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Abstract 

The concentrations of elements and radioisotopes in sediment, soil, water and 

wild plant samples collected from Burullus Lake, Egypt, has been studied in 

order to understand current contamination due to agricultural and industrial 

wastewaters. A multiple approaches were applied to assess properly sediment 

contamination in the Burullus Lake. The distributions of the Al, Fe and Mn in 

the lake’s sediments are relatively homogenous with the exception of three 

locations with significantly high levels of Al and Fe in close approximation 

in the southeastern part. Sediments collected from the lake can be categorized 

as unpolluted with the exception of three locations which were very low 

polluted with Sr based on the geo-accumulation indices. High enrichment 

factors were obtained for Mn, Co, Cr, Cu and Zn. The MPIs indicate that one 

of the drain may have a major role in mobilizing major and trace metals in 

the lake environment while cluster analysis indicates possible pollution from 

only three of the drainage channels. Comparisons with consensus-based 

sediment quality guidelines revealed that 100%, ~69%, ~92% and ~15% of 

the samples exceeded the threshold effect concentration for Cr, Cu, Ni and 

Zn, respectively, with over 15% for Cr and Ni of the sample concentrations 

falling above the probable effect concentration. On the other hand, no 

samples exceed both levels for Pb. The concentration of 40K is uniform and 

that of 137Cs is generally higher in eastern part of the lake. The result indicate 

that 226Ra is less soluble in the lake environment than 232Th. Elemental 

concentrations in water have uniform distributions and the Fe, Mn, Co, Cr, 

Cu and Ni are more likely to exist in soluble phase in the lake environment. 
40K concentrations are higher in Sinjar region and sediment-water 

distribution coefficients of 40K decreases with increasing water salinity. 

Concentrations of major and trace elements in soil are higher in Sinjar Island 

than Al-Koum Al-Akhadr Island. Similarly, Sinjar Island have higher 
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activities of NORM but lower activity of 137Cs than those in Al-Koum Al-

Akhadr Island. There is no high radiation exposure to the humans in the study 

area from soil. No dependence of the concentrations of radioisotopes in wild 

plants on the specious of the plants included except for 40K isotope was 

found.  
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1.1 Environmental Pollution  

Environment is defined as the combination of external physical 

conditions that affect the growth, development and survival of human being. 

The environment is considered in terms of the most tangible aspects we live 

in, like air, water and food. A pollutant is any substance in the environment, 

which causes objectionable effects, impairing the welfare of the environment. 

Hence, environmental pollution is the presence of a pollutant in the 

environment; air, water and soil, which may be poisonous or toxic and will 

cause harm to human being [1]. Concerning for the effects of the 

environmental pollution and human health has increased in the last few 

decades.  

Wetlands are of ecological importance due to their hydrologic 

attributes and they are being ecotones between terrestrial and aquatic 

ecosystems. Sometimes they are being described as the kidney of the 

landscape because they function as downstream receivers of water and waste 

from both natural and human sources. They have been subject to 

transformation to drylands for agriculture schemes and human settlements, 

among others. River control schemes have often caused the loss, or area 

reduction of wetlands. The attributes of wetlands include high productivity, 

sources, sinks and transforms of numerous chemical, biological and genetic 

materials, and valuable habitats for fishers, wildlife and birds. Conservation 

associations and bodies worldwide noted and described the alarming changes 

in these important habitats. This led to the Convention on Wetlands known as 

RAMSAR Convention in 1971 [2].  

The spread and accumulation of radioactive substances and heavy 

metals in the marine environment raise many problems concerning the safety 

of biotic life, the marine food chain and ultimately consumers of the seafood 

[3]. To address these problems, assessment of polluting elements in 
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environmental samples (i.e. water, sediments, soil and plants) is essential to 

assess their toxicity impacts on human health. 

 

1.2 Radionuclide Pollutants 

The term nuclide is used to specify an atom in terms of its atomic 

number and mass number; the radioactive atoms are called radionuclides [4]. 

Radionuclides are considered one of the most pollutants to the environment 

due to its double toxicity; radiation and chemical. The determination of 

radionuclides in environmental samples is a crucial task in relation to the 

protection of human health [5].  

Radioactive elements are generally classified into two general types: 

naturally occurring and artificially produced radioactive isotopes. Natural and 

artificial radioactivity is explained in detail in the next section. Terrestrial 

radiation arising from the Earth's crust and building materials gives rise to the 

external exposure and inhalation or ingestion of natural radionuclides. The 

most important source of external radiation exposure is due to gamma-rays 

emitted from the 238U and232Th decay chains and 40K isotope. The 

radiological implication of these radionuclides is due to the gamma-ray 

exposure of the body and irradiation of the lung tissue from inhalation of 

radon and its daughters [6].    

Artificial radioactivity arises mainly from discarded radioactive 

sources, radioactive wastes and radioactive fall-out [7]. Human activities like 

mining and milling of mineral ores, ore processing and enrichment, nuclear 

fuel fabrication and handling of the fuel cycle tail end products have 

contributed to the increased concentration of some of radionuclides in the 

environment [8]. 

The intensity of the terrestrial natural radioactivity varies by an order 

of magnitude for different regions of the world due to geological and 
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environmental factors. The variations in the abundance and distribution of the 

primordial radionuclides in the environment account for the spatial variations 

in the natural gamma radioactivity of such environment. In the terrestrial 

environment, soil is the main reservoir of radionuclides and it acts as a 

medium of migration for the transfer of these radionuclides to the biosphere. 

Radionuclides are initially deposited on the upper surface of the soil, but they 

are quickly weather into the first few centimeters of the soil [9]. 

Radioactive pollution is as harmful as other forms of pollution. Thus 

the monitoring of anthropogenic radionuclides in the marine environment is 

of great importance, since the seas and oceans constitute the major 

repositories of this kind of element. Concentrations of anthropogenic 

radionuclides in the marine realm generally vary from region to region, 

according to the location and magnitude of the different sources of 

contamination [10].  

Radionuclides are powerful tracers for a variety of marine processes. 

Due to the relatively well-defined temporal and spatial characteristics of the 

introduction of radionuclides into the ocean, the knowledge of their input, 

transport and fate within the different marine compartments provides many 

insights into a large number of processes within the water column, and in 

both biological and sedimentary systems [10].  

Among the radionuclides produced artificially and released into the 

marine environment, 137Cs isotope is extremely dangerous. In the marine 

environment, these radionuclides may be retained by the sediments through 

fixation in suspended matter and sedimentation, direct precipitation of 

colloidal forms and the direct fixation by adsorption and deposition of 

organic matter which had previously incorporated the radionuclides [10]. 
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1.2.1 Natural and artificial radioactivity 

Naturally occurring radioactive materials (NORM) are those 

radionuclides that emit radiation spontaneously without the need for any 

additional energy to put them in an unstable state. NORM are found in all 

parts of the world with amounts that vary from place to another due to 

geographic or geologic conditions. Artificial radioactivity results from man-

made unstable nuclides. A stable nuclide can be changed to unstable, for 

example, by bombarding it with neutrons or high energy particles [11].                                   

Man's environment is pervaded by ionizing radiation of 

predominantly natural origin but human's activities can increase radiation 

levels either by acting on natural sources or by producing artificial 

radionuclides. Some naturally occurring radionuclides have been present 

since the origin of the Earth and these are responsible for most of the 

radiation exposure of the vast majority of individuals; other naturally 

occurring radionuclides are produced by the action of cosmic rays on atoms 

in the Earth's upper atmosphere. Three important types of ionizing radiation 

are emitted by radionuclides, namely  α-particles, β-particles and γ-rays [12]. 

The process whereby radionuclides emit ionizing radiation is called 

radioactive decay. Ionizing radiation can penetrate into matter, thus causing 

damage by interacting with the atoms and molecules of the media. 

As mentioned before, the classification of radiation comes from the 

Earth's crust or from the outer space, terrestrial or cosmic ray. The first one 

mainly originated from the so-called primordial radioactive nuclides that 

were made in the early stage of the formation of the solar system. There are 

many naturally occurring single or non-series primordial radionuclides such 

as 40K and 87Rb [12].  Potassium has three isotopes 39,40,41K, 40K of half-life  

1.28×109 y being the only radioactive isotopes with abundance 0.012% of 

total potassium, and it decays to 40Ca by emitting a beta particle with no 
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attendant gamma radiation and to the gas 40Ar by electron capture with 

emission of an energetic gamma ray of 1460.8 keV. Potassium is found in 

crystal rocks like granites and shale. In general, potassium is a primary 

constituent of several common rock-forming minerals. Its concentration in 

the Earth’s crust is about 1.8 mg kg–1, or 481 Bq kg–1 of 40K. It is the 

predominant radioactive component in human tissues and in most food. For 

example, milk contains about 74 Bq l–1 of natural 40K [12].  

In nature, there are three radioactive series or chains of radionnuclides 

(see Table 1-1). In addition to these three, there is a fourth, known as the 

neptunium series, which is artificial and not found in nature. These four 

series can be characterized in terms of the mass numbers of their constituents, 

as follows: A = 4n + m, in which A is the mass number, n is the largest whole 

integer divisible into A, and m is the remainder. Thus, there are four possible 

series: 4n, 4n+1, 4n+2 and 4n+3 [12–16]. 

Uranium is widespread in the environment. Most crustal rocks contain 

some uranium, averaging about 2.7 ppm or 33 Bq kg–1 [17–20]. Phosphate 

bearing rocks, which are often used as fertilizer, contain significantly higher 

concentrations of uranium, ranging from tens to hundreds of parts per million 

by weight. Uranium is also found in coal (and hence in coal ash) and other 

coal plant effluents [13].  

 

Table 1-1. Basic characteristics of the four radioactive series [4]. 

Name of series First 

member 

Half- life of first 

member (y) 

Last 

member 

Thorium (4n) 232Th 1.41×1010 208Pb 

Neptunium (4n +1) 237Np 2. 1×106 209Bi 

Uranium (4n + 2) 238U 4.7×109 206Pb 

Actinium (4n +3) 235U 7.1×108 207Pb 
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Naturally occurring thorium, as found in nature, is essentially 100% 232Th 

by weight. Thorium is widely found in crustal rocks, being rather more 

abundant in acidic than in alkaline materials. By weight, the average thorium 

content of the continental upper crust and soils is ~9–10 ppm, about four-fold 

greater than that of uranium [20, 21]. However, thorium has a much lower 

specific activity than uranium and the radioactivity concentration of the two 

elements is about the same. In a number of locations in the world, elevated 

levels of thorium occur in the soil, giving rise to high external natural 

radiation fields [22]. 

Cosmic ray protons with electrical charge are affected by the Earth's 

magnetic field resulting in concentrations near the Earth poles. They make 

complex reactions and are gradually absorbed. The result of the reactions is a 

mixture of many types of particles including protons, alphas, electrons and 

other high-energy particles. At ground level, the atmospheric cosmic 

radiation is primarily muons, neutrons, electrons, positrons and photons. 

United Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR) has calculated the annual effective dose from atmospheric 

cosmic ray at ground level to be about 0.4 mSv on average, allowing for 

variations in altitudes [11].  

Artificial radionuclides have been injected into the environment by 

nuclear weapons testing and by accidents, notably the Chernobyl reactor 

accident in1986. Very low levels of artificial radionuclides are released to the 

environment in effluents from nuclear power stations and nuclear fuel cycle 

facilities. The production and use of radionuclides for medical and research 

purposes also leads to some releases to the environment [4]. Radiocaesium is 

an important part of this debris. 137Cs released into the atmosphere becomes 

strongly adsorbed by clay minerals and also by organic matter in soils. It has 

received particular attention in the environment due to its long environmental 
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half-life, high radiotoxicity and easily assimilation by animal and plant 

tissues. It usually presents as simple cations with high solubility and mobility 

in marine environments, depending particularly on the sorption of Cs to 

sediment surfaces [22]. The other artificial radionuclide is the radioactive 

cobalt. Cobalt occurs in nature as 59Co. Among nine radioactive cobalt 

isotopes, 57,60Co have half-lives long enough to be of warrant concern. 60Co 

decays with a half-life of 5.3 y by emitting a beta particle with two energetic 

gamma rays make it external hazard isotope. It is produced by neutron 

activation in nuclear reactors and in particle accelerators. Trace amounts of 
60Co are also present around the globe from radioactive fallout as a result of 

past atmospheric weapon tests. It is less mobile radioactive metals in soil. It 

can be taken into the body through eating food, drinking water, or breathing 

air. Inside the body, cobalt presents a hazard from both beta and gamma 

radiation [12, 23].   

 

1.2.2 Equilibrium in radioactive decay  

The radioactivity decay law is given by  

N = N0 e tλ−  (1-1) 

where N is the number of radioactive atoms remaining at any time t, N0 is the 

original number of atoms and λ is the decay constant for the particular 

radionuclide. 

Since the activity is a constant multiple of N (A = λN), so the decay 

law can be applied only in the case of radioactive parent decaying to a stable 

daughter such as singly occurring radionuclides. The activity relationships 

among members of a chain are related to the decay constants of the 

individual members of the series. If only two members of a radioactive chain 

are considered that is, a chain with a radioactive parent giving rise to a 

radioactive daughter, three possibilities can be seen to exist: the half-life of 
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the parent can be greater than, equal (or nearly equal) or less than that of the 

daughter. These represent the secular, transient and no equilibrium, 

respectively [12].  

In the first case, secular equilibrium, with initially pure parent, the 

daughter activity will gradually grow-in until exactly equal that of the parent, 

or (λ1N1=λ2N2), in which the subscripts 1 and 2 refer to the parent and 

daughter, respectively. At equilibrium, the total activity is twice what was 

originally present from the initially pure parent. The decay of the mixture of 

parent and daughter follows the decay curve of the parent. Note that although 

the activities of parent and daughter are equal, the numbers of atoms present 

are not, because of the higher specific activity of the daughter, and are related 

to the ratios of their decay constants, which is simply a rearrangement of the 

terms in the previous relation, N1/N2=λ2/λ1. The daughter activity can be 

expressed by the following equation [12]: 

)1( 2

2

11
2

teNN λ

λ
λ −−=  (1-2) 

The term in parentheses is simply a buildup term, and represents the fraction 

of equilibrium achieved; as λ2t → ∞, te 2λ− → 0 and therefore λ1N1 = λ2N2. 

For practical purposes, 100% equilibrium is reached after about 7 daughter 

half-life, assuming an initially pure parent at zero time. 

The condition of transient equilibrium occurs when the half-life of the 

parent is slightly greater than that of daughter. In this situation, the parent 

undergoes measurable decay while the buildup of the daughter is occurring. 

As in the case of secular equilibrium, the decay of the combined mixture of 

parent and daughter follows the decay of the parent after equilibrium is 

reached. However, because the half-lives of the two are not largely differ, the 

combined activity from the parent and daughter never reach a value of twice 
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the initial activity of the initially pure parent. Mathematically, the general 

equation for the number of daughter atoms is expressed by [12]: 

teNN 10
1

12

1
2

λ

λλ
λ −

−
≅  (1-3) 

 and, since 
teNN 10

11
λ−=  (1-4) 

by substitution and rearrangement, the equation reduces to: 

1

12

2

1

λ
λλ −

=
N
N

 (1-5) 

The condition of no equilibrium occurs when the parent is shorter 

lived than the daughter. The limiting case for no equilibrium is the situation 

where a radioactive parent decays to a stable daughter; in this case the 

number of daughter atoms will increase exponentially with time and will be 

exactly equal to the number of parent atoms that have decayed [12].  

 

1.3 Heavy Metal Pollutants 

Environmental contaminant is a major problem being faced by the 

society. One of the many pollutants in the environment is heavy metals. 

Heavy metals are placed in-group of chemical elements whose density is 

more than 5 g cm–3, with relative atomic mass more than 40. The term “heavy 

metal” refers to any metallic element that has a relatively high density and is 

toxic or poisonous even at low concentration. Such conception is mistaken, 

for example, in this group: copper, zinc, molybdenum, cobalt, manganese, 

and iron, display positive biological activities proven long time ago. Some of 

them are called “trace elements” because under low concentrations they are 

useful in science and technology. In medicine, the concentrations of several 

trace elements are very crucial, some elements are essential in low 

concentration while a little higher concentration is hazardous [24].  
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Heavy metal enters the environment by two means: natural and 

technogeneous. From the natural sources, the most significant are: 

weathering of minerals, erosion, and volcanic activity. From the 

technogeneous sources are extraction and processing of minerals, 

incineration of fuel. Anthropogenic activities, such as mining and industrial 

processing, are the main sources of heavy metal contamination in the 

environment. Under certain conditions, these metals may accumulate in food 

products to toxic concentration level, which can lead to ecological damages 

[25]. Heavy metals have a great ecological significance due to their toxicity 

and tendency to accumulate in both of sediment and biota. These elements 

are not biodegradable and undergo a global ecological cycle. They are 

present in streams as a result of chemical leaching of bed rocks, water 

drainage and discharge of urban and industrial waste waters. Sediments are 

important component of ecosystem in which toxic compounds accumulate 

through complex physical and chemical adsorption mechanisms depending 

on the properties of the adsorbed compounds and the nature of the sediment 

matrix [25]. 

 

1.4 Potential Health Effects of Radiation and Heavy Metals 

Ionizing radiation interactions with human body arise from either 

external sources outside the body or from internal contamination of the body 

by radioactive substances. These interactions lead to biological effects which 

may later show up as clinical symptoms. The nature and severity of these 

symptoms and the time taken to appear depends on the absorbed amount of 

radiation and the rate at which it is received. Radiation injuries can be 

divided into two classes; somatic and hereditary effects. In the case of 

somatic effects, the damage appears on the irradiated person himself, while 

that in the case of hereditary effects arise only in the offspring of the 
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irradiated person as a result of radiation damage to germ cells in the 

reproductive organs; the gonads [26].  

The somatic effects are divided into early and late effects. Early 

effects are those which occur in the time period ranged from a few hours up 

to a few weeks after an acute exposure to a large dose (1 Gy give rise to 

nausea and vomiting in a few hours, 2 Gy can lead to death in 10–15 days, 

2–10 Gy lead to the so called infection death as a result of depletion of the 

white cells, >10 Gy drop the survival time to 3–5 days) received over a few 

hours or less. The main effects are attributable to bone marrow, 

gastrointestinal or neuromuscular damage depending on the dose received. 

Late effects are considered for peoples who work with radiation and exposed 

to relatively high levels of radiation. They showed higher incidence of certain 

types of cancers than those not exposed to radiation. This defect is 

transmitted to the daughter cell resulting in abnormal cell build up. Cancer 

risk is complicated by the long and variable latent period, ~5–30 y, between 

exposure and the cancer appearance. There is no threshold dose, below which 

there is no risk of radiation-induced cancer and so any dose, no matter how 

small, carries some risk [11, 26]. 

The hereditary effects of radiation result from damage to the 

reproductive cells, known as genetic mutations in the hereditary material of 

the cell. The International Commission Radiological Protection (ICRP) 

estimated the risk serious hereditary ill-health within the first two generations 

following the irradiation of either parent to be about 10 per million per mSv 

[26]. The total genetic risk in all generations, averaged over both sexes and 

over both ages, is about 8 serious effects per million per mSv [11, 26].  

In addition, trace elements have important effects in the life 

processes. The most activities have concentrated some of heavy metals in 
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certain areas up to the dangerous levels of living organism. These elements 

are believed to be acquired by the body as environmental contaminants due to 

contact with the environment. Therefore, trace quantities of these elements 

are already available in the human body. Trace elements find their way into 

the human body either by direct absorption via the air (inhaling) or drinking 

water, or via the food chain arising from agricultural and industrial practices 

(see Fig.1-1). Thus, even a small additional ‘pollution’ component can pose a 

serious health problem under some circumstances. However, the hazardous 

impacts of these elements are dependent upon the period of exposure, 

concentration and quantity of material used [27]. In the foregoing discussion, 

an attempt has therefore been made to discuss the potential health hazard 

problems related to some trace elements under investigation (Al, Fe, Mn, B, 

Co, Cr, Cu, Ni, Pb, Sr, V and Zn) when they accumulate in the human body.  

Aluminum enters the atmosphere as a major constituent of 

atmospheric particulates originating from natural soil erosion, mining or 

agricutral activities, volcanic eruption, or coal combustion. Atmospheric 

aluminum concentrations show widespread temporal and spatial variations.  

Due to increasing acidification of the environment triggered by industrial 

activities, the bioavailability of Al has markedly increased. There is little 

indication that aluminum is acutely toxic by oral exposure despite its 

widespread occurrence in food, drinking-water and many antacid 

preparations. Nausea, vomiting, diarrhea, moth and skin ulcers and skin 

rashes were noted as symptoms of increased levels of aluminum. Aluminum 

exposure is a risk factor for the development of Alzheimer disease in humans 

[28]. 

Iron: Inhalation of iron or iron oxide fumes or dust by workers in the 

iron and steel industry has caused siderosis, an iron pigmentation of the 

lungs, a benign condition. Excess iron can give gastrointestinal problems, 
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vomiting, and diarrhea, ending with cirrhosis for chronic exposure. It may 

also be carcinogenic. Its absorption is inhibited by calcium [29]. 

 

 
Fig. 1-1. Interactions of humans with the gaseous, liquid, and, solid 
enviroments. 
 

Boron is a naturally occurring chemical element found in rocks, soils 

and fresh and sea water. The major source of boron release to the 

environment is man-made emission from industries such as glass 

manufacture, coal burning power stations and sewage/sludge disposal. Boron 

is wide spread in the natural environment. Emissions from volcanoes release 

the element into the atmosphere. Excessive exposure to boron and its 

compounds may affect the brain, digestive system, eye, kidney, liver, lung, 

nose, reproductive system, skin, throat and the unborn child. The 
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Environment Agency aim to ensure that environmental exposures are too low 

to harm human health [30].     

Manganese is an essential trace element at low concentrations but 

toxic at higher concentrations. Manganese is introduced into the environment 

due to the burning of coal. The use of manganese in some fertilizers also 

contributes to water and air pollution. A daily allowance of 2.5–5 mg of 

manganese is recommended for humans [27], which acts as a cofactor in 

enzymatic reactions such as phosphorylation, synthesis of fatty acids and 

cholesterol. However, when exposed to higher levels of manganese, it 

accumulates in the kidney, liver and bones. Chronic exposure to manganese 

causes ‘Manganese Psychosis’, which is an irreversible brain disease. The 

inhalation exposure to manganese causes another fatal disease called 

‘Manganese Pneumonia’. Toxicity in polluted working environments leads to 

manganism, a neurological disease. Manganese competes with iron for the 

same absorption sites. 

Cobalt is an essential element for humans, plants and animals 

because it is associated with the synthesis of vitamin B12. The recommended 

maximum concentration of cobalt in irrigation waters is 0.05 mg l–1 and in 

livestock drinking water is 1.0 mg l–1 [27]. The maximum permissible limits 

of cobalt in drinking water for human consumption are not available. 

However, studies suggest that ingestion of an excessive amount of cobalt 

causes polycythemia and intercellular hypoxia. Chronic exposure to cobalt at 

higher concentrations produced goiter. 

Chromium present in the air is mostly due to burning of fossil fuels, 

which contribute about 1450 metric tons of chromium every year. Cr released 

by the electroplating, steel manufacturing, leather tanning and textile 

industries is largely responsible for water contamination. Chromium occurs 

in several valance states. Hexavalent chromium is 100 times more toxic than 
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its trivalent form. Trivalent chromium is also known to be toxic; therefore, 

the limits for chromium in water are based on total chromium contents rather 

than on hexavalent chromium alone. The US Environmental Protection 

Agency (US EPA) in 1976 suggests a total chromium limit of 0.05 ppm in 

drinking water. Orally administered trivalent chromium is not as readily 

absorbed as the hexavalent form. Exposure to hexavalent chromium causes 

dermatitis, conjunctivitis and gastrointestinal ulcers. Chronic exposure to 

chromate dust has been correlated with increased incidence of lung cancer 

[27].  

Copper is also an essential element for normal biological activities in 

humans. Sources of atmospheric copper include burning of coal, fertilizer and 

iron/steel production. Water pollution by copper results from the discharge of 

mine tailings and fly ash. In1972 World Health Organization (WHO) 

recommends 0.05 ppm as the maximum tolerance limit for copper. A daily 

dietary intake of 2 to 3 mg of copper is recommended for human adults. 

Ingestion of 15–75 mg of copper a day causes gastrointestinal disorders [27]. 

Continuous ingestion of copper from food and water may cause chronic 

copper poisoning. In addition, excessive intake of copper may cause 

hemolysis, heptotoxic and nephrotoxic effects. Inhalation of airborne copper 

causes irritation of the respiratory tract and metal fume fever. 

Nickel is mainly available in the coalfield environment due to burning 

of coal. Emission of nickel from fossil fuels amounts to about 70,000 tons per 

year. Nickel is an essential micronutrient for some microorganisms and 

animals, but not to plants. A recommended daily dietary intake of nickel is 

about 300–600 µg per day [27]. It is associated with the synthesis of vitamin 

B12. It is toxic at higher concentrations. Only 1–10% of the dietary ingested 

nickel is absorbed. Central Nervous System (CNS), gastrointestinal and 

respiratory effects are some common health effects attributed to nickel 
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exposure. One of the most dangerous sources of nickel pollution is nickel 

carbonyl, which is the airborne effluent from industrial units. Initial 

symptoms of toxicity due to nickel carbonyl are nausea, dizziness, headache, 

and chest pain. After 1 to 5 days, severe pulmonary symptoms, tachycardia 

and extreme weakness develop and even death may occur within 4 to 13 

days. Nickel dust is reported to be carcinogenic [27]. 

Lead: The natural dispersal of lead is somewhat restricted due to its 

insolubility. In coalfield areas, the major source of lead pollution is 

atmospheric fallout due to fossil fuel combustion. However, other 

anthropogenic sources contribute a major fraction to the aquatic environment 

and atmosphere. The overall human exposure to lead is primarily from food; 

however, most of the overt toxicity of lead results from fossil fuel and 

industrial exposure. The time required to accumulate toxic amounts shortens 

disproportionately as the amount ingested increases. For example, a daily 

intake of 2.5 mg of lead requires 4 years to reach a toxic burden, whereas a 

daily intake of 3.5 mg only requires a few months. The major routes of 

absorption of lead are the gastrointestinal tract and the respiratory system 

[27].  Acute CNS symptoms develop due to acute lead poisoning. The 

chronic CNS effects may be followed by coma. Lead mobilization during 

pregnancy is potentially very hazardous to the fetus. 

Strontium is one of the most abundant elements on earth, comprising 

about 0.04% of the earth's crust, at a concentration of 400 ppm. Strontium is 

also the most abundant trace element in sea water, at a concentration of 8.1 

ppm [29]. 

Vanadium: The main source for human exposure is food. Vanadate 

is structurally similar to phosphate and can compete with it for transport. The 

element can cross the blood–brain barrier. Toxicity is manifest especially 

after inhalation; symptoms include green tongue, and diarrhea, cramps. 
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Toxicity from food is limited because of the very low absorption in the 

gastrointestinal tract [29]. 

Zinc: Excess zinc derives from pollution. Symptoms of acute 

poisoning are nausea, vomiting, diarrhea, lethargy, and fever. Chronic 

exposure should interfere with copper status and immune response interfering 

with reproduction. Zinc and copper are mutual antagonists, interfering for 

absorption in the intestine. Zinc also interferes with iron absorption [29].  

The aforementioned discussion demonstrates many potential health 

problems related to toxicological concentrations of various trace elements. 

These elements in turn find their ways into natural water and finally become 

ingested, and may affect the public health. Chronic exposure to toxic 

concentration of these elements will be very severe, the cumulative effect of 

which may produce health hazards [27]. 

 

1.5 Quantitative Analysis of Radioactive and Heavy Metal         

Pollutants 

For radioactivity measurements, gamma-ray spectroscopy is one of 

the techniques used. In this technique, gamma rays emitted by the radioactive 

isotope are analyzed. The energy associated with the γ-radiation is 

characteristic of the radioactive isotope, and hence it is used for element 

identification, i.e. qualitative analysis. While the number of gamma rays 

emitted is correlated to the number of atoms of the element present in the 

sample, i.e. quantitative analysis [31]. Also, there are many techniques for 

quantitative analysis of heavy metal pollutants. In the next subsections, some 

of these techniques will be presented.  
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1.5.1 High purity germanium (HPGe) gamma-ray spectroscopy 

The widespread availability of high-purity germanium in the early 

1980s provided an alternative to Ge(Li) detectors. Single crystals of 

germanium are produced with sufficient purity to make high-quality detectors 

without lithium drifting. They have many advantages; they can be assembled 

at room temperature and can be warmed up deliberately or accidentally 

without damage. The HPGe detector must be operated near liquid nitrogen 

temperature to eliminate thermally generated electrons from the conduction 

band [32–35].  

The efficiency of germanium detectors is specified as the photopeak 

efficiency relative to that of standard 3"×3" NaI(Tl) crystal and is normally 

based on the measurement of the 1332.5 keV γ-ray photopeak of a 60Co 

source at a source-to-detector distance of 25 cm [32]. The resolution is 

specified as the full width at half maximum (FWHM), in keV, of the full 

energy peak of the 1332.5 keV γ-ray of 60Co and is normally ranged from 1.8 

to 2.2 keV. The most important criterion for germanium detectors is the peak-

to-Compton ratio (P/C), which is the ratio of the count in highest photopeak 

channel to the count in a typical channel just below the associated Compton 

edge. This ratio is conventionally quoted for the 1332.5 keV γ-ray photopeak 

of 60Co because it includes the resolution and gives an estimate of how well 

the γ-ray peak in the background can be detected [32–35]. 

A particular problem in low-level γ-ray emitting radioactivity 

counting is that the ratios of counting rates of sample activity to the 

background are often very low. Some significant modifications to γ-ray 

spectrometers are needed to improve their sensitivity. The background may 

be defined as the count rate observed when measuring a “blank sample” 

simulating as closely as possible the chemical composition and physical form 

of the sample being measured. 
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Background radiations are grouped into five categories [35] including 

the natural radioactivity of the constituent materials of the detector itself, the 

natural radioactivity of the ancillary equipment, supports, and shielding 

placed in the immediate vicinity of the detector, radiations from the activity 

of the Earth’s surface (terrestrial radiation), walls of the laboratory, or other 

far-away structures, radioactivity in the air surrounding the detector, and 

secondary components of the cosmic radiation. 

