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Abstract 

This study was carried-out to determine the level of nitrate concentration in well water 

from Bara aquifer in North Kordofan State. The analysis was conducted for 69 wells 

from different villages within Bara basin. Physical characteristics were measured 

including pH, electrical conductivity and dissolved oxygen. Spectrophotometric analysis 

was used to determine nitrate, nitrite and ammonia. Chloride and hardness were 

determined titrameterically and flame photometer was used for major elements namely 

sodium and potassium, whereas atomic absorption spectroscopy was used for trace 

elements namely iron, manganese, zinc and copper.  Results revealed that nitrate 

concentration ranges from 9.68 to 891 mg /l in the sampled wells with 81% exceeding the 

maximum permissible limits set for drinking water by WHO and SSMO. Animal waste 

and organic soil nitrogen were found to be the sources of nitrate in these wells as 

indicated by 
15 

N‰. Majority of wells with high nitrate are located in the north and the 

north-east part of the study area as shown by GIS predictive map. On the average, the 

concentrations of sodium, potassium, calcium, magnesium, iron, manganese, zinc and 

copper were found to be within WHO limits for drinking water. 
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 الملخص

 

فٙ ٔالٚخ شًبل كشدفبٌ ٔرنك  خدٕع ثبسا انجٕفٙ انٕاقعثئشاً  ثقش٘ يخزهفخ  ثًُطقخ  96عهٙ  أجشٚذ ْزِ انذساصخ

 انشقى انٓٛذسٔجُٛٙ ،اصزخذيذ عذح رذبنٛم نقٛبس انخظبئض انفٛزٚبئٛخ ثًب فٙ رنك .انُزشاد رشاكٛز يضزٕ٘ نقٛبس

ٔ  .ٔاأليَٕٛب انُزشاد ٔانُزشٚذكًب اصزخذو انزذهٛم انطٛفٙ نزذذٚذ رشاكٛز .  انًٕطهٛخ انكٓشثبئٛخ ٔاألٔكضجٍٛ انًزاة

ضٛخ انظٕدٕٚو ٔانجٕربصٕٛو ثبنًطٛبفٛخ قٛضذ انعُبطش انشئٛ.ٔدضبة عضش انًبء طشٚقخ انًعبٚشح الٚجبد رشكٛز انكهٕسٚذ

ٔجذ اٌ رشاكٛز . ًطٛبفٛخ االيزظبص انزس٘ ضٕئٛخ ، ٔانعُبطش انُزسح انذذٚذ ٔ انًُجُٛز ٔانزَك ٔ انُذبس ثانانهٓت 

يٍ انعُٛبد كبَذ  أعهٙ %  98، دنذ انذساصخ أٚضبً  أٌ رشاكٛز  نزش/ يهغى   968انٙ  6.99انُزشاد ٚزشأح يبثٍٛ 

ً  نًعبٚٛش يُظًخ انظذخ انعبنًٛخ نهُزشاد فٙ يٛبِ انششة يٍ انذذ انًضًٕح ثّ ْٔٛئخ انًٕاطفبد ٔانًقبٚٛش  ٔفقب

د انذٕٛاَٛخ عزد انذساصخ يظبدس انُزشاد انٙ انًخهفب .ضًٍ انذذ انًضًٕح  ثقٛخ انعُبطش فكبٌ رشكٛز انضٕداَٛخ أيب

دذدد انًٕاقع راد رشاكٛز انُزشاد  . 81ٔرنك ثبالصزذالل ثُضجخ انُظٛش َٛزشٔجٍٛ  ٔ َزشٔجٍٛ  انزشثخ انعضٕ٘

بنشًبل ٔانشًبل انششقٙ يٍ انًُطقخ رذذ انعبنٛخ ثٕاصطخ َظبو خشٚطخ انًعهٕيبد انجغشافٛخ ٔٔجذد أَٓب  رزًٕضع ث

ًزٕصطخ فٗ االعزجبس ٔجذ اٌ رشاكٛز كم يٍ انظٕدٕٚو ٔانجٕربصٕٛو ٔثأخز انقٛى ان .انذساصخ كًب يٕضخ ثبنخشائط

الرزعذٖ انقٛى انًضًٕح ثٓب يٍ قجم يُظًخ انظذخ ٔانكبنضٕٛو ٔانًبغُٛزٕٚو ٔانذذٚذ ٔانًُجُٛز ٔانزَك ٔانُذبس 

 .انعبنًٛخ
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Chapter One 

1. Introduction 

Water inspite of its source be surface or groundwater, its quality can be divided based on 

its benifical uses into: pure water, often defined as water containing no minerals or 

chemicals, does not exist naturally in the environment. Safe drinking water, on the other 

hand, may retain naturally occurring minerals and chemicals such as calcium, potassium, 

sodium, chloride or nitrate which are actually beneficial to human health. These will 

impart a taste to the water that may take some getting used to in some cases. 

Contaminated groundwater is the water that contains bacteria or other toxic compounds 

that have a negative health effects or cause diseases and it is not beneficial for drinking. 

Generally speaking, the presence of water with high purity in the nature is rare, even the 

rain water contains some dissoloved gases, small particles of the soil and bacteria that are 

suspended in the air. In addition, after the rain water has touched the surface of the earth  

it will wash and carry along some organic and inorganic pollutants to groundwater (Acie, 

1992). 

1.2 Groundwater recharge:  

Groundwater is water below the land surface that totally fills or saturates the spaces 

between soil particles. The top of this saturated zone is called the water table; a saturated 

zone that holds sufficient water and allows enough movement to supply wells is called an 

aquifer (Hamad and Abdalla, 2000). Some shallow aquifers in heavily populated regions 

are showing signs of water quality deterioration. The Bara basin in the west is an example 

of such aquifers (Hamad and Elbathany, 2004). 

Improvements or degradation of groundwater quality occur slowly over time, depending 

on groundwater recharge and contamination. The amount of water that enters the soil and 

eventually recharges the groundwater varies seasonally and with location. Most recharge 

occurs during wet years or wet seasons, particularly with active plant growth or where 

water is pumped for irrigation, water tables may decline. In areas with porous soils, 
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considerable recharge may occur each year, especially with high rainfall. In more arid 

regions, there may be many years where little or no recharge occurs, and water tables 

may be quite deep (Kotwicki, 1991). 

1.3 Groundwater quality 

The definition of water quality is very much depending on the desired use of water. 

Therefore, different uses require different criteria of water quality as well as standard 

methods for reporting and comparing results of water analysis (Babiker, 2007).  

The quality water source may change over time, even suddenly changes can go unnoticed 

as the water may look, smell, and taste the same. It is well known that, ground waters 

may contain minerals, chemicals and high levels of radioactivity depending on the type of 

the bed rock and the leaching ability of the over laying water. From an environmental 

protection point of view and depending on the concentration present in a matrix, they 

may cause health damage.  

Therefore, this study considers investigating and assessing physical properties and 

chemical contamination, determining NO3
-
 level in groundwater and identifying its 

sources. In order to verify if nitrate value is within the limits recommended by the 

relevant international and domestic legislation in shallow and groundwater from Bara 

Basin (North Kordofan State). There is no single measure that constitutes good water 

quality. It depends on its use.  

1.3.1 Physical quality 

It is necessary to assess the physical quality of ground water, some of the physical 

quantities may be critical to restrict the usability of water for especial purposes. Color, 

odor, turbidity and temperature are the main physical qualities to be considered for water 

for beneficial uses. The presence of organic matter and iron may impart color. Minerals 

and some organic compounds also impart unpleasant taste and odor to ground water. 

Turbidity in ground water may be caused by insoluble sediments, organic and inorganic 

matter. Usability of ground water for recharge purposes may be restricted by pH, 

electrical conductivity and dissolved oxygen limits. Most specifications for complete 
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wells include acceptable limits of turbidity, pH, and electrical conductivity and dissolved 

oxygen (Karanth, 1987). 

1.3.2 Chemical quality 

Chemical analysis forms the interpretation of the quality of water in relation to source, 

geology, climate and the use. Since water is an excellent solvent, it is important to know 

the geochemistry of dissolved solid constituents and methods of reporting analytical data. 

World Health Organization (WHO) proposes European norms of higher standards, it 

should be stressed that these norms are only recommendations and it depend on each 

country to enforce them by the law. In this study the focus is placed on the concentration 

levels of some non-toxic elements and compounds, namely Sodium, Potassium,       

Calcium, Magnesium, Chloride, Nitrate, Nitrite and Ammonia. The WHO (1993) 

guideline values for these elements and compounds in drinking water are shown in Table 

1.1.  

Table 1.1: WHO guideline values on non-toxic chemical compounds limit set for drinking water 

quality 

Parameter Unit Guideline value 

Nitrate  mg/l 50 

Chloride  "    " 250 

Hardness  "    "   as CaCO3 500 

Iron  "    " 0.3 

pH   6.5 to 8.5 

Sodium  mg/l 200 

Nitrite "    " 2 

Ammonia "    " 1.5 

Certain chemical quality standards have been established for evaluating the suitability of 

water for drinking, domestic, irrigation, and industrial uses. Mandatory limits have been 
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set for certain poisonous constituents, but no rigid limit can be set for water required for 

other uses.  

1.4 Quality criteria for ground water use 

The domestic use for drinking water should be free from color, turbidity, odor and micro-

organisms. Chemically, water should be soft, low in dissolved solids and free from 

poisonous constituents. The presence of iron and manganese above the stated limits is 

objectionable because they leave stains of oxide or hydroxide on laundry, sanitary 

articles, and plumbing fixtures. Iron concentration above 0.5 mg\l imparts an unpleasant 

taste. The presence of nitrate may indicate organic contamination in quantities exceeding 

45 mg\l. It is harmful for infants whose feeding formula includes these waters. Hard 

water is objectionable for domestic purposes because it needs a lot of soap forming 

lather. With respect to chlorides and total dissolved solids, the upper limits are governed 

more by the palate (taste) than by adverse physiological effects (Karanth, 1987). 

1.5 Physical properties of water: 

1.5.1 Odor, color and turbidity 

Odor can serve as a guide to gross pollution of water. For example, characteristic odors 

are associated with chlorination plants, untreated sewage and chemical industry effluents. 

Anaerobic conditions are also indicated by the smell of hydrogen sulphide, especially 

near boggy areas. It is not practicable to measure odor quantitatively but it is useful as an 

indicator of particular conditions. 

Color in water may be a true color due to dissolved material or an apparent color when 

suspended material is present. The latter is quite common in natural waters. In the case of 

drainage waters from peat or humus the brown color may be true or apparent. Similarly 

an orange color may be present in waters that have passed over iron – rich sediments or 

mine workings and some colors are associated with various industrial effluents. Color is 

measured visually against colored glass standard using a comparator or photometrically 

with spectrophotometer. 
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Turbidity may be used as an estimate of undissolved substances in the sample. It is 

generally measured by visual comparison with standards or photometrically, using a 

nephelometer or spectrophotometer (Stewart, 1989). 

1.5.2 pH of water: 

The technical definition of pH is that it is a measure of the activity of the hydrogen ion 

(H
+
) and is reported as the reciprocal of the logarithm of the hydrogen ion activity. 

Therefore, water with a pH of 7 has 10
-7

 moles per liter of hydrogen ion. The pH 

ecological significance is wide because the behavior of many ions and organic 

compounds can be related directly to it. It is measured using a pH selective ion electrode.  

The pH scale ranges from 0 -14.In general, water with a pH < 7 is considered acidic and 

corrosive. Therefore, the water could leach metal ions such as iron, manganese, copper, 

lead, and zinc from the aquifer, plumbing fixtures, and piping .This water with a low pH 

could contain elevated levels of toxic metals, cause premature damage to metal piping, 

and have associated aesthetic problems such as a metallic or sour taste. A water with a 

pH >7 is considered basic and hard. Hard water does not pose a health risk, but can cause 

aesthetic problems such as an alkali taste; deposit on dishes, utensils, and laundry basins; 

difficulty in getting soaps and detergents to foam, formation of insoluble precipitates on 

clothing; and decreases efficiency of electric water heaters. Water can be softened 

through the use of ion-exchange or the addition of a lime-soda ash mixture, but both 

processes increase the sodium content of the water
 
(Driscoll, 1986). 

The normal range for pH in surface water system is 6 to 7.5 and for ground water systems 

6.5 to 8.5. The pH of the water is not a measure of strength of the acidic or basic solution 

and alone does not provide a full picture of the characteristics or limitations with the 

water supply. 

1.5.3 Conductivity: 

Conductivity(C) is a property of water governed by the total ionic content. It is often 

measured because of its value in characterizing waters. It expresses in resistance of 1 cm 

cube of water to the passage of a current usually at 25 
o
C. The specific conductance is the 
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reciprocal of the resistance (1\R) in siemens (S) or more exactly C\R for a given cell 

expressed as Siemens per cm (S cm
-1

). The digital readout of modern conductivity meters 

is in C\R units recorded as microsiemens per cm (µS cm
-1

) for most fresh water but often 

millisiemens per cm (mS cm
-1

) for a brackish sample.  Conductivity measures the ability 

of water to conduct an electrical current and is directly related to the total dissolved salts 

(ions) in the water (Stewart, 1989). 

1.5.4 Dissolved oxygen:  

The solubility of air in water at temperature of 32
o
 F (0

o 
C) at atmospheric pressure is 

about 29 mg/l the oxygen portion represents 10 mg/l of it. The solubility of oxygen in 

water decreases at higher temperature and becomes almost 0 at the boiling point. On the 

other hand, more oxygen can be held in water at greater pressures. The oxygen content of 

ground water of depth greater than 100 ft is generally considered quite low. Water with 

dissolved oxygen corrodes metals more rapidly when the pH is low. However, water with 

some dissolved oxygen and relatively highly electrical conductance will be corrosive 

even though the pH may be 8 or more.  Susceptible metals to corrosion include, iron, 

steal galvanized iron, and brass; The rate of corrosion tends to increase directly with 

temperature, but the amount of oxygen in solution decreases with increasing temperature. 

