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 1. Introduction 

1.1 Water resources 

      Water is one of the important commodities which man has exploited than 

any other resource for sustenance his life. Most of the water on this planet is 

stored in oceans and ice caps which is difficult to be recovered for our 

diverse needs. Most of our demand for water is fulfilled by rain water which 

gets deposited in surface and ground water resources [1]. Ground water 

comes from the small percentage of precipitation that falls, infiltrates the 

ground, traveling downward, and fills the available pore space within rock, 

sand gravel and clay. This forms a large subsurface storage area of water 

that interact with various rocks, minerals, and any man-made or natural 

material that may seep from the surface. Any substance that comes in 

contact with the ground water can affect water quality [2].    

1.1.1 Water quality 

      Water quality is of great importance because of an increased interest in 

health, coupled with information about our environment [3]. It can be said 

that no water is pure or clean owing to the presence of some quantities of 

gases, minerals and living organisms. However, for practical purposes, pure 

water is considered to be that which has low dissolved and suspended solids 

and obnoxious gases as well as low in biological life. Such high quality 

water may be required only for drinking purposes, while for other uses like 

agriculture and industry, the quality of water can be quite flexible [1]. 

Water quality is affected by natural processes and human activities. It is 

often thought that the chemical composition is the only factor involved. 

However, other conditions, such as biological, physical and radiological 

factors should be considered when mentioning water quality [2]. The 
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determination of inorganic constituents and their impact on water quality 

require an in-depth knowledge of the interactive water chemistry 

relationship [4]. The unique properties of water which make it universal 

solvent got a much greater tendency to get polluted. Water can be regarded 

polluted when it changes in quality or composition either naturally or as a 

result of human activities. Thus, becoming less suitable for drinking, 

domestic, agriculture, industrial, recreational, wildlife and other uses for 

which it would have been otherwise suitable in its natural or unmodified 

state [1]. 

1.1.2 Water pollutants 

      Water pollutant can be defined as physical, chemical or biological 

factors causing aesthetic or detrimental effect on aquatic life or on those who 

consume water [1]. Drinking water may be reasonably expected to contain at 

least very small amounts of some pollutants. That's because as the water 

draw from-lakes, rivers, streams, ponds, reservoirs, springs and wells travels 

over the surface of land or through the ground, it picks up naturally 

occurring minerals. It can also picks up substances resulting from presence 

of animals or from human activity [5]. The presence of contaminants does not 

necessarily indicate that water possesses a health risk. The majorities of 

water pollutants are, however, in the form of chemicals which remain 

dissolved or suspended in water and give an environmental response which 

is often objectionable. Sometimes physical and biological factors act as 

pollutants [1]. 
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1.1.2.1 Some of elements that exist in water  

• Copper  

Trace amount of copper exist widely in river, tap, pond, well and under 

ground water. This metal is essential trace element for biological system. 

Numerous dissolving chemical forms, such as aqua ions, complexes and 

colloids, are observed in natural water. In general the toxicity of 

dissolved copper (cu++) is considered to be much less than that of 

mercury, but greater than that of cadmium, silver, lead and zinc [6]. 

 Copper is widely used in the production of wire, brass; boiler pipe, 

cooking utensils, and fertilizers, etc. Copper sulfate has been used in 

reservoirs and distribution system as an algicide [7]. Therefore, copper is 

frequently found in water and waste water at significant quantities. 

Although copper is known to be a biologically essential and beneficial 

element, ingestion of excessive copper can cause nausea, vomiting, 

diarrhea, epigastric pain, and dizziness. 

 The potential sources of copper pollution are smelting and refining 

industries; copper wire manufacturing, iron and steel industries, metal 

cleaning operations, plating paths, rinses and manufacturing of printed 

circuit [7]. 

• Lead 

Exposure to lead comes from a variety of sources. Lead is present in the 

air, food and in the water. Lead rarely occurs naturally in drinking water 

resources. Drinking water contributes an estimated 15 to 20 % of the 

exposure to lead in humans. In addition lead ingested from water is 

absorbed more completely than lead from food. In adults, 10 to 15 % of 

lead in food is absorbed but 35 to 50 % or more of lead in water is 
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absorbed [8]. The most common source of lead in water are lead service 

line that connect water mains to homes, lead solder and pipes within 

homes, and brass plumbing fixtures. The most common cause of lead in 

drinking water is corrosion, a reaction between the lead pipes or solder 

and the water.  . Lead exposure is considered a major environmental 

health threat to young children [9].  It reduces birth weight, causes 

premature birth, delays physical and mental development in babies and 

young children, and impairs mental abilities in children in general. In 

adults, lead can increase blood pressure and interfere with hearing. At 

high level of exposure, lead can cause anemia, kidney damage and nerve 

damage. However, young children and pregnant women are the most risk 
[8].  

• Iron 

Iron is one of the earth’s most plentiful resources, making up at least five 

percent of the earth’s crust [10]. Aeration of iron containing layers in the 

soil can affect both ground and surface water [11].  

Iron is considered a secondary or “aesthetic” contaminant [10]. Dissolution 

of iron can occur as a result of oxidation and decrease in pH [12]. In fact, 

iron is essential for good health because it transports oxygen in blood [10]. 

Iron in water is not a health hazard by itself since many organisms 

require iron to grow [13].  

• Calcium 

Calcium is the fifth most abundant natural element. It enters the fresh 

water system through the weathering of rocks, especially limestone, and 

from the soil through seepage, leaching and runoff [14]. The concentration 

of calcium in water depends on the residence time of the water in 
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calcium-rich geological formations [15]. Calcium blocks the absorption of 

heavy metals, and it has been found, for example, that low calcium diet 

increases the susceptibility of rates of lead poisoning [16]. Calcium is 

necessary for good health [17]. Drinking water containing calcium may 

provide a significant portion of the required daily intake to prevent such 

as osteoporosis, hypertension and cardiovascular disorder [18].     

• Magnesium 

Magnesium in drinking water has been calculated to constitute some 10 

% of the daily population intakes [19]. Magnesium from water is absorbed 

faster to a higher degree than magnesium from food such as milk [17]. 

Magnesium is quickly expelled from the bodies of healthy humans [20]. 

Excess of magnesium may cause kidney diseases, however, may suffer 

from hypertension, confusion, muscle weakness and coma [19]. 

• Chloride 

Chloride (Cl-) is one of the major anions found in water and is generally 

combined with calcium, magnesium, sodium or potassium [21]. 

Chloride in drinking-water originates from natural sources, sewage and 

industrial effluents, urban runoff containing de-icing salt and saline 

intrusion. The main source of human exposure to chloride is the addition 

of salt to food, and the intake from this source is usually greatly in excess 

of that from drinking-water. 

Excessive chloride concentrations increase rates of corrosion of metals in 

the distribution system, depending on the alkalinity of the water. This can 

lead to increased concentrations of metals in the supply. No health-based 

guideline value is proposed for chloride in drinking-water. However, 
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chloride concentrations in excess of about 250 mg/liter can give rise to 

detectable taste in water [22]. 

Table (1-1) shows some elements that may present in water and their 

maximum contamination level to cause health problems for the world 

organizations [23]. 

Table (1-1) the maximum contamination level of elements in drinking 

water 

elements 
EPA* 

 

Canada** 

 

EEC*** Japan**** WHO*****  

Chloride 

(ppm) 
250  250   200  250  

Copper 

(ppm)  
1  <1  2  1  1-2  

Lead (ppm) 0.015  0.01  0.01  0.05  0.01  

Iron (ppm) 0.3  <0.3  0.2  0.3  0.3  

 

*US environmental protection agency 

**these limits are establishes by health Canada 

***European economic commodity for environmental legislation 

****in Japan these limits are established for ministry of health 

*****world health organization guidelines 
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The Iraqi standard specifications of the chemical prosperities (inorganic 

compounds) for drinking water constructed from the central organization of 

the standardization and quality control (C.O.S.Q.C) is shown in table (1-2) 

Table (1-2) the maximum level of elements in drinking water according 

to (C.O.S.Q.C) [24] 

elements Maximum level 

Lead (ppm) 0.01  

Copper (ppm) 1  

Iron (ppm) 0.3  

Calcium (ppm) 50  

Magnesium (ppm) 50  

Chloride (ppm) 250  

  

1.1.3 Origin and source of water pollution  

1.1.3.1 Origin and sources of water pollutants 

      The origin of pollutants can be traced to their natural occurrence on the 

earth, formation by transformation and concentration of natural substances, 

and their man-made synthesis. The pollutant may arise quite naturally to 

form part of the background concentrations in the environment. The example 

of some naturally occurring pollutants forming the background is oxides of 

nitrogen, heavy metals and hydrocarbons. Some pollutants can be formed by 

concentration and transformation of naturally occurring compounds during 

their domestic, agriculture or industrial use. The generation of sewage and 

waste waters containing agrochemicals, certain pesticides and surfactants, 

petrochemicals, hydrocarbons and heavy metals are some important 

examples of pollutants originated in this way. Many chemicals do not occur 
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in the nature, and pollution caused by them is entirely man-made, for 

example, synthesis of various pesticides, surfactants, plastics and 

petrochemicals has introduced a large number of chemicals in environment 

which created severe environmental problems. Many of them move from 

one component to another (air = water, air = soil, soil = water), finally, 

contaminate the whole environment [1]. 

1.1.3.1. a- Natural source of run-off [1] 

       The natural entry of pollutants in water bodies can take place through 

rain; from atmosphere by dry deposition entrainment and reaction; periodic 

submergence of surrounding vegetations, and falling of dry parts of nearby 

vegetation directly on the surface of waters. The run-off water originated 

from different areas is quite rich in nutrients and organic matter. The run-off 

from sparsely populated or rural areas can pick up several substances from 

soil, including nutrients and organic debris. 

The run-off water originates from the urban areas can collect vast quantities 

of substances from roadside waste waters drains, surface of roads, open 

areas and from houses. 