Simple statistical principles show that the minimum detectable 

activity (MDA) is inversely proportional to the detection efficiency and only 

proportional to the square root of the number of background counts under the 

peak of interest. The detection efficiency can be increased by choosing a 

large detector; but it is more expensive and will see more of the 

environmental background; and/or by selecting a small source-to-detector 

distance. The probability that two coincident γ-rays summed in the detector is 

proportional to the product of the absolute efficiencies of both γ-rays. This 

summing effect may cause some calibration errors [32–35]. 

Also in γ-ray spectroscopy, the size of the sample is usually limited 

by the physical dimensions of the detector and shielding. For each detector, 

there will also be an optimum sample size and shape that will depend on 

considerations such as the average distance of penetration of the γ-rays 

within the sample, and on geometry [36]. Therefore, it will often be 

necessary to lower the background in order to be able to obtain the MDA 

required. 

The background rate from a typical radiation detector, although 

expected to be nearly steady in time, may show a perceptible variation over 

periods of hours or days [37]. When low-level activities are counted, the 

fluctuations in the background may be of the same order as the source 

strength and therefore must carefully be considered. Most of the observed 
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variations in sensitive γ-ray counters appear to be correlated with airborne 

activity in the form of the decay products of 222Rn [38, 39]. In low-level 

radioactivity measurements, it is therefore practical to carry out a background 

determination near the time of the actual measurement itself. 

Several γ-ray spectrometers have been designed and constructed for 

low-level radioactivity measurements. The radioactive background in these 

spectrometers was significantly reduced by passive shield, material selection, 

and careful control of the fabrication of the detectors [40–42]. Also, this can 

be done by installing the spectrometric system in an underground laboratory 

to minimize the background component due to cosmic-ray interactions [43, 

44]. There are conventional materials for low-background shields such as 

lead, steel, mercury and concrete [35]. 

  

1.5.2 Inductively coupled plasma optical emission spectrometry 

The inductively coupled plasma optical emission spectrometry (ICP-

OES) is a very powerful, precise and sophisticated method for elemental 

analysis. It has detection limits at or below the part per trillion (ppt), it can 

easily handle both simple and complex sample matrices and it can measure 

most of the elements in the periodic table. ICP-OES shares some 

components, including the quadrupole mass spectrometer, vacuum system, 

and detector. The extreme high temperature of the plasma ion source 

completely breaks apart the molecules present in a sample. As a result, the 

ICP-OES detects only elemental ions [45]. 
Most samples analyzed by ICP-OES are liquids. However, solid 

samples can be analyzed using lasers or heated cells to vaporize the sample. 

Gas samples can be measured by direct introduction into the instrument. The 

most common sample introduction system used on an ICP-OES consists of a 

nebulizer and spray chamber. The nebulizer converts the liquid samples into 
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very small droplets. These droplets are carried through the spray chamber and 

into the tube or injector that is the center channel of the torch and then into 

the plasma. The plasma ionizes the elements present in the droplets. These 

ions then pass through the interface and the ion lens. After being focused by 

the ion lens, the ions are separated by their mass-to-charge ratio in the mass 

spectrometer and measured by the detector. Once the detector measures the 

ions, the computerized data system is used to convert the measured signal 

intensities into concentrations of each element and generate a report of the 

results [45]. 

 

1.5.3 Neutron Activation Analysis 
Neutron activation analysis (NAA) is a powerful technique to analyze 

the sample i.e., to identify the elements present in the sample both 

qualitatively and quantitatively. The technique is based on the principle of 

converting various elements of the sample to radioactive isotopes by 

irradiating the sample with neutrons in a nuclear reactor. During irradiation 

the naturally occurring stable isotopes of most elements that constitute the 

rock or mineral samples, biological materials, etc., are transformed into 

radioactive isotopes by neutron capture. The radioactive isotopes so formed 

decay according to their characteristic half-lives varying from seconds to 

years, emitting the γ-radiations with specific energies. For example, natural 

sodium 23Na is converted to radioactive sodium 24Na or natural aluminum 
27Al is converted to radioactive 28Al or 63Cu which is 69% of the natural 

copper gets converted to radioactive 64Cu and so on, through the (n,γ) 

reaction. The characteristic γ-rays emitted by radioactive isotopes are 

subsequently measured with γ-ray spectrometers, to identify the source of 

these γ-radiations. Since each radionuclide emits γ-radiation of a specific 
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energy(ies), the emitted γ-radiations are characteristic of the isotope formed 

and hence characteristic of the parent element [46]. 

In comparison to well developed atomic analytical methods, this 

nuclear analytical method, NAA, is a nondestructive and instantaneous 

(results appear promptly). Combined with computerized high-resolution γ-ray 

spectrometry, NAA offers multielement routine analysis needed in such areas 

as environmental monitoring, geochemistry, medicine, and technological 

processes. The technique of NAA can be applied to most sample matrices 

without any pre-treatment of the sample. This includes (a) solids such as coal, 

metals, sediments, ores, tissues, bone, and synthetic fibers, (b) liquids such as 

blood, water, manufacturing wastes, oil, and gasoline, (c) gases such as 

argon, chlorine, and fluorine, and (d) suspensions and slurries such as sewage 

sludge, river water, or foods [46]. The favorable characteristics of NAA 

include the negligible matrix effects, excellent selectivity, and high 

sensitivity. For many elements and applications, NAA offers sensitivities that 

are superior to those attainable by other methods, of the order of parts per 

billion. 

The principle of NAA is the nuclear reaction, specifically the neutron 

capture and subsequent γ-emission through β-decay, called (n,γ) reaction. 

The radiative neutron capture has high probability for thermal (energy ~0.025 

eV) neutrons due to very large cross-sections. When a neutron interacts with 

the target nucleus via a nonelastic collision, a compound nucleus (in an 

excited state) is formed. The excitation energy of the compound nucleus is 

due to the binding energy of the neutron with the nucleus. The compound 

nucleus will almost instantaneously de-excite into a more stable 

configuration through emission of one or more characteristic prompt γ-rays. 

In many cases, this new configuration yields a radioactive nucleus which also 

de-excites (or decays) by emission of one or more characteristic delayed γ-
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rays, but at a much slower rate according to the unique half-life of the 

radioactive nucleus. Depending upon the particular radioactive species, half-

lives can range from fractions of a second to several years. 

In principle, therefore, NAA falls into two categories with respect to 

the time of measurement (see Fig.1-2): (1) prompt gamma neutron activation 

analysis (PGNAA) in which the measurements take place during irradiation 

and (2) delayed gamma neutron activation analysis (DGNAA), where the 

measurements follow radioactive decay. The latter operational mode is more 

common. Thus, when one mentions NAA, it is generally assumed that one 

refers to measurement of the delayed γ-rays. About 70% of the elements have 

properties suitable for measurement by NAA. The qualitative characteristics 

of NAA are the energies of the emitted γ-rays (E) and the half-life of the 

nuclide (T1/2) while the quantitative characteristic is the intensity (I), which is 

the number of γ quanta of energy E measured per unit time [46]. The NAA 

technique makes use of the slow neutrons. However, the epithermal and fast 

neutrons may also be used for the activation.  

 

 
   Fig. 1-2. Principle of neutron activation technique. 
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1.5.4 K0-standardization method 

In the reactor NAA, there are different standardization methods which 

have been used. The relative method, where each sample is co-irradiated 

simultaneously with one or more standards (reference material). The absolute 

method, where the sample is irradiated with a chosen monitor (neutron flux 

monitor) and the single comparator method refers to a technique where multi-

element analysis can be performed by co-irradiating and measuring a single 

isotope called comparator. Standardization methods are discussed in detail in 

different references (e.g. [47, 48]). Also, the K0 standardization method is one 

of NAA standardization methods. In this study, this method was used to 

determine the concentrations of trace elements [49].  

 

1.6 Review of Relevant Studies 

Many studies were carried out to evaluate the concentrations of both 

γ-ray emitting radionuclides and trace elements using different experimental 

techniques. Similar recent studies were performed for many locations in 

Egypt [25, 50−60] and other countries in the world [27, 61−65]. Some of 

these studies had measured the NORM concentrations as well as the 

associated radiation hazard indices in different types of sand, soil, sediments, 

water and vegetations.  

 

1.6.1 Related studies of Burullus Lake  

El-Reefy et al. [50,51] measured the environmental radioactivity 

levels in soil, sediment, water and wild plants from the Burullus Lake. In this 

study, sediments were collected only from the eastern part of the lake. The 

mean concentrations of 226Ra, 232Th and 40K were 14.3, 15.5 and 224 Bq kg–1, 

respectively, in the coastal soils. On the other hand, soil samples from the 

islands had mean concentrations of 13.5, 17.4 and 341 Bq kg–1 for 226Ra, 
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232Th and 40K, respectively. Samples from coast and islands show evidence of 

possible transfer and accumulation of the 137Cs radionuclide. The mean 137Cs 

activity concentrations in the soil samples were 1.2 and 15.1 Bq kg–1 in the 

coast and islands, respectively. The vertical migration of 137Cs was studied 

based on its content in the consequently located three soil layers down to 30 

cm depth. The radium equivalent, dose rate in air and annual dose equivalent 

from the terrestrial natural γ-radiation were evaluated. The mean activity 

concentrations of the γ-ray emitting radionuclides in vegetation were 

relatively low [50].  

In addition, the average values of 226Ra, 232Th, and 40K in the bottom 

sediments collected from the east of the Burullus Lake ranged from 10.3 to 

21.8 Bq kg–1, from 11.9 to 34.4 Bq kg–1, and from 268 to 401 Bq kg–1, 

respectively. The study has shown that 40K concentration is nearly uniform 

throughout the studied area while 226Ra and 232Th were more concentrated in 

the northeastern shore. Lake sediments showed contamination with 137Cs 

(2.7–15.9 Bq kg–1). The 137Cs sediment activities indicated higher 

concentrations in the off-shore sites. Concentrations of all γ-ray emitting 

radionuclides except 40K in water samples were below the detection limits. 

The 40K sediment–water distribution coefficients of the near-shore samples 

were higher than the off-shore samples [51].  

Xu et al. [52] studied the distribution of 210Pb and 137Cs content of 

forty-two sediment samples taken from 3 cores collected from the eastern 

Burullus Lake. The measurement has revealed extremely lower excessive 

radioisotope value of 210Pb and 137Cs contents.  

Chen et al. [53] studied the distribution of heavy metals (Fe, Al, Cu, 

Zn, Mn, Cd, Pb and Ni) in the eastern part of Burullus Lake. Atomic 

absorption spectrophotometer was used for analysis of elements Cu, Zn, Mg 

and Ni, inductively coupled plasma atomic absorption spectrophotometry 
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was used for Al and Fe, and graphite furnace atomic absorption 

spectrophotometer was used for Pb and Cd. The results show that the 

concentrations of Cu, Ni, Zn, Al, Fe, Mn, Pb and Cd are 48.05, 88.94, 96.54, 

55 224.78, 61 449.97, 866.5, 8.22 and 0.086 µg g–1, respectively, for 

sediments averaged from the upper 10 cm.  

Abdel-Moati et al. [54] present survey to follow up the subsequent 

alterations in the level of the metal concentrations in the Nile Delta Lakes 

including Burullus Lake. The sampling dates of this study were in 1976 and 

during 1991−1992. During 1991−1992; nine sediment samples were collected 

from different locations of the lake. Sampling locations were revisited as 

similar as possible close to facilitate comparison. The measurements of Zn, 

Mn, Cu, Pb, Cd and Fe concentrations were performed using atomic 

absorption spectrophotometer. The data revealed insignificant increase in Mn 

and Cu levels from 1976s to 1992s (between 37−56% increase). While the 

mean concentrations of Mn and Cu in1976 were 62±23 and 16±8 µg g–1, 

respectively, the mean concentrations of them were 85±22 and 25±17µg g–1, 

respectively. The mean concentration of Fe in 1976 sediment samples was 

4.5±2.2 mg g–1 and it has mean concentration 17.9±5.1 mg g–1 in 1991−1992 

(increased 4 times). The mean concentrations of Zn, Pb and Cd content in 

sediment samples collected during 1991−1992 were 90±79, 14±6.0 and 

5.2±2.1 µg g–1, respectively while in 1976, they were not detected.  

 

1.6.2 General studies in other locations in Egypt 

Abdel-Moati et al. [54] determined the content of some trace elements 

in sediment samples collected during (1966–1988) from the Nile Delta Lakes 

(Mariut, Edku and Manzalah Lakes). In addition, during 1991−1992, 6, 8 and 

19 sediment samples were collected from Mariut, Edku and Manzalah Lakes, 
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respectively. The measurements of Zn, Mn, Cu, Pb, Cd and Fe concentrations 

were performed using atomic absorption spectrophotometer. The results of 

this study show that the rate of metal accumulation in sediment during these 

years seemed not to be constant. In Mariut Lake, the results show nearly 15 

times increase in Cu and Pb values, and 2.5 times increase in Zn levels while 

a lower average was calculated for Mn and insignificant increase was 

recorded for Fe. In Edku Lake, Mn and Cu concentrations were slightly lower 

during this study. The results also show five times elevation of Pb 

concentration and three times increase in Fe concentration. In Manzalah 

Lake, levels of Cu, Cd and Pb were elevated by nearly 60%. Zinc average 

value was nearly doubled while iron showed nearly a similar average. 

However, compared to 1968 samples, the magnitude of increase was much 

higher reaching 8 times for Pb, about 70 times for Cd, slightly elevated for 

Zn and Mn but decreased for Cu and Fe. 

Ibrahiem et al. [55] measured the radioactivity levels in different 

types of samples included 14 beach and dune sand samples collected from 

Nile Delta, the North coast of Egypt, and middle Egypt using γ-ray 

spectroscopy. For beach sand, the ranges of specific activities of 238U, 232Th 

and 40K and dose rates were 32.2–63.7, 44.3–95.6 and 96–102 Bq kg−1 and 

47–93.2 nGy h−1, respectively. For dune sand, the results were 5.0–13.8, 2.3–

15.3 and 29–582 Bq kg−1 and 7.6–37.0 nGy h−1, respectively.  

Shadi [56] studied the impact of fertilization and urbanization on the 

concentration levels of radioactive isotopes and heavy minerals. The 

measurements of heavy metal concentration were analyzed by atomic 

absorption spectrophotometer. Soil, sediment, water and crops samples were 

collected from Kharset village near Tanta city in Nile Delta region, Egypt 

from cultivated area and from an open agriculture irrigation canal. Evidence 

of elevated activity of 226Ra in soil was found because of the use fertilizers. 
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The mean values of activity concentrations of 238U, 226Ra 232Th, 40K and 137Cs 

in fertilized soil were 158.9±7.6, 124.4±3.1, 17.6±0.7, 325±12 and 2.1±0.2 

Bq kg−1, respectively. Generally, the level of the heavy metals, NORM and 
137Cs does not excess the typical levels, except for fertilized soil. The 

concentration of Mn, Cu, Zn, and Cd elements for sediment samples are 

ranged 3.99–17.06, 0.45–1.12, 1.21–4.16 and 0.21–0.30 µg g–1, respectively. 

The concentrations of Mn, Cu, Zn, and Cd in water ranged 0.16–5.13, ≤0.15, 

≤1.85 mg l–1 and ≤0.02 mg l–1, respectively. The results showed that the 

concentrations of Mn, Cu, Zn and Cd for soil samples ranged 7.67–17.5, 

0.74–1.59, 1.88–3.69 and 0.25–0.32 µg g–1, respectively. The results of the 

concentrations of Mn, Cu, Zn and Cd for the four crops ranged 0.34–1.14, 

0.12–1.64, 0.35–1.13 and 0.21–1.14 µg g–1, respectively. 

Also, the concentrations of U and Th for Abou-Khashaba monazite 

samples were measured using neutron activation analysis (NAA) and γ-ray 

spectrometry employing HPGe detector [57,58]. The values obtained for 238U 

and 232Th were 46–59 and 687–729 ppm, respectively [57]. The 

concentration of 238U varied from 53 296 to 60 956 Bq kg–1 (0.43–0.49%), 

while 232Th concentration ranged from 204 930 to 231 924 Bq kg−1 (5.15–

5.74%) and 40K concentration ranged from 15 227 to 19 570 Bq kg−1 

(499.58–642.11 ppm) [58]. 

El Nemr et al. [25]  assessed the heavy metals contamination in 

surficial sediments of the Alexandria coast along Mediterranean Sea (20 sites 

from Alexandria governorate along Mediterranean coast runs from Marsa 

Matroh governorate in the west to Rosetta City in the east). The total contents 

of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Zn were analyzed by flame atomic 

absorption spectrophotometer. Evaluation of the heavy metals pollution 

status was carried out using enrichment factors. The study shows the mean 

concentration of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn in sandy and muddy 
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sediment were 0.105±0.02, 12.4±0.52, 74.8±1.12, 31.9±0.83, 26.2±0.48, 

11.5±0.35, 54.7±1.20, 21.4±0.81 and 72.3±1.84 µg g–1 dry weight, 

respectively. 

El-Mamoney and Khater [59] measured the contents of natural 

radionuclides using HPGe detector in shore sediment samples collected from 

the Egyptian coast of the Red Sea. The mean specific activities of 226Ra, 
232Th and 40K were 24.7±4.3, 31.4±9.4 and 427.5±35.5 Bq kg−1, respectively. 

The corresponding mean values of Raeq and absorbed dose rates were 

101.2±18.0 Bq kg−1 and 41.6±6.2 nGy h−1, respectively. This result gave an 

indication of the radiological impacts of the oil industries in the Northern 

region of the Red Sea coast and phosphate mining in Safaga-Qusier region.  

Nada et al. [60] measured the specific activities of 238U, 226Ra 232Th 

and 40K for soil samples in a petrified wood forest in El-Qattamia-Cairo using 

HPGe detectors. The mean values of activity concentrations of these 

radionuclides were 65.26±12.99, 23.66±0.95, 13.95±1.03 and 146.33±1.50 

Bq kg−1, respectively. Data of the soil samples show evidence of possible 

deposition and accumulation of 137Cs. The mean activity concentration of 
137Cs in the soil samples was 4.37±0.16 Bq kg−1 with a range of 0.00–35.70 

Bq kg−1. The radium-equivalent, dose rate in air and annual effective dose 

rate were evaluated.    

 

1.6.3 Related studies from different countries 

35 water samples have been collected, which included 14 samples of 

the Pench River, India, 13 samples of ground water and 8 samples of mine 

water from the Pench Valley area. The water samples were analyzed by 

atomic absorption spectrophotometry. Natural waters give measurable 

contents of As in 17% of the samples, Co in 29%, Cu in 77%, Mn in 83% and 

Pb in 40% of the samples. In natural water, the As contents range from 0.067 
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to 0.580 ppm, Co varies from 0.010 to 0.054 ppm whereas Cu, Mn, and Pb 

ranges from 0.092 to 1.954 ppm, from 0.014 to 3.920 ppm and from 0.014 to 

0.681 ppm, respectively. However, Ni is found to be below the detection 

limit in all the water samples of the area. The data revealed that the trace 

element quantities in the majority of sites are above the drinking water 

specifications [27].   

Dalmacija et al. [61] studied the metal and radioactivity 

contamination of the Begej Canal (Northern Province of Serbia and 

Montenegro) sediment. Radionuclide content of the samples was measured 

by means of the reversed electrode “GMX” type HPGe spectrometer. 

Sediment samples were analyzed for total concentration of particular metals 

by atomic absorption spectroscopy. The data of the Begej sediment showed 

contamination with 238U and 137Cs. The results showed high contents of 

metals, especially of chromium, copper, cadmium and zinc. Cadmium 

contents were varying in a wide range from 0.88 to 66 mg kg–1. At some 

locations, chromium content exceeded intervention values; in 50% of top and 

in 30% of bottom samples the contents were above this value. Copper content 

was between 42 and 940 µg g–1 and Lead content was between 28 and 680 µg 

g–1. Content of zinc varied from 100 to 1770 µg g–1. Iron and manganese 

were found in natural concentration: from 2.3 to 31 µg g–1 and from 190 to 

790 µg g–1, respectively.  

Beach sand samples were collected from 13 different locations in 

Ezine region in Turkey were measured using an HPGe detector. The average 

activity concentrations of 238U, 232Th and 40K are 290.36, 532.04 and 1 

160.75 Bq kg−1, respectively. The content of 137Cs in Ezine region ranged 

from 0–6.57 Bq kg−1. The average absorbed dose rate for sand samples was 

calculated to be 527.92 nGy h−1. The Raeq activities of the sands were higher 



Chapter 1                                                                                        Introduction                         
 

31 
 

than the recommended maximum value of 370 Bq kg−1 criterion limit of Raeq 

activity for building materials [62]. 

Sediment samples have been collected in the Butrint area, located in 

the south-west Albania to determine the radioactivity levels of 40K, 137Cs 
226Ra and  232Th on the bed of the lagoon and adjacent sea, using direct 

counting gamma-ray spectroscopy. The concentration of 137Cs and 40K varied 

from 2.8 to 37.5 Bq kg−1 and from 266 to 675 Bq kg−1 dry weight (DW), 

respectively (central values). The average concentrations of 238U and 232Th 

daughter products varied from 8 to 27 Bq kg−1 and from 13 to 40 Bq kg−1 

DW, respectively. The measured 235U activity ranged from 0.7 to 2.5 Bq kg−1 

DW. Samples of different sedimentary properties, studied for the 

radioactivity concentration, revealed an inversely proportional relation 

between grain size and a linear combination of measured specific activities of 
226Ra, 232Th, 40K and 137Cs [63]. 

Gamma-ray survey and analysis of 16 riverbed samples from the 

Reedy River watershed near Simpsonville, South Carolina were carried out 

by Powell et al. [64]. The study followed on a discovery of anomalously 

high uranium concentrations in several private well waters in the area. A 

HPGe gamma-ray spectrometer was used for quantification of gamma 

emitting radionuclides in the sediments. The 238U, 232Th, 226Ra and 40K 

concentrations in sediment samples ranged from 11.1 to 74.2, 13.0 to 154.0, 

11.4 to 41.2 and 385.9 to 1 046.9 Bq kg−1, respectively. The measured 

radionuclide concentrations were compared with data from UNSCEAR and 

NURE reports. The river and stream sediment data were augmented by in 

situ NaI(Tl) gamma-ray spectrometer measurements. Comparisons between 

the ex-situ and in-situ measurements indicate equivalently distributed 

uranium in the surface soils and stream sediments, the source of which is 

likely attributed to the monazite belts that are known to exist in the area. 
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The determination of activity concentrations of the radioactive 

elements 238U, 232Th, 40K and 137Cs was carried out by Abdi et al. [65]. 

Samples were taken from 40 polluted marine sites in the southern Caspian 

Sea. Sediment samples were collected on the beach (within the longshore) 

and soil samples were collected 500 m from shore. Activity concentration 

was quantified using gamma spectroscopy employing a coaxial HPGe 

detector. The results showed that the concentrations of activity in the 

sediment samples are 177±12.4, 117±11.5, 1085±101.6 and 131±4.8 Bq kg–1 

for 238U, 232Th, 40K and 137Cs, respectively. In general, the distribution of 

activity concentrations along the southern coast of the Caspian Sea area 

exceeded international limits. The mean values of radium equivalent activity 

and dose rate are 176 Bq kg–1 and 63 nGy h–1, respectively. 
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The Burullus Lake is one of the five northern lakes in Egypt. It is the 

second largest natural lake with respect to area and production.  The entire 

area of Burullus Lake with numerous islets within has been declared as a 

natural protectorate since 1998. Reed beds of Burullus Lake represent one of 

the most important reed beds in the Mediterranean region, where this type of 

habitat is becoming rare and threatened. In addition, from the floristic 

biodiversity viewpoint, a number of unique species of rare habitats are 

present, particularly at the lake islets, sand formations and salt marshes. 

Wintering and migrant birds are strongly dependant on this habitat for 

foraging, refuge and breeding. From the economic point of view, Burullus 

Lake is one of the important fisheries in Egypt as it produces around 60 000 

ton per year. Unfortunately, this lake is currently one of the major disposal 

areas for agricultural drainage water in Egypt. It receives most of the 

drainage water of Nile Delta that feeds the lake with about 4 billion m3 

annually (97% of the total water input) [2].  

The lake has an irregular elongated shape extends for a distance of 47 

km along NE-SW axis (its length decreased from 56 to 47Km). Its width in 

the west does not exceed 5 km though it increases in the middle to reach an 

average of 11 km [2]. The total area of the Burullus Lake is about 460 km2, it 

had lost about 49% of its size within 112 years (from 1092 km2 in 1801 to 

556 km2 in 1913), and about 62.5% of its size by 1997 [2]. This decrease is 

due to continuous land reclamation projects along the southern and eastern 

shores of the lake and fish farming processes [66].  

 

2.1 Lake Location 

Burullus Lake is shallow slightly brackish water situated along the 

Egyptian Mediterranean Sea coasts in the north part of Nile Delta. It is 

bordered from the north by the Mediterranean Sea and from south by the 
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agricultural lands of northern Nile Delta. Burullus Wetland belongs 

administratively to Kafr El-Sheikh Governorate. It lies in a central position 

between the two branches of Nile: Damietta Branch to the east and Rosetta 

Branch to the west and it is connected to the sea through a narrow (50 m 

width) passage called Boughaz El-Burullus (Fig. 2-1). Its coordinates are 

31°22'–31°33' N and 30°35'–31°05' E. As well as the sand bar separating the 

lake from the Mediterranean Sea, with a shoreline of about 65 km [53]. The 

northern border of Burullus Lake is currently under development with 

construction of an international road. 
 

2.2 Economical Benefits of the Lake 

Burullus Lake has great economical benefits, both in the Delta region 

and Egypt. Its production of fish accounted for 42% of the northern lakes of 

Egypt and 12% of the national fish production, as fishing is the leading 

economic activity in the Burullus Lake [2]. Agriculture is probably the 

second most important activity in Burullus Wetland. There are about 19 000 

Feddan (about 80 km2) under cultivation within the limits of the protectorate. 

The land reclamation efforts continue to be made on the western side of the 

inlet (Boughaz) were the soil is mostly sandy. On the eastern side of the inlet, 

the area near Baltim city is intensively cultivated, mainly with date palms and 

guava. Other crops include different vegetations, wheat, rice and maize. In 

addition, the reed plants which grow in Burullus Lake in an intensive way 

have many important uses. It provides shelter, material for thatching, food for 

animals, chemicals, fuel, fertilizer, biofilter, and raw material for paper 

making industry. Villagers inside the protected area breed buffaloes, cows, 

sheep and goats on the islands inside the lake. Burullus protected area could 

have a good prospect as a specialized ecotourism attraction, particularly bird 

watching [2]. 
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Fig. 2-1 The geological map of Burullus Lake in Egypt. The drainage 
channels are marked with arrows.  
 

2.3 Lake Depth               

The main basin of Burullus Lake is classified into three sectors: 

eastern, middle and western; each one of them has some sort of homogeneity 

in the geomorphological, hydrological and biological characteristics. Its 

depth varies between 40 cm near the shores and 200 cm near the sea outlet 

(Boughaz El-Burullus). The deepest parts lie in the middle sector of the lake 

and also the southern parts of the western sector (west of Doshimi islet), 

where the depth reaches 200 cm. The eastern sector is the shallowest, where 

the depth does not exceed 20 cm near the shore, but increases westwards until 

it reaches about 70 cm [2]. 

 Due to the continuous morphological and water budget changes, 

particularly after constructing many irrigation and drainage projects, and 

silting of Boughaz El- Burullus, the depth of the lake changes from time to 

time. It seems that the lake lives its senility stage particularly with the 

continuation of drying and silting up processes which lead to the increase of 
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shallow areas; the areas deeper than 130 cm have already decreased to about 

5% of the lake size [2]. 

 

2.4 Water Resources 

 In any environmental study, especially the lakes, we must gather 

information about it, such as water resources, which are the basis of the 

existence of this lake. The information about water resources of Burullus 

Lake are summarized as follows: 

• Rainfall: this takes place during the winter season (October-March) 

[2]. 

• Tidal effect: it was estimated as the difference between the mean 

high water level of 33 cm and the mean low water level of 18 cm. The 

15 cm difference is small and hence it would be negligible [67].  

• Flow of ground water: the numerical simulation results indicate that 

the ground water inflow into Burullus Lake is about 88 902 m3d–1
, the 

net upward flux to the bottom of the lake is about 63 141 m3d–1 and 

the net leakage through the lake boundaries is about 25 761 m3d–

1[67].  

• Evaporation: the mean annual evaporation is about 646.5 million m3 

of water loss from Burullus Lake [2]. 

• Outflow of the sea: the elevation of water varied from 28 cm (in 

February) to 61 cm (in August) above sea level. In this case only, 

water discharges from the lake to the sea. According to the irrigation 

system in Egypt, there is no discharge from the drainage system to the 

lake during winter closure in January. Results indicate that the water 

level goes below sea water level by about 26 cm. This allows sea 

water to move into the lake as a result of the winter closure [67]. 
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• Human activities: the human activities are represented by 

outflow/inflow of water from or to the lake by the local inhabitants in 

the surrounding areas. There are about 185 thousand people who live 

and interact on a daily basis with the lake. These inhabitants discharge 

their domestic effluent directly into the lake. Water consumption for 

such a number of people would be as much as 27 750 m3 d–1. This rate 

of water has been considered in evaluating the water budget of the 

lake [68]. 

• Drainage discharges: the drainage system provides the lake with 

about 4 billion m3 y –1 of agricultural drainage water. The maximum 

rate of water discharged to the lake is during rice cultivation season 

(July-September), while the minimum rate is in January and February. 

Drain 9 discharges the maximum amount (about 20% of the total 

volume) and Burullus Drain discharges the minimum amount (about 

1.7% of the total volume) [2]. 

 

2.5 Water Balance  

          Water balance was estimated as the difference between inflow and 

outflow. Results of the annual water balance in the Burullus Lake indicate 

that the drainage water contributes 97%, while rainfall contributes less than 

2% and groundwater less than 1% of the total water resources in the lake 

ecosystem. On the other hand, evaporation losses represent about 16% of the 

total water resources in the lake, while the drainage system discharging rate 

is about 84% of the total water resources in this system (including the change 

of storage in the reservoir) [69]. 

 

 

 



Chapter 2                                                                                          Study Area  
 

 

38 
 

2.6 Habitat types  

           There are six major types of habitat that are recognized in Burullus 

Wetland: the coastal salt marshes covered with water, sand formations that 

cover the surface of the marine bar, lake cuts, drains, lake proper and islands 

and islets scattered within the water body. Each one of these habitats has 

some unique species [2].   

