total energy contained in wastes, which
will not be achieved since the conversion efficiency is lower than 100%, in some cases much lower The
most common utilisation methods for energy recovery from waste, as mentioned above, are
1 Combust ion of gaseous fuels in a gas boilers with relatively high combust ion efficiency for heat
production up to 95%.
2. Fuelling (gaseous fuels) of gas engines to produce mechanical / electrical energy and heat with total
efficiencies between 50 - 70%.
3 Combust ion of solid fuels (RDF, straw, RDF mixed with coal or wood) in moving grate furnaces to
produce hot water for district heating purposes with efficiency about 80%,
4 Combustion of solid fuels (RDF, straw, RDF mixed with coal or wood) in moving grate furnaces or
fluidized bed furnaces to generate heat, process steam and electricity with efficiencies between 55 - 7 0 %
If sum up the energy in wastes (2)+(6) or (3)+(6) or (4)+(6) or (5)+(6), the average calculated energy in
wastes will be 228,9 PJ/y and 28,9 PJ/y (without straw) Multiplied with an average conversion factor of
30% for MSW and add 200 PJ/y for straw multiplied with an conversion factor of 8 0 % the result is 168.7
PJ.'y. This is 4 ,3% of the primary energy consumption in Poland, The calculated energy in M S W using
different methods and an efficiency factor of 30% is 8,67 PJ/y, in comparison to only LFG production and
utilisation which gives 0,03 PJ/y

6. CONCLUSIONS
Poland have a good opportunity to control the development of annual per capita generation of

MSW and preserve the present low level if proper waste management systems are implemented Due to
the large variations in properties for Polish MSW and an expected growth in the standard of living, it is
important to handle waste management carefully Different and more integrated waste management
systems for the future for both industrial and municipal waste are suggested for rural areas, smaller cities
and larger cities

7. NOMENCLATURE
Cb biogas calorific value, Eb calculated energy in biogas,
C, LFG calorific value. E, calculated energy in LFG.
Cpa „ RDF calorific value, Ep calculated energy in pellets,
Cs straw calorific value, Es calculated energy in straw,
Cwh higher waste calorific value. G, LFG yield (t - yielding time),
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T A B L E S

TABLE I C H A R A C T E R I S T I C S OF M S W IN P O L A N D (AVI RAGE HA f •'• 1'pt" '•: '.'.• ; i [

Characteristics

Per capita qetierai^od

Composition
0-10 mm
Plant origin food wastes
Animal origin food wastes
Paper & Cardboard
Plastic
Textile
Glass
Metals
Remaining organic wastes
Remaining inorganic wastes

Combustion Properties
Moisture"
Combustible malter*
Noncombustible matter*
Higher calorific value**

Fertile properties
Orqamc matter
Organic carbon
Organic nitrogen
Organic phosphorus
Total potassium

r Unit

kg Ayr

wetght%

weight%

weight %

weight%

weigh t%

weight1:^

weight%

weigh|%

weight%

weight%

weight%
weighi%
weight%

kJ/kg

weight0'*)
% C
% N

% P?O5

% K;O
' as received

Cities

i < >• '

Tj 3

?:• 6

2 9
106
4 1
3 7
5 1

49 5
22 6
279
9027

43 8
20.7
1 2
07
04
" dry basis

Small cities

: i r-,

r i '•'-'

? *"'

? 5

" "lav

11 0

1 5 b

34
16
50

?4 50

24 5
12 9
0 5
0 6
0 1

Rural areas

'?0

? i

0 B

3 '!

10
15

' "• foTf -
3 5

18 1 j
" 32 0 ]

32
12
56

1927

17 5

79
0 4
0 5

0 1
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Production Of Ethanol From Celluloslc Wastes
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National lies earth Center.

ABSTRACT

Ethanol- alkali pulping was used as a pretreatment method of wheat straw Tor its
subsequent sncchniificntion by Trichoderma virdi ceUnlose. The basic hyoirolysis
parameters, i.e., reaction time, pH, temperature, and enzyme and substrate concentration,
were optimized lo maximize sugar yields from clhanol-alkali modified straw. Thus, a 85%
conversion of 4% straw malciial to sugar syrup was reached in 48 h using 40 filter paper
units /g hyilrolyzed sul>strale. The Pretreated wheat straw was then fermented to ethanol
at 40 c in the simultaneous sacchaiification and fermentation (SSF) process using T.virdi
c ell ill as e and Khtyvcromyces fiagilis cells. From 8% (w/v) of chemically treated straw (dry
matter). 2.6% (w/v) ethanol was obtained after 48 h. When the T. Virdi cellulase system
was supplemented with B-glucosidase from Aspergillns niger, the ethanol yield in the SSF
process increased lo 3.2% (w/v) and the reaction time was shortened to 24 h.

INTRODUCTION

With the increasing shortage of petroleum reserves, agricultural residues have been
recognized as promising alternative resources to supply our chemical and energy needs [1-
8]. One way of using these readily available materials is to hydrolyze them enzymntically
into reducing sugars. In turn, these sugars can be used as substrates to produce single cell
protein or fcuuentiUlon chemicals.

In the saccharificnlion process of cellulose it is essential that a high sugar yield per enzyme
unit is obtained. Many factors affect this yield, including pretreatment, inhibition of
enzyme action by heat or by the degradation products, enzyme and substrate
concentrations, adsorption of ccllulase to cellulose, speed of enzyme action, and degree of
agitation. Thus optimization of hydrolysis conditions plays a significant role in the economy
of the sacchaiificntion process.
The direct conversion of cellulose to ethanol has been reported in which the
sflfchnrificnllon and fermentation were combined into a one-step operation. This was
achieved by the simultaneous sacchaiification and fermentation (SSF) process [9-14].
In the SSF system, the glucose concentration was maintained at a low Level through rapid
assimilation by elhnnol-prodticing microbes. Product inhibition caused by cellobiose and
glucose was replaced by the less Inhibitory ethanol.[15-19].The alleviation of the end
product inhibition in the SSF process resulted in an increase of conversion of cellulose to
ethanol by 10 to 30% compared to separate process of saccharification and fermentation
[20-23].
The purpose of these Investigations was to find the best operating conditions for the
effective enzymatic hydrolysis of pretreated wheat straw, and to test the ethanol
production efficiency of K.Frngilis in an SSF-type system using Ttiichoderma virdi
cellulase.
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MATERIALS AND METHODS

Substrate and Presentment:
Wheat straw (local harvest 1995) was air dried and milled. A medium fraction (0.2 - 0.5
mm) was treated by a mixture of equal volumes of 98% eUianoI and 8% NaOh (30 min at
170° c)
After the presentment the samples were thoroughly water washed and pressed.

