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Aims The physical and chemical properties of water are important in determining the 
suitability of water for various uses on the one hand and knowing the level of environmental 
pollution of this water on the other hand, as these variables significantly impact the 
biodiversity in that water body. This study aimed to reveal the level of pollution occurring in 
the waters of the Euphrates River through these characteristics and to identify the sources 
of this pollution.
Instrument & Methods From April 2022 to March 2023, the water quality of the Euphrates 
River was examined between Ramadi and Al-Qaim cities. The temperature, total suspended 
solids, electrical conductivity, pH, total dissolved salts, salinity, calcium, sodium, chloride, 
bicarbonate, and sulfate levels were measured through specialized devices or through 
mathematical equations approved in the concerned scientific references. The correlation 
coefficient between the involved parameters was examined regarding location and time.
Findings Most of the measurements were within the allowable range, but some values 
exceeded the limits of WHO regulations, such as electrical conductivity and total dissolved 
salts values in Ramadi city which reached 1245.53±117.47µS/cm and 793.17±46.41mg/l, 
respectively.
Conclusion River pollution levels varied from one region to another within the study area, 
as river water is generally suitable for irrigation but not drinking without pretreatment 
processes.
Keywords Pollution; Physiochemical Characteristics; Euphrates; Discharges
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Introduction 
Rivers are still the main source of human water; 
rivers receive and mitigate pollutants from various 
human activities [1] because most water uses are non-
use consumption, and a large proportion of the water 
may return to the water source [2]. Such pollutants 
cause the form of heavy water laden with several 
pollutants, the proportion of which increases with 
the elevation of population, urban and industrial 
development, and the increase of agricultural 
activities [2, 3]. The degree of electrical conductivity, 
total dissolved substances, salinity, and hardness 
may vary according to the dose of such contamination 
in the river, causing crucial changes in the ecological 
ecosystem balance in these waters [4, 5]. Several 
studies refer to the role of these limnological 
variables and their impact on the water body. In a 
study on the Euphrates River in the province of Babil, 
it was found that the concentrations of chloride ions 
and calcium sulfate, as well as hardness and turbidity, 
increased as they exceeded the permissible limits for 
drinking water. In contrast, the elements of lead, 
cadmium, nickel, copper and zinc did not exceed the 
internationally permissible values [6]. Another study 
showed pollution of the river with cadmium. In the 
Euphrates basin from Heet City to Ramadi City, high 
turbidity, electrical conductivity, and calcium, 
sodium, and chlorine concentrations were observed. 
Still, it did not exceed the standard limits [7]. Also, the 
influence of Wadi Hajlan Springs resulted in huge 
changes in water properties via the pollutants added 
to these ecosystems [8]. A recent study of the quality 
of Euphrates River water within the city of Ramadi 
and Lake of Habbaniyah found that the electrical 
conductivity values and the concentration of 
chloride, sodium, and sulfate ions increased 
compared with the concentrations of calcium, 
magnesium, and potassium, while the concentration 
of phosphate, ammonium and nitrate ions in the river 
water was within the standard limits. However, the 
influents discharged directly into the river from 
human activities are the reason behind such raised 
concentrations [9-11].  
Hassan et al. evaluated the environmental 

monitoring program for natural rivers about the 
condition of the Euphrates River. They found that it 
was within the permissible limits in the northern part 
of the river. At the same time, a rise in the values 
(TDS, TSS, EC) appeared above the permissible limits 
in the southern part of the river to Qurna, and the 
results of the chemical analysis of the river water 
showed that it was within the Iraqi and international 
standard specifications in the northern part. In 
contrast, the southern part of the river was higher 
than the Iraqi and international specifications, beside 
the quality of the river water in the northern part was 
sulfur [12]. The same conditions were found in another 
similar study about phytoplankton's spatial and 
temporal distribution affected by related physical 
and chemical variables in the Al-Abasia side river 
branched from Euphrates [13]. 
Scientific studies indicate that any water body's 
physical and chemical characteristics are closely 
related to the life of various organisms that depend 
on this type of water [14, 15]. Nevertheless, studying 
these characteristics gives an idea of choosing the 
appropriate method for treating this water preparing 
it for drinking, and determining its suitability for 
human uses in various fields such as industry and 
agriculture [16]. These characteristics have a major 
role in the biodiversity of water bodies, as they 
contribute to the abundance of certain organisms and 
the disappearance of other organisms that may have 
an important role in the fixation of dissolved oxygen 
necessary for the oxidation of organic matter by 
microorganisms, and thus influence the values of the 
biological requirement for oxygen, which is an 
important criterion in detecting the degree of 
pollution of this river [17-19]. 
 