  

2.6.1 Salt marshes 

 Costal salt marshes are low lands near the coasts, covered with water 

during high tide, have increasing salinity particularly with the increase of 

evaporation rate, and covered with salt tolerant plants of high capacities for 

trapping and fixing soil deposits. They extend along the marine bar of the 

Burullus Lake with an area that approximates 40% of the total area of the bar 

(6% in the eastern part and 34% in the western part). Natural vegetation plays 

an important role in the development and evaluation of salt marshes as it 

leads to increase evaporation rate and salinity [2].  

 

2.6.2 Sand formations 

        Three types of sand formations cover the surface of the marine bar of 

the Burullus Lake: sand sheets (or flats), hillocks and dunes. The sand sheets 

cover a huge area of the marine bar particularly along the north-western 

borders of the lake. Sand hillocks are embryonic dunes with a height range 

between a few centimeters and a few meters. Sand dunes in the marine bar of 

the lake represent the principle geomorphological feature affected by the 

sedimentation processes [2].  
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2.6.3 Lake cuts  

 This habitat represents the recent lands resulted after the drying 

process that took place along the shores of Burullus Lake, particularly the 

outermost western and eastern fringes, during the period of 1984 to 1997. 

Some of these lands were used in constructions of human settlements and 

some others were reclaimed for cultivation or as fish farms. Some other dried 

parts are still fallow and were subjected to second replant succession [2]. 

 

2.6.4 Drains 

         The drains are a major habitat and were classified into four 

microhabitats (i.e. zones): terraces, slopes, water-edge and open water. Most 

of the cultivated lands in Egypt are irrigated by the Nile through a net of 

irrigation canals, and drained by a similar net of drainage canals. Land 

drainage has played an important role in agriculture developing in Nile Delta. 

Typically, the soil needed to be drained because of high water table, poor 

surface drainage, slow movement of water through the soil profiles and the 

need to minimize the salt level of the soil. Brembal canal in the western 

extremity of the lake receives fresh water directly from Rosetta branch during 

the flood periods. Six drains discharge the water into the Burullus Lake; 

mainly at its southern border. These are: Al-Gharbiyah drain (connected with 

the lake through Al-Burullus and Ash-Sharikah drains in the eastern part), 

drain 7 (connected with Nassir, Nasr and Tirah drains), drain 8, drain 9 

(connected with Bahr Nashart drain), and drains 10 and 11 in the south 

western part [2]. These drains discharge their water into the lake through 

water pump stations (Fig. 2-1). Beside the pollutant effect of these drains on 

the lake, the lake salinity was affected. In addition, the wind movements play 

an important role in the distribution of salinity in the lake. When there are 

easterly winds, the drains freshwater covers most of the lake and decreases 
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the salinity to a large extent. The northerly winds drive water southerly and 

the salinity increases even next to drains. The lake receives also amount of 

precipitation due to the presence of these drains [66].   

 

2.6.5 Lake proper 

 The lake proper is classified into two habitats: lake shore and open 

water. The shoreline takes several forms related to its formation, origin and 

evaluation. The width of the open water of the lake from north to south varies 

from one site to another. The western sector has the least width which does 

not exceed 5 km, and then it increases in the middle sector to reach an 

average of 11 km. As the area of the lake changed with time, its dimensions 

also changed [2,70]. The existing environmental problems of Burullus Lake 

are mainly related to natural and man-made influences. The direct effect of 

the increased wind speed on the lake is manifested by the introduction of the 

seawater into the lake through El-Boughaz channel by the northern wind, the 

magnitude of which depends on the wind velocity and duration. Depending 

on the shallowness of the lake, the increased wind velocity also causes water 

turbulence by stirring up surface sediments [66]. 

 

2.6.6 Islets and Islands 

 Islets are scattered in the lake and form physical isolations between 

the sectors.  The recent number of these islets is 30 and they take different 

shapes. Due to continuing the effects of the geomorphological process (e.g. 

sedimentation, erosion and water flooding), the number, the size, dimensions 

and locations of these islets change from time to time. The surface levels of 

some islets which approach 3 meters above water level are called hills or 

piles where some remains of settlement centers related to the Romanian era 

are still found over some of them (e.g. Sinjar Island in the eastern sector). 
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The surface level of some other islets approach the water level of the lake and 

sometimes the water submerges them particularly during the increase of 

water flow from the sea and drains [2].  

          Two of the main islands are included in the present study, Sinjar and 

Al-Koum Al-Akhadr islands. Singar Island is located in the eastern sector; 

the area of this sector is about 28.7% of the total area of the lake. The sea 

outlet (i.e. Boughaz El-Burullus) lies at a midway north of this sector. The 

water in this region has special characteristics due to the saline water that 

flows from the sea, and the blowing of the north-western winds [2]. Al-Koum 

Al-Akhadr Island lies in the middle sector; the area of this sector is about 

46.1% of the total area of the lake. It is the biggest island in the lake with an 

area of about 2.8 km2. The drains pour in the southern shore of this sector. 

The water in this region has medium salinity in relation to the eastern 

(relatively high salinity) and western (relatively low salinity) sectors. 

Generally, it's noticeable that salinity is increasing from one year to another 

indicating that marine water entered into the lake from EL-Boughaz or the 

discharged water may contain considerable amount of salts [70].  

 

2.7 Aim of the Work 

There is a lack of comprehensive study of major and trace elements as 

well as environmental radioactivity in the Egyptian lakes. The major 

objectives of the present study are  

1) To understand current contamination due to urbanization and economic 

development in North Egypt using multiple approaches for the sediment 

quality assessment to assess properly sediment contamination. 

2) To evaluate the environmental quality of the whole investigated area of the 

Burullus Lake for the first time and to estimate the dosimetric evaluation 

for risk of human exposure.  
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3) To establish any dependence of elemental contents and natural and 

artificial radionuclides on the soil and sediment characteristics.   

4) To determine soil-to-plant transfer factors of major and trace elements, 

NORM and 137Cs for wild plants growing in soil under natural field 

conditions.  

5) To extract adequate information for detecting similarities, differences, and 

relationships among the samples using statistical applications to the 

major and trace elements contents, radioactivity concentrations and 

texture characteristics of the soil and sediments samples. 
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3.1 Quick Overview of Sampling and Sample Preparation 

To ensure viable analytical results, the following prerequisites have to 

be met at the sampling stage: 1) samples must be valid and representative of 

the area studied and pollutants present, including the number of samples from 

each location and frequency of sampling; 2) site characteristics, such as 

sample type, topography, source and distribution of contaminants are taken 

into account [71]; 3) samples shall be placed in sealed containers and all 

necessary information such as code number, sample type, date, location, 

weather, and temperature are recorded immediately after collection [72]; 4) 

sample collection tools and containers must be thoroughly cleaned prior to 

each sampling event to avoid cross-contamination. It is also critical that the 

sampling area is not disturbed for the time interval of interest in order to 

accurately estimate the accumulated deposition over this time period. 

Particularly, runoff during heavy rains, over-wash, slopes and the low spots 

and higher stands of vegetation should be avoided, as they may remove 

deposits and airborne material, which are important constituents of the 

sample [72]. As a particular pollutant or even natural activities in an 

environmental matrix changes with time and location, the sites should be 

selected carefully and regularly. It is important to decide how to select sites, 

how many sites should be sampled and how often they should be sampled 

[71].  

A large surface area, of a few tens of square meters, is adequate when 

a composite of a few cores is taken over a reasonable distance and put 

together to make a single sample. An additional requirement is that the 

sample is taken to a sufficient depth so that all of the deposited material is 

sampled. An optimum depth for sampling, which should contain 90-95% of 

the total material of interest, can then be selected. For deposition studies, 

samples should be collected at a depth of 25 cm or more, and for radionuclide 
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availability studies, samples should be taken at a depth of 5–10 cm. After an 

acute release of a contaminant or an accident at a specific facility, surface 

sampling soon after the event can be used to define the contamination 

contours or distribution pattern. This would require sampling only the top 5 

cm of soil, including the vegetation [71]. 

Vegetation in this context could include grass, vegetables, leaves of 

trees and marine plants. In general, the plant provides shelter material for 

thatching, animal feeds, fuel, fertilizer, biofilter, chemicals and raw material 

for paper industry. So, it is particularly important to record all site data 

carefully in the collection of vegetation, such as the drainage conditions and 

local topography. Care should be taken to avoid contamination with soil, the 

plant should be held in the hand while being cut. Slopes in which abnormal 

runoff may occur should be avoided. It is recommended not to rake the plot 

being sampled [72].   

Water samples should be stored in tight polyethylene containers to 

minimize adsorption of radionuclides from solution containers’ walls. Almost 

all sorption loss can be eliminated by acidification, the addition of 

hydrochloric acid to the sample vessel, as soon as possible after sampling at a 

rate of 10 ml per liter of sample [72]. Acidification is also used to suppress 

the growth of microorganisms. Evaporation is the normal method of 

concentrating liquid samples. Hot plate or evaporation lamps are used for this 

purpose but one must be careful to eliminate spattering in order to avoid loss 

of the sample. The evaporation bowl should be made of a material that will 

not adsorb the radionuclides. Care should be taken so that no radionuclides 

are lost during the evaporation process. A fast evaporation can be 

satisfactorily performed with a rotating evaporation system that operates 

under reduced pressure [72]. Prior evaluation of these points greatly helps to 

obtain an adequate amount of the sample material.  
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3.2 Sampling  

The studied samples were collected between May 2006 and August 

2006. The sediment and water samples were collected from 24 locations 

distributed throughout the studied area of the Burullus Lake excluding 

extreme eastern area which was part of a previous study [51]. The soil and 

wild plant samples were collected from Al-Koum Al-Akhadr and Sinjar 

islands.  Figure 3-1 shows the map of the locations of the collected samples.  

 

3.2.1 Sediment samples 

Sediment samples were collected from 24 different locations 

distributed throughout the lake as shown in Fig. 3-1. Nine sediment samples 

(D101–D109) were collected starting from the site opposite Al-alaineh 

village (D101) in the north-east, heading west along the northern shore of the 

lake, and at a distance of about 1 km from it. Location D102 is associated 

with Al-koudia region, D103 is opposite of Al-akouli village, D104 is in Bar-

Bahari region, D105 is in Arrada region, D106 is in El-farasha and El-taweel 

regions, D107 is in Mastraw region, D108 is in Al-mekassaba region and 

D109 is in El-sakarana region.  The samples D110–D116 were collected 

along the southern shore of the lake, heading from west to east and at a 

distance of ~1 km from the shore. These locations are associated with Abo-

amer region (D110) near Brimbal channel which is connected with the Nile 

river, Gas-omran and Touba regions (D111) near the drainage channel 11, 

Bashkhin and El-gammali regions (D112), El-anboush region (D114) near 

the drainage channel 8 and Debaga and El-bab El-aama regions (D115). On 

the other hand, D113 is located near the drainage channel 9 and D116 is 

located opposite to the drainage channel 7. The sediment samples D117–

D124 have been collected from east to west in the form of a line mediating 

the lake. These locations start from Mishkhalla and El-medawara regions 
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(D117), Sinjar and El-shishah regions (D118), Ibsak region (D119), north 

east of Al-Koum Al-Akhadr Island (D120), Al-zanaka region (D121), Al-

goros region (D122), Al-berka region(D123) and Wasat El-berka region 

(D124). The average distance between successive sampling locations was 

about ~5 km. 

For each location, the sediment was collected from the top 10 cm in a 

polyethylene bag. The weight of each sediment sample was about 5 kg. The 

depth of water at each sampling location was measured.  

 

3.2.2 Water samples 

Water samples were collected from the same locations of sediment 

samples as shown in Fig. 3-1. All water samples were taken from the surface. 

A total of 24 water samples were collected in clean plastic containers. The 

volumes of these samples ranged from 20–40 liters for gamma-ray 

measurements. Each water sample was acidified with 10 ml of hydrochloric 

acid per liter of sample as soon as possible after sampling to avoid adsorption 

of radionuclides on the walls of the container and to reduce the biological 

activity in the water during transport and storage [72]. In addition, about 0.5 

liter water sample was collected in separate containers and left without 

acidification to measure water chemical properties. 

 

3.2.3 Soil samples 

Soil samples were collected from a square of area 10 × 10 m2 to 

ensure reasonable representation of the sample site. Four sites were available 

for soil sampling from two islands. The first two cores (S01 and S02)  were 

collected from the Al-Koum Al-Akhadr Island located in the middle part of 

the lake, and the other two cores (S03 and S04) were collected from Sinjar 

Island located in the eastern part of the lake, see Fig. 3-1. As shown in Fig. 3-
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1, S01 and S02 are located in the eastern and western parts of Al-Koum Al-

Akhadr Island, respectively, while S03 and S04 are located in the eastern and 

western parts of Sinjar Island, respectively. The sampling sites were selected 

in such a way to cover the site as uniformly as possible depending on various 

factors. Among these factors were the site accessibility and undisturbed 

appearance: sampling sites were selected to be open, reasonably level and not 

obviously prone to flooding or other natural disturbances.  

In each of the four sampling locations, three layers were collected 

from the successive vertical layers, each with a 10 cm depth and ~ 5 kg 

weight. Five cores were collected from different positions within 10 × 10 m2 

area (the center and four corners of the square). The top five layers (0–10 cm) 

were then mixed together to make up an average samples. Similarly, the 

average samples of the two other layers (10–20 and 20–30 cm) were formed 

by combining the five layers with the same depth. The net total number of 

samples was 12 for the passive radiation measurements. For NAA 

measurements, 4 additional surface soil samples collected from the same 

locations each with ~ 2 kg weight.  

 

3.2.4 Wild plant samples 

Four of the most dominant and abundant wild plant species of the 

region were selected from the two islands. These plants are the main feed for 

the livestock found on the islands. The wild plant samples were collected 

from only three of the four previously mentioned locations of soil samples. 

This is simply because location S04 had no wild plant. P01 wild plant sample 

was collected from S01 location, P02 and P03 wild plant samples were 

collected from S02 location and P04 wild plant sample was collected from 

S03 location. Each wild plant sample was collected by gathering material 

equivalent to approximately 5 kg fresh weight, and each sample consisted of 
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live shoots, flowers and leaves. The wild plant samples were placed in sealed 

polyethylene bags immediately after collection for the passive radiation and 

major and trace elements measurements. General information about the wild 

plant samples is given in Table 3-1. Photos of Inula crithmoides and 

Arthrocnemon macrostachyum are shown in Figs 3-2 and 3-3, respectively.  

 

      

 
Fig. 3-1. Map of the Burullus lake with the locations of the water and bottom 
sediment (closed circles) and soil samples (closed squares). The locations 
where the drainage channels discharge the sewerage are marked with arrows.  
● Sediment and water samples (1–24). 
■ Soil and wild plant samples (1–4). 
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Table 3-1. Wild plants included in the present study and their sampling locations. The wild plant scientific, family and 
common names are also given together with their abundance. All these wild plant are perennial [73].  
 Collection Site Scientific name Family name Common name Abundance* 
P01 S01 

East Al-Koum Al-Akhadr 
Island 

Inula crithmoides Compositae Hatab zeiti Common in saline soil   

P02 S02 
West Al-Koum Al-Akhadr 
Island 

Colchicum ritchii Colchicaceae Acana Rare in calcareous soil  

P03 S02 
West of Al-Koum Al-
Akhadr Island 

Pancratium 
maritimum Amaryllidaceae Bosseil Common along costal sand 

dunes 

P04 S03 
East of Sinjar Island 

Arthrocnemon 
macrostachyum Chenopodiaceae Shinaan Common 

*rare 5-30%, common 30-75% and very common >75% 
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Fig. 3-2.  Photo of Inula crithmoides. 
 
 

 
Fig.3-3. Photo of Arthrocnemon macrostachyum. 

 
 

3.3 Sample Preparation  

All collected samples were transported to the Radioanalysis Research 

Laboratory (RRL), Physics Department, Faculty of Science, Tanta 

University, for preparation. The samples were properly stored to avoid 

degradation, spoiling, or other decomposition, and to avoid contamination 

[72]. 
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3.3.1 Samples preparation for passive radiation measurements  

For passive radiation measurement, the collected soil and sediment 

samples were air-dried for several days under ambient temperature and hand-

cleaned to remove any stones, leaves and other foreign particles. The samples 

were then oven dried at 100ºC until they reached a constant mass, followed 

by sieving into a grain size smaller than 2 mm using vibratory sieve shaker 

(Fritsch, Germany). A volume of 1500 cm3 was then placed in a Marinelli 

beaker after weighting.  The weight ranged from 1560 to 2070 g and from 

1160 to 1660 g in the case of soil and sediment, respectively. The containers 

were then sealed tight with a thick vinyl tape around their necks to limit 

radon gas escape as much as possible and stored for a minimum period of 4 

weeks to allow radioactive equilibrium between 226Ra, 222Rn and its daughter 

products. Figure 3-4 shows the preparation procedure for soil, sediment, wild 

plant and water samples. 

Wild plant samples were also air-dried in room temperature, cleaned 

from soil, shells, etc. The fresh weight of the samples was determined. 

Samples were then oven-dried at 100°C until constant dry weights were 

achieved. Following drying, the samples were powdered and sieved. Each 

sample (volume 450 cm3) was placed in PVC cylindrical container of 

diameter ~10.3 cm and height ~ 8cm, and then the container was sealed tight 

as mentioned before and stored for 4 weeks (see Fig. 3-4).  

For passive radiation measurement, each water sample was 

evaporated using a hot plate until its volume reached ~1.4 liters at 90°C then 

left to cool. A water volume of 1.3 liter was transferred after cooling to a 

Marinelli beaker with volume 1.5 liters. The containers were carefully sealed 

and the samples were stored for a period of time longer than 4 weeks (Fig. 3-

4).  

 



Chapter 3                                                                        Experimental Methods 

52 
 

3.3.2 Sample preparation for elements measurements 

In the present study, inductively coupled plasma (ICP) measurements 

and two methods of neutron activation analysis (NAA); long and short 

irradiations, were used for the determination of major and trace elements in 

various samples. The total number of samples measured by ICP was 34; 

including 13 sediment, 13 water samples, 4 soils and 4 wild plants. Several 

sets of samples were prepared for short (3 sediments and 2 soils) and long (6 

sediments, 2 soils and 2 wild plants) irradiations. These samples were 

randomly picked up.  

In these measurements, sample preparation was performed under 

controlled conditions and a special care was taken to keep the samples and 

the workplace free from dust. Also, the tongs and gloves were always used 

for handling to reduce any contamination with sodium [47]. It is known that 

for many analytical techniques such as optical emission spectrometry with 

inductively coupled plasma method, the analyzed must be in liquid form. 

Matrix dissolution is a method of converting the components of a matrix into 

simple chemical forms. This decomposition is produced by supplying energy, 

such as heat; by using a chemical reagent, such as an acid; or by a 

combination of the two methods [24]. 

The digestion procedure of soil, sediment and wild plant samples was 

performed as following [74]. 

• Each sample was mixed thoroughly to achieve homogeneity using a 

clean equipment to minimize the potential of cross-contamination. 

•  1 g (dry weight) of each was weighed to the nearest 0.01g and 

transferred to a digestion vessel.  

• 10 ml of 1:1 nitric acid (HNO3) was added to the sample, the slurry 

was mixed and covered with a watch glass. 
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•  The sample was heated to 95°C and refluxed for 10 to 15 minutes 

without boiling.  

• The sample was then allowed to cool. 

•  5 ml of concentrated HNO3 was added, the vessel was covered with a 

watch glass. and refluxed for 30 minutes.  

• This step (addition of 5 ml of conc. HNO3) was repeated over and 

over if brown fumes are generated (indicating oxidation of the 

sample by HNO3) until no brown fumes are given off by the sample 

(indicating the complete reaction with HNO3). 

•  Using a ribbed watch glass, the solution was allowed to evaporate to 

approximately 5 ml without boiling.  

• The sample was then allowed to cool. 

• 2 ml of water and 3 ml of 30% hydrogen peroxide (H2O2) was added, 

the vessel was covered with a watch glass. 

• The sample was heated to start the peroxide reaction. Care must be 

taken to ensure that losses do not occur due to excessively vigorous 

effervescence. 

• The sample was then allowed to cool when the effervescence was 

subsided.  

• 30% H2O2 in 1-ml aliquots was added, a maximum value of 10 ml of 

30% H2O2 was added . 

• The sample was heated until the effervescence is minimal.  

• The sample was covered with a ribbed watch glass, heating was 

continued and digestated until the volume has been reduced to 

approximately 5 ml. 

• The sample was then allowed to cool. 

• The sample was diluted to 100 ml with water, filtrated through a 

Whatman filter paper No. 41. 
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• The sample was then analyzed by  ICP-OES.  

For NAA, once a sample has been properly prepared as described in 

§3.3.1, subsamples were consequently prepared for irradiation in the reactor. 

Aluminum foil is available in qualities of moderate to high purity. It is not 

very expensive and it is resistant to heat and radiation, so that it can 

withstand all reactor irradiation conditions usually applied [31]. Therefore, it 

was used to wrap the samples for NAA measurements.  

Some of the samples were subjected to long-time irradiation (6 

sediments, 2 soils and 2 wild plants). About 200 mg of each sample was 

wrapped in a clean aluminum foil, closed tightly by squeezing the edges and 

marked by scoring with a pin [47]. The samples were packed in standard 

aluminum cans which were marked by scoring and with a pin too. Inside each 

aluminum can, there was an empty aluminum foil with same weight, size and  

geometry of aluminum envelopes that contained the samples, to be used for 

background assessment. An additional aluminum can containing a gold 

doped aluminum foil 0.1% with known weight was used as a thermal neutron 

flux monitor.  

The same was also carried out for short- time irradiation, two surface 

soil samples (S01 and S03) and three sediment samples (D110, D117 and 

D118) were randomly chosen. . About 100 mg dry weight for each sample 

was used and the nylon sheet was used for wrapping. The samples were 

closed tightly with tape and then it was numbered. Each sample and a pure 

gold foil with known weight, performing as a thermal neutron flux monitor 

was packed in high purity polyethylene irradiation vial (see Fig. 3-5).  

 

3.4 Measurements of Sample Characteristics 

Many physical and chemical characteristics of soil, sediment and 

water samples can be investigated. These characteristics may affect the  
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Fig. 3-4. Flow chart of the preparation of soil, sediment, wild plants, and 
water samples for the passive gamma-ray measurements. 
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concentrations and mobility of elements in environmental systems. The pH 

value, total dissolved solids (TDS), total organic matter (TOM) content, grain 

size fractions and calcium carbonate were therefore determined. 

 

3.4.1 pH value 

Soil pH is one of the most common measurements. It is defined as the 

negative logarithm of the hydrogen ion activity. Since pH is logarithmic, the 

H-ion concentration in solution increases ten times when its pH is lowered by 

one unit. The pH range normally found in soils varies from 3 to 9. Various 

categories of soil pH may be arbitrarily described as follows: strongly acid 

(pH<5.0), moderately to slightly acid (5.0–6.5), neutral (6.5–7.5), moderately 

alkaline (7.5–8.5), and strongly alkaline (>8.5). At high pH values, 

availability of phosphorus (P) and most micronutrients, except boron (B) and 

molybdenum (Mo) tend to decrease. On the other hand, the pH represents the 

acidic or basic nature of water or some material on a scale of 0-14 from 

strongly acidic to strongly basic, being neutral at pH 7.0. Environmentally, 

water close to pH 7.0 is considered the most satisfactory. Pure water in 

atmospheric equilibrium has a pH of 5.5, unpolluted soft water 5.5–7.1, hard 

water 7.9–8.9 and sea water 8.1–9.1 [75]. Among the important reasons for 

measuring the pH is that it may influence the mobility of stable elements and 

radionuclides in the ground because it affects the adsorption process and the 

solubilization of these elements.  

For the soil and sediment samples, the pH value was measured by 

preparing a suspension of 2 gm of the sample in 50 ml of distilled water (pH 

= 7.0) and heating it to 90°C followed by cooling it to 20°C [76]. Then, the 

pH value of the sample was determined by using Microprocessor pH Meter-

HANNA pH 211. The electrode was left for ~10 min in the suspension of    
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Fig. 3-5. Flow chart of the preparation of soil, sediment and wild plant 
samples for neutron activation analysis measurements. 
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each  sample to allow equilibrium to occur. The pH value of water samples 

was measured by using a Crison 501 pH/mV-meter digit.  

 

3.4.2 Total dissolved solids content 

Salinity refers to the concentration of soluble inorganic salts in the 

soil or water. For water samples, the total dissolved solids was estimated by 

measuring its electrical conductivity (EC) [77]. The electrical conductivity 

was measured by using Bench Conductivity Meter HI 8819 Hanna 

Instruments. The TDS of water samples was determined by using the 

following equation [78]:  

TDS = f. EC  (3-1)  

where f is a factor constant;  f = 0.55 for pH < 7, f = 0.65 for pH = 7 and f = 

0.75 for pH > 7.  

 

3.4.3 Total organic matter content 

The total organic matter (TOM) content is a mixture of plant and 

animal materials in various stages of decomposition together with humus. 

Organic matter has a major influence on soil aggregation, nutrients reserve 

and its availability moisture retention, and biological activity [77]. After 

drying the samples at 100°C, 10 g of soil or sediment was placed into a 25 

cm3 crucible of known weight in order to get the dry weight of the soil before 

burning them. After weighing, crucibles were placed in a muffle furnace for 

2.5 h at 550ºC [77]. The organic matter is converted into CO2 (oxidation), as 

Organic Matter + 2O2 →  CO2 + 2H2O + Energy (3-2) 

After allowing cooling to 100ºC, samples were then placed in desiccators 

until they reached room temperature. They were weighed again to measure 

the amount of organic matter lost by soil ignition. 

 



Chapter 3                                                                        Experimental Methods 

59 
 

3.4.4 Grain size fractions  

The classification of a soil sample seems to be a very complicated 

process since soil, generally, in nature consists of a proportional mixture of 

different grains, different in both their size and type. However, many 

techniques were founded in order to classify any soil sample. One of these 

techniques is to classify the soil using sieve analysis or in other words 

according to the grain size distribution. In this study, the grain size analysis 

of all samples (12 soil and 24 sediment samples) was performed using 

vibratory sieve shaker (ISO-33101). The percentage distribution is calculated 

by weighing each group.  

 

3.4.5 Calcium carbonate 

Calcium carbonates accumulate in arid and semiarid regions either in 

the surface horizon or at a certain depth in the soil profile depending on the 

amount and distribution of rainfall. Under this climatic condition, the 

carbonate may form caliches coatings on pebbles and cobbles in alluvium or 

may accumulate as lime nodules or concretions at certain depth in the profile 

in response to local rainfall [79].  

Calcimeter was used to measure the calcium carbonate concentrations 

for all soil and sediment samples. The measurement of CaCO3 is based on the 

volumetric analysis of the carbon dioxide CO2, which is liberated during the 

application of hydrochloric acid solution 4 M HCl in soil’s carbonates in a 

sealed reaction cell. As the CO2 is released, the pressure build up is measured 

using the difference between the two columns of calcimeter [80]. The 

carbonates are weathered out gradually of the sand. As sand-dunes age, 

leaching of calcium carbonate occurs. With time, CaCO3 is leached out of the 

surface sand and percolated down into the lower layers [81].  
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3.5 Measurements of γ-Ray Emitting Radionuclide  

The passive radiation measurements were performed at the Atomic 

Energy Authority (AEA), Hot Laboratories Center, Inshas, Egypt. These 

measurements were carried out using a γ-ray spectrometer equipped with a 

coaxial Canberra HPGe detector, model 7500SL, Gc 3018 (USA). The active 

volume of the Ge crystal is 512 cm3 with 7.6 cm diameter and 11.3 cm 

length. The relative efficiency of the detector is 30% with a resolution of 1.85 

keV at full-width at half maximum (FWHM) for the γ-ray energy line of 60Co 

at 1332.5 keV. The system includes a unified preamplifier (model 2002 CSL) 

connection terminal for differential signal transmission. The amplified 

signals of the detector from Canberra 2026 amplifier were acquired with an 

analog-to-digital converter (ADC) with 16 k spectrum memory multi-channel 

analyzer (MCA) Canberra Model MP2-1U. In order to reduce the 

background during the measurements from the surrounding materials and 

cosmic rays, the detector was surrounded by a heavy lead shield of 10 cm 

thickness with inside cavity with 28 cm diameter 40.5 cm height (Canberra 

747E). It contained two inner concentric cylinders of copper and cadmium. A 

block diagram of electronics of the used γ-ray spectrometer is shown in Fig. 

3-6. 

Gamma-ray spectra of each sample was counted for 24 h and the γ-

ray background spectra were measured frequently under the same 

experimental conditions as the sample activity measurements to check the 

stability of the background and to correct the net count rate of the selected γ-

ray photopeaks of the samples. 

 

3.5.1 Energy and efficiency calibrations  

Energy calibration checks need to be carried out from time to time to 

check the stability of the detector and the associated electronics. Energy  



Chapter 3                                                                        Experimental Methods 

61 
 

 
Fig. 3-6. A block diagram of electronics used for the γ-ray spectrometer. 

 

calibration was performed for the HPGe gamma-ray spectrometer using 

several sealed certified sources of known γ-energy lines, such as 133Ba, 137Cs, 
60Co and 226Ra. Uncertainties in the order of 0.5 keV in the peak position of 

the sample spectrum are usually sufficient for radionuclide identification of 

qualitative analysis.  

Once energy calibration points have been established over the entire 

energy range of interest, a calibration curve relating energy to channel 

number is normally derived. Common techniques involve the least-square 

fitting of a polynomial of the form [32-35].  

∑
=

=
N

n

n
nCaE

0
 (3-3) 

where E is the energy and C is the channel number. A polynomial of order N 

= 4 or 5 is normally adequate for typical Ge spectrometers, depending on the 

severity of any nonlinearity that is present.  

Detector Preamplifier Amplifier MCA 

Bias Supply 
PC 

+ 4000V Canberra, Genie 2000 

HPGe detector Canberra 
Relative Efficiency 30%  
FWHM=1.85 keV at 1332 keV 
10 cm thick Pb Shield 
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On the other hand, a measurement of absolute emission rates of γ-rays 

requires knowledge of the detector efficiency. The full energy peak 

efficiency is defined as [32-35]: 

)(
)(

)(
γ

γ
γε

ER
En

E =  (3-4) 

where n(Eγ) is the count rate in the γ peak corresponding to the energy Eγ and 

R(Eγ) is the rate at which γ-rays of energy Eγ are emitted from the source.  

The experimental determination of the detector efficiency using 

calibration sources is usually easier and more accurate than theoretical 

calculations. If there is a calibration γ-ray source of each isotope under study, 

then there is no need to determine the energy dependence of the efficiency. A 

γ-ray emission rate, R(Eγ), in eq. (3-4) could be simply replaced by the 

activity A and denote the ratio n(Eγ)/A as the isotope-related efficiency for 

each γ-ray energy. However, in most measurements a calibration source of 

the same radionuclides is not available, so efficiency values obtained at other 

energies have to be used for interpolation. 

