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This study aims to assess the water quality of the Euphrates river in the section Fallujah
Euphrates Reach (FER), in the city of Fallujah, western Irag. Six heavy metals: Cr3*,
Fe?* Zn*2, Mn*2, Ni*2 and Pb*? and ten water stations were chosen for the purpose
of knowing whether or not these minerals are available in this important section of the
Euphrates river and their concentrations in the river water because these minerals are
harmful to health due to its lack of decomposition and accumulation within the organs of
the body of living organisms. The samples were analyzed using Inductively Coupled
Plasma Atomic Emission Spectrometry ICP-OES. Heavy Metal Pollution Index (HMPI),
Heavy Metal Evaluation Index (HMEI), and Contamination Degree (CD) were employed
to evaluate water quality. The findings were revealed that concentration of Fe?*, Ni+2,
and Zn*? exceeded the permissible limits based on Iragi standard 1QS, World Health
Organization WHO, and United States Environmental Protection Agency USEPA
standards, whereas Cr3*, Pb*2, and Mn*? concentrations were non-existent. Based on
HMPI, HMEI and CD values, pollution of the Euphrates river is low. which indicates a
small amount of pollution, and because the Euphrates water discharge is high, the
concentration of heavy metals does not affect the river water. According to national and
international guidelines, FER suffers from a low level of heavy metal pollution. However,
the (CD), (HMPI), and (HMEI) indices indicated that FER water quality was satisfactory.
In other words, the water quality of the Euphrates river in the current study reach is good,
but that does not mean that the water is used without treatment to be pumped into the
city. It has a low pollution rate, but that may have a negative impact on the health of

consumers.

1. INTRODUCTION

Water scarcity is spreading across the world, and the strain
on current water resources is increasing as a result of rising
demand in a variety of sectors, including household use,
industrial use, hydropower generation, and agriculture. Water
availability in lrag is highly variable both spatially and
temporally, and the country has experienced significant water
scarcity as a result of dams built in riparian countries on the
Tigris and Euphrates, in addition to the influence of several
hydrological factors [1]. The water demand in lIraq is
increasing due to the growth of the population, and the
freshwater supply's long-term viability is jeopardized as a
result of widespread groundwater depletion, pollutants in
surface water, and climate change. Iraq is located in arid and
semiarid zones and suffers from high temperatures and
decreases in rainfall amounts, which cause water shortages and
have inadequate freshwater resources to suit the requirements
of the local people [2]. The quality of Iraqg's surface water has
also worsened as a result of the rise in wastewater dumped into
rivers without proper treatment, fast population expansion,
mismanagement of water resources, and drought caused by
climate change as a result of Irag's political instability. This
puts a strain on water treatmentplants' processes (WTPs).
Water loss and microbiologicalcontamination may occur as it
enters the distributionsystem [3].
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Irag's drinking water is supplied by rivers, lakes, wells, and
springs. These sources are exposed to a range of contaminants
as a result of non-point and point sources such as sewage,
agricultural, and industrial wastes, which are difficult to
regulate, monitor, and analyze. The chemical,physical, and
biological properties of water are used to defineits quality [4].
Iraq drew approximately 42.8 km3 of water in 1990, which
was used for agriculture (90%), household (4%),and industrial
(6%) purposes. Agriculture consumes 85 percent of the water
withdrawn, according to the most recent projections. are
available in 100% of urban areas but only 54% of rural areas.
This is a common misunderstanding [5].

In recent years, the water has suffered from increased
pollution problems as a result of the introduction ofchemicals
and compounds into the environment, causing a disturbance in
the balance of their components, includingbiotic and abiotic
components, when compared to naturalcircumstances. This
might be due to human activity, which causes biological,
physical, and chemical changes in key environmental metals
such as air, water, and soil. Increased quantities of
contaminants, particularly heavy metals, have harmed the
aquatic ecosystem [6]. The contamination of heavy metals is a
global problem, albeit the severity and extent of pollutionis
spatially fluctuated. Leastwise 20 type of metals are classified
as hazardous, with half of them being discharged into the
environment in amounts that pose serious health hazards.


