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Abstract

This study was conducted to assess the extent of pollution in the drinking water from 

various sources at the area of the Nuba Mountains, Sudan. 42 Samples were collected 

from hand pump stations, water yard (Diesel machine) stations and surface water 

(lake) stations. These waters were analyzed using atomic absorption 

spectrophotometer. The concentrations of iron, nickel, copper, manganese, 

magnesium, zinc and chromium were determined using Flame Atomic Spectroscopy, 

while the concentrations of cadmium and lead were determined by Furnace Atomic 

Spectroscopy. 

The mean concentrations of iron, nickel, lead, copper, manganese, magnesium, zinc 

and chromium in water samples collected from hand pump stations were 1.901, 0.010, 

0.1310, 0.0070, 0.0410, 20.35, 0.558 and 0.0430 mg/L respectively. And in samples 

collected from water yard stations were found to be 0.871, 0.013, 0.438, 0.209, 0.128, 

28.41, 0.103 and 0.032 mg/L for iron, nickel, lead, copper, manganese, magnesium, 

zinc and chromium respectively. And in samples collected from surface water station 

were found to be 13.74, 0.023, 0.015, 0.017, 0.118, 7.008, 0.042 and 0.0002 mg/L for 

iron, nickel, lead, copper, manganese, magnesium, zinc and chromium respectively.

The concentrations of cadmium were found below detection of limits.

Mean concentrations of elements from different sources were compared using the 

Kruskal - Wallis method. This study showed that there are significant different 

between mean concentrations for these elements.

The Spearman Correlation method was identified between elements. Correlation study 

shows that there is a significant positive correlation between iron and chromium.

Comparison between those data and the specific criterion specifies drinking water by 

the World Health Organization (WHO) showed that the concentrations of Pb are 

exceeding the maximum permissible levels in eighteen stations. Violations of drinking 

water limits were observed also for the elements Mn in six stations and Cr in seven 

stations, there are only one station showed violation for Cu and again another station 

showed violation for Zn. 

Comparison study between our results and that were found in Britain, Norway and 

Nigeria showed that the mean concentrations of Ni and Cd were found to be lower 

than what had been found in the above mentioned countries. However the mean 
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concentration of Fe, Cr, Pb, Zn, Cu, Mg and Mn were found to be higher than were 

found in these countries.  



IX

 الخالصة
 

ي مياه الشرب ف ببعض الفلزات الثقيلة أو عناصر األثرأجريت هذه الدراسة لتقييم مدي التلوث
واآلبار, من مياه الشرب من المضخات اليدويةعينة 42 جمع تمبمنطقة جبال النوبة

  والنحاس  و  وتم تحليلها حيث قيست تراكيز عناصر الحديداالرتوازية والمياه السطحية
  الزنك باستخدام مطيافية االمتصاص الذري و الكروم و المانجنيز و الماغنيزيومولالنيك

حيث وجد ان . قيست تراكيزها بواسطة الفيرنسالكادميوم و الرصاص بواسطة اللهب أما
 الزنك و الماغنزيوم و المنجنيز و النحاس و الرصاص و النيكل ومتوسط تركيز الحديد

  و0.010  و1.901 :كاالتيتي أخذت من المضخات اليدويةوالكروميوم في العينات ال
,علي التوالي لتر/ ملیجرام0.0430  و0.558  و20.35  و0.0410  و0.0070  و0.1310

طة ماكينات الديزيل وجد عليأما متوسط تراكيز هذه العناصر في المياه المستخرجة بواس
 و0.103  و28.41  و0.128   و0.209  و0.438  و0.013  و0.871:و التاليحالن

بينما وجد متوسط تراكيزها في مصدر المياه السطحي.لتر علي التوالي/ مليجرام0.032
  و7.008  و0.118  و0.017  و0.015  و0.023  و13.74:الواحد علي النحو التالي

 لكادميوم فكان تركيزه أقل من تركيز أما ا.لتر علي التوالي/ مليجرام0.0002 و0.042
 .أدني حد قرائي للجهاز

أيضا شملت هذه الدراسة مقارنة بين متوسطات تراكيز العناصر تبعا لمصادرها المختلفة
- Kruskalوذلك باستخدام طريقة Wallis.وجد أن هنالك اختالف بين متوسط تراكيز هذه 

  .العناصر
 .الحديد والكروم  ووجد أن هناك ارتباط خطي بين)Spearman(تم تحديد معامل االرتباط

أيضا تمت مقارنة هذه القيم مع القيم المقابلة المحددة كمعيار لمواصفات مياه الشرب بواسطة
من بئر18فيالرصاصهيئة الصحة العالمية حيث وجد أن تركيز سموحم اعلي تركيزاعلي

اما, أبار6نجنيز فيا أبار والم7 به فيحلكروم اعلي عن ما هو مسمو بينما وجد ا. به
وكذلكالزنك   .النحاس وجد بتركيز اعلي من هو مسموح به في بئر واحدة

 وبين متوسطات تراكيزها في هذه الدراسةالمقارنة بين متوسطات تراكيز هذه العناصر في
وضحت أن متوسطات تراكيز النيكل والكادميوم أالنرويج ونيجيريا,بلدان مثل بريطانيا

ي مياه الشرب الخاصة بتلك الدول بينما متوسطاتوجددت أقل من ما هو موجود ف
الكروميوم والنحاس وجددت,المانجنيز,الماغنزيوم,الخارصين,الرصاص,تراكيزالحديد

.علي من ما في تلك الدولأبتراكيز
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CHAPTER ONE 
INTRODUCTION 

There is worldwide increasing concern about the quality of drinking water. Water is 

the main source of trace elements for man. Trace elements in water can reach human 

being either directly or through food chain. Many studies in recent years have 

indicated a strong association between several diseases in human, particularly 

cardiovascular diseases, kidney related disorders, neurocongnitive effect and various 

forms of cancer and the presence of trace metals such as Cd, Al, Cr and Ni (Al-saleh, 

1996).  

Some trace elements are known to be essential for the normal growth of human such 

as Co, Cr, Fe, Mn, Mo, Ni, Se, Sn, V and Zn. However, Bi, Cd, Hg, Pb and Ti appear 

to have no apparent metabolic function and so are termed non-essential elements 

(Asubiojo et al., 1997). 

Excessive or deficient levels of essential micronutrients such as cobalt, chromium, 

copper and zinc may also have detrimental effect on health (Al-saleh, 1996).  

Even though some trace elements are essential to man. Elevated levels of essential as 

well as non-essential elements can cause morphological abnormalities, reduced 

growth, increased mortality and mutagenic effects on humans (Asubiojo et al., 1997). 

In this study, concentrations of some trace elements in drinking water were 

determined. Samples were collected from different sources all over major cities, 

towns and some rural areas in South Kordofan. A few of these stations rely on surface 

water as their source, while the majority relies on ground water supplies. 

In most areas in Kordofan, the volume of water extracted from wells sunk in the 

basement complex is small and many wells run dry for a part of the year, especially in 

low rainfall area. In the Nuba Mountains, however, where rainfall is higher, the 

basement formations have yields moderate quantities of water as at Dallang and 

Kadugli. The average depth range is between 20 m and 40 m while the water level 

range between 10 m and 20 m (Alfatih et al., 2008). 

Most of water sources are fractured aquifers and they can be described as being of 

low yield and influenced by rain and Wadies floods. 

Water sources can be classified into three categories: hand pump, boreholes (water 

yard) and surface water (Alfatih et al., 2008). 
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1.1 Objectives: 
1- To establish baseline dada of the levels of iron, cadmium, copper, manganese, 

magnesium, chromium, lead, zink and nickel in different types of water in South 

Kordofan State environment. 

2- To assess the validity of the drinking water in Nuba Mountains regarding to trace 

elements concentration. 

3- To conduct statistical studies on trace elements concentration in drinking water 

including correlation. 

4-  To compare the trace element levels in the studied area with an international           

standard for drinking water as well as groundwater in other area in the world. 

1.2 Environmental Pollution: 
The environment can be defined as the place where we live and its interaction with 

living organisms, and non-living things. The environment is composed of:  

Lithosphere, (Rocks and soil); it is reservoir of the elements. 

Hydrosphere; it includes fresh and saline waters which have vital roles in dissolving 

the salts from rock and soil, and transporting them. 

Biosphere; (plants and animals) the plants absorbed the above mentioned dissolved 

salts from the soil for photosynthesis and hence the salts which dissolved in water are 

taken up by plants and indirectly reach the animals.  

Atmosphere; or the air we breathe, this includes all the volatile and toxic substances 

and gases that result from the consumption of fuel woods, chemicals and other 

reactions in surrounding environment. 

These environmental components usually exist in balance, which lead to an 

equilibrium in the ecological system. However, when man interferes directly or 

indirectly interruption may take place. Many human activities affect the environment 

to a great extent resulting in exposing man’s life to risk of pollution or contamination.  

The release of heavy trace elements from different human activities causes 

environmental pollution. The problem of heavy metal contamination in the 

environment arises from the multipurpose uses of metallic elements in industry and 

their associated widespread occurrence in rural and urban environments. (Hutton and 

Symon, 1986).    

The estimated quantities of heavy trace elements inputs to the land in the UK as a 

result of human activities that include use of articles containing iron and steel 
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production, fuel consumption, cement industry, phosphate, municipal waste disposal, 

sewage and sewage sludge in tons per year were found to be [8990] for (Cd), [4831] 

for (Pb), [113] for (Hg) and [1530] for Arsenic (As). 

Parry and Mclntyre in 1985 found that (Pb) and (Zn) are among the most prevalent 

metal contaminants, originating from a wide variety of sources, including vehicle 

emissions, boat fuel, fertilizer and numerous industrial waste products, root runoff 

acts as an additional source, bringing significant quantities of lead into solution and 

lead-bearing sediments to receiving water. Runoff via fuel residuals, road salts, paints 

and dust may account for 40-75% of the metal input budged to receiving stream. 

(Forstner and Wittman, 1970).  

Metals are released to aquatic environment by the discharge of sewage. Mixed 

domestic and industrial wastes therefore constitute a major contamination source. 

Environmental pollution awareness became a great issue nowadays that concern all 

the habitats of this planet and many studies had been carried out to see how the 

concentrations of heavy trace elements increase due to different human activities and 

whether they may reach effective levels to human’s life through their food-chains 

(Warren, 1981). 

1.3 Ground water contamination: 
Groundwater is originated from rainwater or water from surface water bodies, like 

lakes or streams that soaks into the soil and bedrock and is stored underground in the 

tiny spaces between rocks and particles of soil. Groundwater pollution occurs when 

hazardous substances come into contact and dissolve in the water that has soaked into 

the soil. Groundwater moves both vertically and horizontally in response to gravity 

and hydraulic pressure. Generally, the groundwater flow rate is only several feet per 

year except in permeable sand and gravel aquifers where the movement may be one or 

two feet per day. The withdrawal of water through wells would directly influence 

water movement in the vicinity of the well intake. However generally it may take 

several years for groundwater and substances dissolved in it to move a mile. Because 

of the slow rate of degradation of substances in groundwater, contamination in 

somewhere affects other area in long period time. Groundwater, under most 

conditions, is safer and more reliable for use than surface water. Part of the reason for 

that fact is that surface water is more readily exposed to pollutants from factories. 

This by no means says that groundwater is invulnerable to contamination. Once 
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groundwater is contaminated, it is an extremely costly operation to remove the 

contaminants. Any chemicals that are easily soluble and penetrate the soil are prime 

candidates for groundwater pollutants. Groundwater can become contaminated in 

many ways. If rain water or surface water comes in contact with contaminated soil 

while seeping into the ground, it can become polluted and carry the pollution from the 

soil to the groundwater. Groundwater can also become contaminated when liquid 

hazardous substances themselves soak down through the soil or rock into the 

groundwater. Some liquid hazardous substances do not mix with the groundwater but 

remain pooled within the soil or bedrock. These pooled substances can act as long-

term sources of groundwater contamination as the groundwater flows through the soil 

or rock and comes in contact with them. There are many others sources of 

contamination for groundwater like pesticides and mineral ions (Acie, 1992).  

1.3.1 Mineral ions: 
Naturally, ground water contains mineral ions. These ions slowly dissolve from soil 

particles, sediments, and rocks as the water travels along mineral surfaces in the pores 

or fractures of the unsaturated zone and the aquifer. They are referred to as dissolved 

solids. Some dissolved solids may have originated in the precipitation water or river 

water that recharges the aquifer. 

A list of the dissolved solids in any water is long, but it can be divided into three 

groups: Major constituents, minor constituents, and trace elements. The total mass of 

dissolved constituents is referred to as the total dissolved solids (TDS) concentration. 

In water, all of the dissolved solids are either positively charged ions (cations) or 

negatively charged ions (anions). The total negative charge of the anions always 

equals the total positive charge of the cations. A higher TDS means that there are 

more cations and anions in the water. With more ions in the water, the water’s 

electrical conductivity (EC) increases. By measuring the water’s electrical 

conductivity, we can indirectly determine its TDS concentration. At a high TDS 

concentration, water becomes saline. Water with a TDS above 500 mg/l is not 

recommended for use as drinking water (Environmental protection Agency (EPA) 

secondary drinking water guidelines). Water with a TDS ranged between 1,500 to 

2,600 mg/l (2.25 to 4 mmho/cm EC respectively) is generally considered problematic 

for irrigation use on crops with low or medium salt. 
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Except for natural organic matter originating from top soils, all of these naturally 

occurring dissolved solids are inorganic constituents: minerals, nutrients, and trace 

elements, including trace metals. In most cases, trace elements occur in such low 

concentrations that they are not a threat to human health. In fact many of the trace 

elements are considered essential for the human metabolism. 

High concentrations of trace metals can also be found in ground water near 

contaminated sources. Some trace constituents that are associated with industrial 

pollution, such as arsenic and chromium, may also occur in completely pristine 

ground water at concentrations that are high enough to make that water unsuitable as 

drinking water. 

Microbial matter is also a natural constituent of ground water. Just as microbes are 

ubiquitous in the environment around us, they are very common in the subsurface, 

including ground water (Thomas and Kearney, 2003).  

