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Abstract The hydrochemistry of Euphrates River in the
study area which extended from Hit to Al-Saqlawia was
studied in order to determine the physical, chemical, and
biological properties in addition to the radiation level.
Thirty-one stations along the Euphrates River were chosen,
17 of them represented the Euphrates River itself, whereas the
other stations are considered as point pollution sources which
all empty their load directly in the Euphrates River with an
average total discharge of 32 m’/s. Twenty-eight samples of
the Euphrates water of both high- and low-flow periods were
analyzed for cations (Ca*", Mg2+, Na*, and K*), anions (SO,
CI, CO5, HCO;, NO;5, PO{3 ), H>S boron, dissolved
oxygen, biological oxygen demand, bacteriological tests, ra-
diation levels in addition to physical parameters such as hy-
drogen number (pH), total dissolved solid, electrical
conductivity, total suspended solid, and temperature. This
study showed that the cations and anions during periods of
high and low flows are within acceptable limit with excep-
tional Cl". Hydrochemical formula during the high flow was
Na-Ca-Mg-Cl-SO,, then it changed into Na-Ca-Mg-HCO3-
SO,4-Cl during the low-flow period. The average output cati-
ons and anions at downstream (Saqlawiya area) was relatively
higher than those of input at upstream (Hit area); this attribut-
ed to the natural and anthropogenic activities originated
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mainly from agricultural activity and population communities
around the river. Radiation level for >'?Pb, *'*Pb, *°k, **°Ac,
and *'*Bi showed that the higher level of radiation is concen-
trated within sediment rather than in water, but the radiation in
both is within acceptable limit.

Keywords Hydrochemistry - Pollution - Agriculture - Water
quality - Chemical parameters - Euphrates River

Introduction

The Iraqi water resources suffered from severe pollution and
unreasonable management policy adopted by the previous
regime during the last 15 years. Both Tigris and Euphrates
Rivers were subjected to continual disposal of industrial and
irrigational wastes directly to the river without any type of
monitoring (Al-Rizzo 2004). The Euphrates River in the study
area passes through many villages, cities, populated communi-
ties, and agricultural lands in addition to the natural pollution
points like sulfide spring waters in Hit area and human activ-
ities; all these are factors that influence the Euphrates River’s
water quality.

Hydrogeology and hydrochemistry of the Euphrates River
have been studied by many investigators. Banat et al. (1981)
found that the concentration of heavy metals (Cd, Cr, Zn, and
Mn) in the Euphrates River sediments to be within the natural
distribution indicating that this river is still free from pollution.
Al-Ubaidy (1983) mentioned that there is little pollution po-
tential in the Euphrates River and concluded that the river
water is hard; also, some trace elements are found in concen-
tration higher than the natural geochemical distribution, ex-
cept Zn which is recorded as a fit value in global clay. The
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Euphrates water has been divided into two parts depending on
the water chemistry; the first is the upper part in west of Iraq,
which is characterized by sulfates—bicarbonates type with
499 ppm of the total sum of cations and anions; the second
one is the lower part in the south of Iraq which has sulfates—
chlorides type with 1,547 ppm of the total sum of cations and
anions (Banat and Al-Rawi 1986). High concentration of
PO, >, F, and NO; indicated that pollution originated from
liquid wastes produced from the general establishment of
phosphate in Al-Qaim, western Iraq (Al-Quwaizi 1989). In
comparison between Tigris and Euphrates River, Al-
Marsoumi et al. (2006) concluded that the Euphrates water
has relatively higher ionic contents than Tigris water. He
attributed that to the geologic, hydrologic, and irrigation
agents with respect to the total hardness. The Euphrates water
has been divided into two sectors, hard water in the upper
portions thereof when entering Iraq from the Syrian border,
and very hard at the middle and lower portions, whereas the
Tigris water is hard. Al-Hayani (2009) concluded that the
groundwater south of Hadetha is not suitable for irrigation
and drinking. Mustafa (2009) classified the Euphrates water
within Ramadi city as suitable for drinking, irrigation, and
different industrial purposes.

This study deals with the Euphrates water in terms of
hydrochemistry to reveal the anthropogenic and natural pol-
lution sources and their effects on the quality of the Euphrates
water and to evaluate the water quality for drinking and
agricultural purposes.

Site description and location

The study area ranges from semiflat to flat area. Some of the
surface water originating from valleys, springs discharge,
agricultural, industrial, medical, municipal, and domestic
wastes drain directly to the Euphrates River. The primary
uses of Euphrates water in the study area are for drinking
and irrigation. There are a number of cattle farms, farms of
crop production, and other agricultural land surrounding the
study area along the river. Fourteen effective point sources
in the study area were determined during the field investi-
gation (Fig. 1, Table 1). Five of them (Wadi Al-Marj, spring
water, domestic waste, Wadi Al-Dawara, and Wadi Al-
Muhammadi) are in Hit area and the other six (Al-Ramadi
General Hospital, car washing, Albu—Aitha agricultural
drain, Obstetric and Pediatrics Hospital, ceramic factory
waste, and Al-Taamem water waste) are in Al-Ramadi; the
three remnant points are the sewage waste water of Al-
Ramadi city which drains in the Euphrates at Khaldia,
Altherthar lake drain, and Al-Habbaniya lake drain in
Al-Saqlawiya.

@ Springer

The study area extending from Hit to Saqlawiya within Al-
Anbar governorate, west of Iraq, is an important part of the
Euphrates River (Fig. 1). Many pollution sources are distribut-
ed along both banks of the Euphrates River. Some of these are
point pollution sources like hospitals, sewage water, irrigational
drainages, and domestic waters. Others are nonpoint pollution
sources like infiltrated irrigation water and atmospheric pollu-
tion. All such points play an important role in the physical,
chemical, and biological properties of the river water.

This study is carried out through 31 stations, 14 of which
are effective-point polluting source, but the other 17 are the
nonpoint source (Fig. 1). The name of stations and their
locations are listed in Table 1. Discharge (Ahmad et al.
2009) and total dissolved solids (TDS) of the Euphrates River
with some point sources are described in Table 1, which
shows how these sources could influence the quality of the
Euphrates River water.