 Any γ-ray source with a known γ-ray emission rate can be used for an 

efficiency calibration; R(Eγ) = A × Iγ(E), where Iγ(E) is the γ-ray emission 

probability. Gamma-ray sources with well determined emission rates such as 
56Co, 60Co, 133Ba, 137Cs, 152Eu and 226Ra (in secular equilibrium with its 

daughters) can be used for detector efficiency determination. Also, sources 

with a mixture of radionuclides are commercially available for efficiency-

calibration measurements [32-35]. Efficiency-calibration measurements yield 

a set of values at specific energies. Then, this set of points is used for 

construction of a calibration curve or function allowing the efficiency at any 

intermediate energy to be computed or estimated. There are various 

analytical approaches to get a complete efficiency-calibration function.  
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The full-energy-peak efficiency is a complicated function of many 

parameters, such as the energy of the γ-ray, the dimensions of the detector, 

the dimensions of the source and the source-detector geometrical 

arrangement. Also, the efficiency depends on the grain size and the density of 

the sample especially in the case of environmental radioactivity 

measurements. Therefore, the efficiency-calibration measurements of Ge 

detectors should be carried out under the same experimental conditions as in 

the case of sample activity measurements. 

In the present work, the creation of the absolute efficiency-calibration 

curve consists of few simple steps. The basis of the method is described in 

some detail in [82, 83]. The relation between the relative detector peak-

efficiency and the γ-ray energy was first determined using standard point γ-

ray sources (60Co, 133Ba, 152Eu and 226Ra) at a large reference source-to-

detector distance of 30 cm where the true coincidence-summing effect is 

negligible. The dependence of the relative efficiency on the γ-ray energy was 

fitted to four-parameter function in the form 

( ) ( )34
2

321d ElogaElogaElogaalog +++=ε       

where εd is the detector efficiency and E is the γ-ray energy in keV. 

To obtain the absolute efficiency curves, 80 g of KCl (M.W 74.56, 

Assay 99.8 %, BDH England) were mixed homogeneously with the soil 

sample with density 1.16 g cm–3 (densities of all samples ranged from 1.05 to 

1.38 g cm–3) and sediment sample with density 0.92 g cm–3 (densities ranged 

from 0.78 to 1.11 g cm–3). In case of water samples, about 100 g KCl were 

solved in one sample with volume of 1.3 l. The 450 cm3 KCl solution was 

used for wild plant samples. The samples with the added KCl were then 

placed directly on the top of the detector as the activity measurements under 

the same experimental conditions. The count rate of the 1460.8 keV 40K 

photopeak was then determined. After the subtraction of the count rate due to 
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the 40K activity in the sample, the absolute full-energy-peak efficiency for the 

HPGe detector have been obtained at energy of 1460.8 keV. The absolute 

efficiency value at 1460.8 keV were then used to get the absolute efficiency 

curves by normalizing the relative efficiency curve obtained with the point 

sources. Figure 3-7 shows the absolute detection efficiency of the 30% HPGe 

detector as a function of gamma-ray energy for different types of samples and 

sample containers with different volumes. For each photopeak energy and for 

each sample type, a fit was calculated from the data point of the absolute 

efficiency versus the sample density. 

 

3.5.2. Statistical considerations 

The count rate is expressed as R = N/tm, with the statistical error 

mmR tRtN // ==σ  where N and tm are the counts under the γ-ray 

photopeak and the time of the measurement, respectively. The sample count 

rate (R±σR) is given by 
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where tbg and tG are the time during which the background and gross counts 

were made, respectively. The activity concentration (C±σc) is given by  
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where m is the sample weight. When a radioisotope has more than one photopeak, 

the weighted mean activity concentration and the statistical error can be determined 

as  
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∑
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(3-9) 

 

(3-10) 

The most intensive and interference free γ-ray lines were used to 

obtain significant peak areas. Low-energy γ-rays were not considered because 

they are subjected to significant self absorption that depends strongly on the 

sample matrix. The interference between the 351.07 keV γ-ray emitted by 
211Bi and the 351.9 keV γ-ray emitted by 214Pb can be ignored as the former 

has a low photon emission rate. More than one γ-ray line was used for the 

determination of the 226Ra and 232Th activities to obtain more accurate results.  

In the present study, the 92.4 of 234Th and 1001.0 of 234Pa keV γ-rays 

were used to determine the activity of 234Th which is assumed to be in 

radioactive equilibrium with 238U. 222Rn concentrations were determined 

using the γ-ray lines 295.2 and 351.9 keV of 214Pb and 609.3, 1120.3, 1764.5 

and 2204.1 keV of 214Bi. 226Ra was assumed to be in radioactive equilibrium 

with 222Rn. The γ-ray photopeaks used for the determination of the 232Th 

contents were 911.2, 964.6, 969.0 and 1588.2 keV of 228Ac, 727.3 and 1620.7 

keV of 212Bi and 583.2, 860.6 and 2614.5 keV of 208Tl. The 238.6 keV γ-ray 

photopeak of 212Pb was also used for the determination of the 232Th contents. 

The 2614.5 keV (35.8%) line of 208Tl was not used because of the somewhat 

low detector efficiency at this high energy. Some of the less intense γ-ray 
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lines were not used in case if the sample has low activity contents of 238U 

and/or 232Th. For the determination of 226Ra and 232Th in plant samples, the 

above γ-ray photopeaks were used except 1588.2 keV of 228Ac, 1620.7 keV 

of 212Bi, 2204.1 keV of 214Bi and 238.6 keV of 212Pb. The activity of 40K and 
137Cs were determined using 1460.8 and 661.7 keV γ-rays, respectively.  

On the other hand, the detection limit or the minimum detectable 

emission rate depends on the sample composition, the radiation energy, the 

source-to-detector distance, the detector efficiency, the background and the 

time of the measurements. There are several methods for calculating the 

minimum detectable activity (MDA) of the measuring system for each 

radionuclide. It is calculated using the following formula: 

MDA = (LD/tm) / ε (3.11) 

where, LD is the detection limit, tm is the measuring time and ε is the 

photopeak efficiency of the considered γ-ray energy. The LD is defined by 

[32]: 

LD = 5.4 + 3.3 N bg2               (3.12) 

where Nbg is the number of background counts for the region of interest of the 

considered γ-ray energy in the measuring time tm. 

 

3.6 Dosimetry Assessments 
The γ-ray radiation hazards due to the specified radionuclides 226Ra, 

232Th and 40K were assessed by the most widely used radiation hazard index 

Radium equivalent activity (Raeq)[84]. It is given by: 

Raeq = CRa + 1.43 CTh + 0.077 CK   (3.13) 

where CRa, CTh and CK are the activity concentrations of 226Ra, 232Th and 40K, 

respectively, in Bq kg−1. The Raeq is used to compare the activities of the soil 

samples containing different concentrations of radionuclides due to NORM.  
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Fig. 3-7. Absolute detection efficiency of the 30% HPGe detector for water, 
sediment, soil and plant samples placed directly on the top of the detector. 
 

The assumed criterion is that 1 Bq kg−1 of 226Ra, 0.7 Bq kg−1 of 232Th or 13 

Bq kg−1 of 40K produces the same γ-ray dose rate and that the Raeq should not 

exceed a maximum of 370 Bq kg−1 [18]. 

The measured activity concentrations were also used to calculate the 

absorbed dose rate in outdoor air (nGy h−1) at a height of 1 m above the 

ground surface. The dose conversion factors for converting the activity 

concentrations of 238U, 232Th and 40K into doses (nGy h−1 per Bq kg−1) are 

0.462, 0.661 and 0.0432, respectively [19] used for this purpose is, therefore, 

given by: 

D = 0.472 CU + 0.662 CTh + 0.0432 CK (3.14) 

where CU is the activity concentration of 238U, in Bq kg−1. The world average 

for absorbed dose rate is 0.5 (0.16-0.82) mGy y−1. 

The effective dose equivalent was calculated [19] by assuming a 

conversion coefficient (DCC) of 0.72 Sv Gy−1 for the absorbed dose in air 
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(D) to the effective dose in the human body (Eff. D. eq.) and indoor and 

outdoor occupancy factors (OF) of 0.8 and 0.2, respectively. The annual 

effective dose equivalent (AEDE) can be calculated as follows: 

                 AEDE = D × DCC × OF × T (3.15) 

where T is the number of hours in one year (8760 h). The top 10 cm of soil 

was considered the layer that makes the predominant contribution to external 

irradiation above the ground. The Eff. D. eq. from outdoor terrestrial gamma 

radiation is 70 µSv [19]. 

The external and internal hazard index (Hex and Hin, respectively) are 

calculated as followings: 

Hex = 0.0027CRa +0.00386CTh +0.0002079 CK                   (3.16) 

Hin = 0.0054CRa +0.00386CTh +0.0002079 CK (3.17) 

Both Hin and Hex should not exceed unity. 

And the γ radiation level index is calculated as the following: 

 

Iγr = 0.0067CRa +0.01CTh +0.00067 CK 

 

 

 

 

(3.18) 

It should not exceed unity [85]. 

 

3.7 NAA Measurements 

3.7.1 Sample irradiation and activity measurements 

The samples were irradiated at the Egyptian's Second Research 

Reactor. The reactor is an open pool multi-purpose reactor (MPR) at Inshas 

with a nominal power of 22 MW with an average thermal neutron flux of 8.1 

× 1013 n cm–2 s–1 and maximum thermal neutron flux of 2.7 × 1014 n cm–2 s–1 

(neutron trap). As pointed out earlier, randomly selected samples were 

irradiated for short and long times.  
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For short-time irradiation, the Pneumatic Irradiation Rabbit System 

(PIRS) was used. The irradiation time for the samples ranged from 60 to 120 

s and the gold foil monitor was irradiated for 30 s. The sample activities were 

measured after a cooling time ranging between 300 and 638 s. The gamma-

ray activities of the samples were measured for a time ranging between 150 

and 230 s using a coaxial Ortec HPGe detector with a relative efficiency of 

100%. The detector energy resolution (FWHM) is 2.1 at 1332.5 KeV γ-ray of 
60Co. It is shielded with an ultra-low background lead shield with thickness 

of 12 cm. The signal was amplified using 973 Ortec spectroscopy amplifier. 

The gamma-ray spectra were acquired using multichannel analyzer 921 Ortec 

spectrum master and high rate multichannel buffer with 16 k channels. The 

sample-to-detector distance was about 8 cm. 

For long-time irradiation, the samples were irradiated for 3 hours and 

they were left for 10 days to cool down post the end of irradiation and before 

γ–ray spectrum measurements were started. The gamma-ray activities of the 

samples were measured for 1800 s using the 30% HPGe that used for the 

passive radiation measurements. The sample-to-detector distance was 20 cm. 

The gamma-ray spectrum of the irradiated aluminum foil that represents the 

background γ-ray spectrum was counted also for 1800 s. The gold foil was 

counted for 3600 s and the γ-ray background spectra were measured 

frequently to make sure that the Laboratory is safe. After additional 10 to 15 

days, the activities of the samples were re-measured (cooling time = 23 days). 

The measuring time was prolonged to 7200 s for these measurements because 

of the low activities.  

 

3.7.2 Efficiency calibration for NAA measurements 

For quantitative analysis purposes, the absolute efficiency of the 

HPGe based gamma-ray spectrometer was determined as a function of the γ-
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ray energy by means of a multi γ-rays standard point sources such as 133Ba 

(Amersham International pic) and 226Ra (Isotope Products Laboratories). The 

sources were placed at source-to-detector distance of 20 cm. Fig.3-8 shows 

the absolute detection efficiency of the 30% HPGe detector as a function of 

gamma-ray energy at source-to-detector of 20 cm for the long-time 

irradiation NAA measurements.  

 

Gamma-Ray Energy (keV)

100 1000

A
bs

ol
ut

e 
D

et
ec

tio
n 

Ef
fic

ie
nc

y

0.0001

0.001

 
Fig. 3-8. Absolute detection efficiency of the 30% HPGe detector at source-
to-detector of 20 cm.  
 

3.7.3 Calculation of element concentration 

The K0-standardization method can be interpreted as an absolute 

standardization with substitutions of the absolute nuclear data for 

experimentally determined K0-factors. The determination of K0,c is discussed 

in details in elsewhere [47, 48]. This eliminates systematic errors due to 

unreliability and uncertainty of nuclear data, on condition that the 

experimentally determined K0-factors are accurate. The concentration of the 

elements ppma,ρ  in the environmental samples are calculated with the 

following equation [48] and the 197Au(n, γ)198Au was chosen as the flux 

monitor.  
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where: 

 a is an analyst in sample, Au is a co-irradiated comparator (monitor), Asp is 

the specific count rate, εp is the absolute full-energy peak efficiency of the 

detector for the measuring γ-line including correction for gamma-attenuation, 

f = φth/φe is the neutron flux ratio, 

Q0 = I0/σ0 is the resonance integral to 2200 m s−1 (n,γ ) cross section, 

corrected for pulse losses.  

The specific count rate (s−1 g−1) is given by 

SDCW
tN

A mp
sp

/
=  (3-20) 

where:  

Np is the number of counts in the full-energy peak, corrected for pulse losses 

(dead time, random and true coincidence), 

tm is the measuring time (s), 

S is the saturation factor = 1-e-λt
irr, 

D is the decay factor e− λt
d, td is the decay time (same unite as T1/2), 

C is the measurement factor = (1-e−λt
m)/ λtm (with tm in the same units as 

T1/2), 

W is the weight of irradiated element (g), 

λ is the decay constant = (1n2)/T1/2,  

T1/2 is the half-life, and 

tirr
 is the irradiation time (same units as T1/2) 

The recommended k0-factors are: 
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where:                                                               

s is the standard, c is the coirradiated comparator, M is the atomic weight of 

irradiated element, θ is the isotopic abundance (fraction) of target nuclide, σ0 

is the thermal cross-section and γ is the absolute gamma intensity (gamma-

emission probability). The energies of the gamma-ray lines used to determine 

the concentration of various elements are shown in Table 3-2. 

 
Table 3-2. The energies of γ-ray lines used for determination of element 
concentrations.  

Isotope Gamma-ray energies (keV) 
For long-time irradiation NAAmeasurements 
Fe-59 192.3 and 1099.3 
Co-60 1173.2 and 1332.5 
Cr-51 320.1 
Sr-85 514.0 
Zn-65 1115.5 
For short-time irradiation NAA measurements 
Al-28 1778.9 
Mn-56 1810.7 and 2113.1 
V-52 1434.1 

 

 

3.8 ICP Measurements 

 The element concentrations of 4 surface soil, 4 wild plants and 13 

sediment samples were determined using Inductively Coupled Argon Plasma 

(ICAP 6000 series) model ICAP 6500, thermo scientific, UK. These 

measurements were done at the Central Lab., Desert Research Center. 
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4.1 Characteristic of the Samples  
4.1.1 Sediments  

Sediments represent important reservoirs for nutrients and 

contaminants. These contaminants may be attached to organic colloids, clay, 

carbonates or be co-precipited with iron and manganese in hydroxides 

present in the sediments constituents. The pH value often has a major 

influence on the mobility of radionuclides in soil and affects their adsorption 

process and solubilization in soil [86]. Soil pH also plays a major role in the 

sorption of heavy metals as it directly controls the solubility of metal 

hydroxides, as well as metal carbonates and phosphates [87, 88]. Organic 

matter in soils and sediments comprises a group of complex chemical 

components of biological origin. Wherever organic matter accumulates in 

soils and sediments, organic related metals provide a possible indication of 

mineralization. The organic matter content is a characteristic parameter that 

also has a great influence on the retention and migration of the fallout 

radionuclides in the environment.  

Calcium carbonate (CaCO3) content is a basic soil property widely 

used by soil surveyors to describe soil types. Furthermore, it is also pertinent 

property to quantify vulnerability to erosion. Calcium carbonate accumulates 

in arid and semiarid regions either in the surface horizon or at a certain depth 

in the soil profile depending on the amount and distribution of rainfall. In 

agriculture soil, the spatial distribution of CaCO3 is expected to be associated 

with the various types of surface cover and to be affected by the presence of 

agricultural activities and grazing animals. The calcium carbonate content is 

related to the leaching capacity of the soil and its tendency to aggregate; the 

higher the calcium carbonate content, the less the aggregation.  

Grain size is one of the most commonly investigated causes for the 

spatial and temporal variability in sediment-trace element concentrations. 

Generally, as grain size decreases, trace element concentrations increase, 
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reflecting changes in physical and chemical factors which affect trace 

elements. Since trace elements tend to be adsorbed onto surfaces of particles, 

their concentrations naturally increase as particle sizes decrease.  

The water’s depth and pH, TOM, CaCO3 and grain size fractions of 

the sediment samples in each location are presented in Table 4-1. The 

statistical data of these parameters are summarized in Table 4-2. The samples 

are characterized by low values of pH and organic matter contents. The pH of 

the samples was slightly alkaline with a range of 7.3−9.1 and a mean of 8.4. 

Organic matter was below 12% in all samples. The sediment’s pH, TOM and 

CaCO3 have normal distributions. This is also true for most grain size 

fractions except the grain size 75-125 µm which has high positive value of 

kurtosis coefficient indicating peaked distribution.  

 
4.1.2 Water  

The pH and TDS of the water samples in each location are presented 

in Table 4-3. The pH of the water samples had a range of 6.8−8.8 with a 

mean of 8.0. The values are changing from slightly acidic (one sample) to 

slightly alkaline. The mean pH value of 7.5±0.5 was measured for Nile- and 

drinking water samples collected from different cities before and during the 

flood [89]. The water samples collected from different sites along the Nile 

river close to a phosphate fertilizer company had a range of 7.3–8.0 for the 

pH values with a mean of 7.6 [89]. The pH distribution is symmetric 

(skewness = –0.33) and it is slightlty flat (kurtosis = –1.74). The pH 

distribution across the lake is uniform with the lowest values in the 

southwestern part of the lake (see Fig. 4-1).  

The TDS of water samples ranges from 1.02 to 7.66 ‰  with a mean 

2.77 ‰. The normal value of TDS in river water is 500 mg l–1 and in sea 

water ranges from 500 to 30 000 mg l–1 [90]. The mean TDS in agricultural 
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channels in a small village in the Nile Delta was 488 with a range 461–504 

mg l–1 [56]. Obviously, the lake’s water has relatively higher TDS than the 

Nile River and well contained in the range given for sea water. Statistical 

data for the water’s pH and TDS are given in Table 4-4. The distribution of 

water’s TDS had high positive skewness coefficients (2.02) which indicate 

that the distribution has a tail extending toward higher concentrations. The 

distribution is highly peaked. Fig. 4-2 shows that the TDS values of the 

whole western part of the lake was fairly constant (mean 1929±441 µg g–1). 

The mean of the eastern part was 3942±1487 µg g–1with the highest two 

locations in the middle of that area (locations 117 and 118). 

 

4.1.3 Soil  

Fig. 4-3 shows the soil characteristics pH, TOM and CaCO3 for the 

four cores collected from the two islands Al-Koum Al-Akhadr (S01 and S02) 

and Sinjar (S03 and S04). Generally, no change of the soil pH with depth was 

observed in all cases. The two islands have different pH values with means 

7.7±0.2 and 8.9±0.3 for Al-Koum Al-Akhadr and Sinjar, respectively. The 

eastern sides in both islands are richer in TOM than the western side. While 

the CaCO3 content was higher in the top soil layer in Al-Koum Al-Akhadr, it 

was constant in Sinjar. Fig. 4-4 shows the grain size fractions in the four 

cores. No significant change in these fractions existed in the different layers 

of each core. Like the pH, the two islands differed in regards to the 

distribution of grain size. Soil from Al-Koum Al-Akhadr Island had about 

73% of the soil in the medium size range (212-425 µm) and soil from Sinjar 

had the highest contribution of 35-49% of the soil with the largest grain size 

(>425 µm).   

  



Chapter4                                                                        Results and Discussion 
 

76 
 

Table 4-1. Characteristics of sediment samples collected from the study area; water’s depth and pH, TOM, CaCO3 and grain 
size fractions of the sediment samples. 
Location Depth pH TOM CaCO3 Grain Size Range (µm) 

 (cm)  (%) (%) <75  75-125 125-212  212-250 250-315  315-425 425-500  >500 
101 143.0 8.7 8.1 6.4 21 1 24 6 9 13 7 19 
102 133.0 9.1 7.4 6.3 16 2 25 6 8 11 7 25 
103 155.0 8.8 5.8 6.3 19 1  13 5 7 12 6 37 
104 117.0 8.9 4.1 4.8 16 14 13 4 6 8 4 35 
105 107.0 8.0 5.4 6.6 21 1  14 4 6 9 5 40 
106 113.5 7.8 6.2 6.5 19 2  13 5 7 12 6 36 
107 117.5 8.7 9.1 6.4 32 2 11 4 5 8 5 33 
108 124.0 8.9 4.5 5.2 35 1  23 5 6 8 4 18 
109 124.0 9.0 6.6 6.3 21 1 15 5 7 10 5 36 
110 122.5 8.9 8.9 6.5 38 1 15 5 7 8 4 22 
111 123.0 9.1 6.3 5.2 30 1 16 5 7 9 5 27 
112 100.5 9.1 4.3 5.8 24 1  13 5 6 9 5 37 
113 115.5 7.3 4.7 5.9 50 1 11 3 4 6 4 21 
114 71.5 7.4 5.7 6.6 52 1 11 4 4 6 4 18 
115 88.0 7.4 6.7 6.6 20 1 11 4 6 9 5 44 
116 57.0 8.5 10.5 5.3 22 4 7 3 4 7 4 49 
117 87.5 8.6 12.1 6.5  26 4 11 4 6 8 4 37 
118 122.0 8.7 4.8 5.5 14 2 16 6 8 12 6 36 
119 132.0 8.7 6.5 4.4 14 12  14 5 7 10 5 33 
120 95.0 7.7 2.8 6.5 21 1 15 6  9 13 6 29 
121 97.0 7.8 6.6 6.5 22 6 10 4 6 9 5 38 
122 120.0 7.4 4.6 6.5 19 2 8 3 5 8 5 50 
123 104.5 7.4 6.1 6.2 29 4 8 4 5 8 5 37 
124 142.5 9.0 4.1 6.5 24  1 14 5 6 10 5 35 
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Table 4-2. Statistical data of some characteristics of the sediment samples; water depth,  pH, TOM % , CaCo3% contents and 
particle size (µm) distribution. 

 Depth  pH TOM CaCO3 Grain Size Range (µm) 
 (cm)  (%) (%) <75  75-125 125-212 212-250 250-315  315-425 425-500  >500 

Mean 113.0 8.4 6.3 6.1 25.2 2.8 13.8 4.6 6.3 9.3 5.0 33.0 
Median 117.3 8.7 6.2 6.4 21.5 1.0 13.0 5.0 6.0 9.0 5.0 35.5 
Std. Error of Mean 4.6 0.1 0.4 0.1 2.1 0.7 1.0 0.2 0.3 0.4 0.2 1.8 
Std. Deviation 22.7 0.7 2.1 0.6 10.1 3.4 4.7 0.9 1.4 2.0 0.9 9.0 
Harmonic Mean 107.6 8.3 5.7 6.0 22.4 1.5 12.5 4.4 6.0 8.9 4.9 30.3 
Geometric Mean 110.5 8.3 6.0 6.0 23.7 1.8 13.1 4.5 6.1 9.1 5.0 31.7 
Minimum 57.0 7.3 2.8 4.4 14.0 1.0 7.0 3.0 4.0 6.0 4.0 18.0 
Maximum 155.0 9.1 12.1 6.6 52.0 14.0 25.0 6.0 9.0 13.0 7.0 50.0 
Variance 516.4 0.4 4.5 0.4 101.5 11.7 21.7 0.9 2.0 4.0 0.8 81.1 
Kurtosis 0.6 -1.5 1.6 0.7 2.0 6.1 1.2 -0.7 -0.2 -0.6 0.0 -0.4 
Std. Error of Kurtosis 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 
Skewness -0.6 -0.6 1.1 -1.3 1.5 2.5 1.1 -0.1 0.2 0.4 0.7 -0.1 
Std. Error of Skewness 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
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Fig. 4-1. The water’s pH-distribution of the Burullus Lake. The circles 
represent the water’s pH at each location with radii linearly proportional to 
the pH value. 
 
 

 
Fig.4-2. The water’s TDS-distribution of the Burullus Lake. The circles 
represent the water’s TDS at each location with radii linearly proportional to 
the TDS value.  

TDS 

pH 
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  Table 4-3. Characteristics of water samples. 
Location pH TDS ‰ Location pH TDS ‰ 
101 8.8 3.64 113 7.1 1.59 
102 8.7 3.22 114 7.0 2.91 
103 8.6 2.84  115 7.3 4.23 
104 8.6 3.56 116 8.7 2.88 
105 8.0 2.26 117 8.7 5.16 
106 7.8 2.05 118 8.7 7.66 
107 8.7 1.95 119 8.6 3.22 
108 8.8 1.73 120 7.5 3.02  
109 8.8 1.47 121 7.9 2.26 
110 6.8 1.02 122 7.2 2.10 
111 7.0 1.65 123 7.1 2.10 
112 7.2 1.87 124 8.7 2.03 

 
 
    Table 4-4. Descriptive statistics of water characteristics. 

pH TDS  water ‰ 
Mean 8.0 2.77 
Median 8.3 2.26 
Std. Error of Mean 0.2 0.29 
Std. Deviation 0.8 1.42 
Harmonic Mean 7.9 2.30 
Geometric Mean 8.0 2.51 
Minimum 6.8 1.02 
Maximum 8.8 7.66 
Variance 0.6 2004 
Kurtosis –1.74 5.44 
Std. Error of Kurtosis 0.92 0.92 
Skewness –0.33 2.02 
Std. Error of Skewness 0.47 0.47 

 
 

4.1.4 Wild Plants   

Four of the most dominant and abundant wild plant species were 

collected from the two islands; Al-Koum Al-Akhadr (S01, S02 and S03) and 

Sinjar (S04). Many of the islands in the lake are used as pasture sites. The 

wild plants’ names, abundance and locations are given in Table 3-1. All these 
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wild plants are perennial and animal feeds. The locations of the collected 

samples are shown in Fig. 3-1. Soil samples were also collected from the 

same locations.  
pH
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    Fig. 4-3. The pH, TOM and CaCO3 of the individual layers of soil cores.  
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   Fig. 4-4. Particle size distribution of the individual layers of soil cores. 
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4.2 Radioactivity Concentrations 

4.2.1 Sediments 

Table 4-5 gives the concentrations of 226Ra, 232Th, 40K and 137Cs in Bq 

kg−1 dry weight (DW) in sediment collected from the 24 locations. The 

descriptive statistics are summarized in Table 4-6. For sediment samples, the 

mean concentrations (range) of 226Ra and 232Th were 17.2±2.2 (12.2−20.8) 

and 17.0±3.1 (9.9−23.4) Bq kg–1 DW, respectively. The concentrations of 40K 

had a range of 144−360 Bq kg–1 DW with a mean value of 246±47 Bq kg–1 

DW. 137Cs was also present in measurable concentrations in all sediment 

samples with mean and range of 3.2±2.3 and 0.85−9.7 Bq kg–1 DW, 

respectively.  

Fig. 4-5 shows the concentrations of NORM in sediment samples. 

Locations D102, 111, 113, 116 and 121 have the highest concentrations of 
226Ra (larger than ≈20 Bq kg–1 DW). On the other hand locations D101, 102, 

113, 116, 121 and 123 have the highest concentrations of 232Th (larger than 

≈20 Bq kg–1 DW). Two of the common locations among these two groups are 

close to drain 11 (D111) and drain 7 (D116). The other two (D101 and 121) 

are close to the see inlet and in the middle of the eastern part of the lake. One 

of the locations with the highest concentrations of both 226Ra and 232Th is 

D113 is close to drainage 9 outlet and it has the lowest pH value and the 

second highest clay content (<75µm). Location D116 is in the southeastern 

part of the studied area and is the shallowest location. The distribution of the 

activity concentration for 40K is uniform with a little variation.  

On contrary to the 40K distribution, the distribution of 137Cs in the 

lake is quite inhomogeneous. The map of 137Cs distribution shown in Fig. 4-6 

indicates that the locations with higher concentration are generally those in 

eastern part of the lake except in only one case (D111) which is associated 

with drain 11. The highest concentration was found in Mishkhalla and El-
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medawara regions (around location D117). This location had the highest 

contents of TOM and it is among the locations with the highest content of 

CaCO3.  

 
Table 4-5. The concentrations of NORM and 137Cs in Bq kg–1 DW (dry 
weight)  for   the sediment samples collected from Burullus Lake. 

Location 226Ra  232Th 40K 137Cs  
D101 16.6±0.3 19.9±0.3 287±9 4.00±0.13 
D102 19.8±0.3 22.5±0.4 315±10 5.36±0.18 
D103 16.2±0.3 16.6±0.3 248±8 1.46±0.07 
D104 12.2±0.2 9.9±0.2 144±5 5.42±0.18 
D105 18.2±0.3 18.4±0.3 238±8 1.25±0.07 
D106 16.7±0.3 16.5±0.3 213±7 2.37±0.09 
D107 15.6±0.3 14.8±0.3 236±7 2.55±0.10 
D108 18.7±0.3 14.5±0.3 265±8 0.98±0.06 
D109 18.4±0.3 17.2±0.3 271±9 1.71±0.08 
D110 18.1±0.3 15.8±0.3 258±8 2.04±0.09 
D111 19.6±0.3 16.2±0.3 230±7 6.22±0.21 
D112 16.3±0.3 15.3±0.3 211±7 1.76±0.06 
D113 20.8±0.4 20.8±0.4 292±9 1.15±0.06 
D114 17.0±0.3 17.8±0.3 217±7 1.93±0.08 
D115 15.6±0.3 15.7±0.3 225±7 5.72±0.19 
D116 20.0±0.4 23.4±0.4 360±11 1.86±0.08 
D117 15.9±0.3 18.8±0.3 307±10 9.70±0.31 
D118 14.1±0.3 12.8±0.3 214±7 4.17±0.15 
D119 16.2±0.3 15.3±0.2 232±7 6.77±0.21 
D120 13.0±0.3 13.3±0.3 171±5 0.85±0.05 
D121 19.6±0.3 19.4±0.3 280±9 4.98±0.17 
D122 17.0±0.3 16.4±0.3 194±6 1.88±0.09 
D123 18.7±0.3 19.9±0.3 269±8 2.27±0.09 
D124 17.8±0.3 15.6±0.3 239±8 1.02±0.06 
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Table 4-6. The statistical data of the concentrations of NORM and 137Cs for 
the sediment samples collected from Burullus Lake. 

