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1. Introduction

1.1 Water resour ces

Water is one of the important commoditiesehhinan has exploited than
any other resource for sustenance his life. Mosh@fwater on this planet is
stored in oceans and ice caps which is difficultoto recovered for our
diverse needs. Most of our demand for water isliiedf by rain water which
gets deposited in surface and ground water resslitc&round water
comes from the small percentage of precipitaticat falls, infiltrates the
ground, traveling downward, and fills the availaptere space within rock,
sand gravel and clay. This forms a large subsurésoceage area of water
that interact with various rocks, minerals, and angn-made or natural
material that may seep from the surface. Any sulostahat comes in
contact with the ground water can affect water iy &.

1.1.1 Water quality

Water quality is of great importance because ahareased interest in
health, coupled with information about our envir@mtt’. It can be said
that no water is pure or clean owing to the presarfcsome quantities of
gases, minerals and living organisms. Howeverpfactical purposes, pure
water is considered to be that which has low diesbland suspended solids
and obnoxious gases as well as low in biologidal ISuch high quality
water may be required only for drinking purposekilevfor other uses like
agriculture and industry, the quality of water tenquite flexiblé™.

Water quality is affected by natural processes lamchan activities. It is
often thought that the chemical composition is tmdy factor involved.
However, other conditions, such as biological, jdgisand radiological

factors should be considered when mentioning wapeality '?. The
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determination of inorganic constituents and theipact on water quality
require an in-depth knowledge of the interactive tewachemistry
relationship™. The unique properties of water which make it ursaé
solvent got a much greater tendency to get polllé¢ater can be regarded
polluted when it changes in quality or composit@ther naturally or as a
result of human activities. Thus, becoming lesstakle for drinking,
domestic, agriculture, industrial, recreational]dliie and other uses for
which it would have been otherwise suitable inngural or unmodified
state!.
1.1.2 Water pollutants

Water pollutant can be defined as physical, chenacabiological
factors causing aesthetic or detrimental effecaqumatic life or on those who
consume watef. Drinking water may be reasonably expected to dorea
least very small amounts of some pollutants. THa¢cause as the water
draw from-lakes, rivers, streams, ponds, reseryvspsngs and wells travels
over the surface of land or through the groundpigks up naturally
occurring minerals. It can also picks up substameeslting from presence
of animals or from human activityl. The presence of contaminants does not
necessarily indicate that water possesses a heskhThe majorities of
water pollutants are, however, in the form of cheds which remain
dissolved or suspended in water and give an enwieniial response which
Is often objectionable. Sometimes physical anddgiclal factors act as

pollutants™.
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1.1.2.1 Some of elementsthat exist in water
o Copper
Trace amount of copper exist widely in river, tapnd, well and under
ground water. This metal is essential trace eledweriological system.
Numerous dissolving chemical forms, such as agos, icomplexes and
colloids, are observed in natural water. In gendhed toxicity of
dissolved copper (¢l) is considered to be much less than that of
mercury, but greater than that of cadmium, sillead and ziné.
Copper is widely used in the production of wirgads; boiler pipe,
cooking utensils, and fertilizers, etc. Copper agifhas been used in
reservoirs and distribution system as an algidld&@herefore, copper is
frequently found in water and waste water at sigaift quantities.
Although copper is known to be a biologically essdrand beneficial
element, ingestion of excessive copper can causseaa vomiting,
diarrhea, epigastric pain, and dizziness.
The potential sources of copper pollution are singgland refining
industries; copper wire manufacturing, iron andelsiadustries, metal
cleaning operations, plating paths, rinses and faaturing of printed
circuit 1,
 Lead
Exposure to lead comes from a variety of sourceadlis present in the
air, food and in the water. Lead rarely occurs ralyl in drinking water
resources. Drinking water contributes an estimdi®do 20 % of the
exposure to lead in humans. In addition lead iregestom water is
absorbed more completely than lead from food. mtad10 to 15 % of

lead in food is absorbed but 35 to 50 % or mordeafl in water is
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absorbed®. The most common source of lead in water are $eadice
line that connect water mains to homes, lead scdahel pipes within
homes, and brass plumbing fixtures. The most comoamse of lead in
drinking water is corrosion, a reaction between |#s& pipes or solder
and the water. . Lead exposure is considered arnemvironmental
health threat to young childreéff. It reduces birth weight, causes
premature birth, delays physical and mental devetoq in babies and
young children, and impairs mental abilities inldfen in general. In
adults, lead can increase blood pressure and engevfith hearing. At
high level of exposure, lead can cause anemiagkidiamage and nerve
damage. However, young children and pregnant waamenhe most risk
(8]

e Iron

Iron is one of the earth’s most plentiful resoureceaking up at least five
percent of the earth’s crudf. Aeration of iron containing layers in the
soil can affect both ground and surface witér

Iron is considered a secondary or “aesthetic” anittant!’. Dissolution
of iron can occur as a result of oxidation and dase in pH*. In fact,
iron is essential for good health because it trartspxygen in bloo&?.
Iron in water is not a health hazard by itself sinbany organisms
require iron to grow*?.

o Calcium

Calcium is the fifth most abundant natural elemdinenters the fresh
water system through the weathering of rocks, eafwedimestone, and
from the soil through seepage, leaching and ruffbffThe concentration

of calcium in water depends on the residence tirhé¢he water in
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calcium-rich geological formatiod$”. Calcium blocks the absorption of
heavy metals, and it has been found, for exampb, low calcium diet
increases the susceptibility of rates of lead puiep*®. Calcium is
necessary for good healtH!. Drinking water containing calcium may
provide a significant portion of the required daiyake to prevent such
as osteoporosis, hypertension and cardiovascidaragrt™®.

« Magnesum

Magnesium in drinking water has been calculatedatustitute some 10
% of the daily population intakéS). Magnesium from water is absorbed
faster to a higher degree than magnesium from fath as milk*”.
Magnesium is quickly expelled from the bodies o&ltley humand®®,
Excess of magnesium may cause kidney diseases,vboweay suffer

from hypertension, confusion, muscle weakness anth&”.

* Chloride

Chloride (Cl) is one of the major anions found in water andaserally
combined with calcium, magnesium, sodium or potas&i.

Chloride in drinking-water originates from natusalurces, sewage and
industrial effluents, urban runoff containing dég salt and saline
intrusion. The main source of human exposure toral# is the addition
of salt to food, and the intake from this sourcadagally greatly in excess
of that from drinking-water.

Excessive chloride concentrations increase ratesmbsion of metals in
the distribution system, depending on the alkafinitthe water. This can
lead to increased concentrations of metals in tipplg. No health-based

guideline value is proposed for chloride in drirdwater. However,
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chloride concentrations in excess of about 250 iteg/tan give rise to

detectable taste in waté?.

Table (1-1) shows some elements that may presewmtater and their

maximum contamination level to cause health probldéan the world

organization$™.

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

water
EPA* Canada**| EEC** | Japan**** | WHO*****

elements

Chloride
250 250 200 250

(Ppm)

Copper
oL 1 <1 2 1 1-2

(Ppm)
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 environmentajiation

****n Japan these limits are established for minysof health

**+x*4world health organization guidelines
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The Iragi standard specifications of the chemicalsperities (inorganic

compounds) for drinking water constructed from ¢katral organization of

the standardization and quality control (C.0.S.Qs&hown in table (1-2)
Table (1-2) the maximum level of elements in dnmmkiwater according

to (C.0.S.Q.C}*

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 sour ce of water pollution

1.1.3.1 Origin and sour ces of water pollutants

The origin of pollutants can be traced to theiunatoccurrence on the
earth, formation by transformation and concentratd natural substances,
and their man-made synthesis. The pollutant maseaguite naturally to
form part of the background concentrations in t@renment. The example
of some naturally occurring pollutants forming teckground is oxides of
nitrogen, heavy metals and hydrocarbons. Sometpalisican be formed by
concentration and transformation of naturally odogr compounds during
their domestic, agriculture or industrial use. Generation of sewage and
waste waters containing agrochemicals, certainiqgpggss and surfactants,
petrochemicals, hydrocarbons and heavy metals arae simportant

examples of pollutants originated in this way. Maimemicals do not occur
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in the nature, and pollution caused by them isrelytiman-made, for
example, synthesis of various pesticides, surféstarplastics and
petrochemicals has introduced a large number ahadas in environment
which created severe environmental problems. Manthem move from
one component to anotheair( = water, air = soil, soil = water), finally,
contaminate the whole environméht
1.1.3.1. a- Natural source of run-off

The natural entry of pollutants in water i@sdcan take place through
rain; from atmosphere by dry deposition entrainnaerd reaction; periodic
submergence of surrounding vegetations, and fabingry parts of nearby
vegetation directly on the surface of waters. The-off water originated
from different areas is quite rich in nutrients amdanic matter. Theun-off
from sparsely populated or rural areas can piclseyeral substances from
soil, including nutrients and organic debris.
Therun-off wateroriginates from the urban areas can collect vaahtiies
of substances from roadside waste waters drainfacsuof roads, open
areas and from houses.
1.1.3.1. b- Domestic sewage ™

Sewage consists of waterborne wastes of commuaitg, contains
about99% of water andl% of solids. Of solids present in sewa@é% are
organic and30% are inorganic in nature. Out of the organic coustits,
65% are proteins25% are carbohydrate arld% fats, as shown in figure
(1-1).
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Domestic |
|

Solids 1% | Water 99% |

70%Organic | 30% inorqanicl

— 65% protein |

— 25%carbohydrate|

—  109% fats |

Figure (1-1) the distribution of domestic sewagmponents.