1.1.3.1. b- Domestic sewage [1] 

       Sewage consists of waterborne wastes of community, and contains 

about 99% of water and 1% of solids. Of solids present in sewage, 70% are 

organic and 30% are inorganic in nature. Out of the organic constituents, 

65% are proteins, 25% are carbohydrate and 10% fats, as shown in figure 

(1-1).         
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Figure (1-1) the distribution of domestic sewage components. 

The inorganic fraction of sewage constituents are grit salts and metals in 

varying proportions. In most cases the domestic sewage is generally 

discharged as untreated or partially treated form to the nearby water bodies 

like rivers, lakes, estuaries or coastal water where it can cause severe 

sanitary and other water pollution problems. 

1.1.3.1. c- Agriculture wastes [1] 

       Agriculture wastes usually originate in the form of run-off from the 

agricultural fields and animals farms. Modern agriculture uses a large 

number of chemicals, called agrochemicals, in the form of fertilizers, 

organic manures, pesticides, growth hormones, nutrient solutions and others. 

All the residual forms of these chemicals along with organic debris from the 

remains of the harvested crops are trapped by run-off water causing 

pollution problems in the receiving waters. The agricultural run-off is 

considerably rich in nutrient like nitrogen and phosphorus. While nutrients 

Domestic 
sewage

Solids 1% Water 99% 

 70%Organic 30% inorganic 

65% protein 

25%carbohydrate
e 

10% fats 
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create problem of eutrophication, pesticides are responsible for causing 

toxicities to aquatic life. Several pesticides have been reported to get 

bioaccumulated and biomagnified through food chains resulting in the 

secondary poisoning to man and predatory birds. 

1.1.3.1. d- Industrial wastes [1] 

       Industrial wastes have the greatest potential of polluting the receiving 

water. The nature and composition of industrial wastes widely vary from 

industry to an other and even within the same industry depending upon the 

raw materials, processes and operation factors. The industrial waste may 

have pollutants of almost all kinds ranging from simple nutrient and organic 

matter to complex toxic substances. The wastes from the industries like 

sugar factories, dairies, paper and pulp, tanneries, and distilleries are rich 

sources of organic matter. Metal plating industries release substantial 

quantities of heavy metals and cyanide in their wastes. The wastes from 

fertilizers industries can also be rich source of nutrients causing 

eutrophication. The chemical industry releases wastes with highly variable 

composition which are often acidic or alkaline in nature [1]. 

1.2 Electrochemical techniques  

       Electrochemistry is a scientific discipline with a well developed system 

of theories and quantitative relationships [25]. A number of important 

analytical methods are based on the electrochemical prosperities of solutions 
[26]. However, an electroanalytical method can be defined as one in which the 

electrical response of a chemical system or sample is measured. 

Electrochemical methods can be divided into two classes:  

Those involving [25], potentiometry which is the field of electroanalytical 

chemistry in which potential is measured under the conditions of no current 
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flow [27]. The measurement of electric potential in electrochemical cell, is 

probably one of the oldest methods of chemical analysis still in wide use. 

The early analytical applications of potentiometry were essentially to detect 

the end points of titration. More extensive use of direct potentiometric 

methods came after Haber developed the glass electrode for pH 

measurement in 1909. In recent years, several new classes of ion selective 

sensors have been introduced. In potentiometry, one measures the 

equilibrium thermodynamic potential of a system essentially without causing 

electrolysis or current drain on the system because this would affect the 

existing equilibrium [25]. Potentiometric methods are based on the 

measurement of a potential difference between two electrodes immersed in a 

solution [28]. 

The potential that develops in the electrochemical cell is the result of the free 

energy change that would occur in the chemical phenomena until the 

equilibrium condition has been satisfied [27]. 

In all other methods, a voltage or current is applied to an electrode and the 

resultant current flow through, or voltage change of, the system is 

monitored. Although this approach may be more complicated than the case 

in potentiometry. There are advantages in that one is not forced to deal with 

the particular equilibrium characteristics of the system. 

1.2.1 Electrochemical cell 

     An electrochemical cell can be defined as two conductors or electrodes, 

may be metallic, immersed in the electrolyte solutions which are in electrical 

contact [25]. Electrochemical cells can be classified into two kinds: galvanic 

(or voltaic) and electrolytic. A galvanic cell consist of two electrodes 

immersed in one or more solutions (i.e., two half cells) and it is capable of 

spontaneously converting chemical energy more or less completely into 
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electrical energy and supplying this energy to an external source [29]. An 

electrolytic cell is one in which chemical reaction are caused to occur by the 

imposition of an external voltage greater than the reversible (galvanic) 

voltage of the cell [25]. Actually, a galvanic cell is built up from the products 

of the electrolytic cell that accumulate at the electrodes. When external 

current is turned off, the products tend to produce current in the opposite 

direction [29]. 

1.2.2 Ion Selective Electrode  

      Ion selective electrodes (ISES) are membrane electrodes that respond 

selectively to some ions in the presence of others [30]. It is based on passive 

membrane regions of space that separate two phases [31]. Ion selective 

electrode is one of the most frequently used potentiometric sensors during 

laboratory analysis as well as in industry, process control, physiological 

measurement, and environmental monitoring [32]. An ion-selective 

membrane is the key component of all potentiometric ion sensors. It 

establishes the preference with which the sensor responds to the analyte in 

the presence of various interfering ions from the sample [33] since some 

selective chemistry takes place at the surface of the electrode producing an 

internal potential. Species recognition is achieved with a potentiometric 

chemical sensor through a chemical equilibrium reaction at the sensor 

surface [34]. Ion selective electrodes which use such membrane were often 

referred to as being specific for a particular ion [35]. The term 'specific’ 

implies that the electrode does not respond to additional ions. Since no 

electrode is truly specific for one ion, the term ‘ion-selective’ is 

recommended as more appropriate. ‘Selective ion- sensitive electrode’ is a 

little-used term to describe an ion-selective electrode. These include probes 

that measure specific ions and gases in solution. The most commonly used 
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ISE is the pH probe. Other ions that can be measured include element ions 

such as Fluoride, Bromide, Cadmium, Cupric and others, and gases in 

solution such as Ammonia, Carbon dioxide, nitrogen oxide, and Oxygen [30]. 

Table(1-3) lists properties of some ion selective electrodes. 

Table (1-3) shows some ion selective electrode and their characterization 

and parameters. 

Characterization 

And parameters 

Ion selective electrodes 

calcium copper chloride 

Slope 26±3 26±3 -54±5 

Linear range(ppm) 0.1-4000 
6.4x10-2-

6.4x103 
3-35000 

Detection 

limit(ppm) 
0.02 6.4x10-3 1 

Response time(sec.) 10 10 10 

Optimum 

temperature (oc) 
25 25 25 

pH range 3.5-11 2-7 1-12 

Membrane type 

Solid state PVC 

polymer matrix 

membrane 

Solid state 

crystalline 

membrane 

Solid state poly 

crystalline 

membrane 

Ionic strength 

adjuster 
4M KCl 5M NaNO3 5M NaNO3 

Reference electrode Single junction  double junction  double junction  
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1.2.2.1 General applications of ISE 

Ion selective electrodes are now commercially available for the selective 

determination of large number of anions and cations and have found 

applications in many fields. 

ISEs have been widely used for the evaluation of many equilibrium 

constants [36, 37], and reaction rates and mechanisms [38, 39]. Buff et al. [37] have 

described the use of silver chloride electrode to determine the solubility 

product, Ksp, of AgCl by direct calibration. The Ksp of AgCl was found to 

be (1.9 ±0.04) x 10-10 compared to literature value (1.8 x 10-10 mol2.liter-2). 

The chemical composition of rocks and soils are of great importance in 

geology and agriculture studies. ISEs have been successfully employed to 

determine nitrate [40], fluoride [41], chloride [42], sulfide [43], sulfate [44], 

magnesium [45] and ammonium [46] in wide varieties of rocks, clays and soils. 

ISEs have been also used to measure oxides of nitrogen in air exhaust gases, 

and cigarette smoke [47]. Fluoride and chloride in rain and snow [48] hydrogen 

sulfide and cyanide in tobacco smock have been also determined by this 

method.   

ISEs have been widely applied in paper pulp [49], liquors [50], metal plating 
[51], crude oil [52], explosives [53], and nuclear materials [54]. Overman [55] has 

reported a method for the determination of mercury (ΙΙ), which is used as 

catalyst to dissolve aluminum in clad reactor fuel assemblies. In this process, 

Hg (ΙΙ) has been removed before the reprocessed fuels are reclad because it 

would corrode new aluminum- clad fuels. The Hg (ΙΙ) level is checked in the 

final solution by remote titration with iodine using iodide ion selective 

electrode. 
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ISEs have found wide biomedical applications. ISEs are the sole class of 

devices that have been fabricated for measuring important ions and 

dissolved gases in blood, such as calcium [56], fluoride [57], chloride [58], 

sodium [59], and ammonium [60]. Such devises respond to ion activities which 

are especially valuable in this field since life processes are related to 

activities and not to concentration. Coring sodium electrode [61] has been 

used in a flow through system for blood analysis. The electrode was found to 

have a high selectivity for Na+ over K+ (KPOT.
Na/K ~ 10-4). 

ISEs can be used in the pollution monitoring such as cyanide, fluoride, 

copper, sulfide, chloride etc., in effluents and natural water [62].     

1.2.2.2 Potentiometric measurement 

The characterization of ion selective electrodes for a particular application 

has been based on the study of many parameters such as precision and 

accuracy and the time available to perform such analysis. The most 

important and widely used techniques for such studies are direct, standard 

addition, and titration methods [63]. The direct potentiometric measurement 

method is the most straightforward. The ISE and reference electrodes are 

immersed in the sample and the equilibrium cell potential is recorded. This 

method is extremely rapid, enabling measurements to be completed in two 

or three minutes. This method is suitable for the analysis of all samples in 

which the analyte of interest is present in the free uncomplexed state. 

