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ABSTRACT

Safe and reliable drinking water is one of the major prerequisites for a healthy life, as water is of
fundamental importance for life on earth. Microbiological contamination is an important water-
quality problem faced all over the world. Pathogen contamination of rivers that are primarily used
for drinking water is an urgent consideration. For this study, seven samples were taken from differ-
ent sites at different seasonal periods across four months: January, March, July, and October, all in
2019. The physico-chemical evaluation focused on the pollution of water caused by human activities.
The Canadian Council of Ministries of the Environment Water Quality Index methodology (CCME
WQI) was used in this study for rating the water quality index (WQI) of the Euphrates River. Physico-
chemical parameters including pH, temperature, nitrate ion, calcium, magnesium, total hardness,
sulfate ion, chloride, total dissolved salts, electrical conductivity, alkalinity, and turbidity were deter-
mined. Water samples were analyzed for the presence of trace elements (copper and zinc). The micro-
biological examination included the determination of counts of bacteria Enterobacteriaceae cultivated
at 36°C-37°C for 18-24 h. The results of the physico-chemical analysis and mean microbial counts of
the investigated water samples were compared with the set standards (WHO guidelines for drinking
water quality). Most of the physico-chemical term data indicated poor quality concerning turbidity,
conductivity, and sulfate ion concentration with values much higher than the permissible standards.
Water pH varied 7.6 with 574.714 + 65.688 mg/L dissolved solids, EC (1,105.821 + 143.986 uS/cm), tur
(19.289 + 2.845 NTU), and hardness (405.8 + 40 mg/L) (within limit). Calcium (106.629 + 7.244 mg/L),
magnesium (43.232 + 4.439 mg/L), and sulfate (299.964 + 11.397 mg/L) exceeded permitted levels
whereas nitrate ions were below the limit (3.564 + 0.342 mg/L). The concentrations of trace elements,
including zinc, in the current water samples were >0.01 mg/L. The bacteriological quality of most
water samples analyzed in the current study did not meet the standards set for drinking water as the
results showed that the count of total aerobic bacteria had reached the maximum level (114 x 107)
cell/mL. The results of this study, therefore, show that the bacteriological data and physico-chemical
parameters of the different water samples had values beyond the maximum tolerable limits recom-
mended by the WHO for drinking water. The second part of this work focused on the spatial variabil-
ity of the WQI of the Euphrates River study area, and the water samples reveal that the majority fall
under marginal to poor WQL
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1. Introduction

The Euphrates River, the longest river in southwest
Asia, is one of two defining rivers of Mesopotamia (the
“land between the rivers”). The river rises in Turkey and
flows southeast across Syria and through Iraq, joining the
Tigris to form the Shatt al-Arab in southern Iraq, which
empties into the Arabian Gulf. The Euphrates is consid-
ered a vital resource for Turkey, Syria, and Iraq because of
its role in communities, agriculture, drinking, and indus-
try. Iraq is an arid country, so the Euphrates and Tigris are
major sources of freshwater. As a result of natural factors
and the extended human occupation and improper human
activities in the riparian states (Turkey, Syria, and Iraq),
problems have arisen with the river water. Construction
of dams, barrages, and canals to divert the maximum river
water for irrigation has changed the river flow regime over
the last 50 y. Several studies on the Euphrates have been
conducted in the Iraqi province of Anbar, providing up-to-
date information on the physical conditions there. All the
studies have concluded that poor environmental man-
agement, population growth, the impact of three wars, as
well as climate change have all had a seriously detrimental
impact on the water quality of the Euphrates. Growth in
water-intensive agriculture has often been associated with
a loss of water quality caused by salt, pesticides, and fertil-
izer runoff and leaching [1]. Water quality can be assessed
by measuring different physical, chemical, and bacteriolog-
ical parameters. To be able to compare multiple parameters
between water samples/sources, a mathematical model is
used to express the water quality in a single value, known
as water quality index (WQI). Seasonal analysis for water
quality using different types of WQIs has been under-
taken worldwide [2]. Water is vital for our existence and
its importance in our daily life makes it imperative that
thorough microbiological and physio-chemical examina-
tions are conducted on it. Potable water is water that is
free from disease producing microorganisms and chemical
substances that are dangerous to health [3]. The effects of
human activity on aquatic ecosystems have been reported
for over 200 y [4]. Trace elements such as copper, iron,
manganese, selenium, and zinc, and those potentially toxic
elements such as silver, aluminum, arsenic, cadmium, lead,
and nickel, which are essential for plant growth can be
toxic when concentrations are raised above specific cut-off
levels [5,6]. Along with fast population growth, industrial-
ization, as well as some agricultural activities, water pol-
lution from agriculture has direct and negative impacts on
human health. Approximately 80% of diseases are water-
borne according to the world health organization (WHO)
[7], and unsafe water causes around 3.1% of deaths world-
wide [8]. There is also a strong association between pollu-
tion and health problems. Disease causing microorganisms
are known as pathogens, and these pathogens are spread-
ing disease directly among humans. Some pathogens are
worldwide while others are found in well-defined areas
[9]. The ingestion of contaminated water containing patho-
genic bacteria from human and animal feces is regarded
as a main source of infection, and contaminated water
may pollute the freshwater because it contains pathogenic
bacteria, protozoa, parasites, and viruses [10,11].