Geology

The exposed formations in the study area are shown in Fig. 2.
Geology plays a role and considered as one of the important
factors in determining the quality of Euphrates water. Euphrates
River in Iraq crosses many geological formations within the
stable shelf of the Nubian—Arabian craton in Iraq (Jassim and
Goft 2006). In south Turkey and west Iraq, the Euphrates River
runs off on variety of metamorphic and igneous rocks, espe-
cially in the Taurus Mountains in Turkey. In Iraq, actually, the
Euphrates River passes through the Stable Shelf, then goes in
its way, then enter the Mesopotamian basin in central and south
Iraq. The lithostratigraphy in the study area can be described as
following:

Euphrates Limestone Formation (Lower Miocene) can be
seen near Wadi Al-Mehemdi (Fig. 2). It has widespread ex-
posure extending towards the south and southwest within
Mesopotamian plain until Falluja. It unconformably overlies
Anah Formation. It mainly consists of limestone. The
Euphrates Limestone Formation is deposited under shallow
marine, reef, and lagoonal environment with local coral reefs
(Buday 1980). This formation hosts the Euphrates River with-
in the study area and adds Ca** and carbonates (CO5") due to
dissolution processes. Fatha Formation (Middle Miocene), its
lower contact with Euphrates Limestone Formation, is con-
formable. This formation in the study area appears to be on the
top of the stratigraphic succession forming Mesa and kuesta
morphs near Hit area (Fig. 2). The thickness of this formation
is generally variable. In the central parts of the basin, the
thickness is up to 900 m; but in the study area around Hit, it
is less than 15 m. It is of evaporitic facies mainly consisting of
gypsum and anhydrite interbedded with limestone, marl, and
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Fig. 1 Sampling stations
along the Euphrates River;

43 00 43 30

red and black stations point
pollution sources and
non-point pollution sources,
respectively

Al-Therthar lake

— 33 30

Al-Habaniya Saqlawiyz]
— 3315

relatively fine-grained clastics (Buday 1980). Its sediments
cover the marginal areas of the stable shelf and almost all of
the whole unstable shelf. Injana Formation overlies Fatha
Formation. Injana Formation (Upper Miocene) is exposed
near Habbaniyia area around the Euphrates River. The red
silt, claystone, and sandstone are the dominant sediments of
this formation. The source of this formation is the high land in
the north and northeastern Iraq. Quaternary deposits are
comprised of Pleistocene and Holocene deposits. The
Pleistocene deposit is heterogenous of fine pebbles con-
sisting of quartz, chert, carbonate, and clay. Cement
materials mainly are silica and secondary gypsum. Holo-
cene deposit represents the valley sediments, flood plain, and
eolian deposits which formed the Euphrates flood plain near
Hit (Al-Habeeb 1969).

Materials and methods
Field work and sampling

The field work covered throughout the study area from Hit
to Al-Saqglawiya in Iraq, which has length of about 150 km
along the Euphrates River. Geological formations, topogra-
phy, valleys, and drainage system are clearly observed dur-
ing field trip in order to help for data interpreting. The
sample sites are chosen on the base of cities distribution,
population community, wastewater drain sites, agricultural
areas, and other affected sites like hospitals on both banks of
the Euphrates River.

The field work comprises reconnaissance trips for deter-
mining the effective sampling sites along the study area

which comprises 31 stations (Fig. 1). Thereafter, water
samples are collected. Many parameters are measured local-
ly in the field because the rapid and direct readings are
recommended; these measurements included the hydrogen
number (pH), electrical conductivity (EC), TDS, and tem-
perature (T) by TDS-EC-pH and T meter, HANNA, type
HI19811. This instrument is calibrated by buffer solutions
which are a standard solution for pH and TDS to obtain
accurate reading. Also, H,S gas is precipitated directly in
the field by a chemical method; then, H,S is determined in
the laboratory.

A total of 31 water samples were collected; 17 samples were
collected directly from the Euphrates River representing non-
point pollution source, whereas 13 samples were collected from
variety sites empty their load in the river, these expressed as
point pollution sources (Table 1). There are two basic types of
pollution, point and nonpoint (Sparks 2003). Sampling was
achieved during two field trips: the first trip (high-flow period)
started in 22 September 2009, and the second one (low flow
period) started in 29 April 2010. Field trips are planned to
roughly coincide with low- and high-level periods. This strat-
egy has permitted to target sampling periods when the total
dissolved solids should be nearly maximum and minimum
respectively; unfortunately, opposite expectations occurred.
The high-flow period was during September, whereas the
low-flow period was during April. Because the Ministry of
Water Resources has followed a new plan to store the Euphrates
water in Al-Qadissiya Dam (north of the study area) during the
months of April, June, and July. This causes the water level
decrease in this duration. All equipments (polyethylene bottles,
syringes, and beakers) were rinsed and equilibrated with sam-
ple before final collection; each water sample is collected in two
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Fig. 2 Geological map of the study area

bottles; one for chemical analyses and the second one for
biological analyses. One milliliter of nitric acid was added
locally (in the field) to the samples intended for chemical
analyses, but nitrate (NO; ) is determined in samples that are
not acidified with HNO;. The physical properties were done in
the geochemistry laboratory at the Earth Science Department,
University of Baghdad, whereas chemical, biological, and
radioactivity analyses were done in the Chemical Research
Center of the Ministry of Science and Technology, Iraq.

Laboratory works

All samples were analyzed for major cations (K", Na*, Ca®",
and Mg®") and major anions (CO5_, bicarbonates (HCO5 ),
SO, , and CI"), as well as the secondary anions (PO4_3, NO3),
as well as H,S gas and boron (B). Biological tests included
dissolved oxygen (DO), biological oxygen demand (BOD),
chemical oxygen demand, and some bacteriological tests were
done for selected samples. The analyses mentioned above
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were achieved in the Laboratories of The Center of Water
Treatment Technology at the Ministry of Science and Tech-
nology using different techniques. Flame photometry was
used for determining Na and K according to the procedure
of Harris (1995). Calcium is determined according to the
American Society for Testing and Materials (1989) by titration
of the unknown water sample against ADTA (0.01 N). Mag-
nesium was computed by subtracting the Ca concentration
from total hardness. Total hardness (TH) is computed as
measurement of the Ca and Mg ions in the water as milligram
per liter and it can be found by the following formula: TH=2.5
Ca+4.1 Mg. The gravimetric method was used for determin-
ing the SO, . The method of gravimetric titration was applied
for determining CI” potassium chromate as the indicator
(K5CrOy). Spectrophotometer was used for determining
phosphorus. Phosphorus is oxidized to the phosphate ion
(PO, ). Reagent dye is added and the absorbance will be
available for reading directly. Determination of H,S was
done directly in the field by chemical method which
converts that gas to precipitated material. The detailed
procedure as following; 4 ml of 20% of (CH3COO), Zn
and 1 ml of 1 N from NaOH were transferred into volu-
metric flask of 100 ml, then flask was filled by sample
water and closed well. In this case, H,S became as white
precipitate in form of ZnS according to the equation
shown below:

(CH3C00),Zn + 2NaOH + H,S = ZnS + 2CH;COONa + 2H,0

H,S concentration was computed depending on the molec-
ular weights of S. A total of five water samples collected from
stations of 4, SH, 10, 16, and 18S-Ha are bacterially analyzed
for water quality. Bacterial tests include coliform (MPN/
100 ml), fecal coliform (MPN/100 ml), Streptococcus
(MPN/100 ml), fecal streptococcus (MPN/100 ml), and total
plate count (cell per milliliter; Table 4). Calibrated dissolved
oxygen probe used for determining dissolved oxygen
which diffuses across the membrane was measured and
directly converted into DO reading expressed by milligram
per liter which equal parts per million. The BOD test takes
5 days to be completed and is performed using a dissolved
oxygen test kit. The BOD level is determined by compar-
ing the DO level of a water sample taken immediately with
the DO level of a water sample that has been incubated in
a dark location for 5 days. Radioactivity in 1 Kg of the
sediment sample is measured using Gamma spectrometer
system based on a pure germanium detector with effecter
40% and resolution 2 Kev at the energy line 1.33 Mev. The
soft wave program Gennie-2000 is used for measurement
and analyses. Merinelli beaker geometry is used for the
measurement. Energy and efficiency calibration are

@ Springer

accomplished with the standard source MGS5-1045 (from
Canbeirra Comp, USA).

