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ABSTRACT

The purpose of this study was to perform measurements for heavy metals

pollution in the Nile water in Khartoum area. Ten locations were selected

for the study on the White Nile, the Blue Nile and the Nile.

Standard methods were used for samples collection and preparation for the

measurements using XRF. Nine elements were observed and their

concentrations determined in the various locations. These were Ti, Cr, Fe,

Cu, Zn, As, Pb, Zr, and Se.

From the performed measurements for heavy metals pollution in the Nile

water in Khartoum area using the XRF method the following conclusions

can be made:

- there is no heavy metal pollution in the Nile water in Khartoum area

resulting from industrial activities. However, there are indications for

possible Pb pollution resulting from automobile emissions.

- the concentrations for the observed heavy metals, except Fe, were much

below the maximum permissible international levels provided by the

USA, EEC and WHO.

- the origin for the observed concentrations of heavy metals, except for Pb,

was considered to be soil and silt carried by the river in its journey from

the Ethiopian Highlands and Lake Victoria.
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The continuing interest in trace elements has stimulated the

development of several powerful analytical techniques for their

detection and quantitative determination. One of these is X-ray

fluorescence (XRF), where a source of X-ray photons is used to

study the elemental composition of materials.

Absorption of these photons by the photoelectric effect produces

vacancies in the inner electron shells of the atoms of the material,

followed by the emission of characteristic X-rays of the elements

present. The peaks in X-ray spectrum indicate what kind of atoms

are present, while the number of counts (the area under the peak) is

related to the number of atoms in the sample, allowing the

quantitative measurements to be made. Moreover , the method give

information about the elements present in the sample irrespective of

their state of chemical combination or the phases in which they exist

[Piorek, 1978] .

The wide application of the XRF analytical method may be

attributed to the following :-



1 Availability of strong exciting radioactive sources which can

produce monochromatic X-rays.

2. Development of reliable Li-drifted silicon detectors.

3. Relatively low prices of the complete system used in XRF

analysis.

The sensitivity of the method depends on the energy of the

characteristic X-ray of the elements analyzed and it increases as the

ratio of the absorption edge energy of the element analyzed to the

excitation energy from the source increases.

XRF analysis has been used extensively in quantitative and

qualitative analysis of major and trace constituent elements.

In this study, the XRF technique is applied for environmental sample

(water) which is collected from Blue and White Nile to know the

trace elements and their concentrations. Water samples that had been

collected were analyzed for concentrations of Ti, Cr, Fe, Cu, Zn, As,

Se, Pb and Zr.

The method is based on preconcentrating the elements with
i

combined organic precipitating reagents, then filtering the

precipitate to form suitable X-ray sample and analyzing the sample

by XRF analysis .

XRF analysis can achieve detection limits in the microgram-per-liter

range for all elements tested.



CHAPTER

2-1 Introduction :-

X-ray fluorescence spectroscopic analysis, is based on the fact

that the chemical elements emit characteristic radiation when

subjected to an appropriate excitation. The emission of the

characteristic line spectrum can be obtained either by: '

(I) The impact of accelerated particles such as electrons, protons,

a-particles and ions; or

(II) The impact of appropriate X-ray radiation from an X-ray tube

or a suitable radioactive source [Jaklevic & Goulding, 1981].

2-2 Interaction of X-Rays with Matter:-

Macroscopically, the absorption of X-rays in matter follows an

exponential law which is described by the Lambert law:

(2-1)

where :

I = the transmitted intensity through thickness x.

Io= the incident X-ray intensity (photon /cm2 second).



|ilin = the linear attenuation coefficient, |i|in /p is the mass

attenuation coefficient cmVgm.

px — the density with the unit gm/cm3.

x = the thickness of the material in cm.

The main interaction process of the photons with matter are

[Jaklevic & Glouding, 1981] :-

1. Photo-electric effect.

2. Incoherent (Compton) scattering.

3. Coherent (Reyleigh) scattering.

4. Pair production.

The interactions of importance in the energy range of interest for

XRF are the first three ones . Pair production is ignored since it is

only important at energy above 1.02 MeV.

The photo-electric effect is the absorption of a photon by an

atomic electron and the consequent ejection of the electron, leaving

the atom in an excited state. De-excitation of the atom usually

occur via electron transitions and emission of characteristic X-rays.

The photo-electric effect is more dominant at low energies. In this

inelastic process the electron is ejected with a kinetic energy given

by:

K.E = hv-B.E (2-2)

where:

hv = the incident photon energy.

B.E = the binding energy of the orbital electron.



The photo-electric effect is a typical resonance effect, with the

greatest probability occurring when the photon energy is equal to

the binding energy of the electron in the corresponding shell. The

photo-electric absorption is then maximum [Jaklevic & Glouding,

1981].

The Compton effect (or incoherent scattering) is the result of the

impact of an incident photon (E = hv) on an electron loosely bound

to the atom. The electron recoils carrying away some of the energy

of the incident photon and the photon is scattered with reduced

energy (see Fig 2.1). The change in the wavelength of the photon is

given by:

(l-cos4>) (2-3)
moc

where:

A/ = the wavelength of the scattered photon.

X = the wavelength of the incident photon,

h = the Plank's constant.

mo= the rest mass of electron,

c = the velocity of the light in vacuum.

<}> = the scattering angle.

Coherent scattering (or Rayheigh scattering) is the result of elastic

collisions of photons with firmly bound electrons to the atom. The

photons are scattered with no loss of energy.



incident photon

hr

scattered photon

recoil electron

Fig 2.1 Compton effect



The properties of this type of scattering can only be explained by

the classical wave concept of radiation. The large number of

firmly bound electrons in heavier elements accounts for the rapid

increase of coherent scattering when the atomic number

increases.