In standard addition method, the potential is first measured as in above then 

very small volume of standard solution of concentration higher than 100 

times than sample concentration of the analyte is then added to the solution 

and the resulting potential is measured. This method based on the 

assumption that the activity coefficient of the analyte ion is identical before 
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and after the addition and that the degree of complexation of the analyte also 

remains constant throughout the measurement, since the volume of the 

analyte is relatively small [64]. 

The standard addition method is more applicable for the analysis of 

relatively complex matrix samples; in addition it is rapid and gives results 

that are more accurate for real samples in which interferent ions cause 

problems [64]. 

1.2.2.3 Ion analyses by ion selective electrode 

Gavagnaro [65] has reviewed the electrochemical methods of water analysis. 

Two flow-through cupric selective electrode for the continuous and flow 

injection determination of cupric ion are described by Vander and 

Oostervink [66]. 

  Stella and Ganzerli-Vanlentini [67] used a cupric ion selective electrode for 

the determination of inorganic copper species in fresh water. 

Westall et al [68] studied the effect of chloride ion on cupric ion selective 

electrode measurements. On the basis of their method, the electrode was 

unsuitable for determination of cupric ion in sea water. 

A number of suitable analytical techniques are available for the 

determination of chloride in water, including silver nitrate titration with 

chromate indicator [69], mercury (ΙΙ) nitrate titration with diphenyl carbazone 

indicator, potentiometric titration with silver nitrate, automated iron(ΙΙΙ) 

mercury (ΙΙ) thiocyanate coulometry and ion selective electrode[70]. 

Hulanicki and Trojanowica [71] have described the direct potentiometric 

determination of calcium in water with a constant complexation buffer.  

Kawamura and Kashimu [72] described the determination of calcium and 

magnesium ions in the mixture by the electromotive force of calcium ion 

selective electrode and bivalent cation electrode. 
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Hu Z. et al [73] have described a direct potentiometric determination of water 

hardness with use of an ion selective electrode. 

Grossmann et al [74] described a new method for measuring the hardness of 

water.   

1.3 Atomic absorption spectroscopy 

Atomic absorption spectroscopy is used for the qualitative and quantitative 

identification and determination of trace levels of metals in all types of 

materials and solutions [28]. The term atomic absorption refers to the 

absorption of energy from a light source, with consequent decrease in the 

radiant power transmitted through the flame [25].  

1.3.1 General applications 

Atomic absorption spectrophotometry has been used to determine metals and 

nonmetals in almost every conceivable type of sample. Many standard 

procedures for water analysis (river, ground, and lake water; sea water 

industrial effluents; beverage) has been based on AAS. Abundant elements 

(Na, K, Ca, Mg, and Fe) and many trace transition metals can usually be 

determined directly with flame AA. The use of AAS in metallurgical and 

mining industries is common for analysis of metals, alloys, geochemical 

samples and electroplating solutions. Flame AAS is adequate for 

determination of most elements at concentrations of 0.001% (w/w) or above 

in solid samples after dissolution by acids digestion or fusion.  

Analysis of petroleum products presents special sample preparation 

difficulties. Oil and gasoline are often diluted by a factor of 2 to 10 with 

suitable solvents (heptane, xylene, methyl isobutyl ketone) so they can be 

aspirated into a flame. 
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For biological and clinical samples, it is critical to remove the organic matrix 

by digestion or some other method before analysis. With most biological 

samples, a flame ionization buffer is needed because of high content of Na 

and K [75].  

1.3.2 Metal analyses by atomic absorption spectroscopy 

Sturgeon et al [76] described a direct determination method for iron in water 

by graphite furnace atomic absorption spectroscopy. 

Iron in water can be also determined by atomic absorption spectrometry 

(detection limit 5µg/liter) [77]. The average river iron concentration has been 

reported to be 0.7 mg/L [78]. 

Fishman and Downs [79] have described a method for determination of 

calcium, copper, lithium, magnesium, manganese, potassium, sodium, 

strontium and zinc in natural water and may be applicable to other elements 

by atomic absorption spectroscopy. 

Air-acetylene flame atomic absorption spectroscopy (AAS) and inductively 

coupled plasma (ICP) emission spectroscopy have been used for 

determination of calcium in water. The detection limit of the AAS method 

on direct aspiration is 3 µg/L, and the optimum concentration range from 

(0.2 to 20 mg/L). The recovery of added calcium in a spiked sample is 

between 85 and 115 percent [80].  

Dawson and Heaton [81] have described a method to the determination of 

magnesium in biological materials by atomic absorption spectrophotometry. 

  Atomic absorption spectroscopy is a suitable method for the determination 

of As, Pb and Hg in part per million and sub-part per billion levels in 

environmental and biological samples as described by Gautam et al [82]. In 

this work the analysis of various environmental and biological samples were 

investigated. This technique is fast simple and highly sensitive. The 
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detection limit of As, Pb and Hg were 1.8 µg/L, 1.6 µg/L and 1.5- 1.6 µg/L 

respectively. 

Taher [83] has described method to the determination of trace lead after solid 

liquid extraction and preconcentration using 1-(2- pyridylazol-2-naphthol). 

The extraction of metal from water samples by a chelating agent was 

reported to selectivity extract heavy metals.  

Dingman et al [84], have reported a concentration factor as high as 1000 when 

using poly urea resin to extract Cu, Zn, Ni and Co. These metals were then 

determined by atomic absorption spectroscopy. 

Many atomic spectrometric methods had been reported [85], for the 

determination of metal ions concentration of different samples. These 

methods were used for determination the concentration of the sample metal 

components by ion exchange process followed by emission 

spectrophotometry were reported by Thomas [86]. 
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1.4 Aim of the work 

The aim of this work was to evaluate the water quality in some Iraqi water 

resources (tap, river and ground water), in different governorates (Al- 

Sulaimaniyah, Al- Mosul, Diyala, Baghdad, Karbala, Al- Najaf and Al- 

Diwaniyah). 

The study concern with determination of (calcium, magnesium, chloride, 

copper, iron, and lead) metal ions concentration. Some of these ions may be 

toxic for human and other organisms if their concentrations were above the 

maximum level.  
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3. Results and discussion 

3.1 Quantitative analysis using ion selective electrodes 

• Calcium 

A linear calibration curve was obtained extended from (1 -1000) ppm, 

as shown in figure (3-1) with line equation of 

y = 30.259 Log x + 33.823……. (3-1) 

 

Fig (3-1) calibration of calcium ion selective electrode 

Where y represents the potential value (mV) and the x represents the log 

of the concentration for the calcium ion. 

The correlation factor for this line was 0.9995 with a relative standard 

deviation of 0.0929%. 

The slope of this calibration curve was 30.259 which nearly represent the 

slope of calcium ion selective electrode as shown in table (1-3). 

The concentration of calcium in different water samples was determined 

by multiple standard addition method, and the results were tabulated in 

table (3-1). 
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Table (3-1) Calcium concentration determined by ion selective electrode 

in different water samples in Iraq 

location 
Concentration of calcium (ppm) ± SD* 

 

Tap water River water Ground water 

Sulaimaniyah 20.73 ± 0.05  32.42 ± 0.08 

Mosul 27.16 ± 0.15 
Tigris rver   

39.19 ± 0.07 

Diyala 29.89 ± 0.08 43.21 ± 0.06 

Baghdad 

(Qadissyah Q.) 
23.16 ± 0.12 

50.81 ± 0.05 

55.08 ± 0.09 

Baghdad 

(Dora Q.) 
26.45 ± 0.12 58.79 ± 0.07 

Karbala 30.56 ± 0.11 
Euphrates river 

 

55.22 ± 0.09 

Najaf 39.89 ± 0.10 62.38 ± 0.12 

Diwaniyah 44.66 ± 0.15 73.19 ± 0.1 

* Each reading was an average of three measurements 

The average SD for these samples was ± 0.0946. 

The calcium concentration was in the range (20.73 to 44.66) ppm for tap 

water, and in the range (39.19 to 73.19) ppm in river water. 

From table (3-1) the governorates which lie at both rivers (Tigris and 

Euphrates) it was found that the lowest level of calcium concentration for 

tap water was in Al -Sulaimaniyah, and the highest level of calcium 

concentration in both rivers and tap water was found in Al - Diwaniyah. 
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And the lowest calcium concentration in Tigris and Euphrates rivers was 

found in Al -Mosul and the highest level was found in Al - Diwaniyah for 

river water. 

Also from the above table the concentration of calcium in river was found 

to be higher than its concentration in tap water for each governorates lie 

at Tigris and Euphrates rivers, and for Baghdad the concentration of 

calcium in ground water is higher than its concentration in river, because 

surface water generally contains lower concentration of calcium than 

ground water [88], and the last has a higher calcium concentration than in 

tap water, and for Al- Sulaimaniyah the concentration of calcium in the 

ground water was higher than its concentration in the tap water. That 

because calcium is primarily found in ground water due to the dissolving 

of limestone (calcium carbonate) the dissolving occurs when the 

limestone reacts with rain water which has become slightly acidic through 

a reaction with carbon dioxide [2]. 

However, for Tigris the concentration of calcium increased from the 

north down to south of the direction of the river for both tap and river 

water except Baghdad (Qadissyah Q.) and al Dora tap water which has 

lower concentration than Al- Mosul and Diyala, and for Euphrates the 

concentration of calcium were found to be increased from the north down 

to the south of the river direction. The calcium concentration in both tap 

and river water in Tigris was found to be lower than its concentration in 

Euphrates. The calcium distributions was shown in figure (3-2) 
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Fig (3-2) calcium distribution in tap, river and ground water measured by 

ion selective electrode 

• Copper 

A linear calibration curve was obtained extended from (0.1 -1000) 

ppm, as shown in figure (3-3) with line equation of 

y = 29.75 Log x + 214.99……. (3-2) 

 

 

 

 

 

 

 

 

 

 

 

Fig (3-3) calibration of cupric ion selective electrode 

Where y represents the potential value (mV) and the x represents the log 

of the concentration of cupric ion. 
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The correlation factor for this line was 0.9996 with a relative standard 

deviation 0.0282%. 