Accuracy

The analytical accuracy for all water samples were comput-
ed according to Hem (1985) and expressed by equation
below:

r Sum of cations — » Sum of anions

%U = x 100
’ 7 Sum of cations + » Sum of anions

C=1-U

where, U is the uncertainty (reaction error), r represents
values in equivalent per mil (epm), and C is the certainty
or accuracy. When U<35, the result could be accepted, but if
5<U<10 the result will be accepted with risk (Hassan 2007,
Al-Hamadani 2009). Accuracy of water analyses appear to be
within acceptable value. Some results are out of acceptable
range, this is due to addition of chlorine to water (chloritization)
by sterilization processes.

Results and discussion
Physical parameters
Turbidity, color, taste, and odor

All these physical properties are considered as important
and necessary parameters to be examined. Turbidity ranges
from 3.0 to 6.1 NTU with average 4.7 NTU (Table 1) during
the low-flow period. The NTU is nuphelometric turbidity
unit. Many reasons causes color such as iron and manganese
oxides, decay organism, planktons, industrial wastes (Pierce
et al. 1998). Color is measured for water samples that are
devoid of turbidity because turbidity gives color value more
than the actual. Color appears to be less than 5 color unit (CU)
during both periods of high and low flow, which is expressed
as normal and within the acceptable limit according to Iraqi
Standard no. 417, 2010 that determines the acceptable limit to
be 10 CU.

Odor and taste probably come from a variety of sources
like humic compounds, algae and fishes, and dissolved
gases in water (Pierce et al. 1998). Taste and odor of the
Euphrates water appear to be acceptable everywhere in the
study area, but in Hit, especially around the connection of
sulfate spring water with the river (sample 1H), it appeared
abnormal because of the presence of dissolved H,S gas in
spring water.
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Hydrogen number (pH)

Hydrogen number was measured directly in the field indicating
that the water of Euphrates River is neutral and slightly tends
toward alkalinity. During the high-flow period, pH ranges from
7.6 to 7.9 with an average of 7.7; whereas it recorded as 7.4—
8.6 with an average of 8.2 during the low-flow period
(Table 1).

Total dissolved solid

During high-flow period, TDS ranged from 530 to 630 mg/l
with an average of 564 mg/l, whereas its ranged in-
creased from 590 to1,000 mg/l with average of 715 mg/1 dur-
ing the low-flow period (Table 1; Fig. 3). The point sources
(1H, 3H, 6H, 13R) have high TDS and therefore were con-
sidered as point source of pollution. 1H and 3H are water drain
of sulfate spring, 6H is Wadi Al-Dawara which is a sewage
drain of Hit town, 7H is Wadi Al-Mehemdi which is a sea-
sonal valley supply the Euphrates with fresh water, 13R is
Albu-Aitha agricultural drain in Al-Ramadi city.

Total suspended solids

Total suspended solids (TSS) ranges from 16 to 60
mg/l with an average of 30 mg/l during the period of
high flow; but during low-flow period, it ranges from
11 to 52 with an average of 25 (Table 2). TSS in
stations of nonpoint sources declines during low-flow
periods because of low river energy, whereas it tends to be
random in stations of source points because of the irregularity
of their discharge.

Electrical conductivity

The EC ranges between 2 and100 ps/cm for rainwater
(Hem 1985), between 50 and 50,000 us/cm for

Fig. 3 Total dissolved solid
of Euphrates River during

Table 2 Total suspended solid (TSS) in the Euphrates River water
during high- and low-flow periods; the point-pollution sources were left
out of average

Sample no. TSS mg/l Sample no. TSS mg/l
High Low High Low
flow flow flow flow
1 22 18 11R 20 25
IH 220 225 12R 33 27
2 25 23 13 16 20
3 20 18 13R 100 88
3H 200 204 14 36 30
40 15 15 16 18
45 38 16 20 16
SH 15 15 17 20 11
6 40 39 17Kh 20 30
6H 40 33 17S-Th 40 39
7 40 34 18 40 36
TH - - 18S-Ha 40 51
16 14 19 60 52
9 16 12 Range 16-60 11-52
10 40 31 Mean 30 25

groundwater, and it reaches 50,000 ps/cm for seawater
(Sanders 1998). In water of the Euphrates River, EC ranges
from 1,070 to 1,260 ps/cm with 1,137 ps/cm in average
during the high-flow period, but it appears to increase dur-
ing the low-flow period ranging from 1,210 to 2,010 ps/cm,
with 1,433 ps/cm in average (Table 1).

Chemical parameters

The chemistry of water is detected mainly by ion concentra-
tions. Composition of ions in rivers is predominantly gov-
ermed by chemical weathering process and human activity
(Jangwan and Semwal 2009).

[—+—TDS (HF) —=—TDS (LF)
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Fig. 4 Cations distribution

pattern of the Euphrates

River during high flow period

for nonpoint source
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Cations such as calcium, magnesium, sodium, and potas-
sium; anions such as carbonate, bicarbonate, chloride, and
sulfate as well as phosphate, nitrate, and sulfide in addition
to H,S and boron have been chosen to determine the chemis-
try of the Euphrates water during the high- and low-flow

periods. These results are listed in Table 3.

Cations

During the high- and low-flow periods, the averages of Ca
(63, 119 ppm), Mg (23, 32 ppm), Na (101, 122 ppm), and K
(1.44, 2.6 ppm) are within acceptable limits (Table 3). It is
obvious that the concentration of cations have been affected
by the quantity of river water, where they appear to have low
concentration during the low water level, whereas they have

high concentration during the high water level.

Fig. 5 Cations distribution
pattern of the Euphrates River
during low-flow period

for nonpoint source

pollution sites
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In both the high- and low-flow periods, the highest values
of calcium appear to be in stations 2, 3, and 4 (Figs. 4 and 5)
due to the influence of Wadi Al-Marj and the sulfate spring
in Hit. Generally, the average concentration of Ca*" in river
water is 5 ppm; whereas it is 413 ppm in the sea water
(Kladi et al. 1999).