The inorganic fraction of sewage constituents are sglts and metals in
varying proportions. In most cases the domesticagewis generally
discharged as untreated or partially treated farthé nearby water bodies
like rivers, lakes, estuaries or coastal water whiercan cause severe
sanitary and other water pollution problems.
1.1.3.1. c- Agriculture wastes

Agriculture wastes usually originate in the formraoh-off from the
agricultural fields and animals farms. Modern agjure uses a large
number of chemicals, called agrochemicals, in tbenf of fertilizers,
organic manures, pesticides, growth hormones,enitsolutions and others.
All the residual forms of these chemicals alonghwatganic debris from the
remains of the harvested crops are trappedruoyoff water causing
pollution problems in the receiving waters. Theiagtural run-off is
considerably rich in nutrient like nitrogen and ppborus. While nutrients
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create problem of eutrophication, pesticides ampansible for causing
toxicities to aquatic life. Several pesticides hdween reported to get
bioaccumulated and biomagnified through food chaiesulting in the
secondary poisoning to man and predatory birds.
1.1.3.1. d- Industrial wastes™

Industrial wastes have the greatest potential dtifiag the receiving
water. The nature and composition of industrial tessvidely vary from
industry to an other and even within the same itrgudepending upon the
raw materials, processes and operation factors. ifidhastrial waste may
have pollutants of almost all kinds ranging frommgle nutrient and organic
matter to complex toxic substances. The wastes ffmenindustries like
sugar factories, dairies, paper and pulp, tanneaed distilleries are rich
sources of organic matter. Metal plating industriedease substantial
guantities of heavy metals and cyanide in theirtesasThe wastes from
fertilizers industries can also be rich source aftrients causing
eutrophication. The chemical industry releases egsiith highly variable
composition which are often acidic or alkaline ature!™.

1.2 Electrochemical techniques

Electrochemistry is a scientific disciplimgh a well developed system
of theories and quantitative relationshif. A number of important
analytical methods are based on the electrochemroaperities of solutions
28 'However, an electroanalytical method can be ddfaseone in which the
electrical response of a chemical system or sampiteasured.
Electrochemical methods can be divided into twesxa:

(29]

Those involving'™”, potentiometry which is the field of electroanatyi

chemistry in which potential is measured underatditions of no current

10



[ Chapter one Introduction ]

flow 7. The measurement of electric potential in eledtemgical cell, is
probably one of the oldest methods of chemicalyamalstill in wide use.
The early analytical applications of potentiometrgre essentially to detect
the end points of titration. More extensive usedokct potentiometric
methods came after Habeeveloped the glass electrode for pH
measurement in 1909. In recent years, several tesgeas of ion selective
sensors have been introduced. In potentiometry, omEasures the
equilibrium thermodynamic potential of a systenmeesislly without causing
electrolysis or current drain on the system becdbsewould affect the
existing equilibrium . Potentiometric methods are based on the
measurement of a potential difference between tectredes immersed in a
solution.
The potential that develops in the electrochenuedlis the result of the free
energy change that would occur in the chemical phmama until the
equilibrium condition has been satisfié@.
In all other methods, a voltage or current is aaplio an electrode and the
resultant current flow through, or voltage changke the system is
monitored. Although this approach may be more caradd than the case
in potentiometry. There are advantages in thati@met forced to deal with
the particular equilibrium characteristics of tlystem.
1.2.1 Electrochemical cell

An electrochemical cell can be defined as two ceotms or electrodes,
may be metallic, immersed in the electrolyte soliwhich are in electrical
contact’®. Electrochemical cells can be classified into #imds: galvanic
(or voltaic) and electrolytic. A galvanic cell castsof two electrodes
immersed in one or more solutions (i.e., two halfs} and it is capable of

spontaneously converting chemical energy more ss mpletely into

11
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electrical energy and supplying this energy to atermal sourcé®®. An
electrolytic cell is one in which chemical reactiam® caused to occur by the
imposition of an external voltage greater than theersible (galvanic)
voltage of the cel®. Actually, a galvanic cell is built up from theggtucts
of the electrolytic cell that accumulate at thectledes. When external
current is turned off, the products tend to prodaogent in the opposite
direction!®®,
1.2.2 lon Selective Electrode

lon selective electrodes (IgEare membrane electrodes that respond
selectively to some ions in the presence of oth@rst is based on passive
membrane regions of space that separate two phdketon selective
electrode is one of the most frequently used pasmtric sensors during
laboratory analysis as well as in industry, processtrol, physiological
measurement, and environmental monitorihy. An ion-selective
membrane is the key component of all potentiomeinic sensors. It
establishes the preference with which the sensporels to the analyte in
the presence of various interfering ions from thengle ® since some
selective chemistry takes place at the surfacéefetectrode producing an
internal potential. Species recognition is achievath a potentiometric
chemical sensor through a chemical equilibrium tieacat the sensor
surface!®. lon selective electrodes which use such membvesre often
referred to as being specific for a particular {5h The term 'specific’
implies that the electrode does not respond totiaddi ions. Since no
electrode is truly specific for one ion, the ternon-selective’ is
recommended as more appropriate. ‘Selective ionsitbee electrode’ is a
little-used term to describe an ion-selective etat#. These include probes

that measure specific ions and gases in solutibe. Most commonly used

12
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ISE is the pH probe. Other ions that can be medsuude element ions

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

solution such as Ammonia, Carbon dioxide, nitrogride, and OxygeH".

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

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

and parameters.

Characterization

|on selective electrodes

And parameters calcium copper chloride
Slope 2613 2613 -9415
0.1-4000 6.4x10" 3-35000
Linear range(ppm) A- -
6.4x10
Detection
o 0.02 6.4x10 1
l[imit(ppm)
Response time(sec.) 10 10 10
Optimum
25 25 25
temperature (°c)
pH range 3.5-11 2-7 1-12
Solid state PVC Solid state Solid state poly
Membrane type polymer matrix crystalline crystalline
membrane membrane membrane
lonic strength
_ 4AM KCI 5M NaNG; SM NaNO;
adjuster
Reference électrode | Single junction double junction double junctig

13

n
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1.2.2.1 General applications of | SE

lon selective electrodes are now commercially abdd for the selective
determination of large number of anions and catiansl have found
applications in many fields.

ISEs have been widely used for the evaluation ohymequilibrium
constant$®*1 and reaction rates and mechani§thg’. Buff et al.*”? have
described the use of silver chloride electrode atemine the solubility
product, Ksp, of AgClI by direct calibration. TheKef AgCl was found to
be (1.9 +0.04) x 1# compared to literature value (1.8 x 2enol liter?).

The chemical composition of rocks and soils aregat importance in
geology and agriculture studies. ISEs have beenesstully employed to
determine nitrate*”, fluoride 4, chloride [, sulfide ¥, sulfate 4,
magnesiunt and ammoniurft® in wide varieties of rocks, clays and soils.
ISEs have been also used to measure oxides ofjernm air exhaust gases,
and cigarette smoK&!. Fluoride and chloride in rain and sn8f hydrogen
sulfide and cyanide in tobacco smock have been désermined by this
method.

ISEs have been widely applied in paper pfiip liquors'™, metal plating
U crude 0il®?, explosives®, and nuclear materiald!. Overman® has
reported a method for the determination of merdqlily, which is used as
catalyst to dissolve aluminum in clad reactor fas$emblies. In this process,

Hg (II) has been removed before the reprocessed fuetedeal because it

would corrode new aluminum- clad fuels. The HO [evel is checked in the

final solution by remote titration with iodine uginodide ion selective

electrode.

14
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ISEs have found wide biomedical applications. |Ss the sole class of
devices that have been fabricated for measuringoitapt ions and
dissolved gases in blood, such as calcitin fluoride 7, chloride ¥,
sodium®™, and ammoniui%. Such devises respond to ion activities which
are especially valuable in this field since lifeopesses are related to
activities and not to concentration. Coring sodielectrode!® has been
used in a flow through system for blood analystse €lectrode was found to
have a high selectivity for Naver K~ (K™ nak ~ 10%).