 226Ra    232Th 40K 137Cs 
Mean 17.2 17.0 246 3.20 
Median 117.00 16.5  238 2.20 
Std. Error of Mean 0.45 0.63 9.0 0.47 
Std. Deviation 2.20 3.10 47 2.30 
Harmonic Mean 17.0 16.4 237 2.10 
Geometric Mean 17.0 16.7 241 2.60 
Minimum 12.2 9.9  144 0.85 
Maximum 20.8 23.4 360 9.70 
Variance 4.80 9.53 2265 5.40 
Kurtosis 0.01 0.38 0.59 0.92 
Std. Error of Kurtosis 0.92 0.92 0.92 0.92 
Skewness -0.49 0.10 0.19 1.20 
Std. Error of Skewness 0.47 0.47 0.47 0.47 

 

The 238U and 232Th isotopes commonly occur together in nature. This 

frequently leads to a relatively constant 238U/232Th (or 226Ra/232Th) ratio in 

many natural systems. This ratio may vary from the original value if the 

sample was subjected to physical or chemical interactions that may affect one 

series more or less than the other one. Table 4-7 presents the activity ratios of 
226Ra/232Th, 226Ra/40K, and 137Cs/40K. The mean values of 226Ra/232Th, 
226Ra/40K and 137Cs/40K ratios were 1.03±0.12, 0.07±0.01 and 0.013±0.010, 

respectively.  

The 226Ra/232Th ratio is dependent on the 238U/232Th ratio of the 

corresponding source rocks which contribute to the ionic composition of the 

waters and is therefore sensitive to distinguishing between different waters 

such as freshwater and saline water [91, 92]. Owing to its much shorter half-

life, 232Th is regenerated more rapidly than 226Ra in bottom sediments. This 

generally causes the 226Ra/232Th activity ratio to be depressed in 

estuarine/shelf bottom waters compared to the open ocean. The measured 
226Ra/232Th ratio is close to unity in all cases in the study area while the 
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Fig. 4-5. The concentrations of 226Ra, 232Th and 40K isotopes in sediment 

samples. 
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Fig. 4-6. The distribution of 137Cs in the sediment of the Burullus Lake; 
present results (solid circles) and previous study (open circles) [51].  
 
average 238U/232Th activity ratio (226Ra is the daughter nucleus of 238U) in the 

upper crust is typically 0.8. This may indicate that 226Ra is less soluble in the 

lake environment than 232Th. The range of this ratio in eastern part of the lake 

[El-Reefy et al., 2010] obtained from 19 sediment samples (0.61–1.39) is in 

general agreement with that of the present study (0.83–1.29).  

The 226Ra/40K ratios are nearly uniform across the studied area. This 

is reflected by the small values of kurtosis and skewness in Table 4-7. The 

main reason is that both isotopes are uniformly distributed across the lake. 

The results ranged from 0.05 to 0.09 which agrees with that obtained in the 

previous study (0.03–0.07) [El-Reefy et al., 2010]. The 137Cs/40K ratios show 

significant variation and are high in locations with high 137Cs concentrations 

and low elsewhere. These ratios ranged from 0.004 to 0.038. This result is to 

be compared with the range of 0.007–0.048 which was found in the previous 

study in the eastern part of the lake. The normality of all ratio distributions 
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except 137Cs/40K is reflected by the small values of kurtosis and skewness. 

Only 137Cs/40K distribution exhibits a long tail toward the higher values. 

A comparison of radionuclide contents in the sediment for the study 

area and other environments in Egypt is given in Table 4-8. The 226Ra and 
232Th concentrations in this study belong to the lower half of the national 

range of Egyptian sediments while for 40K the activity concentration lies in 

the upper half. Generally, the measured activities of 226Ra and 232Th agree 

with those from the closest area (Nile delta) while the range of the activity 

concentration of 40K is slightly wider than that in Nile delta. In both cases the 

sediments are expected to be contaminated with fertilizers. Generally, the 

activities in the Burullus Lake agree with that measured in Nasser Lake and 

Suez Canal despite the different natures of the three locations. Direct 

comparison between Burullus and Bardawil lakes clearly show that sediment 

in the former are richer in all isotopes than the later which is mainly because 

the difference in the texture of both sediments. While the sediment in the 

Burullus Lake contains a large fraction of clay, the sediment in the Bardawil 

Lake is rich in sand. The sediments from Bardawil Lake have the lowest 

concentrations of NORM. The sediments from Red Sea have the highest 

concentrations of 226Ra, 232Th, and 40K among all the locations listed in Table 

4-8. Nasser and Burullus Lakes have the highest concentrations of 137Cs.  

Comparison between radionuclide activities in the sediment of the 

studied area and in other coastal and aquatic environments is given in Table 

4-9. The present concentrations of 226Ra and 232Th are among the lowest 

activity in all locations listed in Table 4-9. While the highest ranges of 226Ra 

activity are those measured in Ghazaouet bay in Algeria [103], a river estuary 

in Spain [107] and Caspian Sea, Iran [65], the highest range of 232Th activity 

was reported from two rivers in Bangladesh [104]. On the other hand, the 

ranges of 40K activities in all these locations are comparable. 
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     Table 4-7. Ratios of the concentrations of radionuclides in  
            sediment samples.  

Location number 226Ra/232Th 226Ra/40K 137Cs/40K 
D101 0.83 0.06 0.014 
D102 0.88 0.06 0.017 
D103 0.98 0.07 0.006 
D104 1.23 0.08 0.038 
D105 0.99 0.08 0.005 
D106 1.01 0.08 0.011 
D107 1.05 0.07 0.011 
D108 1.29 0.07 0.004 
D109 1.07 0.07 0.006 
D110 1.15 0.07 0.008 
D111 1.21 0.09 0.027 
D112 1.07 0.08 0.008 
D113 1.00 0.07 0.004 
D114 0.96 0.08 0.009 
D115 0.99 0.07 0.025 
D116 0.85 0.06 0.005 
D117 0.85 0.05 0.032 
D118 1.10 0.07 0.019 
D119 1.06 0.07 0.029 
D120 0.98 0.08 0.005 
D121 1.01 0.07 0.018 
D122 1.04 0.09 0.010 
D123 0.94 0.07 0.008 
D124 1.14 0.07 0.004 
Mean 1.03±0.12 0.07±0.01 0.013±0.010 
Range 0.83−1.29 0.05−0.09 0.004−0.038 
Kurtosis -0.07 0.06 0.10 
Skewness 0.36 -0.15 1.09 
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Table 4-8. The mean concentration and/or the range of the concentrations of 
NORM and 137Cs (Bq kg–1 DW) in sediment samples collected from different 
regions in Egypt. 
Location 226Ra 232Th 40K 137Cs  

Burullus  
Present study 

17.17±2.18 
(12.2−20.8) 

16.95±3.09 
(9.9−23.4) 

246±47 
(144−360) 

3.23±2.32 
(0.85−9.7) 

 

East Burullus       14.3±3.2 
(10.3–21.8) 

20.0±6.3 
(11.9–34.4) 

312±36 
(268–401) 

7.2±3.9 
(2.7–15.9) 

[51] 

North Bardawil 4.4±1.8 4.3±2.0 130±48 0.28±0.28 [93] 
South Bardawil 5.1±2.0 4.9±2.1 160±58 0.34±0.33 [93] 
East Bardawil 4.6±2.3 5.1±2.9 127±69 0.63±0.85 [93] 
West Bardawil 4.9±1.7 4.8±2.0 164±44 0.29±0.31 [93] 
Nile Delta 
(phosphate fertilizer 
company)  

21.5 
(15.4–33.8) 

14.2 
(10.4–19.3) 

219 
(128–281) 

 
(< 2.4) 

[89] 

Upper Egypt 16.3±9.2 
(3.8–34.9) 

12.9±6.2 
(2.9–30.1) 

200±53 
(112–313) 

– [94] 

Nasser Lake 19.1 24.8 310 8.9 [95] 
 (11.0–48.0) (8.1–35.0) (10–314) (ND–10.9) [96] 
 (14.3–22.0) (18.4–24.4) (222–326) (2.3–7.6) [97] 
Suez Canal 4.9–20.2 3.3–35.4 59–368 0.9–2.1 [98] 
Red Sea shore 24.6 

5.2–105.6 
31.4 

2.3–221.9 
428 

98–1,011 
– [59] 

Aswan, Qena, and 
Souhag (3″×3″ NaI) 

(5.7–42.0) (2.7–76.2) (123–365) – [99] 

National range* 3.8–48.0 2.9–35.0 10–401 ND–15.9  
*Excluding locations where sediment may be rich in sand as those from Suez Canal and Red 
Sea shore and results where the experimental method is less sensitive as the case in Aswan, 
Qena, and Souhag results.  
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Table 4-9. The mean concentrations and/or the ranges of 226Ra, 232Th, 40K 
and 137Cs (Bq kg−1 DW) in sediment samples worldwide.  

 226Ra 232Th 40K 137Cs Ref. 
Africa      
Algeria  15.8 

(4.5–25.0) 
19.5 

(6.5–31.7) 
374 

(56–607) 
4.2 

(0.9–9.5) 
[100] 

Algeria  74–128 29.3–34.7 446–518 6.9–8.5 [101] 
Egypt (national) 3.8–48.0 2.9–35.0 10–401 ND–15.9  
Asia      
Bangladesh        
(Karnaphuli river) 
(Shango river) 

37.9 
(20.0–89.7) 

25.4 
(21.6−28.3) 

65.5 
(50.8–88.4) 

57.5 
(52.4−61.7) 

272 
(217–320) 

255 
(212−292) 

2.2 
(1.7–2.7) 

2.1 
(1.6−2.6) 

[102] 

Caspian Sea, Iran  177 ± 12.4 117 ± 11.5 1085 ± 102 131 ± 4.8 [65] 
Europe      
Albania,                
Butrint Lagoon  

8–27 13–40 266–675 2.8–37.5 [63] 

Italy                     28.2±4.4 91.7±13.4 604±30 8.8±1.8 [103] 
Serbia and            
Montenegro 

31±4 52.1±2.9 510±30 -  [104] 
 

Spain                   60–150 10–45 250–600 >6–18 [105] 
Spain  6.8–13.4 7.3–15.5 160–440 0.5–4.0 [106] 
UK   
(Ribble river) 

20 
(3–111) 

24 
(2.9–55.8) 

- 598 
(10–982) 

[107] 

Americas      
Brazil             11.2–16.2 10.2–25.5 402–607 <0.9–4.9 [108] 
USA, Texas 31.7±11.5 

(16.4–44.4) 
46.7±18.0 

(19.9–70.5) 
- - [109] 

 

  

Tables 4-10 and 4-11 give the calculated correlation coefficients 

between the concentrations of radionuclide and sediment characteristics. 

Generally no strong correlation was found. The spatial variation of any 

radionuclide activity throughout the studied area cannot be explained by the 

grain size distribution, water depth, pH, TOM or CaCO3 contents. The 

concentrations of the measured radionuclides do not depend on any of the 

sediment characteristics. Moderate correlation exists between the 
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concentrations of 232Th and 40K and 226Ra seems to weakly correlate with 

both 232Th and 40K.  

 

Table 4-10. The correlation coefficients assuming a linear relationship 
between each two parameters for radionuclide contents and sediment 
characteristics.  
 pH TOM CaCO3 Depth 2226Ra 2232Th 440K 137Cs 
pH 1        
TOM 0.18 1       
CaCO3 -0.40 0.11 1      
Depth -0.47 -0.29 -0.09 1     
Ra-226 0.00 0.23 0.08 0.00 1    
Th-232 -0.21 0.53 0.29 -0.25 0.77 1   
K-40 -0.14 0.69 0.09 -0.14 0.73 0.86 1  
Cs-137 0.18 0.51 -0.26 0.00 -0.18 0.00 0.10 1 
 
 
 
Table 4-11. The correlation coefficients assuming a linear relationship 
between each two parameters for radionuclide contents and (sediment 
particle size and the salinity of water).  

 
 salinity <75 75-

125 
125-
212 

212-
250 

250-
315 

315-
425 

425-
500  >500 

TOM 0.16 -0.26 0.00 0.55 0.51 0.51 0.50 0.48 -0.28 
Ra-226 -0.53 0.39 -0.33 0.00 0.28 -0.36 -0.38 0.00 0.00 
Th-232 -0.17 0.19 -0.27 0.00 -0.27 -0.26 -0.19 0.00 0.00 
K-40 -0.07 0.16 -0.21 0.00 -0.15 -0.18 -0.19 0.00 0.00 
Cs-137 0.52 -0.31 0.49 0.00 0.00 0.20 0.00 0.00 0.00 
 

 

4.2.2 Water 

No radioisotopes were detected in the collected water samples except 
40K under the experimental conditions of this study. Table 4-12 gives the 

measured 40K activity contents in water samples. The mean value of 40K 

concentrations was 0.32±0.15 Bq l–1 and it was ranged between 0.13 and 0.82 
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Bq l–1. The highest value of 40K concentration was found in Sinjar region 

(W118) as shown in Fig. 4-7.  

The distribution of radionuclides between sediment and water can be 

quantified using the sediment partition coefficients (Kd, also called 

distribution coefficients), which is defined here as the ratio of the 

concentration of a radionuclide in the solid phase (Csediment) to its 

concentration in the liquid phase (Cwater) in equilibrium with this sediment 

and has units of l/kg, Kd = Csediment / Cwater. 

The mean value of Kd for 40K is 913.17±407.88 l kg−1 (see Table 4-

13). It is used to understand and determine the eventual fate of radionuclide 

released into the aquatic environment. The solid- solution partitioning of 

radionuclides is very sensitive to change in the salinity [110]. 
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      Fig. 4-7. The concentrations of 40K in the water samples. 

 

 



Chapter4                                                                        Results and Discussion 
 

93 
 

 
Table 4-12. The concentrations of 40K in 24 water samples (Bq l–1)   
collected from Burullus Lake. 

Location number 40K Location number 40K 
W101 0.47±0.03 W113 0.17±0.01 
W102 0.48±0.03 W114 0.35±0.02 
W103 0.28±0.02 W115 0.44±0.02 
W104 0.40±0.02 W116 0.33±0.03 
W105 0.24±0.02 W117 0.51±0.02 
W106 0.25±0.02 W118 0.82±0.03 
W107 0.26±0.02 W119 0.41±0.02 
W108 0.13±0.02 W120 0.27±0.02 
W109 0.25±0.02 W121 0.25±0.02 
W110 0.21±0.01 W122 0.24±0.02 
W111 0.24±0.01 W123 0.19±0.01 
W112 0.22±0.02 W124 0.24±0.01 

 
Table 4-13. Summary statistics for 40K content in water (Bq l−1) samples and 
sediment-water distribution coefficient (Kd) of 40K (Bq kg−1 DW / Bq l−1 ). 

 40K Kd 
Mean 0.32 913.17 
Median 0.26 904.33 
Std. Error of Mean 0.03 83.26 
Std. Deviation 0.15 407.88 
Harmonic Mean 0.27 741.41 
Geometric Mean 0.29 828.43 
Minimum 0.13 261.51 
Maximum 0.82 2035 
Kurtosis 4.41 1.52 
Std. Error of Kurtosis 0.92 0.92 
Skewness 1.81 1.00 
Std. Error of Skewness 0.47 0.47 

 

An inverse linear relationship between log Kd and log salinity at 

equilibrium state was predicted [111]. This relationship varies depending on 

the sediment type and on the presence of Mn and Fe (hydr)oxides. This was 

explained by the decrease of Kd with increasing ionic strength. Fig. 4-8 shows 

the dependence of Kd of 40K on water salinity. It illustrates the possible 
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presence (r = 0.685) of inverse relation between salinity and the partition 

coefficients for 40K.   
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Fig. 4-8. The dependence of the sediment partition coefficients for 40K on the 
water salinity.  
 
4.2.3 Soil 

Data on concentrations of 137Cs and primordial radionuclides 226Ra, 
232Th and 40K in soil (all values reported as Bq kg−1DW) collected from the 

two islands Al-Koum Al-Akhadr (S01 and S02) and Sinjar (S03 and S04) are 

given in Table 4-14. Soils from Sinjar Island have higher activities of NORM 

and lower activity of 137Cs than those in Al-Koum Al-Akhadr Island. The 

results obtained from the top 10 cm of 7 cores collected from three islands in 

the east and northeast of Sinjar Island [El-Reefy et al., 2006] were 13.5±1.4, 

17.4±1.7 and 341±25 Bq kg-1 DW for 226Ra, 232Th and 40K, respectively, 

which are slightly lower than the present results for soil in Sinjar Island and 

higher than that in Al-Koum Al-Akhadr Island. On the other hand, the 

reported mean concentration of 137Cs in the previous study [El-Reefy et al., 

2006] was 15.1±2.0 Bq kg-1 DW. Taking into consideration the half-life time 

of 137Cs, this mean value is reduced to ~10.5 Bq kg-1 DW if it would be 

measured at the same time with the present samples. This value still higher 

than the value measured in this study. 
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Table 4-15 presents a summary statistics of the radionuclides for each 

of the three layers of soil and all data. The distributions of all radioisotopes 

have no tails except 137Cs distribution which extending slightly toward higher 

concentrations (skewness = 0.30–1.11). The high negative values of the 

kurtosis coefficients for all radioisotopes indicate flat distributions. The 

results showed that the surface soil samples (<10 cm) had concentrations of 
226Ra and 232Th in the ranges of 9.10−16.50 Bq kg−1 with a mean of 

12.65±4.05 Bq kg−1 and 10.10−26.70 Bq kg-1 with a mean of 17.78±8.37 Bq 

kg-1, respectively. The concentrations of 40K for surface soil samples are in 

the range of 115−468 Bq kg−1 with a mean of 290±183 Bq kg−1. The results 

also showed that the activity concentrations of 137Cs are in the range of 

0.92−4.90 Bq kg−1 with a mean of 2.78±1.78 Bq kg−1. For all NORM, the 

activity does not depend on the soil depth. On the other hand, the 

concentration of 137Cs decreases with increasing soil depth which is also 

obvious in each single core.  

Table 4-16 gives the concentrations of NORM in soil samples from 

different countries and the reported average world concentrations of 226Ra, 
232Th and 40K in soil are also given. The measured concentrations of NORM 

in soil samples collected from this area is lower than the world average.  

Generally, soil from Palestine, Greece, Spain and Brazil has the largest 

activity concentrations in 226Ra, while soil from Canary Islands, Greece and 

Brazil has the highest content of 232Th. Soil from Namibia, Canary Islands, 

Greece, Spain and Brazil have the highest activity concentration of 40K. 

The statistical data of activity ratios of 226Ra/232Th, 226Ra/40K and 
137Cs/40K for soil samples are listed in Table 4-17. The 226Ra/232Th and 
226Ra/40K ratios are fairly constant in each group of samples. The 226Ra/232Th 
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Table 4-14. The concentrations of NORM and 137Cs (Bq kg−1 DW) of the soil 
samples collected from Burullus Lake. 

Sample 
code 

depth 
(cm) 

226Ra 232Th 40K 137Cs 

S01-1 0–10 9.1±0.2 10.1±0.2 150±5 3.51±0.12 
S01-2 10–20 9.1±0.2 9.8±0.2 159±5 1.85±0.07 
S01-3 20–30 9.0±0.1 10.0±0.1 169±5 0.66±0.03 

     
S02-1 0–10 9.2±0.2 11.2±0.2 115±4 4.90±0.16 
S02-2 10–20 9.3±0.2 10.6±0.2 138±4 3.22±0.11 
S02-3 20–30 9.7±0.2 10.9±0.2 145±5 1.05±0.05 

     
S03-1 0–10 16.5±0.3 26.7±0.4 468±15 1.79±0.08 
S03-2 10–20 17.4±0.3 29.0±0.4 497±15 0.38±0.05 
S03-3 20–30 18.1±0.3 30.0±0.4 515±16 0.23±0.04 

     
S04-1 0–10 15.8±0.3 23.1±0.4 427±13 0.92±0.06 
S04-2 10–20 18.5±0.3 27.0±0.4 504±16 0.34±0.05 
S04-3 20–30 19.2±0.3 28.2±0.4 512±16 MDA 

        *The minimum detectable activity (MDA)~0.15 Bq kg−1 DW. 

 
and 226Ra/40K ratios in all soil samples ranged from 0.60−0.93 and 0.04−0.08 

with a mean values 0.77±0.13 and 0.05±0.02, respectively. The mean ratio of 
226Ra /232Th is consistent with the reported ratios of 0.81 for the previous 

study [El-Reefy et al., 2006], of 0.78 in Algiers bay [100], of 0.76 for China 

[UNSCEAR, 1993] and less consistent with 1.15 for USA [UNSCEAR, 

1993] and 1.11 for Greece [Anagnostakis et al., 1996]. The ranges of the 

same ratio were 0.53–1.43 in five sediments from Nasser Lake [96], 0.49–

1.56 in Antarctic sediment [108], 0.67–1.67 in sediments from an east Texas 

watershed [111], and 1.10–8.33 in the north Adriatic Sea [112]. The mean 

ratio of 226Ra /40K is the same as that in the previous study of some islands in 

the Burullus Lake [El-Reefy et al., 2006] and comparable with 0.06 reported 

for Greece [Anagnostakis et al., 1996] and with 0.11 and 0.06 reported for 

USA and China [UNSCEAR, 1993], respectively. As one may expect, the 
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137Cs/40K ratio is higher in the surface layer of the soil compared with the two 

deeper layers. The mean value is about twice that for the sub-surface.  

 
Table 4-15. Summary statistics for soil samples. Activity values are given in 
Bq kg−1 DW. The data were arranged in three groups; surface  <10 cm and the 
sub-surface (10-20  and 20-30 cm). 

 226Ra 232Th 40K 137Cs 
0-10 cm     
Mean±S.D. 12.65±4.05 17.78±8.37 290±183 2.78±1.78 
Range 9.10−16.50 10.10−26.70 115−468 0.92−4.90 
Kurtosis -5.85±2.62 -5.02±2.62 -5.57±2.62 -2.32±2.62 
Skewness 0.03±1.01 0.14±1.01 0.01±1.01 0.30±1.01 
10-20cm     
Mean±S.D. 13.58±5.07 19.10±10.31 324±203 1.45±1.37 
Range 9.10−18.50 9.80−29.00 138−504 0.34−3.22 
Kurtosis -5.76±2.62 -5.78±2.62 -5.94±2.62 -1.65±2.62 
Skewness 0.04±1.01 0.03±1.01 -0.01±1.01 0.78±1.01   
20-30cm     
Mean±S.D. 14.00±5.40 19.78±10.80 335±206 0.49±0.47 
Range 9.00−19.20 10.00−30.00 145−515 MDA−1.05 
Kurtosis -5.71±2.62 -5.83±2.62 -5.93±2.62 -1.97±2.62 
Skewness 0.02±1.01 0.02±1.01 -0.01±1.01 0.36±1.01 
All depths     
Mean±S.D. 13.41±4.45 18.88±8.98 317±180 1.57±1.55 
Range 9.00−19.2 9.8−30 115−515 MDA−4.90 
Kurtosis -2.22±1.23 -2.27±1.23 -2.33±1.23 0.31±1.23 
Skewness 0.12±0.64 0.10±0.64 0.03±0.64 1.11±0.64 
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Table 4-16 The mean concentrations and/or the ranges of 226Ra, 232Th, 40K 
and 137Cs (Bq kg−1 DW) in soil samples worldwide.  

 226Ra 232Th 40K 137Cs Ref. 
Africa      
Present study 13.4±4.5 18.9±9.0 317±180 1.6±1.6  

9−19.2 9.8−30 115−515 0−4.9  
Nigeria  23.2–43.7 6.5–12.8 112–445 - [113] 
Namibia  45-48 3-38 42-1,100 – [114] 
Asia      
India 42.1–79.6 52.8–106 95.3–160.3 - [115] 
India 16.7–62.4 18.8–272.1 77.5–596 - [116] 
Turkey  42.8−989 13.3−106 99.3−935 - [117] 
Palatine 32.9−105 14.5−76.6 297−962 1.8−36.1 [118] 
Pakistan   10.2±3 24±6 307±101 - [119] 
Europe      
Canary Islands  7.3-104 11.6-110.5 142-1,489 – [120] 
Greece 21-80 16-85 337-1,380 – [121] 
Greece 7-310 3-190 30-1,440 – [122] 
Greece  25 

(1-238) 
21 

(1-193) 
355 

(12-1,570) 
– [123] 

Spain 8-310 5-258 31-2,040 – [124] 
Spain  20.3-711 13.2-84.4 289-703 – [125] 
Americas      
Brazil  29.2 

(10-137) 
47.8 

(12-191) 
704 

(56-1972) 
– [126] 

Brazil 2.7-20.5 3.5-24.3 12-435 <1.6-6.2 [108] 
USA 41 82 930 – [127] 
Venezuela – – 44-886 1.9-12.2 [128] 

     
Global average  25 

(10-50) 
25 

(7-50) 
370 

(100-700) 
 [19] 
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Table 4-17. The statistical data of activity ratios of 226Ra/232Th, 226Ra/40K and 
137Cs/40K for soil samples The data were arranged in three groups; surface 
<10 cm and the sub-surface (10-20  and 20-30 cm). 

 226Ra/232Th 226Ra/40K 137Cs/40K 
0-10 cm    
Mean±S.D. 0.76±0.13 0.05±0.02 0.018±0.019 
Range 0.62−0.90 0.04−0.08 0.002−0.043 
Kurtosis -3.11 -2.29 -1.53 
Skewness 0.10 0.66 0.80 
10-20 cm    
Mean±S.D. 0.77±0.16 0.05±0.02 0.009±0.011 
Range 0.60−0.93 0.04−0.07 0.001−0.023 
Kurtosis -4.09 -3.99 -0.96 
Skewness -0.16 0.34 0.92 
20-30 cm    
Mean±S.D. 0.77±0.15 0.05±0.01 0.000±0.003 
Range 0.60−0.90 0.04−0.07 < 0.007 
Kurtosis -4.68 -2.16 -1.68 
Skewness -0.22 0.65 0.75 
All depths    
Mean±S.D. 0.77±0.13 0.05±0.02 0.010±0.013 
Range 0.60−0.93 0.04−0.08 < 0.043 
Kurtosis -2.00 -1.12 2.29 
Skewness -0.05 0.56 1.65 
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Tables 4-18 and 4-19 list the correlation coefficients between the 

concentrations of radionuclide and soil characteristics for soil samples (12 

samples). The activity concentrations of NORM in soil are highly correlated 

(r = 0.99) indicating a common source from the parent materials and that the 

activities in the study area did not affect differently the mobility of these 

isotopes. Strong correlations between the activity concentrations of NORM 

and the soil's pH were obtained. Correlation also exists between the 

concentrations of NORM and two coarse grain sizes (315-425 and >500 µm). 

On the other hand, 137Cs concentrations have no strong correlation with any 

other radioisotope or characteristics of the soil.  

 

Table 4-18. Correlation coefficients assuming a linear relationship between 
each two parameters for radionuclide contents and soil characteristics.       

 pH TOM  CaCO3 226Ra 232Th 40K 

Ra-226 0.95 -0.44 0.43 1   

Th-232 0.96 -0.36 0.34 0.99 1  

K-40 0.97 -0.35 0.36 0.99 0.99 1 

Cs-137 -0.73 0.16 0.00 -0.68 -0.65 -0.71 

 

Table 4-19. Correlation coefficients assuming a linear relationship between 
each two parameters for radionuclide contents and soil's particle size (µm) 
distribution.  
 <75 75- 

125 
125- 
212

212- 
250 

250- 
315 

315- 
425 

425- 
500 >500 

Ra-226 0.82 0.23 0.78 -0.80 -0.82 -0.97 -0.32 0.94 
Th-232 0.83 0.15 0.75 -0.81 -0.81 -0.96 -0.33 0.95 
K-40 0.85 0.17 0.73 -0.79 -0.85 -0.96 -0.26 0.96 
Cs-137 -0.58 -0.07 -0.59 0.47 0.67 0.61 0.00 -0.62 
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4.2.3 (a) Dosimetry assessment 

There are two principal radiological effects derived from radioactivity 

in soils that justify the interest of their measurement. The first is the internal 

irradiation of lung by the alpha-emitting, short-lived decay products of 222Rn 

and 220Rn. The second is the external irradiation of the body by gamma rays 

emitted from radionuclides in situ. The resulting absorbed dose rate, annual 

effective dose equivalent, radium equivalent, external and internal hazard 

indices and gamma radiation hazard index are given in Table 4-20 for soil.  

The calculated absorbed dose rates revealed pertinent information on 

the potential radiological risk posed by the soil. The absorbed dose rates in 

air at the islands of the Burullus Lake has a mean value of 30.14±8.27 nGy 

h−1. These values are generally lower than the international recommended 

value (55 nGy h−1) [19]. The mean annual effective dose rate is 38.04±10.44 

µSv. The world average AEDE from outdoor terrestrial gamma radiation is 

70 µSv [19]. So, the obtained values are lower than the world average value.  

The mean Raeq is 63.11±17.09 Bq kg–1 which is lower than the 

recommended maximum value of 370 Bq kg-1 [19]. Local soil of the area 

may safely be used for the construction of houses. These soils will contribute 

to the external gamma dose rates in these houses. The external hazard index 

uses a model that assumes thick walls without windows and doors. To limit 

the annual external gamma ray dose to 1.5 mSv [129], the external and 

internal hazard indices (Hex) should be less than unity. The calculated values 

of Hex and gamma radiation hazard index for the soil samples studied has a 

mean of 0.17±0.05 and 0.48±0.13, respectively. The internal hazard indices 

in all of the soil are less than 1 (mean = 0.21±0.05). All these parameters 

imply that there is no high radiation exposure to the humans in the study area 

from soil.  
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Table 4-20. The calculated absorbed dose (D), annual effective dose 
equivalent (AEDE), radium equivalent (Raeq), external and internal hazard 
indices (Hex and Hin) and gamma radiation hazared index for soil samples. 