Therefore, corrosion rate may not vary significantly unless the heated water is under 

pressure. 

It also removes zinc from brass alloys, leaving the metals porous and weakened. Iron 

oxide scale accumulates on the inner surfaces of iron pipes when iron put into the 

solution by low pH water combines with dissolved oxygen to form the insoluble oxide. 

An oxide film then deposits on the corroded surfaces. The scale occupies a larger volume 

than did the original metal and gradually the pipe filled with scale reduces its capacity. 

This is now more practicable, especially for oxygen. If field analysis cannot be carried 

out the samples should be kept in glass bottles after all the air has been excluded. 

Dissolved oxygen meter use a solid silver – lead electrode. This is now available from a 

number of manufactures and is most convenient technique in use (Stewart, 1989). 
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1.6 Chemical properties of water: 

1.6.1 Alkali metals (Na
+
 and K

+
) 

Sodium and potassium are alkaline metals commonly occurring in natural environment. 

In clean groundwater their contents rarely exceed the value of 100 mg/l (Na) and 90 mg/l 

(K). Na/K ratio in weakly mineralized water usually ranges from 0.2 - 0.9. The ratio 

increases along rising mineralization (Macioszczyk and Dobrzynski, 2002).  

Potassium is a prominent in primary alumina silicates held by secondary clay minerals 

which are the most relevant to plant-soil relationships of this element. Potassium is 

essential for life. It plays a major role in synthesis and respiration processes and even 

more importantly, regulates the hydration of tissues. Plants need potassium at 

macronutrient levels although it appears to have no structural function in animals or 

plants (Dobrzanski and Zawadzki, 1981).  

Sodium is present in certain silicate minerals but is largely absent from sedimentary 

rocks. Its not structural element in clay minerals and the level in non-saline soil are 

relatively low. Sodium is an essential nutrient, and adequate levels of sodium are required 

for good health. However, too much sodium is one risk factor for hypertension (high 

blood pressure).  The element contributes to the ionic balance cells and tissues and is 

essential for animal life. Sodium nitrate is a food additive that is used as a preservative.  

1.6.2 Alkaline earth metals (Ca
2+ 

and Mg
2+

) 

Water described as “hard” is high in dissolved minerals, specifically calcium and 

magnesium. Hard water is not a health risk, but a nuisance because of mineral buildup on 

fixtures and poor soap and /or detergent performance.  

As water moves through soil and rock, it dissolves very small amounts of minerals and 

holds them in solution. Calcium and magnesium dissolved in water are the two most 

common minerals that make water “hard”. 

The hardness of water will be reported in grains per gallon, milligrams per liter (mg/l) or 

part per million (ppm). One grain of hardness equals 17.1 mg/l or ppm of hardness, there 
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is no primary or secondary standard for water hardness. Water hardness is classified by 

the U.S. Department of Interior and the Water Quality Association as follows: 

Classification mg/l or ppm Grains/gal 

Soft 0 – 17.1 0 – 1 

Slightly hard 17.1 – 60 1 – 3.5 

Moderately hard 60 – 120 3.5 – 7.0 

Hard 120 – 180 7.0 – 10.5 

Very hard ≥ 180 ≥ 10.5 

1.6.3 Trace elements (Fe, Mn, Cu and Zn) 

Iron: 

Iron is an essential element in the metabolism of animals and plants. Although iron in 

drinking water is non-poisonous, if it is present in water in excessive amounts it forms 

red Fe-oxyhydroxide precipitates that stain laundry and plumbing fixtures. In the normal 

pH range of groundwater dissolved iron is present as Fe
+2

, since Fe
+3

 under these 

conditions is insoluble. The main sources of iron in groundwater are the dissolution of Fe 

bearing minerals. Igneous rocks whose iron content is relatively high include the 

pyroxene, the amphiboles, biotite and magnetite for the most part iron in these minerals is 

in the ferrous, Fe
+2

 oxidation state, but Ferric Fe
+3

 may also be present, as in magnetite, 

(Fe3O4). Iron is an essential minor nutrient for organisms. It is involved in chlorophyll 

synthesis, oxidation-reduction in respiration processes and is aconstituent in certain 

enzymes and proteins (Fifield and Hanies, 1995).    

Manganese: 

Manganese is not essential constituent of any of the more common silicate rock minerals, 

but it can substitute for iron, magnesium, or calcium in silicate structures. Manganese has 

three possible valance states in weathering environments (+2, +3, and +4). The +3 

species are unstable in that it may disproportionate. That is, two Mn
+3

 ions may interact 
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spontaneously to produce Mn
+2

 and Mn
+4

 ions, and these products are more stable than 

the original Mn
+3

 species. Many igneous rocks and metamorphic minerals contain 

divalent manganese as a minor constituent. Small amounts commonly are present in 

dolomite and limestone, substituting for calcium. Manganese is an essential element in 

plant metabolism, and it is to be expected that organic circulation of manganese can 

influence its occurrence in natural water (Karin et al., 2007). 

Copper: 

 Modern industrial civilization uses copper extensively, and many of these uses result in 

its dispersal in the environment. Copper is an essential element in plant and animal 

metabolism. Copper may occur in solution in either Cu
+2

or Cu
+ 

oxidation state. The redox 

condition and the tendency of Cu
+
 ions to disproportionate favor the more oxidized form 

(Mance et al., 1984). 

Zinc: 

Zinc is essential in the metabolism in plants and Zinc is widely used in metallurgy, 

principally as a constituent of brass and bronze, or for galvanizing, in which it is 

deposited as a coating to inhibit corrosion of steel. Zinc is also used extensively as a 

white pigment (zinc oxide) in paint and rubbers. These applications tend to disperse the 

element widely in the environment, and its availability for solution in water has been 

greatly enhanced by moden industrial civilization (Mance et al., 1984). 

1.6.4 Chloride  

Chloride is a conservative tracer because it is not transformed by chemical or biological 

processes. In addition, it has been observed that movement of negative ions such as 

chloride through clay liners can occur, whereas positive ions such as ammonium will be 

retained in the clays due to adsorption onto the clays. The relation between NO3 and Cl of 

groundwater indicates a significant correlation corresponding to an anthropogenic 

pollution. 
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1.6.5 Nitrate and nitrite 

Nitrate is an organic compound that occurs under variety of conditions in the 

environment, both naturally and synthetically. Nitrate is composed of one atom of 

nitrogen (N) and three atoms of oxygen (O); the chemical symbol for nitrate is (NO3
-
). 

Nitrite (NO2
-
) can be formed from nitrate by chemical process called reduction. Nitrate 

does not normally cause health problems unless it is reduced to nitrite. 

1.6.5.1 Sources of nitrate in groundwater 

Nitrogen is essential for all living organisms as it is a component of protein. It is the plant 

nutrient most limiting for crop production. Since early times, people have sought to add 

nitrogen to crops by using animal manure, human wastes, legumes or fertilizers. A few 

nitrogen fertilizers are in nitrate form, but more commonly fertilizers are in the 

ammonium form, initially. 

Nitrate is soluble in water and easily moves with water through the soil profile. 

Ammonium is soluble in water, but is tightly adsorbed on exchange sites in the soil. 

Ammonium nitrogen, regardless of initial source, is rapidly converted to nitrate by soil 

bacteria at soil temperatures above 50 F. When nitrogen is added to the soil, either from 

organic or inorganic sources, it becomes a part of the nitrogen cycle. 

Nitrogen exists in the environment in many forms and changes forms as it moves through 

the nitrogen cycle. This cycle operates in both natural and cropland ecosystems. In most 

natural ecosystems, nitrogen is usually in short supply and nitrogen cycling is efficient, 

with low losses. In some ecosystems, however, nitrogen is abundant and loss potential 

high, explaining why groundwater under some natural ecosystems can be high in nitrate. 

In cropland agriculture, especially with irrigated land, greater nitrogen inputs are used for 

higher crop yields, efficiencies of nitrogen use are lower, and the potential for nitrogen 

losses to groundwater is greater.  

The air contains more than 78% nitrogen gas (N2) and accumulates in soil during the 

process of soil formation. Once these soils are tilled to grow crops, organic matter content 

begins to decrease. As organic matter is oxidized, nitrogen is released primarily as nitrate. 
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Also the bacteria can convert various forms of nitrogen to nitrate. Nitrogen is lost from 

the system by leaching, denitrification, volatilization, and immobilization. If not used by 

the growing crop, it is subject to leaching to groundwater (Almasri and Jagath, 2007). 

From the standpoint of groundwater quality, leaching is the only concern. Other loss 

mechanisms contribute to low nitrogen efficiencies, but not directly to groundwater 

contamination; due to its high mobility nitrate will be leached and readily moves with 

water through the soil profile below the plant's root zone and may eventually reach 

ground water. Leaching is the downward movement of water with nitrate through the 

soil. The potential for nitrate leaching varies with soil type and rainfall or irrigation. 

Sandy soils under high rainfall or irrigation have high leaching potential. Because the 

downward movement of nitrate through soils was occurring before the presence of 

humans, it is unrealistic to expect to stop or eliminate this movement (Lamond et al, 

1999). 

Although nitrate occurs naturally in groundwater, in most cases higher levels are thought 

to result from human activities. High levels of nitrate in well water often result from 

improper well construction, well location, overuse of chemical fertilizers, or improper 

disposal of human and animal waste. 

Nitrate – nitrogen (NO3- N) in groundwater may result from point sources such as sewage 

disposal systems and septic systems because they remove only half of the nitrogen in 

waste water, leaving the remaining half to percolate to ground water and livestock 

facilities that the operation contribute to excess soil nitrates. Non – point sources such as 

fertilizer nitrogen that is not taken up by plants, volatilized, or carried away by surface 

runoff leaches to the ground water in the form of nitrate and naturally occurring source of 

nitrogen. 
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1.6.5.2 Nitrogen -15 isotope (
15

N) 

The stable isotopes of nitrogen, 
15

N and 
14

N, are often distinguishing sources of nitrogen 

contamination because these sources have distinguishable isotopic signature. Three main 

causes for an excess of nitrate in the groundwater are: 

(1) Concentrated disposal of sewage and animal wastes with δ
15

N (NO3) values greater 

than +10 ‰, 

(2) Addition of nitrogenous fertilizers which have δ
15

N (NO3) values varying between -4 

and +4 ‰, and 

(3) Mineralization of soil organic nitrogen with δ
15

N (NO3) values ranging from +4 to +9 

‰ (Clark et al, 1997). 

Values of δ
15

N that range from negative values up to +8‰ generally indicate sources 

from atmospheric nitrogen (rain), fertilizer, or soil organic nitrogen. Rainwater has very 

low nitrogen content as nitrate (NO3-N) or ammonium (NH4-N). Fertilizer and soil 

organic nitrogen samples are frequently above 2 mg/l NO3-N, which is considered a 

“background level” of pristine areas that are not affected by human activities. Another 

possibility for an enriched value (greater than +10‰) is called denitrification. This occurs 

when bacteria breaks down the NO3-N to nitrogen gas. This process usually results in 

NO3-N concentration of below 1 mg/l as well as a high δ
15

N value (greater than +10‰). 

1.6.5. 3 Health concern for nitrate 

Protection of groundwater from nitrate contamination is an often overlooked health 

concern. Nitrate and nitrite can have both immediate and long-term health effects. The 

immediate health concern is the reduction (conversion) of nitrate to nitrite in the digestive 

tract by nitrate reducing bacteria. Nitrite is readily absorbed into the blood; where it 

oxidizes iron in the hemoglobin of the red blood cells that carries oxygen. It forms 

methemoglobin, which lacks oxygen carrying ability of hemoglobin. The reduced oxygen 

supply to the body tissues produces physical stress and causes an acute condition in 

which health deteriorates rapidly over a period of day including shortness of breath, 

blueness of the skin around eyes and mouth, vomiting and diarrhea. This condition is 
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called methemoglobinemia, or blue baby syndrome, especially for infants and pregnant 

women (Kross, 2002). 

Infants, human and animal, are the most susceptible to nitrate poisoning because bacteria 

that convert nitrate to nitrite are abundant in their digestive systems. By the time a child 

is 6-months old, the digestive system produces acid that prevents nitrate reducing-

bacteria from thriving and the risk is greatly reduced. Animals respond similarly, but the 

digestive tract may mature more quickly. Ruminant animals, (such as sheep, cattle, and 

goats) have a somewhat different digestive system that allows nitrate-reducing bacteria to 

thrive in adults. Horses have a large mecum where this bacterium also thrives. Thus, 

adult cattle, sheep, goats and horses are more susceptible to nitrate poisoning than people 

or other animals. 

When nitrate is ingested in water and food and not converted to nitrite, it is absorbed and 

excreted in the urine. Healthy people can consume much higher concentrations than the 

nitrate standard or maximum contaminant level (MCL) with little short-term effect. The 

MCL is 10 ppm or 10 mg/l nitrate-nitrogen. The long-term effect occurs when nitrate is 

more than twice the MCL can produce a few percent methemoglobins. Effects on 

livestock can include reduced conception rates, spontaneous abortions, and reduced rate 

of gain. Generally, poor performance in dairy cows including reduced milk production. 