ISEs can be used in the pollution monitoring sushcganide, fluoride,
copper, sulfide, chloride etc., in effluents antuna water®®.

1.2.2.2 Potentiometric measur ement

The characterization of ion selective electrodesafgarticular application
has been based on the study of many parametersasughecision and
accuracy and the time available to perform suchlyaisa The most
important and widely used techniques for such studire direct, standard
addition, and titration method®!. The direct potentiometric measurement
method is the most straightforward. The ISE aneérezfce electrodes are
immersed in the sample and the equilibrium celepbal is recorded. This
method is extremely rapid, enabling measurementseetoompleted in two
or three minutes. This method is suitable for thelgsis of all samples in
which the analyte of interest is present in the fracomplexed state.

In standard addition method, the potential is in&asured as in above then
very small volume of standard solution of concerdra higher than 100
times than sample concentration of the analyteaa tadded to the solution
and the resulting potential is measured. This ntethased on the

assumption that the activity coefficient of the lgte@ion is identical before

15
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and after the addition and that the degree of cexragpion of the analyte also
remains constant throughout the measurement, gsimecevolume of the
analyte is relatively smalft.
The standard addition method is more applicable ther analysis of
relatively complex matrix samples; in additionstriapid and gives results
that are more accurate for real samples in whidhrferent ions cause
problems®.

1.2.2.3 1on analyses by ion selective electrode
Gavagnaré®™ has reviewed the electrochemical methods of vaatalysis.
Two flow-through cupric selective electrode for tbentinuous and flow
injection determination of cupric ion are describeg Vander and
Oostervink®,

Stella and Ganzerli-Vanlentifi’ used a cupric ion selective electrode for
the determination of inorganic copper speciesestirwater.
Westallet al [®® studied the effect of chloride ion on cupric icglestive
electrode measurements. On the basis of their metihe electrode was
unsuitable for determination of cupric ion in seatey.
A number of suitable analytical techniques are labé for the
determination of chloride in water, including silveitrate titration with
chromate indicatof”, mercury [I) nitrate titration with diphenyl carbazone
indicator, potentiometric titration with silver rate, automated iroH()
mercury {I) thiocyanate coulometry and ion selective elecf8d
Hulanicki and Trojanowicd™ have described the direct potentiometric
determination of calcium in water with a constamtnplexation buffer.
Kawamura and Kashim{{? described the determination of calcium and
magnesium ions in the mixture by the electromofwmee of calcium ion

selective electrode and bivalent cation electrode.

16
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Hu Z. et al ™ have described a direct potentiometric deternmomadif water
hardness with use of an ion selective electrode.
Grossmanret al " described a new method for measuring the hardvfess

water.
1.3 Atomic absor ption spectr oscopy

Atomic absorption spectroscopy is used for the itptale and quantitative
identification and determination of trace levels métals in all types of
materials and solution§®. The term atomic absorption refers to the
absorption of energy from a light source, with @aneent decrease in the
radiant power transmitted through the flafiie

1.3.1 General applications

Atomic absorption spectrophotometry has been uséétermine metals and
nonmetals in almost every conceivable type of samplany standard
procedures for water analysis (river, ground, aake|water; sea water
industrial effluents; beverage) has been based A8. Abundant elements
(Na, K, Ca, Mg, and Fe) and many trace transitiaahs can usually be
determined directly with flame AA. The use of AA® imetallurgical and
mining industries is common for analysis of metaBoys, geochemical
samples and electroplating solutions. Flame AAS adequate for
determination of most elements at concentratiorG@¥1% (w/w) or above
in solid samples after dissolution by acids digastr fusion.

Analysis of petroleum products presents special pganpreparation
difficulties. Oil and gasoline are often diluted hyfactor of 2 to 10 with
suitable solvents (heptane, xylene, methyl isobkétbne) so they can be

aspirated into a flame.

17
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For biological and clinical samples, it is crititalremove the organic matrix

by digestion or some other method before analysith most biological

samples, a flame ionization buffer is needed bexafsigh content of Na

and K™,

1.3.2 M etal analyses by atomic absor ption spectr oscopy

Sturgeonet al [ described a direct determination method for iromviter

by graphite furnace atomic absorption spectroscopy.

Iron in water can be also determined by atomic gdiEm spectrometry

(detection limit 5pg/liter)’”. The average river iron concentration has been

reported to be 0.7 mgh™®.

Fishman and Down§® have described a method for determination of

calcium, copper, lithium, magnesium, manganeseagsaim, sodium,

strontium and zinc in natural water and may beiapple to other elements

by atomic absorption spectroscopy.

Air-acetylene flame atomic absorption spectrosc@4S) and inductively

coupled plasma (ICP) emission spectroscopy haven besed for

determination of calcium in water. The detectianitiof the AAS method

on direct aspiration is 3 pug/L, and the optimum asntration range from

(0.2 to 20 mg/L). The recovery of added calciumairspiked sample is

between 85 and 115 percéfit

Dawson and Heatdf! have described a method to the determination of

magnesium in biological materials by atomic absorpspectrophotometry.
Atomic absorption spectroscopy is a suitable wetlor the determination

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

environmental and biological samples as describeGautamet al *3. In

this work the analysis of various environmental aradogical samples were

investigated. This technique is fast simple andhlyigsensitive. The

18
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detection limit of As, Pb and Hg were 1.8 pg/L, u@/L and 1.5- 1.6 pg/L
respectively.

Taher'® has described method to the determination of tieme after solid
liquid extraction and preconcentration using 14g2ridylazol-2-naphthol).
The extraction of metal from water samples by alathey agent was
reported to selectivity extract heavy metals.

Dingmanet al *¥, have reported a concentration factor as higto@8 when
using poly urea resin to extract Cu, Zn, Ni and Tloese metals were then
determined by atomic absorption spectroscopy.

Many atomic spectrometric methods had been repoftéd for the
determination of metal ions concentration of diéfer samples. These
methods were used for determination the conceatraif the sample metal
components by ion exchange process followed by seoms

spectrophotometry were reported by Thotfihs

19
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1.4 Aim of thework

The aim of this work was to evaluate the water itypuah some Iraqgi water
resources (tap, river and ground water), in difiergovernorates A(-
Sulaimaniyah, Al- Mosul, Diyala, Baghdad, Karbala, Al- Najaf and Al-
Diwaniyah).

The study concern with determination of (calciumggmesium, chloride,
copper, iron, and lead) metal ions concentrati@mé of these ions may be
toxic for human and other organisms if their coriaions were above the

maximum level.

20
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3. Results and discussion

3.1 Quantitative analysis using ion selective eleotles
» Calcium
A linear calibration curve was obtained extendednf(1 -1000) ppm,
as shown in figure (3-1) with line equation of
y = 30.259 Log x + 33.823....... (3-1)

140 +

120 +

100 +

80

E(mV)

60

40 +

20 ~

1 10 100 1000

log conc.

Fig (3-1) calibration of calcium ion selective dlece
Where y represents the potential value (mV) andkthepresents the log
of the concentration for the calcium ion.
The correlation factor for this line was 0.9995Iwa relative standard
deviation of 0.0929%.
The slope of this calibration curve was 30.259 Wwhearly represent the
slope of calcium ion selective electrode as shawtable (1-3).
The concentration of calcium in different water géas was determined
by multiple standard addition method, and the teswkre tabulated in

table (3-1).
Y1
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Table (3-1) Calcium concentration determined bydelective electrode

in different water samples in Iraq

Concentration of calcium (ppm) + SD*
location
Tap water River water Ground water
Sulaimaniyah 20.73 £0.05 3242 +0.08
Tigris rver
Mosul 27.16 £0.15
39.19 £ 0.07
Diyala 29.89 £0.08 43.21 +0.06
Baghdad
_ 23.16 £0.12 55.08 £ 0.09
(Qadissyah Q.)
50.81 £ 0.05
Baghdad 26.45 +0.12 58.79 + 0.07
(Dora Q.)
Euphrates river
Karbala 30.56 £0.11
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 (200784t66) ppm for tap
water, and in the range (39.19 to 73.19) ppm iarnvater.

From table (3-1) the governorates which lie at boters (Tigris and
Euphrates) it was found that the lowest level dfioan concentration for
tap water was inAl-Sulaimaniyah, and the highest level of calcium

concentration in both rivers and tap water was doumAl- Diwaniyah.

Yv
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And the lowest calcium concentration in Tigris dfubhrates rivers was
found inAl-Mosul and the highest level was foundAh Diwaniyah for
river water.