Islands
0-10 cm 

Dose 
 nGy h−1 

AEDE  
µSv   

Raeq 
Bq kg−1

 
Hex Iγr Hin 

This study       
S01 16.56 20.90 35.09 0.09 0.26 0.12 
S02 15.81 19.96 34.07 0.09 0.25 0.12 
S03 43.27 54.61 90.72 0.24 0.69 0.29 
S04 39.06 49.30 81.71  0.22 0.62 0.26 
Previous study [50] 
S8 29.20 36.86 60.81 0.16 0.46 0.20 
S9 29.20 36.86 60.79 0.16 0.46 0.20 
S10 34.81 43.94 72.79 0.20 0.56 0.23 
S11 29.56 37.32 61.67 0.17 0.47 0.20 
S12 33.40 42.16 69.85 0.19 0.53 0.23 
S13 32.29 40.76 67.42 0.18 0.51 0.22 
S14 28.36 35.80 59.33 0.16 0.45 0.19 

 

4.2.4 Wild plants 

The concentrations of γ–ray emitting radionuclides in different plant 

species are given in Table 4-21. The ranges of NORM concentrations were 

1.0–3.8, 0.9–3.2, and 233–498 Bq kg–1 DW for 226Ra, 232Th and 40K, 

respectively. The range of 137Cs concentration was found to vary from below 

the detection limit (~0.5 Bq kg−1 DW) to 1.06 Bq kg–1 DW.  Generally, the 

concentrations of 232Th and 226Ra in each sample are very comparable. The 

results suggest no dependence of the concentrations of radioisotopes on the 

specious of the plants included except for 40K isotope.  

The concentrations obtained from five wild vegetation samples 

collected from the eastern part of the lake [El-Reefy et al., 2006] were <1.5, 

<4.9, 235-507 and <6.2 Bq kg–1 DW for 226Ra, 232Th, 40K and 137Cs, 

respectively. Both results are in general agreement. The ranges of the 

concentrations of 226Ra, 232Th, 40K and 137Cs in the nearby Bardawil Lake 

were 0.4–1.9, 0.4–2.8, 128–918 and <0.82 Bq kg–1 DW, respectively, which 
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only differ from the present study in the concentration of 40K. The ranges of 

concentrations in wild plants collected from Northeast Sinai, Egypt [93] were 

<3.1, 0.6−2.6, 102−624 and <0.68 Bq kg–1 DW and from Suez Gulf, Egypt 

[130] were 0.8−3.5, <2.0, 119−443 and <0.57 Bq kg–1 DW for 226Ra, 232Th, 
40K and 137Cs, respectively. Alfalfa samples from the northwestern area of the 

delta in Egypt had even higher concentrations than the previously mentioned 

studies ranging from below the detection limit up to 41.7, 14.1, 2416, and 

11.9 Bq kg–1 DW for 238U, 232Th, 40K, and 137Cs; respectively [131].  

 

4.2.4 (a) Soil-to-plant transfer factors 

The uptake and release of radionuclides and stable elements are 

affected by environmental factors [132−134]. The soil-to-plant transfer factor 

(TF) is the most frequently used parameter to describe the transport of a 

radionuclide from soil to plant. This ratio describes the amount of element 

expected to enter a plant from its substrate, under equilibrium conditions. The 

absolute values of such ratios change substantially with chemical, 

physiological and ecological conditions such as the terrain characteristics, 

type of soil, soil element contents, organic matter contents, pH of soil, type of 

plant and its nourishment, agricultural activity and climate are the most 

important. So many parameters produce numerous problems at the 

interpretation of the obtained results [135]. The transfer factor was expressed 

as;     

 

TF = Activity concentration of plant (Bq kg−1 dry weight)/ 
/Activity concentration of  soil (Bq kg−1dry weight) 
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Table 4-21 The Activity concentrations of NORM and 137Cs (Bq kg−1 DW) 
in wild plant samples collected from Burullus Lake. The soil-to-plant transfer 
factors are given between parentheses.  

Sample 226Ra  232Th 40K 137Cs 
P01 1.2±0.3  

(0.13±0.03) 
3.2±0.5 

(0.32±0.05)
498±17 

(3.32±0.16) 
1.06±0.16 

(0.30±0.05) 
P02 1.0±0.2 

(0.11±0.02) 
1.1±0.3 

(0.10±0.03)
494±16 

(4.30±0.20) 
MDA 

(–) 
P03 1.2±0.5 

(0.13±0.05) 
0.9±0.5 

(0.08±0.04)
349±14 

(3.03±0.16) 
MDA 

(–) 
P04 3.8±0.4 

(0.23±0.02) 
3.1±0.5 

(0.12±0.02)
233±9 

(0.50±0.02) 
0.77±0.12 

(0.43±0.07) 
Mean 1.8±1.3 

(0.15±0.05) 
2.1±1.3 

(0.15±0.11)
393±128 

(2.79±1.62) 
0.92±0.21 

(0.37±0.09) 
Range 1.0–3.8 

(0.11–0.23) 
0.9–3.2 

(0.08–0.32)
233–498 

(0.50–4.30) 
MDA–1.06 

(<0.43) 
*Minimum detectable activity (MDA) 
 

The soil-to-plant transfer factors were calculated only for the cases 

where the activity concentrations in wild plants were above the minimum 

detectable activities. The values of TF are also listed in Table 4-21. The mean 

values of TF were 0.15±0.05, 0.15±0.11, 2.79±1.62, and 0.37±0.09 for 226Ra, 
232Th, 40K, and 137Cs, respectively. The TF for 40K is higher than that of other 

radionuclides. While the TFs for 226Ra and 232Th are in principle the same.  

In our previous study in Burullus Lake [136], the TFs for 40K and 
137Cs of wild plants ranged from 0.74 to 2.12 and <1.58, respectively. While 

the range of TFs for 40K of wild plants in the present study is wider that in 

that study, the range of TFs for 137Cs is smaller than that for the previous 

study. The TFs of wild plants obtained in Suez Gulf, Egypt [93] were 

0.15±0.09, 0.19±0.11, 2.52±1.14, and 0.40±0.28 for 226Ra, 232Th, 40K, and 
137Cs, respectively. In Northeast Sinai [93], the mean values of TF were 

0.15±0.19, 0.18±0.11, 1.52±0.82, and 0.74±1.05 for 226Ra, 232Th, 40K, and 
137Cs, respectively. In Kharseet village, Nile Delta region, Tanta, Egypt [56], 

the mean values of TF of some crops were 0.08, 0.09, 0.74 and 0.13 for 
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226Ra, 232Th, 40K, and 137Cs, respectively. Generally, all these results do not 

significantly differ from each other. 

Radiocaesium (137Cs) is a dominant fission product which has high 

relative mobility in the soil–plant system, long term bioavailability, high 

radiotoxicity and is long-lived. The plant uptake of deposited 137Cs from soil, 

commonly expressed as soil-to-plant transfer factor (TF) is widely used while 

calculating radiological human dose via the ingestion pathway. Generally 

TFs of 137Cs vary often by more than four orders of magnitude depending 

upon soil type, pH, solid/liquid distribution coefficient, exchangeable K+ and 

organic matter content [137]. Table 4-22 lists results of 137Cs TFs for 

different plant species from various countries.  

 

Table 4-22. Reported values of the 137Cs soil-to-plant TFs.  

Country Plant type soil type/location TF  
Present study  wild plants Burullus Lake  <0.43  
Belarus, Russi   
and Ukraine   

rye-grass Chernobyl 
contaminated soils 

0.05-0.76 [138] 

Bulgaria               
 

edible plants 
 (field plots) 

gardens <0.002-
0.013 

[139] 

Chile (south)   prairie plants  <0.02-1.17 [140] 
Chile (south 
–central)  

prairie plants Palehumult, 
Hapludand and 
Psamment 

0.008-2.3 [141] 
 

Greece            Grass,  University campus 0.002–7.42 [139] 
India               leaves, roots and 

stem of commen 
plants 

around the reactor 0.1-1.0 [142] 

Poland             Mushrooms 
vascular plants 

podsol soil, mixed 
forest 

17.0-25.8 
0.44-1.23 

[143] 

Poland             Grass river valleys 0.05-0.64 [135] 
Sweden           dwarf shrubs forest soil 1.04-5.94 [144] 
Taiwan            hull and rice farm 0.03-1.58 [145] 
UK                   Fungal fruit 

-bodies 
throughout GB ~0.007-77.2 [146] 
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The soil-to-plant TFs for 137Cs show variations that may exceed two 

orders of magnitude (e.g. [139]). The reason for the variability of 137Cs soil-

to-plant TFs may be an indication of change of soil characteristics and/or 

physical and plant physiological processes in the studied area.  

 

4.3 Elemental Analysis  

No data exist on the distribution of major and trace elements in 

sediments, soil and wild plants of Burullus Lake, and so this study was 

undertaken to evaluate the extent of the effect of industrial, municipal or 

urban, and agricultural pollutants discharged into the lake. Elemental 

analyses were performed by inductively coupled plasma (ICP). To check 

these measurements some samples were also measured using neutron 

activation analysis (NAA) with short and long irradiations.  

 
4.3.1 Comparative study of ICP and NAA measurements  

In the present studies, inductively coupled plasma (ICP) 

measurements were compared with two methods of neutron activation 

analysis (NAA); short and long irradiations. Several sets of samples were 

prepared for short (3 sediments and 2 soils) and long (6 sediments, 2 soils 

and 2 wild plants) irradiations. These samples were randomly picked up. The 

short irradiations were performed using the pneumatic transport facility of the 

Egypt’s second research reactor (MPR, Inshas, Egypt) at average thermal 

neutron flux of 8.1×1013 n cm–2 s–1 (nominal power of 22 MW) for a period 

of 1–2 minutes for each sample. Samples irradiated for short-time were 

successively counted after cooling time from 2 min to11 min then gamma-ray 

measurements were carried out using a 100% HPGe detector for a minimum 

time of 5 min. Other sets of samples were subjected to irradiation for a period 

of 3 hours (flux ratio1.7). After irradiations, the identification of the product 

nuclei and radioactivity measurements were done using a 30% HPGe detector 
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gamma-ray spectrometry. Long-time irradiated samples were counted at 

different intervals within a cooling time range 10–21 days to identify the 

medium and long-lived products. Gamma-ray spectra were measured using a 

60% HPGe detector. Wherever applicable, errors due to irradiation time, 

neutron flux, detector efficiency, dead-time loss, coincidence losses, etc. 

were eliminated.  

ICP routine analysis allowed the determination of the following 

elements in samples: Al, Fe, Mn, B, Co, Cr, Cu, Ni, Pb, Sr, V and Zn. NAA 

provided the concentrations of Co, Cr, Fe, Sr and Zn in the long-time 

irradiated samples as well as Al, Mn and V in the short-time irradiated 

samples. Fig. 4-9  shows the comparison between the results obtained using 

ICP and NAA with short irradiation time. In all the three cases, the mean 

ratio of the concentrations CICP/Cshort-NAA are close to unity; 0.98, 0.91 and 

0.95 for Al, Mn and V, respectively. Fig. 4-9a and b shows results of 

comparison of the data on elemental composition of 6 samples of sediments, 

2 samples of soil and 2 samples of wild plants obtained by the two methods; 

ICP and NAA with long irradiation time. Good agreement are also obtained 

between both measurements. The ratios CICP/Clong-NAA are 0.96, 0.96, 0.95, 

1.01 and 1.03 for Fe, Co, Sr, Cr and Zn, respectively. This investigation 

provides good evidence that the concentrations of at least 7 elements 

obtained using ICP have good accuracy.  

 

4.3.2 Sediment samples  

Chemicals discharged to the lakes are usually adsorbed onto particle 

surfaces and are removed as the particles settle to the bottom, providing a 

pool of contaminants that can be released to the overlaying waters through 

natural or anthropogenic processes. Metals are considering among the most 

dangerous environmental pollutants, because they do not disintegrate with 
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physical processes and therefore remain for longtime period. Metals most 

often remain only to a minor extent as dissolved ions in the water. Metal ions 

have been found to partition into different chemical forms associated with a 

variety of organic and inorganic phases, depending on chemical and 

geological conditions [79]. Metals affect biogeochemical cycles and 

accumulate within living organisms, eventually making their way to humans 

through the food chain, where they can cause perturbation to biological 

reactions, long-lasting harm to vital organs. Ingestion, inhalation and skin 

contact are the main routes of human exposure to soil metals. Sediment 

monitoring can provides a record of the spatial and temporal history of 

pollution. The measurement of metals’ levels in this media is useful to 

establish trends in abundance and their consequences because of natural and 

anthropogenic changes. Only 13 locations of the collected sediments (see 

below) were used in the major (Al, Fe and Mn) and trace (B, Co, Cr, Cu, Ni, 

Pb, Sr, V and Zn) element analysis.  

 

4.3.2 (a) Major elements (Al, Fe and Mn) 

Major element analysis included in the present investigation are Al, 

Fe and Mn. Aluminum is the most abundant metal in the Earth's crust, and 

the third most abundant element therein, after oxygen and silicon. It makes 

up about 8% by weight of the Earth's solid surface. Aluminum is too reactive 

chemically to occur in nature as a free metal. Instead, it is found combined in 

many different minerals. The chief source of aluminum is bauxite ore.  

Iron is a transition metal. Iron makes up about 5% of the Earth's crust; 

the Earth's core is believed to consist largely of an iron-nickel alloy 

constituting 35% of the mass of the Earth as a whole. Iron is consequently the 

most abundant element on Earth, but only the fourth most abundant element  
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Fig. 4-9. The measured concentrations of Al, Mn and V using ICP versus that 
obtained using short irradiation time NAA. The dashed lines give the best fit 
for linear relations and the dotted lines give 95% confidence level.  
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Fig. 4-9a. The measured concentrations of Fe, Co and Sr using ICP versus 
that obtained using long irradiation time NAA. The dashed lines give the best 
fit for linear relations and the dotted lines give 95% confidence level. 
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Fig. 4-9b. The measured concentrations of Cr and Zn using ICP versus that 
obtained using long irradiation time NAA. The dashed lines give the best fit 
for linear relations and the dotted lines give 95% confidence level. 
 

in the Earth's crust. Most of the iron in the crust is found combined with 

oxygen as iron oxide minerals such as hematite and magnetite.  

Manganese is the twelfth most abundant element in the Earth's crust 

(0.096%). It is fairly abundant in soils with concentrations varying from 40 to 

850 ppm [147, 148]. The major source of Mn in soils is from crustal material. 

Oxides of iron, manganese, aluminum and silicon are of great importance in 

exploration geochemistry due to their ubiquitous occurrence and strong 

scavenging of metal ions [149, 150]. In general, iron and manganese oxides 
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have larger influence than aluminum and silicon oxides, because they are 

characterized by greater adsorption capacities.  

The 13 locations and their corresponding concentrations of major and 

trace elements in the sediments are presented in Table 4-23 and their 

descriptive statistics are summarized in Table 4-24. Moderately high levels of 

Al and Fe are noted in the sediments from locations D116, D117 and D121. 

These three locations and D118 are in the southeastern part of the studied 

area in relatively close approximation (see Fig. 3-1). The lowest contents of 

the three major elements were found in location D118. Fig. 4-10 shows the 

differences between the contents of Al, Fe and Mn in sediment and their 

mean values calculated from all samples except D116, 117 and 121 in units 

of the standard deviation. For the three major elements, the distributions are 

quite narrow and restricted within ±2σ. It is also clear that at least one of 

these three locations (D116) has content that may not belong to the normal 

distribution (7.1σ and 6.7σ above the mean values for Al and Fe, 

respectively) represented by the other samples. While the probabilities that 

the two locations D117 and 121 do not belong to the same distribution are not 

very small.  

One of the likely sources of increasing Al and Fe concentrations 

observed in sediments at D116 based on the characteristics of the sediment 

(Table 4.1) is that this location is the shallowest one. As can be seen in Fig. 

3-1, this location is close to one of the drainage outlets. Assuming that this 

drainage outlet is the main source for Al and Fe elements, then the 

contaminants extend from this discharge point and reach locations D117 and 

121 but not the location D118 probably because it is shielded from these 

contaminates by the nearby islands and islets or because the water depth at 

D118 is the largest among these four locations or because this location has 

the highest TDS value for water. In contrary, the other locations in close 
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proximity to drainage outlets such as D110 and 111 or 113 and 114 did not 

show such high levels of Al and Fe. On the other hand, the results obtained 

for Mn seems to show no unusual content in any location. The location with 

the highest content of Mn was D114 (+1.8σ).  

 

4.3.2 (b) Trace elements 

The sediments are the source of the trace elements in aquatic 

environment and in different geochemical phases which provide the mobility 

of the elements. The concentrations of trace metals can vary not only due to 

contamination but also due to variations in grain size, mineralogy, and 

concentrations of organic matter, Al, Fe and Mn. The two elements Cd 

(<0.001 µg g–1) and Mo (<0.05 µg g–1) were not detected in any sample.  

Concentrations of the remaining 9 trace elements in sediment samples are 

listed in Table 4.23 and the differences between the contents of trace 

elements in sediment and their mean values calculated from all samples 

except D116, 117 and 121 in units of the standard deviation are shown in Fig. 

4.11.  

The elevated concentrations of B, Cr, Cu, Ni and V in location D116 

is very evident (>4σ) and the concentration of Co in the same location may 

also be enhanced (+3.4σ). For the same four elements B, Cr, Ni and V, the 

two locations D117 and 121 are ranked as the second and third highest 

concentrations as in the case of Al and Fe. On the other hand, in the case of 

Pb, Sr and Zn the maximum statistical fluctuation of the measured 

concentrations was less than |±3σ|. As in the case of major elements, the 

location D118 had the lowest content except for Pb, Sr and Zn contents. The 

locations with the highest contents of Pb, Sr and Zn were D113 (+2.5σ), 105 

(+1.5σ) and 101 (+2.6σ), respectively. The content of Sr in location D116 

was unusually low (−3.9σ).  
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Table 4-23. The concentration of major and trace elements in sediment samples.   
 Major (%) Trace elements (µg g–1) MPI 
 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn  
101 2.53 3.42 0.073 34.13 27.63 73.79 43.75 39.71 2.53 708.2 70.58 165.36 184.9 
103 2.16 2.86 0.065 15.96 15.91 63.93 31.58 32.61 6.25 899.7 64.35 89.85 156.6 
105 2.72 2.75 0.084 25.70 15.52 64.90 33.12 31.22 5.60 1012.2 67.61 78.92 168.1 
109 3.19 3.25 0.062 25.53 17.71 77.97 38.04 37.11 0.10 600.6 81.77 55.71 119.8 
110 3.03 3.40 0.105 26.40 19.31 94.32 42.56 39.23 3.23 587.6 82.83 85.03 180.0 
111 2.80 2.79 0.085 24.57 16.17 67.61 30.87 31.39 2.30 797.2 71.76 66.71 151.9 
113 2.31 2.65 0.142 24.66 19.71 81.13 33.75 30.96 14.35 510.0 66.00 89.11 184.3 
114 2.40 2.65 0.153 30.70 16.67 73.46 35.75 30.66 2.41 814.3 71.90 67.76 164.1 
116 5.76 5.88 0.102 59.31 32.04 142.4 71.70 72.60 6.78 126.6 140.13 125.61 254.4 
117 4.43 4.10 0.099 51.11 20.45 111.6 43.56 47.25 4.51 538.7 99.46 101.51 216.5 
118 1.70 1.89 0.047 9.87 10.66 41.57 19.16 21.93 3.70 956.0 46.50 73.83 110.6 
121 3.90 4.14 0.105 46.13 21.76 97.10 45.58 48.95 13.22 513.5 99.73 95.92 231.8 
124 2.06 2.63 0.086 15.80 16.34 57.55 30.35 30.27 0.34 788.7 62.34 56.26 116.1 
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Table 4-24. Descriptive statistics of elemental concentrations for the sediment collected from Burullus Lake.  
 Major Elements (%) Trace Elements (µg g–1) MPI 
 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn  

Mean 3.00 3.26 0.09 29.99 19.22 80.56 38.44 37.99 5.02 681.02 78.84 88.58 172.24 
Median 2.72 2.86 0.09 25.70 17.71 73.79 35.75 32.61 3.70 708.20 71.76 85.03 168.10 
Std. Error of Mean 0.31 0.28 0.01 4.00 1.54 7.20 3.42 3.53 1.22 65.87 6.52 8.34 12.16 
Std. Deviation 1.12 1.00 0.03 14.42 5.53 25.97 12.34 12.74 4.39 237.50 23.50 30.07 43.84 
Harmonic Mean 2.71 3.03 0.08 23.88 17.92 73.67 35.28 35.03 0.83 513.06 73.63 81.21 161.96 
Geometric Mean 2.84 3.14 0.09 26.88 18.55 77.01 36.82 36.38 2.93 619.75 76.06 84.60 167.08 
Minimum 1.70 1.89 0.05 9.87 10.66 41.57 19.16 21.93 0.10 126.60 46.50 55.71 110.60 
Maximum 5.76 5.88 0.15 59.31 32.04 142.40 71.70 72.60 14.35 1012.20 140.13 165.36 254.40 
Variance 1.25 1.00 0.00 207.99 30.63 674.42 152.32 162.33 19.25 56404 552.34 904.13 1922 
Kurtosis 2.06 3.21 0.28 0.06 1.65 1.66 4.26 4.11 1.03 1.16 3.19 2.72 -0.41 
Std. Error of Kurtosis 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 
Skewness 1.44 1.53 0.66 0.81 1.12 1.07 1.51 1.78 1.27 -0.82 1.53 1.50 0.34 
Std. Error of Skewness 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 
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Fig. 4.10. The difference between the contents of major elements in sediment 
and the mean value calculated from all samples except D116, 117 and 121 in 
units of the standard deviation. The solid line indicates the mean value and 
the dashed lines indicate ±1σ.  
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Fig. 4.11. The difference between the contents of trace elements in sediment 
and the mean value calculated from all samples except D116, 117 and 121 in 
units of the standard deviation. The solid line indicates the mean values and 
the dashed lines indicate ±1σ. 
 



Chapter4                                                                        Results and Discussion 
 

118 
 

4.3.2 (c) Comparison with similar local studies 

The concentrations of major and trace elements found in this study 

were compared with the results of other previous studies in Egyptian lakes. 

Relevant data are given in Table 4-25. The comparison with other Egyptian 

lakes is valid because there is no large difference in areas even if the 

measuring methods are different. Two results from the Burullus Lake are 

available with limited numbers of elements. These two results together with 

the present one indicate that the concentrations of Fe, Mn and Cu is 

increasing with time since 1976. The concentrations of Pb and Zn did not 

suffer from dramatic change during this time period. In direct comparison 

with the available information from the other Egyptian lakes, the present 

concentrations of Al in Burullus Lake are the highest. The concentrations of 

Mn, Cr, Cu, Ni, Pb and Zn in the present study are comparable with one or 

more of these lakes. The Nozha is the lake with the highest concentrations of  

Fe, Ni and Pb the Manzalah has the highest concentrations of Cr and Cu and 

Edku hast the highest concentration of Zn. The sediment from Suze Gulf has 

concentrations for Co and Pb clearly higher than any of the available results 

from the lakes. Table 4-25 suggests that Nozha and Manazalah are the most 

polluted and Burullus, Edku and Maryut are the least [54, 151−154].  

 

4.3.2 (d) Assessment of sediment pollution and toxicity 

 There is no universally acceptable method for assessing the health 

risks from conventional pollutants. Determining what can be classified as 

toxic sediment in legal terms is no simple task. Toxicity must be determined 

in relation to the effects contaminants have on organisms for any given area. 

The obvious disadvantage to this is the fact that different species of 

organisms react differently to contaminants. Another disadvantage is the fact 

that some species develop a level of immunity to contaminants over time. As 
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a result, a number of approaches have been used to assess the anthropogenic 

contributions to sediments. 

 

The Relative Contents (Al) 

Aluminum is commonly used as a reference element for normalization of 

metals from natural versus anthropogenic sources [155−161]. The element is 

a structural element of clays and proportions of metal to aluminum are 

relatively constant in the crust and are less likely to be affected by human 

activities [158,159]. In addition, Al concentrations are not likely to be 

significantly affected by anthropogenic aluminum sources. As grain size 

decreases, trace element levels increase. Normalization to Al can minimize 

grain size effect and help define diagnostic metals in relation to pollution 

sources of the region [157, 160, 161]. It compensates for variations not only 

in grain size but also in composition because it represents the  quantity of 

aluminosilicates, the most important carrier phase for adsorbed metals. It is 

an excellent scavenger of trace elements from solution, as reflected in its 

strong positive correlations with most metals (see Table 4.29).  

Iron is also used as a reference element [162−166] for normalization 

of metals because variations in Fe concentration could be explained by 

particle grain size differences. It may not be the best candidate for this 

purpose because Fe itself is susceptible to enrichment from anthropogenic 

sources [160]. A potential difficulty with using Fe is that in certain 

circumstances this element can be mobile during diagenesis [167]. Iron is not 

a matrix element, like aluminum, but is like trace elements in being 

associated with surfaces. Iron geochemistry is similar to that of many trace 

metals both in oxic and anoxic environments. The ratio Fe/Al in the present 

study has a mean value of 1.11±0.13 which is higher than that found in 
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Table 4-25. Comparison of major and trace elements concentrations in the sediments in the study area with that in other regions in Egypt. 
 Major elements (%) Trace elements (µg g–1) 
   Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn 

Burullus             
This study 3.0±1.1 3.3±1.0 0.09±0.03 30.0±14.4 19.2±5.5 80.6±26.0 38.4±12.3 38.0±12.7 5.02±4.39 681.0±237.5 78.8±23.5 88.6±30.1 
1991-92 [54] – 1.8±0.5 0.01±0.002 – – – 25±17 – 14±6 – – 90±79 
1976 [54] – 0.5±0.2 0.01±0.002 – – – 16±8 – – – – – 
Other Lakes             
Edku [54] – 2.4±0.4 0.01±0.008 – – – 19±9 – 20±8 – – 317±179 
Bardawil [151] <0.07 <0.08 <0.002   2.1–9.4 0.78–4.4 0.78–3.4 <34 19–495 2–15 3.9–29 
Maryut [152] 1.9±1.2 2.6±0.7 0.10±0.03 – – 42.0±11.9 38.0±13.9 35.9±11.7 7.3±2.9 – – 93.8±38.3 
Nozha [152] 2.3±1.5 5.8±1.2 0.13±0.03 – – 93.4±25.6 79.6±15.1 88.1±23.0 10.6±5.3 – – 106±27.4 
Manzalah [152] 2.2±2.0 4.5±2.3 0.08±0.04 – – 79.9±38.0 207±120 63.1±34.5 9.6±4.9 – – 119±83.5 
Manzalah [54] – 3.6±1.2 0.08±0.06 – – – 74±89 – 79±59 – – 164±238 
Manzalah [153] – – – – – 1114.5 102.0 75.4 55.2 – – 196 
Suez Gulf [154] – 0.2±0.4 0.01±0.02 – 87.9±146.1 32.0±18.3 33.2±37.3 71.4±12.7 70.4±20.3 – – 159.4±138.4 
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Ribeira Bay, India (0.63±0.07) [168] and calculated for the uncontaminated 

crust of 0.54 [169], 0.52 [170] and 0.59 [171]. This may be due to 

contamination of Fe in the lake environment. Organic carbon has also been 

used [172, 173]. However, organic carbon itself can be considered as a 

contaminant and the normalization approach has no geochemical basis. 

Therefore, aluminum was used to normalize the concentration of the measure 

elements in this investigation.  

Fig. 4-12 shows the spatial distribution of the relative contents of Fe 

and Mn in the lake and Fig. 4-13 shows the corresponding distribution of the 

trace elements. The relative distribution of Fe is uniform. This is the 

situation with different degree in other distribution; the relative content 

of Mn, Co, Cr, Ni, V and Zn. In these distributions, no strong 

indication is present that the increase of the relative content of these 

elements is associated with one of the drains. Drain 9 may be affecting 

the relative contents of Cu and Pb in the nearby area. No clear trend is 

observed regarding the relative content of Sr. The low values of Sr/Al 

near drain 7 may be due to the relatively high contents of Al, Fe and 

Mn in that location.  
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Fig. 4-12. The distribution of Fe/Al and Mn/Al in the Burullus Lake. The 
circles represent the relative content at each location with radii linearly 
proportional to  value.  
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Fig. 4-13. The distribution of B/Al, Co/Al and Cr/Al in the Burullus Lake. 
The circles represent the relative content at each location with radii linearly 
proportional to its value.  
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Fig. 4-13a. The distribution of Cu/Al, Ni/Al and Pb/Al in the Burullus Lake. 
The circles represent the relative content at each location with radii linearly 
proportional to its value.  
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Fig. 4-13b. The distribution of Sr/Al, V/Al and Zn/Al in the Burullus Lake. 
The circles represent the relative content at each location with radii linearly 
proportional to its value.  
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For the Mn, Pb and Zn, the normalization of grain-size effect using Al 

may not be correct since the concentrations of these metals in sediments were 

not correlated with Al. Fig. 4-14 shows the spatial distribution of Mn after 

the normalization with the smallest grain size fraction (<75 µm). This grain 

size fraction was chosen because the Mn contents showed the highest 

correlation with it. The two locations D121 and D116 have the highest 

contents of normalized Mn. The rest of the locations have a relatively 

uniform distribution. Again, this seems to be related to drain 7. This 

normalization cannot be carried out with the other two elements Pb and Zn 

because they did not show strong correlation with any other elements or 

characteristics of the sand.  

 
Fig. 4-14. The distribution of Mn in the Burullus Lake after normalization 
with the grain size fraction <75 µm. The circles represent the relative content 
at each location with radii linearly proportional to its value.  
 
 

 

 

Mn normalized with  
grain size fraction <75 µm 
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Enrichment Factors  

 Enrichment factors (EFs) are used to evaluate possible anthropogenic 

inputs to the observed sediment metals. They are a convenient tool for 

plotting geochemical trends and aid in making comparisons between 

measurements made in different areas [162, 163]. EFs are calculated 

according to:  ⁄⁄  

where  is the element content,  is Al content in the sample and  and 

 refer to the content of the same element and Al in the uncontaminated 

(pre-industrial reference level) crust minerals, respectively. It was suggested 

to use the mean regional reference values instead of the worldwide average. 

Because of the lack of precise knowledge of the natural background levels of 

the major and trace elements in Burullus Lake, two sets of data for the 

background concentration of uncontaminated shale were used [170, 171] and 

their values are listed in Table 4-26. Results of the elemental EFs for the 

whole lake is given in Table 4-26. The results were nearly independent on the 

chosen background data. EFs close to unity point to crustal origin while those 

greater than 10 are considered to be non-crustal source [174]. It was 

suggested that the enrichment may be derived from the crust materials for EF 

value in the range 0.5–1.5, while it could be correlated to other sources (point 

and non-point or biotic) for values greater than 1.5 [175].  