The photons scattered by either Compton or Rayleigh process

can reach the detector and contribute to the unwanted counts in

the spectrum. Fig 2.2 shows a representative spectrum produced

by measurement using monoenergetic isotopic photon excitation.

The plot represents the number of events analyzed by the

detector as a function of the size of the pulse from the detector.

The highest energy peak in the spectrum occurs at the energy of

the incident excitation and is due to X-rays that Rayleigh scatter

from the sample into the detector. The broad peak at slightly

lower energy is due to the inelastic Compton scattering in the

sample. The low energy continuous distribution is due to

Compton scattering in the detector. X-ray fluorescence signals

are represented by the various peaks occurring at energies well

below the high energy Compton and Rayleigh scatter peaks

[Jaklevic & Goulding, 1981].

2-3 Characteristics of X-ray Production:-

The production of the characteristic X-ray lines follow the

excitation of the target atoms by incident photons as shown in

Fig 2.3. As a result of absorption of the photon energy, one or

more electrons from the inner atomic shells are removed.
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Fig 2.2 Representative X-Ray spectrum resulting from excitation of elements in a low atomic

number matrix using mono- energetic photons.
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In the process of de-excitation, that is when the resulting vacancy is

filled by an outer shell electron, X-rays whose energy is

characteristic of the particular atom, are emitted. This is shown in

Fig 2.3. Detection of such X-rays is the basis of X-ray fluorescence

technique. The energy of the photon is given by [Burcham, 1975]

E = hv (2-4)

and equal to the energy difference between the level of the

vacancy and that of the electron filling that vacancy. This is

expressed as

Ex=Ib 2-Ib i (2-5)

where:

Ib] = the energy of outer shell.

Ibi = the energy of the inner shell.

2-4 Selection Rules & Characteristic Lines:

If a core electron is ejected, electron from higher energy levels in
r

the atom will transfer to the lower level which is vacated, and

radiation is emitted due to this process.

Radiation emitted in this case has wavelengths and energies

related to the difference between the binding energies of the two

levels through which the transition occurs. According to this

picture a vacancy in a given shell may be filled by electrons from a

10



shell further away from the nucleus, and each shell-to shell

transition leads to a line in the X-ray spectrum.

This process follows certain selection rules, which are: •

An> 1, AL = ±1, Aj = ± 1 orO

Where n, L and j correspond to the principal, orbital and total

angular momentum quantum numbers, respectively.

The transitions predicated by the selection rules are shown in Fig

2.4 [Tertain & Claisse, 1982]. If the vacancy is created in the K-

shell of an atom, the characteristic K- X-rays are liberated when

that vacancy is subsequently filled by the upper level (L or M)

electrons. If the electron comes from the L-shell, then a K^-photon

is produced whose energy is equal to the difference in binding

energies of K and L shells. If the filling electron originated in the

M-shell instead, then a Kp-photon is produced by transition from

the M-shell to the K-shell vacancy and so on.

2-5 Auger Effect:

When an atom is ionized in one of its inner shells, it rearranges

itself by filling the created vacancy with an electron from an outer

shell and so energy is released in the process.

The energy may lead to the release of an X-ray photon or

alternatively it may be released as an electron, referred to as Auger

electron (or radiation less transition). The Auger effect may be

explained as

ii
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resulting from the X-ray photon emitted following ionization which

is itself absorbed within the atom. This is shown schematically in

Fig 2.5. The Auger effect is more common among elements of

low atomic number Z because the electrons are more easily absorbed

within the atom.

2-6 Fluorescence Yield:

One consequence of the Auger effect is that lines in a given series

are not as intense as would be predicted from the number of

vacancies created in the associated shell.

Thus we can define the K fluorescence yield, WK , as the number of

photons of all lines in the K-series emitted per unit time divided by

the number of K-shell vacancies created during the same

timefJoseph & Cerney, 1979] i.e.

wK = y ^ - = n ^ + n ^ + n^+ (2_6)
MNK N K

 v }

where

WK = the K fluorescent yield.

NK = the rate at which K-shell vacancies are created.

NKi = the rate at which photons of spectral lines are emitted.

The L and M fluorescent yields, WL and WM , are defined similar to

WK. Auger electron yield may therefore be defined as a ratio of *--.

13
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Fig 2.5 Auger effect
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the number of Auger electrons produced to orbital vacancies

created in the same time i.e. Auger electron yield = 1-W. The

fluorescence yield actually varies with the atomic number Z as

shown in Fig 2.6, and is governed by the equation [Joseph &

Cerney, 1979]:

4

Z

T
A + Z

where

Z = is the atomic number.

A = is constant having value 106 for K-series and 108 for L-series.

2-7 Principles of X-ray Fluorescence Analysis:

2-7-0 Introduction:

When X-rays from an isotopic source or X-ray tube are incident

on a specimen there are four stages for the analysis using X-ray

fluorescence technique: the excitation of characteristic radiation

from specimen, the selection of a characteristic emission line from

the element of interest by means of energy dispersive spectrometer

system, the detection and integration of the characteristic X-ray to

give a measure of their intensity and finally the conversion of the

characteristic X-ray line intensity to elemental concentration by use

of a suitable calibration procedure.

15



20 40 60 80 100
Atomic number Z

Fig 2.6 Fluorescent yield as a function of atomic number
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The most widely used method for X-ray detection and

measurement is the use of the Si(Li) detector spectrometer system,

with its excellent resolution that enables it to separate well the K^

and Kp lines of the light and medium elements, and La, L(3

etc lines of heavy elements.

