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ABSTRACT

Environmental geochemistry is concerned with the abundance, distribution, and mobility
of chemical elements in surface materials at the surface of earth crust. This study aimed
at better understanding of geochemical behavior of U-238, Th-232 and K-40 in river
sediments and some heavy elements with emphasis on Mg, Ca, Mn, Fe, Ni, Cu, Zn and
Pb. The analysis was conducted for a total of 33 bulk sediment samples from White Nile,
Blue Nile and River Nile within Khartoum, the samples were fractionated into seven
grain sizes each (2000-1000, 1000-500, 500-250, 250-200, 200-125, 125-100 and < 100
um), using high resolution gamma-spectrometer for radionuclides measurements,
whereas Particle Induced X-ray Emission (PIXE) was used for heavy metals analysis.

On the average, the activity concentration of U-238, Th-232 and K-40 were 17.90+5.23,
16.38+5.34 and 379.82+107.76 Bq kg' in White Nile, 19.56+5.04, 17.72+4.69, and
494.36+105.79 Bq kg in Blue Nile and 19.27+2.88, 17.48+2.78, 359.50+83.15 Bq kg™’
in the River Nile sediments. Results revealed inverse relationship between activity
concentration and grain size in White and Blue Nile, while the trend is not clear in the
River Nile. In general, the variation of the measured values within single grain size was
smaller in White Nile compare to Blue and River Nile sediments, and it was observed
that the data are highly scattered in grain size (200-125um). The ratio between U-238/Th-
232 is grater than unity in the three rivers indicating that there is relative enrichment of
U-238 in the surface sediments. The activity concentration of the fallout radionuclide Cs-
137 is one order of magnitude lower in the White Nile sediments (0.89+0.96) Bq kg
compared to values in the Blue Nile sediments (3.60+1.55) Bq kg™'. Comparison of the
values obtained for natural radionuclides and the fallout radionuclide (Cs-137) in the
three sites with the global data reflect low and/or insignificant difference.

For heavy metal concentrations, based on the results obtained it was noted that the
elements fall into two distinct groups: Mg, Ca, Fe and Mn show high levels and thus they
are dominant in the surface sediments, while Ni, Cu, Zn and Pb show low values. The
concentrations of the heavy metals reflect no correlation with grain size in the three rivers
with the exception of Fe and to some extend Zn.

The plots of heavy metal concentration against the activity concentration of U-238 and

Th-232 displayed insignificant positive correlation.
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Chapter One

Introduction

Environmental geochemistry is a complex topic, and it is as a multi-disciplinary science,
it draws on the fields of geology, chemistry, and biology to provide information essential
to environmental management, planning, and health protection. Metals in the rivers
originate from natural as well as artificial sources. Metals that are naturally introduced
into the river come primarily from such sources as rock weathering, soil erosion, or the
dissolution of water-soluble salts. Naturally occurring metals move through aquatic
environments independently of human activities, usually without any detrimental effects.
Sediment is a matrix of materials which is comprised of detrital, inorganic, or organic
particles, and is relatively heterogeneous in terms of its physical, chemical, and biological
characteristics. Hakanson, (1992) stated that sediments have a marked ability for
converting inputs of metals from various sources into sparingly soluble forms, either
through precipitation as oxides or carbonates, or through formation of solid solutions
with other minerals. Thus, aquatic sediments constitute the most important reservoir or
sink of metals and other pollutants. As the particle size influence very much the
properties of dispersed system especially sediments, there is a relationship between the
particle size and the chemical and geochemical of radionuclides and heavy metals in the
aquatic system include sediments. The particle size is determined by dry sieving to the
sediments. However, as the valleys of the River Nile and its tributaries were settled and
industrialized in some locations along its flow, the metals added by human activities have
affected the water quality of the river, so studying the speciation of these elements in
aquatic system is important.

Global estimates of sediment transport in major rivers of the world vary widely,
reflecting the difficulty in obtaining reliable values for sediment concentration and
discharge in many countries. So having radioactivity maps can provide an advantage
highly useful for environmental studies and geological mapping often indicating features
not seen by other techniques. Radiation, specifically gamma rays, is released through the

spontaneous decay of radioactive elements. The three most common naturally occurring



radioactive elements are potassium, uranium and thorium; these elements are found at
some concentrations in most rock-forming minerals. Potassium, for example, occurs
mainly in the mineral feldspar which is an abundant and widespread mineral in the earth's
crust, and a prominent component of granitic rock. Uranium and thorium are generally
present in low concentrations (measured in parts per million (ppm)) in a wide range of
minerals, where uranium occurs at high concentrations, it represents a target of economic
interest to mining companies.

From environmental surveys, using the distinctive gamma-ray spectra from potassium
and the daughters of the two radioactive elements; uranium and thorium, high resolution
gamma-ray spectrometry used to measure the activity concentrations of K-40, U-238, Th-
232 and the fallout radionuclide Cs-137 which can be used to compose the radiation map
of the country addition to know their geochemistry in different grain size of surface
sediments. Although, there is an increasing awareness of the hazards that exist due to the
contamination of fresh water produced from industry, little is known about the
concentration of heavy metal in River Nile sediments, whereas no data about their
behavior and association in different component of aquatic system. In this study and in
order to give a complete image from environmental geochemistry point of view, Particle
Induced X-ray Emission (PIXE), with it's high sensitivity and multi-elemental capability
and which has been proved to be a very useful technique for obtaining the concentration
of heavy elements in aquatic sediment, used to investigate the associate of heavy metals
in different grain sizes of sediments, these elements include: magnesium, calcium,

manganese, iron, nickel, copper, zinc and lead.

1.1 Environmental Geochemistry of Uranium and Thorium
1.1.1 Geochemical associations

Natural radionuclides from uranium and thorium series are present everywhere in the
environment. They are part of soil, rocks, water, and food and can also be detected in the
human body. Uranium-238 and thorium-232 are parents of two complex series of
radioactive elements, with lead being the last (stable) element in both series. The uranium
normally found in nature consists of three isotopes having mass number 234, 235 and

238. In the earth’s crust 2*U is present in the amount of 99.28%, and is usually in



radioactive equilibrium or near equilibrium with its daughter ***

U. Thorium normally
found in nature consists of three isotopes having mass number 232 and 228, in ***Th
decay-series, and 230 in ***U decay-series. Uranium and thorium are present in the
earth’s crust at average concentrations of 4.2 and 12.5 ppm, respectively (Shawky et al.,
2001). The constancy of this value in many different igneous rocks indicates the general
lack of fractionation of the two elements during magmatic processes. Uranium and
thorium are preferentially incorporated into late crystallizing magmas and residual
solutions, because their large ionic radii preclude them from early crystallizing silicate.
Therefore, they are found associated mainly with granite and pegmatite. The
geochemistry of uranium and its deposits has been studied intensively because of the
importance of this element as a source of energy based on industrial fission of *°U.
Thorium is now thought to be about three times as abundant as uranium (UNSCEAR,
1993). In addition to its importance as a nuclear fuel, thorium is widely used in industry.
Uranium and thorium and their compounds are highly toxic from both chemical and
radiological standpoints. Exposure to thorium and uranium is encountered in the mining
and milling of elemental ore materials and at various other stages in the elements
industry. Uranium-238 and thorium-232 are primordial radionuclides. In most places on
earth they vary only within narrow limits, but in some locations there are wide deviations

from normal levels.

1.1.2 Effect of weathering

In the oxidizing zones of terrestrial near-surface environment, both uranium and thorium
mobilized, but in different ways. Thorium is largely transported in insoluble resistant
materials or is adsorbed on the surface of clay minerals. In the other hand, uranium may
either move in solutions as a complex ion, or like thorium, in adsorbed or detrital phase.
Both elements occur in +4 oxidation state in primary igneous rocks and minerals, but in
near surface environment, uranium may oxidize to (V) and (VI) states.

In the (VI) state uranium forms soluble uranyl complexes ions (UO,™) which play the
most important role in uranium transport during weathering. If a geological formation
containing ***U and **Th is left undisturbed for very long periods of time, the members

of the individual decay series will grow, reaching a state of “‘secular equilibrium’” which



is characterized by the fact that every element in the series will present the same activity.
This is not the case, however, if one of the radionuclides (like *°Ra) migrates in the soil
matrix and is deposited somewhere else. If this condition occurs, the equilibrium is
disrupted and the secular equilibrium will not exist anymore. This radium is then said to
be ‘‘unsupported’’, meaning that its activity is not related to the activities of its
predecessors in the series and thus "Radioactive disequilibrium" is induced between the
nuclide above and bellow radium. At the same manner radon gas may be a reason of
such disequilibrium since it can diffuse out of a deposit if the structure is slightly porous.

Uranium is a redox-sensitive and biologically-related element, and a small change to
more reducing conditions may immobilize the soluble U (VI) to insoluble U (IV), while
more oxidizing conditions have the reverse effect. Transfer of uranium from water to
sediments is known to arise from adsorption and/or adhesion onto settling particles
including organic matter. Additional transfer of uranium may result from diffusion into
the sediments and reduction of U (VI) to U (IV) with precipitation of U (OH), at the
redox boundary. Thorium is an element mostly associated with terrestrial materials, and
is well known as an immobile element. Thorium has an extremely low solubility in water
and is conserved during chemical weathering processes. Therefore, thorium is recognized
as a proxy for terrestrial materials. Lake bottom sediments contain uranium and thorium
isotopes originating mainly from two sources: one is U (Th) fraction in soil itself derived
from river and direct discharge (hereafter referred to as terrigenous U (Th)) and the other
is U (Th) fractions which is formed mainly from a dissolved phase within the lake and its
input rivers (hereafter referred to as authigenic U (Th)). Actually, the authigenic (U) in
sediments seems to reflect the physico-chemical conditions of sedimentation and

environmental changes and thus it is essential to separate the two uranium sources.