Also from the above table the concentradmrcalcium in river was found
to be higher than its concentration in tap waterefach governorates lie
at Tigris and Euphrates rivers, and ®aghdad the concentration of
calcium in ground water is higher than its concatin in river, because
surface water generally contains lower concentnabé calcium than
ground watef®®, and the last has a higher calcium concentratian n
tap water, and foAl- Sulaimaniyah the concentration of calcium in the
ground water was higher than its concentrationhim tap waterThat
because calciuns primarily found in ground water due to the dissay
of limestone (calcium carbonate) the dissolving ussc when the
limestone reacts with rain water which has becdigaty acidic through
a reaction with carbon dioxid@.

However, for Tigris the concentration of calciuncr@ased from the
north down to south of the direction of the river both tap and river
water excepBaghdad (Qadissyah Q.jandal Dora tap water which has
lower concentration than AMosul and Diyala, and for Euphrates the
concentration of calcium were found to be incredsath the north down
to the south of the river direction. The calciunmecentration in both tap
and river water in Tigris was found to be lowerrths concentration in

Euphrates. The calcium distributions was showngaré (3-2)
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Fig (3-2) calcium distribution in tap, river ancognd water measured by

» Copper

ion selective electrode

A linear calibration curve was obtained extendeamfr(0.1 -1000)

ppm, as shown in figure (3-3) with line equation of
y =29.75 Log x + 214.99

E(mV)

350
300 ~
250 ~
200 +
L

150 +
100 +
50 A

0.1

10

log conc..

100

1000

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

Where y represents the potential value (mV) andkthepresents the log

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

deviation 0.0282%.
The slope of this calibration curve was 29.75 whelarly represent the

slope of cupric ion selective electrode as showalnte (1-3).

The concentration of copper in different water sksmpvas determined

by multiple standard addition method, and the teswkre tabulated in

table (3-2).

Table (3-2) Copper concentration determined byicupn selective

electrode in different water samples in Iraq

Concentration of copper (ppm) + SD*

location
Tap water River water Ground water
Sulaimaniyah 0.053 + 0.005 0.035 +0.001
Tigris river
Mosul 0.064 +0.003
0.036 + 0.007
Diyala 0.085 +0.002 0.044 +0.001
Baghdad
(Qadi ho) 0.071 +0.001 0.049 + 0.004
adissyah Q.
Y 0.045 £ 0.002
Baghdad 0.072 +0.003 0.058 + 0.002
(Dora Q.)
Euphrates river
Karbala 0.082 £ 0.001
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. ddmper
concentration was in the range (0.053 to 0.105) fprtap water, and in
the range (0.036 to 0.069) ppm in river water.

From table (3-2) for both Tigris and Euphrates msvine lowest level of
copper concentration for tap water was foundlin Sulaimaniyah, and
the highest level of copper concentration in tapewavas found inAl-
Diwaniyah.

For river water the highest level of copper concrman was found i\l -
Diwaniyah, while the lowest level was found in AMosul. For
Baghdadthe copper concentration in the ground water wghkdri than
copper concentration in the river but has a lovegrcentration than in the
tap water and inAl- Sulaimaniyah the copper concentration in the
ground water was lower than its concentration entdp water.

Generally from table (3-2), for Tigris and Euphsatbe concentration of
copper in the river water was relatively lower thignconcentration in the
tap water for each governorate. This is becaustefmain source of
copper in the drinking water comes from the coonf the pipes.
However, for governorates which lie at Tigris tloacentration of copper
in the tap water increases from the north dowrh&douth of the river
direction exceptDiyala which has copper concentration higher than
Baghdad The copper concentration in river water has amsweases
from the north down to the south Tigris directioAnd for the
governorates lie at Euphrates the copper concentrat the tap and river
water have also increases from the north down éosthuth of the river
direction. However, the copper concentration irhltaip and river water
for the governorates which lie at Tigris was lowean its concentration
in governorates lies at al Euphrates excBptala which has copper
concentration higher thakarbala. 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 gnol water measured by

Chloride

ion selective electrode

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

as shown in figure (3-5) with line equation of
y =-57.05 Log x + 68.246.......

(3-3)
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Fig (3-5) calibration of chloride ion selective ei®de

Where y represents the potential value (mV) andkthepresents the log

of the concentration of chloride ion.
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The correlation factor was 0.9993 with a relativ@ndard deviation of

0.136%.

The slope of this calibration curve was -57.05 \whiepresent the slope

of chloride ion selective electrode as shown iretdlib-3).
The concentration of chloride in different watemgdes was determined
by multiple standard addition method, and the teswkre tabulated in

table (3-3).

Table (3-3) Chloride concentration determined bipietie ion selective

electrode in different water samples in Iraq

Concentration of chloride (ppm) £ SD*

location
Tap water River water Ground water
Sulaimaniyah 167.04 £0.09 148.61 £ 0.03
Tigris river
Mosul 251.33 £ 0.09
216.81 + 0.06
Diyala 298.32 £ 0.18 280.45 £ 0.16
Baghdad
. . 246.37 £0.21 199.71 £ 0.06
(Qadissyah Q) 225.18+ 0.09
Baghdad 299.59+ 0.14 209.45 + 0.12
(Dora Q.)
Euphrates river
Karbala 316.88 £ 0.07
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/ (A4 to 370.01) ppm
for tap water, and in the range (216.81 to 433pf#h in river water for
the governorates which lie at Tigris and Euphratess.

From table (3-3) the lowest level of chloride camcation for both Tigris
and Euphrates for the tap water is foundAlr Sulaimaniyah, and the
highest level of chloride concentration of tap wai® found in Al-
Diwaniyah, for river water the lowest chloride concentratisas found
at Al- Mosul and the highest level of chloride concentrationver water
was also found i\l- Diwaniyah. In Baghdadthe chloride concentration
in the ground water was found to be lower tharcascentration in the
river and tap water as same a#\ln Sulaimaniyah.

For the governorates which lie at Tigris the coriaion of chloride in
the tap water was higher than its concentratiothénriver water, but for
the governorates which lie at Euphrates the conggom of chloride in
the tap water is lower than its concentration mtilver water.

For governorates which lies at Tigris for the tapl aiver water the
chloride concentration increases from the northrdoovthe south of the
river direction but the chloride concentratiorBaghdad (Qadissyah Q.)
was lower than chloride iDiyala for both tap and river water. The same
as in the governorates which lie at Euphrates theride concentration
increases from the north down to the south of tiverrdirection.
However, the chloride concentration for tap andemriwater of the
governorates position at the Tigris river were foto be lower than the
chloride concentration for the governorates posiabEuphrates.

The chloride ion distribution in Iragi governoratés tap, river and

ground water were shown in figure (3-6)

Ye
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Fig (3-6) chloride distribution in tap, river ancognd water measured by

ion selective electrode

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

error were tabulatenh the table (3-4)

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

lons
Parameters
Calcium Copper Chloride
Concentration 3 3 2
1x10 1x10 1x10
prepared (M)
Found (M) 0.9813x 16 | 0.9715x 10 0.9931 x 10
Recovery % 98.13 97.15 99.31
Error % 1.87 2.85 0.69

Where the chloride has the highest recovery 9%8awed by calcium

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

recovery of 97.15.
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3.2 Quantitative analysis using atomic absorption
spectroscopy

e |ron
A calibration curve was constructed for iron emphgy248.3 nm as
absorption line for the metal.
A linear calibration curve was obtained extendexnfr(0.1-10) ppm,
as shown in figure (3-7) with equation of

y = 0.0584x - 0.0015....... (3-4)

0.7 ~

Abs.

12

conc. (ppm)

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

concentration of iron.

The correlation factor for this line was 0.999ithwa relative standard
deviation of 1.624%.
The concentration of iron in different types of wmatsamples was
calculated using the above linear equation (3-4Q #he results are
tabulated in table (3-5).

1
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Table (3-5) Iron concentration determined by atoafisorption in

different water samples in Iraq

Concentration of iron (ppm) in £ SD*
location
Tap water River water Ground water
Sulaimaniyah 0.135 £ 0.003 0.095 £0.01
Tigris river
Mosul 0.178 £ 0.005
0.127 £0.01
Diyala 0.182 +0.003 | 0.139+0.01
Baghdad
. : 0.191 +0.005 0.038 +0.004
adissyah Q.
@ yah Q) 0.145+ 0.003
Baghdad 0.198+ 0.001 0.078 + 0.004
(Dora Q.)
Euphrates river
Karbala 0.206 £ 0.004
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 (0.135.2¥8) ppm for tap
water, and in the range (0.18¥0.247) ppm in river water.

From table (3-5) the lowest iron concentration aveynorates that lies at
Tigris and Euphrates rivers for tap water was foummd AL -
Sulaimaniyah, while the highest iron concentration for tap wates
found in AL- Diwaniyah. The lowest iron concentration was found in
both rivers were found iAl- Mosul while the highest concentration was
found inAL- Diwaniyah river water.

v
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For Baghdad the concentration of iron in the ground water \Waser
than its concentration in the tap and river watand in AL-
Sulaimaniyah the iron concentration in ground water was loweantits
concentration in the tap water. Most ground watas lat least trace
amount of iron because its presence in nature é®sonon’?.