2-7-1 Qualitative X-ray Analysis:

Most commercial Si(Li) spectrometers operate over the energy

range 0.6 - 60 KeV, and as such are able to detect the majority of

the K and L series lines for mo^ demerits from Z = 13 to Z = 92

plus a few of the M series lines of some heavy elements. In practice

this means the detection and measurement of characteristic lines

from all elements above atomic number 12 (magnesium), with the

number of lines per element varying from two (Ka and Kp) for the

low and medium atomic numbers, to about several lines ( La, Lp, Ly

...etc.) for high atomic number elements. For positive identification

of an element one should look for both Ka and Kp in case of light

and medium elements and the La, Lp, Lr etc. lines for heavy

elements.

In case of overlapping, one usually makes use of the computer

where a software such as AXIL is useful for identification of the

elements and determination of the intensities of the characteristic

lines.

17



2-7-2 Quantitative X-ray Analysis:

There are three stages for quantitative X-ray fluorescence analysis

of a sample: preparation of specimen, excitation of a suitable

emission line of element of interest and measurement of its

intensity and determination of concentration of element through a

suitable calibration.

The basic relationship between the measured intensity I, for

element of interest i, and concentration Q is generally of the form

I^S-C.-pd-T (2-8)

where:

S; = is the sensitivity factor including geometry source activity,

relative excitation-de-excitation detection efficiency, ....

T = is the absorption factor.

p = is the density of the specimen.

d = is the thickness of the specimen,

and

C,-*£ (2-9)
pd

is the concentration of element i.

The absorption factor may be shown to be given by:

-apd

(2-10)
apd

where a is the average absorption in sample including primary as

well as secondary radiation and may be expressed by

18



a = fi(E,)csc(p,+fj(Ej)csc(p2 (2-11)

where:

|n(E|) is the absorption within the specimen of incident primary

radiation of energy E,, u.(Ej) is absorption within the specimen of

characteristic secondary radiation of energy Et, and <p, and (f>2
 a r e

angles of incident and fluorescent radiation respectively. In Fig 2.7

is shown sample - detector - annular isotopic source geometry.

In the above basic relation for the intensity we have ignored other

factors that may be effected the result of the analysis such as

heterogeneity of the sample ( the specimen is assumed to be

homogeneously prepared ) and enhanc mt effect which is of

second order, compared to the absorption factor.

The absorption and enhancement effects, referred to as inter-

element effect or matrix effects, may be attributed to the following

situations:

1. The matrix of which the specimen is composed may have a

considerable absorption coefficient for primary incident X-

radiation, resulting in preferential absorption of the radiation

that excites the element most efficiently.

2'The same may occur for emitted characteristic X-ray radiation

which might result in reduction of emitted radiation.

19
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Fig 2.7 Specimen-detector-annular source geometry
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3. Characteristic radiation emitted by matrix elements may lie on

the short-wave length side of the element absorption edge and

may thereby further excite the element to emit additional

characteristic radiation. The latter effect is enhancement effect.

21



3-1 Introduction:-

In the XRF analysis technique, the sample to be analyzed for

elemental composition is irradiated using X-rays. The

characteristic X-rays of the elements present in the sample are

produced during the irradiation and detected by a Si(Li) detector.

The charge collected by the detector provides on electrical

signal. The preamplifier mounted with the detector integrates

each detector signal to produce a voltage pulse proportional to

the charge. This pulse is then amplified and shaped by a linear

amplifier. The amplifier signal is processed and displayed on a

Multi-Channel-Analyzer (MCA) which is connected directly to a

computer where the X-ray spectrum is analyzed.

A block diagram of the experimental set-up is shown in Fig 3.1.

An enlarge view of the XRF spectrometer system is shown in

Fig 3.2.

22



X - Radiation
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Fig 3.1 Experimental set-up of the XRF system
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Be Window
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AMPLIFIER MCA

P.C. COMPUTER

Fig 3.2 Si(Li) Spectrometer System.



3-2 Si(Li) Detector:

It is a type of semi-conductor detector, with energy gap less than 3

eV between conduction band and valence band, and containing

impurities with energy levels close to conduction band. Thus, it is

easier to remove electrons to the conduction band.

In Si(Li) detector lithium ions are diffused into surfaces of p-type

Silicon with acceptor type impurities, which produce positive

carriers, forming and n-type region, as shown in Fig 3.3. When a

high voltage is applied Lithium ions drift through p-type material,

then equilibrium condition is established where lithium ions pair

with atoms of despotic material creating a region of intrinsic

properties. The detection window is usually made of a thin Be foil

which allows most of X-rays of energy 0.6-60 KeV to pass

through. Each X-ray entering the detector gives rise to a number of

ion pairs producing a charge pulse whose amplitude is proportional

to the energy deposited in the detector.

This charge is swept away from the detector by the high voltage

applied across it. The Si(Li) detector used in this work is Ortec

type.

3-3 Energy Resolution:

Energy resolution is an important performance index for an XRF

spectrometer since separation of the characteristic K-x-rays

25
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Fig 3.3 Si(Li) Detector Diode
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of an element from those of its neighbours in the periodic table

depends on resolving the spectral peaks, [IAEA, TECDOC, 1985]

Fig 3.4 illustrate the high resolution performance of the

spectrometer while measuring Mn-X-rays.

The Kn and Kp peaks are separated by only 597 eV. The resolution

expressed in full width at half maximum (FWHM) is measured

and found to be 187 eV.

3-4 Signal Processing Electronics

3-4-1 Preamplifier

A charge Q released in the detector follows into an in put circuit

of a total capacitance C produces a voltage signal Q/C [Joseph &

Cerney, 1979]. In dealing with these signal pulses from the

radiation detector, it is often desirable to change the shape of the

pulse in some predetermined fashion. In order to assure that

complete charge collsction occur the preamplifier ,is normally

adjusted to provide a decay time for the pulse which is quite long.