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.170315&domain=pdf

Because of their persistence, bio-magnification, and
accumulation in the food chain, the discharge of heavy metals
without effective treatment poses a substantial risk to public
health, which causes reduced growth and development, cancer,
organ damage, nervous system damage,and death in extreme
situations [7]. Iraq's death rate has been rising, according to
estimates by the World Health Organization. Malignant
neoplasms claimed the lives of 2738people in 2017, 21766
people in 2018, and 22737 people in 2019 [8].

Surface water pollution with harmful heavy metals and
increased nutrients is a major problem globally owing to
natural processes such as erosion, air deposition, and mineral
weathering, as well as human activities such as agricultural,
industrial, and urban operations. Because heavy metalbuildup

in aquatic ecosystems can pose a threat to humans and wildlife,
researchers have been working on detectingtrace metals and
assessing their impact on the watery environment [9]. Cu, Fe,
Mn, Ni, and Zn are necessary micronutrients for animals and
plants, while Cd, Cr, Pb, and Co have no known physiological
effects [10]. The metal ions' toxicity to mammalian systems is
caused by their chemical interaction with the membrane
system, enzymes, and cellular structural proteins. The organs
that acquire the largest quantities of the metal in vivo are
generally the target organs of certain metal toxicities. In man
and other experimental animals, metals have been
demonstrated to induce acute and chronic poisoning. The
negative consequences of specificheavy metals are briefly
discussed in Table 1 [11].

Table 1. Heavy metals origin and health impacts

HMs Target organs Primary sources Clinical effects

Mn Nervous system Fumes and Industrial dust. Peripheral and central Neuropathies.

Pb Renal, Hematopoietic and Polluted of food and from fumes and ~ Anemia, disorders central nervous, Encephalopathy and

Nervous system industrial dust. peripheral Neuropathy.
Ni Skin and pulmonary Aerosols, industrial dust. Dramatis, Cancer.
cr Pulmonary Polluted of_food and from fumes and Ulcer, Respiratory cancer and perforation of Nasal
industrial dust. septum.
Fea Liver, Cardiovascular system, Drinking water, iron pipes, Excess iron in the body causes liver and kidney damage
and Kidneys cookware, and preparations. while decreases iron causes Anemia.
7P Digestive and immune system, Glavanizing, plating iron and steel Diabetes, Anemia, Skin inflammation, Nausea.

growth, hormones

and its found inside fish.

a: [12], b: [13].

The heavy metal pollution index (HMPI) was used to assess
the concentrations of heavy metals Mn, Fe, Sr, As, Pb, Cr, Cu,
Se, Al, and Ni in two Antalya streams, Goksu and Duden [14].
The result of analyzing the concentration of heavy metals
using HMPI showed that the minerals are arranged as follows
in the Goksu stream fromthe highest concentration: Sr > Fe >
Al > Ni > As > Cu > Mn> Pb > Cr > Se, while the order of
concentration of heavy metals in Duden was as follows: Sr >
Fe>Al>Mn> As> Ni> Cu>Pb > Cr > Se. where the water
samples were classified as good, bad, and very bad in most of
the sites. It was found that both Al and Sr concentrations
exceeded the permissible limit in both streams. This may be
caused by urbanization in those areas or the influence of
human factors [14]. Khan et al. measured the concentration of
heavy metals in the Gomti river to assess its pollution status
using the heavy metal pollution index. They found that the
average value of the HMPI is higher than 100, which indicates
a critical state of pollution because 30% of the sites had an
index value of less than the high pollution level, while 60%
of the sites had an index value higher than 100, which indicates
a severe pollution condition [15].