Magnesium tends to have homogenous distribution dur-
ing high-flow period (Fig. 4), but with high anomaly in
stations 4 and 5 during the low-flow periods (Fig. 5); this
ascribed to the spring water of high Mg which drains direct-
ly into Euphrates River in Hit. Magnesium, an essential
nutrient for plants as well as for animals, is washed from
rocks like dolomite and magnesite and subsequently ends up
in water. Rivers contain approximately 4 ppm of magne-
sium, and a concentration of 30 ppm is recommended for
drinking waters (Ravindra et al. 2003). Magnesium in
Euphrates originated from weathering the dolomitic
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Fig. 6 Anions distribution
patterns of the Euphrates
River during the high-flow
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limestone formations and natural pollution of sulfate spring
water. Greenwood and Earnshaw (2002) mentioned that the
fertilizer application and cattle feed rises the Mg content in the
rivers.

The characteristic cation in sea water is sodium ion (Na").
Rivers that form from water that has run over mainly unweath-
ered rocks tend to have high levels of dissolved solids and
more calcium ions than sodium ions (Hem 1985). Sodium is
the most abundant of the alkali metals group in nature; it
mainly occurred in halite which is highly soluble and is
adsorbed on fine sediment in case of high evaporation.

The highest values of sodium exist in stations 2 and 7
(Fig. 4) because the high salinity are in Wadi Al-Marj
(station no. 1H) and Wadi Al Dawara (station no. 6H).
During high flow, Na was found as the higher concentration
among cations (Fig. 4), but it appears that shared calcium is
the second cation of higher concentration during low-flow
period (Fig. 5). The fluctuation of Na concentration is at-
tributed to the adsorbtion processes on fine sediment in case
of high evaporation (Hem 1985). Potassium was recorded

Fig. 7 Anions distribution
patterns of the Euphrates
River during the low flow
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with normal concentrations except of station of high salinity
(sample 2; Figs. 4 and 5) which is located after Wadi
Al-Marj.

Anions

During the high- and low-flow periods, the averages of SO4~
(219, 200 ppm), CO5™ (2.3, 3.6 ppm), HCO5™ (70, 131 ppm),
C17(134, 254 ppm), NO3~ (2.17, 2.5 ppm), and PO,> (0.033,
0.025 ppm; Table 3). Sulfates may originate from many sour-
ces such as oxidization of sulfide ores, dissolution of evaporite
rocks such as gypsum and anhydrite, and anthropogenic
source which mainly resulted from agricultural activities such
as fertilizers and pesticides. The Iraqi fertilizers contains
S% as TSP (1.5), MAP (0.64), NP (0.58), and NPK (2.35;
Al-Qaraghuli 2005), and farmers added the Iraqi fertilizers to
treat the soil. A considerable quantity of SO, has been
supplied from Fatha Formation which mainly comprise of
gypsum. Obviously, the higher concentration among anions
is sulfates (Figs. 6 and 7).
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Fig. 8 Gamma spectra of the Euphrates River; the upper spectrum
is for water sample collected from station no. 4 at Hit city; whereas
the lower spectrum is for sediments sample collected from station
no.15

CO;™ and HCO;~ with hydroxyl comprise the total alka-
linity in natural water (Gill 1997; Hassan 2007). Carbonates
and bicarbonates may originate from many sources such
as: atmospheric carbon dioxide (CO,), solution of carbon-
ate mineral and rocks like calcite and dolomite, weather-
ing of silicate minerals like feldspar by carbonic acid,

Table 4 Biological test of the Euphrates River water during the low
flow period

Sample no Bacteriological Result WHO
analysis 1994
4 Coli form (MPN/100 ml) 7,000 1
Fecal coliform (MPN/100 ml) 4,000 0
Streptococcus (MPN/100 ml) 20 0
Fecal streptococcus (MPN/100 ml) 20 0
Total plate count (cell/ml) 9,000 10
SH Coli form (MPN/100 ml) 0 1
Facal coliform (MPN/100 ml) 0 0
Streptococcus (MPN/100 ml) 0 0
Fecal streptococcus (MPN/100 ml) 0 0
Total plate count (cell/ml) 2 10
10 Coli form (MPN/100 ml) 28,000 0
Fecal coliform (MPN/100 ml) 28,000 0
Streptococcus (MPN/100 ml) 15,000 0
Fecal streptococcus (MPN/100 ml) 9,000 0
Total plate count (cell/ml) 3,900 10
16 Fecal coliform (MPN/100 ml) 1,100 0
Total plate count (cell/ml) 240 10
18S-Ha Fecal coliform (MPN/100 ml) 1,100 0
Total plate count (cell/ml) 351 10

Table 5 Concentration of dissolved oxygen (DO) and biological oxygen
demand (BOD) in the Euphrates River

Sample no. DO mg/1 BOD mg/1
High Low High Low
flow flow flow flow
1 7.0 6.6 5 4.9
1H 1.2 1.1 3 2.8
2 2.1 5.8 5.1 53
3 7.8 6.5 5 43
3H 1.5 1.2 3 2.4
7.9 6.7 6.5 6.1
6.5 6.9 6.7 6.7
SH 1.6 1.9 7.8 5.4
6 8.4 5.7 52 4
6H - - - -
7 _ _ _ _
TH - - - -
8.4 7.6 4 3.9
9 7.5 6.9 3 2.5
10 10 6.1 1.2 2.6
11R 8 7.9 3.2 2.8
12R 9 8.1 0.4 1.6
13 7.6 7.4 5 42
13R - - - -
14 8 6.9 2.4 2
15 7 5.8 7 42
16 5 4.9 2.7 2.2
17 7.5 6.4 5.7 5.1
17Kh — — - -
17S-Th 42 9.9 16 9.6
18 2.5 9.1 3 6.7
18S-Ha 7.5 5.6 2.7 2
19 8 5.7 16.3 6.9
Range 3.1- 2.9- 1.2- 2.2-
8.4 9.9 16.3 6.9
Average 7 6 5.2 4.4
Iraqi Standard No. 417/1996 <5 <5 >5 >5

reduction of nitrate and sulfate by organic matter, and
oxidation of organic matter. All these actions are possible
in the rivers.

Obviously, there is an increase in CO; and HCO5 ™ during
the low-flow period. This may be ascribed to the rainwater and
the runoff water which dissolved the atmospheric CO, form-
ing weak acid of HCO3 which contribute to dissolving the
surround rocks. Generally, CO;~ and HCO;  recorded lower
concentration among anions (Figs. 6 and 7).