Because it is the amplitude that carries the basic information, then

the "pile-up" of the pulses is the tail of the preceding pulses which

have not fully decayed to zero can be a serious problem.

As the time spacing between the nuclear pulses is random, each

pulse can be superimposed in a different residual manner and the

resulting amplitude is no longer a good measure of the charge Q

27



c
Z3
O

Fnergy

Fig 3.4 Mn X-Ray spectrum measured by a high resolution

silicon detector spectrometer using 55Fe source.
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for that event. The ideal solution to this problem is to shape the

pulses in such a way so as to produce a pulse train in which all the

tails have been eliminated, but the information carried by the

maximum amplitude of the pulse has been preserved [IAEA,

TECDOC, 1985].

So the first element in the signal processing chain is the

preamplifier which provides an interface between the detector and

the pulse processing electronics that follow.

The preamplifier is usually located as close as possible to the

detector. For a good signal to noise ratio it is always is preferable

to minimize the capacitive loading on the detector and therefore a

long interconnecting cable between the detector and the

preamplifier should be avoided if possible [IAEA, TECDOC, 1985].

3-4-2 Linear Amplifier

The primary function of the amplifier is to amplify the signal

received from the detector-preamplifier combination to a level (

commonly 10 V maximum) at which the latter circuit can perform

accurate amplitude analysis. But an equal important function is to

apply filters which suppress the extremely low and extremely high

frequencies where the signal to noise ratio is poorest [Joseph &

Cerney, 1979].

29



In order to obtain an improved energy resolution, the voltage

amplitude of the pulse at the amplifier output should be

proportional to the detected x-ray photon energy .

The amplifier is also equipped with a pile-up rejection circuit,

which is important in XRF work with its high counts-rates.

3-4-3 Multi-Channel Analyzer "MCA"

The MCA is used to measure the height of each amplifier output

pulse and to represent this amplitude by an integral number. This is

an analogue-to- digital conversion (ADC)process. This digital

information determines the memory address to which a count must

be added [Joseph & Cerny, 1979]. The basic process used in all

ADC's is to convert analogue input signal to an internally

generated level which is directly associated with a digital output

generator.

The input gate on the ADC prevents signals entering the system

while an earlier one is being processed. The coding time of an

ADC is important in the system, since it determines the rate to

which events can be handled. Finally the spectrum of the analyzed

signal is obtained.

30



3-5 Data Analysis:

The XRF system used is based on Cd109 excitation source. The

Cd109 source has an average energy 22.6 KeV and is able to excite

the element from Z = 13 to 92 using both K and L- lines. The

spectrometer used was Si(Li) detector spectrometer system. The

amplifier settings were adjusted for optimum condition of

measurements. The spectra obtained were transferred to IBM

compatible computer for storage and analysis.

The spectra were first analyzed using program called Analysis of

X-ray spectra by Iterative Least square fitting (AXIL), which is a

FORTRAN program. The AXIL software is able to separate

overlapping peaks, and in this way to identify the elements and

determine the net area of the peaks. The net area will be

proportional to the concentration of the element in the sample.

The process with which elemental concentration can be

determined by XRF depends upon the conversion of characteristic

X-ray intensities. The X-ray spectrometer has to be calibrated by a

certain procedure to ensure conversion of the characteristic X-ray

intensities into elemental concentration.

Calibration is one of the most important steps towards quantitative

analysis. In the AXIL software the calibration of the system

determines the sensitivities for all elements, which can be excited

in a chosen excitation mode, and emit the characteristic X-rays

31



which are detected and presented in with the particular X-ray

spectrum [Kump, 1995].

A software called QAES presented in [Kump, 1995] is also

available for data analysis. There are two types of calibration of

system in QAES, basic calibration ( with pure elements or

compounds ) and calibration by a standard sample.

In this work both types of calibration were performed and were

available for quantitative analysis.
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4-1 Introduction:

XRF analysis method is indispensable for controlling water

pollution caused by industrial discharges and has promise for the

evaluation of water utilizability for industrial alimentary purposes

[Luke, 1968].

As an example, Table 4.1 gives the maximum admissible

concentrations of trace elements in drinking water according to the

Italian Health Law. The application of these laws requires that

relatively simple and generally reliable monitoring methodologies

be used, which allow both the monitoring staff and interested

industries to compare the water characteristics with legal

requirements [ Cesaro & Gigante, 1977].Table 4.2 gives maximum

admissible concentration of elements as specified by the following

organization: USEPA1, EEC2, WHO3 [Hach Company, 1996].

Elements found in tap water at the University of Khartoum is also

included in the Table. Table 4.3 shows concentrations of some

elements in Mogran and Burry Station water supply systems

before and after flood of 1997 ( From National Urban Water

Corporation, Mogran Water Works).

1 USEPA: U.S. Environmental Protection Agency

" EEC: European Economic Community limits.

WHO: World Health Organization guidelines.
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Measurements for the determination of trace metals such as Ti,

Cr, Fe, Cu, Zn, Se, As, Pb and Zr in water were carried out using

XRF. The method is based on preconcentrating the trace elements

with the combined organic precipitating reagent APDC, filtering

the precipitate to form a suitable sample for analyzing the

fluorescence.

XRF analysis was found to have detection limits in the

milligram-per liter (mg/L) range for the elements tested, as shown

in Table 4.7 below.

4-2 Sampling Method:

Water constitutes a most important route for entry of elements to

plant, animals and human beings. Water sampling from an open

system is commonly done with use of polyethylene bottles. In this

work the bottles were washed with water followed by further

cleaning with nitric acid and rinsed with distilled water.