Pregnant women those with health infirmities and pregnant or breeding animals should be 

protected from high nitrate sources. When nitrite is present in water, it is readily absorbed 

and attached to hemoglobin acting directly. In addition to acute methemoglobinemia, 

other health effects including cancer (weyer, 2001), disruption of thyroid function, birth 

defects, developmental disorders in animals and developmental disorders in children are 

under current study with respect to their relationship to nitrate exposures in drinking 

water. Also an inverse relationship was established between the volume of the thyroid 

and serum thyroid stimulating hormone (TSH) levels (Johannes et al., 1994). 
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1.6.5.4 Methods for removing nitrate from drinking water  

It is possible to correct a high nitrate problem once it exists, but it can be time-consuming 

and expensive. Cleanup costing several times as much as protection points out the 

importance of careful management to protect groundwater quality. The best option is to 

avoid excess nitrate in the soil by profile nitrogen testing and accounting for all nitrogen 

sources. 

There are three methods for removing nitrate from drinking water: distillation, reverse 

osmosis and anion exchange. These processes vary greatly in cost, reliability and 

operation requirements. Anion exchange operates similarly to ion exchange water 

softening. Negatively charged sulfate and nitrate ions are exchanged for chloride, and the 

exchange media is recharged by a high concentration of chloride in salt brine. Anion 

exchange has lower operating cost than other methods and is well suited for large 

quantities of water with low sulfate. With high sulfate water nitrate selective exchange 

media is essential. When iron levels are elevated, treatment to reduce iron may be 

required to prevent fouling of the exchange media. When deciding whether to use anion 

exchange for nitrate removal, the environmental consequences of the salt must be 

considered. Salt, sodium and chloride, added to the environment may leach to 

groundwater and reach wells (Rocca et al., 2007). 

Choosing a treatment option depends on quality and quantity of water to be treated, 

nitrate content, initial water quality, initial cost, operating cost, required management, 

and environmental impact. Distillation is favorable for small quantities of water (less than 

one gallon per day); reverse osmosis is more favorable for large quantities of water (more 

than 1,000 gallons per day) and high-sulfate water. The best long term solution is to drill 

a new well.  

1.6.5. 5 Importance of ground water testing 

 Testing is the only way to detect nitrate because it is tasteless, odorless, and colorless. A 

nitrate and bacteria test is recommended at least annually for drinking water supplies for 

human and livestock use.  If nitrate is suspected in drinking water or if water supplies are 



 16 

susceptible to nitrate contamination, multiple sampling and testing annually are essential 

to ensure safe water. 

1.7 Objectives:  

Future development in Sudan depends to a large extent, on the availability of adequate 

water supplies. This is especially true to areas that lie near the River Nile and its 

tributaries (Central Sudan) where surface water supply is readily available but other areas 

away from the Nile system depend heavily on groundwater, both for domestic and 

irrigation purposes. 

This has become quite apparent in Sudan and several other sub-saharan countries. 

Therefore, the assessment, development and management of groundwater resources in 

these arid and semi-arid regions become a necessity of the highest priority. Therefore, the 

current study aimed at: 

 investigating and assessing physical properties and chemical contamination of shallow 

and ground water from Bara basin (North Kordofan State) 

 obtaining a better understanding of factors contributing to the distributing of NO3 in 

groundwater 

 detecting possible NO3
-
 sources affecting groundwater using 

15
N signature 
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Chapter Two 

Literature Review 

In this study the literature review falls under four categories including risk assessment 

articles, articles on sources of nitrate, nitrate testing methods and cleanup papers. 

 Risk assessment articles: 

Capri et al., (2009) have conducted a study on assessment of groundwater contamination 

risk by nitrates. The geochemistry of ground waters from the four test-sites was studied to 

determine the distribution of nitrate, and to evaluate groundwater chemical faces. The 

method integrates two categories of parameters: the hazard factors (HF), which represent 

all farming activities that cause, or might cause, an impact on soil quality in terms of 

nitrate (use of fertilizers, application of livestock and poultry manure, food industry 

wastewater and urban sludge), and the control factors (CF) which adapt the hazard factors 

to the characteristics of the site (geographical location, climatic conditions and agronomic 

practices). All the study areas were found affected by groundwater nitrate contamination 

and often by hydrogeochemical peculiarities. In some cases isotopic study, δ
18

O–NO3 

δ
15

N–NO3, allowed to differentiate nitrates of chemical fertilizers from those of 

biological origin, as well as denitrification processes. 

Aiguo Liu et al. (2005) analyzed nitrate–N (NO3
−
–N) concentrations in random water 

samples in Alabama, USA, the Data collected included land use, well depth, septic tank 

use and distance from the well and also livestock and cropping activities around wells. 

36% of samples showed nitrate–N concentration of higher than 1.0 mg/l, indicating the 

possible influence of anthropogenic activities. About 1.7% of samples had a nitrate–N 

concentration of higher than 10 mg/l. Results indicated that nitrate contamination in 

groundwater was relatively low and stable in Alabama. Logistic regression analysis 

indicated that well depth, pH, and cropping activity were factors of statistical significance 

in influencing nitrate–N concentration in these wells. Factors such as septic tank use and 

livestock activities did not show a close link to nitrate–N concentration in wells tested. 
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Fuest et al. (1998) monitored data from over 10 000 shallow drinking water wells in the 

county of Osnabrück (2121 km2) were used for generating regionalized time-averaged 

maps of top aquifer contamination. Using these approach local impacts can be 

distinguished from wide spread contamination with agrochemicals (nitrate, pesticides). 

Spatial databases of land-use patterns, livestock figures, soil and meteorological data 

were stored in a Geographical Information System. They were overlaid with regionalized 

aquifer contamination to facilitate the hazard mapping of top aquifer contamination. In 

addition Insaf et al., (2004) employed the Geographical Information System (GIS) 

technology to investigate nitrate contamination of groundwater by agrochemical 

fertilizers in central Japan. Thematic information and chemical data of groundwater from 

the heights were analyzed in a GIS environment to study the extent and variation of 

nitrate contamination and to establish spatial relationships with responsible land use 

types. The high and correlated concentrations of Ca
2+

, Mg
2+

, SO4
2−

, and NO3
−
 reflected 

the polluted nature of the unconfined highly permeable aquifer. 95% of the water samples 

showed nitrate concentrations above the human affected value (3 mg/l NO3
−
), while more 

than 30% have exceeded the maximum acceptable level (44 mg/l NO3
−
) according to 

Japan regulations. The spatial analyses indicated that groundwater contamination by 

nitrate was closely associated with vegetable fields. The nitrate concentration of 

groundwater under vegetable fields was significantly higher than that under urban land or 

paddy fields. Most of the unacceptable nitrate levels were encountered in boreholes 

assigned to “vegetable fields” but a few were also found in boreholes allotted to “urban” 

class. Therefore, the authors concluded that vegetable fields were considered the 

principal source of nitrate contamination of groundwater in the aquifer. Similarly, Costa 

(2002) found the same results in a rural setting Argentina, where potential contaminant 

sources include inorganic fertilizer. Nitrate–N concentrations, greater than accepted level 

for safe drinking-water of 10 mg/l were present in 36% of sampled wells and 67% had 

nitrate concentrations exceeding the background level of 5 mg/l. Temporal fluctuation of 

nitrate concentrations in the groundwater was attributed to seasonal fluctuations in 

recharges and plant growth. Nitrate concentration was measured in deep soil profiles to 

determine the extent of leaching. Nitrate accumulation in the unsaturated zone of a soil 
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cropped with potatoes was three times higher than the baseline nitrogen concentration 

found in the pasture. The greatest nitrate concentration in the soil profile occurred under 

irrigated corn where excessive nitrogen was applied. These results show that high 

fertilization rates and irrigation lead to increased hazards of groundwater pollution. 

Johannes et al. (1994) studied the effect of nitrate contamination of drinking water on 

volume and function of the thyroid in human populations exposed to different nitrate 

levels in their drinking water. Two sets of low and medium (tap) water, respectively 

medium and high (well) water nitrate exposure groups were compared. Drinking of 

nitrate-contaminated water was dose dependently related with 24-h urinary nitrate 

excretion and salivary nitrate levels. No iodine deficiency was observed in any of the 

nitrate exposure groups. A dose-dependent difference in the volume of the thyroid was 

observed between low and medium vs. high nitrate exposure groups, showing 

development of hypertrophy at nitrate levels exceeding 50 mg/l. An inverse relationship 

was established between the volume of the thyroid and serum thyroid stimulating 

hormone (TSH) levels. 

Scanlon (1990) Groundwater contamination was examined in central Kentucky where 

potential contaminant sources include soil-organic matter, organic and inorganic 

fertilizer, and septic-tank effluent. Data on nitrate concentrations and indicator bacteria in 

water from wells and springs were compared with physical and chemical attributes of the 

groundwater system. Bacterial densities greater than the recommended limit were found 

in all springs and approximately half of the wells, whereas nitrate concentrations >45 

mg/l were restricted to 20% of the springs and 10% of the wells.  

Groundwater contamination is related to the distribution of chemical water types in the 

study area. All Ca subtype water was contaminated with nitrate and bacteria. Temporal 

fluctuations in nitrate concentrations of Ca subtype water are attributed to seasonal 

fluctuations in recharge and in plant growth. Ca-Mg water subtype, and Na-HCO3 and 

Na-Cl water types were generally not contaminated, and associated with longer residence 

times and reducing conditions, which allow bacterial die-off and denitrification, 

respectively. This relationship between chemical water types and contaminant 
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concentrations is important for groundwater monitoring programs and the siting of waste-

disposal facilities. 

Power and Schepers (1989) reviewed the problem of controlling nitrate pollution of 

groundwater in North America. Nitrates in groundwater originate from a number of non-

point sources, including geological origins, septic tanks, improper use of animal manures, 

cultivation precipitation, and fertilizers. Accumulation of nitrate in groundwater was 

probably attributed to different sources for different regions. Major areas of nitrate 

pollution often occur under irrigation because leaching was required to control salt 

accumulation in the root zone. Use of known best management practices (irrigation 

scheduling; fertilization based on calibrated soil tests; conservation tillage; acceptable 

cropping practices; recommended manure rates) has been demonstrated to be highly 

effective in controlling leaching of nitrates. 

Papers on nitrate sources: 

Adelman and Tabidian (1996) investigated the potential impact of soil carbon content on 

ground water nitrate contamination. A root-zone nitrate leaching revealed that soils with 

a high carbon concentration had minimal leaching compared to soils with lower 

concentrations. Soils high in carbon have an active population of denitrifying bacteria 

possibly causing denitrification and in turn reduction of nitrate leaching. Denitrifying 

bacteria are principally heterotrophic using soil organic carbon for both an energy and 

carbon source.  

In the semi-arid zone of Niger, more than 10% of the deep wells exploiting the fracture 

network of the Precambrian aquifer are contaminated by nitrates. In order to identify the 

sources of this pollution, Pierre and Claude (1997) monitored nitrate and 
15

N contents in 

the polluted wells over a 20-month period. The isotopic compositions of nitrate in 

polluted waters were more than +12% and in rare cases exceeded +17%. Latrines were 

found to be the major nitrate source for wells showing δ
15

N values above +15%. In some 

cases, the soil accounted for up to 85% of the groundwater nitrate load. This mode of 

groundwater pollution was thought to be a consequence of deforestation. Fertilizers 

which were used in rice paddies close to the contaminated areas do not appear to be a 
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significant source of nitrate contamination. The study concluded that intensive cutting of 

the forest to meet   wood demand threatening the local water supply. 

Aggarwal et al. (1998) have established a method for the analysis of N isotopes in New 

Zealand to see if nitrate isotopes could be used to detect the source of nitrate 

contamination (groundwater nitrate <0.5 to 11.3 mg/l NO3
-
-N). Nitrogen isotope (+4 to 

+12%o) coupled with oxygen isotope measurements (+5 to +9%o) demonstrated that the 

nitrogen is not sourced from fertilizers but from some combination of septic tank and 

animal waste. 

Buzek et al. (1998) monitored both shallow and deep water resources in contaminated by 

infiltrating nitrate due to increasing agricultural activity in Czech Republic. Flow 

dynamics, chemical and isotopic composition (δ
18

O in water and δ
 15

N in nitrate) were 

monitored in the spring to specify the sources of nitrate pollution and collect sufficient 

data for the prediction of possible future development. The data were modeled by a 

simple mixing cell model to specify system parameters (volume and mean residence 

time) to calculate the spring nitrogen content in the future. Sources of nitrate pollution 

were identified from δ
 15

N in soil solutes at sites with different agronomic records 

(sequential use of organic and inorganic fertilizers).  According to an average nitrate 

content of 8 mg/l and δ
15

N -6%o spring discharge nitrate is formed from an atmospheric 

source and two groundwater components with nitrate content from 50 to 60 mg/l and 

δ
15

N values from 2 to 7%o. 

Vasu et al. (1998) determined the effect of the sewage stabilization pond on the quality of 

water in the open dug wells that situated in and around the stabilization pond. Although, 

heavy rainfall in the region of the study showed that domestic wells are becoming 

increasingly polluted with nitrate.  The level of nitrate in the observation wells was found 

to be varying widely during different seasons. The problem of nitrate was found more 

pronounced in summer.  

Tandia et al. (1998) investigated hand pumped wells and dug wells in different areas in 

Senegal. A high concentration of nitrate has been identified and it was above the WHO 

allowable concentration of 50 mg/l. In the unconfined part of the aquifer, all the samples 
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from wells are contaminated by high NO3 contents which ranged from 100 mg/l to 250 

mg/l. Only a limited area was affected by NO3 pollution in the confined layer. The 

relation of Cl Vs NO3 showed a significant correlation in the unsaturated zone indicates 

an anthropogenic pollution, a fact which indicates the increasing risk of pollution of 

potable water resources. Studies in the unsaturated zone and familiarity with the 

sanitation practices in the area indicated that the horizontal and vertical flux were linked 

mainly to the defective septic tanks and direct organic waste elimination into the soil by 

more than 40% of the inhabitants. The mechanisms of contamination are mainly the soil 

washing and nitrate injection from latrines. On the contrary Paul F. Hudak (1999) 

compiled nitrate and chloride concentrations for 53 water wells in central Texas. They 

observed from four wells exceeded the primary drinking water standard of 44.27 mg/l for 

nitrate, and two wells surpassed the secondary standard of 250 mg/l for chloride. Rank 

correlations between nitrate and well depth were statistically significant, consistent with 

nitrate contamination originating at the land surface. However, no significant correlation 

was observed between nitrate and chloride, nor between chloride and well depth. A low 

recharge rate may contribute to the absence of pervasive nitrate contamination in the 

aquifer and the potential sources of contamination from fertilizer and animal waste in the 

studyarea.        