1.1.3 Sources of uranium and thorium

1.1.3.1 Igneous rocks

Uranium and thorium are highly concentrated in continental igneous rocks and in
particular, silicic rocks such as granite are enriched with uranium and thorium up to two
orders of magnitude over oceanic basalts. There are three ways in which uranium and

thorium can distributed in igneous rocks: by direct cation substitution in the silicate of the



major rock forming minerals; as minor or major component of accessory minerals such as
monazite and zircon; and by adsorption in lattice defects or onto crystal and grain

boundaries (Ivanovich, 1992).
1.1.3.2 Sedimentary and metasedimentary rocks

Most clastic sediments contain uranium level in the range of 0.5-4 ppm, while organic-
rich shales and marine phosphates contain uranium in the level of 3-1200 ppm. Thorium
concentration in most clastic sediments is similar to the sources rock and this refer to low
solubility of thorium in natural waters, while mostly due to mechanical sorting process,

high thorium concentration found in some sands.

1.1.3.3 Recent sediments

Certain organic sediments such as humic substances are enriched in uranium and they
play important role in adsorption of uranium and thorium from water (Zielinski and
Meier, 1988). Thorium content of recent authigenic sediments is generally low. Degnes et
al., (1977) studied uranium in Black Sea mud's and thought that living organic material ,
such as plankton, is also be capable of complexing uranium, and this supported from
Mann and Fyfe (1985) by showing that the concentration of uranium is in order of 10° to
10° over in fresh—green algae than surrounding river water. Reduction of uranium from
hexavalent to tetravalent state occur after complexing either by H,S produced from the
decomposition of organics, (Langmair, 1978), and this known as sulphate-reducing

organism (Lovley and Philips, 1992).
4(UO, (COs)s™* + HS +15H" -  4U0, + SO,* + 12CO, + 8H,0
The other way of reduction U™ to U™ is by iron reducing (Fredrickson et al., 2000).

1.1.3.4 The hydrosphere

Uranium content in fresh water varies from 0.01 to 5 ppm in surface waters, and from 0.1
to 50 ppm in ground waters (Gascoyne, 1992). This refers to the variability associated
with fresh waters, which depend on factors include: contact time with the uranium—
bearing horizon, uranium content of the horizon, and amount of evaporation and
availability of complexing ions. The content of thorium in natural waters is extremely

232

low, Moore (1981) determined ~°“Th content of surface and deep-sea waters and found it



is about 0.01 to 0.03 dpm.ton™ ( 0.027 ng.Kg™) and **°Th is 0.03 to 0.13 dpm.ton and

0.3 to 2.7 dpm.ton™ in surface and deep-sea waters respectively.

1.1.3.5 Ore deposits

The study of ore deposits of uranium and thorium provide much information about their
geochemistry, these economic sources of uranium, which are thought to have been
formed by precipitation from hydrothermal solutions or ground waters in reducing
environment, contain uranous oxides; uraninite (UO,), pitchblende (UO, to UQOy), silicate
and coffinite( USiO4). The whole amount of environmental uranium is almost uniformly
dispersed in nature. In surface soils, its concentration ranges from 0.1 to 20 mg kg™ with
a world average value of 2.8 mg kg (UNSCEAR 2000a, b). The most economic sources
of thorium is monazite ((Ce, Y, La, Th) POy), because of its frequent occurrence as placer
deposits in detrital sands. The silicates, thorite, (ThSiO4), and oxides thorianite (ThO,)

are also sources of thorium (Ivanovich, 1992).

1.1.4 Geochemical cycles
1.1.4.1 Mobilization and transport in solution

Uranium and thorium in tetravalent oxidation state are both immobile in near surface
environment at low temperature, but due to the probability of uranium to oxidize to

hexavalent state, uranium is relatively soluble and may mobilize (langmuir, 1978).
U* +2H,0 » U0 +4H" + 2¢  Eg=027V

Uranium solubility in aqueous system is predominantly controlled by three factors;
oxidation—reduction potential, pH, and dissolved carbonate (Murphy and Shock, 1999).
Osmond and Cowart (1992) reviewed that; under reducing conditions, uranium (IV)
complexes with hydroxide and fluoride are only the dissolved species in natural waters,
and the precipitation of U*" is the dominant process leading to naturally enriched zones of
uranium in the subsurface. Higher disequilibrium has been noticed rather in the seawater
than in the sediments. Ku et al. (1977) reported that, the >*U/**U activity ratio in the
majority of natural waters equals 1-2, but in groundwater it ranges between 0.52 and

23477238
U/

9.02. Also surplus of **U is in seawater, but the U activity ratio in seawater

(especially in oceanic water) is relatively constant and equals 1.14. The **U/**U in
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saline waters (brines) is between 1.11 and 5.14 (Baar et al., 1979). Bottom waters (main
component of brines) probably have an effect on radioactivity disequilibrium between
isotopes of uranium. In river waters the values of the 2*U/**U activity ratio are between
1.00 and 2.14, but for the majority of the rivers it is equal to 1.20-1.30 (Miyake et al.,
1973). If the reduction process from U (VI) to U (IV) was dominant in reduction areas of

P4U/A%U activity ratio in

the Southern Baltic, we can expect the same value of the
sediments and bottom water and these values should oscillate near 1.17. In this case the
major contribution of uranium to sediments is by uptake from the water column
(Skwarzec et al., 2002). The reduction of Uranium from (6") to (4") can be microbially
mediated, and the geomicrobiology of uranium was reviewed by Suzuki and Banfield
(1999). In oxidizing aqueous environment, Uranium (VI) complexes are more soluble
than uranous species , and uranium (VI) is present as the linear uranyl dioxo ions (UO,>")
and an array of mononuclear and polynuclear hydroxide species. Mononuclear uranyl

carbonate species become more important with increasing carbonate concentrations

(Girmmar, 2001).

1.1.4.2 Mobilization and transport in particulate matter

Clearly the association of uranium and thorium with solid phase and the mobility of them
depend on the site-specific conditions. Unless chemical interactions occur across the
phase boundary, the movement of uranium and thorium as particulate matter is controlled
only by physical properties and flow velocity of the transporting medium. Thorium is
predominant transported in particulate matter and this refers to its extremely low
solubility in most natural waters. Even when thorium is generated in solution by
radioactive decay of uranium, it rapidly hydrolyses and adsorbs onto the nearest solid
surface. For this reason, the upper layers of deep-sea sediments are found to contain high
activities of unsupported *°Th and the *°Th/**U activity ratio of ocean waters is less
than 0.01 (Ku, 1976). The ocean water origin of this excess of *°Th is further
demonstrated by the high activity ratio of *°Th/***Th (up to 158) of recent pelagic clays

in the South Pacific Ocean.



1.1.5 Depositional process in the near surface environment
1.1.5.1 Inorganic and biogenic precipitation

In solutions, when uranium present as carbonate species, reduction of partial pressure of
carbon dioxide by degassing to the atmosphere will case precipitation of uranium with

another mineral as coprecipitation.

1.1.5.2 Adsorption

Insoluble hydroxides and oxides and clay minerals are removed from solution by
adsorption onto the surface of detrital particulates (inorganic and organic), these nuclides
produced from radioactive decay of uranium in sea water either from hydrolyzates or
adsorb directly onto particulate before descending to the ocean floor.

Removal of uranium from solutions in fresh waters and anoxic ocean-bottom waters
occur by reduction to the less soluble U*" species. There are two ways in which the
deposition of uranium occur with organic materials; either directly by surface adsorption
of U*, or indirectly by precipitation of insoluble uranyl compound followed eventually

by reduction.

1.1.5.3 Sedimentation

The transportation of un-weathered detrital minerals of uranium and thorium from
continental areas by rivers and tidal current is the main process via which uranium and
thorium enter lakes, estuaries and continental shelf environment. In tropical areas, where
the rate of erosion is high, mechanical sorting of sediments increase the concentration of
heavy resistant minerals such as monazite and zircon in sands of beach. The terrigenous
clays in deep waters are diluted with biogenic sediments , and these deposits are contain
uranium series nuclides in amount determined by their concentration in sea water,
biological fractionation mechanism, and the rate of descent through water column after

death, in the same time these deposits are depleted in detrital thorium (Ivanocich, 1992 ).

1.2 Heavy Metals in Aquatic System
Occurrence of heavy metals in surface water system can be originated from natural or

anthropogenic sources. The natural processing cause the cycle of heavy metals in the



environment and this supported by the man's activity. Under normal conditions, river
appear as the most important source of heavy metals in the aquatic system, this refer that
the river water contain mechanical and chemical weathering products of rocks, either in
solutions or particulates or sediments, addition to the compounds washed during the rain
fall from the atmosphere and originally have been contained in salt particles from the
land (Idris, 1999). Sediment is a matrix of materials which is comprised of detrital,
inorganic, or organic particles, and is relatively heterogeneous in terms of its physical,
chemical, and biological characteristics.

Sediments as sinks for heavy metals, thus they become more or less important part of
ecosystem. Many conditions such as pH, redox-potential, ionic strength and the
concentration of organic complexing agents affecting directly the release of heavy metals
into the water phase, so sediments also consider as a source of heavy metals (Saenz et al.,
2003).

The second important source of heavy metals is man-made sources, which include
chemical, metal industries and most of industrial processes involving water. The
discharge of this waste in aqueous system leading to enrichment of the concentration of
elements in water. Idris (1999) mentioned the major sources of anthropogenic pollutions,
and these include: industrial manufacturing processes, domestic waste-water usually
contains elements such as lead, zinc and copper, electrical power plants as a result of
burning of coal and oil, industrial metal processing which represents the main pollutant
are nickel and chromium, tanning industry from which chromium is released as a major
pollutant, fertilizers production (cadmium as by-product), paper manufacturing releases
mercury as major element in the effluent and the atmosphere fallout in which lead is

considered as the main element.