It is important that the sample bottles be immersed closed and,

then opened at a given depth to prevent contamination by surface

biological debris. Initially some samples were taken from tap water

at the Nuclear Science Laboratory for' the determination of

elemental concentrations. The other water samples were collected

at an average collecting depth oflm from different locations on

the River Nile, they were collected from 15th May to 3rd June 1996
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Table 4.1: Limiting concentrations of some metals in drinking

water according to Italian Public Health Law [ Cesaro &

Gigante, 1977].

Element

Ag

As

Ba

Cd

Cr

Cu

Fe

Hg

Mn

Ni

Pb

Se

Zn

Concentration in mg/L

0.10

0.05

1.00

0.05

0.05

0.50

0.30

0.005

0.05

1.00

0.05

0.01

1.00
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Table 4.2: Maximum admissible concentrations of some metals

in drinking water (in mg/L)

Element

Ag

As

Ba

Cr

Cu

Fe

Hg

Mn

Ni

Pb

Se

Zn

Ti

Zr

USEPA

0.1

0.05

2.0

0.1

1.0

0.3

0.002

0.05

0.1

0.015

0.05

5.0

~

—

EEC

0.01

0.025

___

0.05

—

0.2

0.001

0.2

0.05

0.05

0.01

—

—

—

WHO

NS

0.01

0.7

0.05

1-2

0.3

0.001

0.1-0.5

0.02

0.01

0.01

3.0

—

—

Tap water Khartoum

—

—

0.14

0.06

5.43

—

—

—

0.05

0.03

0.21

0.34

0.03
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Table 4.3: Concentrations of some elements in Mogran and

Burry water (in mg/L)

Element

Ca

Cr

Cu

Fe

Mg

MR1

B/F

BDL5

BDL

BDL

BDL

0.36

A/F

2.4

BDL

0.32

8.3

0.48

MT2

B/F

2.2

BDL

BDL

BDL

0.48

A/F

2.4

BDL

o.ol

1.3

0.72

BR3

B/F

BDL

BDL

BDL

BDL

0.28

A/F

2.4

BDL

0.59

1.37

0.48

BT4

B/F

2.6

BDL

BDL

BDL

0.6

A/F

2.8

BDL

0.01

2.3

0.48

1 - MR: Mogran raw water.
2- MT: Mogran tap water.
3- BR: Burry raw water.
4- BT: Burry tap water.
5- BDL: Below detection limit.
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before the flood and from 9th to 21st December 1996 after the flood.

Then the water samples were filtered and acidified to pH about 2

by adding nitric acid HNO3 to minimize sorption then they were

stored in low temperature to minimize change due to biological

activity.

The water samples in this work were collected from 10 different

locations on the Blue and White Niles (see Fig 4.1). 10 samples

were collected before the flood and 10 other samples were

collected from the same locations after the flood.

4-3 Reagents:

The following reagents were used in the preparation of water

samples for analysis by XRF:

1. Distilled water for all solutions preparation and dilution.

2. Molybdate solution: 0.322 g of Ammonium molybdate

tetrahydrate was dissolved in water and diluted to 500 ml.

3. APDC: 1 g of Ammonium- 1-Pyridine Dithio Corbamate

(APDC) was dissolved in water in a 100 ml volumetric flask and

completed to the mark, then it was filtered through a Wattman filter

paper.

The APDC solution should be used within 24 hours, but it may be

kept for up to a week if refrigerated. The APDC is used as a

precipitating reagent because of its high stability and low aqueous

solubility of its complexes with transition metals, while the affinity

for alkaline and alkaline earth metal ions is very low, which

eliminates the interferences [Pik, 1979].

4. Nitric Acid and Ammonium hydroxide for adjusting the pH of

samples.
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4-4 Recovery Rate of The Elements:

The elements Zn, Cu, Co, Cr, Ni, Fe, Se and Pb were recovered,

using the following procedure of preconcentration.

4-4-1 Coprecipitation Procedure:

Samples of 100 ml water from Tooti Island were measured in 4

beakers ( the elemental concentrations in the water sample from

Tooti Island before additions, were Cr = 0.27, Fe = 11.4, Zn = 0.08,

Se = 0.04 and Pb =0.13 all in mg/L as given in Table 5.2 ), then

the 2 mg/L, 4 mg/L, 6 mg/L and 8 mg/L from the elements

mentioned above were added to each beakers, Then 1 ml of the

carry molybdate solution was added (carrier precipitation is defined

as the collection of desired trace element in solution on milligram

quantity of another precipitate which is called collector, carrier or

gathering precipitate). The solution was stirred for about 1 min. to

enhance the equilibrium between various ions. The pH of the

solution was adjusted to 4.4 ± 0 . 1 by addition of concentrated

ammonium hydroxide solution. Then 5 ml of the precipitant APDC

was added. The resulting solution was stirred for 30 seconds and

allowed to stand for 30 min. The suspension was filtered under

suction through a Millipore of pore size 0.45 u.m and 47 mm

diameter.

The filter was left to dry by air to be ready for analysis.

40



Table 4.4 Determination of recovery rate

Element

Cr

Fe

Co

Ni

Cu

Zn

Se

Pb

2mg/L

100 ±33

115±29

82 ± 22

81 ± 20

125 ± 26

90 ± 30

63 ± 20

115 ± 23

4 mg/L

64 ±18

116 ±24

104 ±22

50 ±11

105 ±21

82 ±31

60 ±12

91 ±18

6 mg/L

31 ±07

97 ±20

99 ±20

60 ±12

100 ±20

89 ±33

52 ±09

134 ±25

8 mg/L

47 ±11

79 ±16

85 ±17

53 ±10

90 ±17

79 ±29

62 ±09

79 ± 15
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4-4-2 Analysis of Samples:

The filters were analyzed using XRF spectrometer with a Cd109

source. The loaded filters were analyzed with the sample side

facing towards the X-ray beam. The program AXIL was used for

the analysis of the spectrum and Kump-Radioisotope program was

used for obtaining the concentrations of the elements under

investigation. The results of recovery rate obtained are shown in

Table 4.4.