Donoso et al. (1999) investigated the effects of agricultural activities on water pollution 

with nitrates and pesticides in central Chile, and have identified the associated 

environmental impacts and their relationship with the predominant agricultural practices 

and climatic characteristics. They found that ground water contamination with nitrate due 

to agricultural diffuse pollution was evident.  

Roadcap et al. (2001) presented a study focused on identifying the sources of nitrate 

found in the aquifers of Illinois. They observed high nitrate concentration in the wells 

before it reached the distinct denitrification zone between 38 feet and 44.5 feet. There 

was a linear relationship of increasing *
18

O values versus increasing *
15

N values with a 

slope of 0.5, indicating the enrichment for *
15

N relative to *
18

O is equal to 2 during 

denitrification. This discrepancy was due to variable inputs of nitrate over time, changes 
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in water level and recharge to the aquifer, and observing only a snap shot of a dynamic 

chemical system. 

Wastewater irrigation in China has resulted in groundwater contamination with nitrate to 

a depth of about 100 m with an average concentration of 40 mg NO3/l. Jianyao et al. 

(2006) used 
18

O, 
2
H and 

15
N to identify the source of nitrate contamination of 

groundwater in a wastewater irrigated fields. Although different in composition, 

wastewater and old groundwater were found to be well mixed based on the linearity of 

δ
18

O and Cl
-
 concentration. Wastewater has relatively high chloride, but has no detectable 

nitrate. Dominance of δ
15

N in the range of 7–11% AIR (referred to atmospheric N2 

standard) confirmed that the nitrate present in contaminated groundwater originates from 

the wastewater. Nitrate was then used as a tracer to estimate roughly groundwater 

movement rates, yielding a vertical rate of 2.0–2.5 m/y and a horizontal rate of 41.8–62.5 

m/y. Denitrification could occur in a zone 2 km from the wastewater canal, in which the 

fraction contributed from wastewater was calculated to be 76%. Health concerns were 

raised regarding wastewater irrigation, which was a common practice in the suburbs of 

principal cities of China, especially in arid and semi-arid regions. 

Kellman and Hillaire (2003) have determined the relative contributions of nitrate 

contamination in agricultural watersheds characterized by applications of both mineral 

and animal waste nitrogen to fields. The use of nitrate–nitrogen (NO3
−
 – N) stable 

isotopes to identify contaminant sources was examined in surface waters of an 

agricultural watershed to investigate whether NO3
−
– δ

15
N fractionation processes obscure 

source signatures. Sampling within the watershed was designed to monitor NO3
−
 

concentrations and δ
15

N temporal trends at a series of locations that allowed evaluation of 

water flowing in watershed streams and entering these streams via different hydrological 

pathways. These data demonstrated that NO3
−
– δ

15
N values often exceeded the maximum 

δ
15

N source of approximately +12.5‰ that was associated with hog manure in the 

watershed. The δ
15

N values and NO3
−
 concentrations during such periods were consistent 

with a pattern of denitrification between precipitation events within the watershed, with 

values repeatedly exceeding +15‰ in tile drain and stream samples during extended 
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periods with little rainfall. Tile drain NO3
−
 concentrations were consistently elevated (4–

38 mg/l N) relative to streamside soil and shallow groundwater exiting the same field 

(0.013–0.812 mg/l N). These data suggested that NO3
−
–N stable isotopes cannot be used 

as contaminant source indicators in the surface waters of this watershed between 

precipitation events, and that further evaluation of their use during storm events was 

required.                                                                                     

Nitrate testing papers 

The analysis of nitric oxide-derived nitrite and nitrate ions in biological fluids represents 

a proven strategy for determining nitric oxide participation in diverse ranges of 

physiological and pathophysiological processes in vivo. Steven et al. (1995) described a 

versatile method for the simultaneous measurement of NO2
−
 and NO3

−
 anions in both 

plasma and isolated tumor models based on anion-exchange chromatography with 

spectrophotometric detection (214 nm). This method compares well with the capillary 

electrophoresis technique, exhibiting an equivalent sensitivity for NO2
−
/NO3

−
 anions and 

short run-times, i.e. not greater than 4 min. Comparisons were also made with two 

alternative but less satisfactory methods which employ ion-exchange or reversed-phase 

ion-pair chromatography with conductimetric as well as spectrophotometric detection. 

Technical problems associated with each method, particularly those arising from nitrate 

contamination, have been addressed. 

Almasri and Jagath (2005) presented a methodology incorporating an integrated physical 

modeling framework accounting for on-ground nitrogen loading and losses, soil nitrogen 

dynamics, and fate and transport of nitrate in ground water to compute the sustainable on-

ground nitrogen loading such that the maximum contaminant level is not violated. A 

number of protection alternatives to stipulate the predicted sustainable on-ground 

nitrogen loading were evaluated using the decision analysis that employed the importance 

order of criteria approach for ranking and selection of the protection alternatives. The 

methodology was successfully demonstrated for the Sumas–Blaine aquifer in Washington 

State. The results showed the importance of using this integrated approach which predicts 

the sustainable on-ground nitrogen loadings and provides an insight into the economic 
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consequences generated in satisfying the environmental constraints. The results also 

showed that the proposed decision analysis framework, within certain limitations, was 

effective when selecting alternatives with competing demands. 

Nitrate clean-up papers 

Nitrate pollution in water environment is a common quality problem; it’s a timely issue to 

control and clean up the nitrate contamination in water so as to improve our quality of 

life. Based on studies on the nitrate pollution in groundwater system these papers 

presented methods for eliminating nitrate in groundwater. 

Michal et al. (1996a) studied microbial removal of nitrate from drinking water using 

cotton as energy source. Laboratory columns were packed with unprocessed short fiber 

cotton which served as the sole chemical and physical substrate for the microbial 

population. Removal of nitrate was rapidly achieved without the formation of nitrite. 

Cotton (cellulose)-dependent denitrification was affected by changes in temperature: 

denitrification rates at 14°C were approximately half of the rates observed at 30°C. The 

cotton was entirely consumed in the process. In a fresh reactor, colonization of substrate 

by bacteria appears to be the rate limiting factor in the removal of nitrate. Similarly, in 

other study Michal et al. (1996b) used shredded newspapers for microbial denitrification 

of drinking water. Complete removal of nitrate (100 mg\l) was readily achieved, without 

accumulation of nitrite. The treated water contained low dissolved organic carbon (4–10 

mg\l). The cellulose-dependent denitrification process was sensitive to changes in 

temperature: nitrate removal rates at 14°C were approximately one third of the rates 

observed at 32°C. Pretreatment of newspaper with diluted NaOH or diluted HCl, or by 

autoclave did not improve the efficiency of the process. A time-dependent decay in 

denitrification rate was noticeable after several months of operation. The reasons for this 

phenomenon, which may be due to weakened adhesion of the bacteria to the substrate, 

are under investigation. 

Kesore et al. (1997) considered a new and highly effective process for selective 

elimination of nitrates from drinking water through electrodialysis. It is based on coupled 

use of a modified anion exchange membrane with a nitrate-selective anion exchange 
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resin. The latter was placed in the desalination compartment and constituted a part of a 

new type of ion-conducting inter membrane spacer. A highly preferential transport of 

nitrate anions against chlorides and sulphates was observed to take place at low current 

densities. The results obtained proved that electrodialysis was a practical solution to the 

problem of selective elimination of nitrates from drinking water. 

Gabriele& Siglinda (2003) studied the role of catalysis in water remediation of 

contaminated ground and underground water with reference to two specific examples of 

catalytic water remediation technologies: (i) the elimination of nitrate and pesticides from 

water contaminated as a result of agricultural practices and (ii) the conversion of methyl 

tert-butyl ether (MTBE) in contaminated underground water. Using a Pd-Cu-based 

catalytic membrane, a reaction temperature below 15 °C, a mixed 4:1 CO2:H2 feed and 

controlling bulk solution pH by HCl addition, it was possible to obtain a nitrate 

conversion higher than 80% even with ammonium ion formation below 0.5 ppm, i.e. the 

maximum concentration allowed to meet the requirements for drinking water quality. In 

MTBE conversion in contaminated underground water, acid zeolites with suitable pore 

structures (channel structure and pore openings) such as H-ZSM-5 and H-BEA can be 

used as catalytic permeable reactive barriers for in situ remediation. These zeolites not 

only act as adsorbents for both MTBE and its reaction products, but also effectively 

catalyze the hydrolysis of MTBE to t-butyl alcohol (TBA) and methanol (MeOH) which 

then can be rapidly biodegraded by indigenous microorganisms. 

Mohamed et al. (2003) investigated control and reduction of nitrate contamination with 

regards to the long residence time of groundwater within aquifers by denitrification. 

Chemical analyses for the determination of major constituents of groundwater and δ
15

N 

of residual nitrate were performed on representative groundwater samples in order to 

fulfill two main objectives. One was to investigate the current situation of nitrate 

groundwater pollution. The second objective was to determine whether the denitrification 

was a potential natural mechanism. Agricultural nitrate contamination of groundwater 

was obvious from characteristically high concentrations of Ca
2+

, Mg
2+

, NO3
−
 and SO4

2−
. 

High nitrate concentrations were found in association with vegetable cultivation fields, 
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and decreased gradually along the direction of groundwater flow. The decrease of nitrate 

concentration was conveniently coupled with increase of HCO3
−
 (the heterotrophic 

denitrification product), pH and δ
15

N of residual nitrate (due to isotopic fractionation) 

from east to west. Therefore, denitrification in situ was continuously removing nitrate 

from the kakamigahara ground water system.                                                                

Nitrate removal by hydrogen-coupled denitrification was examined by Richard et al 

(2005) using flows-through, packed-bed bioreactors to develop a small-scale, cost 

effective system for treating nitrate-contaminated drinking-water supplies. Complete 

removal of 2 mM nitrate was achieved for more than 300 days of operation at a 2-h 

retention time. A low-cost hydrogen generator/bioreactor system was then constructed 

from readily available materials as a water treatment approach using the Rhodocyclus 

strain. After initial tests with the growth medium, the constructed system was tested using 

nitrate-amended drinking water obtained from fractured granite and sandstone aquifers, 

with moderate and low TDS loads, respectively. Incomplete nitrate removal was evident 

in both water types, with high-nitrite concentrations in the bioreactor output, due to a pH 

increase, which inhibited nitrite reduction. This was rectified by including carbon dioxide 

in the hydrogen stream. Additionally, complete nitrate removal was accomplished with 

wastewater-impacted surface water, with a concurrent decrease in dissolved organic 

carbon. The results of this study using three chemically distinct water supplies 

demonstrated that hydrogen-coupled denitrification can serve as the basis for small-scale 

remediation.  

Kyoung et al. (2009) performed hydrochemical and multivariate statistical interpretations 

of 16 physicochemical parameters of 45 groundwater samples from a riverside alluvial 

aquifer underneath an agricultural area in central Korea, to understand the spatial controls 

of nitrate concentrations in terms of biogeochemical processes occurring near oxbow 

lakes within a fluvial plain. Nitrate concentrations in groundwater showed a large 

variability from 0.1 to 190.6 mg/l (mean = 35.0 mg/l) with significantly lower values near 

oxbow lakes. The evaluation of hydrochemical data indicated that the groundwater 

chemistry (especially, degree of nitrate contamination) is mainly controlled by two 

competing processes: agricultural contamination and redox processes. In addition, results 
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of factorial kriging, consisting of two steps (i.e., co-regionalization and factor analysis), 

reliably showed a spatial control of the concentrations of nitrate and other redox-sensitive 

species; in particular, significant denitrification was observed restrictedly near oxbow 

lakes. The results of this study indicated that sub-oxic conditions in an alluvial 

groundwater system were developed geologically and geochemically in and near oxbow 

lakes, which can effectively enhance the natural attenuation of nitrate before the 

groundwater discharges to nearby streams. This study also demonstrated the usefulness of 

multivariate statistical analysis in groundwater study as a supplementary tool for 

interpretation of complex hydrochemical datasets. 

Over view  

From the above reviewed studies it clear that most of the researcher explain nitrate 

pollution sources prefer using isotopes and hydro-chemical techniques in shallow and 

groundwater. Further work was done to ensure that the techniques are robust enough to 

produce data of sufficient precision and accuracy. They were noted that the main source 

of nitrate is the use of N-fertilizers rates, which increased greatly recent times. Most 

studies affirmed that the percentage of groundwater pollution under cultivated fields were 

three times higher than the baseline N concentration found in the pasture. While the 

process of irrigation lead to increased hazards of groundwater pollution where nitrate 

accumulation in the unsaturated zone of a soil into the ground until it reaches the 

groundwater and even more so that irrigation with wastewater also have great impact in 

groundwater pollution. However, some studies have reported that a soil with a high 

carbon concentration reduces the access of these pollutants into the groundwater. These 

soils have an active population of bacteria possibly causing denitrification and reduction 

of nitrate leaching. For controlling nitrate levels recent study attributed that cotton and 

newspaper can be used easily realized for microbial denitrification, catalysis or by 

hydrogen-coupled denitrification of nitrate from drinking water as energy source. 