Enzymatic hydrolysis :

The neutral straw material (wet) was hydrolysed with ceflulase of Trichoderma Vlrdl, a
commercial product of Sigma chemical company.
The standard hydrolysis was carried out in the stoppered conical flasks (100 ml) in the
presence of 0.01% sodium azide [24]. ThepH was adjusted to 4.5 with 0.05 sodium citrate
buffer. The concentration of the pretreated wheat straw was 4% (dry basis) and T.virdi
cellulose 10 F P U/g substrate, in a total volume of 50 ml. The flask were incubated for 48 h
at 50nc on a water bath shaker agitated at 150 rpm. Samples were taken periodically,
ccntiifugcd, and the superaatants were analyzed for reducing sugars and glucose. The
detailed experimental conditions me described in the subsequent figures and tables. The
percent of sacchaiification and glucose yield was calculated using the equations:

Sai'clinrificiition (%) = i'educing sugars fanned x 0.9 x 100
carbohydrates In straw

% glucose yield = glucose formed x 100
potential glucose In straw

Which Contained the following enzyme activities, (units / mg preparation) : FPU (Filter
paper units), 0.011; cndoglucanase, 1.46; B- glucosidase, 0.02, and xylanase, 0.73.

Preparation of yeast Inocula for SSF experiments :

The yeast strain (K ft ngilis) was supplied by the Culture Collection Center, Faculty of
Agriculture, Ain Shams Universty. The basal medium for yeast maintenance was as follows
(g/L) : Yeast extinct, 10.6, NaCl-1.0;CaCI2.2H2O,0.2;
KI12PO4, 2.0; Fc(.'b.6II2O, 0.01; MgSO4.7Hj0,1.7; NII4CI, 2.0; and distilled water to give
1000ml. The prei ultin es (100 ml-in 500-ml conical flasks) were inoculated from malt agar
slants and incubated with shaking for 24h at 28°c In the basal medium with 20 g/L glucose
until sugar has been exhausted.

Simultaneous sacchaiification and fermentation :

SSF reaction mixtures consisted of 10% pretreated straw (dry basis) which had previously
been autoclaved for 15 min nt 121°c, 40 Fp cellulose unlts/g substrate, 10% yeast Inoculum,
and basnl medium to give 100%. The SSF mixture had a pH of about 5.1. All tests were
carried out in 200-nil. conical flasks with 100 ml. working volume. Elhanol evaporation was
prevented by rubber stoppers connected to fermenting tubes filled with 50% HaSo4.
Temperature was 40*c. The reaction mixture was shaken for 48h at 150 rpm. Samples were
harvested ascptically nnd assayed for ethanol, glucose, reducing sugars, and final pll. In
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some SSF experiments the T.virdi cellulose complex had to be supplemented with a B-
glucosidase from Aspergillus niger Cellulose at a concentration of 50 V/g substrate.

Sacchaiificalion and subsequent Fermentation :

Prctreated straw (10% dry basis) was saccharified for 48h at 40°c with 40 FPU/g of
T.viidi enzyme in KNlml of basal medium (pll 5.1). In another experimental variant, 50 U/g
or A.nlger R-glucosldasc was additionally added to the mixture. Sacchariflratlon was run
in 200-ml conical Dusks on a water bath shaker at 150 rpm. The hydiolysate liquid after
sterile centrifugation (10 min nt 10,000 rpm) was assayed for glucose and reducing sugars.
It was then subjected to fermenta(ion in 200 ml flask by adding 10% of yeast inocculum
nnd reinriibnteri by 48h nl 40nc under anaerobic conditions. The production of yeast
liitimass Was evaluated, in incubation mixture and after centiifugation the supernatant was
analyzed for ethnnol yield and sugar uptake.

Analytical Methods :

Cellulose activity was assayed as FPU [25], B-1,4- Glncosidase activity was estimated
according to [26] and endoglucanase activity with carboxymethyl cellulose as substrate
[25]; Xylannse activity was delciinined by the release of xylose from a xylnn solution [27].
One unit of enzyme activity is defined as the amount of enzyme that librates 1 u mol of
reducing sitgms (mlt ulsiteci as glucose or xylose) per minute under assay conditions.
Reducing sugars were determined by the dinitrosalicylic add method of Miller [28).
Glucose was determined by the Glucose oxidise/ peroxides method of Trinder [29J.
Ethnnol was determined according to Kellermann [30].Lignin by the Klasson method [31],
hcmicclliilose liy then and Anderson [32J, and cellulose according to whistler et al. [33].
Growth of yeast cells (biomass) was monitored by con elating cell dry weight with optical
density at 650 nm.

RESULTS AND DISCUSSION

Optimisation of hydrolysis conditions:

Table 1. Shows the chemical composition of pretreated wheat straw. To maximize the
sugar yield from chemically treated straw, the basic hydrolytic variables, I.e., time,
temperature, pll and enzyme and substrate concentration, were optimized. The
optimization was carried out with respect to Its usefulness In the process of simultaneous
sacchaiificalion and fermentation of straw.
Figure 1. Shows tlnU,veiizymaUc hydrolysis of pretrcated wheat straw resulted In a

snecharification yield of 61% and glucose yield of 43% after 48h. Extention of the
hydrolysis time to 72h had*no effect on the yield. Untreated straw was saccharified only to
8%.
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Table 1 effect of pretreatment on wheat straw composition (% dry wt).

composition

Ugnin
cellulose
hcmheluloSL-
Ash

untreated
straw
21.4
41.8
25.2
11.6

Ethanol - alkali pulping

6.2
65.2
19.3
9.3

hours

Figure 1 Enzymatic hydrolysis of treated wheat straw, substrate, 4%;
T v. (cllulasc 10 FPU/g straw; 50°c; PII 4.8. (0-0) Ethanol-alkali
pulping, (A-A) glucose yield , and (0-0) untreated.

Figure 2. Shows that at 50°c about 60% Of saccharification was obtained after 48h. At 60
and 6?"c a significant decrease in the hydrolysis yield was obtained. In the temperature
range of 35-?ll"c a negligible decrease in sugar yields was observed. In the SSF process,
where the high temperature is the most limiting factor both for yeast growth and ethanol
jicld. Thus, in our SSF experiments the optimal temperature for ceUuIolysis could be
decreased from 511 lo 4O1 c.
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Figure 2: Enzymatic hydrolysis of treated wheat straw,
substrate, 4%; T.v. ccllulase 10 FPU/g straw; p l l 4.8.
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Figure 3. Illustrates the straw saccharification at various values of medium pll. The
maximal hydrolysis yield 64% was reached at pH 4.5. However, pH variations ranging
from 3.5-5.5 did not effect the substrate saccharificatlon drastically. This slight decrease in
the hydrolysis efficiency at lower pll values is very favourable to the SSF process. It is
known that the pH optimum for yeasl growth is between 5.0 and 5.5. but'during alcohol
Fermentation it decreases to 4.0 or lower. The results of our studies show that such
changes in pi I during Fermentation should not bring about a great effect on the yield of
sugars obtained during the process of the enzymatic hydrolysis of wheat straw.