The slope of this calibration curve was 29.75 which nearly represent the 

slope of cupric ion selective electrode as shown in table (1-3). 

The concentration of copper in different water samples was determined 

by multiple standard addition method, and the results were tabulated in 

table (3-2). 

Table (3-2) Copper concentration determined by cupric ion selective 

electrode in different water samples in Iraq 

location 
Concentration of copper (ppm) ± SD* 

 
Tap water River water Ground water 

Sulaimaniyah 0.053 ± 0.005  0.035 ± 0.001 

Mosul 0.064 ± 0.003 
Tigris river 

 
0.036 ± 0.007 

Diyala 0.085 ± 0.002 0.044 ± 0.001 

Baghdad 

(Qadissyah Q.) 
0.071 ± 0.001 

0.045 ± 0.002 

0.049 ± 0.004 

Baghdad 

(Dora Q.) 
0.072 ± 0.003 0.058 ± 0.002 

Karbala 0.082 ± 0.001 
Euphrates river 

 

0.063 ± 0.005 

Najaf 0.096 ± 0.004 0.066 ± 0.004 

Diwaniyah 0.105± 0.005 0.069 ± 0.001 

*Each reading was an average of three measurements 
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 The average SD for these samples was ± 0.0029. The copper 

concentration was in the range (0.053 to 0.105) ppm for tap water, and in 

the range (0.036 to 0.069) ppm in river water. 

From table (3-2) for both Tigris and Euphrates rivers the lowest level of 

copper concentration for tap water was found in Al - Sulaimaniyah, and 

the highest level of copper concentration in tap water was found in Al - 

Diwaniyah. 

For river water the highest level of copper concentration was found in Al - 

Diwaniyah, while the lowest level was found in Al- Mosul. For 

Baghdad the copper concentration in the ground water was higher than 

copper concentration in the river but has a lower concentration than in the 

tap water and in Al- Sulaimaniyah the copper concentration in the 

ground water was lower than its concentration in the tap water. 

Generally from table (3-2), for Tigris and Euphrates the concentration of 

copper in the river water was relatively lower than its concentration in the 

tap water for each governorate. This is because of the main source of 

copper in the drinking water comes from the corrosion of the pipes. 

However, for governorates which lie at Tigris the concentration of copper 

in the tap water increases from the north down to the south of the river 

direction except Diyala which has copper concentration higher than 

Baghdad. The copper concentration in river water has also increases 

from the north down to the south Tigris direction. And for the 

governorates lie at Euphrates the copper concentration in the tap and river 

water have also increases from the north down to the south of the river 

direction. However, the copper concentration in both tap and river water 

for the governorates which lie at Tigris was lower than its concentration 

in governorates lies at al Euphrates except Diyala which has copper 

concentration higher than Karbala.   The distribution of copper ion in 

water samples were shown in figure (3-4). 
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Fig (3-4) copper distribution in tap, river and ground water measured by 

ion selective electrode 

• Chloride 

A linear calibration curve was obtained extended from (1 -1000) ppm, 

as shown in figure (3-5) with line equation of 

y = -57.05 Log x + 68.246……. (3-3) 

       
Fig (3-5) calibration of chloride ion selective electrode 

Where y represents the potential value (mV) and the x represents the log 

of the concentration of chloride ion. 
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The correlation factor was 0.9993 with a relative standard deviation of 

0.136%. 

The slope of this calibration curve was -57.05 which represent the slope 

of chloride ion selective electrode as shown in table (1-3). 

The concentration of chloride in different water samples was determined 

by multiple standard addition method, and the results were tabulated in 

table (3-3). 

Table (3-3) Chloride concentration determined by chloride ion selective 

electrode in different water samples in Iraq 

location 
Concentration of chloride (ppm) ± SD* 

 

Tap water River water Ground water 

Sulaimaniyah 167.04 ± 0.09  148.61 ± 0.03 

Mosul 251.33 ± 0.09 
Tigris river 

 
216.81 ± 0.06 

Diyala 298.32 ± 0.18 280.45 ± 0.16 

Baghdad 

(Qadissyah Q.) 
246.37 ± 0.21                                                                                                                             

225.18± 0.09 

199.71 ± 0.06 

Baghdad 

(Dora Q.) 
299.59± 0.14 209.45 ± 0.12 

Karbala 316.88 ± 0.07 
Euphrates river 

 

344.08 ± 0.09 

Najaf 327.61 ± 0.09 416.29 ± 0.09 

Diwaniyah 370.01 ± 0.12 433.75 ± 0.21 

*Each reading was an average of three measurements  

The average SD for these samples was ± 0.108. 
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The chloride ion concentration was in the range (167.04 to 370.01) ppm 

for tap water, and in the range (216.81 to 433.75) ppm in river water for 

the governorates which lie at Tigris and Euphrates rivers. 

From table (3-3) the lowest level of chloride concentration for both Tigris 

and Euphrates for the tap water is found in Al - Sulaimaniyah, and the 

highest level of chloride concentration of tap water is found in Al - 

Diwaniyah, for river water the lowest chloride concentration was found 

at Al- Mosul and the highest level of chloride concentration in river water 

was also found in Al - Diwaniyah. In Baghdad the chloride concentration 

in the ground water was found to be lower than its concentration in the 

river and tap water as same as in Al - Sulaimaniyah. 

For the governorates which lie at Tigris the concentration of chloride in 

the tap water was higher than its concentration in the river water, but for 

the governorates which lie at Euphrates the concentration of chloride in 

the tap water is lower than its concentration in the river water.  

For governorates which lies at Tigris for the tap and river water the 

chloride concentration increases from the north down to the south of the 

river direction but the chloride concentration in Baghdad (Qadissyah Q.) 

was lower than chloride in Diyala for both tap and river water. The same 

as in the governorates which lie at Euphrates the chloride concentration 

increases from the north down to the south of the river direction. 

However, the chloride concentration for tap and river water of the 

governorates position at the Tigris river were found to be lower than the 

chloride concentration for the governorates position at Euphrates. 

The chloride ion distribution in Iraqi governorates for tap, river and 

ground water were shown in figure (3-6) 
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Fig (3-6) chloride distribution in tap, river and ground water measured by 

ion selective electrode 

For the ions which determined by ion selective electrode the recovery and 

error were tabulated in the table (3-4) 

Table (3-4) Recovery of the ions measured by ion selective electrode 

Parameters 
Ions 

Calcium Copper Chloride 

Concentration 

prepared (M) 
1 x 10-3 1 x 10-3 1 x 10-3 

Found (M) 0.9813 x 10-3 0.9715 x 10-3 0.9931 x 10-3 

Recovery % 98.13 97.15 99.31 

Error % 1.87 2.85 0.69 

 

Where the chloride has the highest recovery 99.31 followed by calcium 

which has recovery of 98.12 and at last copper which has the lowest 

recovery of 97.15. 
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3.2 Quantitative analysis using atomic absorption 

spectroscopy 

• Iron 

A calibration curve was constructed for iron employing 248.3 nm as 

absorption line for the metal. 

A linear calibration curve was obtained extended from (0.1-10) ppm, 

as shown in figure (3-7) with equation of 

y = 0.0584x - 0.0015……. (3-4) 

Fig. (3-7) calibration curve of iron 
  Where y represents the absorbance value and x represents the 

concentration of iron.  

  The correlation factor for this line was 0.9991 with a relative standard 

deviation of 1.624%. 

The concentration of iron in different types of water samples was 

calculated using the above linear equation (3-4), and the results are 

tabulated in table (3-5). 
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Table (3-5) Iron concentration determined by atomic absorption in 

different water samples in Iraq 

location 
Concentration of iron (ppm) in ± SD* 

 

Tap water River water Ground water 

Sulaimaniyah 0.135 ± 0.003  0.095 ± 0.01 

Mosul 0.178 ± 0.005 
Tigris river 

 
0.127 ± 0.01 

Diyala 0.182 ± 0.003 0.139 ± 0.01 

Baghdad 

(Qadissyah Q.) 
0.191 ±0.005 

0.145± 0.003 
0.038 ±0.004 

Baghdad 

(Dora Q.) 
0.198± 0.001 0.078 ± 0.004 

Karbala 0.206 ± 0.004 
Euphrates river 

 

0.157 ± 0.003 

Najaf 0.211 ± 0.01 0.188 ± 0.02 

Diwaniyah 0.273 ±0.002 0.221 ± 0.005 

*Each reading was an average of three measurements 
The average SD for these samples was of ±0.0026 

The iron concentration was in the range (0.135 to 0.273) ppm for tap 

water, and in the range (0.127 to 0.247) ppm in river water. 

From table (3-5) the lowest iron concentration in governorates that lies at 

Tigris and Euphrates rivers for tap water was found in AL -

Sulaimaniyah, while the highest iron concentration for tap water was 

found in AL- Diwaniyah. The lowest iron concentration was found in 

both rivers were found in Al-  Mosul while the highest concentration was 

found in AL- Diwaniyah  river water. 
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For Baghdad the concentration of iron in the ground water was lower 

than its concentration in the tap and river water, and in AL -

Sulaimaniyah the iron concentration in ground water was lower than its 

concentration in the tap water. Most ground water has at least trace 

amount of iron because its presence in nature is so common [2]. 

 Iron concentration in both Tigris and Euphrates rivers were found to be 

lower than iron concentration in tap water, that because the source of iron 

in drinking water may come from the corrosion of pipes.  