1.2.1 Speciation of heavy metals in aquatic sediments

The physical and chemical form in which the particular element is found is the simple
meaning of the term speciation. Aquatic sediments play a role of historical record for
accumulation of heavy metals addition to indication of pollution in the aquatic system. In
sediments, heavy metals can be present in various chemical forms, and generally exhibit

different physical and chemical behaviors in terms of chemical interactions, mobility,



biological availability and potential toxicity. It is necessary to identify and quantify the
forms in which a metal is present in sediment to gain more precise understanding of the
potential and actual impacts of elevated levels of metals in sediment, and to evaluate
processes of transport, deposition and release under changing environmental conditions.
A lot of investigations of the behavior of individual heavy metals in aquatic sediments
were done by many researchers, the aqueous chemistry of copper has been studied
(Mantoura et al., 1978), and they found about 90% of Cu in river water was complexed
by dissolved humic matter. In the absence of organic ligands, the most important
processes explain the chemistry of Cu™ are hydrolysis and precipitation of copper
hydroxide and carbonate in aerated waters. Adsorption onto suspended matter and
sediment is the major behavior of lead in fresh and saline water; although lead is differ
from copper behavior in organic matter (Mance et al., 1984). The main complexes of lead
in river water are carbonate in pH 7-9 and hydroxide. The concentration of lead in
sediment is higher in compare to water according to its solubility (Rudd et al., 1984).
Nickel speciation considered in both soluble and particulate matter, and about 90% of
nickel in an aerated fresh water is constitute of ionic nickel compare to the complexation
with natural ligands. In general nickel tend to form weak complexes with organic ligands
and the portion of total nickel associated with particulate vary from 7-99% reflecting the
variation in source rock and effect of industrialization (Rudd et al., 1984). In aerobic
water like fresh water, a significant amount of zinc is like to exit in ionic form such as
carbonate, hydrated ions and stable organic compounds addition to adsorption in organic
and inorganic collides (e.g. hunmic), and the later increase significantly when the pH

above 7 (Idris, 1999).

Any individual element seems to has its own behavior in aquatic environment, but in general
under normal environmental conditions, it appears that Cu, Ni and Pb would associate with
suspended particulate matter (60-80 %) while Zn and Cd like to remain in solutions (30-40
%)

1.2.2 Association of heavy metals with different grain size of sediments
Korede et al. (2005) reported that there are two components composed the surface
sediments; 1) mineral originate from bedrock erosion; and 2) organic component arising

during soil-formation processes, and the later include biological and microbiological
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production and decomposition. Classification of sediments depends on many factors, one
of them is the form in which sediment particles found, in the case of suspended matter
sediment particles transfer with water current because they found in water column,
whereas in deposited sediments the particles found in the bed of lake or river.

One of the most important factors that influence ecological health is the surface sediment
size distribution, and considering this Hakanson and Jansson (1983) classified sediments
to the following categories; < 2mm (sand fraction), < 63um (silt fraction) and < 2um
(clay fraction). This distribution affects surface sediment stability and sediment transport
rates by defining the roughness of the river.

The role of sediment in chemical pollution is tied both to the particle size of sediment,
and to the amount of particulate organic carbon associated with the sediment. The
chemically active fraction of sediment is usually cited as that portion which is smaller
than 63 pm (silt + clay) fraction. Many heavy metals (including radionuclides) and toxic
materials are transported through streams by binding to fine sediments, and for heavy
metals particle size is of primary importance due to the large surface area of very small
particles. The concentration of trace elements on stream bed materials is strongly affected
by the particle-size distribution of the sample (Rickert et al., 1977; Wilber and Hunter,
1979). Generally, the concentration of trace elements on stream bed materials increases
as particle size decreases. Heavy metals tend to be highly attracted to ionic exchange sites
that are associated with clay particles and with the iron and manganese coatings that
commonly occur on these small particles. Organic matter content strongly associated
with sediment and transported as part of the sediment load in rivers, so its play an
essential role in the high concentration of heavy metals in sediment addition to surface
area of fine grain size, and this importance appear clearly in case of high concentration of

heavy metals in coarse sand (Osman, 2006).

1.3 Objectives of the Research
This study is aimed at:
a. Building base-line data on the activity concentration of uranium, thorium,
potassium, caesium and the concentration of some heavy metals in River surface

sediments.
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b. Better understanding of the nature of distribution of primordial radionuclides and
heavy metals in River deposits.

c. Characterizing the geochemical aspects as to which sediments size fraction the
uranium, thorium, potassium and some heavy metals are associated with.

d. Exploiting the produced data as a blue-print for possible understanding the nature
of sedimentation processes in dynamic system such as River Nile and its main

tributaries.
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Chapter Two

Literature Review

The study of radioactivity and pollution in surface river sediments as one topic is rarely
published worldwide. In fact, there is lack of information in the fields of environmental
geochemistry and radioactivity in River Nile or its tributaries (White and Blue Niles) in
Sudan, in spite of Sudan is the only country contains the great Nile and most of its
tributaries. However, a similar work has been initiated by Sam et al. (1998a, 1998b,
2000a) and continued under his supervision in most cases to build up base line data of
radioactivity in the whole country.

Sam et al. (1998a) investigated the distribution of some natural and anthropogenic
radionuclides (**°Ra, ***Ra, *’K and *’Cs) in surface marine sediments from the harbour
of Port Sudan and Sawakin on the Sudanese coast of the Red Sea, using direct high-
resolution y-spectrometry. Evaluation of the results showed that there is no enhancement
by anthropogenic from hinterland. The average activity concentration of **Ra, ***Ra, *’K
and "*’Cs in Port Sudan harbour sediments were 11.05, 10.35, 311 and 7.02 Bq Kg
respectively, whereas in Sawakin harbour sediments were 12.61, 6.18, 192 and 4.51 Bq
Kg™' respectively.

Measurement of natural and fallout radionuclides in different environmental samples,
including sediments, from the Sudanese coast of the Red Sea have been made by Sam et
al. (1998b). Activity concentration level of uranium isotopes, thorium isotopes, “*°Ra,
YK, 7Cs and other radionuclides were determined in the samples and the average values
were 29.6+16.3, 11.6+15.2, 6.6+4.6, 6=6.1, 48.4+20.9 and 158.4£161.9 Bq Kg™' for **U,
22°Ra, #°Th, #*Th, ***Th and *°K respectively. The obvious conclusion was that the
activity concentration of the Red Sea is similar to the average activity of each of
radionuclides from other areas around the world.

Michihiro et al. (1987) investigated the concentrations of the three nuclides in river-bed
soil from the upstream area of Yoshii-River in Okayama Prefecture (Japan), samples
were sieved into six fractions according to particle-size and the concentrations of the

three nuclides were measured, they investigated that the activity concentration increased
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with decrease in particle-size of soil on all samples, though the particle-size distributions
varied with both sampling location and date. Thus the concentration of each nuclide in a
fine river-bed soil was found to show effectively the latest level of pollution in the river
water. The concentrations of >**U in each fraction of the two samples were measured by
gamma-ray spectrometer with intrinsic Ge-detector and ***Ra also with Ge (Li) detector.
The concentrations of both nuclides adsorbed on the soil and the **°Ra/ ***U ratio were
estimated with respect to the specific surface-area in each fraction.

Alam et al. (1997) have analyzed sediment samples from the Karnaphuli river estuary,
near shore, and off-shore regions of the coast of Chittagong in the Bay of Bengal for their
natural radioactivity contents of *°Th, ***U and *’K and anthropogenic radioactivity
contents of *’Cs and HPGe gamma spectrometry, together with the measurement of
sediment pH and grain size analyses of the collected samples. The activity concentration
found in sediment ranged from 10.44 + 2.31 to 64.02 + 8.13 Bq kg' for 2*Th, 5.87 +
1.21 to 27.85 + 1.71 Bq kg™ for U, 118.28 + 19.70 to 608.21 + 75.70 Bq kg™ for K,
and 0.09 = 0.06 to 4.64 + 0.19 Bq kg™ for *"Cs.

Selected sedimentary samples were collected from different locations on the east and
west banks of the River Nile in Upper Egypt for natural radioactivity measurements to
detect the presence of radioactive elements. From the analysis of radiations from **°Ra,
2Th and *K isotopes, the samples were found to contain “*°Ra, *°Th and *’K in
concentrations up to 52 + 7.3, 76.2 + 6.2 and 351.9 + 17.6 Bq kg, respectively (Uosif,
20006).

Akram et al. (2006a) reported natural radionuclide contents of 2Ra, **Ra and *K for
inter-tidal sediments collected from selected locations a long Balochistan Coast using
HPGe detector based gamma-spectrometry system. The sampling zone extends from the
beaches of Sonmiani (near Karachi metropolis) through Jiwani (close to the border of
Iran). The natural radioactivity levels detected in various sediment samples range from
14.4 £ 2.5 to 36.6 + 3.8 Bq kg 'for **°Ra, 9.8 + 1.2 to 35.2 + 2.0 Bq kg’ for ***Ra and
144.6 + 9.4 to 610.5 + 23.9 Bq kg for *°K, no artificial radionuclide was detected in any
of the marine coastal sediment samples. '*’Cs contents in sediment samples were below

the limit of detection.
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Akram et al. (2006b) reviewed activity concentration of gamma emitting radionuclides in
shallow marine sediments of the Sindh coast using a gamma spectrometry technique. The
activity concentration has been found to vary from 15.93 + 5.22 to 30.53 + 4.70 Bq kg
for *°Ra, from 11.72 + 1.22 t0 33.94 +1.86 9.8 + 1.2 to 35.2 + 2.08 Bq kg' for ***Ra and
from 295.22 + 32.83 to 748.47 + 28.75 144.6 + 9.4 to 610.5 + 23.9 Bq kg 'for **K. No
artificial radionuclide was detected in the samples measured from the study area. As no
data on radioactivity of the coastal environment of Pakistan are available, the data
presented here will serve as baseline information on radionuclides concentration in
shallow sea sediments of the Sindh coast.

Sediment samples from the coast of Kuwait were studied and the activity concentrations
of natural as well as man-made radioactive sources were measured using Gamma-ray
spectrometry. The coast of Kuwait is mainly soft sedimentary colitic limestones or
sandstones, overlaid in many areas with beach or wind-blown sand. In the north,
suspended material from the Shatt Al-Arab delta has settled to form extensive soft areas
of inter tidal mud within Kuwait Bay. The radioactivity in southern areas reaches about
one half of the values commonly assigned as the world average. In the northern areas,
higher radioactivity concentrations are found but are still below the international levels
(Saad and Al-Azmi, 2002).