This study aims to assess the heavy metals concentrations
of water within the Euphrates river in the specific section of
the study extending from the Saqglawiyah Bridge to Fallujah
Dam in Anbar Governorate. Indicators of heavy metal
contamination were used, including the heavy metal pollution
index (HMPI), the heavy metal evaluation index (HMEI),
and the contamination degree (CD), to assess the water quality
of the Euphrates river. About thirty water samples were
collected monthly, where three samples were taken from each
station and mixed together to represent one samplefor each
station. The indicators of contamination of the three heavy
metals mentioned above were applied to evaluate the water
quality of Euphrates river and then compare the results of the
indicators with permitted limits to identify the appropriateness
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of the Euphrates river for drinking purposes. The application
of these indicators depends on several variables. For example,
the application of the heavy metals pollution index depends on
the measured concentrations of metals and the recommended
values by adopting different standard specifications and ideal
concentrations in addition to the number of measured metals
and the unit weight for each metal, while the application of the
heavy metals evaluation index depends on the maximum
admissible concentration (MAC), as well as the pollution
degree index depends on the maximum standard permissible
value.

2. MATERIALS AND METHODS
2.1 Study area

The Euphrates river originates in Turkey's southeast. It is
the longest river in southwest Asia, measuring 2781
kilometers in length. It has a catchment area of 444,000 km?,
with17.1% in Syria, 28% in Turkey, and 39.9% in lIraq [16]. It
is one of Irag's longest rivers, with five major tributaries
running through it. However, there are no tributaries within
Irag. The river travels from Turkey's eastern highlands, via
Syria, and from the middle western portion enters into lIraqi
territory, where it flows westward across Irag's middle region
before joining the Tigris River in the south [17].

Figure 1 shows the study area of the Fallujah Euphrates
Reach (FER).

The Euphrates river flows through Fallujah city, which is
situated between two longitudes and latitudes (43<44'58" —
43949'33") east and (3321'09" — 33<17'47") north in the
northern hemisphere, and it lies 60 kilometers west of
Baghdad and 47 kilometers east of Ramadi, the administrative
capital of Anbar Governorate [18]. The river flows through the



Anbar governorate and crosses the Syrian border, and it is a
major water supplier for two large cities (Ramadi and Fallujah)
as well as some villages and towns [19]. Where the river

represents the main source of drinking water as well as being
used in industrial and agricultural activities, it represents an
estuary for water treatment plants and sewage plants [20, 21].

®y

Al- Anbar

ffaxar, GeoEye. Eartlt
Geographiés, CNES/Airbus DS, USDRYN
GS ,AeroGRID, IGN, and the GIS
UserCommunity.

43°45'0"E 43°48'0"E

43°45'0"E

43°48'0"E

Figure 1. Study area site and sampling stations

" —
5’{‘\3 o‘\, \" S 3
st &
'L, Al- Anbar LY NS
% TN
e s, AN
%":. o/;nce Esn, Maxar. tGe .’ = ‘
o gssgarapnwlcs‘g:\éﬁg/‘m ::anS'u
ommunity
43°42'0"E
33°22'0"N
33°20'0"N
33°18'0"N
0 100200 400 43°42'0"E
Kilometers
2.2 Sampling
Water samples were collected using high-quality

polyethylene bottles with a capacity of 1 L, where the
polyethylene bottles were washed with water and then rinsed
with nitric acid HNO3 and kept for a whole night before being
used to collect samples. Water samples were collected from 10
locations along the Euphrates river at a rate of once per month.
The samples were taken from the left and right banks and from
the middle point inside the river for each sampling location
along the course of the river. The samples are collected
approximately 30 cm under the surface water where the
sampling bottle is immersed under the water and its mouth is
closed with a stopper, directing the nozzle against the water
stream and raising the stopper [22]. The sample must be kept
in the refrigerator at room temperature (1+4°C) until it reaches
the laboratory. A map (Garmin GPS map 60 Csx) was used to
locate sampling locations for coordinate availability.

2.3 Materials

The concentration of heavy metals in water samples have
been estimated using inductively coupled plasma atomic
emission spectrometry (ICP-OES) type HORIBA (France)
with a torch type of silica.