For both governorates which lie at Tigris and Euphrates rivers the iron 

concentrations in tap and river water were increased from the north down 

to the south of the rivers directions. However, the iron concentration for 

the governorates which lies at Tigris River in tap and river water was 

found to be lower than its concentration in the governorates which lies at 

Euphrates. The iron distribution in water samples is shown in figure (3-

8).  

  

Fig (3-8) Iron distribution in tap, river and ground water measured by 

atomic absorption 
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• Lead  

A calibration curve was constructed for lead employing 283.8 nm as 

absorbing line for the metal. 

A linear calibration curve was obtained extended from (0.01-10) ppm, 

as shown in figure (3-9) with equation of 

y = 0.243 x – 0.0068……. (3-5) 

 

 

 

 

 

 

 

 

 

Fig. (3-9) calibration curve of lead 

Where y represents the absorbance value and x represents the 

concentration of lead.  

The correlation factor for this line was 0.9992 with a relative standard 

deviation 3.144%. 

The concentration of lead in different types of water samples was 

calculated using the above linear equation (3-5), and the results were 

tabulated in table (3-6). 
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Table (3-6) Lead concentration determined by atomic absorption in 

different water samples in Iraq 

location 
Concentration  of lead (ppm) ± SD* 

 

Tap water River water Ground water 

Sulaimaniyah nil  nil 

Mosul nil  nil  

 

Diyala 0.0103±9x10-4  nil 

Baghdad 

(Qadissyah Q.) 
0.008±8x10-4 

nil  

nil  

Baghdad 

(Dora Q.) 
0.011±5x10-4  nil 

Karbala 0.0099±7x10-4  nil  

 Najaf 0.012±9x10-4  nil 

Diwaniyah 0.013±5x10-4 nil  

*Each reading was an average of three measurements 
The average SD for these samples was   ± 0.000705. 

The detected lead concentration in tap water was in the range (0.008 to 

0.013) ppm, and there was no detection of lead in the river water or in the 

ground water in all water samples. 

That's because lead is rarely occurs in naturally in drinking water 

resources, but results from the corrosive action of water on materials used 

in the distribution and plumping system. The U.S. environmental 
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protection agency (EPA) estimated that 20% of our total lead exposure 

comes from drinking water [8]. The lowest lead concentration for 

governorates which lies at both Tigris and Euphrates rivers was found in 

Baghdad (Qadissyah Q.) and the highest detection of lead was found in 

Al-  Diwaniyah.  

The detected lead concentration distribution in tap water is shown in 

figure (3-10) 

 

Figure (3-10) Lead distribution in tap water measured by atomic 

absorption 

 

 

 

 

 

 

 

 

 

 

 

 

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014

Diyala Baghdad 
(Qadissyah Q.) 

Baghdad
(Dora  Q)

Karbala Najaf Diwaniyah

Tap water 



 

 ٤٢

Chapter three                                                           Results &Discussion  

• Copper 

A calibration curve was constructed for copper employing 324.8 nm 

as absorption line for the metal. 

A linear calibration curve was obtained extended from (0.01-10) ppm, 

as shown in figure (3-11) with equation of 

y = 0.0853x - 0.0079……. (3-6) 
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           Fig (3-11) calibration curve of copper using AAS  

  Where y represents the absorbance value and x represents the 

concentration of copper.  

The correlation factor for this line was 0.9989 with a relative standard 

deviation 1.59 %. 

The concentration of copper in different types of water samples was 

calculated using the above linear equation (3-6), and the results were 

tabulated in table (3-7). 
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Table (3-7) Copper concentration determined by atomic absorption in 

different water samples in Iraq 

Location 
Concentration of copper (ppm) ± SD* 

 

Tap water River water Ground water 

Sulaimaniyah 0.054 ± 0.004  0.039 ± 0.007 

Mosul 0.073 ± 0.004 
Tigris river 

 
0.042 ± 0.007 

Diyala 0.082 ± 0.006 0.047 ±0.004 

Baghdad 

(Qadissyah Q.) 
0.076 ±0.004 

0.051± 0.003 
0.053 ±0.004 

Baghdad 

(Dora Q.) 
0.088± 0.002 0.061 ± 0.005 

Karbala 0.091 ± 0.008 
Euphrates river 

 

0.065 ± 0.001 

Najaf 0.098 ± 0.001 0.069 ± 0.003 

Diwaniyah 0.12 ±0.002 0.071 ± 0.001 

*Each reading was an average of three measurements  

The average SD for these samples was ± 0.00371. 

 The copper concentration was in the range (0.054 to 0.12) ppm for tap 

water, and in the range (0.039 to 0.071) ppm in river water. 

From table (3-7) the lowest copper concentration level for governorates 

which lie at both Tigris and Euphrates rivers for tap water was found in 

AL -Sulaimaniyah and the highest was found in Al-  Diwaniyah. And the 

lowest copper concentration in Tigris and Euphrates river water was 

found in Al- Mosul , while the highest was also found in Al-  Diwaniyah. 
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 In Baghdad the concentration of copper in the ground water was found to 

be lower than its concentration in tap water but higher than river water. 

AL -Sulaimaniyah ground water has lower copper concentration than in 

the tap water. 

 However, the concentration of copper in both Tigris and Euphrates rivers 

were lower than its concentration in the tap water. 

The copper concentration in the tap and river water for the governorates 

which lie at Euphrates was higher than its concentration for the 

governorates lies at Tigris. The governorates which lie at Tigris were 

found that their copper concentration increased from the north down to 

south with an exception that concentration of copper in   Baghdad 

(Qadissyah Q.) was found to be lower than its concentration in Diyala. 

The governorates which lie at Euphrates were found that the copper 

concentration increased from the north down to south for both river and 

tap water. The copper distribution in water samples measured using AAS 

is shown in figure (3-12). 

     Fig (3-12) Copper distribution in tap, river and ground water measured 

by atomic absorption. 
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• Magnesium 

A calibration curve was constructed for magnesium employing 285.2 

nm as absorption line for the metal. 

A linear calibration curve was obtained extended from (1-100) ppm, 

as shown in figure (3-13) with equation of 

y = 0.8388 x - 0.6867……. (3-7) 

 

 

 

 

 

 

 

 

 

Fig (3-13) calibration curve of magnesium 

      

 Where y represents the absorbance value and x represents the 

concentration of magnesium.  

The correlation factor for this line was 0.9993 with a relative standard 

deviation of 0.0195 %. 

 

The concentration of magnesium in different types of water samples was 

calculated using the above linear equation (3-7), and the results are 

tabulated in table (3-8). 
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Table (3-8) Magnesium concentration in different water samples in Iraq 

Location 
Concentration  of magnesium (ppm) ± SD* 

 

Tap water River water Ground water 

Sulaimaniyah 7.87 ± 0.05  15.53 ± 0.05 

Mosul 13.46 ± 0.17 
Tigris river 

 
18.53 ± 0.04 

Diyala 14.21 ± 0.13 20.54 ± 0.10 

Baghdad 

(Qadissyah Q.) 
9.53 ±0.12 

24.56± 0.12 
22.25 ± 0.3 

Baghdad 

(Dora Q.) 
12.23 ± 0.11 23.09 ± 0.10 

Karbala 16.87 ± 0.06 
Euphrates river 

 

25.44 ± 0.05 

Najaf 17.65 ± 0.09 29.71 ± 0.07 

Diwaniyah 18.91 ±0.07 33.33 ± 0.18 

*Each reading was an average of three measurements  

The average SD for these samples was ± 0.105. The magnesium 

concentration was in the range (7.87 to 18.91) ppm for tap water, and in 

the range (18.53 to 33.33) ppm in river water. 

From table (3-8) the lowest magnesium concentration levels was found in 

governorates which lie at both Tigris and Euphrates rivers and for tap 

water in Al-Sulaimaniyah and the highest magnesium concentration 

were found in Al-  Diwaniyah. The lowest level of magnesium 

concentration in both Tigris and Euphrates was found in Al-  Mosul while 

the highest concentration found in Al-  Diwaniyah.  
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In Baghdad the concentration of magnesium in the ground water was 

found to be higher than its concentration in tap water but lower than in 

river water and in AL -Sulaimaniyah the ground water has higher 

magnesium concentration than in tap water. The concentration of 

magnesium in both Tigris and Euphrates rivers were higher than its 

concentration in tap water. 

The governorates which lie at Tigris was found that the magnesium 

concentration in both tap and river water increased from the north down 

to south of the river direction, with an exception in   Baghdad 

(Qadissyah Q.) and Al  Dora which were found to be lower than its 

concentration in Diyala and Al Mosul . 

The governorates which lie at Euphrates were found that the magnesium 

concentration increased from the north down to south of the river 

direction for both river and tap water. However, the concentration of 

magnesium for both tap and river water in Euphrates was found to have 

higher concentration than in Tigris. The magnesium distribution in the 

tap, river and ground water are shown in figure (3-14). 

 

 
     Fig (3-14) Magnesium distribution in tap, river and ground water 

measured using atomic absorption. 
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• Calcium 

A calibration curve was constructed for calcium employing 422.5 nm 

as absorption line for the metal. 

A linear calibration curve was obtained extended from (1-100) ppm, 

as shown in figure (3-15) with equation of 

y = 0.6127 x - 0.5464……. (3-8) 

        
Fig (3-15) calibration curve of calcium using AAS 

Where Y represents the absorbance value and x represents the 

concentration of calcium.  

The correlation factor for this line was 0.9991with a relative standard 

deviation of 3.57 %. 