Human activities can alter the natural composition of ground water through the 

disposal or dissemination of chemicals and microbial matter at the land surface and 

into soils, or through injection of wastes directly into ground water. 

Filling of bad and wetlands by garbage containing toxic elements and excessive use of 

chemical pesticides for cultivation cause poisoning of surface as well as ground water, 

which are being tapped indiscriminately for providing drinking water.  

Groundwater pollution (or groundwater contamination) is defined as an undesirable 

change in groundwater, quality resulting from human activities pollution from 

agricultural activities, levels of both inorganic and organic groundwater constituents 

and of microbial they have many sources in common, such as fertilizers, and animal 

wastes (Thomas and Kearney, 2003). 

1.4 Trace Elements: 
Trace elements are chemical elements that are present in a sample in very low 

concentration usually in the range of milligrams per kilograms (mg/kg) or (ppm). The 

term is also used to designate a number of chemical elements in mineral rocks, water, 

soil and organisms. Quantitatively, trace elements analysis is defined as the 

determination of constituents making less than 0.1% of a sample, at present; trace 

elements analysis is defined as determination of trace elements at concentration below 

about 100 mg/g in a sample, and by using proper analysis techniques, trace elements 

 5



even at the ng/g (10-9g/g) and Pg/g (10-12g/g) levels can be determined(Mizuike, 

1983). 

Trace elements in terrestrial materials such as the atmosphere, ground water, river, 

lake and sea waters, soils, mineral and rocks and in cosmic materials such as 

meteorites and soils have extensively been analyzed to obtain invaluable information 

in geochemical and Cosmo chemical studies. 

The role of trace element in biological systems is very complicated. There are a 

number of essential, beneficial, harmful or toxic trace elements for plants and 

animals. Most of essential trace elements whose deficiency give rise to various 

diseases are toxic to plants and animals if present in excessive amounts, and the 

optimum concentration ranges are relatively narrow for some element. Therefore, the 

atmosphere, drinking water, soils, plants, and human diet blood, urine and tissue are 

frequently analyzed for trace elements in biological, agricultural and medical science 

as well as in connection with environmental problems. Moreover, trace elements 

analysis is also very important in physical sciences, industry, criminology and 

archaeology (Mizuike, 1983). 

To investigate the action and correlation of trace elements in an environmental sample 

the analytical techniques results are necessary and simultaneously multi-element 

determination techniques are suitable for this purpose. Information on chemical forms 

as well as distribution of trace heavy metals in the sample is also presently required to 

study the environmental problems. 

A number of major elements in soil and rocks such as Al and Fe are found as trace 

elements in most animals and plants (Nyle, 1974).  

The lower limit of trace element concentration is zero but practically the lower limit is 

set by the sensitivity of the available techniques and the best limit is pushed 

downwards with the progress of these techniques (Prokhorov, 1974). 

Trace elements are taken up from the soil and aquatic environment by plants aquatic 

organisms and so they reach man directly through eating plants or indirectly through 

meat and milk. They can also reach him through drinking water and breathing air 

(Fifield and Hanies, 1995). 
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1.4.1 Sources of Trace Elements: 

Apart from the anthropogenic interference, the rocks and minerals are the main source 

releasing trace elements to the soil and ground water when they undergo chemical and 

biochemical weathering. 

 

1.4.2 Classification of Trace Elements: 
Trace heavy element can be classified into macro and micro constituent or 

alternatively as macro and micro nutrients (Stewarts, 1989). Nutrient trace elements 

are those essential elements absorbed from the soil by plants; they are needed in 

relatively large amounts (macro nutrients) such as nitrogen, phosphorus, potassium, 

calcium and sodium. Deficiency of these elements in soil retards the growth of the 

plants. Higher plants use other nutrient elements called (micronutrient) such as iron, 

manganese, copper, zinc and cobalt in very small amounts. They are not less essential 

than, macronutrients but they needed in small quantity (Stewarts, 1989).  

One more common characteristic of all micronutrient is that plants require them in 

very small amounts. Moreover, they are all harmful when the available forms in the 

soil are in a large quantity. The environmental harmful effect of pollutant heavy trace 

elements arises from urban industrial and agriculture pollutants (Nyle, 1974). 

Cadmium, lead, chromium and nickel are considered as major pollutant heavy 

elements, while barium, beryllium and vanadium are considered as minor pollutants, a 

fact that depends on their abundance (Stewarts, 1989). 

1.4.3 Biohazard of Trace Elements: 
Some elements as iron, magnesium, copper and zink play an important role in living 

organisms. Certain trace elements including toxic metals are essentially being taken 

into the body via gastrointestinal (food and drink) as well as Respiratory System. 

Some of these elements act as cofactors in metabolic pathways i.e. (Cu, Zn, Mg) and 

Ferric in haem. 

World Health Organization (WHO) reports recently that in developing countries more 

than 800 million people are suffering from cretinism, a severe form of mental 

retardation, and goiter due to the deficiency of iodine while 350 million people have 

less iron in bodies. Recent studies spell that cancer and heart disease are related to 

selenium deficiency (www.hindu.com).  
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Zinc deficiency causes loss of fertility, delayed healing, disorder of bones and joints, 

skin and lung cancer. Manganese deficiency in soil correlates to increased incidence 

of cancer. Neutropenia and acrodymia result from abnormalities of copper deficiency. 

Deficiency of lithium causes mental disorders and night blindness. Less magnesium 

may result in cardiovascular diseases. Not only deficiency of elements, excess intake 

of certain elements causes ailments. Alumina leads to Alzheimer's disease, kidney 

failure and low Intelligent Quiz, arsenic to keratosis, gangrene, skin cancer, melanosis 

and leucomelanosis problems (www.hindu.com). 

Excess of selenium creates severe problems leading to cancer, blind staggers. Excess 

of copper, cadmium, lead, uranium, thallium, mercury, chromium and tin result in 

renal failure problems. Kidney stone generates from excess of calcium in water and 

kidney failure from mercury. Dust in certain mining localities creates health hazards 

on people as they inhale mineral dust. Diseases like anthracosis, asbestosis, silicosis, 

siderosis attack healthy people globally (www.hindu.com). 

1.4.4 Trace elements as nutrients:   

1.4.4.1 Magnesium: 
Magnesium is the eighth most abundant natural element. It makes up 2.5 percent of 

the Earth’s crust and is commonly found in such minerals as magnesite, dolomite, 

olivine, serpentine, talc, and asbestos. It is present in all natural waters and is a major 

contributor to water hardness. Ferromagnesian mineral igneous rocks and magnesium 

carbonates in sedimentary rocks are generally considered to be the principal sources 

of magnesium in natural waters (Ontario, 1976). 

Magnesium is an essential element in human metabolism and is required for over 300 

enzymes reaction, including all reactions requiring adenosine triphosphate. 

Magnesium is required to regulate cell permeability, and inadequate levels of 

magnesium will severely affect cardiovascular, neuromuscular, and renal functions. 

Normally, human body contains about 25 g of magnesium, making it the fourth most 

common mineral constituent in the body. More than half of the magnesium is in bone 

(67 percent); the remainder is found intracellularly in soft tissues (31 percent) and, to 

a lesser degree, in body fluids (approximately 1 percent). 

Total daily intake of magnesium from all sources ranges between 200 and 340mg. 

Drinking water contributes 0.6 and 13 percent of the total intake in soft and hard 

water areas, respectively (Ebel and Gunther, 1980).
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A number of epidemiological studies have suggested that water hardness may protect 

against disease. In most large-scale studies, an inverse relationship between the 

hardness of drinking-water and cardiovascular disease has been reported (WHO, 

1996)a. So there is no evidence of adverse health effects specifically attributable to 

magnesium in drinking water and therefore a guideline for magnesium has not been 

specified. 

1.4.4.2 Iron: 
Iron is the second most abundant metal in the earth's crust, of which it accounts for 

about 5%. Elemental iron is rarely found in nature, as the iron ions Fe2+ and Fe3+ 

readily combine with oxygen- and sulfur-containing compounds to form oxides, 

hydroxides, carbonates, and sulfides. Iron is most commonly found in nature in the 

form of its oxides (WHO, 1996)b

Iron is particularly important metal in all natural water systems and soil. It is nutrient 

of algae, higher plants and other forms of aquatic life, it has unique biological 

significance because of its inclusion in chlorophyll molecules and proteins which act 

as oxygen carriers and participate in biochemical oxidation reduction reactions. Haem 

iron is the most bioavailable form of iron to mammals.  

For man the most assemble form of iron is haem from meat. River water contains high 

concentration of dissolved iron which consists almost entirely of negatively charged 

iron oxide-organic matter colloid; hence most of the iron is bound in the colloidal 

form. Ferric (Fe III) compounds are relatively insoluble. Iron can form a number of 

soluble hydroxyl-ion species depending on the pH, and small fraction of the metal can 

be mobilized by organic linkages. Plants take up ferrous (Fe II) ions, which are 

prominent under reducing conditions, and are mobile unless precipitated as sulfides 

(Stewarts, 1989).   

Iron is essential minor nutrient for organisms. It is involved in chlorophyll synthesis, 

oxidation-reduction in respiration processes and constituent in certain enzymes and 

proteins (Fifield and Hanies, 1995).    

The most common sources of iron and manganese in groundwater are naturally 

occurring, for example from weathering of iron and manganese bearing minerals and 

rocks. Aeration of iron-containing layers in the soil can affect the quality of both 

groundwater and surface water if the groundwater table is lowered or nitrate leaching 

takes place. Dissolution of iron can occur as a result of oxidation and decrease in pH. 
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Iron is an essential element in human nutrition. Estimates of the minimum daily 

requirement for iron depend on age, sex, physiological status, and iron bioavailability 

and range from about 10 to 50 mg/day. 

Anaerobic ground waters may contain iron (II) at concentrations up to several 

milligrams per liter without discoloration or turbidity in the water when directly 

pumped from a well. 

The concentration of iron and manganese in well water can fluctuate seasonally and 

vary with the depth and location of the well and the geology of an area. 

1.4.4.3 Manganese: 
Manganese is an abundant element in the earth’s crust. It comprises about 0.1% of the 

crust. Manganese (Mn) is an essential trace element for all living organisms. It plays 

an important role in various parts of metabolism in humans and animals as well as in 

microorganisms and plants (Karin et al., 2007).  

Manganese is an essential minor nutrient for plants and animals; it is involved in 

enzymes (Abas, 2002). 

Rock weathering and wind erosion cause release of manganese into the surrounding 

soil, water and atmosphere. This natural re-distribution of manganese is generally 

more important for the manganese concentrations in soil, plants, water and air than 

manganese from anthropogenic sources. As a result of weathered and solubilized 

manganese from soil and bedrock, manganese occurs naturally in both surface and 

ground waters. In addition, manganese is deposited into waters from human activities 

(Karin et al., 2007). 

Manganese bearing minerals, including workable ores, occur mainly in localized 

deposits. Manganese is dominant by redox changes, it exists in two oxidation states 

Mn II and Mn IV .In oxygenated waters, the Mn II is unstable being readily oxidized 

to Mn IV where as Manganese dioxide (MnO2) is precipitated from solution to be 

transported to the sediment load. The lowest oxidation state of manganese Mn II is 

main form available to plants and is more widely spread in soil than Fe II (ferrous 

ion), because it is less easily oxidized. The soil pH is also influence the form of Mn 

present as soluble, exchangeable and organically bounded with Mn II, being more 

common to lower pH values, while oxidation state of Mn IV are permanent under 

alkaline conditions. Microorganisms have the key role in the oxidation-reduction 

processes (Abas, 2002). 
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The concentration of Manganese in natural waters is low, but various ionic, organic 

and mineral forms resemble those of iron (Fe 2+), (Mn 2+) is relatively more stable 

than Fe3+ (Karin et al., 2007). 

The manganese concentration in water is primarily controlled by pH and redox 

conditions, where solubility increases under acidic as well as under anaerobic 

conditions. In neutral conditions, the redox condition is a stronger determinant for 

manganese mobility than pH. The concentration of manganese under aerobic 

conditions typical of shallow aquifers and surface water, is generally low and found 

below detection limits of atomic absorption technique. The reason is that in aerobic 

conditions, manganese is found in its stable oxidized form, MnO2, which is highly 

insoluble (Karin et al., 2007).  

The major sources of Mn is hydrothermal activities, the second source involves 

transportation of sedimentary manganese deposits. Precipitation can occur as MnO2 in 

the upper oxidized layer (Karin et al., 2007). 

1.4.4.4 Zinc: 
Zinc occurs in small amounts in almost all igneous rocks. The principal zinc ores are 

sulfides. It is essential micronutrients for plants and animals, and it is bio-availability 

is critically dependent on its chemical forms. 

Zinc is a component of many enzymes and proteins. It is involved in the synthesis of 

Ribo Nucleic Acid (RNA) and Deoxyribo Nucleic Acid (DNA). It acts to diminish the 

toxicity of Cd and Cu. Zinc deficiency can result in skin diseases and sexual 

immaturity (Nyle, 1974).  

In animals; zinc serves as stabilizer in RNA molecule, growth hormones promotions 

and protein synthesis. In human; the total body zinc content is estimated to be 

approximately 20 g. High concentration of zinc are found in cernia of the eye (274-

ppm) and in prostate fluids (50 - 300 ppm). 

Zinc has a relatively low toxicity towards aquatic organisms, and its toxicity 

diminished with increasing hardness and pH of the water. In seawater, inorganic zinc 

is divided between free metal ion, chloro complexes and carbonate complexes. In 

typical fresh water (pH 8), free metal, carbonate and hydroxyl complexes would 

predominate. 

In aerobic water; a significant fraction of it is likely to exist as simple ionic forms 

such as carbonate and hydroxyl complexes (Forstner and Patchineelan, 1980). 
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Hydrated ion and stable organic compounds, as well as those adsorbed onto organic or 

inorganic colloids, particularly humic. Above (pH 7), zinc adsorbed onto organic and 

inorganic constituent significantly (Mance et al., 1984). The major source of 

production of zinc in the environment in addition of the natural sources is the 

industrial effluent and drainage from mining areas. 