2.4 Heavy metal pollution assessment

2.4.1 Heavy metal pollution index (HMPI)
The heavy metal pollution index (HPI) is a grading system
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that calculates the combined impact of specific heavy metals
on water quality. The rating system assigns a random number
between zero and one, and its selection is based on the relative
relevance of specific quality factors [8, 23, 24]. The total
influence of individual HMs on the quality of surface water is
represented by this index. Each HM is assigned a score based
on its relative importance, which is inversely proportional to
the suggested standard value for that HM [25]. In this study,
the weighting value is inversely proportional to the standard
value based on the Eq. (1) [24]. HMPI calculated by applying
Eq. (2) [25, 26].

> L W;iQ;
HMP|=2=L
i=1"1

)
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Si—I;

Q=i | |x100

@

where, Wi is unit weighting of the i"" HMs, Qj is the sub-index
of i HMs, n is Total number of HMs, I; is Ideal value of it"
HMs, S;i is standards value of i HMs, M; is examined
concentration of i HMs in (pg/L).

Water quality can be classified into three classes based on
HMPI, involving low pollution of HMS (below 100),
threshold risk (equal to 100), and high risk (above 100). When
HPI is greater than 100, it means the water is unsafe for human
consumption [8, 24]. The minus sign (-) denotes the numerical
difference between the two numbers, with the algebraic sign
being ignored [25]. WHO recommendations were used to
calculate the maximum concentration limit (MCL) [26]. The



parameters of heavy metal for the calculation of water quality
indices (WQIs) are illustrated in Table 2.

Table 2. Heavy metals factors applied for water quality
Index (WQI) [8, 26]

HMs MCL (po/l) Wi li Si Hmax (g/1)
Zn 5000 0.0002 3000 5000 5000
Pb 1.5 0.70 10 100 15
Cr 50 0.02 50 1 50
Mn 50 0.02 500 100 50
Fe 300 0.003 200 300 200
Ni 20 0.05 20 20 20

Note: Wi=Weightage (1/MAC), Si=Permissible Standard in ppb, li=Highest
permissible in ppb, MAC: Maximum allowable concentration/upper
permissible.

2.4.2 Contamination degree (CD)

CD denotes the HMs' combined negative influence on
surface water [27]. CD represents the total of all concentration
factors. The contamination degree must be determined
separately for each sample that exceeds the standard value.
The CD index is calculated in Eq. (3) as follows:

CD=}i1 Cf; ®3)
Cfigy — (4)

where, CD is contamination degree; Cf; is contamination
Factor for it of HM; CA; is measured or analytical value for it
parameter; CN; is Standard permissible value for it parameter.

The degree of pollution between sites can be classified in
three classes depending on the value of CD, which included,
low pollution at (CD<1), moderate pollution at (CD>1) and
high pollution at (CD>3) [28].

2.4.3 Heavy metal evaluation index (HMEI)

HMEI provides data on the comprehensive water quality
concerning heavy metals [29]. This index was estimated based
on Eq. (5) below [30].

HMEI=x" , —<

=1 Hyac

()

where:

H¢: Is represent the monitored value.

Hyac: Is represent the maximum admissible concentration
(MAC) of the ith parameter.

The HMEI is grouped into three groups: low (HMEI less
than 10), medium (which is a value of HMEI between 10 and
20), and high (HMEI above 20).