As can be seen from Table 4.4, the obtained recovery rate in most

cases ranged between 79% and 105%, which is normal, within the

experimental errors. However , for some of the elements low

recovery rates were observed, ranging between 31% and 64%. For

some other group of elements the recovery rates were high, ranging

between 115% and 134%. Notable elements among the normal

recovery rate group are Co, Cu and Zn, among the low recovery

rate group are Cr, Ni and Se and among the high recovery rate

group are Fe and Pb. No obvious explanation could be found for

the anomalies observed except for Fe, which has a high level of

concentration in the water before treatment, as shown in Table 4.5.

The other anomalies could either be due to some contamination, as

in the case of Pb, or due to some inherent problem in the method

regarding the elements Cr, Ni and Se. Thus one might expect in the

final results slightly overestimated values of concentrations for Fe

and possibly for Pb and slightly underestimated values for Cr, Ni

and Se. In the latter case only Cr is of importance, since it can be
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correlated with tanneries, Ni and Se are either not observed or have

very low presence

4-5 Measurements of Standards:

Standards were prepared using standard solutions of the elements:

Cu, Fe, Zn, Se, and Pb, in concentrations of 2, 4, 6 and 8 mg/Lfor

each element. The reagent APDC was to precipitate the elements

in Millipore. It was prepared freshly by dissolving 0.4 g in distilled

water. The solution was purified by filtering through a membrane

filter paper.

2 ml of APDC solution was added to the different concentrations

of Cu, Fe, Zn, Se and Pb ( 2, 4, 6 and 8 mg/L) followed by adding

distilled water to complete the mixture to 50 ml. The solution was

shacked for 15 seconds and allow to stand for 30 min. The

suspension was filtered under suction through a Millipore .The

loaded filter was placed in a plastic dish and left to dry. A set of

thin films of standards was then ready for analysis .

The thin films were put on the X-ray source for irradiation and the

spectra were collected for 2000 sec on MCA. The spectra were then

transferred to the PC for analysis using AXIL.

The results for the measurements of the standards are shown in

Table 4.6. No reliable results were obtained for the element Se and

therefore it was excluded from the Table. The results obtained for

the elements Fe, Cu, Zn and Pb were considered to be reasonable

and a good indication for the reliability of the method.
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Table 4.5 Results of concentrations of elements in standards

Standard Name

Stand 2

Stand 4

Stand 6

Stand 8

Concentration of elements in mg/L

Fe

1.85+0.61

3.34±0.12

5.15±0.17

7.94+0.18

Cu

1.76+0.61

3.64±0.12

5.57±0.18

7.86+0.25

Zn

1.55±0.54

2.29±0.98

4.41±0.14

7.67±0.32

Pb

2.26±0.75

4.25+0.14

6.61+0.21

8.15+0.20

Table 4.6 The detection limit of some elements

(in mg/L)

Standard

Stand 2

Stand 4

Stand 6

Stand 8

Fe.

0.06

0.07

0.09

0.08

Cu

0.03

0.04

0.05

0.04

Zn

0.04

0.06

0.08

0.07

Se

—

—

0.03

0.02

Pb

0.02

0.03

—

—
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The detection limit (DL) for the elements: Fe, Cu, Zn, Se and Pb

were determined using the known concentrations in the prepared

standards. The following relation was then used [Tertain & Claisse,

1982]:

where:

ws = Concentration of the fluorescent element in the

standard (mg/L);

No = background intensity,

Ns- No = net line intensity.

The results obtained for the detection limits are shown in Table 4.6.

4-6 Measurements of Samples:

The water samples collected from the various locations were

prepared from precipitate, which is formed by adding 1 ml of

molybdate solution to 50 ml of each sample ( molybdate is used to

check the efficiency of coprecipitation of trace metals with organic

complexing agents) [Ulrich & Hopk, 1977]. The pH was adjusted

to 4.4 ( ± 0.1) with adding Ammonium hydroxide and using the

pH-meter, followed by adding 5 ml of APDC solution. The

resulting mixture was then stirred for 30 seconds and allowed to

stand for 30 min. Then it was filtered off through a 47 mm

diameter, 0.45 |̂ m pore size Millipore filter with a vacuum

filtration unit.
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The samples consisting of the precipitate on the filter were allowed

to dry, weighted with Teflon ring so as to prevent curling. Thin

film samples were thus obtained, which were presented directly to

the XRF unit.

The analysis was done by similar procedure to that for the

standards. The results are shown in the Tables 5.1 and 5.2 below.

The results are shown for the water samples collected before the

flood and for samples collected after the flood. Spectra obtained for

some of the samples are shown in Figs 4.2 - 4.8.
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The results for the measurements of the water samples from the selected

locations are shown in Table 5.1 (before the flood) and Table 5.2 (after

the flood). Concentrations were observed and determined for the

following elements: Ti, Cr, Fe, Cu, Zn, As, Pb, Zr and Se. The results

are also presented in histogram form in Figs. 5.1 - 5.9. In the histograms

are also included values for maximum permissible concentrations for the

observed elements as specified by the USA, EEC and WHO authorities

for comparison. Also included are values obtained for tap water in the

University of Khartoum area using the same XRF technique.

Fig 5.1 shows concentrations for Ti in the locations under study before

and after the flood. No Ti values were reported from the USA, EEC and

WHO authorities. The presence of the observed concentrations of Ti in

these locations can not be related to any emission from nearby industries

or any other source related to human activity. The only explanation for

the presence of Ti in the Nile water could be from the soil and silt

collected during the passage of the water from its origin down to

Khartoum area. The increase in the amount of Ti after the flood

compared to that before the flood, as shown in Burry, Blue Nile Bridge,

Tooti and Abu Rouf locations reflects the effect, since the Blue Nile
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after the flood is expected to contribute more silt in its passage down

from the Ethiopian Highlands.