The WQI is one of the most effective tools to commu-
nicate information on the quality of water to concerned cit-
izens and policy makers. It has thus become an important
parameter for the assessment and management of surface
water, and is widely used in multiple scientific publications
related to the necessities of sustainable management [12].
Horton [13] developed the first WQI [14]. Today, most WQIs
are reviewed by the American Public Health Association
[15]. In these WQIs, water quality is a unitless number
describing the water quality of the water body state. It is
acquired by aggregating the reading and measurement val-
ues of the selected water quality parameters. The benefits of
using a WQI were reported by Sutadian et al. [16]. As a result
of poor environmental management, population growth,
the impact of three wars, as well as climate change impacts,
water quality has become a serious issue on the Euphrates
River. Several studies on the Euphrates River have been
done in the Iraqgi provinces of Anbar, provided up-to-date
information on the physical conditions of the river, paying
special attention to hydrology and water quality [17,18].
This work aims to (1) investigate the effects of pollutants
in the water quality of Euphrates River and (2) study the
extent of water deterioration of Euphrates River water.

2. Materials and methods
2.1. Study area and water sampling

This study was focused on chemical and microbial
pollutants occurring in the water of the Euphrates River.
The water samples were collected in 2019 from seven sta-
tions in cities along Euphrates River, starting from the city of
Hit and ending in the city of Fallujah:

Site no. (S1) is situated west of Hit.

Site no. (S2) is situated south of Ramadi.

Site no. (S3) is situated north of Ramadi.

Site no. (54) is situated near Fallujah.

Site no. (S5) is situated near Alwarar.

Site no. (56) is situated near Alwarar.

Site no. (S7) is situated in Al-Habbaniyah Lake.

The water samples (250 mL) were collected from the
surface in sterile bottles in each site, and then the bottles
were closed tightly and kept at 4°C, and chemical analysis
and was conducted as soon as possible in the laboratories
of the Departments of Chemistry and Biology of Directorate
of Environment of Anbar Governorate, University of Anbar
to avoid unpredictable changes in the microbial population.

2.2. Chemical and microbiological analysis

In this study, 15 physico-chemical and bacteriological
were measured: the parameters were acidity (pH), tem-
perature (Tem), nitrate ion (NO;), calcium (Ca*), magne-
sium (Mg"?), total hardness (TH), sulfate ion (SO,?), chloride
(CI), total dissolved salts (TDS), electrical conductivity (EC),
alkalinity (Alk), turbidity (tur), copper, and zinc, in addition
to total bacteria (TB). The values of pH, temperature, turbid-
ity, and electrical conductivity were measured in the field
while the levels of TDS were performed in the laboratory.
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Fig. 1. Location map of Anbar governorate, sampling stations of the Euphrates River from Hit to Fallujah [18].

Total hardness (TH) and alkalinity were measured by titra-
tion. The concentrations of calcium, magnesium, copper,
and zinc were measured using atomic absorption spectrom-
etry (AAS). The standard solution 1,000 mg/L was prepared
by dissolving the required weight in a liter of distilled water
and kept in a bottle made of polyethylene, after which a
series of diluted standard solutions was prepared at differ-
ent concentrations. Concentrations of chloride, alkalinity,
nitrate ion, and sulfate ion were estimated using UV-VIS
spectrophotometric analysis. Total count (TC) of bacteria
was determined on plate-count agar (PCA) media and the
colony counts expressed as total plate count units (TPC) per
milliliter.