Iron concentration in both Tigris and Euphrateens were found to be
lower than iron concentration in tap water, thataaese the source of iron
in drinking water may come from the corrosion gigs.

For both governorates which lie at Tigris and Eapés rivers the iron
concentrations in tap and river water were incrédsan the north down
to the south of the rivers directions. However, itio@ concentration for
the governorates which lies at Tigris River in &@pd river water was
found to be lower than its concentration in theegowrates which lies at
Euphrates. The iron distribution in water sampgeshown in figure (3-
8).

0.3
0.25
0.2 i
0.15 ] Tap water
River water
0.1 -
j Ground water
0.05
0
Sulaimaniyah Mosul Diyala Baghdad Baghdad Karbala Najaf Diwaniyah
Qadissyah Dora

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

atomic absorption
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* Lead
A calibration curve was constructed for lead empigy283.8 nm as
absorbing line for the metal.
A linear calibration curve was obtained extendednf(0.01-10) ppm,
as shown in figure (3-9) with equation of

y =0.243 x - 0.0068....... (3-5)

Abs.

12

conc. (ppm)

Fig. (3-9) calibration curve of lead
Where y represents the absorbance value and x sepse the
concentration of lead.
The correlation factor for this line was 0.9992hwé relative standard
deviation 3.144%.
The concentration of lead in different types of evasamples was
calculated using the above linear equation (3-BY the results were
tabulated in table (3-6).

4
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Table (3-6) Lead concentration determined by ataab&orption in

different water samples in Iraq

Concentration of lead (ppm) + SD*
location
Tap water River water Ground water
Sulaimaniyah nil nil
Mosul nil nil
Diyala 0.0103+9x1d nil
Baghdad
_g 0.008+8x1¢ nil
(Qadissyah Q.)
nil
Baghdad | 51145x1¢f nil
(Dora Q.)
Karbala 0.0099+7x10" nil
Najaf 0.012+9x10" nil
Diwaniyah 0.013+5x1d 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 wakemrange (0.008 to
0.013) ppm, and there was no detection of leaderriver water or in the
ground water in all water samples

That's because lead is rarely occurs in naturallydiinking water
resources, but results from the corrosive actiowaier on materials used

in the distribution and plumping system. The U.Swiwnmental

S
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protection agency (EPA) estimated that 20% of otaltlead exposure
comes from drinking watefl. The lowest lead concentration for
governorates which lies at both Tigris and Euplsraiteers was found in
Baghdad (Qadissyah Q.jand the highest detection of lead was found in
Al- Diwaniyah.

The detected lead concentration distribution in weder is shown in
figure (3-10)

0.014 A
0.012 A
0.01
0.008
0.006 1 Tap water
0.004
0.002
(6
Diyala Baghdad Baghdad Karbala  Najaf Diwaniyah
(Qadissyah Q.)  (DoraQ)

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

absorption
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* Copper
A calibration curve was constructed for copper ayiplg 324.8 nm
as absorption line for the metal.
A linear calibration curve was obtained extendednf(0.01-10) ppm,
as shown in figure (3-11) with equation of

y = 0.0853x - 0.0079....... (3-6)

Abs.

12

conc. (ppm)

Fig (3-11) calibration curve of coppsing AAS
Where y represents the absorbance value and wesegs the
concentration of copper.
The correlation factor for this line was 0.9989hw# relative standard
deviation 1.59 %.
The concentration of copper in different types ddtev samples was
calculated using the above linear equation (3-6 the results were

tabulated in table (3-7).
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Table (3-7) Copper concentration determined by at@sorption in

different water samples in Iraq

Concentration of copper (ppm) + SD*

Location
Tap water River water Ground water
Sulaimaniyah 0.054 +0.004 0.039 + 0.007
Tigris river
Mosul 0.073 +0.004
0.042 +0.007
Diyala 0.082 +0.006 | 0.047 +0.004
Baghdad
- . 0.076 +0.004 0.053 +0.004
et Q) 0.051+ 0.003
Erilneie 0.088 0.002 0.061 + 0.005
(Dora Q.)
Euphrates river
Karbala 0.091 + 0.008
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 (0.053.12) ppm for tap

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

From table (3-7) the lowest copper concentratimelléor governorates

which lie at both Tigris and Euphrates rivers fap tvater was found in

AL -Sulaimaniyah and the highest was foundAt Diwaniyah. And the

lowest copper concentration in Tigris and Euphratesr water was

found inAl- Mosul, while the highest was also foundAhl Diwaniyah.
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In Baghdad the concentration of copper in the gdowater was found to
be lower than its concentration in tap water bghbr than river water.
AL -Sulaimaniyah ground water has lower copper concentration than i
the tap water.

However, the concentration of copper in both B@gmd Euphrates rivers
were lower than its concentration in the tap water.

The copper concentration in the tap and river whitethe governorates
which lie at Euphrates was higher than its conediotn for the
governorates lies at Tigris. The governorates whiehat Tigris were
found that their copper concentration increasechftbe north down to
south with an exception that concentration of copppe Baghdad
(Qadissyah Q.)was found to be lower than its concentratioiDigala.
The governorates which lie at Euphrates were fothad the copper
concentration increased from the north down tolsdort both river and
tap water. The copper distribution in water sampiesasured using AAS

Is shown in figure (3-12).
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0.1

0.08

[] Tap water

- River water

0.06

0.04 || Ground water

0.02

0
Sulaimaniyah Mosul  piyala Baghdad Baghdad Dora Karbala Najaf Diwaniyah
Qadissyah

Fig (3-12) Copper distribution in tap, riverdaground water measured
by atomic absorption.
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* Magnesium
A calibration curve was constructed for magnesiumpleying 285.2
nm as absorption line for the metal.
A linear calibration curve was obtained extendeumnfr(1-100) ppm,
as shown in figure (3-13) with equation of

y = 0.8388 x - 0.6867....... (3-7)

90 ~
80 -
70 A
60 -
50 -
40 +
30 -
20 A
10 +

Abs.

0 20 40 60 80 100 120

conc. (ppm)

Fig (3-13) calibration curve of magnesium

Where y represents the absorbance value and xeseaps the
concentration of magnesium.

The correlation factor for this line was 0.9993Iwé relative standard
deviation of 0.0195 %.

The concentration of magnesium in different typewater samples was

calculated using the above linear equation (3-Ag &he results are
tabulated in table (3-8).
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Table (3-8) Magnesium concentration in differentevaamples in Iraq

Concentration of magnesium (ppm) + SD*
Location
Tap water River water Ground water
Sulaimaniyah 7.87 £0.05 15.53 £ 0.05
Tigris river
Mosul 13.46 +0.17
18.53 + 0.04
Diyala 14.21 £0.13 20.54 £0.10
Baghdad
. : 9.53 +0.12 22.25+0.3
adissyah Q.
@ yah Q.) 24.56+ 0.12
Baghdad 12.23 +0.11 23.09 +0.10
(Dora Q.)
Euphrates river
Karbala 16.87 £ 0.06
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. Tagnhesium
concentration was in the range (7.87 to 18.91) fgpmtap water, and in
the range (18.53 to 33.33) ppm in river water.

From table (3-8) the lowest magnesium concentrdé@wels was found in
governorates which lie at both Tigris and Euphratesrs 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 doarAl- Mosul while

the highest concentration foundAd Diwaniyah.

1
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In Baghdad the concentration of magnesium in the ground waitas
found to be higher than its concentration in tapewéut lower than in
river water and inAL -Sulaimaniyah the ground water has higher
magnesium concentration than in tap water. The emnation of
magnesium in both Tigris and Euphrates rivers wagher than its
concentration in tap water.

The governorates which lie at Tigris was found ttle# magnesium
concentration in both tap and river water incredsech the north down
to south of the river direction, with an exceptiom Baghdad
(Qadissyah Q.)and Al Dora which were found to be lower than its
concentration irbiyala andAl Mosul.