As shown in Fig 5.2 concentrations of Cr in most of studied locations is

much below the maximum permissible international values. The source

of Cr in the Nile water cannot be traced to any industrial activity in the

area. It can only be explained as coming from the soil. The Blue Nile is

known to pass through an area rich in Cr such as Ingassana region as it

descends down from the Ethiopian Highlands.

The higher concentrations observed in the Blue Nile Bridge, Tooti and

Abu Rouf locations are probably reflections of this effect, since there is

more concentration of Blue Nile water in these locations.

In Fig 5.3 are shown concentrations of Fe in the investigated locations.

It can be seen that concentrations of Fe in all locations are much higher

than the maximum permissible values of the USA, EEC and WHO

authorities. Again the presence of Fe in the Nile water can not be related

to any emissions resulting from human activity. The only explanation

for Fe origin is probably from the soil through which the Nile passes.

Probably the clay land through which the White Nile passes contributes

more Fe as compared to the Blue Nile, as shown by the higher values

observed at J/Aulia and Ellamab locations on the White Nile.

Fig 5.4 show concentrations of Cu in the studied locations. The

concentrations of Cu in all selected locations are much lower Ihnn the

maximum permissible concentrations provided by the USA and WHO

authorities. The low concentrations of Cu observed are probably

originating from soil through which the Nile water is passing.
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Similarly for Zn concentrations, shown in Fig 5.5. The observed values

are much lower than the permissible values provided by the USA and

WHO authorities. The origin is also the soil, as in the case of Cu, Fe, Cr

and Ti.

Fig 5.6 shows concentrations of As in the studied locations. For most of

the locations As concentrations are much lower than the maximum

values specified by the USA, EEC and WHO authorities. Only in a few

locations on the White Nile are the As concentrations higher than at the

other locations. It is not clear what the As source could be. Most

probably nlso from the soil. However, further work is needed to study

this effect.

Fig 5.7 shows the concentrations of Pb in the investigated locations. In

most cases the concentrations of Pb are higher than the maximum values

allowed by the USA, EEC and WHO authorities. Of special interest is

the much higher value observed for the Blue Nile Bridge location. The

origin of Pb is probably from automobile exhaust, as Pb is known to be

present in petrol. The Blue Nile Bridge area is probably a site for heavy

traffic with slow motion in the narrow bridge, leading to more intensive

automobile emissions as compared lo other areas. The obtained results

probably reflect this situation. Further work is also needed here.

Fig 5.8 shows concentrations of Zr in the investigated locations. No

values were provided for Zr by the USA, EEC and WHO authorities for

comparison. However the observed Zr in the Nile water is most

probably related to soil and has nothing to do with human activity. It is

well known that Sudanese soil is rich in Zr. This is easily observed if a

soil sample is measured by XRF.



In Fig 5.9 are given concentrations for Se in the selected locations. In

most locations no Se could be observed. Only in four locations:

Ellamab, Burry, Tooti and Sharnbat it was possible to determine some

concentrations of Se. These were slightly lower than the maximum

value provided by the USA authority, but higher than those provided by

the EEC and WHO. It is not clear where Se is originated. It is certainly

not related to any source caused by human activity. And so most

probably it comes from soil. Further work is needed to investigate Se

concentrations in the Nile water.
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Table 5.1 Concentrations of elements in selected locations before the flood

(in mg/L)

Element

Ti

Cr

Fe

Cu

Zn

As

Pb

Zr

Se

J/Aulia I1

1.15±0.12

0.30±0.06

33.3±1.07

0.02±0.002

O.3O±O.O3

0.06+0.01

BDL

BDL

BDL

J/Aulia2-

1.5210.26

BDL

20.10±0.65

0.02±0.001

0.14±0.02

BDL

BDL

0.06+0.008

BDL

Eluzozab

0.79±0.08

BDL

10.90±0.40

BDL

0.20±0.01

0.04±0.008

BDL

0.04±0.004

BDL

Elshagra

BDL3

BDL

6.00±0.20

0.14±0.02

0.50±0.03

BDL

BDL

BDL

BDL

Ellamab

0.55±0.11

BDL

34.90±1.10

SDL

0.21±0.02

0.21±0.02

BDL

BDL

0.04±0.01

BuiTY

BDL

BDL

4.22+1.16

0.13±0.02

0.21±0.02

BDL

0.22+0.01

BDL

0.04±0.01

B.N. Bridge

BDL

0.54±0.20

11.3+0.40

BDL

0.70±0.02

BDL

117+0.04

BDL

BDL

Tooti

BDL

BDL

3.08±0.12

0.21+0.02

0.47+0.03

BDL

0.30±0.02

BDL

BDL

Abu Roul

0.63±0.1

BDL

9.09±0.3

0.09±0.01

0.24±0.02

0.10±0.01

BDL

0.04±0.06

BDL

Shambat

0.91+0.12

BDL

11.60±0.40

BDL

0.20±0.02

BDL

0.04+0.006

BDL

BDL

jabal Aulia before the dam.

"Jabil Aulia after the dam.

"BDL: Below detection limit.