1.4.4.5 Copper: 
Copper is an essential metal and a component of many enzymatic reactions. It is 

released from natural occurrence rocks, shale’s, clays and limestone through leaching 

and weathering into aquatic environment. Copper will be transported both as 

dissolved species and associated with solid phases. Mobilization from the solid phase 

can occur through interaction with dissolved organic matter, or after sedimentation as 

a result of changes in pH. 
Copper is an essential nutrient for plants and animals where it is involved in many 

enzymes systems (Stewarts, 1989), it is deficiency is known in crops, but much 

attention has been given to the toxic nature of this element. Some plant species can 

largely exclude a toxic metal from the roots but others accumulate it to high levels. 

Copper has toxicity to aquatic biota, but organic chelaters such as; humic acid, 

Ethylene Di Amine Tetra Acetic Acid (EDTA) and gultamic acid reduce the toxicity 

of copper to marine bacteria.  

Regarding to the toxicity; the carbonate copper complexes were not toxic however 

anionic hydroxyl-copper complexes contribute 15-18% to the observed toxicity, while 

free copper plus natural and cationic hydroxyl complexes were responsible for 60-

70% of the toxicity observed.  

The aqueous chemistry of copper Cu is dominated by it is tendency to form 

complexes, principally with organic ligands (Mantoura et al., 1978).  

It was found that 90% of the Cu in average river water was complexes by dissolved 

humaic matter. Complexation tends to reduce the proportion of free Cu2+ (aq) to 

<1.0% of dissolved copper fraction in natural waters and may considerably less in 

highly organic matter such as sewage effluent. In the absence of organic ligands, 

hydrolysis and precipitation would be important processes governing the chemistry of 

Cu2+ causing the precipitation of copper hydroxide and carbonate in water system 

(Mance et al., 1984). 
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It can be concluded that, the carbonate complex is dominate solution species of 

copper. Also Morgan and Sibley in 1975 predicted that, copper adsorbed onto 

inorganic substances such as SiO2 would be equally important. Adsorbed species in 

natural waters, however, have been found as a major species, although organic 

adsorbing species were more significant than inorganic adsorbing species (Florence, 

1977).  

Manmade sources can be significant inputs in the case of copper. Sewage, mine 

waste, metallurgical processing, together with wide spread of copper as algaecide 

pesticide, fungicide and marine antifouling paints, represent major inputs of copper. 

1.4.4.6 Nickel: 
Nickel level in soil is generally less than 100 mg/kg. It can be exceptionally high in 

some cases especially if ultra-basic rocks are present It is used in steel plating and 

various alloys, asbestos manufacture and in some fuels. Nickel carbonate complex 

NiCO3 and free ion Ni2+ be present in fresh water with the former dominant in 

seawaters (Florence and Batley, 1980).  

The behavior of nickel in contrast, is governed by both soluble and particulate 

interactions. Ionic nickel was calculated to constitute 90% of total nickel in aerated 

fresh water while complexes with naturally occurring ligands are formed to small 

degree, this result in the metal being fairly mobile in natural waters. Nickel tends to 

form weak complexes with organic ligands and is readily displaced from clay 

particles. Nickel has also been shown to form complexes preferentially with soluble 

organic ligands in waste water effluents (Proci, 1989). Plants appear to be more 

sensitive to nickel toxicity than animals although gaseous discharge and solid waste 

from metallurgical industries can affect both plants and animals, any emission as 

nickel carbonyl is particularly hazardous to mammals (Florence and Batley, 1980). 

1.4.4.7 Cadmium: 
Cadmium is a metal with an oxidation state of +2. It is chemically similar to zinc and 

occurs naturally with zinc and lead in sulfide ores. Fertilizers produced from 

phosphate ores constitute a major source of diffuse cadmium pollution. The solubility 

of cadmium in water is influenced to a large degree by its acidity; suspended or 

sediment-bound cadmium may dissolve when there is an increased acidity. In natural 

waters, cadmium is found mainly in bottom sediments and suspended particles (WHO 

Cadmium in Drinking-water, 2004). 
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Cadmium metal is used in the steel industry and in plastics. While its compounds are 

widely used in batteries. Cadmium is released to the environment in wastewater, and 

diffuse pollution is caused by contamination from fertilizers and local air pollution. 

Contamination in drinking-water may also be caused by impurities in the zinc of 

galvanized pipes. The increase in cadmium levels in the environment appears to be 

reflected in increases in public exposure to cadmium. Increased levels of cadmium 

have been detected in plants and animals. However, human exposure to cadmium 

outside the workplace appears to be due to the consumption of food and tobacco. 

Drinking water does not appear to be an important source of cadmium exposure. No 

known nutritional role has been identified for cadmium (OEHHA, 1996)  

Cadmium is toxic, particularly in its soluble and respirable forms. Although it is 

commonly associated with zinc, the two behave somewhat differently in biological 

systems.  

Cadmium, however, can adversely affect the renal and respiratory systems, depending 

upon exposure time and concentration, and is not easily eliminated. Inhaled cadmium 

fumes or fine dust are much more readily absorbed than ingested cadmium. Repeated 

exposure to excessive levels of dust or fumes can irreversibly injure the lungs, 

producing shortness of breath and emphysema (Plachy et al., 1998). 

In humans the dramatic toxic effect of cadmium is development of the Itai-itai 

diseases, where the outcome is osteomalacia; which is softening of bones that usually 

produces deficiency of vitamin D. it is an intensely painful disease leading to 

deformity of bones (Asubiojo et al., 1997).   

It is a cumulative toxic metal and the kidney is main target for Cd toxicity (Al-saleh, 

1996).  

1.4.4.8 Chromium: 
Chromium is a metal found in natural deposits as ores containing other elements. The 

greatest use of chromium is in manufacture of metal alloys such as stainless steel; 

protective coatings on metal, magnetic tapes and pigments for paints, cement, paper, 

rubber and other materials. Its soluble forms are use in preparation of food 

preservatives. 

It occurs principally in nature as the mineral chromate, (FeO.Cr2O3), in this form it is 

extremely stable. 
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In most soils and bedrock’s, it is similarly immobilized in the trivalent state. 

Chromium is found at two levels in most biological materials with no evidence of 

accumulation at any point in the cycle. Chromium (III) has the ability to form strong 

inert complexes with a wide range of naturally occurring organic and inorganic 

ligands. 

Environmental pollution with chromium has been shown to be excess of the natural 

mobilization of Cr by weathering processes ,while in most atmosphspheric emission 

Cr is in trivalent states however, aqueous emission resulting from such activities as 

metal dipping, pickling, electroplating animal glue manufacture, and sewage 

treatment in which chromium is found in hexavalent chromium (Abas, 2002). 

Chromium is widely distributed in soil, but generally, in very low concentration. The 

level of chromium in some basic igneous soil such as serpentine is relatively high 

Trivalent chromium has been shown to function as an essential element where it 

maintains efficient glucose lipid and protein metabolism. In biological system 

hexavalent Cr is extremely mobile been able to diffuse as anionic Cr2O4
- through 

negatively charged cell membrane and to oxidize and then bound to other important 

biological molecules with toxic results (Abas, 2002). 

The hexavalent oxidation state is particularly toxic to animals, although less toxic to 

plants (Abas, 2002).  

The trace mineral trivalent chromium (Cr3+) is an essential nutrient involved in the 

regulation metabolism via an enhancement of insulin action. Mammals need Cr3+ to 

maintain balanced glucose metabolism, and thus chromium may facilitate insulin 

action and has an anabolic function. Cr6+ is much more toxic than the trivalent form. 

Cr3+ has a low order of toxicity, and a wide margin of safety exists between the 

amounts usually ingested. The Cr3+ ion becomes toxic only at extremely high doses; 

Cr acts as a gastric irritant rather than as a toxic element that adversely affects 

physiology and metabolism (Silva et al., 2006). 

1.4.4.9 Lead: 

Lead is toxic towards the aquatic life, although it is toxicity is less than that of copper. 

Lead produce structural alterations in chromosomes and bind strongly to mitochondria 

membrane. 

The maximum accepted lead concentration in chronic exposure in natural water was 

found to be 4-8mg/l. acute toxicity was caused by 0.1 to 1.5 mg/l of dissolved lead. 
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Ionic lead was the active form of the element. In sea water the speciation of lead is 

PbCO3 (83%) and lead chlorocomplexes are thought to be the predominated inorganic 

complexes. While in fresh water (pH 8) (oxidizing conditions), the major form is 

PbCO3 with 1.0 to 20% of Pb2+ and Pb (OH)2. 

Lead carbonate (PbCO3) is therefore, considered to predominate in all natural waters. 

Lead adsorbed onto inorganic colloidal particles should be an important dissolved 

species of lead. Pb2+ is strongly adsorbed on hydrated ferric oxide, manganese 

dioxide, silica, alumina and soil minerals while, lead carbonate complexes are 

adsorbed even more strongly than Pb2+ ion. The major mechanism controlling the 

solubility of lead in fresh and saline water is adsorption onto suspended particulate 

and sediment (Proci, 1989). Although lead does not show the same preference for 

organic adsorbents that copper (Cu) does (Florence and Batley, 1980).   

 In potable and good quality river water, the main lead complexes are carbonates (pH 

7-9) and lead hydroxide, the concentration of dissolved lead in surface water is 

generally low due to its low solubility products ( Proci, 1989) 

Debris from old mines and some industrial processes contribute to serve lead 

contamination in restricted localities, as shown by the limited plant species (Hobart, 

1983). Lead enters human food chain through water supply and vehicle exhausts. 

1.5 INSTRUMENTATION: 

1.5.1 Atomic Absorption Spectroscopy (AAS): 
AAS uses the absorption of light to measure the concentration of gas-phase atoms. 

Since samples are usually liquids or solids, the analyte atoms or ions must be 

vaporized in a flame or graphite furnace. The atoms absorb ultraviolet or visible light 

and make transitions to higher electronic energy levels (figure1.1). The analyte 

concentration is determined by the amount of absorption. Applying the Beer-Lambert 

law directly in atomic absorption spectroscopy is difficult due to variations in the 

atomization efficiency from the sample matrix and non uniformity of concentration 

and path length of analyte atoms.  Concentration measurements are usually 

determined from a working curve after calibrating the instrument with standards of 

known concentration (Beaty, 1978). 
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Figure 1.1: Absorption of UV/ Vis by atoms and transitions to higher electronic 
energy levels.  
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1.5.2 Beer-Lambert law:      
The Beer-Lambert law is linear relationship between absorbance and concentration of 

an absorbing species as shown in figure (1.2). The general beer-Lambert law is 

usually written as shown in equation 1.1 (Marton and Davin, 1993).  

A = λ (lambda) × b × c     …… (1.1) 

Where: 

A is absorbance  

λ (lambda) is the wavelength-dependent absorptivity coefficient  

b is the path length  

c is the analyte concentration  

When using molarity, the Lambert law is written as: 

A = a b c        ………….  (1.2) 

Where a is a proportionality constant called the absorptivity the magnitude of a 

depend upon the units used for b and c.  

Absoptivity then has units of L g -1 cm-1 when b is given in terms of centimeters and c 

in gram per liter, and when the concentration in equation (1.2) is expressed in mole 

per liter and the cell length is in centimeters, the absorptivity is called the molar 

absorptivity and given the special symbol ε. Thus, when b is in centimeters and c is in 

mole per liter (Douglas and James, 1992).  

A = ε λ b c       ………….  (1.3) 

Where ε has the units L mole-1 cm-1

Experimental measurements are usually made in terms of transmittance (T), which is 

defined as:                            

T = I / Io        ………. …  (1.4) 

Where I is light intensity after it passes through the sample and Io is initial light 

intensity. The relation between A and T is: 

A = - log T = - log (I / Io) = a b c ……. (1.5) 

The intensity of transmitted beam light can be represented by  

I= Io e-abc      …………..   (1.6) 

I:  Intensity of the incident beam 

Io:  Intensity of the transmitted beam 

a: Absorptivity coefficient at wave length 

c:  concentration of the absorbing particles 
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b:  length of the concentration path 

Absorption of light by a sample depends on the path length (b) as shown in figure 

(1.3) 
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Figure 1.2: Relationship between Absorbance (A) and concentration (c). 

 

 

 

 
Figure 1.3: Schematic diagram dependence of absorption of light by a Sample on path 

length. 
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1.5.2.1 Measurement of Transmittance and Absorbance: 
Modern absorption instruments can usually display the data as transmittance, %-

transmittance, or absorbance. Increasing path length increase absorbance while, 

transmittance decreases (figure1.4). 

An unknown concentration of an analyte can be determined by measuring the amount 

of light that a sample absorbs and applying Beer's law. If the absorptivity coefficient 

is not known, the unknown concentration can be determined using a working curve of 

absorbance versus concentration derived from standards. 

Transmittance and Absorbance cannot be measured in the laboratory, because the 

analyte solution must be held in some sort of transparent container, or cell then 

attenuation of a beam light may occur by: 

1. Reflection at the two air/wall interfaces as well as at the two wall/solution 

interfaces. 

2. Scattering by the large molecules. 

3. Absorption by the container walls. 

To compensate for these effects, the power of the beam transmitted by the analyte 

solution is ordinarily compared with the power of the beam transmitted by an 

identical cell containing only solvent (Douglas and James, 1992).  

1.5.2.2 Limitation of Beer-Lambert law: 
The linearity of the Beer-Lambert law is limited by chemical and instrumental factors, 

causes of nonlinearity include:  

• Deviations in Absorptivity coefficients at high concentrations (> 0.01M) and 

that can be due to electrostatic interactions between molecules in close 

proximity.  

• Scattering of light due to particulates in the sample.  

• Fluorescence or phosphorescence of the sample.  

• Changes in refractive index at high analyte concentration.  

• Shifts in chemical equilibria as a function of concentration.  

• Stray light, that light reach detector without passing through sample. (Beaty, 

1978). 
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1.5.3 Atomic Absorption Instrument: 
There are six basic components of an atomic absorption instrument, as shown in fig 

(1.5)  

1- The light source that emits the spectrum of the element of interest. 

2- An absorption cell in which atoms of the sample are produced. 