I

o

o

10

40 50

hours

Figure 3. Effect of pH on enzymatic hydrolysis of treated wheat
straw. Substrate , 4%: T.v. ceUulase 10 FPU/g straw ; 40% 'C

Sugar production at cellulose concentrations between 10 and 80 FPU g straw was
studied (figure 4.). A high degree of straw conversion to sugar syrup (91%) was obtained
when a ccllulolytic preparation of 80 FPU /g straw was used. Figure 4, shows also that a
double increase in the enzyme amount from 40 FPU to 80 FPU /g straw increased the
hydrolysis efficiency by only 6%. Thus the enzyme doss of 40 FPU /g straw giving 85% of
snecharification would be an adequate enzyme concentration under standard conditions.
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Figure 4. Effect of ceiiulase cocentration (FPU/g sraw ) on enzymatic
hydrolysis of treated straw . Substrate 4% ; 40 "C ; PH 4.5.

The effect of substrate concentration on enzymatic hydrolysis of straw is shown in
Figure 5. Enzyme concentration was 40 FPU /g. The amount of 4% wheat straw was best
hydi olyzed, giving 83% sacchaiification and 62% glucose yield in 48h. An increase of
straw amount in the reaction medium from 8 to 20% limited the degree of saccharification
and glucose yield in the hydrolyzed material, because of difficulties of stirring and end-
product inhibition. To overcome end-product inhibition, simultaneous saccharification and
fermentation of wheat straw was applied, where continuous removal of the hydrolysis
products by the fermenting organism took place.

Based on the results presented in Figures 2-5, 40 FPU/g enzyme. 8% straw,
temperature 40°c, pH 5, and 48h hydrolysis time were chosen as the standard H
for the SSF.
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Figure 5. Effect of substrate cocentration on enzymatic hydrolysis of
treated wheat straw. T.v. cellulasc , 40 Fl'U/g straw ; 40*C ; PH 4.5.

! imullaneous saccharification and feimentation :

( onvetion of pielrealed wheat straw to ethanol by combined hydrolysis and fermentation
wav cat lied out using T.vhdi ceUulose and the thennotolerant yeast strain k-Fragilis.
Owing t:> low activities of ll-glucosidasc in the Trichoderma cellulose complex, in some SSF
experiments this component was supplemented with A.niget |26J.

To determine the bask factors or hydrolysis and fermentation (i.e., degree cf
sacchar fication. glucose yield, and yeast biomass) that can not be determined during the
SSF process a two step system was being carried out simultaneously (saccharification and
fermentation) in which hydrolysis and fomentation were separated. The results or these
SSF experiments are summarired in table U and III. When 8% wheat straw was fennented
at 4U°c by a mixture of cellulose and Wuyveromytes cells, 2.6% (w/v) of ethanol was
obtained after 48h. Glucose was completely metabolized in this process (Table 2 )
\ s can he seen from the dnta in table 3, in the same time the degree of straw
saccharification and glucose yield were 84% and fit%, respectively. Based on the glucose
formed the ethanol yield was about 79% of the theoretical value. Furthermore, a greater
than threefold increase in yeast biomass with a si^iitaneously small decrease ui medium
•.I! was observed. Reinforcement of the cellulose complex with B-0uc<.si<iase increased
ethiuiol yield lo 3.2% (w/v) and shortened the reaction time to 2ih. Moreover, tins
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procedure also involved a distinct increase in glucose efficiency (from 13 to 24%0 during
the hydrolysis step as compared to that reached by using T. \irdl cellulase alone (Table 3).
Thus the ndditinn of exogenous R-glucosidase increased the rale of sacchatification of
straw with glucose as the main sugar.

TABLE 2 Results of simultaneous saccharification and fermention a of ethanol - alkali
treated straw by T- vlrdi ceilulase preparations and K- fragUls cells.
Preparation

T. virdi
cellulose

T.virdi cellulase
+

B - glucosidase from
A.niger

Activity
(Fl'U/g)

40

40

50k

Time
(h)

24
48

24

48

Ethanol
Pei cent
(w/v)

2.0
2.6

3.2

3.2

Glucose
in
hydrolysntc
(niE)

0

0

Final
PII

5.0
5.0

4.8

4.8

a ) Substrate , 10% ; yeasts ( simultaneously added ) , 10 % ; 40'c ; initial pH 5.1.
b) As U/g.
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Table 3 Results of saccharification and subsequent fermentation* of etbanol-alkali treated straw by Trichodenna virdi
preparations and Klnyveromyces fragilis cells.

00

o

Preparation

T. Virdi
CeOoitse

T.vtrdi
cdhdose

B-
gntcosidase
tmn

Dlger

Activity
<RPU/g)

4«

4«

50

Tine
(h)

0
24
4*
0
24

48

I Hydrolysis
Sacdiar-
fficatfen
<*)

-
72
84

79

87

Gtactse
conteat
(H)

-
$1
41

74

75

II Fermentation
Etkantl
percent
(w/v)

-

15

3.1

3.2

•* theoretical

_

7»

81

82

Giacoseta
taydi tly&ate

-

Yeast
drywei^t

2*5
<20
7M
2tO
•40

«<0

pH

5.1
5.0
4.8
5.0
4.8

4.7

a) The hydrolysis and fermentation conditions are the same as In table 2 . The yeasts were added after 48h hydrolysis.
b )Calculated on the basis of glucose content
c)AsU/g.



The presented results show the good compatibility of KFragllis cells with T.virdi cellulase.
1 he fetmenUng yeasts at 40°c tolerated the enzyme concentration of 40 FPU in reaction
medium and had a considerable tolerance to ethanol under such condition. The use in our
SSF experiments of theimotolerant yeast strain fermenting sugars under ceUuloIytic
conditions enabled us to obtain a relatively high production efficiency of ethanol from
wheat straw in a short time. For example, Arai et al. [34], testing the ethanol production
efficiency of Sacchoromyces cerevisiae in an SSF-type system using Aspergillus aculeatus
and Tiichoderma viidi cellulases and xylose isomerase preparation, obtained 11.1-11.5%
of ethanol from 25% alkali-treated rice straw. However, at 30°c they reached this effect
only after 5-8 days of fermentation. Also, Saddler et al. [35], based on Trichoderraa
cclliilnse and zymomonns mobilis or S. Cerevisiae cells in combined hydrolysis and
fermentation obtained, after 6 days at 37°c, 2% (w/v) of ethanol from 5% Solca floe or
steam-exploded wood. It should be noted that al 45° c the yield of ethanol was 0.33% and a
significant proportion of glucose remained unmetabolized.