Instrument and Methods 
All work methods were carried out according to 
APHA [20] and Abbawi & Hassan [21] in all seasons from 
April 2022 to March 2023. 
Study area 
The study area is located within the borders of Anbar 
Province, including Ramadi, Al-Qaim, Anah, Haditha, 
and Heet cities. 
 

 
Figure 1. The study sites on the Euphrates River  
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Yet, these cities were chosen precisely because they 
are located on both sides of the Euphrates River, 
which has a high population density and has an 
important impact on the river's physical and 
chemical characteristics due to the large number of 
different human activities in these cities on the one 
hand, and the lack of recent studies on them on the 
other hand [22].  
Water samples in three replicates were taken from 
the river through each city. The first sample is before 
the river enters the city, the second is during the 
river's entry into the city, and the third is after the 
river passes the city. The sample represents each 
section of the river within the city, randomly located 
between the city of Ramadi and the city of Al-Qaim 
(Figure 1). 
Physical and chemical properties 
The water temperature was measured in situ using a 
mercury thermometer. Also, the electrical 
conductivity was measured by an electrical 
conductivity meter (HANNA-110) after calibration 
with standard solutions, and the results were 
reported as µs/cm. The salinity was calculated from 
the electrical conductivity values using the following 
equation [23]. 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (
𝑚𝑚𝑚𝑚
𝐿𝐿

) =  
𝐸𝐸.𝐶𝐶. �𝜇𝜇𝜇𝜇𝑐𝑐𝑐𝑐� − 14.78

1589.08
 

 
The pH values and total dissolved solids were 
measured directly in the field using a pH meter 
(HANNA-112G multimeter device) after calibration 
with standard solutions; the results were expressed 
in (mg/l). As for the total suspended solids were 
measured in the laboratory by filtering 100ml of the 
sample through a filter paper of 0.45µ after being 
weighed accurately (B). This paper was dried using 
an oven at 103-105°C for 24 hours, after that it was 
weighed (A), and the results were expressed in mg/l. 
 
TSS (mg/L) = (A-B) × 100/Volume of sample (ml) 
Where: 
A: Weight of the paper and dissolved solids in grams. 
B: weight of the paper in grams. 
 
As for the sulfate examination, the method of burning 
the sediment by weight was followed, where sulfate 
precipitates at the boiling point and in the presence 
of hydrochloric acid in the form of barium sulfate by 
adding barium chloride.  
To find the sulfate concentration, the precipitate was 
filtered and burned; then its weight was accurately 
determined using the following equation: 
 

𝑆𝑆𝑆𝑆4 (
𝑚𝑚𝑚𝑚
𝐿𝐿

) =
(𝑊𝑊2 −𝑊𝑊1 ) × 411.5 × 1000

𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
 

Where: 
W2= Weight of the slurry with the sediment 
W1= Empty weight of the slurry 

Whilst for estimating the chloride ion concentration, 
the leaching method was used with silver nitrate, and 
the results were expressed in mg/liter units. 
 
Clˉmg/L = (A-B) × N × 35450/ml of sample 
Where: 
A: Standard volume of silver nitrate used to purge the 
sample (ml) 
B: Standard volume of silver nitrate used for 
dissolving in distilled water (ml) 
N: Standard silver nitrate solution. 
 
As for the determination of bicarbonate, the 
phenolphthalein method was followed, where 100ml 
of the sample was flushed with sodium hydroxide 
solution (0.02N), and the results were expressed in 
mg/l units. 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 =
𝐴𝐴 × 𝑁𝑁 × 50 × 1000
𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 

Where: 
A: The volume of sodium hydroxide used for 
emollients  
N: NaOH nM (0.02N) 
 
As for the determination of the calcium ion 
concentration, it is done by EDTA titration method, as 
follows: 
 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶3 (
𝑚𝑚𝑚𝑚
𝑙𝑙

) = 𝐴𝐴 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 × 𝐵𝐵 × 400.8𝑚𝑚𝑚𝑚 
Where: 
A: volume of Na2EDTA used for calibration 
B: mg CaCO3 equivalent to ml of EDTA solution 
 
Additionally, the estimation of sodium concentration 
is done using a Flam spectrophotometer (GS 900). 
Statistical Analysis 
Analysis of variance (ANOVA) and the LSD tests were 
used to compare significant differences at the level of 
0.05, as well as the Pearson correlation coefficient in 
SPSS 25 software. 
 