The natural radioactivity levels in sediments collected around lkogosi warm spring,
Nigeria, has been determined using a highly sensitive HPGe detector. The mean activity

40K, 226Ra and **®Ac were measured and found as followed 113.89 +

concentration of
5.64, 21.47 + 5.14 and14.20 £1.07 Bq kg' for *’K, *°Ra and ***Ac respectively
(Isinkaye and Ajayi, 2006).

Surface sediments measurements according to grain size for heavy metals as well as
radioactivity were conducted by Idris (1999) in Sudanese coast of the Red Sea. Five
fractions were analyzed for Mn, Fe, Ni, Cu, Zn and Pb; the range of concentration were
53.3-819ug/g, 1.4-51 mg/g, 8-131 pg/g, 9.5-113 pg/g, 18.4-142 ng/g, and 4-26.6 pg/g
respectively. From heavy metals measurement, it’s appear that for some samples there
was increasing of concentration with decreasing of particle size supporting the meaning

of anthropogenic contribution to these samples. For activity concentration the values

were 2.2-25.1 Bq kg (***Ra), 2.1-13.1 Bq kg (***Ra), 21.6-429 Bq kg (*’K) while
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7Cs was found below detection limits in most measurements and 8.3 Bq/Kg was the
highest value for it.

Sir El Khatim (2002) presented data of some natural and artificial radionuclides as well
as trace elements in marine environment. Surface sediments samples from shallow water
were analyzed and the activity concentration of ***U, #**Th and **K were 2.14-6.69, 27.3-
79.4 and 462-656 Bq kg respectively, whereas '*’Cs was not detected in all samples.
Concentration of trace elements was 0.8-20.5 ppm, 1.9-39.3 ppm, 6.3 ppm and 2.23 ppm
for Pb, Cr, Zn and Ni respectively. The conclusion of these values indicated that the
surface sediments from these coastal are poor in both radioactivity and trace elements
measurements compared to the global data available.

The pollution of Mooi River in South Africa has been reported after determination of
some heavy metals in sediment of the river. The study concerning with Cd, Pb, Cu and
Zn. Concentration of cadmium was found in the clay fraction in the range 66-107 pg/g,
and for lead it was 34-62 ug/g, zinc concentration was 25-59 ug/g while copper
concentration was found higher than the global data, and it was in the range of 11-36 ug/g
(Van Aardt and Erdmann, 2004).

Evaluation of the contamination in Suzhou River in China was done by Yuanxun et al.
(2003) using PIXE technique for determination the concentration of some heavy elements
such as Cr, Mn, Fe, Zn and Pb. The results demonstrated that the elemental content of
these heavy metals in the river gradually decreased with the rising tide. Minimum
concentration observed at high tide and the maximum were in the ebb tide.

Silt-sandy bottom sediments of the Odra River were studied (standard < 2 mm fraction,
of diversified grain-size distribution). The heavy metals content was determined in
various grain-size sub-fractions [mm]: < 0.2, < 0.1, < 0.06 and < 0.02. Samples contain
variable amounts of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn. Heavy metals concentrations
increase with the decreasing grain size. In general, fractions < 0.02 mm contain from 7.7
(Co) to 19.0 (Cu) times more metals than the raw sediments, while in case of fractions <
0.2 mm metals content exceeds 5.7 (Co) to 14.5 (Cu) times content in the raw sediments.
Finer fraction collects from 23% (Co) to 44% (Cu) of overall metal amount in the raw
sediment whereas coarser one concentrates from 44% (Co) to 70% (Cu). The linear

correlation between metal concentration in the raw sediment and contents of the

16



particular grain-size fractions has been found. Similarly, a linear correlation was also
found between metal concentrations in the raw sediment and contributions of metals in
each fraction to the raw sediments. (Aleksander et al., 2003)

The distribution of Si, Al, Fe, Mn, Cu, Zn, Ni and Cr in different grain-size fractions and
geochemical association of Fe, Mn, Cu and Zn with <63-um size fraction of bed
sediments of Damodar River has been studied. In general, concentrations of heavy metals
tend to increase as the size fractions get finer. However at two sites, near mining areas,
the coarser particles show similar or even higher heavy metal concentrations than finer
ones. The higher residence time and/or presence of coarser particles from mining wastes
are possibly responsible for higher metal content in the coarser size fractions. The
chemical fractionation study shows that lithogenic is the major chemical phase for heavy
metals. Fe and Mn are the major elements of the lithogenic lattice, constituting 34-63%
and 22-59%, respectively, of total concentrations. Fe-Mn oxide and organic bound
fractions are significant phases in the non-lithogenic fraction. The carbonate fraction is
less significant for heavy metal scavenging in the present environment and shows the
following order of abundance Zn>Cu>Mn>Fe. The exchangeable fraction of the
Damodar sediments contains very low amounts of heavy metals suggesting poor

bioavailability of metals (Singh et al., 1999).

John et al. (1989) studied the concentration of some heavy metals in sediments samples
collect from the Ohio River, and they found that the concentration of metals generally
decreased with distance downstream, with highest values occurring in the industrial areas

along the river.
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Chapter Three

Experimental Techniques

3.1 Introduction

Spectroscopic methods are the widely applied techniques for elemental analysis in
sediments, and this refer to their accuracy, good precision and high sensitivity. There are
many factors determine the appropriate technique for elemental analysis, but expected
concentration of the elements of interest in the sample play essential role among other
factors. For measuring radioactivity and heavy metals, there are several techniques called
Nuclear Analytical Techniques using for this purpose, from which we consider in this
study with gamma-ray spectroscopy to determine the activity concentration of natural
occurring radionuclides: ***U, **Th, and *’K and anthropogenic nuclide *’Cs, whereas
particle induced x-ray emission (PIXE) was used to determine heavy metals in the
samples, namely magnesium, calcium, manganese, iron, nickel, copper, zinc and lead.
There are four major essential components required in any simple electronic system used
in nuclear radiation detection as shown in Fig. (3.1).

The main aspect in the detection of nuclear radiation depends on the interaction between
the radiation and the detector, which end with giving all or some energy of the incident
radiation to the detector medium, either by direct ionization or by emission of a charge
particle which produces ionization in the detector medium. Several methods are applied
to detect this ionization; either by direct collection of produced charge by electrical mean
as in semiconductor detectors, or by emission of photons as in scintillation detectors. The
amplification system consist from preamplifier and the amplifier is used to amplify and
shape the pluses whose amplitudes are proportion to the energy of detected radiation
before send them to a pulse height analyzer, which sort the pulses according to their
amplitudes leading to form the required spectrum. The digital signal which proportional
to the pulse height made in analog-to-digital converter after the pulse inter in it, then
sorting of the signal into channels or memory to output the spectrum data is the final step

of process.
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3.2 Gamma spectrometry

Gamma-ray spectroscopy using the method of pulse height analysis makes possibility of
detecting gamma-emitters in the original sample without chemical separation. Such
determinations, as in alpha- and beta-spectroscopy, are possible because the method
provide a basis for the identification of specific nuclear transitions, which in turn
characteristic on specific radionuclides. Thus, both qualitative identification and
quantitative determination of radionuclides in the sample can be done using this
technique. The obvious advantages of gamma-ray spectrometry refer to the fact that
gamma-radiation is much greater penetration compared with alpha and beta-particles, and
hence; the method is non-destructive, sample preparation is straightforward and many
nuclides can be analyzed simultaneously including natural and anthropogenic. The form
in which the sample is presented to gamma-ray detectors depend on many factors such as;
the type of the sample, the available equipment, the composition of radionuclides and the
level of activity. The standard containers that are widely used are Marinelli beakers and
aluminium cans. Measuring time varies according to the sample type, required detection
limits, detection efficiency and radionuclides of interest. Detection of gamma-rays is
carried out either by semiconductor detectors in which conduction is activated by the
energy given from gamma photons, or by scintillation detectors (organic crystal), where
gamma photons are detected by photomultipliers. Semiconductor detectors have high-
resolution, this means good discrimination between most emissions lines, and therefore
used for direct quantitative spectrometry on complex samples like environmental
samples. There are several geometries of detectors available, all are based on a high-
purity germanium detectors cooled close to the temperature of liquid nitrogen (77K) to
give best possible resolution by minimizing leakage current of the detector, and those are
planner, closed-end coaxial and well type detectors. Inorganic scintillation detectors, on
the other hand, have poor resolution and for this they use mainly confined to total activity
measurements or to spectrometry aimed at determining a limited number of radioisotopes

and therefore for samples which have received preliminary chemical separation.
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Fig. 3.1: The general component of electronic system in nuclear instrumentation
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3.2.1 Calibration

To allow for reliable calibration, samples must be presented to the detector in a
reproducible geometry, and should be sealed good enough to provide maximum
sensitivity in the analysis of uranium and thorium via short-lived daughters of radon gas,
(Ivanovich, 1992). To achieve identification and quantification measurements on
unknown radionuclides, gamma spectrometer was calibrated with respect to energy,
efficiency, and resolution using a mixed radionuclides standard supplied by International
Atomic Energy Agency (IAEA). Energy calibration is essential to qualitative analysis,
whereas efficiency calibration is required in quantitative evaluations (Idris, 1999).

Any instrument that is to be used as a spectrometer requires calibration from time to time
with sources that emit radiation of known energies. Linearity of response with energy is
not being taken for granted, although highly desirable, and calibration with several
sources over the entire energy in the range of interest is therefore favourable. For gamma-
ray measurements with germanium or sodium iodide detectors, the position of photopeak

(full energy peak) is relevant for energy measurements.

3.2.1.1 Energy Calibration

The exact identity of photopeak present in the spectrum produced by the detector system
is a necessary requirement for the measurement of gamma-emitters. The energy
calibration is the establishing of the number of the channels present in a multi-channel
analyzer (MCA) or plus height analyzer in relation to gamma-rays energy. This
calibration was made by measuring radioactive Amerasham mixed standard for six hours
(Table 3.1). The simple relationship used for energy calibration using two points different

in energy and channel number is:

E, =E; + (AE/AC) * (C,-C))
Where: E; is the unknown energy having channel C,.
AE is the difference in energy.