The governorates which lie at Euphrates were fahatthe magnesium
concentration increased from the north down to rsooft the river
direction for both river and tap water. Howevere tboncentration of
magnesium for both tap and river water in Euphratas found to have
higher concentration than in Tigris. The magnesilistribution in the

tap, river and ground water are shown in figurd 43-

35
30
25 =
20
0] Tap water
15 )
[l River water
10 | ] Ground wate
5
0
Sulaimaniyah Mosul Diyala Baghdad Baghdad Karbala Najaf Diwaniyah
Qadissyah Dora

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

measured using atomic absorption.
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e Calcium
A calibration curve was constructed for calcium éymg 422.5 nm
as absorption line for the metal.
A linear calibration curve was obtained extendeumnfr(1-100) ppm,
as shown in figure (3-15) with equation of

y =0.6127 x - 0.5464....... (3-8)

0 20 40 60 80 100 120
conc. (ppm)

Fig (3-15) calibration curve of calcium using AAS
Where Y represents the absorbance value and x segee the
concentration of calcium.
The correlation factor for this line was 0.9991wédhrelative standard
deviation of 3.57 %.
The concentration of calcium in different typeswediter samples was
calculated using the above linear equation (3-8Q #he results are
tabulated in table (3-9).
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Table (3-9) Calcium concentration determined bymtoabsorption in

different water samples in Iraq

Concentration * of calcium (ppm) £ SD
Location
Tap water River water Ground water
Sulaimaniyah 21.05+0.12 32.91+£0.38
Tigris river
Mosul 27.85+ 0.15
39.39 £0.35
Diyala 30.35+0.29 43.87 £0.23
Baghdad
. . 22.82 £0.044 56.58 £ 0.17
adissyah Q.
@ yah Q) 55.93+0.14
Baghdad 26.86 +0.13 59.69 + 0.72
(Dora Q.)
Euphrates river
Karbala 30.69 £0.11
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 (2100%5.23) ppm for tap
water, and in the range (39.39 to 73.37) ppm iarnvater.

From table (3-9) the lowest calcium concentratievel for governorates
which lies at both Tigris and Euphrates Riverstér water was found in
AL -Sulaimaniyah and the highest calcium concentration were foumd i

Al- Diwaniyah. The lowest calcium concentration in Tigris and

1)
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Euphrates were found iAL -Mosul, while the highest level was found
also inAl- Diwaniyah.

In Baghdad the concentration of calcium in the ground watesound
to be higher than its concentration in tap watet awver water, andiL -
Sulaimaniyah ground water has higher calcium concentration thaap
water. The concentration of calcium in both Tigarsd Euphrates rivers
were found to be higher than its concentratiormamwater.

The governorates which lie at Tigris were fouhétttheir calcium
concentration in both tap and river water incredsech the north down
to south of the river direction, with an exceptiom Baghdad
(Qadissyah Q.) and Al Dora was found to be lower than its
concentration irDiyala andAl Mosul.

The governorates which lie at Euphrates were fotnad the calcium
concentration increased from the north down to Isoot the river
direction in both river and tap water. However, @@ncentration of
calcium for both tap and river water in Euphrateasviound to have
higher concentration than in Tigris. The calciumaswed by AAS

distribution in the water samples are shown inreg{8-16).
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Sulaimaniyah Mosul Diyala Baghdad Baghdad Karbala Najaf Diwaniyah
Qadissyah Dora

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

measured by atomic absorption.
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For the atomic absorption measurements the recoardy error was

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

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

by AAS
metals
parameters
copper calcium | magnesium lead iron
Concentration 5 3 5 5 2
1x10 1x10 1x10 1x10 1x10
prepared (M)
Found (M) | 0.9834x1C | 0.9847x10° | 0.995x10° | 0.9798x1C | 0.9867x10’
Recovery % 98.34 98.47 99.5 97.98 98.67
Relative
1.66 1.53 0.5 2.02 1.33
Error %

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

recovery was obtained for magnesium 99.5 followgdrbn 98.67 and

calcium 98.47 and copper 98.34 and the lowest mydor these metals

was found for lead 97.98

The recovery of calcium and copper measured by iatabsorption was

higher than the recovery of the same metals meadweon selective

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

The chloride concentration was directly determimedvater samples by

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

Table (3-11) Chloride concentration determineditrgtion with AgNG;

in different water samples in Iraq

Concentration * of chloride (ppm) = SD
Location
Tap water River water Ground water
Sulaimaniyah 161.34 £0.18 153.77 £0.45
Tigris river
Mosul 242.88 +0.62
210.34 £0.192
Diyala 308.69+£0.19 | 271.02+0.04
Baghdad
. . 238.09 +0.16 192.99+ 0.16
adissyah Q.
Q yah Q.) 219.25 +0.02
Egnske 289.52 + 0.02 207.41 % 0.02
(Dora Q.)
Euphrates river
Karbala 305.14 £ 0.25
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 rangel (34 to 357.57) ppm
for tap water, and in the range (210.4 to 419.%Jfh pn river water for
the governorates lie at Tigris and Euphrates rivers
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From table (3-11) the lowest level of chloride cemiration for both
Tigris and Euphrates for the tap water was foundlinSulaimaniyah,
and the highest level of chloride concentratioapf water was found in
Al- Diwaniyah, for river water the lowest chloride concentratias
found in Al- Mosul and the highest level of chloride concentration in
river water was also found iAl- Diwaniyah. In Baghdadthe chloride
concentration in the ground water was found to owel than its
concentration in the river and tap water. The seasalts were obtained
for Al- Sulaimaniyah ground water sample.

The governorates lie at Tigris, the concentratibrcidoride in tap was
higher than its concentration in the river watart for the governorates
lies at Euphrates, the concentration in the tapemwags lower than its
concentration in river water.

Governorates lie at Tigris, the tap and river watdoride concentration
increases from the north down to the south of ithex direction except in
Baghdad (Qadissyah Q.which was lower than chloride iDiyala for
both tap and river water. The same was found ireguowates which lie at
Euphrates in which the chloride concentration iases from north down
to the south of the river direction. However, tidocide concentration in
tap and river water of the governorates lie afTtiggis river was found to
be lower than the chloride concentration for theegnorates which lie at
Euphrates river. The chloride distribution in wasemples measured by

this method were shown in figure (3-17)
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450
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20 River water

15 Ground water
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Sulaimaniyah p\osyl Divala Baghdad Baghdad Karbala Najaf Diwaniyah
Qadissyah Dora

Fig (3-17) Chloride distribution in tap, river agcbund water measured
by the titration
The recovery and error were measured for chloridedsards by titration
with silver nitrate are shown in the table (3-12).
Table (3-12) Recovery and relative error for clderstandards measured
by the titration with silver nitrate

parameters chloride
Concentration prepared (M) 1x10
Found (M) 0.9598 x 18
Recovery % 95.98
Relative Error % 4.02

The recovery of chloride which obtained from theasuring by the
titration was lower than the recovery of chloridiieh obtained by ion

selective electrode 99.31.
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The highest concentrations of the metal ions ingheund water were
found in DoraBaghdad while the lowest concentrations were found in
Al- Sulaimaniyah, except for the iron was higher Al- Sulaimaniyah
ground water samples th&aghdad ground water samples as shown in
the table (3-13).

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

location lon concentrations in river water (ppm)
ca” Mg CI Cu™ Fe Pb
Sulaimaniyah| 32.42 | 15.53| 148.61 0.03%5 0.095 _ |*
Baghdad
_ 55.08 | 22.25| 199.71 0.049 0.038 _ |*
Qadissyah
Baghdad I
58.79 | 23.09| 209.4%5 0.058 0.078 _ |*
Dora
* Not found

All metal ions concentration in the river water gd@s 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 lon 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 A
Baghdad 50.81 | 24.56| 255.18 0.045 | 0.145 A
Karbala 55.22 | 2544, 34408 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 A
*Not found

Lead was not found in all these samples. The netel concentrations

were found to increased from the north down to sbeth of the both
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rivers (Tigris and Euphrates) this may be due tohef stripping of soll
from the north to the south. Tigris river water Ih@st water quality than
Euphrates for approximately all metal ions whiclesant in the river
water, even for drinking water in the governoratdsch lies or near
Tigris has a water quality better than the goveates which lies at
Euphrates. This may be attributed to that Euphrkegth about 2940
Km and pass through three countries (Turkey, Symtalraq), about 1160
Km of the river passed through Irag. While Tigeadth about 1800 Km
and pass through Turkey and Iraq, about 1415 Krthefriver passed
through Iraq. Therefore, the industries and fae®and other sources of
water contamination may be the reason of its patitg in the Euphrates
than the sources of pollutants at Tigris.

Table (3-15) shown that the highest metal ions entration in the tap
water were found i\l- Diwaniyah while the lowest concentration were
found inAl- Sulaimaniyahtap water samples.

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

location lon 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 |
_ 23.16 9.53 | 246.37 0.071 0.191 0.008
Qadissyah
Baghdad
26.45 12.23| 399.59 0.072 0.198 0.011
Dora
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 andAl- Diwaniyah have bad water quality compared with the
other governorates for both tap and river water. tep water the bad
water quality may due to of their water treatmdanpwere not efficient
to remove the high concentration of ions, for ex@mip Al- Najaf
according to some studies in their water treatrpéantt there has been no
work on desalinization or other purification proges, which is critical
and necessary in that arés5s Also, in Al Diwaniyah the network water
pipes which supply the water from the water treatmplant was
constructed from 1950this may be the main source of pipes corrosion
9] One other problem in the water treatment planfopmance in these
areas is the lake of electricity.