Findings 
The average water temperature of the Euphrates 
River was 19.33±3.21°C at Al-Ramadi station and 
19.19±3.69°C at Al-Qaim station. The highest 
conductivity mean was in Al-Ramadi, known for its 
high salinity (775.78mg/l). The total hardness did 
not exceed the mean of total suspended solids in the 
study areas and was 16.69mg/l in the Haditha 
station, while the ratio increased to 32.31mg/l in 
Anah. SO4 reached 372.58mg/l in the Heet, while it 
reached 304.83mg/l in Al-Qaim. The highest mean of 
Cl was in the Ramadi (132.78mg/l), and the lowest 
was 112.56mg/l in the Al-Qaim. The highest mean of 
Sodium was in Heet (111.69mg/l), and the lowest 
was 94.5mg/l in Al Qaim (Table 1). 
The pH results showed statistically significant 
differences between months (p<0.05). The chloride 
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ion's highest mean was in July (140.2mg/l), and the 
lowest appeared in January (112mg/l; p<0.05). For 
Sodium, the highest mean was in October 
(126.5mg/l), and the lowest was in January 
(71.6mg/l; p<0.05). Ca highest mean was in October 
(125.6mg/l), and its lowest was 95.27mg/l in January 
(p<0.05). HCO3's highest mean was in May (33mg/l), 

and the lowest was in February (11.6mg/l). The 
highest mean temperature was recorded in July 
(26.26°C), and the lowest was in January (13.2°C; 
Table 2).  
The Pearson correlation coefficient was performed 
between the physical and chemical properties (Table 
3). 

 
Table 1. Mean values of physical and chemical properties for the studied sites  
Properties Al-Qaim  Anah  Hditha  Heet  Al -Ramadi Total 
Physical properties 
EC (µs/cm) 919.36±101.17 1021.61±146.63 1137.56±152.26 1178.39±86.99 1245.53±117.47 1100.49±168.80 
Temperature (°C) 19.19±3.69 19.42±5.09 19.36±4.43 19.19±4.05 19.33±3.21 19.30±4.10 
TSS (mg/l) 20.08±5.53 32.31±15.06 16.69±7.12 20.94±9.23 27.56±12.70 23.52±11.84 
TDS (mg/l) 635.89±49.92 684.42±69.26 735.36±64.88 766.97±61.88 793.17±46.41 723.16±81.57 
Salinity (mg/l) 568.75±63.75 633.03±92.20 706.11±95.74 731.69±54.80 775.78±76.00 683.07±106.81 
Chemical properties 
pH 7.68±0.33 7.82±0.34 7.79±0.39 7.63±0.44 7.94±0.35 7.77±0.38 
SO4 (mg/l) 304.83±44.35 330.14±33.63 347.89±40.18 372.58±35.51 369.75±33.69 345.04±45.13 
Cl (mg/l) 112.56±12.24 123.39±12.89 122.94±11.07 131.50±10.43 132.78±15.88 124.63±14.47 
Na (mg/l) 94.56±20.13 99.81±13.86 101.61±19.22 111.69±18.10 104.67±19.61 102.47±18.99 
Ca (mg/l) 94.42±9.32 101.33±8.64 109.92±13.17 116.17±13.67 122.33±12.74 108.83±15.32 
HCO3 (mg/l) 19.19±7.34 17.53±6.47 20.50±9.51 19.47±7.44 21.11±6.90 19.56±7.62 

 
Table 2. Mean of the chemical and physical properties of the Euphrates River according to months 
Parameter April May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. March 
pH 7.77± 