AC is the difference in channel.
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3.2.1.2 Resolution Calibration

The resolution of the system is the capability of the detector to separate between two
adjoined gamma-lines and it is expressed as the full width of photopeak at the half
maximum (FWHM). The resolution of the system was checked periodically and it was

1.8 at 1332 keV *°Co line.

3.2.1.3 Efficiency Calibration

An accurate efficiency calibration of the system is essential to quantification analysis of
radionuclides present in a sample. It is the relationship between the number of counts and
the disintegration rates, and the efficiency of gamma spectrometer is a measure of how
many pulses occur for a given number of gamma-rays. The full energy peak and its

calculation can be done using the following equation:

e = R/(S*P)
Where: ¢ is the efficiency.
R is the count rate in count per second.
S is the source intensity.
P is the probability of emission of particular gamma being measured.
Efficiency calibration curve using Amersham mixed radionuclides standard is shown in

Fig. (3.2).
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Table 3.1: Gamma energies, branching ratios and the half- live of the radionuclides
used for y- system calibration

Nuclide y-ray energy ( KeV) Half-live Branching ratio %
“¥Am 60 4327y 36.6
19¢cd 88 463 d 3.6
Co 122 271d 85.6
39Ce 166 137.66 d 79.9
3Hg 279 46.6 d 81.5
13gh 392 115d 64.17
B¢ 662 30y 84.62

8y 898 106.01d 94.00
%o 1173 106.61 d 99.35
%o 1333 1929 d 99.90
8y 1836 1929 d 99.98
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Fig 3.2: Efficiency (%) curve as a function of y-energy for HPGe detector
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3.3 Particle Induced X-ray Emission (PIXE)

Particle induced X-ray emission (PIXE) is by far the most used ion analysis technique in
the field of Ion Beam Accelerator (IBA). Johansson et al. (1970) presented PIXE as a
modern and powerful analytical method. This analytical method soon became widely
accepted in different accelerator laboratories, known as PIXE (Particle Induced X-ray
Emission) Spectroscopy. Characteristic X-rays produced in sample being irradiated by
MeV protons, were for the first time detected by semiconductor Si (Li) X-ray detector
that had just become available.

PIXE has four main physical processes of importance, those include: (i) inelastic
collisions by sample atoms when a charged particle (proton or heavier ion) enters the
material; (ii) decreasing of the energy of the ion along its path according to the specific
energy loss (stopping power); (iii) characteristic X-rays are emitted with a probability
given by the X-ray production cross section from some of the numerous ionised atoms
along the particle path; and finally, (iv) attenuation of X-rays emerging from the sample
in the material.

PIXE can be explained as a process composed from two atomic processes :( 1) ionization
of an inner shell of target atom by the incident ion; and (2) releasing of excess energy by
emission of a characteristic X-ray according to the filling of the subsequent electronic
vacancy by an outer shell electron.

The production rate of X-rays depends on both the energy of the impinging particle and
the atomic number of the target atom. As can be seen in Fig. (3.4), the X-ray yield for Na,
Si, Cu and Ba increases with the energy of the beam, but for a fixed beam energy, the X-

ray yield decreases steeply with the Z of the target element.
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Fig. 3.3: PIXE as a two steps atomic process
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For incident proton energy of 1— 4 MeV, elements with atomic number up to about 50 are
generally determined through their K x-rays (typically K, line) Fig. (3.5), whereas
heavier elements are measured through their L x-rays Fig. (3.6), because the energies of
their K x-rays are too high to be detected by using the Si(Li) detector available
commercially, and consequently all elements with Z >11 can be detected simultaneously
via either their K or L lines. These characteristics make PIXE suitable for trace element
analysis.

By convention, an x-ray line is denoted by a leading capital letter indicating the final
shell involved in the transition followed by a small Greek letter and a numeric subscript
to reflect the intensity of the line relative to the others (for example K,;). a; is the

strongest line, o, the next and followed by B, etc.
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Fig. 3.5: The partial energy level diagram of K X-rays lines
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3.4 Materials and Methods

3.4.1 Hydrology of Study area

The whole of Sudan is drained by the Nile and its two main tributaries, the Blue Nile and
the White Nile. The Nile flows for 6.737 kilometers from its farthest headwaters in
central Africa to the Mediterranean and the drainage basin of the Nile covers 3,254,555
km?; about 10% of the area of Africa, so considered as the longest river in the world. The
importance of the Nile has been recognized since ancient times; for centuries the river has
been a lifeline for Sudan.

The Blue Nile flows out of the Ethiopian plateau to meet the White Nile at Khartoum.

The Blue Nile is the smaller of the two; its flow usually accounts for only one-sixth of the
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total. In August, however, the rains in the Ethiopian highlands swell the Blue Nile until it
accounts for 90% of the Nile's total flow. The Blue Nile flows about 1,400 km (850
miles) to Khartoum, where the Blue Nile and White Nile join to form the "Nile proper".
90% of the water and 96% of the transported sediment carried by the Nile originates in
Ethiopia, with 59% of the water from the Blue Nile alone. The Blue Nile's two main
tributaries, the Dindar and the Rahad, have headwaters in the Ethiopian highlands and
discharge water into the Blue Nile only during the summer high-water season. For the
remainder of the year, their flow is reduced to pools in their sandy riverbeds (Michael et
al., 20006).

The White Nile flows north from central Africa, draining Lake Victoria and the highland
regions of Uganda, Rwanda, and Burundi. At Bor, the great swamp of the Nile, as Sudd
begins. The river has no well-defined channel here; the water flows slowly through this
region and much water is lost due to evaporation. The White Nile has several substantial
tributaries that drain southern Sudan. In the southwest, the Bahr al Ghazal drains a large
basin area. Although the drainage area is extensive, evaporation takes most of the water
from the slow moving streams in this region, and the discharge of the Bahr al Ghazal into
the White Nile is minimal. In southeast Sudan, the Sobat River drains an area of western
Ethiopia and the hills near the Sudan-Uganda border. The Sobat's discharge is
considerable; at its confluence with the White Nile just south of Malakal, the Sobat
accounts for half the White Nile's water. South of Khartoum, there was the Jabal al
Auliya Dam to store the water of the White Nile and then release it in the fall when the
flow from the Blue Nile slackens. Much water from the reservoir has been diverted for
irrigation projects in central Sudan, however, or it merely evaporates, so the overall flow
released downstream is not great.

The United Nile is in Khartoum, the Nile flows through desert in a large (S) shaped
pattern to empty into Lake Nasser (2,600 miles”, the world's second largest man-made
lake) behind the Aswan High Dam in Egypt. The river flows slowly above Khartoum,
dropping little in elevation although five cataracts hinder river transport at times of low
water. The Atbara River, flowing out of Ethiopia, is the only tributary north of Khartoum,
and its waters reach the Nile for only the six months between July and December. During

the rest of the year, the Atbarah's bed is dry, except for a few pools and ponds.
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The location of this study select apart of the Nile include ( Blue Nile, White Nile and
River Nile) in Khartoum state located between 15" 37' N latitudes, and 32" 33' E
longitudes with area of about 12416 km?, because it’s the important Sudanese city along

the Nile path in the country.

3.4.2 Sample collection and pre-treatment

During the period between November 2005 and June 2006 six field trips were conducted
in the White, Blue and River Nile in Khartoum state [Almourada, Aburoof, Alhittana,
Waddelbakheet, Karari, Khor Omer, Alkullia along the River Nile bank; Gar Alnabi,
Taibat Alhasanab, Umosher, Waddelagali, Allamab, and Algaba along the White Nile
bank; Soba Alhilla, Soba Cabo, Algiraif block 84, Algiraif block 3, Almanshia, Burri, and
Garden City along the Blue Nile bank] and a total of 33 bulk samples from surface River
sediments were collected from shallow water in about 15 cm depth. Samples were
collected using auger sampler and sometimes with hands and placed in polyethylene
bottles with screw caps. In the laboratory samples were sun dried on aluminium trays
then gently ground with mortar and pestle to preserve each grain size as it's as possible.
The samples of each river were mixed together to get a single homogenized sample and
then sieved through 2-mm mesh sieve after which remaining residue was discarded. The
homogenized bulk sample was sieved using assembly with pore diameters 2000, 1000,
500, 250, 200, 125 and 100 pum to give sub-samples (fractions). Fractionation was
preformed by shaking samples using a mechanical sieve shaker for twenty minutes with
the highest velocity of the machine. The homogenized bulk samples from each river (12)

and the total of 84 fractions were stored in plastic containers for further analysis.

3.5 Sample Measurements

3.5.1 Gamma-spectrometric measurements

The activity concentration of 28y, 22Th, “K and "’Cs in the samples were measured
using a high resolution y-spectrometry system equipped with high purity germanium
(HPGe) detector with 18% efficiency and u-shape configuration housed in 10 cm lead
shield. The detector was calibrated for different geometries using Amersham mixed
radionuclide standards (MW 652 for small geometry and MW 651 for large geometry)
supplied by International Atomic Energy Agency as displayed in Table (3.1). Suitable
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amount of sample, almost 0.5-1 kg, was tightly sealed in a Marinelli beaker with a plastic
cover and set a side for four weeks to allow gaseous “*’Rn (half-life 3.8 days) and it's
short-lived decay products *'*Pb (half-life 28.8 minutes) and *'*Bi (half-life 19.9 minutes)

to reach secular equilibrium with the long lived **°

Ra (half-life 1600 years) precursor in
the sample.

At the end of the in-growth period the samples were introduced into the lead shielded
detector at liquid nitrogen temperature (77 K) and counted for six hours. ***U was
analyzed through its progeny peaks: *'*Bi (609 keV) and *'*Pb (352 keV), while Z**Th
was analyzed through *®Ac (911 keV) and *®TI (583 keV) peaks. The activity of *’K
and "'Cs was measured directly via 1461 keV and 662 keV peaks, respectively. An
empty polyethylene container for each geometry was counted in the same manner as the
sample to determine the background distribution around the detector (Sam, 1998). The
certified reference material (Whey powder) supplied by International Atomic Energy

Agency (IAEA) was used as a quality control sample and the results show good

agreement between measured and certified values (relative error calculated was < 10%).