The concentration of calcium in different types of water samples was 

calculated using the above linear equation (3-8), and the results are 

tabulated in table (3-9). 
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Table (3-9) Calcium concentration determined by atomic absorption in 

different water samples in Iraq 

Location 
Concentration * of calcium (ppm) ± SD 

 

Tap water River water Ground water 

Sulaimaniyah 21.05 ± 0.12  32.91 ± 0.38 

Mosul 27.85± 0.15 
Tigris river 

 
39.39 ± 0.35 

Diyala 30.35 ± 0.29 43.87 ± 0.23 

Baghdad 

(Qadissyah Q.) 
22.82 ±0.044 

55.93± 0.14 
56.58 ± 0.17 

Baghdad 

(Dora Q.) 
26.86 ± 0.13 59.69 ± 0.72 

Karbala 30.69 ± 0.11 
Euphrates river 

 

56.07 ± 0.15 

Najaf 39.28 ± 0.09 63.51 ± 0.19 

Diwaniyah 45.23 ±0.07 73.37 ± 0.06 

*Each reading was an average of three measurements  

The average SD for these samples was ± 0.253. 

The calcium concentration was in the range (21.05 to 45.23) ppm for tap 

water, and in the range (39.39 to 73.37) ppm in river water. 

From table (3-9) the lowest calcium concentration level for governorates 

which lies at both Tigris and Euphrates Rivers for tap water was found in 

AL -Sulaimaniyah and the highest calcium concentration were found in 

Al-  Diwaniyah. The lowest calcium concentration in Tigris and 
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Euphrates were found in AL -Mosul, while the highest level was found 

also in Al-  Diwaniyah. 

In Baghdad the concentration of calcium in the ground water was found 

to be higher than its concentration in tap water and river water, and AL -

Sulaimaniyah ground water has higher calcium concentration than in tap 

water. The concentration of calcium in both Tigris and Euphrates rivers 

were found to be higher than its concentration in tap water. 

  The governorates which lie at Tigris were found that their calcium 

concentration in both tap and river water increased from the north down 

to south of the river direction, with an exception in   Baghdad 

(Qadissyah Q.) and Al  Dora was found to be lower than its 

concentration in Diyala and Al Mosul . 

The governorates which lie at Euphrates were found that the calcium 

concentration increased from the north down to south of the river 

direction in both river and tap water. However, the concentration of 

calcium for both tap and river water in Euphrates was found to have 

higher concentration than in Tigris. The calcium measured by AAS 

distribution in the water samples are shown in figure (3-16). 

 

     Fig (3-16) Calcium distribution in tap, river and ground water 

measured by atomic absorption. 
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For the atomic absorption measurements the recovery and error was 

obtained for the standard of metals has been tabulated in table (3-10). 

 

Table (3-10) Recovery and relative error for standard of metals measured 

by AAS   

parameters 

metals 

copper calcium magnesium lead iron 

Concentration 

prepared (M) 
1 x 10-3 1 x 10-3 1 x 10-3 1 x 10-3 1 x 10-3 

Found (M) 0.9834x10-3 0.9847x10-3 0.995x10-3 0.9798x10-3 0.9867x10-3 

Recovery % 98.34 98.47 99.5 97.98 98.67 

 Relative 

Error % 
1.66 1.53 0.5 2.02 1.33 

 

From table (3-10) the metals measured by atomic absorption the highest 

recovery was obtained for magnesium 99.5 followed by iron 98.67 and 

calcium 98.47 and copper 98.34 and the lowest recovery for these metals 

was found for lead 97.98  

The recovery of calcium and copper measured by atomic absorption was 

higher than the recovery of the same metals measured by ion selective 

electrode which was for copper 97.15 and for calcium was 98.13. 
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3.3 Quantitative chloride determinations by titration 

The chloride concentration was directly determined in water samples by 

titration with silver nitrate, and the results was tabulated in table (3-11). 

 

Table (3-11) Chloride concentration determined by titration with AgNO3 

in different water samples in Iraq 

Location 
Concentration * of chloride (ppm) ± SD 

 

Tap water River water Ground water 

Sulaimaniyah 161.34 ± 0.18  153.77 ± 0.45 

Mosul 242.88 ± 0.62 
Tigris river 

 
210.34 ± 0.192 

Diyala 308.69± 0.19 271.02± 0.04 

Baghdad 

(Qadissyah Q.) 
238.09 ±0.16 

219.25 ± 0.02 
192.99± 0.16 

Baghdad 

(Dora Q.) 
289.52 ± 0.02 207.41 ± 0.02 

Karbala 305.14 ± 0.25  
Euphrates river 

 

356.04 ± 0.02 

Najaf 316.58 ± 0. 54 402.44± 0.22 

Diwaniyah 357.57 ±0.29 419.17± 0.27 

*Each reading was an average of three measurements  

The average SD for these samples was ± 0.215. 

The chloride ion concentration was in the range (161.34 to 357.57) ppm 

for tap water, and in the range (210.4 to 419.17) ppm in river water for 

the governorates lie at Tigris and Euphrates rivers. 
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From table (3-11) the lowest level of chloride concentration for both 

Tigris and Euphrates for the tap water was found in Al - Sulaimaniyah, 

and the highest level of chloride concentration of tap water was found in 

Al - Diwaniyah, for river water the lowest chloride concentration was 

found in Al- Mosul and the highest level of chloride concentration in 

river water was also found in Al - Diwaniyah. In Baghdad the chloride 

concentration in the ground water was found to be lower than its 

concentration in the river and tap water. The same results were obtained 

for Al - Sulaimaniyah ground water sample. 

The governorates lie at Tigris, the concentration of chloride in tap was 

higher than its concentration in the river water, but for the governorates 

lies at Euphrates, the concentration in the tap water was lower than its 

concentration in river water.  

Governorates lie at Tigris, the tap and river water chloride concentration 

increases from the north down to the south of the river direction except in 

Baghdad (Qadissyah Q.) which was lower than chloride in Diyala for 

both tap and river water. The same was found in governorates which lie at 

Euphrates in which the chloride concentration increases from north down 

to the south of the river direction. However, the chloride concentration in 

tap and river water of the governorates lie at the Tigris river was found to 

be lower than the chloride concentration for the governorates which lie at 

Euphrates river. The chloride distribution in water samples measured by 

this method were shown in figure (3-17) 
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Fig (3-17) Chloride distribution in tap, river and ground water measured 

by the titration 

The recovery and error were measured for chloride standards by titration 

with silver nitrate are shown in the table (3-12). 

Table (3-12) Recovery and relative error for chloride standards measured 

by the titration with silver nitrate 

parameters chloride 

Concentration prepared (M) 1 x 10-3 

Found (M) 0.9598 x 10-3 

Recovery % 95.98 

Relative Error % 4.02 

 

 The recovery of chloride which obtained from the measuring by the 

titration was lower than the recovery of chloride which obtained by ion 

selective electrode 99.31. 
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The highest concentrations of the metal ions in the ground water were 

found in Dora Baghdad, while the lowest concentrations were found in 

Al- Sulaimaniyah, except for the iron was higher in Al- Sulaimaniyah 

ground water samples than Baghdad ground water samples as shown in 

the table (3-13). 

Table (3-13) Concentration of ions in ground water 

location Ion concentrations in river water (ppm) 

Ca++ Mg Cl- Cu++ Fe Pb 

Sulaimaniyah 32.42 15.53 148.61 0.035 0.095 ____* 

Baghdad 

Qadissyah 
55.08 22.25 199.71 0.049 0.038 ____* 

Baghdad 

Dora 
58.79 23.09 209.45 0.058 0.078 ____* 

* Not found 

All metal ions concentration in the river water samples were found to be 

the highest in Al- Diwaniyah, while the lower concentration were found 

in Al- Mosul as shown in the table  (3-14) 

Table (3-14) Concentration of ions in river water 

location Ion  concentrations in river water (ppm) 

Ca Mg Cl Cu Fe Pb 

Mosul 39.19 18.53 216.81 0.036 0.127 ____* 

Diyala 43.21 20.54 280.45 0.044 0.139 ____* 

Baghdad 50.81 24.56 255.18 0.045 0.145 ____* 

Karbala  55.22 25.44 344.08 0.063 0.157 ____* 

Najaf 62.38 29.71 416.29 0.066 0.188 ____* 

Diwaniyah 73.19 33.33 433.75 0.069 0.221 ____* 

*Not found 

Lead was not found in all these samples. The metal ions concentrations 

were found to increased from the north down to the south of the both 
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rivers (Tigris and Euphrates) this may be due to of the stripping of soil 

from the north to the south. Tigris river water has best water quality than 

Euphrates for approximately all metal ions which present in the river 

water, even for drinking water in the governorates which lies or near 

Tigris has a water quality better than the governorates which lies at 

Euphrates. This may be attributed to that Euphrates length about 2940 

Km and pass through three countries (Turkey, Syria and Iraq), about 1160 

Km of the river passed through Iraq. While Tigris length about 1800 Km 

and pass through Turkey and Iraq, about 1415 Km of the river passed 

through Iraq. Therefore, the industries and factories and other sources of 

water contamination may be the reason of its pollutants in the Euphrates 

than the sources of pollutants at Tigris.    

Table (3-15) shown that the highest metal ions concentration in the tap 

water were found in Al- Diwaniyah while the lowest concentration were 

found in Al-  Sulaimaniyah tap water samples. 

Table (3-15) Concentration of ions in tap water 

location Ion  concentrations in tap water (ppm) 

Ca Mg Cl Cu Fe Pb 

Sulaimaniyah 20.73 7.87 167.04 0.053 0.135 ____* 

Mosul 27.16 13.46 251.33 0.064 0.178 ____* 

Diyala 29.89 14.21 298.32 0.085 0.182 0.0103 

Baghdad 

Qadissyah 
23.16 9.53 246.37 0.071 0.191 0.008 

Baghdad 

Dora 
26.45 12.23 399.59 0.072 0.198 0.011 

Karbala  30.56 16.87 316.88 0.082 0.206 0.009 

Najaf 39.89 17.65 327.61 0.096 0.211 0.012 

Diwaniyah 44.66 18.91 370.01 0.105 0.273 0.013 

* Not found 
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Al- Najaf  and Al- Diwaniyah have bad water quality compared with the 

other governorates for both tap and river water. For tap water the bad 

water quality may due to of their water treatment plant were not efficient 

to remove the high concentration of ions, for example in Al- Najaf 

according to some studies in their water treatment plant there has been no 

work on desalinization or other purification processes, which is critical 

and necessary in that areas [89]. Also, in Al- Diwaniyah the network water 

pipes which supply the water from the water treatment plant was 

constructed from 1950's, this may be the main source of pipes corrosion 
[89]. One other problem in the water treatment plant performance in these 

areas is the lake of electricity.   