0.37 
7.95± 
0.18 

8.25± 
0.21 

7.79± 
0.47 

7.56± 
0.32 

7.65± 
0.20 

7.58± 
0.28 

7.37± 
0.25 

7.69± 
0.18 

8.12± 
0.47 

7.70± 
0.34 

7.83± 
0.32 

SO4 (mg/l) 341.00± 
22.34 

394.60± 
26.71 

362.13± 
23.01 

319.47± 
62.75 

330.60± 
56.50 

345.40± 
29.13 

384.67± 
30.12 

363.00± 
52.26 

355.33± 
23.92 

307.27± 
23.07 

290.60± 
19.64 

346.40± 
21.38 

Cl (mg/l) 132.53± 
10.25 

121.87± 
4.26 

120.73± 
4.25 

140.20± 
19.01 

131.33± 
20.98 

115.00± 
10.37 

121.4± 
9.19 

123.00± 
14.10 

125.73± 
11.05 

112.00± 
11.69 

116.40± 
10.72 

135.33± 
9.49 

Na (mg/l) 104.53± 
16.33 

117.93± 
9.03 

107.27± 
7.83 

93.53± 
16.89 

98.13± 
6.78 

105.53± 
11.38 

126.53± 
10.93 

108.53± 
18.88 

111.07± 
5.38 

71.60± 
6.91 

76.40± 
4.01 

108.53± 
15.55 

Ca (mg/l) 105.53± 
10.44 

124.60± 
17.76 

107.47± 
15.76 

111.07± 
14.61 

96.13± 
10.93 

109.87± 
15.24 

125.60± 
14.90 

113.27± 
10.32 

105.73± 
10.35 

95.27± 
8.43 

101.20± 
9.47 

110.27± 
10.58 

HCO3 (mg/l) 16.00± 
5.18 

33.00± 
1.93 

30.87± 
2.07 

17.80± 
3.21 

19.00± 
8.17 

19.13± 
6.79 

21.13± 
6.65 

17.20± 
2.37 

13.00± 
2.67 

17.40± 
4.73 

11.60± 
2.38 

18.60± 
4.78 

Temp. (°C) 21.53± 
1.41 

21.27± 
1.67 

22.07± 
0.88 

26.67± 
1.91 

22.93± 
2.69 

20.27± 
0.80 

19.27± 
1.49 

14.00± 
1.36 

16.60± 
0.99 

13.20± 
2.18 

16.00± 
2.07 

17.80± 
0.86 

TSS (mg/l) 21.13± 
11.10 

21.40± 
2.95 

17.47± 
3.74 

33.87± 
12.09 

25.87± 
11.47 

20.53± 
17.04 

26.87± 
16.35 

25.00± 
5.66 

24.00± 
8.92 

24.27± 
14.59 

18.60± 
12.04 

23.20± 
11.02 

TDS (mg/l) 670.07± 
50.47 

708.93± 
57.35 

696.73± 
50.18 

766.87± 
124.67 

657.00± 
80.57 

698.73± 
94.55 

743.20± 
82.23 

769.47± 
62.08 

804.07± 
48.63 

740.60± 
45.36 

746.00± 
60.33 

676.27± 
52.14 

Salinity (mg/l) 646.00± 
60.98 

716.27± 
128.90 

648.33± 
130.01 

626.73± 
90.15 

614.47± 
82.69 

632.20± 
133.05 

718.53± 
150.18 

764.53± 
89.61 

747.67± 
66.08 

727.73± 
43.77 

693.87± 
66.42 

660.53± 
61.49 

EC (µs/cm) 1042.20± 
96.93 

1153.67± 
204.88 

1045.80± 
206.53 

1011.40± 
143.16 

992.07± 
131.54 

1020.2± 
211.56 

1157.00± 
53.00 

1230.47± 
142.33 

1197.00± 
91.81 

1172.00± 
69.54 

1118.33± 
105.60 

1065.20± 
97.89 

 
Table 3. Correlation coefficient of the physical and chemical properties of the Euphrates River 
Parameter 11 10 9 8 7 6 5 4 3 2 1 
1-pH -0.159* -0.135 0.082 -0.159* 0.121 0.238** -0.094 -0.221** -0.168* -0.128 1 
2-SO4 0.598** 0.543** -0.165* 0.598** 0.047 0.445** 0.792** 0.815** 0.517** 1  
3-Cl 0.371** 0.487** 0.077 0.370** 0.244** 0.071 0.464** 0.445** 1   
4-Na 0.304** 0.245** -0.161* 0.303** 0.178* 0.335** 0.630** 1    
5-Ca 0.696** 0.619** -0.096 0.697** 0.090 0.319** 1     
6-HCO3 0.136 0.002 -0.085 0.138 0.298** 1      
7-Temp. -0.332** -0.209** 0.176* -0.332** 1       
8-EC 0.999** 0.831** -0.100 1        
9-TSS -0.096 -0.023 1         
10-TDS 0.832** 1          
11-Saintly 1           
*significant at p<0.05; **significant at p<0.001 