3- A monochromator for light dispersion (Wave length selector). 

4- A detector, which measure the light intensity and amplifies the signal. 

5- A display that shows the reading after it has been processed by the instrument 

electronically. 

6- atomizer: a process by which the sample is converted into an atomic vapor. There 

are two types of Atomizer:- 

Flame Atomizer. 

Electro thermal Atomizer (graphite furnace). 
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                            (a)                                                           (b) 

Figure1.4: Relationship between Path length/absorbance and Path length/ 

transmittance. 

 

 

 

Figure 1.5: Schematic diagram of an atomic-absorption experiment 

 

 

 
Figure 1.6: Schematic diagram of a hollow-cathode lamp 
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1.5.3.1 Light source: 

1.5.3.1.1 Hollow Cathode Lamp: 
The most common light source for atomic absorption measurement is a hollow 

cathode lamp; they are also sometimes used as an excitation source for atomic 

fluorescence spectroscopy (A.F.S).  This type of lamp consists of a tungsten anode 

and a cylindrical cathode sealed in a glass tube that is filled with neon or argon at a 

pressure of 1 to 5 torr. The cathode is constructed for the metal whose spectrum is 

desired as shown in figure 1.6. 

Ionization of inert gas occurs when a potential on the order of 300 V is applied across 

the electrode and a current of about 5 to 20 m A is generated as the ions and electrons 

migrate to the electrodes. If potential is sufficiently large, the gaseous cations acquire 

enough kinetic energy to dislodge some of the metal atoms from the cathode surface 

and produce an atomic cloud, this process is called sputtering. A portion of the 

sputtered metal atoms is in excited states and thus emits their characteristic radiation 

as they return to the ground state. 

Eventually, the metal atoms diffuse back to the cathode surface or to the glass walls of 

the tube and are redeposited. The cylindrical configuration of the cathode tends to 

concentrate the radiation in a limited region of the tube, this design also enhances the 

probability that redeposition will occur at the cathode rather than on the glass walls. 

The efficiency of the hollow cathode lamp depends upon it is high current, however 

the greater currents results in an increase in the number of unexcited atoms in the 

cloud, the unexcited atoms, in turn , are capable of absorbing the radiation emitted by 

the excited ones. This self absorption leads to lowered intensities (Douglas and James, 

1992). 

1.5.3.1.2 Electrodless Discharge Lamps: 
Electrodless discharge lamps are useful sources of atomic line spectra they provide 

radiation intensities that are usually one to two orders of magnitude greater than their 

hollow-cathode counterparts (Barnett et al., 1976). A typical lamp is constructed from 

a sealed quartz tube containing a few torr of an inert gas such as argon and small 

quantity of the metal (or its salt) whose spectrum is of interest. The lamp contains no 

electrode but instead is energized by an intense field of radio-frequency or microwave 

radiation. Ionization of the argon occurs to give ions that are accelerated by the high-
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frequency component of the field until they gain sufficient energy to excite the atoms 

of the metal whose spectrum is sought (Skoog and West, 1982).  

1.5.3.2 Atomizer: 
Absorption cannot be carried out in atoms in the molecule state, because molecules do 

not absorb light. The combination must be cut off by some means to free the atoms. 

This is called atomization. The most popular method of atomization is dissociation by 

heat; samples are heated to a high temperature so that molecules are converted into 

free atoms. This method is classified into:   

1.5.3.2.1 Flame atomizers: 

Flame atomizer is employed for atomic emission, absorption and fluorescence 

measurements. 

 In the flame atomization, a solution of the sample is sprayed into a flame by means of 

a nebulizer, which converts the sample solution into a mist made up of tiny liquid 

droplets. To obtain maximum analytical sensitivity, the flame must be adjusted with 

respect to the beam until a maximum absorbance is obtained.  

Disadvantages of the flame atomizer are:  

Needs a large amount of sample.  

Flash back. 

Short residence time. 

Sample may be converted to oxidized forms, which can not be dissociated at the 

applied wave length. 

Flame absorption spectroscopy was the most widely used of all atomic spectra 

methods because of its simplicity, effectiveness, and relatively low cost in compared 

to furnace. 

1.5.3.2.2 Electro Thermal Atomizer: 
Electro thermal atomizer is uses for atomic absorption and atomic fluorescence 

measurements, but has not been widely applied for emission work. In electro thermal 

atomizer sample undergoes change to vapor atoms under electrical heating. The 

advantages of this method are: 

Small volume and long residence time of the atoms in the optical path enhanced 

sensitivity.  
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Samples are placed directly in the graphite furnace and the graphite is electrically 

heated in several steps to dry the sample, ash organic matter, and vaporize the analyte 

atoms compared to flame atomizer. 

1.5.3.2.3 Hydride Vapor Generation Technique: 
The hydride vapor generation technique is used to make the sample react on sodium 

borohydride. It is acidified with HCl to reduce the object metal, and combine it with 

the hydrogen in order to produce a gaseous metal hydride. This gas is sent to the high 

temperature unit for measurement (Shimatzu, 2000). 

1.5.3.2.4 Reduction Vapor Atomization (Used for Mercury): 
Mercury in the solution is a positive ion. When it is reduced to a neutral atom, it 

vaporizes as the free atom of mercury, at room temperature. Tin (II) chloride is used 

as a reducing agent and mercury atoms are sent to the atomic absorption equipment 

with the air as the carrier gas (Shimatzu, 2000).  

1.5.3.3 Detectors and Monochromators:           
Atomic absorption spectrometers use monochromators and detectors for ultraviolet 

(UV) and visible light, the main purpose of the monochromator is to isolate the 

absorption line from background light due to the interference phenomena. 

Photomultiplier tubes are most common detectors for atomic absorption spectroscopy. 

1.5.3.4 Sensitivity and detection limits: 
The sensitivity is defined as the concentration of an element in mg per ml (or ppm) 

which produces a transmittance signal of 0.99 or corresponding absorbance signal of 

0.0044. Modern atomic instruments have adequate precision to discriminate between 

absorbance signals that differ by less than 0.0044. 

The detection limit is defined as the concentration of the element that produces an 

analytical signal equal to twice the standard deviation of the background signal ( for 

flame atomization, the standard deviation of the background signal is obtained by 

observing the signal variation while a blank is aspirated into the flame). Both the 

sensitivity and the detection limits are affected by such variables as temperature, 

spectral bandwidth, detector sensitivity, and type of signal processing (Skoog and 

West, 1982). 
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1.5.3.5 Accuracy: 
Under usual condition, the relative error associated with the flame absorption analysis 

is of the order of 1 to 2% with special precaution, for electrothermal methods, 

uncertainties in the range of 5 to 10 %. (Skoog and West, 1982) 

1.5.3.6 Signal &Data Processing: 
Before any data processing is performed, a signal must be first detected and processed 

to make it suitable for acceptance by the microcomputer. The signal must be 

generated in such a way, that it contains enough information about the absorbance 

signals. To enable results of desired accuracy to be obtained, a microcomputer with 

suitable software is used (Beaty, 1978). 

1.5.3.7 Interference: 
Atomic absorption methods are subjected to three types of interference; spectral 

interference, physical interference and chemical interference. 

Spectral interference occurs when the absorption of an interfering species either 

overlaps or lies so close to the analyte absorption that resolution by the 

monochromator becomes impossible while, physical interference occurs due to an 

error in the supply of the sample into the flame by influences of physical condition 

such as viscosity of the sample solution and/or surface tension on the other hand, 

chemical interference result from various chemical processes occurring during 

atomization, atoms are ionized or react with other substances to produce hard-to 

dissociate compounds (Shimatzu, 2000).  

1.5.3.7.1 Spectral Interference: 
A spectral interference occurs when an analyte’s absorption line overlaps with an 

interferant’s absorption line or band. The overlap of two atomic absorption lines is 

seldom a problem. On the other hand, a molecule’s broad absorption band or the 

scattering of source radiation is potentially serious spectral interference.  

When using a flame as an atomization source the products of combustion consist of 

molecular species that may exhibit broad-band absorption, as well as particulate 

material that may scatter radiation from the source. If this spectral interference is not 

corrected, then the intensity of the transmitted radiation decreases. The result is an 

apparent increase in the sample’s absorbance. Fortunately, absorption and scattering 

of radiation by the flame are corrected by analyzing a blank. 
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Spectral interference also occurs when component of the sample’s matrix react in the 

flame to form molecular species, such as oxides and hydroxides. Absorption and 

scattering due to components in the sample matrix other than the analyte constitute 

the sample’s background and may present a significant problem, particularly at 

wavelengths below 300 nm, at which the scattering of radiation becomes more 

important. If the composition of the sample’s matrix is known, then standards can be 

prepared with an identical matrix. In this case the background absorption is the same 

for both the sample and standards. Alternatively, if the background is due to known 

matrix component, then the component can be added in excess to all samples and 

standards so that the contribution of naturally occurring interferant is insignificant. 

Finally, much interference due to the sample’s matrix can be eliminated by adjusting 

the flame’s composition. For example, by switching to a higher temperature flame it 

may be possible to prevent the formation of interfering oxides and hydroxides. 

When the identity of the matrix interference is unknown, or when it is impossible to 

adjust the flame to eliminate the interference, then other means must be used to 

compensate for the background interference. Four methods have been developed to 

compensate for matrix interferences, and most atomic absorption spectrophotometers 

include one or more of these methods (Harvey, 2000). 

1. The two-line Correction Method: 
The two line Correction procedure requires the presence of a reference line from the 

source; this line should lie as close as possible to the analyte line but must not be 

absorbed by the analyte. If these conditions are met, it is assumed that any decrease in 

power of the reference line from that observed during calibration arises from 

absorption or scattering by the matrix products of the sample; this decrease is then 

used to correct the absorbance of the analyte line. 

2. The continuous- source Correction Method: 
One of the most common methods for background correction is the use of a 

continuum source, such as a D2 lamp (deuterium). Since the D2 lamp is a continuum 

source, the absorbance of its radiation by the analyte’s narrow absorption line is 

negligible. Any absorbance of radiation from the hollow cathode lamp, however, is 

due to both the analyte and the background. Substracting the absorbance for the D2 

lamp from that for the hollow cathode gives an absorbance that has been corrected for 

the background interference (Harvey, 2000). 
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3. Zeeman Correction Method:    
In this method a magnetic field is used to split the atomic line into two side bands 

these side bands are close enough to the original wavelength to still overlap with 

molecular bands, but are far enough to overlap with the atomic bands. The absorption 

in the presence and absence of a magnetic field can be compared, the difference being 

the atomic absorption of interest (Smith, 1983). 

4. Method by Self reversal (Smith-Hieftje lamps): 
Self reversal correction lamps are mainly used in older spectrophotometers as a 

method of measuring the background absorption. This involves passing a high current 

momentarily through the cathode to produce a dense cloud of neutral atoms to block 

the lamp output. This enables the background to be measured and subtracted from the 

sample signal. These lamps have extra insulation to cope with the high voltage pulse 

and can be used in normal instruments the disadvantage of this method that it is not 

applicable for all elements.  

1.5.3.7.2 Physical interference: 
In flame atomic absorption the difference in physical properties affect mist amount, 

the mist generating rate and the mist particle size. 

In electro-thermal atomic absorption, differences in physical properties causes 

difference in sample diffusion or filtering in the graphite tube. When viscosity is high, 

some of the sample remains in the pipette or capillary resulting in analysis error. 

Physical interference correction obtained by using standard having the same 

composition as the sample, also there are many ways to extract and separate the target 

element, but the easiest method is to measure by the standard addition method. 

1.5.3.7.3 Chemical interferences: 
Chemical interferences are more common than spectral interferences. Their effects 

can frequently be minimized by suitable choice of conditions. There are three types of 

chemical interferences: 

1- Formation of low volatile compounds: 
An ion may form compounds of low volatility with the analyte and thus reduces the 

rate at which it atomizes, low results are the consequence. An example is decrease in 

calcium absorbance that is observed with increasing concentration of sulfate or 

phosphate. 
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Interference due to formation of species of low volatility can often be eliminated by 

using of higher temperature flames. Alternatively, releasing agents, which are cations 

that react preferably with interference and prevent its interaction with analyte, can be 

employed. For example, to minimize interference of phosphate in the determination of 

calcium, an excess of strontium or lanthanum are added. 

Protective agents prevent interferences by forming stable but volatile species with the 

analyte. The common reagents for this purpose are EDTA and hydroxyquinoline. The 

presence of EDTA has been shown to eliminate the interference of aluminum, silicon, 

phosphate and sulfate in the determination of calcium. 

2- Dissociation equllibria: 
In the hot gaseous environment of a flame, dissociation and recombination reactions 

are sources of potential chemical interference, for example, the decrease in the line 

intensity of sodium that is caused by the presence of HCl can be accounted for in 

terms of the equilibrium 

NaCl (g)     Na+ +  Cl -

Chlorine atom from the HCl tends to force this equilibrium to the left and thereby 

decrease the population of Sodium atoms. 

3- Ionization: 
The intensity of atomic emission or absorption lines for the alkali metals particularly 

potassium, rubidium, and Calcium affected by temperature in complex way. 

Increases temperature causes an increase in the population of excited atoms, and this 

leads to decrease in concentration of atoms as a result of ionization, so under some 

circumstance the lower excitation temperature is usually specified for the analysis of 

alkali metals. 

M       M+ +   е-

Where M represents a neutral atom or molecule and M+ is its ion. 

The effect of the shift in ionization equilibrium can frequently by determined by the 

addition of an ionization suppression, which provides a relatively high concentration 

of electrons to the flame and then suppression of ionization by the analyte results 

(Skoog and West, 1982).  

M         M+  +   е-

B          B+   +   е-                          B is an easy ionized metal. 
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Chapter Two 
Materials and Method 

 

2.1 Sampling: 
Drinking water samples were collected from different locations from 42 sites 

distributed over major cities and towns in South Kordofan State located between ( 290  

58\ E, 120   34\ N)  and  (290  22\ E, 100. 48\ N) see appendix No 1. All samples were 

collected in 50 L cleaned polyethylene bottles and then were stored at room 

temperature for six month before analysis (1- 2).  