3. Results and discussion

The descriptive statistics results of water quality param-
eters of the Euphrates River in Al-Anbar Governorate, Iraq,

Table 1

are listed in Table 1. A comparison of mean values of the
Euphrates water quality parameters with WHO guidelines
showed that the mean value of temperature, sulfate, total
dissolved salts, electrical conductivity, turbidity, copper,
zinc, and TBC all exceeded WHO guidelines, while the other
parameters were within permissible limits. The spatial varia-
tion of temperature, sulfate ion, total dissolved salts, electri-
cal conductivity, turbidity, copper, zinc, and TBC is shown
in Fig. 2. Temperature plays an important role in changing
water chemistry. Increases in temperature enhance the abil-
ity of water, particularly groundwater, to dissolve minerals
quickly from the surrounding rock, and will, therefore, have
a higher electrical conductivity. Water temperature can also
affect the growth of aquatic organisms and their biological
activity [19]. Temperature thus plays a major role in con-
trolling what is able to survive in surface water, temperature
thus plays a major role in controlling what is able to survive
in surface water [19].

Descriptive statistics of water quality parameters of Euphrates River and WHO guidelines

Parameter Mean Minimum Maximum Range Standard Coefficient WHO
deviation variation guidelines [20]
pH 7.675 7.475 7.825 0.350 0.133 1.734 6.5-8.5
Temperature (°C) 23.179 22.225 23.800 1.575 0.533 2.299 20
NO;! (mg/L) 3.564 2.9000 4.000 1.100 0.342 9.599 10
Ca" (mg/L) 106.629 94.150 113.175 19.025 7.244 6.794 200
Mg (mg/L) 43.232 39.000 50.000 11.000 4.439 10.269 50
TH (mg/L) 405.800 347.450 467.275 119.825 40.025 9.863 600
SO;* (mg/L) 299.964 255.000 365.750 110.750 34.187 11.396 200
CI* (mg/L) 169.364 128.375 201.550 73.175 25.199 14.878 200
TDS (mg/L) 574.714 494.5000 705.000 210.5000 65.688 11.429 500
EC (uS/cm) 1,105.821 938.000 1,394.250 456.250 143.986 13.020 750
ALK (mg/L) 158.783 141.600 182.650 41.050 14.439 9.093 200
TUR (NTU) 19.289 14.500 22.075 7.575 2.845 14.748 5
Cu' (mg/L) 0.038 0.027 0.050 0.023 0.007 19.346 >0.01
Zn* (mg/L) 0.038 0.027 0.050 0.023 0.008 22.664 >0.01
LogTBC (cell/mL) 6.607 5.980 7.104 1.1240 0.430 6.509 0
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Fig. 2. Tem, Tur, EC, SO,, Cu, Zn, and total count bacteriological analysis of Euphrates River.

The descriptive statistics results of water quality param-
eters of the Euphrates River in Al-Anbar Governorate,
Iraq is listed in Table 1. Comparison of mean values of the
Euphrates river water quality parameters with WHO guide-
lines showed that the mean value of temperature, sulfate,
total dissolved salts, electrical conductivity, turbidity, cop-
per, zinc, and TBC exceeded the WHO guidelines, while
the other parameters are within the permissible limits. The
spatial variation of temperature, sulfate ion, total dissolved
salts, electrical conductivity, turbidity, copper, zinc, and
TBC is shown in Fig. 2. Temperature plays an important
role in changing water chemistry. Increase in temperature
enhances the ability of water, particularly groundwater to
dissolve minerals quickly from the surrounding rock and
will therefore have a higher electrical conductivity. Water
temperature can also affect the growth and biological
activity [19]. The temperature has a major role in control
ling living things that can live in surface water.

In the current study, we observed spatial changes in
sulfate ion concentration (Fig. 2). The reason for this rise is
due to the chemical content of Iraq’s groundwater, which
is mainly determined by four positive ions — calcium, mag-
nesium, sodium, and potassium — and four negative ions —
bicarbonate, carbonate, chloride, and sulfate [21]. Copper
and zinc showed a slight increment in the study area (Fig. 2).
The reason for this rise is due to multiple human activities
such as agrarian overflow, urbanization, industrialization,
and drainage of untreated sewage into the river [22,23].
Increasing the accumulation of copper and zinc in the soil
and crops is a danger to human and animal life, so it is
necessary to consistently monitor the concentration of these
elements [24,25]. The total number of bacteria increased
with spatial and seasonal changes in the logarithm total
number of aerobic bacteria, with an average of 6.6 cell/mL
(Fig. 2). In these situations, it is more likely that water may
contain huge numbers of pathogenic bacteria due to the

wastewater that drains water directly into the river without
treatment. Higher temperatures and rains can ultimately lead
to increased levels of bacterial numbers in the river water as
well as increase the activity and proliferation of bacteria.
Floods also contribute to a high number of bacteria, organic
matter, plant residues, and bacteria present in the soil [26].