 
Discussion 
 

The variation in water temperature is related to 
many environmental factors such as water flow, 
water depth, bottom material, internal water 
temperature, exposure to direct sunlight, the degree 
of deformation, and, most importantly, the air 
temperature [2]—local variation in water 

temperature due to the difference in measurement 
time. Similar conclusions were reported by other 
authors [24, 25].  
 

Water temperature affects the solubility of gases and 
salts in water and thus plays a key role in determining 
many physical and chemical properties. Living 
organisms differ in how much they tolerate heat; 
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some can withstand a wide range of temperatures, 
while others live in a narrow range. Water bodies are 
divided into layers according to the temperature in 
the water column, known as thermal stratification. 
This feature appears clearly in ocean waters, seas, 
and lakes, to a lesser extent, in running water due to 
mixing processes during the movement of rivers and 
streams towards their mouths [18, 26]. 
Conductivity refers to the dissolved salts in the water 
due to the correlation between TDS and EC; the 
results are consistent with similar studies [27]. From 
the aforementioned, we find a difference between our 
results and those contained in previous studies. This 
is due to the difference in the modeling period, which 
was limited in previous studies to one or two times 
and did not take into account sampling during a 
water year, which may reflect a change in the 
discharge of river water and the amount of dissolved 
salts [28, 29]. When comparing the electrical 
conductivity values in our current study with the 
national and international standards for water 
quality suitable for the aquatic environment, we find 
that they have exceeded the permissible limits 
(400µs/cm) [30, 31]. As for the results of the suspended 
solids TSS, it is consistent with what was reached by 
[6, 24], where they noticed that there is a clear decrease 
in the city of Heet compared to the rest of the study 
areas, while the results of the current study did not 
agree with a number of researchers who confirmed 
the presence of high concentrations during the 
winter and high concentrations of Low during the 
summer season. This is probably related to low water 
concentration, high evapotranspiration during 
autumn and summer, and the shallow neck. In 
contrast, the precipitation rate and mitigation factor 
in winter and late autumn cause a decrease in TSS 
and TDS [13, 32]. As for the dissolved solids TDS, when 
comparing their concentrations with the national and 
international standards, we find that they did not 
exceed the permissible limits (1500ml/L). Also, it 
was found that the TDS values did not exceed the 
permissible limits for the city of Ramadi. They 
indicated that total dissolved salts and electrical 
conductivity values did not exceed the permissible 
limits. Still, the TDS value increased in both periods 
[7] due to the spring eyes. Still, Ali & Al-Shandah [8] 
found that the amount of TDS did not exceed the 
permissible limits in the northern part of the river. 
Still, it is higher in the southern part of the river, 
where the highest value was recorded in the city of 
Ramadi, and the lowest value in the city of Al-Qaim, 
and the reason for that is attributed to the lack of a 
source of sewage. Similar results have been reported 
by other studies [25, 26].  
The current study showed that the recorded pH 
values were within their narrow range and tended to 
be slightly alkaline, as is common in Iraqi inland 
waters. This is due to the buffering capacity of Iraqi 
natural waters due to the high content of calcium 
bicarbonate [15]. However, the pH ranges in most 