 Most study showed that domestic wells are increasingly polluted with nitrate injection 

from latrines. The level of nitrate was found to be varying widely during different 

seasons special in summer when the level of nitrate is observed to be high because the 
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water shortage in dry seasons also varying with the depth of groundwater at down 

gradient zone.  
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Chapter Three 

Experimental Techniques 

3.1 Introduction 

For the purpose of accomplishment of the stated objectives of this study, a number of 

analytical techniques have been used. Atomic Absorption Spectroscopy (Perkin Elmer, 

Model GBC 932, USA, 1996) was used for the quantification of elements namely iron, 

zinc, manganese and copper. Spectrophotometer (Hach D.R.4000Comlab) was used for 

measuring nitrate, nitrite and ammonia concentration, which rely on cadmium reduction 

method and it is capable to read up to 30 mg\l. Flame photometer (Model 410) has been 

employed for analysis of sodium, potassium, lithium, and with interchangeable filters, 

calcium and barium. Titration method was carried out to measure chloride by silver 

nitrate also mass spectrometer for quantitative analysis of the Nitogen-15 isotope to 

identify the source of nitrate pollution. The details of these analytical procedures are 

given in the subsequent sections. 

3.2 Reagents:  

 Ethylene diamine tetra acetic acid (EDTA)   

 MgCl2 .6H2O   

 NH4Cl 

 NH4OH  

 Eriochrome Black T  

 HNO3  

 NaCl  

 AgNO3  

 Ammonia salicylate 

 Ammonia cyanorate 

 Nitraver 3 and 5 

 Nitriver 3 and 5 
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3.3 Materials and Methods 

3.3.1 Sampling Area 

Bara area suffers from drinking water scarcity and it extends from the eastern part of 

North Kordofan State (western Sudan) to the western part of the White Nile State (Bara) 

covering an area of approximately 600 km
2
 as depicted in (Fig. 3.1) . It is bounded by 

longitudes 30°

that extend over two climatic zones in sub-saharan region. The northern zone is a semi-

arid zone and the southern zone represents a poor savanna zone. The rainfall increases in 

amount and duration southward. It ranges from 200 mm/y in the North to 450 mm/y in 

the South. The region is characterized by undulating topographical surface due to the 

dominance of sand dunes. The ground surface slopes gently to the east and north-east 

towards the White Nile. 

The area is generally categorized as underdeveloped from socio-economic standpoint. 

However, it is a rich grazing land and livestock represent the major source of livelihood. 

Agricultural activity depends heavily on the rain especially in the southern part of the 

area where the soil is generally clayey. Heavy industry does not exist in the area. Light 

industries are encountered mainly in the big cities like El Obeid (Osman, 1999). 

The study area´s geological nature lies south of the Central African Shear Zone (CASZ). 

It represents the extreme northern extension of the White Nile Rift System (WNRS) and 

the western extension of the Blue Nile Rift System (BRNS). These rift systems are 

subdivided into several sedimentary basins and sub-basins that have been revealed 

mainly during the late oil-exploration activities. The whole Bara Basin is encountered in 

the study area and it is complex (northern part of WNRS) tends NW-SE and is composed 

of three major subbasins named El Beshiri, Um Rawaba and Dar Agil (Ibrahim et. al, 

1999). The different lithological units that are encountered in the area are summarized as 

follows: 
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a. Basement rocks in the area are mainly metamorphosed rocks of amphibolite facies 

that mostly retrograde to green schist facies. Biotite and granitic gneisses, which are 

migmatized in some parts, are very common. 

b. Nawa formation is the oldest sedimentary rocks encountered in the area are found 

around Nawa village north of El Rahad and known as the Nawa formation. Nawa 

formation is recorded below the ground surface and in a very limited locality. 

c. Nubian sandstone formation. 

d. Tertiary sediments: These sedimentary units are not yet classified. They range in age 

from Palaeocene to Middle Miocene. 

e. Um Rawaba formation: The overlying Umm Rawaba formation is late Tertiary-

Pleistocene sedimentary sequences. It consists of unconsolidated sands, clays and 

gravels and represents the reservoir for the groundwater that used to be exploited in 

the region. 

f. Sand dunes and superficial deposits 

The Umm Rawaba formation is overlain by a cover of superficial deposits and sand 

dunes of variable thickness. The sand dunes are either stabilized or mobile aeolian 

deposits formed during the late Pleistocene. The sand dunes together with the upper part 

of the Umm Rawaba formation from the shallow aquifer system, especially in the areas 

where the static water level is very shallow (north of lat. 13
o
 00 N). The well sorting of 

the sand dunes improves their hydraulic properties and ensures its importance as water – 

producing zone in the northern part (Osman, 1999). 

Water-baring formation in the study area can generally be categorized into three main 

subdivisions:  

a. Khor Abu Habil alluvium aquifer 

b. Shallow or upper aquifer system 

c. Deep, lower or main aquifer system 
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Fig. 3.1: Map of Sudan illustrating the study area 
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3.3.2 Sample collection and preparation  

Based on previously acquainted knowledge, a field trip was conducted during September 

2008. General hydrological and theoretical geological observations were noted. A total of 

69 water samples were collected from wells in different villages. Sampling locations 

(wells) together with their coordinates taken with the aid of hand-held GPS are presented 

in table (3.1). In each well two plastic bottles of 2 litters each were filled, one bottle was 

reserved for chemical analysis and the other bottle was acidified with 2 ml H2SO4 for 

nitrogen isotope analysis. 

Table 3.1: Sampling locations and their coordinates 

Code Location Long. Latt. Elevation (m) 

1 Elbishri 1 30.19181 13.79462 494.5 

2 Elbishri 2 30.18922 13.79651 502.4 

3 Abu Gaida 30.18446 13.83259 N.D. 

4 Elshewaifia 30.17643 13.74072 500.6 

5 Elreyad 1 30.17901 13.69254 503.6 

6 Elreyad 2 30.18068 13.69254 501.8 

7 Umm Galgie 30.33322 13.54898 500.6 

8 Eltogoor 30.37666 13.56897 492.4 

9 Hamdan 1 30.42854 13.58108 492.4 

10 Hamdan 2 30.43549 13.57779 488.7 

11 Hegairah 30.43549 13.57779 484.8 

12 Umm Ushar 1 30.48142 13.62880 484.5 

13 Umm Ushar 2 30.48268 13.63018 479.6 

14 Umm Laham 30.48992 13.65469 485.2 

15 Hilat Elzaki 30.52888 13.68382 480.3 

16 Abu Zena 30.52947 13.71710 468.5 

17 Wed Elzaki 1 30.53688 13.73888 474.5 

18 Wed Elzaki 2 30.54408 13.73888 472.1 

19 Umm Kamta 30.55515 13.70462 460.1 

20 Abu Hamra 31.02992 12.85201 484.8 

21 Umm Rawab Station 31.21010 12.90031 455.5 

22 Elghabsha 31.45162 12.90644 473.3 

23 Nafhat 31.53923 12.92953 473.6 

24 Elrokab Abu Sholokh 31.60603 12.98290 435.8 

25 Umm Ushar 31.59676 13.02494 423.9 

26 Elhegaina 31.54993 13.05692 431.8 

27 Aimorah 31.54993 13.08457 439.7 

28 Umm Balegie 30.61703 13.79244 455.0 

29 Umm Geair 30.45586 13.93404 480.0 

30 Elkhendak 30.54794 13.88006 405.0 

31 Kewaimat 1 31.04241 13.84398 443.0 
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32 Umm Defiara East 30.94339 13.60515 552.0 

33 Bara West Area 30.35426 13.69662 477.0 

34 Tendalti 2 31.86521 12.99836 424.2 

35 Umm Samima 1 30.92587 13.59444 461.0 

36 Namil 1 30.74577 13.43211 475.0 

37 Eldankog 30.55100 13.46237 513.0 

38 Umm Rika 2 30.34080 13.46677 462.0 

39 Wed Ashana N.D. N.D. N.D. 

40 Umm Gewaiz 30.77157 13.42982 484.0 

41 Geraigikh 30.45616 14.03184 482.0 

42 Elsider Fargallah 30.25179 13.32673 525.2 

43 Elhadid 1 30.37766 13.89566 504.0 

44 Hegam Elterfia 30.78087 13.25417 451.0 

45 Kewaimat 2 31.04126 13.84369 463.0 

46 Abu Shouk 1 31.09114 13.94131 433.0 

47 Umm Damm 31.01158 13.76881 439.0 

48 Umm Nabag 30.35869 13.83743 501.0 

49 Bara Elrekabia Project 30.35653 13.68476 669.0 

50 Bara City East 30.37095 13.69718 467.0 

51 Maafi Elgoz 30.42910 14.04981 504.0 

52 Elbraisa Salim 2 30.94451 13.48442 452.0 

53 Umm Rika 1 30.83357 13.46563 477.0 

54 Elmetalig 30.37803 13.79482 482.0 

55 Majrour 30.52721 13.63000 440.0 

56 Bara Falata Area 30.37630 13.69291 479.7 

57 Elbraisa Salim 3 30.94457 13.48559 473.0 

58 Elbraisa Salim 1 30.94482 13.85503 457.0 

59 Elzariba 30.92907 13.66981 437.0 

60 Medaisis 30.63862 13.32757 490.0 

61 Elhadid 2 30.37815 13.89605 500.0 

62 Namil 2 30.75041 13.43300 483.0 

63 Abu Gerain 31.18093 13.16691 453.0 

64 Umm Sout 30.30619 13.54434 498.0 

65 Umm Gezira 30.38595 13.93124 505.0 

66 Abu Shouk 2 31.09092 13.94077 436.0 

67 Bara Elrekabia 30.35619 13.68843 474.0 

68 Tendalti 1 31.86670 13.02662 427.9 

69 Umm Samima 2 30.92872 13.60515 552.0 

 

Note: ND “undetectable” 
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3.3.3 Sample analysis 

3.3.3.1 Physical and chemical parameters: 

Immediately after collection, the pH, dissolved oxygen and electrical conductivity were 

recorded using pH/ion meter (555 Corning Pinnacle), dissolved oxygen meter and 

conduct meter (Hach Sens ion712 Metrohm), respectively. 

3.3.3.2 Determination of nitrates, nitrites and ammonia  

 For nitrate determination, spectrophotometer (D.R 4000 Hach cadmium reduction 

method range 0-30 mg\l) was used. Cadmium metal reduces nitrates in the sample to 

nitrite ion which in turn reacts in an acidic medium with sulfuric acid to form an 

intermediate diazonium salt. The salt couples with gentisic acid to form an amber colored 

solution. The sample cell was filled with 10 ml of the sample. The content of one nitraver 

5 nitrate reagent powder pillows was added to the sample cell and the cell was stoppered 

and shaken vigorously. A 5 minute reaction period was started, after which, a second cell 

was filled with 10 ml deionized water as a blank. The wave length (λ) 500 nm was 

automatically selected. The light shield was closed. The result in mg/l nitrate was 

displayed.  

For nitrite determination a low range of the stored program number was selected by 

pressing nitrite setting, the wave length (λ) 507 nm was automatically selected. The 

sample cell was filled with 100 ml of the sample. The content of one nitriver 3 nitrite 

reagent powder pillows was added to the sample cell and the cell was stoppered and 

shaken vigorously. 20 minute reaction period was started, after which, a second cell was 

filled with 10 ml deionized water as a blank. The result in mg/l nitrite was recorded. 

The wave length (λ) 425 nm was selected corresponding to ammonia setting in the 

spectrophotometer. The sample cell was filled with 25 ml of the sample. The contents of 

one ammonia salicylate and ammonia cyanate reagents powder pillow was added to the 

sample cell and the cell was stoppered and shaken vigorously. A 3 minute reaction period 
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was started, after which, a second cell was filled with deionized water as a blank. The 

result in mg/l ammonia was recorded. 

3.3.3.3 Determination of nitrogen-15 isotope 

For nitrogen isotope analysis, 1 ml conc. sulfuric acid per 1 liter water sample was added 

in 2 litter polyethylene bottles. Nitrogen-15 isotope analysis is used to assist in 

determining sources of nitrogen in groundwater. The isotope analysis evaluates the ratio 

of nitrogen-14 (which is present in the air we breathe) to the amount of nitrogen-15 

present in the water or whatever is being analyzed. This ratio is compared to a standard 

based on the ratio of 
14

N/
15

N present in air. Comparisons of these values indicate if there 

is more (a positive value +) or less (a negative value -) than the standard. The plus or 

minus sign indicates whether the sample is enriched (+) or depleted (-) in relation to the 

standard. Nitrogen isotope ratios are generally reported in per ml (‰) relative to N2 in 

atmospheric air, using the standard definition of δ: 
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Where x = sample and AIR = reference standard N2 gas.  

The method used for extraction of NNO 


3
 from water samples was that of Silva et al. 

(2000). This procedure allows for the extraction of nitrates using anion exchange resins, 

filtered samples were passed through anion exchange columns stored at 4
◦
C until receipt 

of the NNO 


3
concentration data, in order to determine how much NNO 



3
was 

available for the analysis. Although in some instances, low NNO 


3
concentrations 

dictated that less N was available. Limitations made it impossible to determine δ
15

N 

values for very low 


3NO  samples. This was a function of both concentration and sample 

volume, as low sample volumes required that 


3NO   levels be elevated in order that δ
15

N 
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analyses could be performed. Samples were analyzed on a VG PRISM dual inlet, triple 

collector mass spectrometer. Instrumental precision is 0.02‰. Blanks were run to ensure 

there was no contamination during sample processing. 

This previous analysis was carried out in the Central Laboratory for Environmental 

Isotope Hydrology, National Center for Nuclear Safety and Radiation Control, Atomic 

Energy Authority, Cairo, Egypt. 