Chloride, in general, is present in all natural waters in low
concentration. In most of the surface streams, chloride con-
centrations are lower than those of sulfate or bicarbonate.
Exceptions occur where streams receive inflow of high

@ Springer
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Fig. 9 Dissolved oxygen
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chloride groundwater and industrial waste or are affected by
oceanic tides (Hem 1985). Chloride is one of the major
anions to be found in water and sewage. Its presence in
large amounts may be due to natural processes such as the
passage of water through natural salt formations in the earth
or it may be an indication of pollution from seawater intru-
sion and industrial or domestic wastes. Potable water should
not exceed 250 mg/l of chloride. Chloride during the high
flow has occupied the second order after sulfate (Fig. 6); but
during the low flow, it seems to share the first and the
second order with sulfate (Fig. 7).

NO; originates from many sources such as agricultural
activities especially fertilizers, animal wastes, plant remains,
industrial, and sewage disposal (Hem 1985). Ammonia is
rapidly oxidized by certain bacteria in natural water systems
to nitrate a process that requires the presence of dissolved
oxygen. Contamination of ground and surface waters with plant
nutrients such as N and P attributed to the interconnections
including geology, topography, soils, climate and atmospheric
inputs, and human activities related to land use (Sparks 2003).
Al-Qaraghuli (2005) found the total nitrogen (N%) was NH,
used in Iraqi fertilizers as MAP (11.4), NP (28.8), and Npk
(17.9). The highest concentrations are recorded around stations

Fig. 10 Biological oxygen
demand (BOD) in

I ¥ O I © 0 O O @rr @ o F I © ~ € 0 ©© O
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SH (domestic waste water), 6H (Wadi Al-Dowara which was
expressed as agricultural drainage), 13R (Albu—Aitha agricul-
tural drainage), 17 Kh (Sewage waste water of Al-Ramadi city),
and 18S-Ha (Al-Habbaniya lake outlet). All these stations
related to the agricultural activities and human wastes around
Euphrates River (Fig. 1; Table 1).

The main sources of phosphate pollution are runoff
from land, sewage effluent, detergents, and affects
aquatic life (Hutak 2000). Natural waters have a phos-
phorus concentration of approximately 0.02 ppm which
is a limiting factor for plant growth. On the other hand,
large concentrations of this nutrient can accelerate plant
growth, therefore farmers use phosphatic pesticides.
Iraqi farmers use the Iraqi fertilizers and pesticides
which add phosphate to the Euphrates water. The fol-
lowing criteria for total phosphorus were recommended
by USEPA (1986):

1. No more than 0.1 mg/L for streams which do not empty
into reservoirs

2. No more than 0.05 mg/L for streams discharging into
reservoirs

3. No more than 0.025 mg/L for reservoirs

|@BOD (High flow) BBOD (Low flow)|

the Euphrates River

during high- and 16
low-flow periods 14

BOD (mg/l)
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Fig. 11 Piper diagram Piper Diagram
illustrates the Euphrates
River water of the high-flow

@ 10

period o1 A
o2 A 11R
os AR
o o o o o 04 13
O = ©o& M =T © A 6 O 15
Total Dissolved Sclids O 16
{Parts Per Million) o 7 AT
o 8 A 18
@9 o9
Ca 80 L — 20 NatK HCO,+C0O, 20 [ J— 80 cl
Calcium (Ca) ) ) Chloride (CI)
CATIONS %emeq/] ANIONS
H,S and boron in average, while it recorded 244 ppm in station 4 situated

after the connection of spring water and the Euphrates River
During the low-flow period, H,S value in station of spring  (Fig. 1). This shows how H,S decreases whenever moving
water of Hit area ranges from 453 to 637 ppm with 545 ppm  away from the Hit Area. The average of H,S has been

Fig. 12 Piper diagram Piper Diagram
illustrates the Euphrates
river water of the low-flow
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Table 6 Different water
classes according to
their total hardness

Total hardness (mg/l) Water class

(Todd 1980) 0-75 Soft
75-150 Moderate hard
150-300 Hard
Over 300 Very hard

determined previously by Al-Sa’di (2010) in spring water of
Hit area as 467 ppm. Al-Marsoumi et al. (2006) studied the
springs in Hit area and classified those as thermal springs
rich with H,S gas (93 ppm); he mentioned that the spring
water is of marine origin. The average concentration of B in
the Euphrates River does not exceed 0.35 ppm (Ahmad
2008). If boron is less than 0.7 ppm, it is not harmful for
plant. If it occurs between 0.7 and 3 ppm, it will be moder-
ately harmful, but it becomes highly harmful when existing
more than 3 ppm (Mohammad et al. 2002). During the high
flow, B ranges from 0.17 to 0.28 ppm with an average of
0.19 ppm (Table 3).

Radiation level

The results of radiation measurements are illustrated in Fig. 8
which shows the nuclides of “°K, '*’Cs, 2!“Bi, 2!*Pb, 2'“Pb,
and ***Ac in the water are lower than those in the sediment.
However, radiation appears to be below the detection limit;
while in the sediments, radiation is within acceptable limit.
This means that there is no radiation activity in the Euphrates
River water.

Biological tests

A total of five water samples collected from stations 4, 5H,
10, 16, and 18S-Ha are bacterially analyzed for water

quality. The results of bacterial tests are listed in Table 4.
All stations are biologically polluted and they are point
sources of pollution except station no. SH which has chlo-
rination processes (addition of chorine to water) which kill
bacteria. To avoid this contamination, water should be
boiled for at least 1 min at a rolling boil or install a point-
of-entry disinfection unit, which can use chlorine, ultraviolet
light, or ozone (Merck 2000).

Dissolved oxygen is necessary in aquatic systems for
the survival and growth of many aquatic organisms and
is used as an indicator of the health of surface-water
bodies (Lewis 2006). The most common application for
dissolved oxygen measurement occurs in wastewater
treatment. During the high-flow period, DO and BOD
range from 3.1 to 8.4 ppm and 2 to 16.3 mg/l with
7 ppm and 5.2 mg/l in average, respectively; but during
the low flow, they range from 2.9 to 9.9 ppm and 2.2
to 6.9 mg/l with 6 ppm and 4.4 mg/l in average,
respectively (Table 5). Dissolved oxygen during both
periods appears to be greater than 5 mg/l and is suitable
for living organism. The lowest value of dissolved ox-
ygen was recorded in the stations 1H, 3H, and S5H
(Fig. 9) indicating that these stations are pollution sour-
ces. Generally, DO and BOD in high-flow period
appears to be greater than that of the low-flow period
(Figs. 9 and 10), respectively.