Table 5.2 Concentrations of elements in selected locations after the flood

(in mg/L)

Element

Ti

Cr

Fe

Cu

Zn

As

Pb

Zr

Se

J/Aulial1

1.27+0.11

0.21+0.05

20.8010.67

0.09±0.02

0.20±0.02

BDL

O.W+0.006

0.04±0.03

BDL

J/Aulia22

1.22+0.01

0.15+0.04

18.2+0.60

0.11 ±0.02

0.21±0.02

BDL

0.OH0.02 -

0.05±0.005

BDL

Eluzozab

BDL3

BDL

7.3010.25

0.0610.02

BDL

BDL

0.0610.01

BDL

BDL

Elshagra

BDL

BDL

8.0010.27

0.0710.02

BDL

BDL

0.0710.01

BDL

BDL

Ellamab

0.5210.20

BDL

67.4012.10

0.1210.02

0.4010.02

BDL

0.1710.01

BDL

BDL

Burry

0.63+0.08

BDL

8.3010.20

0.0310.01

0.0610.01

BDL

0.0510.01

0.0310.005

BDL

B.N. Bridge

1.72+0.11

BDL

14.9010.49

0.13+0.02

0.1110.01

BDL

0.1910.01

0.06+0.006

BDL

Tooti

0.7010.09

0.2710.05

11.4010.37

0.0810.02

0.0810.01

BDL

0.13+0.01

BDL

0.0410.008

Abu Rouf

01.610.01

0.2010.05

18.610.60

0.0710.02

0.1310.02

BDL

01010.01

BDL

BDL

Shambat

0.8010.08

BDL

9.0610.30

0.0510.01

0.0910.01

BDL

0.0410.004

BDL

0.0410.009

Jabal Aulia before the dam.

"Jabal Aulia after the dam.

BDL: Below detection limit.



Fig 5.1 Location Vs Cone, of Ti
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CHAPTER S

The purpose of this study was to perform measurements for heavy

metals pollution in the Nile water in Khartoum area. Ten locations were

selected for the study on the White Nile, the Blue Nile and the Nile. On

the White Nile the locations were: JIAulial, J/Aulia2, Eluzozab,

Elshagra and Ellamab. On the Blue Nile: Burry and Blue Nile Bridge.

On the Nile Abu Rouf and Shambat. Tooti is situated at the junction of

the White and Blue Niles. These locations were selected with the aim of

investigating possible heavy metals pollution that might arise from

industrial activities such as Khartoum Tanneries and Khartoum

Industrial area in Eluzozab, Elshagra and Ellamab regions, Khartoum

North Industrial area and Thermal Power stations in Burry and Blue

Nile Bridge regions. Tooti, Abu Rouf and Shambat were included for

comparison. It was also decided to perform the measurements twice in

each location: before the flood and after the flood.

Standard methods were used for samples collection and preparation for

the measurements using the XRF. Nine .elements were observed and

their concentrations determined in the various locations. These were Ti,

Cr, Fe, Cu, Zn, As, Pb, Zr, and Se.

The values of concentrations obtained for all above elements, except for

Fe and Pb, were much lower than the maximum permissible values

provided by the USA, EEC and WHO authorities. The origin for all the

observed elements, except Pb was considered not to be related to any



pollution resulting from human activity. They were considered to

originate in the soil and silt carried by the river. However, the observed

concentration of Pb, which were higher than the international

permissible levels in some locations, were attributed to automobile

emissions. This was clearly reflected the Blue Nile Bridge location

noted for heavy automobile traffic.

The high obtained values of Fe, as compared to the international

permissible levels, were considered to reflect the rich Fe content in the

soils and rocks through which the Nile passes.

From the performed measurements for heavy metals pollution in the Nile

water in Khartoum area using the XRF method the following

conclusions can be made:

- there is no heavy metal pollution in the Nile water in Khartoum area

resulting from industrial activities. However, there are indications for

possible Pb pollution resulting from automobile emissions.

- the concentrations for the observed heavy metals, except Fe, were

much below the maximum permissible international levels provided

by the USA, EEC and WHO.

- the origin for the observed concentrations of heavy metals, except for

Pb, was considered to be soil and silt carried by the river in its

journey from the Ethiopian Highlands and Lake Victoria.

69



1- Burcham, W. E. "Nuclear Physics -An Introduction", John Willy (1975)

2- Cesareo R. and Gigante G. E., "Multielement X-ray fluorescence

Analysis on Natural waters by using a preconcentration Technique

with Ion Exchange Resins", in "Water, Air and Soil Pollution", 9

(1978) pp. 99-111.

3- IAEA. TECDOC. 363, " Selected Topics in Nuclear Physics". IAEA,

Vienna, (1980).

4- Jaklevic, J. M. and Goulding, F. S., "Energy Despersive X-Ray

Spectroscopy", Vol. 17 (1981) pp. 104 - 120.

5- Josepf E. and Cerny F., "Nuclear Spectroscopy and Reaction" (1979).

6- Kump P., "Quantitative Analysis of Environmental Samples" (QAES),

University of Ljubliana, Solvania, (1995).

7- Luke C. L., "Determination of Trace Metals in Water using X-ray

Spectrometry" Chim. Acta, 41 (1986).

8- Pik A. J., Cameon A. J., Eckert J. M., Sholkovitz E. R. and Williams K.

L., Anal. Chem. University of Sydney, Sydney, (1979).

70



9- Piorek S. "Radioisotope Excited X-ray Analysis of Environmental

sample" Vol. 23, (1978) pp. 267 - 2f>0.

]0~ Tertian R. and Claisse F., "Principles of Quantitative X-ray

Fluorescence Analysis", Heyden and Son Ltd. (1982).

11- Ulrich M. M. and Hopke P. K., " The Determination of Uranium in

Natural Water" Anal. Chim. Acta, 135(1982).

12- U. S. Environmental Protection Agency, Products for Analysis, Hach

Comany, P. O. Box 608, London, Clorado, USA, (1996).

13- Van Esptn P., "Analysis of X-ray Spectra by Itrative Least Squares

Fitting (AXEL)" Vol. 16 (1978) pp. 215 - 230.

71