3.1. Water quality index

The WQI values of the Euphrates River in the study
area range from 42.24 to 52.88 with a mean value of 47.1,
and the water quality of the Euphrates is classified as mar-
ginal according to the classification of CCME. WQI water
standards are defined as 95-100 (excellent), 80-94 (good),
65-79 (fair), 45-64 (marginal), and 0-44 (poor) [27]. The
obtained result is consistent with the results of previous
studies [28,29]. The spatial variation of WQI in the study
area did not show a remarkable pattern (Fig. 3). The highest
and lowest values of WQI are in S4 and S7, respectively.
The 52, S3, and S5 locations are in Ramadi and Fallujah
city, the latter being the capital of Anbar Governorate and
the largest urban center. The WQI values in 52, S1, S5, and
S7 are interpreted in terms of increasing concentrations
of total dissolved salts, sulfate ion, electrical conductivity,
total dissolved salts, chloride ion, and sulfate ion. The WQI
value decreases in downstream sampling sites compared
with the upstream sites. The WQI values in 52, S3, S5, and
S7 are interpreted in terms of increasing concentrations of
total dissolved salts, electrical conductivity, and decreas-
ing concentrations of sulfate ion. The temporal variation of
WQI in the study area is shown in Fig. 3. The WQI cate-
gories range from poor (March, July, and October) to mar-
ginal (January). The poor water quality of Euphrates River
in Anbar governorate from Hit to Fallujah city (March, July,
and October) is attributed to an increase of alkalinity levels.
The deterioration of the Euphrates water quality in July is
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Fig. 3. Spatial variation and temporal variations of WQI of the Euphrates in Anbar Governorate.

due to the high levels of total dissolved salts, nitrate, chlo-
ride, and sulfate ion.

3.2. Correlation matrix analysis

The results of the correlation matrix analysis are shown
in Table 2. Generally, a correlation coefficient >0.7 reflects
a strong correlation between two variables, whereas coeffi-
cient values between 0.50 and 0.70 are interpreted as a mod-
erate correlation [30]. Turbidity showed a strong positive
correlation with temperature (R = 0.82) and with nitrate ion
(R = 0.8). The correlation coefficient between WQI and tur-
bidity (r = -0.82) showed a significant positive relationship
(P < 0.05). The correlation coefficient between total hard-
ness with total dissolved salts, sulfates ion, and chloride ion
showed a significant positive relationship (P < 0.05). TBC
showed a significant positive relationship (P < 0.05) with
alkalinity and zinc ion.

Water temperature affects most of the chemical
reactions that occur in water and also affects dissolved-gas
concentrations in the water such as oxygen, carbon diox-
ide, nitrogen, and ammonium. When the water tempera-
ture is high, the dissolved-oxygen concentration is often
lower [30]. This heat then travels from the debris to the
surrounding water molecules, causing a change in the
temperature of the surrounding water [30-32]. The rela-
tionship between the turbidity and the temperature can-
not be explained accurately because of climatic changing
conditions; however, the association is strong around
midday, the time of maximum incoming solar radiation
(“load reaches the earth’s surface”). The linear relationship
between turbidity and water temperature leads to more
turbidity and the water having a higher near-surface tem-
perature [33]. The geological structure which the water is
in contact with affects water hardness and is considered
the main reason for this [34]. The electrical conductivity
and sulfate ion increase due to soil washing in the river
domain. The important indicator for a group of eutrophi-
cation due to phytoplankton is a group of organisms that
is sensitive to nutrient variation [35].

4. Conclusion

From the obtained results, the following conclusions are
drawn:

e The Euphrates River water in the study area and during
the monitoring period is polluted with bacteria and is
unsuitable for use without treatment.

e Many of the Euphrates river water quality param-
eters in the study area and during the monitoring
period exceeded WHO guidelines and although the
other parameters were within permissible standards,
the water is unsuitable for drinking purposes without
treatment.

e The WQI value of the Euphrates River in the study area
and during the monitoring period is classified as mar-
ginal. The consistency of this result with that of the pre-
vious studies reflects the continuity of the river retaining
its deteriorating marginal quality.

e There are no significant temporal and spatial varia-
tions in WQI of the Euphrates River. This suggests the
stability of the sources of pollution qualitatively and
quantitatively.
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