Some of metals (copper, iron and lead), which determined in this study 

were found to be approximately higher in the tap water than river water. 

Corrosion which is caused when water reacted with or dissolves metal 

plumbing. This may added toxic levels of metals like copper and lead in 

tap water [89]. 

The acidity and temperature of water can also increase the rate of pipes 

corrosion to a significant degree [91].  

The measured drinking water quality was in the range of acceptable 

values according to the Iraqi and international organization standards 

which were tabulated in the tables (1-1) and (1-2) in chapter one. 

However, there is some drinking water samples has contaminants 

concentration higher than the acceptable values. 

The calcium concentrations in drinking water in all samples were in the 

acceptable range which was (50 ppm). 

Magnesium in water samples was also in the acceptable range which was 

(50 ppm). 
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Chloride in Al- Sulaimaniyah, Al- Mosul and Baghdad (Qadissyah Q.) 

was in the acceptable range which was (250 ppm), while the rest samples 

have chloride concentration higher than the acceptable range.  

For copper concentration in drinking water in all samples were in the 

acceptable value which was (1 ppm).  However, in Al - Diwaniyah which 

has copper concentration in drinking water higher than the acceptable 

value according to Iraqi standard (C.O.S.Q.C), but in acceptable range 

according to EEC and Japan standards as shown in table (1-1). 

The iron concentrations in drinking water in all samples were in the 

acceptable value which was (0.3 ppm).  

Finally lead concentrations in Baghdad (Qadissyah Q.) and Karbala was 

in the acceptable range which was (0.01 ppm). The other drinking water 

samples the lead concentration was higher than the acceptable value 

according to Iraqi and some other standards. But, the US EPA and Japan 

water quality standards the maximum level is (0.015 and 0.05 ppm), 

respectively, according to these standards all samples will be in the 

acceptable range. 

 The above determinations of some metal ions in water samples were 

measured using two methods. Calcium and copper were measured using 

both ion selective electrode and atomic absorption spectrometry, while 

chloride was measured using ion selective electrode and titration with 

silver nitrate. The results of the measurements were summarized and 

tabulated in table (3-16) for comparison. 
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Table (3-16) Metal ions concentration measured by ISE, AAS and the 

titration 

location 
Calcium (ppm) Copper (ppm) Chloride (ppm) 

ISE AAS ISE AAS ISE Titration 

Sulaimaniyah    

(TW*) 
20.73 21.05 0.053 0.054 167.04 161.43 

Sulaimaniyah 

(GW***)  
32.42 32.91 0.035 0.039 148.61 153.77 

Mosul (TW) 27.16 27.85 0.064 0.073 251.33 242.88 

Mosul (RW) 37.39 39.18 0.036 0.042 216.81 210.34 

Diyala (TW) 29.89 30.35 0.085 0.082 298.32 308.69 

Diyala (RW) 43.21 43.87 0.044 0.047 280.45 271.02 

Baghdad(TW) 

(Qadissyah Q.) 
23.16 22.82 0.071 0.076 246.37 238.09 

Baghdad(GW) 

(Qadissyah Q.) 
55.08 56.58 0.049 0.053 199.71 192.99 

Baghdad(TW) 

(Dora Q.) 
26.45 26.86 0.072 0.088 299.59 289.52 

Baghdad(GW) 

(Dora Q.) 
58.79 59.69 0.058 0.061 209.45 207.41 

Baghdad(RW) 50.81 55.96 0.045 0.051 225.18 219.25 

Karbala  (TW) 30.56 30.69 0.082 0.091 316.88 305.14 

Karbala  (RW) 55.22 56.07 0.063 0.065 344.08 356.04 

Najaf (TW) 39.89 39.28 0.096 0.098 327.61 316.25 

Najaf(RW**)  62.38 63.51 0.066 0.069 416.29 402.44 

Diwaniyah 

(TW)  
44.66 45.23 0.105 0.12 370.01 357.57 

Diwaniyah 

(RW) 
73.19 73.37 0.069 0.071 433.75 419.17 

* TW: Tap Water, **RW: River Water, ***GW: Ground Water 
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Conclusion 

This study included the determination of metal ions (calcium, copper, 

chloride, magnesium, iron and lead) in different water resources (tap, 

river and ground water samples), that were collected from some Iraqi 

governorates. 

River water of both Tigris and Euphrates rivers measured in this study 

were found to have the highest concentration level for all metal ions, in 

Al-  Diwaniyah. While the lowest concentrations were found in Al- 

Mosul. Most of metal ions concentrations were found to increase from 

north down to the south of the rivers for both Tigris and Euphrates rivers. 

Water quality in Tigris river was better than the water quality in 

Euphrates river. Lead was not found in the river water of all samples. 

The lowest concentrations of the metal ions in the ground water were 

found in Al-Sulaimaniyah and the highest were found in Dora Baghdad, 

for all metal ions except the iron which was the highest in Al-

Sulaimaniyah, while the lowest iron concentration was found in 

Baghdad ground water samples. Lead also was not found in the ground 

water samples. 

For tap water the highest concentration of (calcium, magnesium, copper, 

chloride, iron and lead) were found in Al- Diwaniyah, while the lowest 

were found in Al-Sulaimaniyah. Most of the drinking water samples 

were in the acceptable range according to Iraqi and the international 

water quality specifications.  
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Future work 

1- Determination of other metal ions in water such as sulfide, 

phosphate, mercury, manganese, chromium, sodium and potassium 

and others, also determine the biological oxygen domain (BOD) in 

all water samples. 

2- Study of water quality by collecting other water samples from 

other Iraqi water resources, and collecting samples before and after 

the water treatment plants. 
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  2. Experimental part 

2.1 Instruments and equipments  

Jenway ion meter, model 3345, with single and double junction reference 

electrodes, (England).  

Calcium and chloride ion selective electrodes obtained from Orion 

research incorporated, (Boston, USA), cupric combination selective 

electrode, jenway, (924-393). 

PERKIN-ELMER Flame atomic absorption spectrophotometer, model 

5000 (USA). Ca, Cu, Fe, Mg and Pb hollow cathode lamps were obtained 

from PERKIN-ELMER instruments. 

2.2 Chemicals 

All chemicals and reagents used in this work were of analytical grad, 

supplied from Fluka, BDH and /or Aldrich companies. 

2.3 Sampling 

The samples were collected from different water resources (tap, river and 

ground water), from different Iraqi locations (Sulaimaniyah, Mosul, 

Diyala, Baghdad, Karbala, Najaf and Diwaniyah). 

The collected water samples were stored in a poly ethylene bottles which 

were cleaned with deionized water and dried. River water samples were 

collected from or near the middle of the river and the samples were taken 

under the river surface that mean the bottle was immersed under river 

surface. 

For all tap water samples, the water was drawn from the tap for 1 min 

before collecting. All water samples were kept in a cold place in order to 

keep the water fresh as possible.  
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2.4 preparations of standard solutions 

All solutions were prepared in doubly distilled deionized water 

(resistivity ~ 18 MΩ). 

2.4.1 Preparation of standard solutions for ISEs measurements 

• Calcium 

Calcium stock solution (1000 ppm) was prepared by dissolving 

(0.2768 gm) of anhydrous CaCl2 in 100 ml deionized water in a 

volumetric flask. The preparation of ISA which is 4M KCl, by 

dissolving (29.816 gm) of KCl with 100 ml deionized water.  

• Copper 

Cupric stock solution (1000 ppm) was prepared by dissolving (0.251 

gm) of CuSO4.5H2O with 100 ml deionized water in a volumetric 

flask. The ISA which is 5M NaNO3 was prepared by dissolving 

(42.490 gm) of NaNO3 with 100 ml deionized water.  

• Chloride 

Chloride stock solution (1000 ppm) was prepared by dissolving of 

(0.210 gm) of KCl with 100 ml deionized water in a volumetric flask. 

The ISA was the same as for the copper. 

2.4.1.1 Calibration of the ISEs 

  The electrode has been calibrated by measuring a series of known 

standard solutions, made by serial dilution of the 1000 ppm stock 

solutions for full calibration. 

The ISA must be added to the standard and sample solutions as (2% 

V/V). 

2.4.1.2 Potential measurements 

The calcium, copper and chloride ion selective electrodes were used as 

indicating electrodes and single, double junction electrodes were used as 
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reference electrodes. The e.m.f. measurements were carried out at room 

temperature using the following cell: 

Reference electrode \ test solution \ ISE 

A calibration curves was constructed for each ISE using several standard 

solutions ranged from (1–1000) ppm Ca++, Cl
- 

and (0.1-1000) for Cu++. 

The test solutions were constantly stirred with magnetic stirrer. 

Calibration curves were then constructed by plotting the potential versus 

the log of the concentration. 

From the calibration curves all statistical facts including: slope; 

correlation factor, concentration range and detection limit which 

characterized the electrodes were determined. 

2.4.1.3 Samples analysis 

The concentrations of Ca+2, Cu+2and Cl
-
 in the samples (tap, river and 

ground water) were measured by multiple standard addition methods. 