3.5.2 PIXE measurements

For PIXE measurements additional treatment for samples was done to ensure complete
dryness of the samples. Samples were placed in an oven overnight at 105° C and pressed
into pellets using an electrical compressor and coated with a weightless layer of carbon
using carbon coating system for electrical conductivity. The pellets were put in multi-
position target holder in a vacuum chamber which can accommodate up to 16 samples. 3
MeV of proton beam with 15 nA current was obtained from 5SDH 1.7 MV Pelletron
tandem accelerator. The beam with approximately 5 mm diameter fall onto the target, the
average measuring time for the individual sample was 20 minutes. The emitted X-rays
were detected using silicon- lithium detector Si(Li) with 30 mm® active area and a
resolution of 170 eV as Full Width at the Half Maximum (FWHM) at Mn K, (5.9 KeV),
located at 135° with respect to the beam direction in the horizontal plane. A filter of Al
(230 um) with a hole in the center called funny filter (ff) was inserted between the target
and Si(L1) detector to suppress the X-ray emitted by elements with Z< 25. The associated
electronics include a plus optical preamplifier and amplifier connected to a multi-channel

analyzer and computer system. The X-ray spectrum was saved and analyzed using
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GUPIX (an interactive software package used to analyze and convert raw spectral data
into elemental concentrations) in off-line mode.

Analytical quality control is an essential part for the procedure. The quality control of
PIXE was checked by analyzing different soil reference materials (Geostandards BE-N
and DR-N) which prepared as the samples and the relative error was within the

acceptable limits (Roumie et al., 2004; Nsouli et al., 2004).
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Chapter Four

Result and Discussion

For the ease of reference the results obtained here for radionuclides and heavy metals in
different fractions of surface sediments from Blue, White and the River Nile are

discussed under subheadings detail of which will be given below.

4.1 Radionuclides

4.1.1 Activity concentration levels

The results of measurements of activity concentration (Bq kg™') of U-238, Th-232, K-40
and the fallout nuclide Cs-137 in sediments fractions (<100 — 2000 um) obtained from
White Nile, Blue Nile and the River Nile as well as concentration (ppm) of some heavy
metals namely, Mg, Ca, Fe, Mn, Ni, Cu, Pb and Zn are presented in Tabular forms and
graphs and will thus be discussed below.

Table 4.1 shows the statistical summary for activity concentrations of the above
mentioned radionuclides in different grain sizes (<100- 2000 pm) of surface sediments in
the three study sites. U-238 activity concentration falls within the range of 5.93- 29.10 Bq
kg with a mean value of 17.90+5.23 Bq kg™ in the White Nile, 8.84- 29.11 Bq kg with
a mean value of 19.56+5.04 Bq kg in the Blue Nile and 14.21- 24.29 Bq kg with a
mean value of 19.27+2.88 Bq kg in the River Nile surface sediments. It is apparent that
the mean uranium concentration in different grains sizes is typical in Blue, White and
river Nile sediments. This confirms that the River Nile sediments are mixture from Blue
and White Nile. It should be in place to note that the minimum value measured in the
River Nile sediment almost equal to the sum of minimum values obtained in both Blue
and White Nile.

Th-232 activity concentration in different grain sizes ranged from 6.17- 27.22 Bq kg
(16.38+5.34 Bq kg™') in the White Nile, 7.00- 26.22 Bq kg (17.72+4.69 Bq kg™) in the
Blue Nile and 12.60-22.80 Bq kg™'with a mean value of 17.48+2.78 Bq kg in the River
Nile surface sediments. The argument stated above for uranium applies well for thorium

activity concentration, indicating similar geochemical behavior for both elements in the

33



sediments. It might also be useful to recall that they belong to actinide group of elements
with similar radii.

On the average, the ratio between U-238 and Th-232 activity concentration is greater than
unity 1.09 in White Nile, 1.13 in Blue Nile and 1.10 in River Nile sediments. This is an
indication that there is relative enrichment of uranium over thorium in these sediments.
K-40 activity concentration falls within the range of 6.17- 27.22 Bq kg™ (379.82+107.76
Bq kg™) in the White Nile, 209.77- 624.15 Bq kg™ (494.36+105.79 Bq kg') in the Blue
Nile and 292.43- 692.79 Bq kg" (359.50+83.15 Bq kg') in the River Nile surface
sediments.

The activity concentration of fallout nuclide Cs-137 in different grain sizes of surface
sediments in the study area was measured and found in the range of 0.3- 2.88 Bq kg
(0.89+0.96 Bq kg™) in the White Nile, 0.71-6.98 Bq kg™ (3.60+1.55 Bq kg™) in the Blue
Nile and 1.73- 5.6 Bq kg (3.02£0.77 Bq kg') in the River Nile surface sediments. It
must be mentioned that the average Cs-137 activity concentration in the White Nile
sediments is one order of magnitude lower than in the Blue and River Nile. Cs-137 levels
in the Red Sea coastal sediments ranged from 0.8 to 18.54 Bq kg™ with an average of 4.12
Bq kg (Sam et al., 1998b), and 0.09 + 0.06 (min) to 4.64 + 0.19 (max) Bq kg in
sediments from Karnaphuli river estuary (Alam et al., 1997).

Table (4.2) demonstrates the comparison of data obtained in this study with similar data
reported from Karnaphuli river estuary in the Bay of Bengal (Alam et al., 1997), east and
west banks of the River Nile in Upper Egypt (Uosif 2006), and Balochistan Coast in
Pakistan (Akram et al., 2006a).
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Table 4.1: Statistical summary of activity concentration (BqKg™) for 28U, *Th, K
and *¥Cs in different grain sizes in sediments from White, Blue and River Nile (No.

96 samples)
Location | Statistical 238y 22Th K Bics
summary
White Nile | Mean+std | 17.91+5.23 16.3845.34 | 379.82+107.76 | 0.88+0.96
Min 5.93 6.17 154.48 0.30
Max 29.10 27.22 582.58 2.88
Blue Nile | Mean+£std | 19.56+5.05 | 17.72+4.69 | 494.37+105.79 | 3.60+£1.55
Min 8.84 7.00 209.77 0.71
Max 29.11 26.22 624.15 6.98
River Nile | Mean+std | 19.28+2.88 | 17.49+2.78 | 389.51+83.15 | 3.02+0.77
Min 14.21 12.60 292.43 1.73
Max 24.29 22.80 389.51 3.02

Note: full data tables are given in appendix

Table 4.2: Comparison of activity concentration (Bq kg™) obtained in this study
with some data

Location =8y #2Th K Reference
Karnaphuli river 587+121to | 10.44+231to | 11828 +19.70 | Alam et al.
(Bengal) 2785+ 1.71 | 64.02£8.13 | to608.21 =+ 1997
75.70
River Nile (Egypt) 52+73 76.2 +£6.2 351.9+17.6 | Uosif 2006
Balochistan 144+25to 9.8+1.2 to 144.6 £9.4 to Akram et
Coast(Pakistan) 36.6 3.8 352+2.0 610.5 £23.9 al. 2006a
Present study

i. River Nile 19.27+2.88 17.48+£2.78 359.50+83.15

ii. White Nile 17.90+5.23 16.38+£5.34 | 379.82+107.76

i Blue Nile 19.56+5.04 17.72+4.69 | 494.36+105.79

4.1.2 Correlation between activity concentration and grain size

The comparative study of activity concentration of U-238, Th-232 and K-40 as a function
of sediment's grain size from the three study sites was performed and presented in Figs
4.1- 4.9. The overall trend there is an increase in activity with decreasing in particle size
for uranium, thorium and potassium in both White and Blue Nile. However, the increase
in activity with particle size is sharper for uranium relative to thorium. This trend could
be explained by the fact that the smaller the particle size the bigger the surface area hence
more ion exchange capacity and greater adsorption (Rickert et al., 1977; Wilber and
Hunter, 1979 and Sam et al., 1998a).
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Upon comparing location-wise, in Blue Nile the fluctuation in activity concentration for
all radionuclides was obvious in contrast to the while Nile, Figs. 4.4-4.6 with noticeable
decline in the grain size 200-125 pwm and this probably due to depletion in binding
substrate which could be an organic matter or ferric-manganese oxides in this fraction
since they are the two main components of sediments responsible for adsorption of
radionuclides and play the role of sorption substrate in surface sediments (Sam, 1998).
On the other hand, in the River Nile sediments as presented in Figs. 4.7-4.9. there seems
no clear trend between activity concentration and the grain size as seen in the sediments
of its tributaries. We don't have clear explanation as why the River Nile sediments
display such exceptional behavior which is contrary to that met with sediments of White

and Blue Nile.
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4.1.3 Variation in individual values within single grain size

The study of variation in measured values of activity concentration in the same fraction
for each radionuclide in each river was conducted using Whisker's Box Plot and the
results are depicted in Figs. 4.10.-4.18.

As can be seen in, the activity concentration of U-238 and Th-232 in White Nile
sediments behave similarly with small variations in the fine grain sizes (<500) and
remarkable scattered in coarse fractions (>500um). Whereas in the Blue Nile the values
are highly varied in grain size 200-125um for both radionuclides, however, the variation
in U-238 activity concentrations tend to be wider than for Th-232. On the contrary, in
River Nile sediments Th-232 activity concentration is more scattered than for U-238 in
most grain sizes.

From the above it can be observed that, there is a general trend in the White Nile
sediments to reflect its behavior as it has a relatively constant flow and quiet move along
its stream, this mean there is enough time for sedimentation process to take place
throughout the flow and the sediments compose from almost same particles and hence
could be classified as homogenous sediments. In the Blue Nile sediments composition is
more heterogeneous; this might be related to the behavior of this river as it’s affected by
the tremendous runoff resulting during rain seasons (June to October) in the Ethiopian
plateau, so the content of the sediments in the different fractions may contain different
species of silt and clay materials. In River Nile sediments the variation is more pronounce
for Th-232 in most grain sizes except in the finest fraction (< 100 pm).