natural waters between 4-9, and dissolved gases such 
as carbon dioxide, hydrogen sulfide, and ammonia 
significantly lower the pH values [10]. The results of 
the current study agreed with previous studies on the 
light alkalinity of the inland surface waters in Iraq 
due to the abundance of bicarbonate and carbonate 
ions [17, 32]. No significant differences were observed 
in the pH values of the study stations, as these values 
ranged within a narrow range due to the high 
regulating ability of the basal water rich in 
bicarbonates. The high values of pH during the 
autumn season are due to the high density of 
phytoplankton during this season and, thus, the 
increase in the effectiveness of photosynthesis that 
leads to the consumption of carbon dioxide and an 
increase in the pH [12].  
The values of sulfate ion concentrations rise in the 
Heet region. This rise is attributed to the effect of the 
sulfur springs in Heet. The results of the current 
study were close to the results reached by [33]. Still, 
another study found that the concentration of sulfate 
ions exceeded the permissible limit, as well as a 
significant increase in the concentration of the sulfate 
ion in Heat, as recorded by [7] an increase in the 
concentration of the sulfate ion, where the highest 
concentration was recorded in the Baghdadi region, 
and attributed the reason to the storage period in 
Haditha Lake, the sulfur springs that feed the river, 
the high temperatures in summer, and the increase in 
evaporation increases the concentration of the 
sulfate ion [17]. The sulfate ion is present in industrial 
water, such as the battery industry, the sulfuric acid 
industry, food industries, and oil refining operations. 
Still, it is not found on the banks of the Euphrates 
River. A study [23] indicated that the sulfate ion 
concentration was high in the northern part of the 
Euphrates River and higher in the southern part. It 
attributed the reason for the difference to several 
factors, the most important of which is the geological 
factor [22].  
The World Health Organization has not set a standard 
for the permissible concentration of chloride ions, 
nor has the US Environmental Protection Agency. 
When comparing the chloride ion concentration of 
the Euphrates River water within the study area and 
during the study period, we find it within the 
permissible limits according to Canadian standards 
(251ml/L). The highest concentration of chloride 
ions was in July. The reason is attributed to the 
increase in the concentration of chloride ions with 
the rise in temperature due to the process of water 
evaporation, which is consistent with the findings of 
[34]. Yet, it was found that the chloride ion values in 
the Euphrates River are within the permissible limits, 
but they are much higher than the waters of the 
world's rivers. However, it was the highest value in 
the city of Ramadi and Heet, which are agricultural 
areas. The sewage water, agricultural land irrigation 
water, and industrial wastewater are sources of 
increasing the percentage of chloride ions in the river 
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water. At the same time, it was of less value in the city 
of Al-Qaim, as the river has the ability to self-purify 
[7].  
The average sodium ion concentration did not exceed 
the permissible limits according to the standards of 
the World Health Organization (200ml/L). When 
comparing the sodium concentration in the current 
study with the results of previous studies, we notice 
that there is no difference with the findings of Ali & 
Al-Shandah [8], indicated that the sodium 
concentration of the Euphrates River water was 
(185ml/L) within the areas of Ramadi and Fallujah, 
while the study concluded that the average sodium 
ion concentration of the Euphrates River water 
within the study area located between Al-Qaim and 
Qurna was (113.5ml/L) [35, 36]. The study by 
Abdulrahman et al. found that the average sodium ion 
concentration of the Euphrates River water within 
the Heet region reached (93ml/L), meaning it did not 
exceed the permissible limits. It was found that the 
sodium ion concentration of the Euphrates River 
water from Al-Qaim to Al-Baghdadi ranged between 
(50.5-52ml/L) [7]. The obvious reason for the 
difference in results between the current study and 
other studies is that previous studies did not take a 
water year when conducting the study, in addition to 
the river level was low throughout the study period 
compared to previous studies. Studies by the World 
Health Organization consider sewage and industrial 
water an additional source of sodium in healthy 
water. Therefore, we see that the source of sodium 
ions in the river water within the study area is a 
natural source, which is the dissolution of minerals 
containing sodium in their composition, such as 
plagioclase [22].  
High concentrations of the bicarbonate ion were 
recorded, and this may be due to a decrease in the 
water level in the river and the discharge rate, which 
increases evaporation rates and thus increases the 
amount of salts, and this is consistent with what was 
reached by [37]. In contrast, the agricultural activity 
during the Sihud period affected the concentration of 
bicarbonate ion in the Sihud period, while the study 
showed a fluctuation in the concentration of 
bicarbonate, as the lowest value was recorded in 
Anah City. The highest value in Haditha city. found 
that the high bicarbonate in Heet is due to the effect 
of the springs of Heet in the region. Likewise, the 
results of a similar study are identical to what we 
have reached in the current study, as the 
concentration of the bicarbonate ion did not exceed 
the permissible limits [6, 7, 37]. 

 
Conclusion 
The water of the Euphrates River is exposed to 
pollution due to various wastes that are constantly 
dumped on the banks and course of the Euphrates 
River within the study area, especially the cities of 
Ramadi and Heet, as they are the largest and most 

densely populated cities. The water quality of the 
Euphrates River is considered to be of simple 
alkalinity based on the pH values. 
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