CONCLUSION

Based on the above results, It Is abvious that Finding a more thermotolerant organism can
• educe the cost of ethanol from cellulose and is an important step in mastering the SSF
process. On (he other hand, an organism fermenting at high temperatures should have a
high tolerance to cellulose and ethanol. It can be stated that the yeast strain K-fragilis,
tested in the SSF system, fulfills this function well and this Is promising in its wider
utilization in conversion of cellulose to ethanol.
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Abstract
Saccharification of Akalona by using NaOH 0.5% and sulfuric acid 2% and auloclaving for

0.5 h. was selected as the best method. The yield of soluble sugars using this method was up to
472.1 mg/gm Akalona. Akalona hydrolysate is a suitable substrate for S.C.P production by
Candida utilis EMCC 28 which yielded biomass up to 12 g/L, with protein content of 58%.
Saccharomyces cerevisiae EMCC 14, was selected in this study as the most suitable strain for the
fermentation of Akalona hydrolysate to ethanol. Akalona hydrolysate containing sugars up to 20%
was employed successfully as an alternative substrate for alcohol production by using the agar
immobilization system. The amounts of alcohol by using the agar immobilization system was
8.67% at sugar concentration of 20% with cell numbers of 140 x 10"/gm of agar beads and
residual sugars of zero.

1 INTRODUCTION
In Egyptian milling, the waste bruise called "Akalona" is one of the cellulose wastes. It is

the outer portion (epidermis) of the wheat grains which results from the scouring of the wheat
grains during milling process. It contains some broken grains of wheat and other strange grains
produced during the cleanup process. The chemical analysis of Akalona is as follows : Moisture
12%, protein 4.82%, lipides 2.36%, ashy3.60%, fibers 24.51%, carbohydrate 64.40%, soluble
sugar 1.45%, hemiicellulosey7.36%, cellulose 31.31% and lignin 10.36%. Akalona was used by
some research workers as natural soil conditioner (Morsy el al 1982) and biogas production
substrate (El-Badry 1983) , El-Abdeen (1987) found that the application of compost prepared
from akalona improved soil biological activity, fertility and productivity. Hassan (1992) used
akalona to improve the bioactivity of soil microorganisms during reclamation of calcareous soils.

Aside from the mentioned studies on Akalona, it is necessary to mention that data
concerning Akalona are very rare in the literature available. To utilize Akalona via fermentation, it
is essential to convert it into fermentable sugars.

The aim of this work was to study the possibility of using Akalona as a raw material after
saccharilication to produce single cell protein (SCP) using different genera of yeasts and to
produce ethyl alcohol using free and immobilized yeasts.
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2. MATIRIAI AND MI-THUDS
Raw Material
Akalona was obtained from llic Middle I'pypi Milling Company in I I-Minia.
Microorganisms
•1 iut;cr and A. nryzac NRK1. 2217 were obtained from llic Depl. ofl'laut Pathology. I ac of
Agric. Tanta University. I gypt. and maintained on potato dextrose ap.ar medium. The veasts
S d C i ' l i c i r m m v c x c i ' r t ' v i . i i t u 1 , S a c c l i a r o n n v f s <v r< ' i 7 ,v / r / c [ - M C C I t , ( ' m i t i i i / i i i m h s I \ 1 ( ( 2 X .

Kluyvcramvccx fragilis I 'MCC 2 ° . and Haiisemrfa culifoniica were obtained from Cairo

(MIRCTN). I acuity of Agric, Ain Shams University. I'gypt and maintained on yeast malt agar
medium (YM agar).
Chemical Hydrolysis of Akalona
Akalona was first delegnilied by mixing 10 g of it with 200 ml NaOIl (0.5%) and atitoclaved The
solid residues were washed by distilled water, then treated by 200 ml I b-SO.j (2"<, . 4% or (V\,)

and autoclaved
liiological Hydrolysis of Akalona
live hundred ml conical flasks each containing 10 g ol'Akalona mixed with 200 nil distilled water
were sterilized, then inoculated with A. iiiger or -I. orvzac NRRI. 22 17 and incubiiled at 30"C.
Samples were withdrawn every 24 h. to detennine total reducing sugars. At the maximum simar
concentration time, the fungi and the Akalona hydrolysate were separated by centrifugation.
SCI' and P.thanol production media
I'or SCI' production, conical flasks 250 ml each containing 100 ml of hydrolysaie, weie iiioailaled
with 4"o {v'v) of the desired yeast suspension. The media were supplemented with yeast extract (">
g/l.) and ammonium sulphate (3 g/L) and kept at 30°C for X I h, on rotar\ shakci .('ell biomas-.
were hanested by centrifugation at 5500 qim for 20 minutes, dried at 10<;oC over night and
weighed.
lor ethanol production the pll of hydrolysates was adjusled to 4.5 and Ihc media were transferred
into 0.5 I. serum stoppered bottles each containing 200 ml and steiili/ed No external oxygen was
supplied except that found in head space of the bodies Bottles weie inoculated with the desired
yeasts, incubated at 30°C for 72 h. and samples were withdrawn even 24 h. I'or suhse()iienl
analysis.
Immobili/ation methods
Agar immobilization method described by Zaved and I lunter (I'J'M | was used.
Analytical methods
Total reducing sugar was determined using the phenol sulphuric acid method described by I Icibert
tV (7/(1^71).
Determination of alcohol was carried out by the Density liotlle Method described by /aved
(1987). Protein was determined speclrophotomelrically at 750 nm as described by Herbert ci <:l
( 1071) Amino acids analysis was canied out by Gas chromatography (Model , varian 370O|