3.3.3.4 Determination of chloride ion concentration  

Mohr’s method (titration with silver nitrate) was used for determination of chloride ion 

concentration. 10 ml of ground water sample was transferred to 250 ml titration flask and 

titrated against standard silver nitrate solution 0.014M. A precipitate of silver chloride 

forms according to the reaction;  

     saqaq AgClClAg    

The end point of the titration occurs when all the chloride ions are precipitated. Then, 

additional chloride ions react with the chromate ions of the indicator, (potassium 

chromate) to form a red-brown precipitate of silver chromate:  

     saqaq CrOAgCrOAg 42

2

42    

The average volume of silver nitrate measurements for each titration was taken from 

which the moles of silver nitrate reacting are calculated. The following reaction was used 

to determine the moles of reacting chloride ions: 

     saqaq AgClClAg    

The chloride concentration was calculated for each ground water sample in mol\Land 

then multiplied by the atomic weight to convert to ppm or mg/l. 
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3.3.3.5 Determination of water hardness (calcium +magnesium) 

Reagent:  

 Buffer solution consists of (16.9g NH4Cl in 143 ml conc.NH4OH). 

 EDTA solution consists of (1.179g Ethylene diamine tetra acetic acid (EDTA) + 

0.78g OHMgSO 24 7. ) 

  Indicator solution consists of (Eriochrome Black T 2.36g (0.5g in 100mg NaCl)).  

Procedure: 

Total hardness is defined as the sum of the calcium and magnesium concentrations, both 

expressed as calcium carbonate, in milligrams per liter. Reactions taking place during 

titration are: 

Ca
2+

 + EDTA
2-

 → CaEDTA 

And 

Mg
2+

 + EDTA
2-

 → MgEDTA 

Calcium hardness determined after removing magnesium interference by adjusting the 

pH of the sample to 12 with sodium hydroxide. Exactly 50 ml of Filter solution was 

transferred to 250 ml Erlenmeyer flask and then added 2 ml of ammonia buffer and 3 

drops of the indicator Eriochrome Black T solution or pinch of Eriochrome Black T 

ground with NaCl titrated with 0.01M EDTA solution till color changes from violet to 

blue. As water hardness is usually reported in terms of mg/L of calcium carbonate (even 

if water contains both calcium and magnesium), that allows direct calculation of calcium 

carbonate mass for known amount of titrant used strange reaction equation: 

CaCO3 + EDTA
2-

 → CaEDTA + CO3
2-

 

Magnesium was determined by using mathematical approach by subtracting the calcium 

hardness from total hardness results reported in mg/l magnesium. 
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3.3.3.6 Determination of trace elements (Fe, Mn, Zn and Cu) 

Perkin Elmer AAS model (2380, USA, 1996) was used for the measurement of elemental 

concentrations namely Mn, Fe, Cu and Zn in water samples under the following settings 

of wavelength and lamp current (Table 3.2). 

Table 3.2: AAS setting for Fe, Mn, Zn and Cu 

Element Wave length (nm) Hallow cathode current (mA) Slit-width (nm) 

Fe 248.3 12.00 0.20 

Mn 279.5 10.00 0.20 

Zn 213.9 08.00 0.50 

Cu 324.8 06.00 0.50 

The atomic absorption spectrophotometer was calibrated using standard solution for each 

element. Stock standard solutions containing 1000 mg\l of copper, zinc, manganese and 

iron were obtained from Prim Ag® -Plus Certified reference material. Specifications of 

these stock solutions are Cu (metal), Zn (metal), Mn (metal) and Fe (NO3)3 .9H2O in 

HNO3 (0.5M) matrix.  

A series of working standard solutions were prepared from the stock solution of each 

element depending on the sensitivity range specified in the manual of the AAS. About 20 

ml of each of the working standard solutions and sample solution were separately placed 

into 50 ml beaker. After an allowed warming up period for the spectrometer, the blank 

(zero mg\l standards) was set to zero deflection. Sample solutions were aspirated into the 

flame under the same conditions as the working standard solutions. The atomization tube 

was rinsed with distilled water after each sample reading. The calibration curve of 

absorbance versus concentration was plotted using integrated software program with the 

instrument for Zn, Cu, Fe, and Mn scatter diagram (Fig. 3.2, 3.3, 3.4 and 3.5) and the 

concentrations of the analyte (ppm) in the sample were obtained. 
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Fig (3.2): Calibration curve of AAS for Zn concentration (mg\l) 
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Fig (3.3): Calibration curve of AAS for Cu concentration (mg\l) 
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Fig (3.4): Calibration curve of AAS for Fe concentration (mg\l) 
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Fig (3.5): Calibration curve of AAS for Mn concentration (mg\l) 



 47 

3.3.3.7 Determination of sodium and potassium using flame 

photometer 

In principle, it is a controlled flame test with the intensity of the flame colors quantified 

by photoelectric circuitry. The sample was introduced to the flame at a constant rate. 

Filters select which color the photometer detects and exclude the influence of other ions. 

Before use, the device was calibrated with a series of standard solutions of the ion to be 

tested. 

The solution to be analyzed is discharged through an atomizer in a fine mist into a 

chamber, whence it is drawn into a flame. By an optical system the light produced by the 

combustion of the elements in the vaporized solution is conducted through appropriate 

filters to impinge upon a photoelectric cell which activates a galvanometer. Under proper 

operative conditions the concentration of sodium or potassium in the solution can be 

estimated from the reading of the galvanometer. The instrument is equipped with an 

amplifier which permits the analysis of solutions with greatly varying concentrations of 

sodium and potassium. 

 

 

http://en.wikipedia.org/wiki/Flame_test
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Chapter Four 

Results and Discussion  

4.1 Electrical conductivity, pH and dissolved oxygen values: 

Table (4.1) presents the statistical summary of physical properties measured in 

groundwater samples collected from wells located in Bara aquifer. The electrical 

conductivity (EC) values are highly scattered ranging from 127.5 to 5950 µs/cm with an 

average of 1115.47 ± 943.38 µs/cm. 50% of the EC values exceed 1000 µs/cm, the guide-

line value specified by WHO (WHO, 1984). The most of the wells with highest 

conductivity values were located north-east of the aquifer as indicated by GIS predictive 

map depicted in (Fig. 4.1). The corresponding locations are Hegairah (well No. 11), 

Umm Ushar 2 (well No. 13), Kewaimat (well No. 31), Umm Defidra East (well No. 32), 

Tendalti (well No. 34) and Abu Shouk (well No. 66). Individual values of EC are shown 

in Table (A) in the appendix.  The importance of electrical conductivity (EC) is that, it is 

a measure of salinity and chloride ion concentration which greatly affects the taste and 

odor problems. Conductivity can be used as a measure of total dissolved solids (TDS) 

which is expressed in ppm. These solids are usually composed of sulfate, bicarbonate, 

and chlorides of calcium, magnesium, and sodium. The conversion factor used for 

converting EC values into TDS is 0.64. For this reason EC values may, some times, be 

considered to be a measure of water quality. 

The dissolved oxygen (DO) ranged from 1.16 to 8.4 mg/l with an average value of 2.45± 

0.52 mg/l. GIS predictive map shown in (Fig. 4.2) indicates an inverse relation between 

DO and EC. The lowest values of dissolved oxygen were measured in wells located at 

north, north-east and south parts of the aquifer. This maybe associated to the slopes of 

ground surface to the east and north-east gently towards the White Nile (Osman and El-

Battahani, 2004). The potential dissolved oxygen (DO) levels affect nitrate concentration, 

the water with greater nitrate achieves lower DO saturation point.  This is clearly shown 

by having close observation to the respective GIS predictive maps (Fig. 4.2 and 4.6). 
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Biological denitrification with alcohols such as ethanol and methanol was found affected 

by DO. The development of the biofilm was also influenced by the DO concentration as 

excess O2 caused reduced biofilm growth. These biofilms developed in oxygen presence 

had a smaller bacterial density and lower denitrifying bacteria versus nitrate reducing 

bacteria ratio, which led to an unfavorable inorganic nitrogen removal and presence of 

nitrite in the treated water (Gómez et al., 2001). Roadcap et al. (2001) found a linear 

relationship between *
18

O and *
15

N values with a slope of 0.5, indicating an enrichment 

factor of 2 for *
15

N relative to *
18

O during denitrification process. 

The pH ranges from 6.19 to 8.4 (Table 4.1). All the samples had pH values within the 

permissible range of 6.5 – 8.5 (WHO, 1984) except Umm Gezira (well No. 65) located in 

the north-west part of the aquifer. The GIS predictive map showed in (Fig. 4.3) indicates 

that pH values were randomly distributed in the region, although organic compounds 

behavior and ions can be related directly to it. Statistical significance nitrate–N 

concentration in wells influences pH values (Aiguo Liu et al., 2005). The low pH values 

could affect leaching of metal ions such as iron, manganese, copper and zinc to the 

aquifer. 
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Table 4.1: Statistical summary of physical properties electrical conductivity (µs/cm), pH and 

dissolved oxygen (D.O.) mg/l in ground water samples collected from wells located in Bara 

aquifer 

Parameter Min Mean ± Std Max 

Electrical conductivity (µs/cm) 
127.5 1115.47 ± 943.38 5950 

pH 
6.19 7.39 ± 0.44 8.40 

Dissolved oxygen (D.O.) mg/l 
1.16 2.45 ± 0.52 4.05 
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Fig. 4.1: GIS predictive map of conductivity concentration in Bara aquifer 
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Fig. 4.2: GIS predictive map of dissolved oxygen concentration in Bara aquifer 
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Fig. 4.3: GIS predictive map of pH concentration in Bara aquifer 
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4.2 Nitrate, nitrite, ammonia and chloride: 

The nitrate content of the groundwater samples collected from the study area ranged from 

9.68 to 891 mg/l with a medium value of 246.99 mg/l as shown in (Table 4.2).  On site 

wise basis, it was found that the values obtained are less than 50 mg/l for 13 wells, 9 

wells ranged from 51 to100 mg/l, 20 wells from 101 to 200 mg/l, and 27 wells greater 

than 200 mg/l (Fig 4.4).There are about 81% of the 69 sampled wells (Table 4.2) showed 

nitrate levels greater than the maximum permissible limit of 50 mg/l set for drinking 

water by the Sudanese Standards and Metrology Organization (SSMO, 2002), Australian 

water guide lines (1996) and WHO limits (WHO,1993). The highest values of nitrate 

were found in wells located north-east and west parts of the aquifer as indicated by GIS 

predictive map depicted in (Fig. 4.6). Fuest et al. (1998) and Insaf et al., (2004) employed 

the Geographical Information System  technology (GIS) for generating regionalized time-

averaged maps of top aquifer contamination with nitrate from agrochemical fertilizers. In 

addition, Insaf et al., (2004) reported that 95% of the water samples showed nitrate 

concentrations above the human affected value (3 mg/l NO3
−
) while more than 30% have 

exceeded the maximum acceptable level (44 mg/l NO3
−
). Costa (2002) reported that 

nitrate–N concentrations, greater than accepted level for safe drinking-water of 10 mg/l 

were present in 36% of sampled wells and 67% had nitrate concentrations exceeding the 

background level of 5 mg/l. These results showed that high fertilization rates and 

irrigation lead to increased hazards of groundwater pollution. Tandia et al. (1998) 

investigated hand pumped wells and dug wells in different areas in Senegal; all the 

samples from wells are contaminated by high NO3 contents which ranged from 100 mg/l 

to 250 mg/l. The mechanisms of contamination are mainly the soil washing and nitrate 

injection from latrines. 

It has been confirmed that nitrate can rapidly be removed from drinking water 

microbially using cotton or shredded newspapers (Michal et al. 1996a and 1996b) as 

energy source without formation of nitrite. Cotton (cellulose)-dependent denitrification 

was affected by changes in temperature. Kesore et al. (1997) introduced a new and highly 

effective process for selective elimination of nitrates from drinking water through 
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electrodialysis. Nitrate removal from drinking water by hydrogen-coupled denitrification 

was examined by Richard et al (2005) using flows-through, packed-bed bioreactors to 

develop a small-scale, cost effective system for treating nitrate-contaminated drinking-

water supplies.  

 On the other hand, the concentration of nitrite in most of the sampled wells does not 

constitute a direct problem to the consumers as it ranged from 0.01 to 9.81 mg/l with a 

medium value of 0.07 mg\l. The highest value of nitrite concentration was measured in 

sample number 66 which was taken from Abu Shouk-2, where the highest value of nitrate 

concentration was measured. This correspondence gives an indication that the nitrite 

concentration is proportional to nitrate ions concentration and it is also confirmed by GIS 

predictive map of nitrite values depicted in (Fig. 4.7). The highest values of nitrite 

concentrations are mostly met in the northern parts of the area where the water is poorly 

oxygenated. The nitrite ion is relatively unstable and can be rapidly oxidized to nitrate 

and is seldom present in well oxygenated or chlorinated supplies. Chemical and 

biological processes can result in further reduction to various compounds, including 

ammonia, or reoxidation to nitrate. 

The recommended guide line values for nitrite in drinking water are 3 mg/l (WHO, 1993) 

and 2 mg/l (SSMO, 2002). Accordingly, the nitrite concentrations for the analyzed 

samples lie far below the maximum levels accepted by both WHO and SSMO with the 

exception of sample 66 Abu Shouk-2. Traces of nitrite in drinking water may lead to 

methemoglobinalmia in infants, and with long term exposure is a possible cancer risk 

(Kross, 2002).  

The values measured for ammonia concentration in groundwater ranged from 0.01 to 0.4 

mg/l with a medium value of 0.06 mg/l. According to World Health Organization (WHO, 

1993), the normal concentration levels of ammonia in surface and ground water should 

fall below 0.2 mg/l. As such, all the analyzed samples showed values below the WHO 

limit except well No (28) at Umm Balegie (0.4 mg/l) which is a pipeline station where 

the sample collected from the surface as it is well known that ammonia concentration 

increased. Ammonia in non-ionized form (NH3) and the ionized form (NH4
+
) in drinking 
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water is not of immediate health relevance. Ammonia contamination arising from 

bacterial, sewage and animal waste pollution, has no proposed health based guide-line 

value. Toxicological effects are observed only at exposures above 200 mg\kg of body 

weight (WHO, 1993). SSMO permissible level for drinking water is 1.5 mg/l which is 

one order of magnitude higher than the maximum value of ammonia concentration 

measured (0.4 mg/l) in this study. The GIS predictive map for special distribution of 

ammonia concentration in the sampled wells is shown in (Fig. 4.8).  