The variation in K-40 activity concentration in Blue Nile sediment fractions is generally
small for all fractions except in 200-125 pm, whereas in the White Nile sediments it is
wider in most fractions. The trend in the River Nile sediments shows that the variation is

remarkable in fraction 200-250 pum.
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Fig. 4.15: Plot of **Th activity concentration (Bq kg™) as a function of single grain size
in River Nile sediments
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Fig.4.16: Plot of *’K activity concentration (Bq kg™) as a function of single grain size in
White Nile sediments
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Fig. 4.17: Plot of *’K activity concentration (Bq kg™') within single grain size in Blue Nile
sediments
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4.1.4 The correlation coefficient

Normality test of the data showed that the distribution of the data is normal in all
locations of the study area. Based on this further statistical correlation analysis was
performed. Fig. 4.19-4.21 illustrate the correlation between the activity concentration of
radionuclides and grain size in sediments from White, Blue and River Nile, the
correlation is insignificant (R* = 0.077 for U-238, 0.052 for Th-232 and 0.133 for K-40).
The correlation coefficient as inferred from the nonparametric tests, because the grain
size as variable showed non-normal distribution and the values were -0.542 for U-238, -
0.462 for Th-232 and -0.371 for K-40, it appears that there is inverse relationship
between activity concentration of radionuclides and grain size which further confirms R

values.
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4.2 Heavy metals

Statistical summary of concentration (ppm or mg/g dry weight) of magnesium, calcium,
manganese, nickel, iron, copper, zinc and lead in different grain sizes (2000pm- <100um)
of surface sediments collected from White, Blue and River Nile within Khartoum state
boundaries are shown in Table (4.3).

Table 4.3: Statistical summary of Concentration (mg/g dry weight) for Fe, Ca, Mg
and Mn in different grain sizes of sediments from White, Blue and River Nile (No.

48 samples)
Element Mean + std Min Max Location

Fe 54.94+8.67 37.80 67.31

Ca 34.80+£10.67 22.89 51.82 White Nile
Mg 14.20+£2.13 11.32 18.49

Mn 1.19+0.33 0.82 1.78

Fe 90.49+18.78 39.99 106.34

Ca 35.82+4.35 24.36 41.11 Blue Nile
Mg 12.24+1.90 7.46 14.40

Mn 1.62+0.25 0.92 1.91

Fe 87.92+7.13 77.32 98.00

Ca 33.70+4.33 28.16 42.02 River Nile
Mg 12.00+0.63 10.68 12.79

Mn 1.61£0.18 1.28 1.87

Note: full data tables are given in appendix

Table 4.4: Statistical summary of Concentration (ug/g dry weight) for Ni, Cu, Zn
and Pb in different grain sizes of sediments from White, Blue and River Nile (No. 48

samples)
Element Mean + std Min Max Location
Ni 35.26+14.99 12.77 65.90
Cu 32.86+£11.16 16.30 54.81 White Nile
Zn 74.75+9.82 56.70 91.98
Pb 8.85+6.12 3.09 32.08
Ni 49.284+20.78 14.13 84.07
Cu 61.39+19.58 22.73 90.78 Blue Nile
Zn 116.95+27.01 49.66 150.60
Pb 12.05+6.02 0.94 19.67
Ni 48.78+16.49 23.95 76.19
Cu 59.72+9.75 38.71 74.59 River Nile
Zn 113.33+£12.69 94.87 136.90
Pb 12.80+6.84 1.28 22.06

Note: full data tables are given in appendix
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Based on concentrations encountered in different grain sizes, the elements considered
could be classified into two broad categories. Fe, Ca, Mn and Mg are relatively present in
high concentrations as depicted in Table (4.3) with the exception Fe in White sediments
which display relatively low concentration; on the average the values obtained are similar
in all sites. This similarity in concentration of heavy metals in different grain sizes, reflect
the crust origin of the sediments and absence of anthropogenic contribution in the
sediments (Idris, 1999).

Upon plotting the concentration of each element against grain size in the three rivers as
illustrated in Figs.4.22-4.25, it seems that there is no clear relationship between elemental
concentration and the particle size. The only noticeable observation is that there is sharp
decrease in concentration of the four elements (Fe, Ca, Mn and Mg) in fraction size 500-
250 pm.

The other category represents elements (Ni, Cu, Zn and Pb) that reflect low
concentrations compared to the elements mentioned above. Table (4.4) show
concentration obtained in different grain sizes of sediment of the three rivers. Upon
comparing the results location-wise, the results are more or less similar with the
exception of Zn which remarkable fluctuation from one site to another. Likewise, there
seems no correlation between elemental concentration and grain size (Figs.4.26-4.29).
The comparison between these values of heavy metals concentration with reported data
from Mooi River in South Africa (Van and Erdmann, 2004) [Pb 34-62, Zn 25-59 and Cu
11-36 pg/g], shows that the range of lead in the three sites is lower than those found in

Mooi River, whereas zinc and copper are higher.
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Fig. 4.23: Plot of Ca concentration as a function of sediment grain size in White, Blue
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4.3 Correlation matrices between U-238 and Th-232 and heavy metals

contents in sediments

The study of correlation of U-238 and Th-232 as natural radionuclides and heavy metals

in sediments from the three sites (Blue, White and River Nile) presented in table (4.5).

Positive correlation between all elements was noticed, and from correlation coefficient

insignificant correlation was observed for natural radionuclides (238U, 232Th) and heavy

metals.

Table 4.5: Correlation coefficient between Natural radionuclides (***U and **Th)
and some heavy metals content in River sediments

Fe Ca Zn Ni Cu Mn Mg Pb U Th
Fe | 1.00
Ca | 0.65 | 1.00
Zn | 098 | 057 | 1.00
Ni | 060 | 059 | 059 | 1.00
Cu | 089 | 053 | 0.90 | 0.60 | 1.00
Mn | 0.76 | 067 | 0.80 | 0.64 | 0.74 | 1.00
Mg | 0.08 | 051 | 0.03 | 0.13 | 0.08 | 0.13 | 1.00
Pb | 030 | 039 | 029 | 057 | 044 | 037 | 0.18 | 1.00
U [ 044 | 021 | 045 | 0.11 | 040 | 0.19 | 0.15 | 032 | 1.00
Th | 0.49 0.2 052 | 0.15 | 050 | 030 | 0.23 | 0.34 | 0.95 | 1.00
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CONCLUSIONS

From the measurements of activity concentration for >**U, ***Th and **’K in different grain
sizes of river surface sediments from White, Blue and River Nile in Khartoum state, the
following conclusions can be drown:

The activity concentration for the elements of interest in the bulk sample offer base line
data in rivers surface sediments in Khartoum state and from the values obtained the levels
of natural and anthropogenic radioactivity are in the similar range of worldwide data.
Activity concentration of natural radionuclides (***U,”*Th and *K) show negative
correlation with grain size in the sediments, i.e. activity concentration increases with
decreasing particle size, whereas for artificial (**’Cs) there no clear behavior with respect
to grain size.

The mean activity concentrations of 280, #*Th and *K in the three rivers show similar
values with exemption of “’K in Blue Nile which show higher value in comparison to
other locations.

The scattered of the values within the same fractions appear more pronounced in Blue
Nile and River Nile rather than White Nile.

The similar geochemistry of ***U and **Th reflect their belonging to one group
(actinides).

On the other hand, the findings obtained from determination of concentration of selected
heavy metals (Mg, Ca, Mn, Fe, Ni, Cu, Zn and Pb) in the same sediments are:

The concentrations of these selected heavy metals show insignificant correlation with
grain size except for Fe and to some extend Zn.

The high concentrations of Ca, Mg, Fe and Mn in comparison with other elements
indicate crustal origin of these elements in the sediments and confirm the absence of
anthropogenic contribution.

The data describe the speciation of selected heavy metals in surface sediments of

dynamic system such as the three rivers.
RECOMMENDATION

Further comprehensive seasonal studies based on selected locations along the three rivers

can provide a complete image from environmental monitoring point of view.
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Table (4.6): Activity concentration (Bq kg™) of U-238, Th-232, K-40 and Cs-137 in
different fractions of Blue Nile sediments

Code U-238 | Th-232 K-40 | Cs-137 | Size(um)
B-1.1 15.99 18.13 | 402.99 1.79 2000
B-1.2 16.44 16.62 | 367.69 1.87 2000
B-1.3 17.84 16.33 | 396.51 4.76 2000
B-1.4 20.08 17.07 432.62 5.11 2000
B-2.1 21.57 21.59 | 509.36 1.65 1000
B-2.2 21.12 21.82 | 483.84 5.04 1000
B-2.3 21.69 19.28 | 538.68 5.12 1000
B-2.4 16.67 18.33 | 462.18 5.00 1000

B-3.1 16.78 14.10 501.54 2.14 500
B-3.2 17.55 14.63 424.52 3.07 500
B-3.3 13.01 8.94 547.14 0.71 500
B-3.4 11.68 7.00 517.91 1.09 500
B-4.1 19.12 18.73 624.15 3.67 250
B-4.2 18.11 14.71 606.89 3.33 250
B-4.3 17.12 19.52 619.41 6.98 250
B-4.4 16.03 17.45 608.12 3.23 250
B-5.1 14.03 11.82 293.93 1.80 200
B-5.2 22.63 17.93 382.42 3.44 200
B-5.3 20.44 17.99 392.31 3.40 200
B-5.4 8.84 8.18 209.77 2.11 200
B-6.1 22.78 18.77 605.77 3.72 125
B-6.2 22.64 19.68 608.39 4.77 125
B-6.3 21.32 19.29 610.68 4.84 125
B-6.4 19.88 20.36 571.90 5.65 125
B-7.1 28.13 26.22 523.90 2.80 100
B-7.2 29.11 23.38 529.79 4.86 100
B-7.3 28.66 24.64 545.96 4.56 100
B-7.4 28.46 23.73 523.86 4.32 100

MB1 16.70 16.63 426.76 3.80
MB2 13.73 15.59 419.16 1.93
MB3 14.75 14.68 398.48 3.06
MB4 14.95 16.125 | 447.85 2.88




Table (4.7): Activity concentration (Bq kg™) of U-238, Th-232, K-40 and Cs-137 in
different fractions of White Nile sediments