Some of metals (copper, iron and lead), which datexd in this study
were found to be approximately higher in the tapewéhan river water.
Corrosion which is caused when water reacted witklissolves metal
plumbing. This may added toxic levels of metal® ldopper and lead in
tap water®®.,

The acidity and temperature of water can also as®dhe rate of pipes
corrosion to a significant degr&@.

The measured drinking water quality was in the eafj acceptable
values according to the Iragi and internationalaargation standards
which were tabulated in the tables (1-1) and (li¥R)chapter one.
However, there is some drinking water samples hastaminants
concentration higher than the acceptable values.

The calcium concentrations in drinking water insdimples were in the
acceptable range which was (50 ppm).

Magnesium in water samples was also in the accleptabge which was
(50 ppm).
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Chloride in Al-Sulaimaniyah, Al- Mosul andBaghdad (Qadissyah Q.)
was in the acceptable range which was (250 ppmije\le rest samples
have chloride concentration higher than the actdptange.

For copper concentration in drinking water in ahgples were in the
acceptable value which was (1 ppm). HoweveAlinDiwaniyah which
has copper concentration in drinking water highent the acceptable
value according to Iragi standard (C.0.S.Q.C), inuacceptable range
according to EEC and Japan standards as showhlen(ta1).

The iron concentrations in drinking water in allhngdes were in the
acceptable value which was (0.3 ppm).

Finally lead concentrations Baghdad (Qadissyah Q.and Karbalavas
in the acceptable range which was (0.01 ppm). Theralrinking water
samples the lead concentration was higher thanatoeptable value
according to Iragi and some other standards. BetldS EPA and Japan
water quality standards the maximum level is (0.@h%l 0.05 ppm),
respectively, according to these standards all Esmwill be in the
acceptable range.

The above determinations of some metal ions irewaamples were
measured using two methods. Calcium and copper messured using
both ion selective electrode and atomic absorpsipectrometry, while
chloride was measured using ion selective electiutk titration with
silver nitrate. The results of the measurementsewemmarized and

tabulated in table (3-16) for comparison.

oA



[ Chapter three

Results &Discussio}w

Table (3-16) Metal ions concentration measured3ty, IAAS and the

titration
_ Calcium (ppm) Copper (ppm) Chloride (ppm)
location ——
ISE AAS ISE AAS ISE | Titration
Sulaimaniyah
20.73 | 21.05 0.053 | 0.054 | 167.04| 161.43
(TW¥)
Sulaimaniyah
3242 | 3291 0.035| 0.039 | 148.61| 153.77
(GW***)
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
g (TW) 23.16 | 22.82 0.071| 0.076 | 246.37| 238.09
(Qadissyah Q.)
Bagh W
aghdad(GW) 55.08 | 56.58 0.049 | 0.053 | 199.71| 192.99
(Qadissyah Q.)
Bagh TW
aghdad(TW) 26.45 | 26.86 0.072 | 0.088 | 299.59| 289.52
(Dora Q.)
Bagh W
aghdad(GW) 58.79 | 59.69 0.058 | 0.061 | 209.45| 207.41
(Dora Q.)
Baghdac(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
44.66 | 45.23 0.105| 0.12 370.01| 357.57
(TW)
Diwaniyah
73.19 | 73.37 0.069 | 0.071 | 433.75| 419.17
(RW)

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

This study included the determination of metal igoalcium, copper,
chloride, magnesium, iron and lead) in differenttavaresources (tap,
river and ground water samples), that were coltedtem some Iraqi
governorates.

River water of both Tigris and Euphrates rivers suead in this study
were found to have the highest concentration |léwehll metal ions, in
Al- Diwaniyah. While the lowest concentrations were found in Al-
Mosul. Most of metal ions concentrations were foundriorease from
north down to the south of the rivers for both T8@nd Euphrates rivers.
Water quality in Tigris river was better than theater quality in
Euphrates river. Lead was not found in the rivetawaf all samples.

The lowest concentrations of the metal ions in gheund water were
found inAl-Sulaimaniyah and the highest were found in Dddaghdad,
for all metal ions except the iron which was theghast in Al-
Sulaimaniyah, while the lowest iron concentration was found in
Baghdad ground water samples. Lead also was not foundengtound
water samples.

For tap water the highest concentration of (calgioragnesium, copper,
chloride, iron and lead) were found Ai- Diwaniyah, while the lowest
were found inAl-Sulaimaniyah. Most of the drinking water samples
were in the acceptable range according to Iraqi tedinternational

water quality specifications.
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Future work
1- Determination of other metal ions in water such sasfide,
phosphate, mercury, manganese, chromium, sodiurp@iadsium
and others, also determine the biological oxygamaln (BOD) in
all water samples.
2- Study of water quality by collecting other watemgdes from
other Iraqi water resources, and collecting samipéésre 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 dejuniction reference
electrodes, (England).

Calcium and chloride ion selective electrodes oigtei from Orion

research incorporated, (Boston, USA), cupric comibom selective
electrode, jenway, (924-393).

PERKIN-ELMER Flame atomic absorption spectrophotmmemodel

5000 (USA). Ca, Cu, Fe, Mg and Pb hollow cathodeplswere obtained
from PERKIN-ELMER instruments.

2.2 Chemicals

All chemicals and reagents used in this work wedraralytical grad,
supplied from Fluka, BDH and /or Aldrich companies.

2.3 Sampling

The samples were collected from different wateoweses (tap, river and
ground water), from different Iraqgi locations (Saofaniyah, Mosul,
Diyala, Baghdad, Karbala, Najaf and Diwaniyah).

The collected water samples were stored in a piblylene bottlesvhich
were cleaned with deionized water and dried. Rwater samples were
collected from or near the middle of the river &ne samples were taken
under the river surface that mean the bottle waramed under river
surface.

For all tap water samples, the water was drawn ftleentap for 1 min
before collecting. All water samples were kept icoéd 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 oleized water
(resistivity ~ 18 M2).
2.4.1 Preparation of standard solutions for | SEs measur ements
e Calcium
Calcium stock solution (1000 ppm) was prepared Iysalving
(0.2768 gm) of anhydrous CaCin 100 ml deionized water in a
volumetric flask. The preparation of ISA which iM4KCI, by
dissolving (29.816 gm) of KCI with 100 ml deionizegter.
» Copper
Cupric stock solution (1000 ppm) was prepared galving (0.251
gm) of CuSQ.5H,0 with 100 ml deionized water in a volumetric
flask. The ISA which is 5M NaNQwas prepared by dissolving
(42.490 gm) of NaN@with 100 ml deionized water.
e Chloride
Chloride stock solution (1000 ppm) was prepareddisgolving of
(0.210 gm) of KCI with 100 ml deionized water ivaelumetric flask.
The ISA was the same as for the copper.
2.4.1.1 Calibration of thel SEs
The electrode has been calibrated by measurirsgri#gs of known
standard solutions, made by serial dilution of @0 ppm stock
solutions for full calibration.
The ISA must be added to the standard and sampiéicss as (2%
VIV).
2.4.1.2 Potential measurements
The calcium, copper and chloride ion selective tebeles were used as

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

temperature using the following cell:
Reference electrodetest solution ISE

A calibration curves was constructed for each ISigiseveral standard

solutions ranged from (1-1000) ppm*CaCI_ and (0.1-1000) for Cu.

The test solutions were constantly stirred with nw@ stirrer.
Calibration curves were then constructed by plgttime potential versus
the log of the concentration.

From the calibration curves all statistical factscluding: slope;
correlation factor, concentration range and detactiimit which

characterized the electrodes were determined.

2.4.1.3 Samples analysis

The concentrations of ¢a Cuand Cl in the samples (tap, river and

ground water) were measured by multiple standaditiad methods.

In the multiple standard additions method (MSA).& tl of 0.1 M of
standard solution is added to 20 ml of water samsplation, the e.m.f
was recorded. before and after each addition ofdsta solution. The
addition of (0.1ml of 0.1M) of standard is repeated times. The
concentration of samples is then calculated bytiptptthe electrode
potential after each addition versus the volumeedddf standard
solutions and extrapolating the volume of the stéaddadded to the

sample as x axis to the anti log E/S as y axis
2.4.2 Preparation of standard solutions for AAS measur ements

e Calcium
Calcium stock solution (1000 ppm) was prepared Igsalving
(0.24973 gm) of CaCgn 2.5 ml of 1 M hydrochloric acid, diluted to

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

Copper stock solution (1000 ppm) was prepared kgadiving (0.1
gm) of copper metal in 5 ml of 5M nitric acid, thdiuted to 100 ml
in a volumetric flask with deionized water.

e Lead

Lead stock solution (1000 ppm) was prepared byotlisgy (0.1 gm)
of lead metal in 5 ml of 2M nitric acid, dilute 00 ml in a
volumetric flask with deionized water.