v Rl SUITS AND DISCUSSION
Chemical method for sacchariticatipn ofAkalona
The results showed that atitoclaving akalona with distilled water for 0 5 h. yielded lOonigol
soluble sugars/gm of akalona. Removal of lignin increased the yield ol sugars lo I2(v45nm< gm of
akalona The increase in sugars yield as a result of dclignilication may be explained by ihe (act that
modifying substrates by removal of lignin with autoclav ing.improved their susceptibility to heat
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attack for conversion of polysaceharide to glucose. The amounts of sugar produced by sulfuric
acid 2% after lignin removal greatly increased to 472.1 mg of akalona (Table 1).
Manderson et al (1989) reported that acid hydrolysis is currently ille preferred route to hydrolysis
of cellulose compounds because enzymatic liydtolysis is uneconomic.
At higher sulliiric acid concentration (-1% and 6%), the produced sugars were less lhan using
stilfuric acid 2%. This could be due to the formation oi complex compounds from sugars and
sulfuric acid (al high concentration) under high temperature.
Biological method for saccliarificaiion of Akalona
Results in Table (2) show the saccharification process ol Akalona medium by Aspi'rgilln.s niger.
The results showed that the yield of sugar was 236 mg ol sugai 'gm ol Akalona aller three days of
growth. On the fourth day. sugar concentration declined sharply to 4-t mg/gm due lo the
utilization of these easy fermentable sugars by fungi. The results showed that the fungus strain
Aspergitltis oryzae NIU.L. 22 17 was less efficient than Aspergilltis mger. It produced only 174 nig
ol sugar / gm of Akalona. Heir el a! (1978) found that Aspergillus wger and Tncluxicrma
/ignorant, exhibited considerable cellulytic activities.
Zayed and Mostafa (I 'l Q 2) produced 7.8% of fermentable sugar after growing Aspcr^ilhis niger
on optimized baggasse medium for -I days. Based on the yield of soluble sugar, snccharilication of
Akalona by using NaOl I 0.5% and sulfuric acid 2% and autoclaving for 0.5 h.. was selected as the
best method and was used for subsequent experiments.
Production of single cell protein
I ig l(.i-il) show that the uelds of biomass and the residual sugar during different growl)) limes of
different yeasts on Akalona bydrolysate contained 5% soluble sugars. Candida titdis I:MC'C 28
was selected as the preferred yeast for S C I ' production. The cell biomass yield of this strain was
•4.8 g/l. with a residual sugar of zero after 36 h. of growth while the next best strain (
Saccliiiromyct's cerevisiae I MCC 14 ) gave 3 "g of biomass/l. of growth medium n ilh residual
sugar of 1% after the same growih time
The results of Cysewski and VVilke (1976) and Zayed (1991) showed that the besl growth of
different yeasts to produce S.C.P, is strain and substrate dependent
Results in Fig.2 indicate that the yield of yeas! biomass was substantially influenced by the sugar
concentration in akalona hydrolysate. Increasing sugai concentration from 5% to 10% resulted in
almost a doubling of the yield. At sugar concentration of 20%. the yield of biomass declined and
did not exceed 8.0 g/L. and residual sugar was more than 12%. These results show that substrate
inhibition occurs probably by factors such as an increase in osmotic pressure and or high ratio of
sugars to the other solids which may upset the nutrient balance for yeasts lo utilize all the sugars.
At a high sugar concentration (20%) with aerobic conditions, some alcohol (1.7%) was produced.
'Iliis presence ol alcohol may be an additional factor for yeasts growth inhibition. These results are
in general agreement with those of Marwaha and Kennedy) 19X4). Viemie and Vonstocker (I°S5)
and Zayed (1991).
Ilie results showed that at sugar concentration of 25%. the yield of biomass was zero
It is ijiiilo evident from fable (3) that high protein content was observed in young cells (after I 2-
21 It. of growth) and then decreased thereafter. This iliflorenee might be explained because mature
cells contain high amounts of carbohydrates which are stored materials such as starch and
glucogen. The cells grown on Akalona medium, supplemented with yeast extract and ammonium
sulphate, had a protein content higher then the unsupplemenled ones, and this could be related lo
the high amount of biomass produced as a result ol'these compound-, present decrease of yields
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after 48 li. may be due to death after exhaustion of one or more limiting nutrients of growth
factors and possibly autolysis.
The protein content of Candida utilis EMCC 28 grown on supplemented or unsupplcmentcd
akalona medium, has the same amino acids composition which is illustrated in Table (4).
Production of ethanol
The results in Fig 3(a-e) showed that Saccharomyces cerevisiae EMCC 14 was the most efficient
strain for alcohol production from Akalona hydrolysate. This strain produced 2.3% of alcohol
from 5% total sugar concentration after only 24h. of growth. This value is equal to 90% of the
theoretical value. The utilization of sugar was complete.
Results in Table (5) showed that increasing sugar concentration to 10% led to an increase in the
growth of yeast cells. The consumption of sugar was complete and the yield of ethanol was 4.5%.
This percentage of ethanol production was equal to more than 88% of the theoretical value. At

20% sugar concentration, the growth decreased sharply to 12x10^, the residual sugar level was
very high (12%), and the alcohol concentration was only 2%. Increasing sugar concentration to
25%, completely inhibitied the growth of yeast cells.
Jones et al (1981) found inter-strain differences among yeasts in osmosensitivity and also in their 2
alcohol and carbon dioxide tolerances and noted the higher tolerance of Saccharomyces cerevisiae
to adverse environmental conditions. These results showed that after hydrolysate sugar
concentration was depleted, the ethanol concentration declined suggesting that Saccharomyces
cerevisiae assimilated ethanol as a source of energy.
Immobilized cell system was tried to improve the growth and activity at higher sugar
concentration.
Results in Table (6) showed that sugar concentration of 20% did not affect the growth and activity
of immobilized cells. The consumption of sugar was complete and the ethanol yield was 85% of
the theoretical value. At 30% sugar concentration, the immobilized yeast produced ethanol at 55%
of the theoretical value. The residual sugar was 12.5% and the number of viable cells decreased to
43xl06 / gram of agar beads. At 35% of sugar concentration, the yeast produced ethanol at only
15% of the theoretical value, the viable cell numbers sharply decreased to 15x106/gram of agar
beads and the residual sugar concentration was 28%.

These results showed that immobilization system significantly enhanced ethanol yield compared to
suspended cells under similar conditions. Complete sugar utilization and maximum ethanol yields
from 10, 15, 20 and 25% sugar concentration were observed. The immobilization step appears to
protect the cells from adverse environmental conditions. The stimulation effect of immobilized
cells be in part related to the major advantage of immobilized cells which is that a high
concentration of biocatalyst may be entrapped into support matrixes, resulting'in faster processing
and higher volumetric productivity than conventional fermentation. The immobilized cells remain
alive and able to multiply. They can carry out multistep enzymatic reaction, regenerate cofactors
and can be used repeatedly.
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TABLE 1; EFFECT OF USING 0.5% NAOH+2% H ;SO4 FOR HYDROLYSIS OF AKALONA

Autoclaving time (h)

0.5
10
1.5

Total sugar cone, (mg/gm)

472.1
420.0
420.0

TABLE 2: EFFECT OF USING ASPERGUJ.US NIGER FOR. SACCHAR1ITCATION OF
AKALONA

Growth time (h)

24
48

1">
%

Total sugar cone, (mg/gm)

72
116
236
44

TABl.L 3 I I I I C T OF YF.AST EXTRACT (3 g/l.) AND UREA (1 g/L) ADDITION ON
I'RO TITN CONTENT OF CANDIDA UTIUS EMCC 28 GROWN ON AKALONA

HYDROLYSATE FOR 60 H.

Time (h)

12
24
36
4S
60

Protein cone. (%)

tmsupplemented

44
44
40
38

32

supplemented

55
58
54
5 1
40

TABLE 4. AMINO ACIDS ANALYSIS OF CANDIDA IJTIIJS l-MCC 28.

Amino acids

alanine
valine

glycine*isoleucine
leucine
serine
prolinc
aspaitic

phenvlalanitie
glut antic
tyrosme

Percentage %

22.0d
9.2')
4.35
6 %
1.74
X 13
1 1 %
1.80

33.27
0.43
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IAIJI . I . 5: [ M I C I O F T O T A L S U G A R C O N C E N T R A T I O N ON P R O D U C T I O N O F

I ( H A N O I . I-ROM A K A L O N A H Y D R O L Y S A T i - BY S A C C H A R O M Y C [ S Cl K I V I S I A I

F M C C 14 G R O W N FOR 4811.

Total sugar cone.(°b)

5

10
15

20
25

Alcohol (%)

2.3
4.5
5 0
2.0
0.0

Cell number/ml (xl() ( l)

26
35
30

12
0

Residual sugar conc.("»)

0
0
"1

12

IABI 1 (v PITT 'CT OF U S I N G A G A R IMMOUIL1ZFD YF.AST CP.l.l.S I O R I-.THANO1.