Water quality and classification

The average of hydrochemical formula of the Euphrates
River for the high-flow period is:

SO4(47.3)Clia0)
Nays.7)Caa)Mg(2)

TDS 9.6)gm1 PH7.9)

Table 7 Qualified parameters of

the Euphrates River water Parameters Present study Iraqi Standard (2001) ~ WHO standard 2006

compared with standards; ]

stations with asterisk are High flow  Low flow

point pollution sources
pH 7.7 8.2 6.5-8.5 6.5-8.5
TDS (mg/l) 564 715 1,000 1,000
EC (us/cm) 1,137 1,433 - 1,530
Ca*" (mg/) 63 119 150 100-300
Mg>" (mg/l) 23 32 100 -
Na* (mg/1) 101 122 200 200
SO4* (mg/l) 219 200 400 250
Cl" (mg/l) 134 254 350 250
NO; (mg/l) 2.17 2.5 50 50
TH (mg/l) 276 405 500 500
Total bacteria count ~ *pps - 2-351 10 10

(cell/ml) River — 240-9,000

@ Springer
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Table 8 Sodium adsorption ratio (SAR) and electrical conductivity Sle|
(EC) for the Euphrates River S C1-54
C2-84
Sample no. ~ SAR EC \ C3-84
L=
[=1
High flow Low flow High flow Low flow x| C4.34
C1-83
1 32 2.6 1,160 1,260 ~L. | 2 Cc2-83 \
1H 16.3 16.8 14,116 14,630
£ ] €3-83 \
2 3 2.6 1,210 1,620 Elr \\
3 19 24 1,140 1,520 37 ¥ leias 13r | ca83 9o1H
3H 10.3 10.3 14,005 14,991 .| C2.82 -}.‘.\
™ C3.82
4 1.9 3.1 1,260 2,010 10
M-‘.\-""'\ o :_:'H
5 2.6 1.8 1,090 1,280 \\\ C4.82
SH 2.5 24 1,080 1,320 & S —
6 2.6 2.5 1,090 1,230 g~ G181 |.eo.sy o [T~
C3-8
6H 12.1 12.2 1,100 5,810 i 1 _‘_AC#-S‘I
&H 1BS-
7 4.3 4.1 1,100 1,770 15}/}1?’:' Hr
100 250 750 TR 2250
7H - L5 - 690 EC umohs/cm
8 2.5 2.5 1,100 1,390 1 2 3 P
9 2.7 2.6 1,160 1,420 Low Medium High Very high
10 28 2.8 1,110 1,390 ) - o .
IR 3 24 1220 1,480 Fig. 13 Rechgrd clasmﬁcat.lon for irrigation water of Euphrates River
water during high-flow period
12R 2.8 2.1 1,090 1,360
13 2.8 2.0 1,110 1,390 . . .
’ ’ Accordingly, the water type is Na-Ca-Mg-CI-SO,, while
13R 12.4 11.6 1,270 6,810 . . .
during the low-flow period, the average hydrochemical formula
14 2.8 2.6 1,090 1,420 . .
is changed into:
15 3.6 2.7 1,070 1,380
16 3 2.9 1,150 1,440 C1(43'9)SO4(37.9)HCO3(18'2)
17 2.8 3.0 1,070 1,420 TDS0.62)gm/1 C PH.p)
Na47.5)Ca3s.6)Mg(6.5)
17Kh 0.3 0.5 1,090 1,740
17S-Th 1.6 1.4 1,260 1,140 h b Na-Ca-Me-HCO-SO.-Cl
18 23 19 1.190 1210 so the water type become Na-Ca-Mg- 3-SO4-Cl.
18S-Ha 1.9 43 1,390 1,910
19 2.8 34 1,180 1,240 ....: -]
S~ C1-84
Range 1.9-43 1.8-4.1 1,070-1,260  1,210-2,010 c2.84
Average 2.8 27 1,137 1,433 \ C3-S4
=
L=z
5. \ C4-S4
C1-83
| » c2s8 |
[ €383 \

Table 9 Classification of irrigation water based on SAR values (after
Turgeon 2000)

level SAR Hazard

S1 <10 No harmful effects from sodium

S2 10-18  An appreciable sodium hazard in fine-textured
soils of high CEC but could be used on sandy
soils with good permeability

S3 18-26  Harmful effects could be anticipated in most soils
and amendments such as gypsum would be
necessary to exchange sodium ions

34 >26 Generally unsatisfactory for irrigation

C4.83

{ Medium
2
SAR

C1-82
282 | T o
™ | C3.82 13§
] cas2 |
5 c1-81 [
3|~ i c2-81 178-Ha| ]
C3-S1am®
. C4-81
'He 17Kh
100 250 750 5Hp250
EC umohs/cm
1 2 3 4
Low Medium High Very high

Fig. 14 Rechard classification for irrigation water of Euphrates River
water during low-flow period
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Piper diagram was used in order to classify the Euphrates
water. All samples of Euphrates River for two periods (high
and low flow) occupied the field which indicates the normal
earth alkaline water with prevailing sulfate and chloride,
respectively (Figs. 11 and 12).

Total hardness is essential factor to study water quality.
Most important sources are the existence of limestone, do-
lomite, gypsum, and anhydrite in the river sediments. Dur-
ing the high-flow period, TH ranges from 173 to 506 ppm
with 276 ppm in average; but during the low-flow period,
the total hardness ranges from 79 to 887 ppm with 405 ppm
in average (Table 3). According to Todd (1980), these con-
centrations indicate that the waters of the Euphrates River
fluctuate between hard and very hard water during both
periods of high and low flow, respectively (Table 6).

The essential physical, chemical, and biological parame-
ters are compared with the Iraqi Standard (2001) and WHO
Standard (2006; Table 7). All parameters during both high-
and low-flow periods appear to be fit with standard, there-
fore the Euphrates water is considered as valid for drinking
water with exception of CI” during the low-flow period
which seems to be unfit of WHO Standard (2006); but it
still within the acceptable limits according to the Iraqi Stan-
dard (2001). The point pollution source of stations 5SH
appear to be free of biologically pollution (Table 4) because
of the temporary treatment. Station no. 17S-Ha appear to be a
source of biological pollution (Table 4) because of the pres-
ence of many waste drainages empting into Warar channel-
like stations of W1, W2, and W3 which eventually empty into
Al-Habbaniya Lake (Fig. 1).

Sodium adsorption ratio (SAR) and Rechard classification
were applied in order to classify the Euphrates River water for
irrigation. During the high-flow periods, SAR ranges from 1.9
to 4.3 with an average of 2.8; whereas during the low-flow
periods, it ranges from 1.8 to 4.1 with an average of 2.7
(Table 8). In comparing these data with data from Turgeon

(2000), which is described in Table 9, all samples appear to be
classified as S1 level which is not harmful regarding sodium.
Rechard classification also was applied to classify the water.
During the high- and low-flow periods, quality of the
Euphrates River water appears to be C3-S1 class (Figs. 13
and 14); which is suitable for irrigation, but with active
drainage system. Point pollution sources of stations 1H, 3H,
6H, and 13R represent different water classes out of C3-S1
(Figs. 13 and 14) which confirmed that these waters are bad
and pollutes the Euphrates River. Stations SH, 17Kh, 17S-Ha,
and 17S-Th share the Euphrates River tend to occupy the field
of C3-S1, whereas station no. 7H represents better water
quality (C2-S1 class) (Fig. 14) during the low-flow period
because it belongs to Wadi Al-Mehemdi which receive the
water from the seasonal rains; therefore, this station is consid-
ered as positive point source supplying the Euphrates River
with fresh water. Water quality index (WQI) software program
assessed that the type of the Euphrates water during the two
periods is medium quality (Table 10).