* lron

Iron stock solution (1000 ppm) was prepared byagsg (0.1 gm)
of iron metal in 2 ml of 5M hydrochloric acid, dikito 100 ml in a
volumetric flask with deionized water.

 Magnesium

Magnesium stock solution (1000 ppm) was preparedlisgolving
(0.1 gm) of magnesium metal in 5 ml of 5M hydrocidacid, dilute

to 100 ml in a volumetric flask with deionized wate

2.4.2.1 Calibration curve for atomic absor ption measur ements
Standard solutions for magnesium and calcium werepgred by
subsequent dilution of stock solution (1000 ppm)namdgnesium and
calcium ions diluted to (100, 50, 10, 5 and 1 ppm).

The standard solutions for each lead and copper wsTe prepared by
subsequent dilution of stock solution (1000 ppm)eadd and copper and
diluted to (10, 5, 1, 0.5, 0.1 and 0.01 ppm).

Iron standard solutions were prepared by subseqdi&riton of stock
solution (1000 ppm) of iron to (10, 5, 1, 0.5 andl Ppm).

All above standard solutions was diluted to 100nmé volumetric flask

with deionized water.
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2.4.3 Determination of chloride

The preparation of stock solution of chloride (1(QfJin) was done by
dissolving (0.210 gm) of KCI in 100 ml volumetria$k with deionized
water. Chloride ion standard solutions (500, 100,ahd 1) ppm was
prepared from stock solution.

The procedure of determination the concentratiothef standards and
water samples for chloride was performed by talbnignl of sample or
standard in 100 ml beaker, add 2 drops of KCn@licator and then
titrate with 0.05M of AgNQto the end point, the color will change from
yellow to slightly browrf®",
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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 lIragi water
resources (tap, river and ground water). The water samples was collected
from some Iragi governorates (Al- Sulaimaniyah, Al- Mosul, Diyala,
Baghdad, Karbala, Al- Ngjaf, 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 Iragi 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 ionsin the water samples.

The results and discussion was presented in chapter three. The results
included the determination of Ca™*, Mg*™, CI', Cu™, Fe, and finely Pbion
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.



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.

L ead 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.



i YL

5 asnnllSI) W) (amy 30S) 53 Gaed A Gaagd ) jura Lalgud 4l jall sha Jid
£) olsall 5alima may b o(alam 5 2ol 5 Gllaill a0 5 g il
) Gloall clailag ey (e Craas slall cilie Crmen (Ll sla 5 il sla cca ol
(42 5 Canal) o30S calaiy s cJom sl cagilagled

e i 5 olall jalan e JS e cgial ) 5 desial) 58 ds g ylaY) s b JsY) Jeail
Gl ela (B aa g ) (e (Al A gall Gamy &3 e jalas g Lebal g oliall Clisla g oluall
Cany 5 4l jal) Cilial gall Cun ol el L 3805 3 sa sl 4y = sansall e W1 aall
agallall Cilial sall

53 3 sall 2 el 380 53 Gl Aplilaill (3 5kl 5 bl (any e J5Y) diadl) (5 sial LS
Al CLAE) 5 4l 5 Sl Sl Gy JadS 3kl a2 5 celall

aasiiiuall 4ilasSl ol el 50 eaY) anaiy 53 5 e leall 6 dall ga Jalay S Juadl
bl Gline (8 V) Luld 3ok o g sial Lyl JU Juadl) cDlinel) paa Gl
LS ¥ HS) 5 el el AL (B Joadll 8 Giaa e 4Bl g L)
olall alian any (8 (Uaball 5 sl 5 aladll 5 2l 55K 5 o aunizall 5 6 splSH)
Ll o) S3al) 4,81 521

e iaide (£5,97 Y0 YF)0m sl S 5SS ol e ciligal agusily
S5 LS8 A ele el 4l Lal ¢ alfazle (VY04 1 T9,09) (LS il ol
laale (OAV IYY,EY) G ol s a sl

S O) 5 (T LN T () 0 I, 0F) G sl el B8 55 S
Sl el e 5 el el sle b asla (¢, 0A

S(EYYLVO LU YYTAY) ((FY e, o) IV, 0 8) sl il 5ISH 58 5 S
S U8 sl il sle e 5 el il sle 8 ilfaale (Y4 4,60 IV EA,TY)
sl sle g ilfaale (VA RY LIV, AYY G s obad) e 8 o grsiial) 3S 58
Clie b yWaale (Y7, 09 J010,0F) 5 il sl 8 jilfaale (TF,YT 1 VA,0F)
ol ela



ol el i ilfaake (¢, YVY LI,V T0) G sl slaall cilie 8 sl 3853 oS
clie b silfaale (4,020 v, 0 YA) 5 el ele b ilaale (£,YYY LD,V YY)
) el

5 aake (4T I e A) O s OIS il slas Clie b Galia i) S 5 Wl
Aasl pall o3 () sl e (8 Y yeill sl e (A Y palia 1 3 5 aa g ol



) AN o
o ol S
4%\\?5\04"5 _9«/;%.//\”
K¢

Qs

~
5

_.\3/

Republic of Iraq

Ministry of Higher Education and Scientific Research
Al-Nahrain University

College of Science

Department of Chemistry

Uas a5y

(AN UNIVERSITY
&

9,§

e

“L’\d‘ =L ;\5))'

Water Quality in Some Iraqi Water
Resources

A Thesis Submitted to the College of Science Al-Nahrain
University in Partial Fulfillment of the Requirementsfor the
Degree of Master of Sciencein Chemistry

By
Hazim Abdul Razzag Abdul Amelir
(B.Sc 2003)

1427
July 2006




Supervisor certification

| certify that this thesis was prepared under my supervision at
the Department of Chemistry, College of Science, Al-Nahrain
University as partial requirements for the Degree of Master of

Science in Chemistry.

Assistant Professor
Dr. Shahbaz A. Maki

In view of the available recommendation, | forward this thesis

for debate by the Examining Committee.

Assistant Professor
Dr. Afaf Al-Derzi

Head of the Department
of Chemistry College of
Science Al-Nahrain

University




Examining Committee’s Certification

We, the Examining Committee, certify that we read this thesis and
have examined the student Hazim Abdul Razzagq, in its contents and

that, in our opinion; it is adequate as a thesis for the Degree of Master of

Science, in Chemistry.

Signature:

Name:

(Chairman).
Signature: Signature:
Name: Name:
(Member) (Member)

Signature;

Name: Dr. Shahbaz A. Maki

(Member\advisor)

Approved for the College of Graduate Studies

Assistant Professor

Dr. Laith ABD AL- AZIZ AL ANI

Dean of College of Science Al-Nahrain University




o R R TP
J& clall ¢a Liley ¢

gluell Alll gam
sl 5 ga

vy




1Al

N Aa g i) Le g2 I

e A g
slagl Awd A
Cl@ﬂ\&\ﬂj\ﬁi Cpdl) A
ol A3 Ja¥ ) slaad g1 g yua cpdl) )
o) e
sy 9 Ay
Blall B o)) age 28 (e
) 5 A
Juall 4SSl AN Nl N
asla 9 gy
skl 58, N
il

gl giall agadl 138 gaa)




AKNOWLEDGEMENT

Praise be to Allah the Lord of the worlds and peace and
blessings be upon the master of humankind Muhammad and his
pure Progency and his relatives and may God curse their enemies
until the Day of Judgment.

I would [ike to express my deepest thanks to my respected
Supervisors Dr. Shahbaz A. Maki for his great help and assistance
provided during this work,

I am especially grateful to my friend Afmed and Salwan and
Mohammad R, and Mohammad H. and Sarmad for there help in
Justifying this thesis.

Sincere thanks are also to the Dean of the college of science
and the head of department of chemistry and the staff member of
the department of chemistry.

Finally to all my friends.................. I present my thanks.

Hazzim

2006




alal) Ay sgan

ST

PR T relel)

y,\ (S:,: .
r 3 alad) Eaglly lad) agdatl) 305
; ; astal) 18/ gl Aaals
%% } s lal) ad

%, 0

= s

C&x_’d\z\ule-ejhj\;\éséihﬁ‘
slaasll agle & jicalall da o Jo clidlaia (e 5 50 A

J
seaflagt gyl agt gl

(Crpd) Anala) ¥ o o ¥ (g sl

ot e YEYYV




	Microsoft Word - chapter one.pdf
	Microsoft Word - chapter three.pdf
	Microsoft Word - chapter two.pdf
	Microsoft Word - CONTENT.pdf
	Microsoft Word - information.pdf
	Microsoft Word - reference.pdf
	Microsoft Word - Summery.pdf
	Microsoft Word - الخلاصة.pdf
	Microsoft Word - الواجهه الأنكليزيه.pdf
	Microsoft Word - الواجهه العربيه.pdf