In the multiple standard additions method (MSA) a 0.1 ml of 0.1 M of 

standard solution is added to 20 ml of water sample solution, the e.m.f 

was recorded. before and after each addition of standard solution. The 

addition of (0.1ml of 0.1M) of standard is repeated six times. The 

concentration of samples is then calculated by plotting the electrode 

potential after each addition versus the volume added of standard 

solutions and extrapolating the volume of the standard added to the 

sample as x axis to the anti log E/S as y axis  

2.4.2 Preparation of standard solutions for AAS measurements 

• Calcium 

Calcium stock solution (1000 ppm) was prepared by dissolving 

(0.24973 gm) of CaCO3 in 2.5 ml of 1 M hydrochloric acid, diluted to 

100 ml in a volumetric flask with deionized water. 
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• Copper 

Copper stock solution (1000 ppm) was prepared by dissolving (0.1 

gm) of copper metal in 5 ml of 5M nitric acid, then diluted to 100 ml 

in a volumetric flask with deionized water.  

• Lead 

Lead stock solution (1000 ppm) was prepared by dissolving (0.1 gm) 

of lead metal in 5 ml of 2M nitric acid, dilute to 100 ml in a 

volumetric flask with deionized water. 

• Iron 

Iron stock solution (1000 ppm) was prepared by dissolving (0.1 gm) 

of iron metal in 2 ml of 5M hydrochloric acid, dilute to 100 ml in a 

volumetric flask with deionized water. 

• Magnesium 

Magnesium stock solution (1000 ppm) was prepared by dissolving 

(0.1 gm) of magnesium metal in 5 ml of 5M hydrochloric acid, dilute 

to 100 ml in a volumetric flask with deionized water. 

 

2.4.2.1 Calibration curve for atomic absorption measurements 

Standard solutions for magnesium and calcium were prepared by 

subsequent dilution of stock solution (1000 ppm) of magnesium and 

calcium ions diluted to (100, 50, 10, 5 and 1 ppm). 

The standard solutions for each lead and copper ions were prepared by 

subsequent dilution of stock solution (1000 ppm) of lead and copper and 

diluted to (10, 5, 1, 0.5, 0.1 and 0.01 ppm). 

Iron standard solutions were prepared by subsequent dilution of stock 

solution (1000 ppm) of iron to (10, 5, 1, 0.5 and 0.1 ppm). 

All above standard solutions was diluted to 100 ml in a volumetric flask 

with deionized water. 
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2.4.3 Determination of chloride  

The preparation of stock solution of chloride (1000 ppm) was done by 

dissolving (0.210 gm) of KCl in 100 ml volumetric flask with deionized 

water. Chloride ion standard solutions (500, 100, 10 and 1) ppm was 

prepared from stock solution. 

The procedure of determination the concentration of the standards and 

water samples for chloride was performed by taking 5 ml of sample or 

standard in 100 ml beaker, add 2 drops of KCrO4 indicator and then 

titrate with 0.05M of AgNO3 to the end point, the color will change from 

yellow to slightly brown [87]. 
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Summary 

 

This study represents a small contribution to draw attention towards the 

water quality with respect to the amount of the metal ions (calcium, 

magnesium, chloride, copper, iron and lead) in some Iraqi water 

resources (tap, river and ground water). The water samples was collected 

from some Iraqi governorates (Al- Sulaimaniyah, Al- Mosul, Diyala, 

Baghdad, Karbala, Al- Najaf, and Al- Diwaniyah). 

In chapter one of this thesis, an introduction was given on the water 

resources and water quality also the water pollutants and their origin and 

sources, and some metal ions that may exist in the drinking water and 

their maximum level according to the Iraqi and international water quality 

standards. Chapter one also concerns with the analytical techniques used 

to determine the metal ions in water samples. These methods include the 

electrochemical and spectrochemical techniques. 

The second chapter deals with experimental part, which include 

instruments, chemicals and sampling. Chapter two also describes the 

methods used to determine metal ions in the water samples. 

The results and discussion was presented in chapter three. The results 

included the determination of Ca++, Mg++, Cl-, Cu++, Fe, and finely Pb ion 

concentrations. 

The calcium concentration in water samples were in the range (20.73 to 

44.66) ppm in tap water, (39.19 to 73.19) ppm in river water and (32.42 

to 58.79) ppm in ground water. 

 Copper concentration was in the range (0.053 to 0.105), (0.036 to 0.069) 

and (0.035 to .058) ppm in tap, river and ground water samples, 

respectively.  



 II

Chloride concentration in water samples was in the range (167.04 to 

370.01), (216.81 to 433.75) and (148.61 to 209.45) ppm in tap, river and 

ground water samples, respectively.  

Magnesium concentration was in the range (7.87 to 18.91) ppm in the tap 

water, (18.53 to 33.33) ppm in the river water and (15.53 to 23.09) ppm 

in the ground water samples.  

Iron concentration was in the range (0.135 to 0.273) ppm in the tap water, 

(0.127 to 0.221) ppm in the river water and (0.078 to 0.095) ppm in the 

ground water samples.  

Lead concentration was in the range (0.008 to 0.013) ppm in the tap water 

and its concentration was not found in both river and ground water.  

 



  الخلاصة

  

ا�!�������وم و (�را!���ز ����ض ا��و����ت  ������نا����  ����دف ������� �����راأ ����ل ھ��ذه ا�درا����

�����ء ((��) ����ض �����در ا������ه ، )ا���������وم و ا�!&ورا���د و ا��$���س و ا�$د���د و ا�ر�����ص

( �����1ت ا�����ء .����ت ���ن ����ض �$�(ظ���ت ا����راق  .����ت).����ء ا�����ر و ����ء ا��-��ر، ا�,��رب

  ).ا��.ف و ا�د�وا���، !ر�2ء، ��داد، د����، و�لا��، ا��&������

ا��6ل ا�ول () ھذه ا�طرو$� ھو ا��4د�3 و ا��) ا$�وت 1&� !ل �ن ���در ا����ه و �و��1 

و �&و�ت ا����ه و ا�&�� و ���درھ� م ��ض ا��واد ا��) ��!ن ان �و.د () ��ء ا�,رب ا����ه 

() ��ء ا�,رب $�ب ا��وا��6ت ا��را��8 و ��ض و ا�$د ا�1&� ا����وح �� �و.ود �را!�زھ� 

  . ا��وا��6ت ا�������

!�� ا$�وى ا��6ل ا�ول 1&� ��ض ا�����4ت و ا�طرق ا��$&�&�� ���4س �را!�ز ا���واد ا��و.�وده 

  .ا�����4ت ا�ط���6 وا�����4ت ا�!�رو!����-��  ��ض و ھذه ا�طرق �,�ل، () ا���ء

و ا�ذي ��>�ن ا�.�زه و ا���واد ا�!����-��� ا�����;د�� ، �&)ا��6ل ا���) �����ل �: ا�.زء ا��

  .ا��6ل ا���) ا�>� ا$�وى 1&� طرق ��8س ا��و��ت () ���1ت ا����ه، و !ذ�ك .�: ا�����ت

ا�������-@ �>�����ت �������ن �را!����ز ا��و�����ت ، ا�������-@ و ا����8,���� 1ر>���ت (���) ا�����6ل ا������ث

در ا�����ه �() ��ض ��) ��$�س و ا�$د�د و ا�ر��صا�!�����وم و ا�������وم و ا�!&ورا�د و ا(

  .ا��را��8 ا��ذ!وره ����4

و ، ��ر/�&�م) ٤٤٫٦٦ا��  ٢٠٫٧٣(�ر!�ز ا�!����وم ��راوح ��ن !�ن ������� �����ت ��ء ا�,رب

 ا���� ��������� �������ت ����ء ا��-��ر (!���ن �ر!���ز، ����ر/�&���م) ٧٣٫١٩ا����  ٣٩٫١٩(�����ء ا�����ر !���ن 

  . ��ر/�&�م) ٥٨٫٧٩ا��  ٣٢٫٤٢( ا�!����وم  ��راوح ��ن 

ا��  ٠٫٠٣٥(و ) ٠٫٠٦٩ا��  ٠٫٠٣٦(، )٠٫١٠٥ا��  ٠٫٠٥٣(�ر!�ز ا��$�س ��راوح ��ن !�ن 

  . ا���ر و ���1ت ��ء ا��-ر ����وا�)، ��ر () ��ء ا�,رب/�&�م) ٠٫٠٥٨

و ) ����٤٣٣٫٧٥ ا ٢١٦٫٨١(، )٣٧٠٫٠١ا����  ١٦٧٫٠٤(�ر!���ز ا�!&ورا���د ����راوح ����ن !���ن 

!�ن !�ن . ا���ر و ���1ت ��ء ا��-ر ����وا�)، ��ر () ��ء ا�,رب/�&�م) ٢٠٩٫٤٥ا��  ١٤٨٫٦١(

��ر () ��ء ا�,�رب و /�&�م) ١٨٫٩١ا��  ٧٫٨٧(�ر!�زا�������وم () ���1ت ا����ه ��راوح ��ن 

���ت ���ر (�) �1/�&��م) ٢٣٫٠٩ا���  ١٥٫٥٣(��ر (�) ���ء ا����ر و /�&�م) ٣٣٫٣٣ا��  ١٨٫٥٣(

 .��ء ا��-ر



��ر () ��ء ا�,رب /�&�م )٠٫٢٧٣ا��  ٠٫١٣٥(�راوح ��ن ��ر!�ز ا�$د�د () ���1ت ا����ه !�ن 

���1ت ��ر () /�&�م)  ٠٫٠٩٥ا��  ٠٫٠٧٨(��ر () ��ء ا���ر و /�&�م) ٠٫٢٢١ا��  ٠٫١٢٧(و 

  .��ء ا��-ر

��ر و /�&�م) ٠٫٠١٣ا��  ٠٫٠٠٨(ا�� �ر!�ز ا�ر��ص () ���1ت ���ه ا�,رب !�ن ��راوح ��ن 

  .�م �و.د �ر!�ز �&ر��ص � () ���1ت ���ه ا���ر و� () ���1ت ���ه ا��-ر () ھذه ا�درا�3
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