P R O D U C T I O N ("ROM A K A L O N A H Y D R O L Y S A T L AT DIIT1 R 1 N I SIKiAR

C O N C E N T R A T I O N S .

Total susiar conc.(°o)

Id

1?

20
J5

30

;,>

Sugar Alcohol (%)

-1 SO

6.88
8.67
<).Q4
8.40
2.67

Cell lnimbcr/gm ofbeads (\ 10°)
150

158

140

90

43
15

Residual cone Co)

().(«)
0.00
0.00
4.50
12.50
28.00
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Abstract:
Recently, much research are directed for finding low cost adsorbent for

clarifying colored effluents. Agricultural residues was found to be effective
adsorbent, which is used once and then discarded by burning them as fuel. Bagasse
pith was used as adsorbent. The pith is a waste product from the sugar cane industry.

Thermal behavior of untreated and treated pith with acidic and basic dyes was
investigated using differential thermal analysis (DTA) and tiiennogravimetric thennal
analysis (TGA). The results showed that the thermal decomposition pattern can be
divided into three peaks. The first peak is endothennic while the second and the
third peaks are exothermic. The peak intensities and corresponding temperatures
were different for the untreated and treated materials the decomposition
thermographs of the reacted acid dye differ than that of basic dye, this is due to the
differences in adsorption behavior and differences in the adsorption capacity of each
dye toward bagasse.

The reaction rate, activation energy, entropy change, enthalpy change and
Gibbs free energy for the treated and untreated pith were calculated. The calorific
values of the treated pith are higher than untreated.
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1 - INTRODUCTION :
Non-wood plants are a renewable, largely available resource for appropriate

energy source. Several studies show that biomass products could be utilized as a
renewable source of energy [1-3]. Low cost adsorbent from agricultural residues are
recently used for califying coloured effluents [4-6]. Although the application of these
materials in adsorption process shows promissing results, their presence as an
additional solid waste materials represents a new burden on the local environment.
Due to the cheapness of the agricultural adsorbent, no need for regeneration and it is
suggested to be used once and then discarded by burning them as fuel.

Bagasse pith which is a waste product from the sugar cane industry, was
recently used as odsorbent for dyes [4-6]. The aim of the present work is to study
the effect of adsorption of acid and basic dyes on the thermal behaviour of dye
adsorbent-bagasse.

2-EXPERIMENTAL
Bagasse pith of 250-350 jiin particle size was used as adsorbent. The dye stuff

used as adsorbate one Acid Red 114 {AR 114} and Basic Blue 69 {BB 69} which
are commercial salt supplied by Bayer company. The adsorption technique is
discussed else where [4-6]. The adsorption capacity of bagasse pith was 21.7 ing
dye/g pith for AR 114 and 157.8 mg dye/g pith for BB 69 [5],

Thermal analysis measurements were carried out using Du Pont analyzer Model
9900 with the following conditions : Sample weight 10 mg, heating rate 10°C/min
from ambient up to 600 C is static air. Calorific values were determined using
Cussons bomb calorimeter.

3 - RESULTS AND DISCUSSION
The structure of pith is cellulosic based [cellulose and hemicellulosej. The

surface of hollocellulose and lignin in contact with water is negatively charged. Most
dyes are ionized in solution many being salts or sulphonic or carboxylic acids. While
others contain acidic phenolic groups. Acid Red-dye ionizes to an anionic coloured
component and a cation of Na+. The approach of an acidic dye anion will suffer
coulombic repulsion due to the presence of strong anionic groups in pith. Basic Blue
dye will ionize to give the coloured cationic dye base and this will undergo attraction
on approaching the anionic pith structure. On this basis it is to be expected that a
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basic dye have a strong adsorption affinity for pith. The adsorption capacity of pith
for AR 1 14 is 21.7 mg dye/g pith and for BB 69 is 157.8 ing dye/g pith [5].

The thermal degradation of cellulosic materials is known to proceed through a
complex process involving dehydration, depolymerization, oxidation, hydrolysis,
cyclisation and charring. The process may be follow two routes : one involves
depolymerisation with the formation of combustible volatile fragments which feed
the flame (flame combustion); the second involves dehydration and formation of
carbonaceous char leading to a slower glowing ignition [7]. While the thermal
degradation of lignin leads only to char [8].

DTA thennograins of untreated pith and dye adsorbent-pith are shown in
Fig. I. In general, similar thermal decomposition trend for the three materials are
observed; with an endolhermic at about 100°C and two exotherms between 300-
500°C. The erdothenn is pronounced for the untreated pith which is due to
evaporation of the adsorbed moisture inside the pith pores, this erdothenn is very
week for the dye. adsorbed-pith since the pores are filled with adsorbed dyes. The
first exothermic peak is due to the oxidation of both the less stable components of
the char and volatile components fonned during the combustion occurs in the second
stage, while the second exothenn is due to the oxidation of the more stable char
components which is known as carbon bum off stage f9- 10J. The comparison of
peak temperature in case of treated and untreated materials indicates that there is a
significant increase in temperature about 15°C at which the combustion of the
volatile occurs (first exothenn) for treated materials than untreated one as shown in
Fig. 1, also the peaks of the treated materials are less intense.

In order to give more interpretation of DTA results, it is desirable to compare
DTA data with that from TGA. Fig. 2 shows the experimental TGA curves for the
untreated and dye-treated pith. The three thermograms have three stages of weight
loss; first stage exhibits small weight loss ~ 8% which corresponds to the endothenn
in D FA. The second stage (first exothenn) is the major thermal decomposition for
the three materials occurs within a steep region from 300 to 390°C where an 64, 63
and 55% weight loss for untreated pith., acid-dye adsorption and basic dye
adsorption respectively. The third stage (second exothenn) has weight loss ranges
between 17 to 18%. The ultimate char residue becomes about 11 % for untreated and
acid-dye adsorption pith and 20% for basic-dye adsorption pith.

It can be stated, therefore, that in the high of results obtained from DTA and
TGA thennograms for untreated and dye-treated pith the thermal belaviour of the
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treated pith can be explained according to the reactions that occur in the combustion
process. It is known that the combustion of cellulosic materials is characterized by a
least two major competitive reactions which are temperature dependent I11> l 2 l The
first reaction produces mainly water, oxides of carbon and char. The second reaction
supplies the levoglucosan, which is one of the major flammable components
produced from the decomposition of the cellulosic materials. The adsorption of the
dye may interfere with the mode of the decomposition reaction, where the treated
materials decompose at higher temperature on one band, and on the other, it may
blocked the pith pores and thus reduces the evaporation rate of the volatiles and
condenses them and thus produces more char-residue than untreated material. This
effect is very clear for case of adsorption of basic dye with its high adsorption
capacity where 20% char residue compared to 11% for untreated. The calorific
values confirm this finding where the calorific value of basic-dye adsorbed pith is
increased by 100 cal/gm for untreated Table I.