The calculated enrichment factors are shown in Fig. 4-15. The 

background element concentrations used for the calculation have been taken 

from [170]. The enrichment factors are less than unity in only few cases for 

some metals (five locations for B, ten locations for Pb, one location for Sr 

and one location for Zn) which may not necessarily imply that there was no 

input from human activities. It only suggests that these metals are not 
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Fig. 4-15. The calculated enrichment factors of major and trace elements for 
each location of the Burullus Lake.  
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significantly enriched above the average soil concentrations. It is evident that 

all elements with large EF value reveal sediment contamination, as in the 

cases with EF values larger than 5 for Mn (2 locations), Co (one location) 

and Sr (many locations). The mean EF values for Fe, Mn, B, Co, Cr, Cu, Ni, 

Pb, Sr, V and Zn were 2.1±0.3, 3.2±1.4, 1.0±0.2, 3.6±0.9, 2.7±0.3, 2.8±0.4, 

1.8±0.2, 0.7±0.7, 6.7±3.6, 1.9±0.2 and 1.7±0.7, respectively. The results 

demonstrate the high mean EFs for Sr, Mn and Co and the low values for Pb 

and B. No clear indication that the wastewater discharge is responsible for 

the enhanced concentrations of Mn, Co and Sr in the sediments.  

 
Geo-accumulation Index  

A quantitative measure of the metal pollution in aquatic sediments 

and solid waste materials has been introduced by Müller (1969) (see e.g. 

[176, 177]). The proposed criterion for the pollution assessment is called the 

geo-accumulation index (Igeo) defined as  

1.5  

The factor 1.5 is used because of possible variations in background values 

due to lithological variability. The suggested scale of pollution includes five 

groups: unpolluted ( 1), very low polluted (1 2), low 

polluted (2 3), moderate polluted (3 4), highly polluted 

(4 5), and very highly polluted ( 5). It should be noticed that 

the value of Igeo is -0.585 for Ce = Be. As in the previous cases, two sets of 

background concentrations [170, 171] were used. The mean values and range 

of the calculated Igeo values are given in Table 4-26. Following the previous 

classification the sediments collected from the lake can be categorized as 

unpolluted. Only three locations (D103, D105 and D118) are very low 

polluted with Sr.  
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Metal Pollution Index 

To compare the total concentrations of metals at different sampling  
sites, the metal pollution index (MPI) [178] was calculated as the geometric 

mean of the concentration of various major and trace elements measured in 

the location according to the equation … .  

Where C1, C2, C3, …., Cn are the content of elements (µg/g) 1, 2, 3, …., n, 

respectively. Although, MPI gathers all of the metals into one value and 

provides an easy way to compare one location from another, it has the 

drawback of not having any threshold value to denote the pollution level. The 

MPI for all sampled locations varied between 110.6 and 254.4 (see Table 4-

23). The calculated MPI values suggest that location D116 is the most 

polluted followed by locations D121 and D117. Interestingly, all of the three 

sites are close to Drain7 indicating its major role in mobilizing major and 

trace metals in the lake environment. Locations D118, D124 and D109 did 

not show the lowest extent of pollution. Fig. 4-16 shows the distribution map 

of the calculated MPI values.  

As has been shown in the distributions of the relative contents, no 

obvious trend for the spatial variability in concentrations of major or trace 

metals was observed. This contradicts an earlier investigation that suggests a 

decrease of heavy metals toward the Mediterranean Sea based on three cores 

collected from the far East side of the Burullus Lake [53]. Based on the MPI, 

this is not true for a single element but for the geometric mean of all 

measured elements and only restricted to the three locations D116, D117 and 

D101.  
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Fig.4-16. The distribution of MPI in the Burullus Lake. The circles represent 
the relative value at each location with radii linearly proportional to its value.  
 

Degree of Contamination  

The degree of contamination was developed and tested for lakes 

[179], although it has already been successfully used for coastal areas [180]. 

To determine an anthropogenic influence on the ecosystems, the elemental 

contamination factor (CFe) for each element was calculated as the ratio of the 

mean concentrations from upper most sediment layer to the average pre-

industrial background values.  

 

where  is the mean element content in the lake. The following terminology 

is suggested for describing the contamination factor; CF < 1 : low 

contamination factor; 1 ≤ CF < 3 : moderate contamination factor; 3 ≤ CF < 

6 : considerable contamination factor; CF ≥ 6 : very high contamination 

factor. The elemental degree of contamination (DC) for the lake is defined as 

MPI 
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the sum of all contamination factors for the same element divided by the 

number of locations.  

 

where n is the number of contaminants, and the adopted terminology to 

describe the degree of contamination are DC < n: low level of contamination; 

n < DC < 2n: moderate degree of contamination; 2n < DC < 3n: 

considerable degree of contamination; and DC > 3n: very high degree of 

contamination. The two sets of pre-industrial data [170, 171] provide the 

same evaluation that the lake is moderately contaminated with Mn, Co and Sr 

(see Table 4-26). Based on the calculated degree of contamination, the 

Burullus Lake is considered to have low level of contamination were the DC 

values were 11.96 and 9.84 using the pre-industrial values given by [170] and 

[171], respectively.  

 

Sediment Quality Guidelines  

In recent decades different metal assessment indices applied to 

aquatic environments have been developed. Data on the concentrations of 

contaminants in sediments, alone, do not provide an effective basis for 

estimating the potential for adverse effects to living resources. Ecological 

risk indices compare the results for the contaminants with Sediment Quality 

Guidelines (SQG) [181−184]. SQGs are very useful to screen sediment 

contamination by comparing sediment contaminant concentration with the 

corresponding quality guideline. These guidelines evaluate the degree to 

which the sediment-associated chemical status might adversely affect aquatic 

organisms and are designed to assist sediment assessors and managers 

responsible for the interpretation of sediment quality. 
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Table 4-26. The background element concentrations Be in average shale [170, 171], element/Al ratio, Igeo, EF, CF. 
Concentrations are given in µg g–1, except for Al, Fe and Mn(%). 
 Shale [170]    Shale [171]    
 Be Be/BAl  Igeo EF 

mean 
(range) 

CF Be Be/BAl Igeo EF 
mean 

(range) 

CF 

Al 6.93 1.0 -1.87  
(-2.61 − -0.85) 

– 0.43 8.0 1.0 -2.09  
(-2.83 − -1.06) 

– 0.38 

Fe 3.59 0.518 -0.78  
(-1.15 − 0.13) 

2.1  
(1.8−2.6) 

0.91 4.72 0.590 -1.18  
(-1.91 −- 0.27) 

1.9 
(1.6−2.3) 

0.69 

Mn 0.072 0.010 -0.29  
(-1.20 − +0.50) 

3.2  
(1.7−6.1) 

1.29 0.085 0.011 -0.53  
 (-1.45 − +0.26) 

3.2 
(1.7−6.0) 

1.09 

B 65  0.94×10-3 -1.86  
(-3.30 − -0.72) 

1.0  
(0.6−1.4) 

0.46 100 1.25×10-3 -2.49  
(-3.94 − -1.34) 

0.8 
(0.5−1.1) 

0.30 

Co 13  0.19×10-3 -0.07  
(-0.87 − +0.72) 

3.6  
(2.5−5.8) 

1.48 19 0.24×10-3 -0.62 
(-1.42 − +0.17) 

2.8  
(1.9−4.6) 

1.01 

Cr 71  1.02×10-3 -0.47  
(-1.36 − +0.42) 

2.7  
(2.3−3.4) 

1.13 90 1.13×10-3 -0.81  
(-1.70 − +0.08) 

2.4  
(2.1−3.1) 

0.90 

Cu 32  0.46×10-3 -0.38  
(-1.32 − +0.58) 

2.8  
(2.1−3.7) 

1.20 45 0.56×10-3 -0.88 
(-1.82 − +0.09) 

2.3  
(1.8−3.1) 

0.85 

Ni 49  0.71×10-3 -1.01  
(-1.74 − -0.02) 

1.8  
(1.5−2.2) 

0.78 68 0.85×10-3 -1.49  
(-2.22 − -0.49) 

1.5  
(1.3−1.9) 

0.56 

Pb 16  0.23×10-3 -3.04  
( -7.91 − -0.74) 

0.8  
(0.01−2.7) 

0.31 20 0.25×10-3 -3.37  
( -8.25 − -1.07) 

0.7 
(0.01−2.5) 

0.25 

Sr 278  4.01×10-3 +0.57  
(-1.72 − +1.28) 

6.7  
(0.5−14.0) 

2.45 300 3.75×10-3 +0.46  
(-1.83 − +1.17) 

7.2  
(0.6−15.0) 

2.27 

V 97  1.40×10-3 -0.94  
(-1.65 − -0.05) 

1.9  
(1.6−2.2) 

0.81 130 1.63×10-3 -1.36  
(-2.07 − -0.48) 

1.7  
(1.4−1.9) 

0.61 

Zn 127  1.83×10-3 -1.17  
(-1.77 − -0.20) 

1.7  
(1.0−3.6) 

0.70 95 1.19×10-3 -0.75  
(-1.36 − +0.22) 

2.7 
(1.5−5.5) 

0.93 
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The mean sediment quality guideline quotient (SQG-Q) mixes all 

contaminants in the same SQG. It evaluates toxicity, since it takes into 

account SQG comparison. It is defined as 

SQG-Q
∑ PEL-Q

 

PEL-Qe PEL
 

PEL-Qe is the probable effect level quotient for element e; PELe the probable 

effect level for each contaminant e (concentration above which adverse 

effects frequently occur) [183]. Sediment locations are then scored according 

to their impact level. A value of SQG-Q ≤ 0.1 means unimpacted sediment; 

i.e. lowest potential for observing adverse biological effects; 0.1 < SQG-Q < 

1: means moderate impact potential for observing adverse biological effects; 

and SQG-Q ≥ 1 means highly impacted potential for observing adverse 

biological effects. The range of the calculated values of PEL-Q for Cr, Cu, 

Ni, Pb and Zn as well as the mean and range of SQG-Q are listed in Table  4-

27. All locations have moderate impact potential (SQG-Q = 0.25−0.75).  

Among the various sediment quality guidelines (SQGs) developed 

during the past decade [181, 182], increasing importance is given to the 

consensus-based threshold effect concentration (TEC) and the probable effect 

concentration (PEC) guidelines [181] for freshwater sediment quality 

assessment. The two sets of quality guidelines derive from effects-based 

SQGs that related contaminant concentrations to harmful effects on 

sediment-dwelling organisms, or were intended to be predictive of effects on 

the same organisms [182]. The TECs were intended to identify contaminant 

concentrations below which harmful effects on sediment-dwelling organisms 

were not expected to occur. The PECs were intended to identify contaminant 

concentrations above which harmful effects on sediment-dwelling organisms 
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            Table 4-27. Comparison of sediment quality guidelines (SQGs) with average values for the Burullus lake.  
 Cr Cu Ni Pb Zn 

TEC (µg g–1) [181] 43.4 31.6 22.7 35.8 121 

PEC (µg g–1) [181] 111 149 48.6 128 459 

Mean values for the study area 80.56±25.96 38.44±12.34 37.99±12.74 5.02±4.39 88.58±30.07 

Samples exceeded TEC (%) 100 69.2 92.3 0 15.4 

Samples exceeded PEC (%) 15.4 0 15.4 0 0 

PEL [183] 160 108 42.8 112 271 

Range of PEL-Q 0.26−0.89 0.18−0.66 0.51−0.70  0.00−0.13 0.21−0.61 

SQG-Q 0.42±0.13 (0.25−0.75) 
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were expected to occur frequently. Consensus-based TECs or PECs were 

calculated only if three of more published SQGs were available for a 

chemical substance or group of substances. For marine sediments TEC and 

PEC for 8 trace metals were identified [181].  

Based on the results of this assessment, the incidence of sediment 

toxicities due to Cu, Pb and Zn were generally low at contaminant 

concentrations below the PECs (Table 4-27). While more than 30% and 84% 

of the samples had very low contaminant concentrations below the TEC for 

Cu and Zn, respectively. Among the five trace metals, 15.4% of samples 

exceeding an individual consensus-based PEC for both Cr and Ni resulted to 

be toxic to sediment-dwelling organisms.  

 

4.3.2 (e) Statistical analysis 

Correlations between the characteristics of sediment, water and soil   

Throughout this work the correlations will be described as strong (r ≤ 

0.95), moderate (0.85 ≤ r < 0.95) or weak (0.75 ≤ r < 0.85). Table 4-28 lists 

the correlation coefficients between any two measured characteristics of the 

sediment or water. No correlation between the sediment's pH and that for 

water was found. The sediment’s pH, TOM and CaCO3 and water depth do 

not correlate with each other or with the grain size fractions. Correlations 

were found only among the grain size fractions. The grain size 75-125 µm 

does not correlate with any other grain size, while the smallest grain size 

(<75 µm) seems to anti-correlate with all grain sizes larger than 250 µm (|r| < 

0.76). The grain size 425-500 µm correlates with all but grain size 75-125 

µm. Water pH is weakly correlated with the smallest sediment grain size (r = 

–0.80) and it may be correlated with the two grain sizes 315-425 and >500 

µm (r = 0.61).  
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Correlation between the absolute elemental contents and characteristics 
of the sediment  
 

Correlation analysis was performed on the data between any two 

given elemental contents in sediment assuming linear or logarithmic relation. 

Table 4-29 gives the correlation coefficients. Generally, the coefficients are 

slightly higher for linear relations. Both aluminum and iron accounts for most 

of the variability of the other metals with the exception of Mn, Pb and Zn. 

The relatively close relationship between iron and aluminum, however, 

suggests that iron oxides are not important (i.e., iron is associated with 

aluminum in aluminosilicate phases) [157].  

There are three distinct groups of the measured elements. The first 

group is Al, Fe, B, Co, Cr, Cu, Ni and V. Generally, linear and logarithmic 

regression models can well describe the relations among the elements of this 

group. Al is correlated with all elements among this group. Al has strong 

correlations with the elements Fe, Cr, Ni and V, moderate correlations with 

the elements B and Cu and week correlations with Co. On the other hand Fe 

is strongly correlated with Cr, Cu, Ni and V and moderately correlated with 

B and Co.  

The second group composes of only Sr which is negatively correlated 

with the elements of the first group and has no correlation with the elements 

of the third group (see below). Strontium (Z=38) is alkaline earth metal and is 

highly reactive chemically. Strontium is even more reactive in water, with 

which strontium reacts on contact to produce strontium hydroxide and 

hydrogen gas. It is a trace element that substitutes for Ca in the lattices of 

minerals, behaving similarly to Ca in geological processes. The presence of 

relatively high Sr concentrations indicates the presence of good fraction of 

aragonite (mineral form of crystalline calcium carbonate) [185]. Biogenic 
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carbonates play an important role as a dilutant material of the heavy metals in 

the samples.  

The last group of elements includes Mn, Pb and Zn that seem to not to 

covary with any other element. Zn may be weakly correlated with Co. There 

is no obvious common behavior in these three elements in the lake 

environment. Lead (Z=82) is a poor metal as aluminum, also considered to be 

one of the heavy metals. Zinc (Z=30) is a transition metal. It is a moderately 

reactive metal. Lead and zinc are typically associated with non-point-source 

discharges from urban areas [157]. Mn is a transition metal. Manganese 

oxides under normal aerated conditions are widespread in sediments and have 

been credited with scavenging heavy metals of geochemical significance 

[149]. Their mineralogical structure and chemical reactions are controlled by 

various factors. The present results suggest a preferential association of trace 

elements with iron, aluminum and silicon oxides and not with manganese 

oxides. The presence of Mn inside the calcite in the sediments indicates the 

accumulation of these sediments under oxic conditions [186]. An association 

Ca-Mn was found and the suggestion was made of co-precipitation of a 

calcite-manganese phase [187].  

The coefficients of correlation between the relative contents of all 

elements are listed in Table 4-30. After the normalization to Al, only Cu and 

Ni maintained their correlation with somewhat smaller coefficients with Fe, 

Co and V. The relative contents of Mn and Cr show week correlation with 

each other. The ratio Zn/Al still has correlation with Co/Al, in addition to a 

correlation with Fe/Al and Ni/Al.  

Tables 4-31 and 4-32 give the correlation coefficients between 

elemental contents and Al-normalized contents in sediment and the 

characteristics of sediment or water assuming linear relations. Only weak 

correlations exist between elemental contents and the characteristics of the 
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sediments. While TOM has weak correlation with most of the elements in the 

first group (Al, Fe, B, Cr, Cu, Ni and V), pH has a possible correlation only 

with Mn. TOM in these sediments is generally highest in sediments with high 

Al or Fe concentrations. Nonetheless, the concentrations of metals in the 

sediments covary with TOM at less significant levels. The TOM contents 

seem to more or less affect all elements except Mn and Pb. These two 

elements and Zn did not show any correlation with other elements. The TOM 

is moderately correlated with many of the measured elements; Al, Fe, B, Cr, 

Cu, Ni and V and possibly correlated with Co, Sr and Zn. The element Mn is 

moderately or weakly correlated with the sediment’s pH and different grain 

size fractions (<75, 250-315, 315-425 and 425-500 µm). The grain size 75-

125 µm has weak correlations with Al and B. Apparently, no elemental 

concentration in sediment is not influenced by the water characteristics. The 

relative content of Mn is moderately correlated with the grain size fraction 

<75 µm. 
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Table 4-28. Correlation coefficients between any two measured characteristics of the sediment or water assuming linear 
relation between each two parameters.  

Water Grain Size Range (µm) CaCO3 Depth TOM pH   

PH TDS >500 425-
500 

315-
425 

250-
315 

212-
250 

125-
212 

75-
125 <75       

             1 pH  
            1 0.19 TOM  
           1 -0.42 0.16 Depth  
          1 0.00 0.00 -0.40 CaCo3%  
         1 0.17 -0.26 0.00 -0.29 <75 

G
ra

in
 S

iz
e 

R
an

ge
 

(µ
m

) 

        1 -0.27 -0.64 0.00 0.00 0.11 75-125 
       1 -0.53 -0.26 0.00 0.55 0.00 0.53 125-212 
      1 0.84 -0.39 -0.46 0.00 0.51 0.00 0.51 212-250 
     1 0.92 0.85 0.22 -0.60 0.00 0.51 0.00 0.39 250-315 
    1 0.89 0.85 0.72 0.18 -0.76 0.00 0.50 0.00 0.25 315-425 
   1 0.95 0.81 0.77 0.76 0.21 -0.63 0.26 0.48 0.00 0.00 425-500 
  1 0.00 0.11 -0.12 -0.24 -0.48 0.52 -0.70 0.00 -0.28 0.14 -0.17 >500 
 1 0.20 0.34 0.38 0.30 0.34 0.00 0.24 -0.40 -0.21 -0.15 0.19 0.00 TDS water 

1 0.49 0.61 0.49 0.61 0.35 0.29 0.00 0.23 -0.80 0.00 0.00 0.31 0.44 pH  
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Table 4-29. Correlation coefficients between the absolute contents of major and trace elements in sediments 
assuming linear relation (lower left diagonal) and logarithmic relation (upper right diagonal) between each two 
parameters.  

 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn 
Al  0.94 0.33 0.90 0.74 0.93 0.88 0.94 0.17 -0.80 0.98 0.40 
Fe 0.96  0.31 0.89 0.88 0.94 0.96 1.00 0.18 -0.83 0.97 0.56 
Mn 0.18 0.16  0.56 0.42 0.55 0.46 0.32 0.36 -0.32 0.42 0.00 
B 0.93 0.92 0.36  0.84 0.92 0.91 0.89 0.27 -0.68 0.92 0.54 
Co 0.74 0.87 0.23 0.81  0.84 0.94 0.88 0.20 -0.24 0.81 0.72 
Cr 0.95 0.95 0.38 0.92 0.81  0.94 0.94 0.26 -0.82 0.96 0.48 
Cu 0.90 0.97 0.27 0.89 0.92 0.94  0.96 0.16 -0.82 0.94 0.57 
Ni 0.95 1.00 0.17 0.91 0.87 0.94 0.98  0.20 -0.85 0.97 0.57 
Pb 0.21 0.23 0.43 0.30 0.23 0.31 0.20 0.24  -0.21 0.16 0.57 
Sr -0.83 -0.86 -0.36 -0.79 -0.81 −0.91 -0.87 -0.87 -0.36  -0.84 -0.45 
V 0.98 0.98 0.26 0.92 0.79 0.97 0.95 0.98 0.23 -0.87  0.41 
Zn 0.38 0.54 0.00 0.55 0.79 0.45 0.58 0.54 0.24 -0.40 0.39  
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Table 4-30. Correlation coefficients between the sediment contents of major and trace elements relative to Al 
contents assuming a linear relation between each two parameters.  

 Fe/Al Mn/Al B/Al Co/Al Cr/Al Cu/Al Ni/Al Pb/Al Sr/Al V/Al Al/Zn  
Fe/Al            
Mn/Al 0.26           
B/Al -0.04 0.25          
Co/Al 0.27 0.42 0.27         
Cr/Al 0.54 0.77 0.24 0.63        
Cu/Al 0.86 0.50 0.29 0.90 0.72       
Ni/Al 0.98 0.24 0.00 0.86 0.54 0.86      
Pb/Al 0.11 0.42 0.00 0.20 0.49 0.00 0.15     
Sr/Al 0.44 0.26 -0.52 0.29 0.00 0.20 0.34 0.00    
V/Al 0.80 0.67 -0.16 0.67 0.67 0.76 0.76 0.16 0.58   
Zn/Al 0.75 0.14 0.18 0.84 0.39 0.65 0.74 0.26 0.45 0.43  
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Table 4-31. Correlation coefficients assuming a linear relationship between each two parameter for sediment or water 
characteristics and heavy metals concentrations.  

Zn V Sr Pb Ni Cu Cr Co B Mn Fe Al   
0.00 0.00 0.00 -0.67 0.00 0.00 0.00 0.00 -0.21 -0.76 0.00 0.00 pH Sediment 
0.57 0.77 -0.63 0.00 0.77 0.73 0.81 0.66 0.83 0.00 0.79 0.83 TOM  
0.00 -0.16 0.25 0.00 -0.16 0.00 0.00 0.00 0.00 0.20 0.00 -0.18 CaCO3%  
-0.18 0.00 -0.48 0.21 -0.15 0.00 0.11 0.00 0.00 0.89 -0.16 -0.41 <75 µm  
0.29 0.68 -0.56 0.50 0.67 0.54 0.62 0.42 0.74 0.10 0.64 0.71 75-125  
0.26 -0.57 0.49 -0.49 -0.47 -0.40 -0.56 -0.13 -0.46 -0.51 -0.45 -0.55 125-212  
0.00 -0.59 0.58 -0.62 -0.51 -0.53 -0.65 -0.38 -0.58 -0.72 -0.50 -0.57 212-250  
0.20 -0.43 0.45 -0.44 -0.34 -0.37 -0.47 -0.21 -0.39 -0.80 -0.31 -0.38 250-315  
0.22 -0.44 0.48 -0.35 -0.30 -0.36 -0.53 -0.18 -0.43 -0.87 -0.29 -0.41 315-425  
0.33 -0.48 0.51 -0.22 -0.33 -0.36 -0.57 0.00 -0.41 -0.73 -0.33 -0.47 425-500  
0.00 -0.47 -0.22 0.00 0.48 0.33 0.32 0.12 0.31 -0.43 0.47 0.53 >500  
0.28 0.15 0.00 -0.26 0.25 0.15 0.00 0.19 0.12 -0.67 0.25 0.20 pH Water 
0.19 -0.18 0.23 0.00 0.00 -0.24 -0.19 -0.20 0.00 -0.38 -0.14 0.00 TDS  
0.00 -0.36 0.28 0.23 -0.29 -0.35 -0.40 -0.22 -0.34 -0.36 -0.27 -0.38 Depth  
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Table 4-32. Correlation matrix listing the coefficients of correlation between different pairs variables; the relative 
contents of major and trace elements in sediments and the characteristics of sediment and water.  

Al/Zn  V/Al Sr/Al Pb/Al Ni/Al Cu/Al Cr/Al Co/Al B/Al Mn/Al Fe/Al   

0.00 0.00 0.00 -0.66 0.00 -0.11 0.40 0.00 -0.17 -0.66 0.12 pH Sediment 
-0.17 -0.72 -0.71 -0.30 -0.34 -0.32 -0.28 -0.32 0.43 -0.54 -0.39 TOM  
0.00 0.21 0.00 0.00 0.19 0.34 0.26 0.16 0.34 0.22 0.23 CaCO3%  
-0.12 0.34 -0.18 0.30 0.00 0.31 0.73 0.17 0.42 0.85 0.00 <75 µm  
-0.32 -0.58 -0.55 0.13 -0.31 -0.51 -0.42 -0.15 0.30 -0.42 -0.42 75-125  
0.69 0.23 0.43 -0.29 0.40 0.42 0.00 0.61 0.00 0.00 0.50 125-212  
0.50 0.29 0.60 -0.44 0.37 0.19 -0.16 0.33 -0.38 -0.27 0.47 212-250  
0.52 0.00 0.40 -0.33 0.27 0.00 -0.26 0.27 -0.28 -0.49 0.36 250-315  
0.59 0.17 0.53 -0.23 0.49 0.18 -0.28 0.36 -0.35 -0.48 0.55 315-425  
0.74 0.26 0.55 0.00 0.57 0.32 -0.18 0.53 0.00 -0.31 0.62 425-500  
-0.44 -0.52 -0.17 -0.12 -0.30 -0.58 -0.70 -0.60 -0.38 -0.68 -0.35 >500  
0.17 -0.20 0.00 -0.32 0.21 0.00 -0.47 0.00 -0.20 -0.64 0.19 pH Water 
0.36 -0.15 0.41 0.00 0.00 -0.28 -0.30 0.00 0.00 -0.23 0.00 TDS  
0.28 0.26 0.22 0.24 0.40 0.15 0.00 0.26 0.00 0.00 0.45 Depth  
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4.3.2 (f) Cluster Analysis  

Cluster analysis allows multivariate analysis of a set of data structured 

as a matrix. The main purpose of cluster analysis is to organize data into 

meaningful structures by classifying input patterns into groups of nested 

classes. Hierarchical cluster analysis (HCA) is an unsupervised pattern 

recognition method used for sorting individual patterns into clusters, which 

may have a particular property. The degree of similarity is high between 

patterns in the same cluster (homogeneity) and low between patterns from 

different clusters (heterogeneity). R-mode compares the relationships 

between variables on the basis of all samples. The attention of Q-mode 

analysis is devoted to interpret the inter-object relationships in a data set 

rather than the inter-variable relationships. Data standardization is required in 

HCA because the calculation of the distances will be influenced most 

severely by the parameters with the largest variances in their distribution if 

the raw data are used. This will result in erroneous results and faulty 

interpretations.  

In order to discriminate distinct groups of major and trace elements as 

tracers of natural or anthropogenic source, an explorative HCA was 

performed on the available dataset. For this cluster analysis in R-mode, the 

similarity matrix based on relative species abundance for each sample is 

obtained with a Pearson correlation coefficient as the measure of similarity. 

The statistical analysis has been performed by means of SPSS. Fig. 4-17 

shows the hierarchical dendrogram that illustrates the similarity between the 

chemical parameters. The association between Al, Fe, Cu, Cr, Ni and V is 

most significant, with bonds to B and Co, and to a lesser degree, Zn. The 

second group of association at a lower level of significance was found 

between Mn and Pb. There is a very weak association between the 

concentrations of Sr. 
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Fig. 4-17. Dendrogram for sediment data clustering of major and trace 
elements based on the Person correlation coefficient.  
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Fig. 4-18. Dendrogram of cluster analysis for relationship among locations of 
the sediment samples based on the Eculdian distance.   
 

In order to evaluate possible groups among samples considered, a 

hierarchical cluster analysis in Q-mode was performed. A data matrix, whose 

rows are the sampling locations and the columns are the elemental 

concentrations, was built. The number of clusters was determined using the 

Euclidean distance as a distance measure and the between-groups linkage as 

a linking method. The analysis was employed to identify groupings of similar 

sediments. Cluster analysis had shown three distinct clusters of sampling 

locations shown in Fig. 4-18. The main groups of clusters formed (from right 
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to left) are location 116 alone as the first cluster, locations 109, 110, 113, 117 

and 121 as the second cluster and locations 101, 103, 105, 111, 114, 118 and 

124 as the third cluster. The second cluster contains three locations near 

drains (109, 110 and 113) and two locations in the middle of the lake (117 

and 121). The third cluster can be divided into three subgroups. One group 

has the locations 111, 114 and 124 where the first two locations are the 

closest to drain 11 and drain 8, respectively, and location 124 is the closest to 

location 114. The closest location to see inlet (101) is a subgroup by itself. 

The last subgroup (103, 105 and 118) are characterized by being at or close 

to the lake’s northern shore, not close to any drains, not surrounded by 

islands and possibly directly subjected to sea water. Based on this and under 

the assumption that variation of the measured elements is not natural, the 

pollution would be attributed to drain 7 and 9 and Brimbal canal and not 

related to drain 8 or 11.  

 
4.3.3 The absolute contents in water samples  

 Natural water contains some or most of dissolved elements. Based on 

the natural properties of water and the properties of each chemical element 

and mineral combination, the actual occurrence and concentration of an 

element in water can vary widely. When minerals dissolve in water, the 

chemical elements are usually ionized. These ions occur as either cations or 

as anions. Another crucial chemical property of water is its relative acidity or 

alkalinity. This chemical characteristic has a direct influence on the 

concentration of heavy elements [188]. At pH < 7, most of the heavy 

elements are present as acidic salts and most of them are soluble in water. On 

the other hand, at pH > 7, most of the elements are present as basic or 

alkaline salts and precipitated as hydroxides, carbonates, borates…etc. [188].  
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ICP was also used to determine the concentrations of major and trace 

elements in 13 water samples collected from the Burullus Lake. The 

distribution of major and trace elements between sediment and water can be 

quantified using the sediment partition coefficients (Kd, also called 

distribution coefficients), which is defined as the ratio of the concentration of 

an element in the solid phase (Csediment) to its concentration in the liquid phase 

(Cwater) in equilibrium with this sediment and has units of l/kg,  

sediment water⁄ . 