Conclusions

1. Physical properties of the water (TDS, pH, EC, and TSS)
are within acceptable standard limit of the WHO (2006).
Color, taste, and smell also found in acceptable limit; but
in Hit area, there is local pollution caused by spring water
which add to the unacceptable taste and smell of the
water; then this local pollution will be diluted by the
Euphrates River which makes it acceptable in taste and
smell after a short distance.

2. Many point-pollution sources drain into Euphrates River
are determined. These are: 1H (Wadi Al-Marj), 3H (spring
water), SH (domestic wastewater), 6H (Wadi Al-Dawara),
7H (Wadi Al-Mehemdi), 11R (Al-Ramadi General Hos-
pital), 12R (car washing station), 13R (Albu-Aitha

Table 10 Water Quality Index

(WQI) of the Euphrates Factors High-flow period Low-flow period

River water during the high-

and low-flow periods Value WQI Value WQI
Fecal coli form (colonies/100 ml) 6,000 13 6,840 12
TDS (mg/l) 564 20 715 20
Dissolved oxygen (mg/l) 7.0 6 6.0 5
pH 7.7 91 8.2 77
Turbidity 4.0 88 3 90
Biological oxygen demand (mg/l) 52 55 44 59
Nitrate (ppm) 2.17 94 2.5 93
Phosphate (ppm) 0.033 99 0.025 99
Temperature °C 27.5 89 24 89
Final Water Quality Index 56 54
Evaluation Medium Medium
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agricultural drain),W1 (Obstetric and Pediatrics Hospital),
W2 (ceramic factory waste), W3 (Al-Taamem water
waste), 17Kh (Sewage waste water in khaldia), 17S-Th
(Al-Therthar lake outlet), and 18S-Ha (Al-Habbaniya lake
outlet). The otal discharge of these point sources is about
70 m*/s was empty into Euphrates River along the study
area. Ten cubic meter per second comes from Al-Therthar
Lake outlet which is considered as fresh water having
570 mg/l TDS.

3. According to the nature of pollution, study area is
divided into three sectors; the first is Hit area which
have five-point source stations characterized by natural
pollution by spring water originating from Wadi al-Marj
(1H) and spring water (3H) as well as the anthropogenic
pollution causing by Wadi Al-Dawara (6H) which
drains water of high NaCl in Euphrates River. The
second sector is Al-Ramadi city which have six stations
dispersing drainage into Euphrates River. Agricultural
pollution caused by human activities is dominant in this
sector affecting Al-bu Aitha agricultural drain (13R),
the third sector represented by Khaldia and Saqlawiya
area which have three-point sources (17Kh, 17S-Th, and
17S-Ha). Station no. 17Kh (sewage waste water) is a
channel extending from Ramadi to Khaldia transports
sewage waste water of population communities from
Al-Ramadi to Khaldia; 17S-Th (Al-Therthar Lake outlet)
supplies the Euphrates River with water better than that of
Habbaniya lake outlet (17S-Ha).

4. The largest point sources discharged directly into
Euphrates River are Al-Habbaniya and Al-Therthar out-
let. Both supplies the Euphrates River with water of Ca—
sulfate type during high-flow period; but during low-flow
period, Al-Therthar lake outlet provides the Euphrates
River with water of Ca—sulfate type whereas Al-
Habbaniya lake outlet provides the Euphrates River with
water of Na—chloride type.

5. Radiation level in sediments is higher than that of water
of Euphrates River but both are within the acceptable
limit.

6. Composition of ions in Euphrates Rivers is predominantly
governed by chemical weathering process and human
activity (domestic, agricultural, and medical wastes), and
natural sources such as sulfide springs water.

7. The average abundance of anions and cations in the
Euphrates River water could be ordered as:

During high-flow period is SO4**<Cl'<Na"<Ca*'<
Mg2

During low-flow period is CI'<SO4*"<Na'<Ca”*'<
Mg?

8. The Euphrates River water is classified in the study area as
suitable for drinking after refining and chlorination treat-
ment to be free of bacteria; also, it is not harmful effect
from sodium where the SAR value was <10 (Table 8) in all

stations except station 1H (Wadi Al-Marj), 3H (spring
water), 6H (Wadi Al-Dawara), and 13R (Al-bu Aitha)
have SAR >10 which is suitable for irrigation of sandy
soil of good permeability.

9. Springs water in Hit are sources for rising TDS, especially
Cl, Na*, and SO,*

Recommendations

The water of the Euphrates River should be treated
before drinking by using chlorine, ultraviolet ray, or
ozone, all of which act to kill or inactivate total coli-
forms including fecal coliform and Escherichia coli as
well as Streptococcus to ensure that all bacterial contam-
ination is inactivated and disinfected accordingly. Avoid
using the Euphrates River water for drinking directly
before the required treatment.

1. The continuous supplying of Al-Habbaniya Lake with
the freshwater of the Euphrates River by Al-Warar canal
to avoid concentration of salts by evaporation is strongly
recommended.

2. Changing the drainages of Wadi Al Marj and
spring water in Hit area towards the desert in order
to keep their salt loads away from the Euphrates
River. This step will help to improve the water
quality.

3. All types of waste must be treated before being permitted
to be drained into the Euphrates River.

4. Using the scientific procedures of the irrigation, fertil-
ization, and pesticides will decrease the contamination
by some chemical elements to minimum.

References

Ahmad LR (2008) Environmental monitoring program for the Euphrates
River water. Unpublished Ph. D. University of Baghdad, College of
Science, Earth Sciences Department, 115p

Ahmad IA, Salih AM, Jassim MA and Awad AA (2009) Study on the
liquid waste into Euphrates River within Al-Anbar governorate
(part 1). Internal Report. Environment Protection in Al-Ramadi
city, 14p

Al-Habeeb K (1969) Sedimentology of the flood plain sediments of
Middle Euphrates River (Iraq). Unpublished M. Sc. thesis, Baghdad
University, 90p

Al-Hamadani JA (2009) Hydrochemical effect of ground water due to
irrigation and drainage projects in Tawuq sub-Basin (South of
Karkuk North of Iraq). Unpublished M.Sc. University of Baghdad,
College of Science. 120p

Al-Hayani AG (2009) Evaluation some groundwater wells of Khaffjiyia
village in Al-Anbar governorate. J Al-Anbar Univ Pure Sci 3
(n02):30-38, Arabic