3. RESULTS AND DISCUSSION
3.1 Concentration of heavy metals

The levels of heavy metals acquired from the Fallujah
Euphrates Reach (FER) in the studied region are determined
objectively in Table 3. The concentration of Cr3*, Pb*? and
Mn*? were below detection levels (BDL), The concentration
of Fe?*, Zn*? and, Ni*? are listed in Figures 2, 3 and 4
respectively. According to the possible results, the
concentrations of Fe?*, Zn*?, and Ni*? exceeded the levels
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required for standard specifications, while all of the Cr3*,
Mn*?, and Pbh*2 concentrations were very low and can be
considered non-existent, meaning that their concentration is
almost zero. Table 3 shows the heavy metal levels in water
samples obtained from the research region. The concentration
of heavy metals Involved in the water samples is arranged in
this way: Zn*2 > Fe?*, > Nit2>Cr3+= Ph*2=Mn*?. The
concentration of Zn*? ranged from 235 to 0 po/l, with a
(average *standard deviation) (Avge. £SD) of 101.467 x=77
Lo/l, exceeding the guidelines of Iragi standards (1QS),
USEPA, and World Health Organization (WHO) in all sites.
The average value of Fe?* was located between 10 and 1
Lo/l) with (Avge. = SD) of (2.905933 =5 pg/l) with its
concentration exceeding the recommended limits for 1QS,
USEPA, and WHO specifications. The average value of Ni+?
ranged from (4-0 po/l) with an (Avge. =SD) of (1.100505
#1.9 po/l) with its concentration exceeding the recommended
limits for 1QS, USEPA, and WHO specifications, while the
concentration of (Cr3*, Mn*?, and Pb*%) were below
detection levels (BDL). Based on USEPA, Iragi standard 1QS,
and WHO standards for drinking water, the Euphrates river
was slightly polluted with heavy metals such as Fe?*, Zn*2,
and Ni*?, which making it suitable for drinking and human
consumption. The WQIs of each sample site were calculated
separately following worldwide criteria [29], and are
characterized by the HMPI, contamination degree CD, and
heavy metalevaluation index HMEI. According to 1QS, the
values of HMPI were ranged between (5.511192 - 0.060496)
with (Avge. £SD) of (1.499237 %2.621113), according to
WHO the values of HMPI were ranged between (0.207555 -
0.020756) with (Avge. =SD) of (0.059136 +0.109531), and
the values of HMPI were ranged between (0.174886 -
0.017489) with (Avge. + SD) of (0.049828 =+ 0.092291)
according to USEPA. According to the findings of WQIs, the
values of HMPI in all stations did not exceed the ultimate limit
of 100.

The HMPI was calculated by averaging the concentration
data of all stations and HMs and found to be 2.62111,
0.109531, and 0.092291 based on Iragi standards (IQS), WHO,
and USEPA recommendations. All of these values were less
than the critical value (100) of HMPI.
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Figure 2. Iron (Fe) concentration (g/L)
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Table 3. Average heavy metals (/L) and WQIs (HMPI, HMEI and CD)

Average HMS concentration (jo/l)

Water Quality index (WQI)

Stations : HMPI _HMPI HMPI  HMEI HMEI _ HMEI
Cr FeZn Pb NI Mnhg (WHO) (USEPA) (10S) (WHO) (USEPA) P

ST BDL 3 150 BDL 3 BDL 4110 00734 006191 11433 07471 06295 -5805

S2 BDL 9 200 BDL 4 BDL 5511 02017 01699 16152 13075 11017 -5.715

s3 BDL 5 BDL BDL 2 BDL 2752 01037 008744 06352 03113 02623 -5875

s4 BDL 6 BDL BDL 2 BDL 2758 01245 010493 06533 03735 03147  -5.87

ss BDL 5 BDL BDL 2 BDL 2752 01037 008744 06352 03113 02623 -5875

6 BDL 3 185 BDL 2 BDL 2751 00760 006411 09346 08779 07397 -5848

s7 BDL 1 BDL BDL 2 BDL 2728 00207 001748 08983 00622 00524 -5895

S8 BDL 2 235 BDL 1 BDL 1387 00590 004977 07350 10024 08447  -5893

9 BDL 6 BDL BDL 1 BDL 1397 01245 010493 01088 03735 03147 -5.92

S0 BDL 10 BDL BDL BDL BDL 0060 02075 017488 01814 06226 05246  -5.95

Min 00 1 00 00 00 00 0060 0027 001748 01088 00622 00524  -5.95

Max 00 10 235 00 4 00 5511 02075 017488 16152 13075 11017 -5.715

Avar 00 5 77 00 19 00 2621 01095 009229 07540 05990 05047  -5.864

SD 00 290 1014 00 110 00 1499 00591 004982 04383 03830 03227  0.065
Guidedine 50 300 5000 15 20 50 100 100 100 10 10 10 1