Using TGA analysis, based on references I'3, 14] s o n i e kinetic and
thennodynamic parameters such as rate constant K, activation energy E, enthalpy
change AH, entropy change AS and Gibbs free energy AG° for the volatilization and
carbonization stages in case untreated and dye-treated pith were calculated.

For pseudo homogeneous kinetics, the irreversible first order rate of conversion
of the weight fraction for thermal decomposition reaction may be expressed by the
following equation

dw/d t = Kw (1)

Recalling the Arrhenius equation, equation (1) can be written in the form

In (-dw / dt) = In A - E / RT (2)

From equations 1 and 2, rate constant K and activation energy E were
calculated and tabulated in Table II.

According to the rate theory l9l, the rate of reaction can be expressed as :

(3)
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Expressing the change in free energy AG° in terms of entropy change AS and
enthalpy change AH, equation 3 can be put in the form

K = kJ_eAS/Re-AH/RT (4)

From equation 3 and 4, the thermodynamic parameters AG° , AS and AH can
be calculated, and they are tabulated in Table II.

As shown from Table II, the activation of untreated pith is larger than those of
dye-treated energies pith which indicate that untreated pith is thermally more stable.
The positive values of the Gibbs free energy change indicate the non spontaneous
nature of the reactions as the free energy of the products is higher than those of the
reactants.

4-CONCLUSION
1- Adsorption of dyes on pith effects the thermal behavior of pith, especially with

basic dye where more char-residue can be obtained.

2 - The thermal studies for the dye-adsorbed bagasse, supports the trend for using
this waste as a new potential source for energy conversion.
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TABLE I : THE CALORIFIC VALUES MEASURED

Material
pith used

Acid Red 114-pith adsorption
Basic blue 69-pith adsorption

Q (cal/gm)
4235.28
4246.60
4302.39

TABLE II : THERMODYNAMICAL PARAMETERS FOR PITH
USED AND DEY-PITH ADSORPTION SYSTEMS

i : For Pith Used
stage

Vol stage
Dec. stage

0.0525
0.0457

Temp
°C
330
450

E
K cal/mole

34.27
17.50

AH
K cal/mole

33.07
16.06

AS
K cal/mole K

-0.0196
- 0.0528

AG°
K cal/mole

44.9
54.3

ii : For Acid Red 114-Pith Adsorption System
stage

Vol. stage
Dec. stage

IS . 1

•^min."1

11254
.09517

Temp
°C
335
450

E
K cal/mole

20.47
15.86

AH
K cal/mole

19.26
14.42

AS
K cal/mole °K

-0.0413
- 0.0537

AG°
K cal/mole

4437
5326

iii: For Basic blue 69-Pith Adsorption System
stage

Vol. stage
Dec stage

Kmin.~l

0.1079
0.0715

Temp
°C
335
450

E
K cal/mole

19.25
12.18

AH
K cal/mole

18.042
10.740

AS
K cal/mole °K

- 0.0440
- 0.0594

AG°
K cal/mole

44.430
53.668
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Abstract :
Bagasse and flax particle boards arc manufactured by binding small particles of each raw material

with urea formaldehyde resin Evaluation of the effect of the resin on the thermal analysis was done by
using differential thermal (DT) and thcrmogravimetric (TG) analysis The pattern of thermal curves for
both particle boards were similar with one endothcrmic and two exothermic peaks.

Compared to the raw bagasse and flax, DT and TG analysis showed that the presence of the binding
resin reduced the amount of volatilcs during the thermal decomposition, which proves that the resin also
acts as a flame retardant. The mechanism of flame retardants of the urea formaldehyde resin was discussed

Kinetic thermal studies were based on weight loss obtained from TG analysis It was found that
thermal degradation of both particle boards can be considered as first order reaction. Two stages of thermal
decomposition were found; volatilization and decarbonization stages. Activation energies for the
decarbonization stage are smaller than those of volatilization stage values of activation energies for the two
particle boards were different due the differences in chemical composition

1 - INTRODUCTION
Urea-formaldehyde resin has found a wide range of application, Particularly as an adhesive in particle

board manufacture, in insulation materials as chemical agents in paper technology, it is also used in
conjunction with other substances for the flamc-rctardant treatment of textiles, rubber and nylon. Urca-
formaldchydc resin (U.F.R) is difficult to ignite, generate little smoke during combustion and acts as a
source of nitrogen. 111

Particle board is manufactured, in Egypt as well as in other developing countries, from bagasse |a
fibrous solid waste produced from sugar cane milling industry after crushing and extraction of the cane
juice] or from flax chives. Bagasse and flax are cut into small sizes and cemented together by urea-
formaldehyde resin under pressure and temperature |2 | . The presence of resin inside the fibers, cither
physically adsorbed or chemically incorporated into the bonding system, is expected to affect their thermal
behaviour

The aim of the present work to explore the pyrolysis behaviour of the particle board manufactured
from bagasse and flax using differential thermal analysis (DTA) and thermal gravimetric analysis (TGA &
DTG).
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2-EXPERIMENTAL
Bagasse board and flax board were obtained by crushing and screening the board to particle size -

350 + 250 \im Also, raw bagasse and raw flax chives were cut to particle size - 350 + 250 urn. Thermal
analysis, differential thermal analysis (DTA) and gravimetric thermal analysis (TGA) were carried out for
(he samples by using a Du Pont analyzer Model 9900 with temperature programmed at 10 C/inin., heating
from room temperature to 800 C in an atmosphere of air. The amount of material used was 10 mg The
reference material was aluminum oxide.

Chemical composition for bagasse and flax chives were carried out by method described in
references. Table I, | 3& 4).

Specimens of bagasse board and flax board were cut, 7x30* 140 mm', these specimens were ustd in
a simple flame test, which is similar to that given by TPP1 standards |5|. The specimens were held
vertically inside the holder above the flame of a small burner. After 30 seconds, the specimens were
removed from the flame and the time it continued to flame was measured [6).

3 - RESULTS AND DISCUSSION :
Thermal analysis of raw bagasse is shown in Fig. 1 using DTA, TGA and DTG techniques. Thermal

degradation passes through four distinct zones, labeled in the figure as a, b, c and d. Stage a, represents the
beginning of pyrolysis. where endothermic peak was appeared at about 95 C in DTA curve with slight
weight loss of about 8% in TGA curve which represents the evaporation of adsorbed moisture from
surrounding. The main degradation process, zones b and c, two exothermic peaks in DTA curve at 330
and 450°C, respectively with the major weight losses of 64% and 17%, respectively. The exothermic
reaction attributed to the evolution of large amount of pyrolytic products mainly Icvoglucosan [7|. The first
exotherm zone b is due to oxidation of volatile product while second exotherm c is due oxidation of more
stable char component. Zone d denotes the carbonization of the end product.

Comparing thermal analysis in case of bagasse particle board, Fig. 2 and Table II, the same trend is
noticed, however, the peak temperatures for the main degradation stages arc happened at 10 C lower and
the weight loss at the first exothermic peak was 6% lower (volatilization stage) and at the second
exothermic peak was 10% lower (carbonization stage).