It is used to understand and determine the eventual fate of elements released 

into the aquatic environment. The measured concentrations and the calculated 

values of partition coefficients (except Mo since it was not detected in 

sediments) are presented in Table 4-33. The descriptive statistics of the 

elemental concentrations and sediment partition coefficients are summarized 

in Table 4-34 and 4-35 respectively. The two locations 101 and 103 have the 

highest concentrations of many elements in particular Fe, Mn, Co, Cr, Cu and 

Ni and consequently the lowest Kd values. This may indicate that these 

elements are more likely to exist in soluble phase in the lake environment. On 

the other hand, nearly the same elements seem to favor insoluble phase in 

location 111 which is slightly richer in fine sediment (<75µm) than locations 

101 and 103. As illustrated in Fig. 4-19 for major elements and Fig. 4-20 for 

trace elements, the variation of all elements are well contained within ±2σ 

except in the case of Mn in location 103 (P(≥2.6σ)=0.44% assuming a 

normal distribution) and Ni in location 101 (P(≥2.5σ)=0.58% assuming a 

normal distribution). Table 4-36 list the calculated correlation 

coefficients among the elemental contents, pH, TDS and water depth. 

Moderate to significant correlations exist among Fe, Mn, Co, Cr, Cu 

and Ni. In addition, the contents of Cu and Mo in water have a strong 
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correlation with TDS. No clear influence of the water pH or the water 

depth on the concentrations of major and trace elements was observed.  
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Table 4-33. The concentration (mg l−1) of major and trace elements in water samples. The calculated sediment partition 
coefficients (l kg−1) are also given (between parentheses) in each case.  

 Major elements Trace elements  
 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn Mo 
W101 42.43 

(0.060) 
583.3 

(0.006) 
20.05 

(0.004) 
2.54 

(13.44) 
0.90 

(30.7) 
163.30 
(0.5) 

3.04 
(14.4) 

61.00 
(0.65) 

0.14 
(18.1) 

8.43 
(84.0) 

0.41 
(172.1) 

0.77 
(214.8) 

0.54 
(–) 

W103 123.70 
(0.018) 

589.4 
(0.005) 

27.81 
(0.002) 

4.70 
(3.40) 

0.77 
(20.7) 

159.60 
(0.4) 

2.15 
(14.7) 

47.68 
(0.68) 

0.13 
(48.1) 

15.64 
(57.5) 

0.80 
(80.4) 

0.92 
(97.7) 

0.19 
(–) 

W105 1337.0 
(0.002) 

33.76 
(0.082) 

6.10 
(0.014) 

2.91 
(8.83) 

0.21 
(73.9) 

13.60 
(4.8) 

1.26 
(26.3) 

13.96 
(2.24) 

– 
(–) 

9.67 
(104.7) 

– 
(–) 

1.06 
(74.5) 

– 
(–) 

W109 1272.0 
(0.003) 

13.87 
(0.234) 

2.82 
(0.022) 

2.31 
(11.05) 

0.05 
(354.2) 

0.83 
(93.9) 

0.04 
(951.0) 

2.11 
(17.59) 

– 
(–) 

6.69 
(89.8) 

– 
(–) 

1.13 
(49.3) 

– 
(–) 

W110 633.0 
(0.005) 

32.52 
(0.105) 

2.98 
(0.035) 

3.71 
(7.12) 

0.04 
(482.8) 

4.38 
(21.5) 

0.29 
(146.8) 

1.56 
(25.15) 

– 
(–) 

11.15 
(52.7) 

0.42 
(197.2) 

0.31 
(274.3) 

– 
(–) 

W111 989.50 
(0.003) 

10.79 
(0.259) 

1.47 
(0.058) 

2.76 
(8.90) 

0.02 
(808.5) 

0.61 
(110.8) 

0.03 
(1029.0) 

0.56 
(56.05) 

0.07 
(32.9) 

6.32 
(126.1) 

0.01 
(7176.0) 

0.43 
(155.1) 

– 
(–) 

W113 694.90 
(0.003) 

27.43 
(0.100) 

1.84 
(0.077) 

1.85 
(13.33) 

0.1 
(197.1) 

5.21 
(15.6) 

0.14 
241.1) 

4.96 
(6.24) 

– 
(–) 

4.53 
(112.6) 

– 
(–) 

0.35 
(254.6) 

– 
(–) 

W114 692.50 
(0.003) 

16.18 
(0.164) 

1.88 
(0.081) 

2.69 
(11.41) 

0.1 
(166.7) 

2.15 
(34.2) 

– 
(–) 

1.67 
(18.36) 

– 
(–) 

8.22 
(99.1) 

0.01 
(7190.0) 

0.46 
(147.3) 

– 
(–) 

W116 0.10 
(57.6) 

– 
(–) 

– 
(–) 

6.83 
(8.68) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

10.62 
(11.9) 

– 
(–) 

– 
(–) 

– 
(–) 

W117 – 
(–) 

– 
(–) 

– 
(–) 

3.02 
(16.92) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

7.09 
(76.0) 

0.01 
(9946.0) 

– 
(–) 

– 
(–) 

W118 – 
(–) 

– 
(–) 

– 
(–) 

8.20 
(1.20) 

– 
(–) 

– 
(–) 

0.02 
(958.0) 

– 
(–) 

– 
(–) 

7.69 
(124.3) 

- – 
(–) 

– 
(–) 

W121 0.80 
(4.88) 

– 
(–) 

– 
(–) 

4.59 
(10.05) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

7.77 
(66.1) 

0.02 
(4986.5) 

– 
(–) 

– 
(–) 

W124 – 
(–) 

– 
(–) 

– 
(–) 

2.71 
(5.83) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

– 
(–) 

2.86 
(275.8) 

0.01 
(6234.0) 

– 
(–) 

0.04 
(–) 
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Table 4-34. Descriptive statistics of elemental concentrations (mg l−1) for the water samples. 
 Major elements Trace elements 
 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn Mo 
Mean 578.59 163.41 8.12 3.76 0.27 43.71 0.99 16.69 0.11 8.21 0.54 0.68 0.26 
Median 662.75 29.98 2.90 2.91 0.10 4.80 0.29 3.54 0.13 7.77 0.42 0.62 0.19 
Std. Error  163.88 92.34 3.56 0.52 0.12 25.74 0.45 8.45 0.02 0.88 0.13 0.12 0.15 
Std. Deviation 518.24 261.19 10.08 1.88 0.35 72.79 1.20 23.89 0.04 3.18 0.22 0.33 0.26 
Harmonic Mean 0.89 24.48 2.97 3.16 0.07 2.10 0.10 2.10 0.10 6.95 0.49 0.54 0.09 
Geometric Mean 107.97 47.30 4.42 3.42 0.12 7.38 0.33 5.30 0.11 7.61 0.52 0.61 0.16 
Minimum 0.10 10.79 1.47 1.85 0.02 0.61 0.03 0.56 0.07 2.86 0.41 0.31 0.04 
Maximum 1337.00 589.40 27.81 8.20 0.90 163.30 3.04 61.00 0.14 15.64 0.80 1.13 0.54 
Variance 268578 68220 101.60 3.54 0.12 5299 1.44 570.87 0.00 10.13 0.05 0.11 0.07 
Kurtosis -1.50 0.00 0.98 1.63 0.09 -0.01 -0.51 0.37 - 1.69 - -1.99 - 
Std. error 1.33 1.48 1.48 1.19 1.48 1.48 1.59 1.48 - 1.19 - 1.48 - 
Skewness 0.21 1.44 1.54 1.51 1.37 1.43 1.00 1.41 -1.60 0.73 1.73 0.26 1.09 
Std. error 0.69 0.75 0.75 0.62 0.75 0.75 0.79 0.75 1.22 0.62 1.22 0.75 1.22 
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Table 4-35. Descriptive statistics of the sediment-water distribution coefficients Kd (l kg−1). 
 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn 
Mean 62.59 1.19 366.29 9.24 266.81 35.21 346.17 15.87 33.00 98.50 149.93 158.44 
Median 0.04 1.01 286.00 8.90 181.90 18.55 146.76 11.92 32.86 89.77 172.15 151.22 
Std. Error of Mean 57.26 0.33 112.43 1.18 96.00 15.29 169.39 6.62 8.66 17.21 35.49 29.47 
Std. Deviation 181.09 0.95 317.99 4.26 271.54 43.24 448.18 18.71 15.01 62.05 61.47 83.35 
Geometric Mean 0.27 0.63 206.21 7.87 146.56 10.03 109.80 6.40 30.56 81.42 139.78 136.83 
Harmonic Mean 0.05 0.19 89.49 5.74 71.61 1.57 37.12 2.11 28.15 59.17 128.69 115.24 
Minimum 0.02 0.05 23.28 1.20 20.66 0.40 14.39 0.65 18.07 11.92 80.44 49.30 
Maximum 576.13 2.58 811.17 16.92 808.50 110.84 1029.00 56.05 48.08 275.77 197.21 274.29 
Range 576.11 2.53 787.89 15.72 787.84 110.44 1014.61 55.40 30.01 263.85 116.77 224.99 
Kurtosis 9.80 -1.08 -1.63 0.10 1.19 -0.14 -0.92 2.83 - 5.87 - -1.48 
Std. error 1.33 1.48 1.48 1.19 1.48 1.48 1.59 1.48 - 1.19 - 1.48 
Skewness 3.12 0.31 0.44 -0.20 1.27 1.21 1.10 1.61 0.04 1.96 -1.41 0.17 
Std. error 0.69 0.75 0.75 0.62 0.75 0.75 0.79 0.75 1.22 0.62 1.22 0.75 
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Table 4-36. Coefficients of correlation between different pairs variables; the absolute contents of major and trace 
elements in water and the characteristics of water. strong (r ≤ 0.95), moderate (0.85 ≤ r < 0.95) or week (0.75 ≤ r < 0.85) 

 Al Fe  Mn B  Co Cr Cu  Ni  Sr  V Zn Mo  pH TDS 
Al 1                   
Fe -0.83 1              
Mn -0.75 0.97 1            
B -0.63 0.49  0.62 1                
Co -0.79 0.98 0.95 0.39 1          
Cr -0.82 1.00 0.97 0.47 0.99 1         
Cu -0.71 0.92 0.88 0.34 0.97 0.93 1        
Ni -0.76 0.97 0.93 0.36 1.00 0.98 0.98 1       
Sr -0.39 0.59 0.72 0.38 0.53 0.58 0.52 0.50 1      
V 0.19 0.49 0.73 0.00  0.35 0.46 0.18 0.28 0.90 1     
Zn 0.23 0.31 0.41 0.13 0.36 0.33 0.37 0.37 0.29 0.67 1     
Mo - - - -0.29 - - - - 0.22 - - 1   
pH -0.31 0.65 0.67 0.34 0.68 0.66 0.64 0.69 0.06 0.40 0.87 0.68 1  
TDS -0.58 0.73 0.68 0.62 0.81 0.75 0.96 0.79 0.04 0.20 0.29 0.97 0.49 1 
Depth -0.07 -0.72 0.72 -0.21 0.64 0.71 0.67 0.67 0.00 0.77 0.31 -0.19 0.17 -0.09 
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Fig. 4-19. The contents of major elements in water. The dashed line indicates 
the mean value and the dotted lines indicate ±1σ.  
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Fig. 4-20. The contents of trace elements (B, Co, Cr and Cu) in water. The 
dashed line indicates the mean value and the dotted lines indicate ±1σ.  
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Fig. 4-20a. The contents of trace elements (Ni, Pb, Sr and V) in water. The 
dashed line indicates the mean value and the dotted lines indicate ±1σ.  
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Fig. 4-20b. The contents of trace elements (Zn and Mo) in water. The dashed 
line indicates the mean value and the dotted lines indicate ±1σ.  
 

4.3.4 The absolute contents in soil samples  

The concentrations of major and trace elements in surface soil (<10 

cm) samples are listed in Table 4-37. and their descriptive statistics is given 

in Table 4-38.  The concentrations of the major elements Al. Fe and Mn in 

soil range from 4668.48 to 69545.98, from 5185.05 to 64596.3 and from 

118.83 to 1147.23 µg g–1, respectively. The highest values of the three major 

elements are in S03 while the lowest concentrations of them are in S02. The 

location S02 (the western side of Al-Koum Al-Akhadr Island) also has the 

lowest concentrations of the measured trace elements. The highest values of 

the trace elements B, Co, Cr, Cu, Ni and V were found in S03 (the eastern 

side of Sinjar Island) while the highest concentrations of Pb, Sr and Zn were 

found in location S04 (western side of Sinjar Island). Generally, the 
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measured major and trace elements have higher concentrations in Sinjar 

Island than Al-Koum Al-Akhadr Island.  

 
4.3.5 The absolute contents in wild plant samples  

 The concentrations of major and trace elements in wild plants are 

listed in Table 4-39. and their descriptive statistics is given in Table 4-40.  

Mo was not detected in wild plant samples (<0.05 µg g–1). Pb was detected in 

only two samples. Co and V were detected in three samples ranging from 

1.06 to 1.54 and from 5.25 to 7.45 µg g–1, respectively. P01 had the highest 

concentrations of most elements while P03 has the lowest concentrations. 

The soil-to-plant transfer factor (TF) is the most frequently used parameter to 

describe the transport of an element from soil to plant. This ratio describes 

the amount of element expected to enter a plant from its substrate, under 

equilibrium conditions and it was expressed as;  

 

TF = Concentration in plant (µg g–1 dry weight for element)/ 
     /Concentration in soil (µg g–1 dry weight for element) 

 
 

The absolute values of such ratios change substantially with chemical, 

physiological and ecological conditions. Table 4.39 also lists TFs for wild 

plants collected in the present study. The transfer factors of major and trace 

elements for P01 and P02 are higher than that for P03 and P04.  
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Table 4-37. The concentration (µg g–1) of major and trace elements in surface soil samples. 
 Major elements% Trace elements 
 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn 

S01 81.86  93.95  2.90 24.16 5.8 28.36 19.03 9.09 6.09 53.43 26.75 115.33 
S02 46.69 51.85  1.19  7.35 2.68 18.99 3.76 4.01 0 28.6 14.2 1.33 
S03 695.46 645.96  11.47  183.975 35.48 164.13 55.13 71.43 10.89 141.19 165.25 134.33 
S04 579.71 578.71  10.12 175.73 31.76 135.88 52.46 63.21 12.49 190.06 152.75 511.2 

 

 

Table 4-38. Descriptive statistics of elemental concentrations (µg g–1) in soil samples. 
 Al Fe Mn B Co Cr Cu Ni Pb Sr V Zn 

Mean 35092.86 34261.93 642.07 97.80 18.93 86.84 32.60 36.94 7.37 103.32 89.74 190.55 
Std. Error of Mean 16733.32 15656.21 256.51 47.52 8.54 36.97 12.64 17.65 2.81 37.67 40.15 110.84 
Std. Deviation 33466.64 31312.42 513.03 95.05 17.08 73.94 25.28 35.31 5.61 75.34 80.30 221.69 
Median 33078.48 33633.18 651.11 99.95 18.78 82.12 35.75 36.15 8.49 97.31 89.75 124.83 
Geometric Mean 19812.18 20657.64 447.32 48.95 11.50 58.87 21.33 20.14 0.00 80.02 55.65 56.97 
Harmonic Mean 10869.81 12045.95 291.53 21.21 6.61 39.46 11.25 10.28 - 60.58 33.22 5.20 
Minimum 4668.48 5185.05 118.83 7.35 2.68 18.99 3.76 4.01 0.00 28.60 14.20 1.33 
Maximum 69545.98 64596.30 1147.23 183.98 35.48 164.13 55.13 71.43 12.49 190.06 165.25 511.20 
Range 64877.50 59411.25 1028.40 176.63 32.80 145.14 51.37 67.42 12.49 161.46 151.05 509.87 
Kurtosis -5.36 -5.68 -5.12  -5.81 -5.60 -5.21 -4.21 -5.63 -0.78 -3.57 -5.76 2.92 
Std. Error 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 2.62 
Skewness 0.09 0.02 -0.04 -0.02 0.01 0.11 -0.30 0.03 -0.84 0.26 0.00 1.57 
Std. Error 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 1.01 
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Table 4-39. The concentration (µg g–1) of major and trace elements in wild plants. The calculated soil-to-plant transfer factor  
are also given (between parentheses) in each case. 

 Al% Fe% Mn% B Cd Co Cr Cu Ni Pb Sr V Zn 
P01 22.56 27.64 1.29 67.58 0.40 1.54 9.70 86.43 8.09 27.40 175.78 7.45 66.49 
 (0.28) (0.29) (0.45) (2.80) (--) (0.27) (0.34) (4.54) (0.89) (4.50) (3.29) (0.28) (0.58) 
P02 22.25 23.16 0.51 15.41 0.10 1.05 7.78 13.84 3.03 - 50.46 5.25 23.05 
 (0.48) (0.45) (0.43) (2.10) (--) (0.39) (0.41) (3.68) (0.76) - (1.76) (0.37) (17.33) 
P03 2.22 2.06 0.09 7.54 0.10 - 1.04 8.76 1.25 - 50.46 - 28.80 
 (0.003) (0.003) (0.01) (0.04) (--) (--) (0.01) (0.16) (0.02) - (0.36) - (0.21) 
P04 21.71 25.79 0.86 71.34 0.43 1.08 13.81 16.11 3.76 20.18 71.39 5.66 29.18 
 (0.04) (0.04) (0.09) (0.41) (--) (0.03) (0.10) (0.31) (0.06) (1.62) (0.38) (0.04) (0.06) 
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Table 4-40. Descriptive statistics of elemental concentrations (µg g–1)  for the wild plants. 

Al Fe Mn B Cd Co Cr Cu Ni Pb Sr V Zn 
Mean 1718.78 1966.43 69.04 40.47 0.26 1.22 8.08 31.29 4.03 23.79 87.02 6.12 36.88 
Median 2198.22 2447.56 68.62 41.50 0.25 1.08 8.74 14.98 3.40 23.79 60.93 5.66 28.99 
Std. Error of Mean 499.12 593.93 25.41 16.83 0.09 0.16 2.66 18.45 1.45 3.61 29.99 0.68 9.97 
Std. Deviation 998.24 1187.86 50.82 33.67 0.18 0.27 5.33 36.89 2.90 5.11 59.99 1.17 19.94 
Harmonic Mean 683.67 663.20 28.17 17.67 0.16 1.19 3.16 15.38 2.63 23.24 67.42 5.98 31.39 
Geometric Mean 1247.74 1358.36 48.47 27.36 0.20 1.20 5.74 20.27 3.28 23.51 75.18 6.05 33.69 
Minimum 222.34 206.18 9.70 7.54 0.10 1.05 1.04 8.76 1.25 20.18 50.46 5.25 23.05 
Maximum 2256.34 2764.43 129.20 71.34 0.43 1.54 13.81 86.43 8.09 27.40 175.78 7.45 66.49 
Range 2034.00 2558.25 119.50 63.80 0.33 0.49 12.77 77.67 6.84 7.22 125.32 2.20 43.44 
Kurtosis 3.98 3.51 -0.67 -5.67 -5.87 - 1.17 3.87 2.08 - 3.41 - 3.65 
Std. Error  2.62 2.62 2.62 2.62 2.62 - 2.62 2.62 2.62 - 2.62 - 2.62 
Skewness -1.99 -1.86 0.04 -0.04 0.02 1.71 -0.69 1.96 1.21 - 1.85 1.50 1.88 
Std. Error 1.01 1.01 1.01 1.01 1.01 1.22 1.01 1.01 1.01 - 1.01 1.22 1.01 
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Basic Statistical Definitions 
 

Statistics is the universal language of the science. Statistical methods 

give accurately descriptions of the results, good decisions and estimations. It 

involves information, numbers to summarize this information, and their 

interpretations. It can be defined as: the science of collecting, classifying, 

presenting and interpreting data. The following are some basic statistical 

definitions [104, 191-193]. 

Mean:  

It is the average, x , (also called arithmetic mean) of n independent 

random normally distributed variants xi and is given by  

∑
=

=
n

i
ix

n
x

1

1  

Standard Error of the Mean:  

The standard (std) deviation is usually the best measure of spread. It 

is simply the square root of the variance. The estimated standard deviation 

for the distribution of sample means for an infinite population.  

σ=S  

where the variance σ is given by 
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Weighted Mean:  

It is used, if one wants to combine average values from samples of the 

same population with different sample sizes. For each xi in a set (x1, x2,…, xn), 

there is a weighting factor, wi, thus the weighted mean is given by 
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For radioactivity concentrations, C, as an example, calculated using many γ-

ray energies, the mean activity concentration of a radionuclide is obtained 

using the relations 
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Median:  

The median is the 50th percentile of the data set. It is the point that 

splits the data base into two halves.  

 

Skewness:  

Skewness is a measure of the asymmetry of a distribution. Skewness, 

the third standardized moment, is defined as µ3/σ3, where µ3 is the third 

moment about the mean. A value of zero indicates a symmetrical distribution. 

A positive value indicates skewness (longtailedness) to the right while a 

negative value indicates skewness to the left. Values between -3 and +3 are 

typical values of samples from a normal distribution. For a sample of n 

values, the sample skewness is  
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i xx

N
 

Given samples from a population, the equation for population skewness 

above is a biased estimator of the population skewness. An unbiased 

estimator of skewness is 
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Kurtosis:  

Kurtosis is a measure of the peakedness of a distribution. Kurtosis is 

more commonly defined as µ4/σ4-3, where µ4 is the fourth moment about the 

mean. The minus 3 at the end of this formula is often explained as a 

correction to make the kurtosis of the normal distribution equal to zero. A 

normal distribution has a kurtosis of zero (distributions with zero kurtosis are 

called mesokurtic). Unimodal distributions with positive kurtosis (called 

leptokurtic) have heavier or thicker tails than the normal. These distributions 

also tend to have higher peaks in the center of the distribution. Unimodal 

distributions whose tails are lighter than the normal distribution tend to have 

negative kurtosis (called platykurtic). In this case, the peak of the distribution 

tends to be broader than the normal. For a sample of n values the sample 

kurtosis is:  

( ) 31 4

14 −∑ −
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n

i
i xx

N
 

 

Given a sub-set of samples from a population, the sample kurtosis above is a 

biased estimator of the population kurtosis. An unbiased estimator of the 

population kurtosis is:                     
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Summary 
 

Burullus Lake is a natural reserve and has been declared as a natural 
protectorate in 1998. The lake has economic importance to Egypt. 
Unfortunately, this lake is currently one of the major disposal areas for 
drainage water in Egypt. The results obtained can be as summarized:-  
 
I. Major and Trace Elements 
Sediments: 

1) Homogenous distributions of major and trace elements were obtained 
with the exception of three locations (D116, D117 and D121) that do 
not belong to the normal distribution.  
a) Location D116 had content that may not belong to the normal 

distribution with 7.1σ and 6.7σ above the mean values for Al and 
Fe, respectively 

b) Elevated concentrations of B, Cr, Cu, Ni and V in location D116 
was very evident (>4σ). 

2) The Al-normalized distribution of Fe was uniform. This was nearly the 
situation for the Al-normalized content of Mn, Co, Cr, Ni, V and Zn.  

3) Pollution:  
a) Enrichment factors revealed sediment contamination (EF>5) of Mn 

(2 locations), Co (one location) and Sr (many locations). 
b) The lake can be categorized as unpolluted based on the geo-

accumulation indices with the exception of only three locations 
(D103, D105 and D118) were very low polluted with Sr.  

c) Metal pollution index indicated that location D116 is the most 
polluted followed by locations D121 and 117 (close to Drain7).  

d) Degree of contamination suggested that the lake was moderately 
contaminated with Mn, Co and Sr.  

4) Ecological risk (Cr, Cu, Ni, Pb and Zn): 
a) All locations had moderate impact potential. 
b) Among the five trace metals, 15.4% of samples exceeded an 

individual consensus-based PEC for both Cr and Ni resulted to be 
toxic to sediment-dwelling organisms.  

5) Correlation and Statistics: 
a) The measured major and trace elements can be grouped as:  

1st group is Al, Fe, B, Co, Cr, Cu, Ni and V 
2nd group composes of only Sr 
3rd group of elements includes Mn, Pb and Zn 

b) The locations can be grouped as: 
1st cluster: location 116 alone  
2nd cluster: locations 109, 110, 113, 117 and 121 



ii 
 

3rd cluster: locations 101, 103, 105, 111, 114, 118 and 124. 
Water: 

1) The measured elements were uniformly distributed in the lake's water.  
2) Locations 101 and 103 had the highest concentrations of many 

elements and consequently the lowest Kd values.    
3) Fe, Mn, Co, Cr, Cu and Ni are more likely to exist in soluble phase in 

the lake environment. 
Soil: 

1) Concentrations of major and trace elements in soil were higher in 
Sinjar island than Al-Koum Al-Akhadr island. 

 
II. NORM and 137Cs: 
Sediments: 

1) Locations D102, 111, 113, 116 and 121 had the highest concentrations 
of 226Ra.  

2) Locations D101, 102, 113, 116, 121 and 123 had the highest 
concentrations of 232Th  

3) The distribution of 40K was uniform 
4) 137Cs was quite inhomogeneous and higher concentration were 

generally those in the eastern part of the lake 
5) 226Ra/232Th ratio revealed that 226Ra is less soluble in the lake 

environment than 232Th. 
Water: 

1) Highest value of 40K concentration in water was found in Sinjar island.  
2) The sediment partition coefficients Kd of 40K decreased with increasing 

water salinity. 
Soil: 

1) Sinjar Island had higher activities of NORM and lower activity of 137Cs 
in soil than those in Al-Koum Al-Akhadr Island.  

2) The concentrations of NORM in soil were highly correlated.  
3) Dosimetry:  

a) Local soil of the area may safely be used for the construction of 
houses. 

b) All parameters imply that there was no high radiation exposure to 
the humans in the study area from soil. 

Wild Plants: 
1) No dependence of the concentrations of radioisotopes on the specious 

of the plants was found except for 40K isotope.  
2) Transfer factors for 40K were higher than that of other radionuclides.  
3) Transfer factors for 226Ra and 232Th are in principle the same 
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  الملخص العربي
  

 

آذلك النباتات ، خضعت ترآيزات العناصر و النظائر المشعة في عينات الرواسب و التربة و الماء

مصر للدراسة لفهم التلوث الحالي الناتج من مخلفات المياه  -البریة المجمعة من بحيرة البرلس

و اظهرت . بحيرة البرلسو قد طبقت عدة طرق لتقدیر تلوث الرواسب في . الزراعية و الصناعية

فيما ، الدراسة ان توزیع آل من االلومينيوم و الحدید و المنجنيز في رواسب البحيرة متجانس نسبيا

عدا ثالث مواقع في الجزء الجنوبي الغربي والتي آان لها مستویات اعلي لعنصري االلومينيوم و 

الرواسب المجمعة من البحيرة علي  فقد صنفت، واستنادا علي مؤشرات التراآم الجيوليجية. الحدید

معامالت . فيماعدا ثالث مواقع تصنف علي انها قليلة التلوث بعنصر االسترانشيوم، انها غير ملوثة

وقد دلت مؤشرات . التخصيب آانت عالية للعناصر المنجنيز و الكوبلت و الكروم و النحاس والزنك

دور رئيسي في تنظيم و حشد المعادن في بيئة  التلوث بالمعادن علي احتمال ان یكون الحد المصارف

الي امكانية وجود تلوث ناجم ) cluster analysis(بينما اشارت نتائج التحليل االحصائي . البحيرة

وقد آشفت المقارنة مع قائمة توافق االراء عن مبادئ توجيهية لنوعية . عن ثالث قنوات للصرف

لعينات تجاوز عتبة الترآيز المؤثر لكل من من ا% ١٥و % ٩٢، % ٦٩ ،% ١٠٠الترسبات ان 

من العينات تحتوي علي % ١٥مع وجود اآثر من ، الكروم والنحاس والنيكل والزنك علي الترتيب

ومن ناحية اخري ال توجد . ترآيزات الكروم والنيكل اعلي من الترآيز المحتمل التاثير البيولوجي

اما ، آان متجانس٤٠-ترآيز البوتاسيوم. اصعينات تتعدي آل من هذین المستویين لعنصر الرص

- وقد اشارت النتائج الي ان الرادیوم. فكان اعلي في الجزء الشرقي من البحيرة ١٣٧-ترآيز السيزیوم 

و اوضحت الدراسة ان ترآيزات العناصر في . ٢٣٢-اقل ذوبانا في بيئة البحيرة من الثوریوم ٢٢٦

كون آل من الحدید والمنجنيز والكوبلت والكروم والنحاس ومن المرجح ان ی، الماء لها توزیع متجانس

في الماء  ٤٠-وعن ترآيز البوتاسيوم. والنيكل موجودا في صورة امالح ذائبة في بيئة هذه البحيرة

و اوضحت الدراسة ان معامل االنتشار من الرواسب الي الماء . فكان اعلي في منطقة سنجار

آما اظهرت النتائج ان ترآيزات العناصر الرئيسية و الشحيحة في . یقل بزیادة الملوحة ٤٠- للبوتاسيوم

وآذلك آان لها اعلي نشاط ، التربة آان اعلي في جزیرة سنجار عنه في جزیرة الكوم االخضر

آما اشارت النتائج الي عدم وجود . ١٣٧-بينما آان لها اقل نشاط اشعاعي للسيزیوم، اشعاعي طبيعي

وال یوجد اعتماد لترآيزات النظائر المشعة في . ربة في منطقة الدراسةجرعات اشعاعية عالية من الت

  .      عينات النباتات البریة علي نوع هذه النباتات عدا نظير البوتاسيوم

 



   
   

 

استخدام تقانات المطيافية النووية لتقدير 
 العناصر الملوثة لعينات بيئية مختلفة

 
  رسالة مقدمه إلي

  جامعة طنطا– كلية العلوم  –  فيزياءقسم ال
  

  للحصول على
  )فيزياء(الفلسفة في العلوم اه درجة دكتور

  
  مقدمة من

  هدي إسماعيل عبد الفتاح الريفي 

 هيئة الطاقة الذرية –  مركز المعامل الحارة
 م ٢٠٠٤) فيزياء(ماجستير العلوم 

 
 تحت إشراف

  
  شرشر الدآتور طاهر مرسي  األستاذ                       النمر عثمان الدآتور طارق محمد األستاذ    
  الفيزياء النووية التجريبية أستاذ الفيزياء الحيوية                                                أستاذ    
  آلية العلوم -الطبيعةآلية العلوم                                             قسم  - الطبيعةقسم     
  جامعة آفر للشيخ  جامعة طنطا                                                             
  مصر -آفر الشيخ مصر                                                          –طنطا     

  
  عبد المنعم محمود حسان الدآتور  األستاذ                              نبيل عرفات بالسيالدآتور  األستاذ    
  التجريبية النوويةالفيزياء  أستاذ                                              الفيزيائيةالكيمياء  أستاذ    
  النوويةمرآز البحوث                                                 الحارةمرآز المعامل     
                                 مصر – الذرية الطاقةهيئه                                          مصر – ذريةال الطاقةهيئه    

  
٢٠١١  

 

 

 

      