—
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Figure 4. Nickel (Ni) concentration (jg/L)
3.2 Water quality indices (WQIs)

The heavy metal evaluation index (HMEI) was applied for
the purpose of evaluating the water quality of the Euphrates
river in the study area section and indicating the suitability of
the river water for drinking purposes. The values of HMEI
were ranged from 0.108892 to 1.615245 with (Average £5.D)
value of (0.75408340.438366) according to the IQS
recommendation, and the value of HMEI according to the
WHO recommendation was ranged from 0.062267 to
1.307597 with (Average #5.D) value of (0.599004+0.383037),
while the value of HMEI according to the USEPA
recommendation was located between 0.052466 and 1.101784
with an (Average #5.D) value of (0.504722 30.322747). The
results show that the HMEI values in all stations and for three
standard specifications are less than the recommended low
pollution value of 10. The lowest value of the HMEI was
according to the Iragi standard, at the S9, which represents the
upstream of Fallujah dam, while the lowest value of the
indicator appeared by adopting WHO and USEPA
specifications at the S7, respectively. The HMEI, which is
derived using average concentration measurements from all
HMs and all stations according to 1QS, WHO, and USEPA, is
0.754083, 0.599004, and 0.504722, respectively, which is
lower than the critical limit. The contamination degree (CD)
was used as a standard for determining the extent of water
pollution with heavy metals. The value of CD ranged from-
595 t0-5.715 with an average #5.D value of (-
5.864640.065444). The CD value in all stations is less than 1,
which indicates that the pollution is low in this section
according to the approved classification of low pollution by
Ghaderpoori et al. [26]. The concentration of iron, nickel, and
zinc was higher than the values recommended by the
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specifications of 1QS (100, 200, 5000) (pg/l), WHO
(300,70,3000) o/l), and USEPA (300, -, 5000) po/l), while
the concentration of chromium, lead, and manganese was less
than the permissible concentration. That is, it is less than the
level to which the device ICP-OES is sensitive, and it also has
lower values of HMPI, HMEI, and CD. Despite the high
concentration of some heavy metals in the stations, it did not
affect the quality of the water, because of the high discharge
of the Euphrates river in this section, which ranges from 300-
365m?/sec. The current concentration of some heavy metals
does not affect the quality of the water because the river has
high drainage. Therefore, the water quality of the Euphrates
river is suitable for drinking purposes because all the
indicators are lower than the level that represents low pollution,
but it is recommended to sterilize it when entering the stations
and going through all stages of purification in order to preserve
the health of consumers.

4. CONCLUSIONS

The importance of this study comes from the importance of
this section as an important source of drinking water for the
city of Fallujah , one of the largest cities in Anbar Governorate,,
for the purpose of Knowing if the river water contains heavy
metals or not and to indicate the extent of their concentrations
within or exceeding the permissible level because of the
danger of these minerals to the life of all living organisms so
the water quality of Fallujah Euphrates Reach (FER) was
analyzed by using ICP-OES to measure theconcentration of
six heavy metals (Fe, Zn, Ni, Cr, Pb, and Mn). The results of
the analysis showed that the concentration of Fe, Zn, and Ni
in all stations was higher thanthe concentration recommended
in the standard specificationsof 1QS, WHO, and USEPA,
while the device did not detect concentrations of Cr, Pb, and
Mn because their concentrations in the water may be very low,
or they may notbe present in the water samples at all. On the
other hand, the values of each HMPI, HMEI, and Cd in all
stations were low as they were less than the low level of
pollution. Thus, the Euphrates river water in the section (FER)
is classified as lowrisk, and the presence of concentrations of
some minerals did not affect the quality of the water because
the river has high drainage, which means that there are few
health and environmental problems, but the quality of the
water must be taken care of, even if it is low in pollution and



not used directly from the river. Rather, it is withdrawn from
stations and passes through several stages in order to be
purified and then pumped back into the city.
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