The events during thermal analysis of flax and flax board pass also through four zones. The first zone
for both flax and flax board starts at higher temperature compared to bagasse and bagasse board (Figs. 1-
4 and Tables II & HI) at about 120 C with weight loss of 9%. The main degradation processes. Zones b
and c occur at lower temperatures than that for bagasse and bagasse board at 320 to 315 C for the raw flax
chives and flax board, respectively. The weight loss for both material at about 60%. The last degradation
step stage d occurs, also at lower temperature than bagasse at 43S C and 425 C for raw flax and flax
board, respectively. The weight loss is nearly as that of bagasse and its particle board.

The decrease in temperatures for the first and second exothermic peaks [zones b and cj of particle
boards from bagasse and flax compared to their raw materials is due to the to the presence of urea
foniialdeli\de resin which acts as a source of nitrogen and thus diluting the volatile flammable gases
evolved in the main degradation stage. This was confirmed by gas phase theory |8|
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Therefore the mechanism of flame retarding effect for urea formaldehyde particle board can be under
stood on the basis of gas phase mechanism.

The flame test for two samples of bagasse board and flax board showed that the time after 30 second
they continued to flame was 85 and 100 seconds for bagasse and flax board respectively

The non flammable compounds (N2) evolved on heating urea formaldehyde resin dilute the flammable
gases, this effect leads to decrease the rate of the exothermic oxidation reactions [11. Results of flame test
support this assumption. Table IV, shows that time of flamming of bagasse particle board was 85 sec
compared to the raw bagasse 120 sec. For flax board, the flamming time was 100 sec. compared to raw flax
130 sec

Kinetic studies based on thermogravimctric analysis, the usual concentration "C" is replaced by the
weight of the remaining non-volatile materials at time t, i.e. wo-wt where w 0 is the weight of the original
material and wrt is the weight after time t.

Assuming first order reaction | u | , the rate equation is in the following form

d ( w o - w , )

dt l

It the amount of residue at the end of heating is Woo and using the limit:

at t = o w0 - w( = o

Equation (1) will be 111 the form

log w o - w « = K t

Plotting log (w0 - woo) / (wt - wco) against time t for a first order reaction should give a straight line,
with a slope of K at the considered temperature.

The results are shown in Figs. 5 & 6 for the volatilization and carbonization stages. Straight lines arc
obtained except near the beginning in which a slight curvature occurs due to the initiations of the reactions,
so the reactions can be considered as first order.

Applying the Arrhcmous principle, and plotting log K. against 1/T as shown in Figs. 7 & 8, the
activation energies of the reaction in volatilization and carbonization stages were calculated and given in
Tables V & VI. The activation energyes of boards were lower than that of raw materials may be due to the
reaction between the resin and lignin-hemiccllulosc of bagasse and flax. This finding was also noticed by
other authors 110 & 111

Thcrniodynamic parameters AH, AS and AG were determined according to procedure gives in
references | I 2 | Results are shown in Tables V & VI, where the positive values of AG indicate the non
spontaneous nature of the reactions. AH for raw marital arc higher than board due to reactions encountered
between the resin and raw materials.
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4-CONCLUSION :
1 - Thermal analysis of particle board made from bagasse and flax allow the same trend as their raw

materials of four degradation steps The main degradation steps for particle boards (volatilization and
carbonization) were occurred at lower temperatures than the raw material and with lower activation
energy. This is due to the evolution of nitrogen gas during pyrolysis of resin.

2 - The use of resin is, therefore, not mainly a binding material but also acts as a flame retarding
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TABLE I : CHEMICAL COMPOSITION FOR RAW BAGASSE AND RAW FLAX
CHIVES (W%)

Plant residue

Bagasse
flax chives

Moisture
content

«.«

Cellulose

37.12
43 00

Lignin

20.43
21.66

Pentosans

32.1
24.38

ash

1.55
2.16

TABLE II : DTA RESULTS FOR BAGASSE & BAGASSE BOARD FLAX CHIVES
FLAX CHIVES BOARD

AND

Event

First
Type of peak

r»iax C
Trange C

Second
Type of peak
1 max ^
Trange C

Third
Type of peak
T ('
TraiiKC C

Characteristic
Bagasse

Endo.
95

30-200

Exo
330

300-400

Exo
450

400-600

Bagasse board

Endo.
105

30-200

Exo
320

300-400

Exo
440

400-600

Flax chives

Endo.
120

30-200

Exo
320

300-400

Exo
435

400-600

Flax board

Endo.
130

30-200

Exo
315

300-400

Exo.
425

400-600

TABLE III: TG AND DTG RESULTS FOR BAGASSE, BAGASSE BOARD, FLAX CHIVES
AND FLAX CHIVES BOARD

Event

Ekst
WL. %

T range C
Second.

WL. %

' max £-'
1 range C

Third.
WL. %

T V
1ranuc ITotal

"•'a residue

Characteristic
Bagasse

8
95

30-200

64
330

300-400

170
450

400-600

890
II

Bagasse board

9
105

30-200

59
320

300-400

26.5
440

400-600

94.5
5.5

Flax chives

9
120

30-200

60
320

300-400

18
435

400-600

87.0
13.0

Flax board

9 5
130

30-200

59.5
315

300-400

26
425

400-600

95
5 0
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TABLE IV : TIME OF FLAMMING OF BAGASSE, BAGASSE BOARD, FLAX CHIVES
AND FLAX CHIVES BOARD

material
Bagasse
Bagasse board
Flax chives
Flax board

time of flamming (sec.)
120
85

130
100

TABLE V : THERMODYNAMICAL PARAMETER OF BAGASSE AND BAGASSE BOARD

stage

Volatilization
(bagasse)
Volatilization
(bagasse board)
Dccarbonization
(bagasse)
Deearbonization
(bagasse board)

^min."'

0.0525

0 13199

0.0457

0 07334

Temp
°C
330

320

450

440

E
Kcal/mole

34.27

25.9

17 50

1498

AH
Kcal/mole

33.07

24.7

16 06

13.50

AS
Kcal/mole °K

-0 0196

-0 0309

- 0.0528

-0 0551

AC"
Kcal/mole

44.9

43.06

54.3

52.87

TABLE VI : THERMODYNAMICAL PARAMETER OF FLAX CHIVES AND FLAX BOARD

stage

Volatilization
(flax chives)
Volatilization
(flax board)
Decarbonizatio
(flax chives)
Decarbomzatio
(flax board)

k|iiin.*'

0.1202

0.083

0.1146

0.061 17

Temp
°C
320

315

435

425

E
Kcal/mole

2836

26.5

25.86

22.85

AH
Kcal/mole

27.18

25.33

2445

21.46

AS
Kcal/mole °K

- 0.0269

- 0.0304

-0 0387

0.0437

AC°
cal/inole

43.173

43.23

518

51.98
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