Code U-238 | Th-232 K-40 | Cs-137 | Size(um)
W-1.1 19.68 16.89 | 361.44 0.30 2000
W-1.2 13.88 11.44 | 220.36 ND 2000
W-1.3 13.88 11.36 | 220.36 ND 2000
W-1.4 19.96 17.38 | 364.93 0.34 2000
W-2.1 5.93 6.17 154.48 ND 1000
W-2.2 13.32 12.58 | 280.14 0.48 1000
W-2.3 16.18 14.64 | 302.30 0.65 1000
W-2.4 17.20 14.13 | 296.35 ND 1000
W-3.1 13.22 10.95 | 296.22 0.41 500
W-3.2 13.23 11.32 | 297.40 ND 500
W-3.3 12.36 11.98 | 282.09 ND 500
W-3.4 11.99 10.09 | 268.91 0.45 500
W-4.1 15.41 13.79 | 366.18 0.56 250
W-4.2 16.37 14.02 | 391.86 ND 250
W-4.3 14.44 14.28 | 441.13 0.36 250
W-4.4 15.60 13.14 | 383.13 ND 250
W-5.1 17.95 16.31 462.94 ND 200
W-5.2 18.06 1752 | 418.39 ND 200
W-5.3 18.78 16.52 | 489.23 0.59 200
W-5.4 19.15 17.51 465.05 ND 200
W-6.1 24.81 22.27 | 582.58 ND 125
W-6.2 21.29 22.26 | 353.31 ND 125
W-6.3 21.90 21.62 | 508.20 2.76 125
W-6.4 20.58 18.01 | 443.79 2.88 125
W-7.1 26.39 25,50 | 460.82 ND 100
W-7.2 25.87 27.22 | 473.85 ND 100
W-7.3 24.94 24.16 | 500.10 ND 100
W-7.4 29.10 25.75 549.52 ND 100
MW1 17.39 16.93 | 425.19 0.63
MW?2 15.59 17.49 404.25 0.49
MW3 16.95 17.69 | 430.51 ND
MWwW4 16.21 16.52 | 392.31 ND




Table (4.8): Activity concentration (Bq kg™) of U-238, Th-232, K-40 and Cs-137 in
different fractions of River Nile sediments

Code U-238 | Th-232 K-40 Cs-137 | Size(um)
R-1.1 19.44 18.78 401.23 4.26 2000
R-1.2 20.35 18.68 385.81 3.94 2000
R-1.3 18.22 18.23 388.29 3.28 2000
R-1.4 20.39 18.88 | 404.89 5.60 2000
R-2.1 17.76 16.93 316.10 2.95 1000
R-2.2 17.47 14.76 336.90 3.54 1000
R-2.3 16.63 16.67 326.11 3.77 1000
R-2.4 16.60 12.95 318.39 3.13 1000

R-3.1 15.24 15.68 357.59 2.48 500
R-3.2 14.84 14.12 314.07 3.01 500
R-3.3 16.28 14.25 319.10 2.83 500
R-3.4 15.35 12.60 302.13 2.58 0.5
R-4.1 17.78 18.24 474.31 2.28 250
R-4.2 23.37 22.37 692.79 ND 250
R-4.3 14.21 13.14 300.41 1.73 250
R-4.4 18.27 16.20 432.82 2.60 250
R-5.1 19.73 15.02 363.43 2.12 200
R-5.2 23.30 18.02 381.96 2.46 200
R-5.3 23.30 18.02 381.96 2.46 200
R-5.4 24.29 21.43 292.43 3.32 200
R-6.1 22.29 18.34 367.66 2.80 125
R-6.2 21.91 22.80 407.81 2.94 125
R-6.3 21.85 21.53 508.20 2.76 125
R-6.4 20.68 18.08 442.04 2.82 125
R-7.2 20.15 18.42 430.63 2.91 100
R-7.3 20.92 19.25 425.54 3.14 100
R-7.4 19.95 18.77 444.04 2.76 100

MR1 15.74 17.45 425.19 0.63
MR?2 16.39 18.57 404.25 0.49
MR3 16.32 18.92 430.51 ND
MR4 16.10 15.53 392.31 ND




Table (4.9): Concentration (mg/g or pug/g) dry weight of heavy metals in different
fractions of White Nile sediments

Code Fe Ca Zn Ni Cu Mn Mg Pb
mg/g | mg/g| po/g | Mo/g | Mg/g | mg/g | mglg | pg/g

W-1.1 | 60.46 | 51.50 [ 82.09 | 51.12 34.05 1.78 17.00 5.51

W-1.2 | 65.19 | 43.45 | 77.77 | 37.13 36.71 1.64 18.49 12.62
W-2.1 | 55.40 | 36.50 | 78.90 23.2 41.28 1.24 16.49 23.08
W-22 | 56.82 | 38.75 | 77.29 65.9 35.86 1.65 15.63 11.78
W-3.1 | 37.80 | 2431 | 56.70 | 28.09 21.52 0.83 12.22 ND

W-3.2 | 41.76 | 27.01 | 57.82 12.77 31.21 0.92 13.77 6.534
W-41 | 48.03 | 23.28 | 68.05 | 54.02 20.59 0.87 12.24 4.96
W-4.2 | 50.27 | 22.89 | 69.88 22.6 17.61 1.03 11.32 4.74
W-5.1 | 50.60 | 50.60 | 69.07 17.41 33.65 0.89 12.06 6.359
W-5.2 | 51.82 | 51.82 | 78.26 | 38.94 16.30 0.86 12.54 3.09
W-6.1 | 61.31 | 29.22 | 77.53 | 35.95 29.03 1.36 14.62 9.708
W-6.2 | 62.15 | 30.10 | 86.41 | 44.43 43.39 1.33 14.82 15.86

W-7.1 | 67.31 | 28.62 | 91.98 | 36.64 44.09 1.31 14.48 5.17
W-7.2 | 60.26 | 29.12 | 74.75 | 25.49 54.81 0.99 13.13 14.48
MW1 | 54.43 | 26.49 | 75.31 | 51.84 45.63 1.23 13.45 ND

MW?2 | 60.67 | 25.62 | 79.52 | 45.08 32.50 1.13 13.27 5.52




Table (4.10): Concentration in (mg/g or pg/g) dry weight of heavy metals in different
fractions of Blue Nile sediments

Code Fe Ca) Zn Ni Cu Mn Mg Pb
mg/g | mg/g| Mo/g | Mo/g | Hg/g | mg/g | mg/lg | Ho/g

B-1.1 | 101.44 | 41.12 | 134.80 | 69.84 70.19 1.91 13.73 13.08
B-1.2 | 103.39 | 37.96 | 150.60 | 53.47 90.78 1.73 13.80 1.49
B-21 | 98.08 | 3591 | 133.10 | 34.90 69.27 1.91 14.40 0.94
B-2.2 | 100.99 | 38.12 | 133.00 [ 40.94 79.30 1.84 11.99 16.10
B-3.1 | 39.99 | 24.36 | 49.66 14.31 26.41 1.74 89.24 7.66
B-3.2 | 58.93 | 29.33 | 69.41 | 38.94 22.73 9.22 74.62 11.83
B-4.1 | 8253 | 3544 | 103.20 | 25.68 54.81 1.43 12.81 14.37
B-42 | 87.64 | 35.15 | 114.10 | 54.13 65.93 1.66 12.44 18.86
B-5.1 | 96.46 | 38.51 | 121.00 | 80.57 60.02 1.60 12.44 18.19
B-5.2 | 106.34 | 38.32 | 130.70 | 84.07 65.92 1.54 13.79 13.46
B-6.1 | 96.68 | 37.50 | 126.40 | 26.85 39.49 1.57 11.48 8.82
B-6.2 | 100.01 | 33.36 | 128.80 | 57.62 64.81 1.58 12.58 7.5

B-71 | 9496 | 37.78 | 115.60 | 63.71 73.51 1.66 12.58 16.62
B-7.2 | 99.34 | 38.56 | 126.90 | 44.89 76.25 1.64 12.92 19.67
MB1 | 90.05 | 38.87 | 130.90 | 72.37 76.72 1.63 13.76 13.88
MB2 | 89.77 | 42.03 | 130.80 | 69.14 73.89 1.59 13.65 ND




Table (4.11): Concentration in (mg/g or pug/g) dry weight of heavy metals in different
fractions of River Nile sediments

Code Fe Ca Zn Ni Cu Mn Mg Pb
mg/g | mg/g | ua/g Hg/g Hg/g | mg/g | mg/g | uo/g

R-1.1 | 96.32 | 32.18 | 128.30 37.93 68.66 1.73 11.64 8.80
R-1.2 | 96.02 | 33.01 | 136.90 75.26 66.16 1.84 12.42 22.06
R-2.1 | 87.84 | 29.95 | 118.80 60.58 64.93 1.87 11.97 19.59
R-2.2 | 83.44 | 29.64 | 106.70 41.98 55.85 1.83 10.68 12.54
R-3.1 | 78.88 | 29.54 | 107.80 46.97 59.75 1.58 11.62 1.28
R-3.2 | 77.32 | 28.16 | 97.59 28.82 49.85 1.66 10.91 8.93
R-4.1 | 86.82 | 42.02 | 102.10 65.62 60.93 1.61 12.36 11.30
R-4.2 | 82.57 | 30.76 | 104.50 56.04 38.71 1.46 12.16 9.27
R-51 | 92.50 | 38.40 | 124.90 45.34 59.18 1.44 12.48 5.55
R-5.2 | 81.02 | 40.45 | 94.87 23.95 45.62 1.28 12.20 14.27
R-6.1 | 87.82 | 36.57 | 112.00 76.19 74.59 1.47 12.76 21.48
R-6.2 | 84.49 | 31.27 | 105.80 39.17 57.92 1.42 12.79 21.48
R-7.1 | 98.00 | 34.67 | 119.20 31.52 68.36 1.62 12.20 17.95
R-7.2 | 97.82 | 35.20 | 127.10 53.59 65.59 1.73 11.82 4.65
MR1 | 90.28 | 37.19 | 115.10 44.42 41.93 1.61 12.21 10.28
MR2 | 90.73 | 32.97 | 114.90 42.93 54.39 1.66 11.89 26.42
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