 
 

 

Table 2.1: Number and type of sample source. 
 

Type of source Code No of Sample 

Surface water 1 2 

Water yard  2-9 8 

Hand pump 10-42 33 
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Fig 2.1: A map of the study area 
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2.2 Sample Preparation: 

2.2.1 Digestion Method:  
Samples were shaken gently; 250 ml of each sample were transferred to 500 ml beaker. 25 ml 

of conc. HNO3 were added to each sample. these mixture were heated gradually on a hot plate 

until evaporated to the possible lowest volume before precipitation occurs (25 – 35 ml), beaker 

walls was washed down with deionized water and filtrated then transferred to 50 ml 

volumetric flask and completed to the mark with deionized water, then transferred to cleaned 

100 ml polyethylene bottles and storied at room temperature for one day before analysis (Fred, 

2005). preconcentration factor = 250/50 = 5.  

The blank samples were prepared in a similar way as the study samples.  

2.3 Sample Analysis: 
Prepared samples were analyzed using an Atomic Absorption Spectrophotometer; model 

Shimadzu AA-6800 for the measurements of (Cu, Zn, Pb, Mn, Fe, Ni, Cd, Cr and Mg) in 

drinking water. 

2.3.1 Preparation of Standard Solutions:  
Stock standard solutions which were already prepared at the department of Chemistry of 

Research and Industrial Consultations Center were used, containing 1000 mg/l of the element 

under study. For each element a series of standards were prepared by suitable dilutions of 

stock solution in concentrations that were expected in the sample solution. The instrumental 

setting was optimized for each element as shown in table (2.2), from the calibration curve of 

each element the concentration of the element under investigation was determined. 

2.3.2 Preparation of Reference Material: 
The quality of this study was assured by analyzing certified reference materials which can be 

used to assess research in soil samples for the assessment of a laboratory analytical works as 

well as in validation of analytical method. 

The Reference material sample (Soil7) (See appendix 3) was dried over-night in an oven at 

150°C. 0.5 g of the sample was placed in a 100 ml Teflon beaker. 8 ml of concentrated HNO3 

and 4 ml of 48% HF were added and then allowed to stand at room temperature for 2 hours 

and subsequently 10 ml of concentrated HClO4 were added to the mixture. The Teflon beaker 
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was tightly stoppered and heated on a sand bath at 250-300°C for 6 hours until completely 

digested (Pszonicki et al., 1984).  

 

Table 2.2: Setting of Atomic Absorption spectrophotometer and detection limit 

 

Detection 
limit 

(mg/l) 

Burner 
Height 
(mm) 

Fuel Gas 
Flow 
Rate 

(L/min) 

Atomizer 
Slit 

width 
(nm) 

 lamp     
Current  

(mA) 

Wavelength 
(nm) Element 

.......7.0 1.8 Air-C2H2
 

0.5 
 8 258.2 magnesium

0.08 9.0 2.2 Air-C2H2
 

0.2 
 12 248.3 Iron 

 

0.028 7.0 2.0 Air-C2H2
 

0.2 
 10 279.5 manganese 

0.01 7.0 2.0 Air-C2H2
 

0.5 
 8 213.9 Zinc 

0.00004 7.0 1.8 Air-C2H2
 

0.5 
 6 324.8 copper 

0.08 7.0 1.6 Air-C2H2
 

0.2 
 12 232.0 nickel 

0.00002 ....... .......Furnace 
 1.0 8 228.0 Cadmium 

……. 7.0 1.8 Air-C2H2
 0.5 10 357.9 Chromium 

0.00013 …….. Furnace 
 1.0 10 283.3 lead .......

 

  Not: The concentration of Cd and Pb was determined by furnace using platform tube with 

injection volume 20 l and argon gas to prevent tube against oxidation. 
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Chapter Three 

Results and discussion 

 
The results of measurements of trace elements (Fe, Cu, Cd, Mg, Mn, Cr, Pb, Ni, and Zn) in 

drinking water samples from various sampling sites using (AAS) are presented in appendix No 

2. 

3.1 Quality control of the obtained data: 

To assess the quality of measurements and analysis, two critical control issues were addressed; 

chemical recovery and error percentage. Certified reference material (CRM) of soil-7 was 

introduced in this study.  Results are presented in table 3.1, where analytical and the certified 

values, the error percentage, and recovery for the studied elements with the respect to the 

CRM of soil-7 (See also appendix No 3). 

Table 3.1: Comparison of the AAS results obtained in this work with the certified values for 

the CRM of IAEA soil-7 

 

Elements Recommended 
value   mg/kg 

Measured value 
(mg/kg) 

Error 
percentage 

Chemical 
recovery 

Fe 25700.0 26606.7 3.5 103.5 
Mn 631.0 691.5 9.6 109.6 
Mg 11300.0 11574.7 2.4 102.4 
Pb 60.0 64.8 8.0 108.0 
Cd 1.30 0.97 25.4 74.6 
Ni 26.0 24.8 4.5 95.5 
Zn 104.0 107.5 3.3 103.4 
Cu 11.0 11.0 0.1 99.9 

Ca 163000.0 161985.0 0.6 99.4 
 

From table 3.1; we can observe that the results are in good agreement with available certified 
values for all elements except Cadmium and this may be due to its low concentration which 
increases the error. 
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Table 3.2a: Concentrations of standard solutions of magnesium used for AAS calibration 
 

Conc (ppm) Abs 
0.10 0.131 
0.20 0.2579 
0.40 0.4755 
0.80 0.8951 
1.00 1.0929 

 
Table 3.2b: Concentrations of standard solutions of iron used for AAS calibration 

 
Conc (ppm) Abs 

0.02 0.0026 
1.00 0.0870 
2.00 0.1638 
4.00 0.3214 
10.00 0.6823 

 
Table 3.2c: Concentrations of standard solutions of manganese used for AAS calibration 

 
Conc (ppm) Abs 

0.02 0.0029 
0.10 0.0182 
0.20 0.0367 
0.40 0.0732 
1.00 0.1790 

 
Table 3.2d: Concentrations of standard solutions of zinc used for AAS calibration 

 
Conc (ppm) Abs 

0.02 0.0119 
0.10 0.0497 
0.20 0.0961 
0.40 0.1830 
1.00 0.4281 

 
Table 3.2e: Concentrations of standard solutions of copper used for AAS calibration 

 
Conc (ppm) Abs 

0.02 0.002 
0.01 0.0026 
0.40 0.0601 
0.80 0.1144 
1.00 0.1370 

 36



 
Table 3.2f: Concentrations of standard solutions of nickel used for AAS calibration 

 
Conc (ppm) Abs 

0.02 0.0011 
0.10 0.0117 
0.20 0.0204 
0.40 0.0365 
0.80 0.0744 
1.60 0.1405 

 
Table 3.2g: Concentrations of standard solutions of cadmium used for AAS calibration 

 
Conc (ppm) Abs 

0.00 -0.0006 
0.20 0.1288 
0.80 0.4333 
1.20 0.6336 
2.00 0.9578 

 
Table 3.2h: Concentrations of standard solutions of chromium used for AAS calibration 

 
Conc (ppm) Abs 

0.00 0.0008 
2.00 0.0296 
6.00 0.0843 
10.00 0.1518 
20.00 0.1343 

 
Table 3.2k: Concentrations of standard solutions of lead used for AAS calibration 

 
Conc (ppm) Abs 

0.00 -0.0012 
2.0 0.0672 
4.0 0.115 
10.0 0.2648 
20 0.5057 
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Figure 3.1 a: Calibration curve for magnesium 

 

  
 b: Calibration curve for iron Figure 3.1

 

  
 c: Calibration curve for manganese 3.1Figure 
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Figure 3.1 d: Calibration curve for zink 

 

 
Figure 3.1 e: Calibration curve for copper 
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                                           Figure 3.1 f: Calibration curve for nickel  
 

 39



Calibration curves for Cd
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                                         Figure 3.1 g: Calibration curve for cadmium  
 

   
Figure 3.1 h: Calibration curve for chromium 
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                                              Figure 3.1 k: Calibration curve for lead  
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3.2 Statistics summary: 

The data distribution for samples under study have been checked using Kolmogrov- Smirnov 

as shown in table 3.3  

For normality distribution: From table 3.3, it was found that magnesium has a normal 

distribution, while the normality distribution for other mentioned elements is invalid because 

significant value is less than 0.05 this lead to use of nonparametric tests. The valid test for this 

is Kruskal Wallis test which classified as nonparametric test alternative to Analysis of 

Variances (ANOVA) projective. 

 

Table 3.3: Test of normality for data distribution 

One-Sample Kolmogrov-Smirnov Test 
 

 
Element Sig 

Mg 0.120 

Fe 0.000 

Mn 0.000 

Zn 0.000 

Cu 0.000 

Ni 0.007 

Cd 0.001 

Cr 0.000 

Pb 0.009 
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Table 3.4: Results of comparing mean concentrations between groups of water resources 

Kruskal-Wallis 

Ranks 

Element Source N Mean 
Rank 

Hand pump 33 22.58 
Water Yard 8 14.50 Fe 

Surface water 1 42.00 
Hand pump 33 20.74 
Water Yard 8 22.31 Ni 

Surface water 1 40.00 
Hand pump 33 20.61 
Water Yard 8 26.38 Pb 

Surface water 1 12.00 
Hand pump 33 20.70 
Water Yard 8 22.75 Cu 

Surface water 1 38.00 
Hand pump 33 20.18 
Water Yard 8 26.75 Cd 

Surface water 1 23.00 
Hand pump 33 20.33 
Water Yard 8 24.38 Mn 

Surface water 1 37.00 
Hand pump 33 21.39 
Water Yard 8 23.75 Mg 

Surface water 1 7.000 
Hand pump 33 23.09 
Water Yard 8 16.00 Zn 

Surface water 1 13.00 
Hand pump 33 22.85 
Water Yard 8 18.25 Cr 

Surface water 1 3.000 
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Test Statistics 
                      Table 3.5: Kruskal -Wallis test, using Chi-Square values. 

 
Elements Chi-Square Degree of Freedom Asymp. Sig 

Mg 1.669 2 0.434 
Fe 5.651 2 0.059 
Mn 2.335 2 0.311 
Zn 2.643 2 0.267 
Cu 2.034 2 0.362 
Ni 2.438 2 0.296 
Cd 1.862 2 0.394 
Cr 3.234 2 0.198 
Pb 2.038 2 0.361 

 

 

From significant values that shown in table 3.5 it can concluded that there is significant 

variation between means concentration of elements in different sources as p value was found 

to be greater than 0.05. 

Summaries of statistics for total metals concentrations in water samples collected from hand 

pump, water yard and surface water samples respectively were shown in tables 3.6 to 3.10.  
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3.3 Comparison of mean concentration of elements in different water sources: 

In samples collected from surface water, the concentration of magnesium and iron were found 

7.008 and 13.74 mg / l respectively while, for samples collected from hand pump the mean 

concentration was found to be 20.35 and 1.901 mg / l for magnesium and iron respectively. 

However in water yard samples the mean concentrations were found to be 28.41 and 0.871 mg 

/ l for magnesium and iron respectively. The total mean for magnesium was found to be 21.57 

compared to 1.986 mg / l for Iron as shown in table 3.6 and figure 3.4. 

The maximum concentration of magnesium was found to be 77.32 mg / l in hand pump station 

located at Mirri Barra Village, low amount of oxygen allow increasing the concentration of 

magnesium. While magnesium dioxide is insoluble in water, the minimum concentration was 

found to be equal to 7.008 mg / l in surface water from Miiri Dam. However, the maximum 

concentration value of iron was found to be 13.74 mg / l, which represent the surface sample 

collected from Mirri Dam (lake) high concentration of iron in this site may be referred to 

interaction of oxygen with iron in soil and rocks which enhance leaching process. Iron enter 

the water system as oxide and then converted to other soluble species of iron compounds, on 

the other hand the minimum concentration was found to be to 0.198 mg / l in Miiri Jowaa 

which represent sample collected from hand pump station, decrease of concentration may be 

due to lack of oxygen under the ground also infiltration process isolate iron compounds while 

recharging of the aquifer. Disproportional relationship between Fe and Mg is may due to 

dissolves of iron dioxide in water under normal conditions while magnesium dioxide is 

insoluble. So where is oxygen there are more concentration of Fe and lower concentration of 

Mg.   

For manganese the mean concentrations were found 0.041 and 0.128 mg / l for samples 

collected from hand pump and water yard respectively, while the concentration in surface 

water was 0.118 compared to 0.06 mg / l as total mean regardless of source. The maximum 

concentration of manganese was found to be 0.674 mg / l for a sample taken from water yard 

station. In these anaerobic conditions, manganese is released from minerals and reduced to its 

more soluble form, Mn 2+. This form is the most soluble in most waters. Much higher 

manganese concentration is therefore commonly found in anaerobic ground waters than in 

aerobic surface. In aerobic conditions, manganese is found in its stable oxidized form, MnO2, 

which is highly insoluble and that why the sample taken from surface water have a minimum 
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concentration of manganese which was found to be equal to 0.118 mg / l in Miiri Dam. On the 

other hand, with regard to zink the mean concentrations were found 0.558 mg / l in water 

samples collected from hand pump compared to 0.103 mg / l for samples collected from water 

yard. However, 0.042 mg / l was found to be the concentration of zinc in surface water and 

0.459 mg / l was the mean concentration obtained from water samples regardless of type. The 

maximum concentration value of zinc was found 7.381 mg / l in Abousonoon. The source of 

water in this site is from a basement formation. While, the minimum concentration was found 

to be below the detection level in Alhela Algadeda at Aldalang city as a result of high altitude 

(2282 feet), where water can not resides as far as it may also be due to gelogical formation of 

this location. These two factors may also resposible for high concentration found in 

Abousonoon, the basment formation and the altitute at Abousonoon (1618 feet) tend to stasis 

water for long time compared to the altitute in Alhela Algadeda. 

In the case of copper the mean concentration was found to be 0.007 in samples that collected 

from hand pump compared to 0.209 mg / l for water yard, for the only one sample that have 

been collected from surface; the concentration was found to be 0.017 while, the total mean 

concentration was found to be 0.046 mg / l as shown in table 3.6 and figure 3.2. 