@ Springer



2518

Arab J Geosci (2013) 6:2501-2518

Al-Marsoumi AH, Al-Bayati KM, Al-Mallah EA (2006) Hydrogeochem-
ical aspects of Tigris and Euphrates Rivers within Iraq: a compara-
tive study. Raf Jour Sci 17(2):34-49

Al-Qaraghuli NA (2005) Content of nutrient elements (total, water
soluble, and available) in the fertilizers (TSP, MAP, NP, and
NPK) produced from Al-Qaim plant. Iraqi J Agric Sci 36(5):35—
41

Al-Quwaizi MMA (1989) Hydrochemistry of phosphorus, floride and
nitrate of the Euphrates River water from Al-Qaim to Hit. Un-
published M.Sc. thesis, Baghdad University, College of Science,
96p

Al-Rizzo HM (2004) The status of hydrological system and hydrologists
in Iraq. A report submitted to the International Association of
Hydrological Science. Al-Hadba’a University College, Mosul

Al-Sa’di MA (2010) The effect of Abu-Jir fault zone on the distribu-
tion and quality of ground water in Iraq. Unpublished Ph.D.
University of Baghdad, College of Science. Earth Sciences De-
partment. 184p

Al-Ubaidy M. Sh. (1983) Hydrogeochemistry of the Euphrates River
and probable environmental pollution from Al-Qaim to Hit. Un-
published M.Sc. thesis, Baghdad University, College of Science,
102p

ASTM (1989) Annual book of ASTM standards. American Society for
Testing materials, Philadelphia, p 1110

Banat KM, Al-Rawi YT (1986) Hydrochemistry, clay minerals and
carbonate of the Euphrates River in Iraq. I J Sci 2:18-28

Banat KM, Al-Rawi YT, Al-Rawi I (1981) Heavy metals distribution
in the sediments of the Euphrates river. Iraqi J Sci 22(4):554-569

Buday T (1980) Stratigraphy and paleogeography. In: Kassab IM,
Jassim SZ (eds) The regional geology of Iraq. vol. 1. Geol. Surv.
and Miner. Invest, Baghdad, p 445

Gill R (1997) Modern analytical geochemistry, an introduction to
quantitative chemical analysis for earth. Environmental and Materials
Scientists, Longman, p 329

Greenwood NN, Earnshaw A (2002) Chemistry of the Elements.
Butterworth, Oxford

Harris DC (1995) Quantitative Chemical Analysis, 4th edn. W. H.
Freeman and Company, New York, p 489

Hassan AM (2007) Hydrogeochemical of ground water for Mandli fan
aquifers and hydrochemical model. Ph.D. Thesis (unpublished),
College of Science, University of Baghdad, (in Arabic), p150

Hem JD (1985) Study and interpretation of the chemical characteristics
of natural water (3rd ed). USGS water- supply papers-2254. 253p

Hutak PF (2000) Regional trends in nitrate content of Texas groundwater.
J Hydrogeol 228:37-47p

Iraqi Standard (1996) Iraqi standard for drinking water, no 417, 1996

@ Springer

Iraqi Standard (2001) Iraqi standard of drinking water no. 417; mod-
ification no. 1

Jangwan JS, Semwal N (2009) Ionic Characteristics Of River Ganga,
Yamuna And Their Canals: Ultimate Level Of Tons In The Drinking
Water Supply. Environ J, Indian J 4(5):85-97

Jassim SZ and Goff GC (2006) Geology of Iraq. Dloin, Prague and
Moravian Museum, Brno. Czech Republic, 341p

Kladi, Elina, Ostvold, Terje, Klepetsanis, Pavlos G, Amjad, Zahid;
Koutsoukos (1999) Petros G.Crystal growth of calcium carbonate
in artificial seawater: The effect of temperature and of the pres-
ence of inhibitors. FORTH-ICEHT, Patras, Greece. Book of
Abstracts, 218th ACS National Meeting, New Orleans, Aug. 22-
26

Michael E Lewis (2006) Dissolved oxygen, version 2.1 U.S. Geological
Survey TWRI Book 9

Merck (2000) Microbiology manual, D. 10787 Berlin, Burggrafen Stra
229p

Mohammad AH, Al-Jebari MH, Hasan QM and Abd Alrahman EM
(2002) International program for optimize investment of water
resources in the Euphrtaes river basin (2nd ed). Agricultural
Ministry. 524p

Mustafa AS (2009) Evaluation of water quality parameters in the
Euphrates river within Ramadi city and Al-Dhiban canal. J Al-
Anbar Univ Pure Sci 3(2):39-48

Pierce JJ, Weiner RF, Vesilind PA (1998) Environmental pollution and
control, 4th edn. Butterworth-Heinemann, USA, p 392

Ravindra K, Meenakshi A, Rani M, Kaushik A (2003) Seasonal
variations in physico-chemical characteristics of River Yamuna
in Haryana and its ecological best designated use. J Environ
Monit 5:419-426

Sanders LL (1998) A manual of field hydrogeology principle. Hall,
USA, p 381

Sparks DL (2003) Environmental Soil Chemistry, 2nd edn. Acadimic
Press, Oxford, p 352

Todd DK (1980) Groundwater Hydrology, 2nd edn. John Wiley and
Sons, New York, p 533

Turgeon, AJ (2000) Irrigation water quality, College of Agricultural
Sciences, The Pennsylvania State University, USA,http://turf
grass.cas.psu,edu/Education/Turgeon/CaseStudy/OldRanch/Irr
WatQual.html

USEPA (1986) United State of Environmental protection Agency, List
of drinking water contaminants and MCLs. http://www.water-
research.net/Watershed/phosphates.htm

WHO (2006) Guideline for Drinking Water Quality, 1st ed. Addendum to
the 3ed ed., vol. 1: Recommendations. World Health Organization,
Geneva, p 515


http://turfgrass.cas.psu,edu/Education/Turgeon/CaseStudy/OldRanch/IrrWatQual.html
http://turfgrass.cas.psu,edu/Education/Turgeon/CaseStudy/OldRanch/IrrWatQual.html
http://turfgrass.cas.psu,edu/Education/Turgeon/CaseStudy/OldRanch/IrrWatQual.html
http://www.water-research.net/Watershed/phosphates.htm
http://www.water-research.net/Watershed/phosphates.htm

	Hydrochemistry and pollution probability of selected sites along the Euphrates River, Western Iraq
	Abstract
	Introduction
	Site description and location
	Geology
	Materials and methods
	Field work and sampling
	Laboratory works
	Accuracy

	Results and discussion
	Physical parameters
	Turbidity, color, taste, and odor
	Hydrogen number (pH)
	Total dissolved solid
	Total suspended solids
	Electrical conductivity

	Chemical parameters
	Cations
	Anions
	H2S and boron
	Radiation level

	Biological tests
	Water quality and classification

	Conclusions
	Recommendations
	References