Chloride ion concentration in the samples highly varied ranging from 6.39 to 362.1 with a 

medium value of 63.9mg/l. Only four samples representing 0.06% exhibit values 

exceeding the WHO guidelines for drinking water which is 250 mg/l. The high 

concentration of chloride ions is an indication of ground water salinity, and high salinity 

in the area occurs at bore holes Hegairah (well No. 11), Kewaimat (well No. 31), Tendalti 

(well No. 34) and Abu Shouk (well No. 66). These wells lie approximately in the north 

east zone, and they are the same ones which have the highest nitrate concentration as well 

as high conductivity values. The GIS predictive map for chloride is shown in (Fig. 4.9). 

The plot of NO3 and chloride ion concentration in the study area showed non-linear 

relationship with R
2
 value of 0.309 (Fig.4.5). On the contrary, Tandia et al. (1998) 

observed significant correlation between chloride ion and nitrate concentration in hand 

pumped wells and dug wells in different areas in Senegal, the fact which was attributed to 

an anthropogenic pollution. Similarly, Paul (1999) observed no significant correlation 

between nitrate and chloride ion concentration for 53 water wells in central Texas.   

Chloride ion is considered a conservative tracer in water because it is not transformed by 

chemical or biological processes. In addition, it has been observed that movement of 

negative ions such as chloride through clay liners can occur, whereas positive ions such 

as ammonium will be retained in the clays due to adsorption onto the clays. 
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Table 4.2: Statistical summary of concentration (mg/l) of nitrate, nitrite, ammonia and chloride in 

ground water samples collected from wells located in Bara aquifer 

  

Analyte Sample 

No. 

Min 

(mg\l) 

percentiles Max 

(mg\l) 10 19 30 50 70 81 90 

Nitrate 69 9.68 28.60 53.68 90.64 146.30 295.90 523.38 631.40 891.00 

Nitrite 69 0.01 0.01 0.013 0.03 0.07 0.19 0.327 0.38 9.81 

Ammonia 69 0.01 0.01 0.010 0.02 0.05 0.07 0.09 0.11 0.40 

Chloride 69 6.39 14.20 17.75 29.11 63.90 104.37 140.98 177.50 362.10 
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Fig. 4.4: Plot of nitrate concentration (mg\l) versus sampling location 
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4.3 Nitrogen-15 values:   

Table (4.3) illustrates the concentration of 
15

N measured in representative five 

groundwater samples. The values obtained for δ
15

N‰ fall within the range of 4.3 to 

15.5‰ with a mean value of 7.9‰ (Table 4.3). 
15

N is robust technique used to 

discriminate between different sources of anthropogenic contamination into groundwater 

systems. The basis for the identification of NO3 sources using natural abundances of 
15

N 

is that as NO3 originating from different sources has characteristic isotopic ratios. The 

δ
15

N in the range of +4 to +9‰ indicates original organic N, from animal waste generally 

greater than +10‰ and N fertilizers typically close to or less than 0‰ (Jianyao et al,. 

2006; Pierre and Claude, 1997; Buzek et al., 1998; Kellman and Hillaire, 2003; Clark et 

al., 1997). 

The result of this study showed the presence of highly concentrated nitrate originated 

from both animal wastes and organic soil nitrogen. Four samples displayed values less 

than +10‰ which is attributed to the presence of organic soil nitrogen and one sample 

has δ
15

N greater than +10‰ attributed to the presence of animal wastes.   

Several researchers have used this technique to determine nitrate sources in groundwater. 

In the semi-arid zone of Niger, Pierre and Claude (1997) demonstrated that the nitrate in 

wells sourced from some combination of septic tank and animal waste. Also (Buzek et 

al., 1998) in Czech Republic mentioned that nitrate pollution was due to sequential use of 

organic and inorganic fertilizers. The most recent study of Jianyao et al. (2006) 

confirmed that the nitrate present in contaminated groundwater originates from the 

wastewater.  
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Table 4.3: The concentration of 
15

N in some groundwater samples 

 

ID Code Depth(m)   Nitrate mg\l  δ
15

N, ‰  

1 7 NA 698 15.46 

2 31 44 629 4.4 

3 35 34 754 3.7 

4 40 17 400 3.7 

5 66 44 891 4.3 

Mean ± Standard deviations of δ
15

N values 7.9 ± 0.6‰ 
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Fig. 4.5: Scatter diagram illustrating the relationship between
  
 Cl

- 
and NO3

-
 concentration 
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Fig. 4.6: GIS predictive map of nitrate concentration in Bara aquifer 
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Fig. 4.7: GIS predictive map of nitrite concentration in Bara aquifer 
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Fig. 4.8: GIS predictive map of ammonia concentration in Bara aquifer 
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Fig. 4.9: GIS predictive map of chloride concentration in Bara aquifer 
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4.3 Major elements: sodium, potassium, calcium and magnesium 

From the hydrochemical point of view, different ion ratios are helpful in detecting 

hydrochemical processes affecting water quality such as leaching, mixing and ion 

exchange. Agricultural nitrate contamination of groundwater is deduced from 

characteristically high concentrations of Ca
2+

, Mg
2+

and SO4
2−

 (Mohamed et al., 2003).In 

this respect, it is interesting to note that the major elements (sodium, potassium, calcium 

and magnesium) are within the acceptable WHO limits (Table 4.4). Data showed the 

concentration of potassium ranged from 0.5 to 40 with an average value of 7.68±7.55 

mg/l, calcium concentration ranged from 0.27 to 24.5 with an average value of 5.18±5.72 

mg/l and magnesium concentration ranged from 0.43 to 16 with an average value of 

3.7±3.18 mg/l which fall within the acceptable WHO levels(WHO, 1993)  except sodium 

which ranged from 5 to 500 with an average values 111.54 ±104.39 mg/l. 14.5% of the 

sampled wells exceed the WHO limit for drinking water which is 200 mg/l set for sodium 

(WHO, 1993). However, generally sodium concentration is not related to the 

contamination. Scanlon (1990) mentioned that groundwater contamination is related to 

the distribution of chemical water types.  All Ca subtype water was contaminated with 

nitrate and bacteria. Temporal fluctuations in nitrate concentrations of Ca subtype water 

are attributed to seasonal fluctuations in recharge and in plant growth. Ca-Mg water 

subtype, and Na-HCO3 and Na-Cl water types were generally not contaminated, and 

associated with longer residence times and reducing conditions, which allow bacterial 

die-off and denitrification, respectively. That controls the rate and depth of active 

groundwater circulation. This relationship between chemical water types and contaminant 

concentrations is important for groundwater monitoring programs and the siting of waste-

disposal facilities. (Fig. 4.10 and 4.11) show the relationships between Na and K against 

Cl ions concentration ratio. It is to be noticed that the water samples have Na/Cl ions 

concentration R
2
 equal 0.57 and K/Cl ions concentration R

2
 equal 0.006 showed no 

significant correlation observed. Fig (4.12) shows the relationship of Ca against Mg ions 

concentration in ground water samples. It was found that about 90% have Ca/Mg ratio 

more than unity with R
2
 equal 0.76 indicating slightly linear correlation corresponding to 

calcite and dolomite dissolution in equal parts approximately. 
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4.4 Trace elements (Fe, Mn, Zn and Cu) 

Table (4.4) presents the statistical summary of trace elements measured in groundwater 

samples collected from wells located in Bara aquifer also shows the highest allowable 

limits for these trace elements concentrations recommended by the World Health 

Organization (WHO, 1993) for the purpose of comparison study. Data showed the 

concentration of manganese ranged from 0.01 to 0.3 with an average value of 0.05±0.05 

mg/l and zinc concentration ranged from 0.01 to 0.91 with an average value of 0.06±0.12 

mg/l. The measured concentrations of manganese and zinc were less than WHO limits 

0.3 and 5 mg/l, respectively (WHO, 1993). This indicates that there are no hazards 

associated with these two elements. Iron concentration ranged from 0.02 to 12.02 with an 

average value of 0.79±1.69 mg/l. 63.7% are lower than the upper limit recommended by 

WHO as the essential elements are needed to maintain the physiological functions. The 

most plausible causes could be considered reference for ground waters iron 

concentrations is from the oxidation of well pipes which is namely (dounky). Copper 

concentration ranged from 0.11to 272.5 with an average value 14.59±0.46 µg/l. All the 

sampled wells contain copper far below the WHO for drinking water which is 1000 µg/l, 

Bencini et al., (1993) reported that all the mean values of  considered chemical species 

were below the maximum admissible concentration (MAC) fixed by the European 

Community for drinkable waters. Nevertheless, some anomalies of Fe, Mn, and Zn are 

present in the plain. This can be recognized as causes from the oxidation of well pipes 

(Fe 20 mg/l; Zn 6 mg/l).  

Absolute fit for both drinking and other uses which is a mean value that meets the criteria 

of the WHO limit. Although, it has a higher concentration of iron in some locations but it 

is highly needed for haemopyosis. While for manganese, zinc and copper the 

concentration was found to be within WHO limit (WHO, 1993) and Sudanese standard 

metrology organizer (SSMO, 2002). The plot between nitrate pollution and these trace 

elements showed no correlation as depicted in (Fig., 4.13, 4.14, 4.15 and 4.16). 
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Table 4.4: Statistical summary of concentration (mg/l) of major elements in ground water 

samples collected from wells located in Bara aquifer 

Element Min Mean +Std Max WHO 

(1993) 

SSMO 

(2002) 

Na  5.00 111.54 ± 104.39 500 200 200 

K  0.50 7.68 ± 7.55 40.00 --- --- 

Ca  0.27 5.18 ± 5.72 24.50 --- --- 

Mg  0.43 3.70 ± 3.18 16.00 --- --- 

 

 

 

 

 
Table 4.5: Statistical summary of concentration (mg/l) of some trace elements in ground water 

samples collected from wells located in Bara aquifer 

 

Element Min Mean +Std Max WHO 

(1993) 

SSMO 

(2002) 

Fe 0.02 0.79 ± 1.69 12.02 0.30 0.30 

Mn 0.01 0.05 ± 0.05 0.30 0.30 0.50 

Zn 0.01 0.06 ± 0.12 0.91 5.00 3.00 

Cu (µg/l) 0.11 14.59 ± 0.46 272.5 1.00 1.50 
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Fig. 4.10: Scatter diagram illustrating the relationship between
  
 Na and Cl

- 
concentration 
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Fig. 4.11: Scatter diagram illustrating the relationship between
  
 K and Cl

- 
concentration 
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Fig. 4.12: Scatter diagram illustrating the relationship between

  
 Mg and Ca concentration 
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Fig. 4.13: Scatter diagram illustrating the relationship between
  
 Mn

 
and NO3

-
 

concentration 
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Fig. 4.14: Scatter diagram illustrating the relationship between
  
 Fe

 
and NO3

-
 

concentration 
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Fig. 4.15: Scatter diagram illustrating the relationship between
 
Zn and NO3

-
 concentration 
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Fig. 4.16: Scatter diagram illustrating the relationship between
  
 Cu

 
and NO3

-
 

concentration 
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Conclusion 
Based upon the results obtained in this study, the following concluding remarks can be 

drawn: 

1. 50% of the investigated wells with EC exceeding the permissible level specified 

by WHO, and most of these wells are located in north-east part of the aquifer. It 

should be in place to recall that EC is the measure of TDS. 

2. pH value of the sampled wells is within the acceptable range with the exception 

of well No. 65 at Umm Gezira which is considered alkaline. 

3. Nitrate concentration in 81% of the wells   exceeds the maximum permissible 

limit set for drinking water, and that the majority of these wells are located in 

north and north-east part of the study area. 

4. The ammonia concentration is far below the normal concentration level except 

the well No. 28 which is located at Umm Balegie. 

5. The chloride ion concentration falls within the acceptable limit for drinking water 

set by WHO.  

6. The source of nitrate in groundwater of the study area is originated from the 

combination of animal waste and organic soil nitrogen as indicated by δ
15

N%o 

values. 

7. Potassium, calcium and magnesium concentrations were found to be within the 

acceptable WHO levels, except 14.5% of the sodium sampled wells exceed the 

WHO limits for drinking water.  

8. Manganese, zinc and copper concentrations were found to be acceptable except 

36.3% of the iron sampled wells exceed the WHO limits for drinking water. 
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Recomndations  

1. Further research must consider epidemiological studies as well as setting 

monitoring program  for nitrate concentration to evaluate the progress of pollution 

2. Proper site selection for the location of domestic water wells and proper well 

construction may reduce potential nitrate contamination of drinking water 

sources. Careful management of nitrogen sources (septic systems, fertilizer 

storage, handling, livestock facilities, and silos) within several hundred feet from 

the well is important; the risk of high nitrate is minimized.  