The maximum concentration value of copper was found 1.602 mg / l in Aldepepat. The station 

is located at a basement formation at a height of 2020 feet; geological formations in this depth 

may be responsible for the high concentration of copper at this hand pump station. On the 

other hand the minimum concentration was found below detection level in Alhela algadeda at 

Aldalang city. Decrease of concentration may as a result of high altitude (2282 feet), or to the 

geological formation of this area. In this station; the zinc concentration was found to be under 

detection level. These findings are compatible with fact that both elements behave chemically 

in the same way. 

The mean concentrations of Ni were found to be 0.01 and 0.013 mg / l for hand pump and 

water yard respectively, while the concentration in surface water was found 0.023 mg / l (one 

sample). However, the overall mean was found to be 0.011 mg / l as shown in table 3.7 and 

figure 3.1. The maximum concentration value of nickel was 0.045 mg / l in Kega Alkheil, 

water reaches this aquifer through rocks borehole so infiltration doesn’t occur. The basement 

formation tends to increase the water stasis, which enhance interaction between water and 

rocks. These two factors are responsible for the high concentration at that site. On the other 
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hand, the minimum concentration was 0.001 mg / l in Kadugli near Kasar Aldiafah which 

represents the sample located in an alluvial formation. Decrease of nickel concentration is due 

to the trapping of nickel in the alluvial formation through filtering process, inhibition of direct 

interaction between water and rocks and prevention of water stasis for long time. This fact is 

consistent with observation of Proci in 1989 where he stated that Nickel level in soil is 

generally less than in ultra-basic rocks. 

The concentrations of cadmium were found to be under detection limits for samples collected 

from hand pump, water yard and surface water respectively, these concentrations were lower 

than the upper limit recommended by the WHO. However the mean concentrations of 

chromium in hand pump and water yard were found 0.043 and 0.032 mg / l respectively while, 

surface water have a concentration of 0.0002 mg / l, the total mean concentration of chromium 

was found to be 0.04 mg / l. The maximum concentration value of chromium was found to be 

0.191 mg / l in Alroseris. This station pump is located at an alluvial formation at height of 

1657 Feet at a distance of 15 meters from the stream. On the other hand the minimum 

concentration was found to be equal to 0.00007 mg / l in Hagar Algoad at a height of 2450 

Feet. This high altitude minimizes water residance time, heance with regard to the altitude the 

concentration decrease in Hagar Algoad and increase in Alroseris. The hand pump station of 

Alroseris located so close to the stream this may also increase the concentration of chromium 

at that station, whereas trace element concentrations initially increased downstream of the 

source and then gradually decreased in concentration with distance from the source. 

The mean concentrations of lead were 0.131 and 0.438 mg / l for hand pump and water yard 

respectively and the concentration in surface water was found to be 0.015 mg / l. While, the 

total mean over three types was found to be 0.187 mg / l. The maximum concentration was 

1.224 mg / l in Mirri Barra Village. Compared to the surrounding areas, Mirri Barra showed 

the highest concentration of radioactive elements as verified by Alfatih in 2008 (Alfatih, 

2008). As far as Lead is final element in the series of decay; this means that the highest 

concentration of Lead may be the result of radioactive decay over thousands of years. The 

higher concentration of lead at this station may also due to the contamination via the diesel 

fuel used in this site. On the other hand the minimum concentration was found to be equal to 

0.000095 mg / l in Qa’aar Alhajar at Kadugli as naturally excepected. 
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Table 3.6: Summary of statistics for total metals concentration of Mg and Fe in mg / l 
 

 Magnesium 
Source 

Number 
of sample Mean Std deviation Minimum Maximum Median Variance 

Hand pump 33 20.35 14.063 1.639 56.900 15.840 197.779 
Water yard 8 28.41 26.876 6.472 77.320 16.663 722.309 
Surface water 1 7.008 - 7.008 7.0080 07.008 - 
Total 42 21.57 17.122 1.639 77.320 15.593 293.176 

Iron 
Source Number 

of sample Mean Std deviation Minimum Maximum Median Variance 

Hand pump 33 1.901 2.464 0.198 13.665 1.148 6.073 
Water yard 8 0.871 0.614 0.275 01.821 0.576 0.377 
Surface water 1 13.74 - 13.741 13.741 13.74 - 
Total 42 1.986 2.902 0.198 13.741 1.148 8.423 
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Table 3.7: Summary of statistics for total metals concentration of Mn, Zn and Cu in mg / l 
 

                                       Manganese 

Source 

Number of 
sample 

Mean Std deviation Minimum Maximum Median Variance 
Hand pump 33 0.041 0.082 0.005 0.444 0.014 0.007 
Water yard 8 0.128 0.233 0.005 0.675 0.026 0.054 
Surface water 1 0.118 - 0.118 0.118 0.118 - 
Total 42 0.060 0.126 0.005 0.675 0.015 0.016 

Zinc 

Source Number of 
sample Mean Std deviation  Minimum Maximum Median Variance 

Hand pump 33 0.558 1.354 0.011 7.381 0.093 1.834 
Water yard 8 0.103 0.103 < 0.011 0.358 0.070 1.834 
Surface water 1 0.042 - 0.041 0.042 0.042 - 
Total 42 0.459 1.213 0.000 7.381 0.089 1.471 

Copper 

Source Number of 
sample Mean Std deviation Minimum Maximum Median Variance 

Hand pump 33 0.007 0.006 0.00044 0.027 0.006 0.00003 
Water yard 8 0.209 0.563 < 0.00004 1.602 0.008 0.31700 
Surface water 1 0.017 - 0.01696 0.017 0.017 - 
Total  42 0.046 0.246 0.0000 1.602 0.0062 0.061 
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Table 3.8: Summary of statistics for total metals concentration of Ni in mg / l 
 

                                                Nickel 
Source 

Number 
of sample Mean Std deviation Minimum Maximum Median Variance 

Hand pump 33 0.010 0.007 0.004 0.045 0.008 0.00005 
Water yard 8 0.013 0.014 0.001 0.045 0.010 0.00019 
Surface water 1 0.023 - 0.023 0.023 0.023 - 
Total 42 0.011 0.009 0.001 0.045 0.008 0.00008 
 
 
 
 
Table 3.9: Summary of statistics for total metals concentration of Cr in mg / l 
 

                                             Chromium 

Source 

Number of 
sample 

Mean Std deviation Minimum Maximum Median Variance 
Hand pump 33 0.043 0.063 0.00007 0.1906 0.0166 0.004 
Water yard 8 0.032 0.057 0.00405 0.17311 0.0128 0.003 
Surface water 1 0.0002 - 0.00023 0.00023 0.0002 - 
Total 42 0.040 0.061 0.00007 0.19063 0.0151 0.004 
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Table 3.10: Summary of statistics for total metals concentration of Pb in mg / l 
 

 Lead 
Source 

Number 
of sample Mean Std deviation Minimum Maximum Median Variance 

Hand pump 33 0.131 0.176 0.00010 0.651 0.030 0.031 
Water yard 8 0.438 0.480 0.00323 1.224 0.320 0.231 
Surface water 1 0.015 - 0.01523 0.015 0.015 - 
Total 42 0.187 0.281 0.00010 1.224 0.035 0.079 
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Figure 3.2: Distribution of nickel, lead and zink concentration (mg/l) in drinking water from 
different sources in the study area. 
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Figure 3.3: Distribution of copper, manganese and chromium concentration (mg/l) in drinking 

water from different sources in the study area. 
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Figure 3.4: Distribution of iron and magnesium concentration (mg/l) in drinking water from 

different sources in the study area. 
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We must investigate the main mechanisms of dispersion to find out how trace elements 

become concentrated along with major elements in certain types of geological formation. 

During the crystallization of rocks from the cooling and solidifying melt, the major 

constituents form a sequence of minerals dependent on the prevailing temperature and 

pressure. The trace elements usually occupy spaces in the lattices of these minerals and these 

processes are largely controlled by the elements’ valence, ionic radius and electronegativty. 

Dispersion of elements from bedrock into the surface environment occurs as result of physical 

and chemical weathering. Physical weathering breaks the rock into smaller particles, thereby, 

increasing the surface area of the material which exposed to air and water. Atmospheric 

oxygen and water are the main agents of chemical weathering. The redistribution of chemical 

elements involves interaction between bedrock and water from atmospheric precipitation 

containing dissolved gases. The fate of a trace element in solution then depends on the 

behavior of its aqueous species. This behavior can be related to such parameters as ionic 

potential and effective hydrated ionic diameter. The trace element may be either leached from 

weathered material into surface and subsurface water or precipitated from solution as 

hydroxide, carbonate, sulfate, phosphate ……etc. It may also be adsorbed onto the charged 

particles or organic matter. Only 10 elements (oxygen, Silicon, Iron, aluminum, calcium, 

potassium, sodium, magnesium, titanium and hydrogen) of naturally occurring 89 elements 

account for over 99 per cent of Earth’s crust by weight. The other 79 elements (including the 

inert gases), which together form less than 0.5 per cent by weight. In the current study; only 

iron and magnesium of these 10 elements were studied and their results showed higher 

concentrations with regard to the other elements and this may be explained by the above 

mentioned fact. While the elements such as Cu, Cr, Zn and Mn, were found to be in low 

concentrations compared with Fe and Mg as expected. However the concentrations of 

cadmium, lead and nickel in rocks and soil are very low and are not very soluble. Therefore, 

they appear to have minimum concentrations in ground water compared to other elements. 

The ground water quality is a function of geology and it is related to the residence time, depth 

and distance to the stream. Generally the concentrations of these metals in water are a function 

of the particular chemical and electrochemical behaviour, as well as other conditions of the 

hydrological environment, thereby their concentrations can vary from element to another as 

well as from location to another (Navratil, 2008).  
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Two factors affect the composition of natural water, infiltration which decreases the 

concentrations of trace elements as water infiltrate downwards. The other factor, interaction 

between water and environment (rocks) increases the concentrations of these elements. The 

overall effect is the increase of concentration which means interaction with rocks overcomes 

the infiltration (jordana and batista 2004). As shown in figure; 3.2, 3.3 and 3.4 all the 

measured elements showed higher concentration in samples collected from water yard 

compared to samples collected from hand pump except Zn and Fe. That can be explained by 

the above fact and bearing in mind that hand pump water is located at 10 meter depth 

compared to 25 meter for the water yard  that give the later more time to interact with the 

rocks and hence the increase in concentration take place. 

3.4 Correlations coefficient of trace elements concentrations: 
Correlation study was introduced to examine the interrelationships between the investigated 

metals concentrations. Correlations coefficients that shown in table 3.11 indicate there were 

no correlations between elements in samples collected from water yard. However, correlations 

coefficients of 0.457, 0.414, 0.369 and 0.364 that shown in table 3.12 indicate significant 

positive correlations between nickel / copper, nickel / cadmium, iron / chromium and lead / 

chromium respectively for samples collected from hand pump. Regardless of source type, a 

significant positive association was found between nickel / cadmium and iron / chromium with 

correlation coefficient equal to 0.412 as shown in table 3.13. 

Concentration of iron was significantly positively correlated to concentration of chromium 

suggesting that the cycling of iron is linked to the cycling of chromium and this may due to 

their same occurrence in environment that have great influence by redox-oxidation conditions 

and the tow oxidation states of both iron and chromium have a similar solubility.  
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Table 3.11: Correlation coefficients between the trace elements concentration in water yard sample 
 

Element Fe Ni Pb Cu Mn Mg Zn Cr 
R 1.000        

Fe 
Sig 0.000        

R 0.095 1.000       
Ni 

Sig 0.823 0.000       
R 0.143 0.429 1.000      

Pb 
Sig 0.736 0.289 0.000      

R 0.619 -0.357 -0.548 1.000     
Cu 

Sig 0.102 0.385 0.160 0.000     
R -0.548 0.524 0.500 -0.595     

Cd 
Sig 0.160 0.183 0.207 0.120     

R 0.238 -0.238 0.429 -0.119 1.000    
Mn 

Sig 0.570 0.570 0.289 0.779 0.000    
R 0.190 0.571 0.333 0.048 -0.571 1.000   

Mg 
Sig 0.651 0.139 0.420 0.911 0.139 0.000   

R 0.619 0.476 0.333 0.357 0.000 0.690 1.000  
Zn 

Sig 0.102 0.233 0.420 0.385 1.000 0.058 0.000  
R 0.119 0.119 0.048 -0.048 0.238 -0.405 -0.262 1.000 Cr 

Sig 0.779 0.779 0.911 0.911 0.570 0.320 0.531 0.000 
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Table 3.12: Correlation coefficients between trace elements concentration in Samples collected from Hand pump station. 
 

   Element Fe Ni Pb Cu Mn Mg Zn Cr 
R 1.000        

Fe Sig 0.000        
R 0.101 1.000       

Ni Sig 0.569 0.000       
R -0.006 -0.114 1.000      

Pb Sig 0.975 0.520 0.000      
R 0.154 0.457 0.043 1.000     

Cu Sig 0.384 0.007 0.809 0.00     
R -0.054 0.414 0.199 0.221     

Cd Sig 0.763 0.015 0.258 0.210     
R 0.309 0.111 0.199 0.199 1.000    

Mn Sig 0.076 0.533 0.260 0.260 0.000    
R 0.135 -0.278 0.021 -0.139 -0.057 1.000   

Mg Sig 0.445 0.111 0.907 0.433 0.748 0.000   
R 0.038 -0.073 0.323 0.166 0.151 0.067 1.000  

Zn Sig 0.830 0.681 0.062 0.349 0.394 0.707 0.000  
R 0.369 -0.056 0.364 0.154 0.184 0.331 0.228 1.000 Cr Sig 0.032 0.755 0.034 0.385 0.298 0.056 0.196 0.000 
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  Table 3.13: Correlation coefficients between the trace elements concentration in samples over all sources 

 
 

 

 
 
 
 

 
 
 
 
 
 
 
 

  

Element Fe Ni Pb Cu Mn Mg Zn Cr 

R 1.000        Fe 
Sig 0.000        

R 0.127 1.000       Ni 
Sig 0.421 0.000       

R -0.016 0.076 1.000      Pb 
Sig 0.919 0.634 0.000      

R 0.214 0.159 -0.182 1.000     Cu 
Sig 0.174 0.315 0.248 0.000     

R -0.163 0.412 0.267 0.012     Cd 
Sig 0.303 0.007 0.087 0.938     

R 0.239 0.084 0.276 0.124 1.000    Mn 
Sig 0.128 0.596 0.077 0.432 0.000    

R 0.095 -0.115 0.078 -0.097 -0.178 1.000   Mg 
Sig 0.549 0.470 0.624 0.540 0.260 0.000   

R 0.178 0.030 0.279 0.164 0.097 0.172 1.000  Zn 
Sig 0.260 0.848 0.073 0.300 0.539 0.276 0.000  

R 0.412 -0.018 0.299 0.130 0.196 0.195 0.177 1.000 Cr 
Sig 0.007 0.910 0.054 0.411 0.213 0.215 0.262 0.000 

 
 
 
 
 
 

 

 
R = correlation coefficient  
Sig = significant 
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3.5 Comparative study between our Results and WHO limits: 

Table 3.14 shows the highest allowable limits for some trace element concentrations 

recommended by the World Health Organization. For the purpose of comparison study, 

the mean concentrations of some trace elements under study in the studied area are also 

shown in table 3.14.  