3. It would be preferable for the local authorities to consider a suitable and 

affordable method of treatment for reducing nitrate pollution in wells located in 

north-east parts of the aquifer.  
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APPENDIX 
 

 
Table A: Physical properties of the water samples 

  

Code 

Location Conductivity 

(µs/cm) pH D.O. mg/l 

1 Elbishri 1 140.5 8.4 3.1 

2 Elbishri 2 247 7.93 3.1 

3 Abu Gaida 225 7.4 2.54 

4 Elshewaifia 268 7.33 2.31 

5 Elreyad 1 392 7.55 2.4 

6 Elreyad 2 289 8.03 3.0 

7 Umm Galgie 1322 7.67 2.59 

8 Eltogoor 1916 7.37 1.16 

9 Hamdan 1 1707 7.49 2.91 

10 Hamdan 2 950 7.2 2.83 

11 Hegairah 3770 7.63 2.56 

12 Umm Ushar 1 679 7.01 3.01 

13 Umm Ushar 2 2970 7.88 2.57 

14 Umm Laham 998 7.95 3.3 

15 Hilat Elzaki 1540 7.78 2.02 

16 Abu Zena 675 7.64 2.2 

17 Wed Elzaki 1 900 7.67 2.61 

18 Wed Elzaki 2 1464 8.03 3.22 

19 Umm Kamta 1038 7.82 2.73 

20 Abu Hamra 1001 7.56 2.79 

21 Umm Rawab Station 590 7.89 2.24 

22 Elghabsha 683 7.65 2.38 

23 Nafhat 1362 7.11 2.38 

24 Elrokab Abu Sholokh 1344 7.21 2.43 

25 Umm Ushar 1416 7.35 2.73 

26 Elhegaina 1337 8.08 2.81 

27 Aimorah 1508 7.22 2.2 

28 Umm Balegie 248 6.95 2.74 

29 Umm Geair 264 6.77 2.39 

30 Elkhendak 390 7.01 2.29 

31 Kewaimat 1 2280 7.13 1.23 

32 Umm Defiara East 5950 ND  ND 

33 Bara West Area 351 6.82 2.45 

34 Tendalti 2 2500 7.13 2.52 

35 Umm Samima 1 1920 7.31 2.44 

36 Namil 1 783 7.17 4.05 
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37 Eldankog 751 6.89 3.12 

38 Umm Rika 2 1669 7.44 2.01 

39 Wed Ashana 1245 7.21 2.32 

40 Umm Gewaiz 678 7.07 2.3 

41 Geraigikh 167.8 6.6 1.93 

42 Elsider Fargallah 798 7.13 2.3 

43 Elhadid 1 256 6.8 2.17 

44 Hegam Elterfia 613 7.32 1.99 

45 Kewaimat 2 1793 7.34 1.38 

46 Abu Shouk 1 1935 7.14 1.41 

47 Umm Damm 1334 7.55 2.33 

48 Umm Nabag 127.5 6.61 1.83 

49 Bara Elrekabia Project 394 6.65 2.61 

50 Bara City East 514 7.3 3.35 

51 Maafi Elgoz 153.8 6.94 2.49 

52 Elbraisa Salim 2 1048 7.29 1.9 

53 Umm Rika 1 1271 7.48 2.14 

54 Elmetalig 261 6.8 1.9 

55 Majrour 1419 7.78 2.24 

56 Bara Falata Area 1269 7.58 2.12 

57 Elbraisa Salim 3 1515 7.77 2.43 

58 Elbraisa Salim 1 1266 7.68 2.28 

59 Elzariba 1121 7.84 2.27 

60 Medaisis 679 7.88 2.56 

61 Elhadid 2 205 6.88 2.05 

62 Namil 2 941 7.36 2.21 

63 Abu Gerain 877 7.87 1.94 

64 Umm Sout 1426 8.06 2.6 

65 Umm Gezira 134.6 6.19 2.91 

66 Abu Shouk 2 2680 7.09 1.8 

67 Bara Elrekabia 374 7.32 2.96 

68 Tendalti 1 1421 8.01 3.11 

69 Umm Samima 2 1213 7.57 3.1 

 

Note: ND “undetectable” 
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Table B: Chemical Concentration of the major ions in (mg/l) 

 

Code 

Depth 

(m) 

Nitrates 

mg/l 

Chloride 

mg/l 

Nitrites 

mg/l 

Ammonia 

mg/l 

1 ND 35.20 10.7 0.06 ND 

2 ND 49.72 14.9 0.02 ND 

3 18 12.32 10.7 ND 0.07 

4 ND 69.52 13.5 0.38 0.10 

5 ND 20.68 19.2 0.22 ND 

6 ND 29.48 16.3 0.01 0.12 

7 ND 698.50 97.98 0.32 0.12 

8 200 462.00 119.3 0.38 0.10 

9 ND 275.00 116.4 0.38 0.01 

10 162 71.72 92.3 0.15 0.04 

11 ND 638.00 315.9 0.22 0.04 

12 144 12.76 57.51 0.05 0.01 

13 ND 688.60 195.3 0.38 0.01 

14 ND 257.84 46.2 0.30 ND 

15 ND 297.00 92.3 0.19 ND 

16 ND 115.72 35.5 0.07 0.05 

17 ND 125.40 53.3 0.06 0.06 

18 ND 295.90 92.3 0.12 0.06 

19 ND 268.40 63.9 0.01 0.05 

20 186 77.00 39.1 0.03 0.11 

21 90.9 32.12 14.2 0.01 0.05 

22 75.7 28.60 24.9 0.01 0.06 

23 100 107.80 144.8 0.05 0.09 

24 100 195.80 129.2 0.16 0.05 

25 ND 146.30 156.2 0.03 0.06 

26 187.8 169.40 153.4 0.16 0.13 

27 133.3 159.50 170.4 0.01 0.09 

28 ND 9.68 31.2 ND 0.40 

29 18 90.64 18.5 0.08 0.09 

30 18 62.92 40.5 0.04 0.04 

31 44 629.20 252 0.38 0.07 

32 70 278.30 113.6 0.38 0.09 

33 ND 142.12 22.7 0.03 0.02 

34 75 246.40 362.1 0.03 0.02 

35 34 754.60 149.1 0.33 0.01 

36 34 385.00 29.8 0.22 0.04 

37 ND 30.36 74.6 0.01 0.01 
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38 34 631.40 99.4 0.38 0.01 

39 ND 127.60 123.54 0.08 ND 

40 17 400.40 33.37 0.38 ND 

41 20 84.04 17.75 0.01 0.06 

42 pipeline 35.64 74.55 0.01 0.06 

43 20 139.04 15.62 0.03 0.05 

44 34 261.80 29.11 0.16 0.04 

45 44 490.60 177.5 0.04 0.01 

46 48 552.20 195.96 0.35 0.01 

47 75 633.60 92.3 0.03 0.02 

48 19 75.24 10.65 0.07 0.07 

49 25 111.32 17.75 0.01 0.10 

50 8 154.00 29.11 0.04 0.12 

51 20 112.20 10.65 0.04 0.10 

52 40 154.00 41.18 0.13 0.10 

53 84 539.00 132.06 0.11 0.09 

54 19 101.20 16.33 0.14 0.07 

55 ND 117.04 102.24 0.04 0.06 

56 ND 547.80 65.32 0.20 0.01 

57 40 620.40 89.46 0.19 0.04 

58 40 528.00 63.9 0.11 0.05 

59 32 108.90 115.02 0.01 0.06 

60 76.2 10.56 63.9 ND 0.16 

61 22 89.76 17.75 0.02 0.07 

62 34 495.00 31.95 0.38 0.05 

63 104 10.56 31.95 0.04 0.02 

64 33 512.60 89.46 0.20 0.06 

65 22 94.60 6.39 0.04 0.04 

66 44 891.00 259.15 9.81 0.07 

67 15 115.28 14.91 1.16 0.01 

68 ND 180.40 154.07 0.09 0.02 

69 70 147.40 104.37 0.042 ND 

 

 

Note: ND “undetectable” 
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Table C: Concentration of different major elements 

 

Code Na mg/l K mg/l Ca mg/l Mg mg/l 

1 26.5 4 1.54 0.52 

2 10 7 1.28 1.27 

3 11 3.5 2.23 0.87 

4 9 10 2.77 1.14 

5 80 4.5 2.43 1.03 

6 22 9.6 1.7 0.58 

7 90 23 24.5 6.5 

8 235 4 14.75 7.75 

9 105 2.5 19.5 9.5 

10 160 17.5 2.17 1.75 

11 430 9.5 21.75 16 

12 115 32 1.46 1.85 

13 500 5 1.82 3 

14 195 0.5 2.21 2.93 

15 250 6.1 2.63 3.09 

16 90 3.5 4.14 3.18 

17 130 5 2.65 3.43 

18 250 7 1.03 0.77 

19 170 1 3.16 3.5 

20 155 0.5 0.91 2.99 

21 85 7.5 0.85 2.9 

22 130 3.5 0.6 2.27 

23 190 5.5 3.21 3.16 

24 180 5.5 2.82 3.2 

25 210 6.5 2.9 3.5 

26 195 7 2.17 3.53 

27 180 6 4.06 3.65 

28 21 7 6.37 0.67 

29 14 2.5 1.81 1.12 

30 40 8.3 1.7 0.69 

31 210 7 19.5 10.25 

32 34.5 8.3 7 4.25 

33 13 5 2.32 2.52 

34 345 6 5.25 3 

35 145 3.5 15.5 9.75 

36 23.5 5.9 7.25 2.75 

37 40.5 15 1.9 3.22 
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38 48.5 4 12.25 11 

39 185 5.5 3.89 2.96 

40 70 5.5 6 2.75 

41 15 4.5 0.81 0.43 

42 41.5 14 2.33 3.19 

43 10 4 1.74 1.24 

44 22 3.5 6 3 

45 200 25 10.25 7.75 

46 18 3 15.5 10.5 

47 90 1 5.14 6.25 

48 6.5 3.5 0.8 0.76 

49 14.5 9 2.34 1.94 

50 27 9 2.97 3.08 

51 68 7 1.04 0.78 

52 35.5 4.5 5.5 6 

53 190 6 3.62 2.86 

54 9.5 4.5 1.66 1.97 

55 220 5.5 4.16 3.32 

56 40.5 10 6.25 6.75 

57 50 4 10.25 7.5 

58 43.5 5 7 6.25 

59 175 4.5 3.57 2.25 

60 38 36.5 1.48 2.36 

61 6 3.5 1.23 1.8 

62 29 4 7.5 4.25 

63 115 4 0.27 0.51 

64 180 4.5 3.71 3.77 

65 5 3.5 0.69 0.77 

66 195 7.5 21.48 11.5 

67 18.5 13 1.67 2.81 

68 250 5.5 3.16 1.23 

69 190 40 3.03 1.51 
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Table D: Concentration of some trace elements 

 

Code Fe mg\l Mn mg\l Zn mg\l Cu µg\l 

1 0.51 0.02 0.02 0.68 

2 0.03 ND 0.04 0.26 

3 1.34 0.13 0.03 0.39 

4 1.53 0.13 0.02 0.44 

5 0.25 0.05 0.02 0.61 

6 0.02  0.01 0.05 0.46 

7 0.27 0.03 0.02 3.49 

8 2.90 0.15 0.13 17.25 

9 0.18 0.03 0.03 1.10 

10 0.14 0.16 0.02 0.34 

11 0.73 0.06 0.03 0.88 

12 0.04 0.03 0.02 1.54 

13 0.10 0.03 0.02 0.68 

14 0.15 0.03 0.02 0.90 

15 2.80 0.08 0.19 16.02 

16 0.08 0.04 0.02 0.97 

17 0.97 0.04 0.06 52.86 

18 0.06 0.01 0.11 0.24 

19 0.32 0.03 0.03 1.38 

20 12.02 0.09 0.10 226.53 

21 0.31 0.02 0.03 19.83 

22 0.44 0.03 0.04 67.63 

23 0.82 0.04 0.03 6.96 

24 0.08 0.04 0.01 0.14 

25 0.80 0.03 0.03 272.49 

26 0.04 0.03 0.06 0.37 

27 0.63 0.08 0.91 ND 

28 1.33 0.05 0.01 0.46 

29 0.20 0.03 0.01 0.51 

30 0.07 0.01 0.01 1.12 

31 5.66 0.30 0.40 53.84 

32 0.64 0.06 0.05 8.41 

33 0.53 0.04 0.07 1.18 

34 0.11 0.03 0.09 0.79 

35 0.20 0.05 0.02 6.15 

36 3.53 0.05 0.02 4.91 

37 0.05 0.08 0.01 0.65 
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38 0.08 0.02 0.01 1.87 

39 0.03 0.04 0.11 3.65 

40 0.24 0.06 0.03 7.20 

41 0.08 0.03 0.01 1.52 

42 0.03 0.03 0.02 1.40 

43 0.19 0.03 0.01 1.15 

44 0.10 0.03 0.02 0.36 

45 2.14 0.10 0.13 12.19 

46 1.41 0.14 0.14 5.63 

47 0.09 0.01 0.01 3.67 

48 0.91 0.04 0.06 1.24 

49 0.06 0.0179 0.03 0.25 

50 0.07 0.0199 0.01 1.01 

51 0.23 0.02 0.02 1.24 

52 0.25 0.02 0.02 1.98 

53 0.60 0.01 0.05 134.44 

54 0.26 0.02 0.02 0.39 

55 0.02 0.01 0.07 1.41 

56 0.11 0.02 0.01 1.19 

57 0.23 0.04 0.01 2.06 

58 0.29 0.05 0.02 1.35 

59 0.05 0.01 0.05 0.11 

60 0.52 0.04 0.01 7.37 

61 0.22 0.03 0.01 1.48 

62 1.85 0.05 0.01 2.50 

63 0.36 0.02 0.01 8.21 

64 0.04 0.06 0.01 0.62 

65 0.23 0.03 0.03 3.12 

66 2.78 0.19 0.08 6.80 

67 0.80 0.02 0.02 4.17 

68 0.18 0.02 0.02 0.23 

69 0.05 0.02 0.01 ND 

  

Note: ND “undetectable” 
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Um Damm village (11-9-2007) 



 93 

 
Elbraisa Salim village (11-9-2007)
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Bara Elrekabia village (12-9-2007) 
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Nafhat village (11-9-2007) 
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