Iron and Magnesium: 

For these two elements there is no upper limit established by WHO as the essential 

elements are needed to maintain the physiological functions. 

Manganese:  

The mean value of hand pump is lower than manganese upper limit recommended by the 

WHO. While, for samples collected from water yard and surface water stations the mean 

values are bit higher than the upper limits of WHO, as shown in table 3.14 However; 

some locations showed higher values than the upper limit as shown in appendix No 2 (red 

colored).  

Zinc: 

The mean concentrations for samples collected from hand pump, water yard and surface 

water were found to be lower than the WHO upper limit. However; there is only one 

location showed higher value for zink as shown in appendix No 2 (red colored). 

Copper: 

The mean concentrations of copper for samples collected from hand pump, water yard 

and surface water station were found to be lower than the upper limit established by 

WHO, exceeding of this limit can observed in one sample as shown in appendix No 2 

(red colored). 

Nickel and Cadmium: 

The mean concentrations in hand pump, water yard and surface water for cadmium and 

nickel were found to be lower than the upper limit established by WHO. For all samples 

the concentration of cadmium and nickel were found to be below the maximum 

admissible as shown in appendix No 2. 

Chromium: 

The mean concentrations of chromium in hand pump and water yard samples were found 

within the range recommended by WHO. While, for surface water sample the 
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concentration was found far below the maximum permissible level recommended by 

WHO.  However; some locations showed higher values as shown in appendix No 2 (red 

colored).  

Lead: 

The concentration of lead in surface water sample was found to be within the WHO limit. 

While, the mean concentration for samples collected from hand pump was approximately 

double the WHO limit. However, for samples collected from water yard; the mean 

concentration was found to be approximately nine times the WHO limit. Again some 

locations showed higher values while others were found to have concentrations within the 

WHO limit. 

Table 3.14: Mean concentrations (mg/l) of trace elements in hand pump, water yard 

and surface water in south kordofan state compared with WHO limits. 

 

Elements hand pump water yard surface water WHO 

Mg 20.35 28.41 7.008 * 

Fe 1.901 0.871 13.74 * 

Mn 0.041 0.128 0.118 0.100 

Zn 0.558 0.103 0.042 5.000 

Cu 0.007 0.209 0.017 1.000 

Ni 0.01 0.013 0.023 0.050 

Cd Under LOD Under LOD Under LOD 0.005 

Cr 0.043 0.032 0.0002 0.050 

Pb 0.131 0.438 0.015 0.050 
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Figure 3.5: Comparative study between mean concentrations of nickel and chromium in 

drinking water from different sources in the study area with WHO limits. 
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Figure 3.6: Comparative study between mean concentrations of manganese, lead, zink 

and copper in drinking water from different sources in the study area with WHO limits. 
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Using mean values for different elements, water samples can be classified into four 

categories: absolute fit for drinking and other uses, fit for drinking and other uses, fit only 

for other uses and neither fit for drinking nor other uses. 

Absolute fit for both drinking and other uses which it is a mean value that meets the 

criteria of the WHO limit. Water supplied from surface water was found to be absolutely 

fit for both drinking and other uses. Although it has a higher concentration of iron than 

other locations, iron is highly needed for haemopyosis so generally, in drinking water 

maximum permissible level for iron was not established by WHO. While for manganese 

the concentration was found to be a bit higher than recommended by WHO limit. On the 

other hand for samples collected from hand pump station, the mean concentrations of all 

the elements for which WHO limit exist were below the recommended values. There 

were no violation of the limits for the elements Ni, Zn, Mg, Fe, Mn and Cd in any of the 

samples. Violation can observe only for Pb. However, for samples collected from water 

yard station, the mean concentration for the elements Ni, Zn, Mg, Fe and Cd were below 

recommended WHO limits while Pb and Mn showed high concentration hence, the 

surface water supplies are absolutely fit for both drinking and other uses, while both hand 

pump and water yard are fit for drinking and other uses. 

In hand pump stations, fourteen wells were found to have lower elements concentration 

than recommended by WHO, and these wells are absolutely fit for both drinking and 

other uses. Violation of drinking water limits for manganese was observed only in one 

well, which considered to be fit for both drinking and other uses. While Violations for the 

elements Lead and/or chromium were observed in eighteen wells. Whereas, chromium is 

an objectionable contaminant in drinking water due to its suspected carcinogenic effect 

(Asubiojo et al., 1997). These wells are not fit for drinking but fit for other uses.   

In water yard, two of eight wells are shown to have lower concentration than established 

by WHO and only one well  have a high concentration of copper,  these three wells are 

absolutely fit for drinking water and other uses. Five wells shown high concentration of 

lead and/or chromium are considered to be not fit for drinking but only fit for other uses. 
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3.6: Comparative study between our results and other countries: British, Nigeria 
and Norway. 
 
Our results show that manganese mean concentration is found to be 20 times than have 

been found in Nigeria, almost 3 times as in Norway and about 15 times as in Britain. The 

mean concentration of iron and magnesium did not exist in three contraries according to 

our reference. While the mean concentration of cadmium was found to be lower than that 

have been found in Nigeria, Britain and Norway. However the mean concentration of 

lead and zinc was found to be higher than what were found in mentioned countries. On 

the other hand the mean concentration of Nickel was found to be within the range found 

in Norway but higher than found in Nigeria. With regard to cooper and chromium the 

mean concentration for both elements were found to be higher than were found in 

Nigeria. The mean concentration of cooper were found to be within the concentration 

range of British water samples, while the mean concentration of chromium were found to 

be higher than have been found in British.  
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Table 3.15: Mean concentrations (µg/l) of trace elements in drinking waters sample 

in this study compared with other countries. 

 

Mean concentrations in µg/l Element 

Nuba mountains Southern 
Nigeraa

Norwayc Britaind WHO 

Mg 570.0 - - - - 

Fe 986.0 - - - - 

Mn 60.0 3.1 23.0 0.3 - 4.6 100.0 

Zn 459.0 87.3 50.9 8.2 - 40.9 5000.0 

Cu 46.0 6.13 - 1.1 - 47.2 1000.0 

Ni 11.0 1.99 < 15.0 - 50.0 

Cd Under LOD 0.46 < 2.5 0.07 - 0.68 5.0 

Cr 40.0 1.41 - 0.4 -1.58 50.0 

Pb 187.0 1.36 < 35.0 0.3 -76.7 50.0 

 

Note: The units of WHO limits were converted from mg/l to µg/l for comparison 

purpose.  
a Trace element levels in drinking water supplies in southern Nigeria. 

c Mean values for drinking water in Norway. 
d Concentration range of trace elements in British water samples (Asubiojo et al.,.1997). 
Higher concentration of manganese, lead, chromium and zinc in our area study may 

appear to be as a function of geology or due to lack of water treatment in our area study, 

while, final drinking water are subject to the treatments in Norway and Britain that lead 

to reduce the concentrations of these elements.  

The concentrations of cadmium and nickel in rocks are very low and are not very soluble. 

Therefore, generally their concentrations in ground water are very low in our area study 

or in these countries.          

The mean concentrations of all elements in our study and in the other mentioned 

countries were found to lower than maximum permissible levels established by WHO. 
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Conclusions 
 

An estimation of the concentrations of some trace elements such as Fe, Mg, Mn, Pb, Ni, 

Cd, Cr, Cu and Zn in different water supplies in South Kordofan for the first time has 

been done, which is extremely important for proper assessment of the hazard associated 

with their intake. 

A good baseline has been established for setting standards for water quality in the 

country.    

This study has shown that the concentrations of the investigated major metal ions in the 

drinking water samples from different source types in South Kordofan state are generally 

vary from element to another as well as from location to another, depending on the 

particular chemical, electrochemical behaviour and other conditions of the hydrological 

environment. Correlation study shows that there are a significant positive correlation 

between Iron and Chromium indicating that they reach to the water by a similar way or 

from the same sources. 

The concentration of cadmium was found below detection limits.  

Elements such as Fe, Mg, Ni and Zn are satisfying the WHO regulations for drinking 

water. While for location supplies from water yard, violations of drinking water limits 

were observed for the elements Pb in four locations, Mn and Cr in two locations and Cu 

in one location. However for samples collected from hand pump station the violation 

were observed for elements Pb in fifteen sites, Cr in five sites, Mn in three sites and Zn in 

one site. On the other hand, for samples collected from surface water, elevated was 

observed only for Mn. 

Exceeding of Pb and Cr concentrations could constitute a threat to human health. 

However these guideline values were set according to the assumption of a daily 

consumption of 2 litter of water by a person weighing 60 Kg. 

A comparison between trace elements concentrations in this study and other countries 

showed that the mean concentrations of Manganese, lead and Zink were found to be 

higher than what have been found in Britain, Nigeria and Norway, while the mean 

concentration of Cadmium was found to be lower than what have been found in Nigeria, 

Britain and Norway. On the other hand the mean concentration of Nickel was found to be 
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within the range found in Norway but higher than found in Nigeria. The mean 

concentration of Chromium was found to be higher than were found in Nigeria and 

British. While, the mean concentration of Cooper were found to be higher than were 

found in Nigeria but within the range of British water samples.  

 

 

 67



Recommendations 

 

To extend this project to be a national one so as to study water quality in Sudan. 

Further studies should be done at locations showed higher concentration in particular for 

trace elements that threat the human/animal health to verify the concentration for elevated 

elements. 

To find solution for locations showed higher concentration of threaten elements to make 

water fit for drinking and that can be done through treatments or drilling of a new well in 

different aquifer or in different depth at the same aquifer.   
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Appendixes 

Appendix No 1: Codes and Coordinates of locations at the areas of study. 
Coordinates (GPSReadings) Location Source type Code Longitude Latitude Altitude Remarks 

Mirri Dam 
(Lake) 

 

Surface 
Water 

 
F01 

 
 
 

290   33\    56.52\\ E 
 
 
 
 

110   4\    12.60\\ N 
 

1820 Ft

This sample represented a surface 
water sample. This lake accused to be 
naturally radioactive. The water 
sample was so turbid and was 
acidified with sulfuric acid. This 
should be kept in mind prior analysis 
or for data interpretation. 

Near Kadugli 
Textile 
Factory 

Water yard F02 290   43\    36.06\\ E 110   0\    5.94\\ N 1685 Ft 

Water sample here from the  
basement formation. 

Near Kasar 

Aldiafah 

Kadugli 

 

 

Water yard 

 

F03 290   42\    40.26\\ E 110   0\    41.28\\ N 1568 Ft 

Water sample here from alluvial 
formation, 30 m from the stream 
(khour). A gasoline engine was used 
for pumping out water from the 
borehole. 
 

Kadugli 

Town 
Water yard F04 290   43\    21.18\\ E 110   0\    5.04\\ N 

1682 Ft 

 

Water sample here from the basement 
formation. 

Alhamra 
 

Water yard 

 
F05 290   54\    22.74\\ E 

 
100   53\    33.12\\ N 

 
1615 Ft 

 
Water sample here from the basement 
formation. 
 

Aldalang      

(Alhela 

algadeda) 

Water yard F06 290   38\    29.82\\ E 120   02\    31.26\\ N 2282 Ft 

 

Sallara Water yard F07 290   30\    51.60\\ E 110   55\    57.84\\ N 2470 Ft 
Water sample here from alluvial 
formation. 34 km from aldalang and 
15 m from the stream (Khour). 

Manago Water yard F08 290   42\     21.66\\ E 120   27\    01.74\\ N 2089 Ft 
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aldepepat Water yard F09 290   46\     58.44\\ E 120   30\    34.32\\ N 2020 Ft 
 

Miri Barra 
Village 

 

 
 

Handpump 
 
 

F10 290   34\    18.90\\ E 110   5\    19.56\\ N 
1835 Ft 

 

Water sample here from the basement 
formation. This village located in the 
upstream area before Mirri lake which 
suspected to be high radiation 
background area. 
 

Miri Jowaa 
Village 

Handpump 
 F11 

 
290   30\    36.72\\ E 

 
110   1\    9.36\\ N 1645 Ft 

 

Water sample here from the basement 
formation. This village located in the 
downstream area after Mirri lake 
which suspected to be high radiation 
background area. 
 

Mafrag 
Aldroub 
(Khour 

Alfaki Ali 
Al.Mirrawi) 

Handpump 
 F12 

 
290   36\    45.72\\ E 

 
110   0\    43.74\\ N 1833 Ft 

 

Water sample here from the basement 
formation. This site located near Mirri 
lake also. 
 

Tafari Handpump F13 
290   41\    30.54\\ E 

 
110   0\    37.32\\ N 

 
1735 Ft 

 
Water sample here from the basement 
formation. 

Alihemir Handpump F14 290   51\    6.54\\ E 
 

100   48\    31.08\\ N 
 

1574 Ft 
 

Water sample here from alluvial 
formation, 40 m from the stream 
(khour) and 100 m from a hill.  
 

Kololow 
Village 

Handpump F15 290   47\    55.14\\ E 
 

100   52\    5.28\\ N 

 
1653 Ft 

 
Water sample here from the basement 
formation. 

Katsha 
Village 

Handpump F16 
 

290   40\    47.10\\ E 
 

100   48\    22.86\\ N 
 1546 Ft 

Water sample here from the basement 
formation. 

Korongo Abd 
Allah 

Handpump F17 
 

290   35\    28.62\\ E 
 

100   53\    28.74\\ N 
 1601 Ft 

Water sample here from the basement 
formation. 

Abou Sonoon Handpump F18 
 

290   28\    39.48\\ E 
 

100   56\    40.62\\ N 
 1618 Ft 

Water sample here from the basement 
formation. 

Roseris Handpump F19 
 

290   51\    45.30\ E 
 

110   3\    37.68\\ N 
 1657 Ft 

Water sample here from alluvial 
formation, 15 m from the stream 
(khour). 
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Abou Safifa Handpump F20 
 

290   55\    14.04\\ E 
 

110   10\    49.68\\ N 
 1712 Ft 

Water sample here from the basement 
formation. 
 

Al.Bukhass Handpump F21 
 

290   56\    42.18\\ E 
 

110   20\    53.94\\ N 

 
1818 Ft 

Water sample here from the basement 
formation. 
 

Umm 
Hietaan 

 
Handpump F22 

 

300    3\    29.22\\ E 
 

110   30\    4.32\\ N 2032 Ft 
 

Water sample here from the basement 
formation. 
 

Kega 
Timeirrow 

Handpump F23 
 

290   45\    9.72\\ E 
 

110   22\    12.36\\ N 

 1850 Ft 
Water sample here from the basement 
formation. 
 

Kega Alkheil Handpump F24 290   26\    42.78\\ E 
 

110   8\    30.96\\ N 
 

1834 Ft 
 

Water sample here from the basement 
formation. 
 

Qa’aar 

Alhajar/ 

Kadugli 

 

Handpump F25 

 
 

290   42\    8.64\\ E 
 

110   0\    14.4\\ N 1686 Ft 

Water sample here from alluvial 
formation, 100 m from the stream 
(khour) and 300 m from a hill.  
 

Hajar 

Al.Naar/ 

Kadugli 

 

Handpump F26 
 

290   41\    43.08\\ E 
 

110   1\    5.10\\ N 1702 Ft 
 

Water sample here from the basement 
formation. This site was suspected to 
be high background radiation area. 
 

Hajar 

Al.Mak 
Handpump F27 

 
290   43\    8.82\\ E 

 
110   1\    20.52\\ N 1702 Ft 

 

Water sample here from the basement 
formation. 500 m from the hill. 

Murta South 

 
Handpump F28 290   42\    16.08\\ E 

 
110   3\    27.42\\ N 

 
1800 Ft 

 

Water sample here from alluvial 
formation, 10 m from the stream 
(khour) and 1000 m from a hill.  
 

Kalimo Handpump F29 290   43\    3.54\\ E 
 

100   59\    40.44\\ N 
 

1667 Ft 
 

Water sample here from the basement 
formation. The handpump was 
terribly eroded.  
 

Salamat Handpump F30 290   44\    13.50\\ E 100   59\    5.40\\ N 1698 Ft Water sample here from the basement 
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   formation. 
 

Kega Djero Handpump F31 290   39\    56.22\\ E 
 

110   24\    51.78\\ N 
 

2050 Ft 
 

Water sample here from alluvial 
formation. The handpump was inside 
the stream (Khour), the flow of the 
stream was from west to the east. 
 

Aldeshol 

allfh 
Handpump F32 290  44\   46.02\\ E 110   35\    31.92\\ N 2273 Ft 

 

Kurgul Handpump F33 290   46\    12.90\\ E 110   40\    28.92\\ N 2397 Ft 
Water sample here from alluvial 
formation. 500m from the stream 
(Khour). 

Nielli Handpump F34 
 

290   48\    32.04\\ E 110   41\    31.50\\ N 2512 Ft 

Water sample here from alluvial 
formation. The handpump was inside 
the stream (Khour) and 100m from a 
hill. 

Altomat Handpump F35 290   40\    19.98\\ E 120   00\    54.96\\ N 2256 Ft  

Hagar 

Algoad 
Handpump F36 290   40\    49.50\\ E 110   54\    42.60\\ N 2450 Ft 

 

Kojoria Handpump F37 290   21\    57.54\\ E 120   00\    10.02\\ N 2388 Ft 

Water sample here from alluvial 
formation. 500m from a hill, 34 km 
from aldalang and 50m from the 
stream (khour). 

Alfrakle Handpump F38 290   35\    30.54\\ E 120  04\    53.94\\ N 2307 Ft 
10 Km from aldalang. Water sample 
here from alluvial formation and 50m 
from the stream (khour). 

Alforshaia Handpump F39 290   39\     27.84\\ E 120   14\    57.60\\ N 2103 Ft 

Water sample here from alluvial 
formation and The handpump was 
located at distance of 100m from 
stream. The flow of the stream was 
from south to north. 
 

Sunjikay Handpump F40 290   45\    49.32\\ E 120   19\   37.26\\ N 1985 Ft 
Water sample here from alluvial 
formation and 70m from the stream 
(khour). 

Tangro Handpump F41 290   52\     12.42\\ E 120   28\    10.14\\ N 1927 Ft 
Water sample here from alluvial 
formation and 70m from the stream 
(khour). 

Alhamady Handpump F42 290   58\    18.00\\ E 120   34\     18.48\\ N 1883 Ft  
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Appendix 2: The concentrations of the trace elements in mg/l for samples collected from surface water stations 

 
 
 
 
 
 

 
Appendix 2: The concentrations of the trace elements in mg/l for samples collected from water yard stations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

CONCENTRATION IN (mg/l) Elements
 
No Fe Cu 

 
Pb Ni Mg Cr Zn  Mn 

1 13.7406 0.01696 0.0152304 0.02310 7.0080 0.00022712 0.04182 0.1176 

CONCENTRATION IN (mg/l) Elements
 
No Fe Cu 

 
Pb Ni Mg Cr Zn  Mn 

2 0.38216 0.00066548 1.02702 0.00650 8.30900    0.0146274 0.00176 0.67534 
3 0.51760 0.023520 0.00323452 0.00142 6.47200 0.0094438 0.01552 0.04406 
4 1.82084 0.01198 0.584620     0.00808 13.8940 0.173106 0.10820 0.23008 
5 1.81686 0.00270 0.02110 0.00762 15.840 0.1648700 0.06124 0.01494 
6 0.27456 0.00000 0.16594 0.01166 18.390 0.0122996 0.00000 0.00524 
7 0.40488 0.00094 0.47440 0.04504 23.935 0.0132576 0.17906 0.02530 
8 1.32340 0.03056 0.0100622 0.01234 14.935 0.0182742 0.03256 0.01334 
9 0.63458 1.60204 0.0119912 0.00330 63.990 0.0098828 0.12938 0.00570 
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Appendix No 2: The concentrations of the trace elements in mg/l for samples collected from hand pump stations. 
 

CONCENTRATION IN mg/l  
Code Fe Cu 

 Pb Ni Mg Cr Zn Mn 

10 1.60762 0.00400 1.22382 0.01392 77.320 0.00404800 0.35772 0.02696 
11 0.19790 0.00044134 0.35192 0.00636 6.4360 0.00153824 0.11870 0.03822 
12 6.20620 0.00528 0.42374 0.01278 6.1920 0.0212334 1.60360 0.14722 
13 1.32284 0.00798 0.49844 0.00740 12.344 0.0209004 2.80880 0.09244 
14 1.14736 0.02722 0.27436 0.01322 26.570 0.0213404 0.04878 0.07824 
15 0.69762 0.00742 0.11348 0.00852 15.345 0.0121420 0.60240 0.00702 
16 1.03378 0.01482 0.09912 0.01322 4.6420 0.0137888 0.02514 0.01598 
17 0.89978 0.00270 0.20684 0.00494 1.6390 0.0073588 0.35040 0.00712 
18 1.71040 0.01582 0.21834 0.00830 13.336 0.1785380 7.38100 0.16376 
19 2.68840 0.01240 0.65068 0.00896 19.868 0.1906260 0.26256 0.00702 
20 0.34952 0.001251 0.04022 0.00582 27.420 0.0130354 0.08050 0.03470 
21 0.77286 0.00428 0.01714 0.00718 41.590 0.0170214 0.98620 0.01168 
22 0.99318 0.01596 0.058900 0.00516 35.550 0.0166272 0.13830 0.01414 
23 0.33050 0.00656 0.0188294 0.00762 29.750 0.0083574 0.25596 0.00534 
24 0.46876 0.01252 0.02298 0.04530 4.9700 0.0103986 0.38212 0.03148 
25 1.45344 0.00726 0.000095 0.00518 14.285 0.0095648 0.03452 0.01752 

3.35670 0.00978 0.03016 0.00718 14.566 0.1701280 0.27736 0.03698 26
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Appendix 2: The concentrations of the trace elements in mg/l for samples collected from hand pump stations. 
 

CONCENTRATION IN (mg/l)  
Code 

Fe Cu 
 Pb Ni Mg Cr Zn Mn 

    0.53804 0.001123 0.22552 0.00740 13.684 0.0137364 0.01050 0.00506 27
28 0.93214 0.000793 0.0075248 0.00470 8.0290 0.0104424 0.08546 0.01414 
2 1.78990 0.00534 0.0099046 0.00560 22.650 0.1724920 0.07778 0.00978 9

1.77514 0.00062 0.01714 0.00830 15.205 0.1695140 0.06456 0.00678 30
31 1.87734 0.00580 0.07612 0.00650 41.590 0.0198948 1.06880 0.01114 
32 1.14792 0.00320 0.03032 0.00650 41.080 0.0261760 0.07134 0.04274 
33 1.57382 0.00784 0.00145296 0.00848 13.260 0.0155940 0.03162 0.00896 
34 13.6648 0.00230 0.006956 0.01300 54.770 0.0156812 0.09334 0.44448 
35 1.80352 0.001498 0.02768 0.00874 21.340 0.0002190 0.10098 0.00908 
36 1.77484 0.00734 0.006886 0.01234 7.4010 0.0000700 0.03386 0.01298 
37 0.69534 0.00398 0.12082 0.01054 17.045 0.0242226 0.01310 0.01472 
38 0.80580 0.01116 0.01582 0.01906 17.405 0.0176960 0.95020 0.01168 
39 1.14112 0.00912 0.00146698 0.01062 8.6550 0.0100492 0.04030 0.00795 
40 0.76974 0.00382 0.0071660 0.00830 19.160 0.0099342 0.05834 0.00828 
4 5.11910 0.00256 0.51804 0.00400 56.900 0.0189784 0.03896 0.02224 1

1.86656     0.00826 0.209740 0.00732 22.980 0.0171548 0.25948 0.01502 42
 
Not:Bolded values are higher than upper limit recommended by WHO. 
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Appendix No 3: Results of IAEA-SOIL-7 

REFERENCE SHEET 

REFERENCE MATERIAL 

IAEA-SOIL-IAEA-SOIL-7 

Date of issue: January 2000 = 
Trace Elements in Soil 

 
Recommended Values 

 
(Based on dry weight) 

Recommended Value 
mg/kg 

 
 

 

95% Confidence Interval 
mg/kgElement N*

13.4 
61 
8.9 
60 
5.4 
11 
3.9 
1.0 
5.1 
28 

631 
30 
60 
51 
1.7 
8.3 
5.1 
108 
0.8 
0.6 
8.2 
2.6 
66 
21 
2.4 
104 
185 

As 
Ce 
Co 
Cr 
Cs 
Cu 
Dy 
Eu 
Hf 
La 
Mn 
Nd 
Pb 
Rb 
Sb 
Sc 
Sm 
Sr 
Ta 
Tb 
Th 
U 
V 
Y 

Yb 
Zn 
Zr 

25
15 
32 
41 
16 
34 
3 

10 
11 
12 
36 
7 

31 
24 
18 
22 
12 
19 
12 
12 
18 
14 
18 
11 
12 
44 
15

12.5 - 14.2
50 - 63 

8.4 - 10.1 
49 - 74 
4.9 - 6.4 
9 - 13 

3.2 - 5.3 
0.9 - 1.3 
4.8 - 5.5 
27 - 29 

604 - 650 
22 - 34 
55 - 71 
47 - 56 
1.4 - 1.8 
6.9 - 9.0 
4.8 - 5.5 

103 - 114 
0.6 - 1.0 
0.5 - 0.9 
6.5 - 8.7 
2.2 - 3.3 
59 - 73 
15 - 27 
1.9 - 2.6 

101 - 113 
180 - 201

 
 

* 
 intervals about the median value.

Number of accepted laboratory means which were used to calculate the recommended values and confidence 

 =



Information Values 
(Based on dry weight)

Information Value 
mg/kg 95% Confidence Interval 

mg/kgElement N*

Al 
Ba 
Br 
Ca 
Cd 
Fe 
Ga 
Hg 
K 
Li 
Lu 
Mg 
Mo 
Na 
Nb 
Ni 
P 
Se 
Si 
Ti 

47000 
159 
7 

163000 
1.3 

25700 
10 

0.04 
12100 

31 
0.3 

11300 
2.5 

2400 
12 
26 
460 
0.4 

180000 
3000 

24 
22 
11 
32 
18 
46 
3 
5 
27 
4 
8 
24 
5 
33 
8 
 

44000 - 51000
131 - 196 

3 - 10 
157000 - 174000 

1.1 - 2.7 
25200 - 26300 

9 - 13 
0.003 - 0.07 

11300 - 12700 
15 - 42 
0.1 - 0.4 

11000 - 11800 
0.9 - 5.1 

2300 - 2500 
7 - 17 

21 - 37 
460 - 462 
0.2 - 0.8 

169000 - 201000 
2600 - 3700

* 

Number of accepted laboratory means which were used to calculate the information values and confidence intervals about the median 

value. 
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