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River water is the most important water resource used for public life purposes, the most 

important of which is drinking water. The Tigris River is an important water source for 

millions of people in Iraq. This study examines changes in a number of physico-chemical 

parameters at four chosen monitoring sites in order to evaluate the effect of the Samarra 

barrage lake on the Tigris River's water quality. These stations consist of one upstream 

of the lake, one inside the reservoir, and two downstream, one on the Tigris River's main 

course and the other on the Al-Ishaqi project's main canal. Water samples were collected 

and analyzed during three seasons: autumn (September 2024), winter (January 2025), and 

spring (May 2025). Fourteen water quality parameters were measured: Dissolved oxygen 

(DO), pH, turbidity, biological oxygen demand (BOD5), total dissolved solids (TDS), 

total suspended solids (TSS), sulfates (SO4
-2), phosphates (PO4

-3), nitrates (NO-3), 

chlorides (Cl-), calcium (Ca+2), magnesium (Mg+2), sodium (Na+), and potassium (K+). 

The Canadian water quality index (CCME WQI) was used to evaluate the overall water 

quality. Dissolved oxygen (DO) values ranged between 4.94 and 6.30 mg/L, with values 

at ST1 dropping below the WHO permissible limit during the autumn season. pH values 

ranged between 7.44 and 8.90 and exceeded the upper permissible limit in some autumn 

and winter samples. Turbidity ranged between 15 and 38 NTU, significantly higher than 

the permissible limit for drinking water at all stations. Biological oxygen demand (BOD5) 

values ranged between 2.0 and 15.6 mg/L, exceeding the permissible limit in several 

samples, indicating organic contamination. The results showed that DO, pH, BOD5, and 

Turbidity levels at some stations were outside the authorized drinking water standards, 

but the concentrations of the remaining parameters were within the permitted ranges. In 

addition, the results indicated that water quality ranged between good and fair, with index 

values between 76.16 and 83.06 across all stations and seasons. The results also showed 

that most stations were classified as good during the three seasons, with some values of 

water quality index falling into the “acceptable” category, such as station ST3 in winter, 

76.16. The findings revealed minimal seasonal or spatial variation, indicating a relatively 

stable water quality status and suggesting that the reservoir does not significantly alter 

the chemical or physical characteristics of the river water. According to the study's 

findings, the Samarra barrage lake has little effect on the Tigris River's overall water 

quality, which stays within levels that are suitable for the environment. 
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1. INTRODUCTION

All living things, including humans, require water as a basic 

natural resource in order to survive and carry out their daily 

tasks. However, with the rise in the global population and the 

increasing demand for clean water for residential and 

commercial use, this precious resource is facing an increasing 

risk of extinction. Domestic use, energy generation, industrial 

production, and mining can degrade water quality and 

quantity, affecting not only the aquatic ecosystem but also the 

supply of safe drinking water [1]. 

The construction and operation of dams is one of the most 

important methods for managing water resources in arid and 

semi-arid regions. Dam reservoirs are used for drinking water, 

fish farming, flood control, agriculture, and power generation 

[2]. During their operation, dam water can be contaminated by 

human activities, such as fertilizers and pesticides, the ingress 

of wastewater from livestock and mining factories, and the 

ingress of wastewater from urban and rural areas [3]. These 

pollutants and nutrients entering water supplies can lead to 

adverse health effects, as well as increased risk of 

bioaccumulation and biodiversity loss [4].  

Surely, growing economic activity and population 

development are increasing the demand for water for a variety 

of uses. Several factors, including the construction of dams on 

the Tigris and Euphrates rivers in riparian countries, changes 

in global climate, a sharp decline in annual rainfall rates 

locally, and poor planning for water use within Iraq, have 

contributed to the significant pressure on Iraq's water 

resources, especially in the past twenty years [5, 6]. Therefore, 
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effective water resource management is required, and 

assessing the quantity and quality of water resources is an 

essential part of effective water management [7].  

It is important to determine water quality before it is used 

for various purposes, including drinking, agriculture, and 

industrial use [8]. Analyzing a single water quality parameter 

in relation to its standard value can be time-consuming and 

difficult for non-experts to understand due to the vast amount 

of data involved. Therefore, new water classification systems 

have been developed and implemented that collect, integrate, 

and analyze multi-sectoral data on water resources into a 

single value. This is essential given the importance of effective 

and sustainable water resource management. Among these 

indicators, water quality indices have been developed as 

straightforward tools targeting managers, engineers, and 

decision-makers concerned with water quality and its potential 

applications [9]. As a result, classifying water according to 

specific uses has become more important now than ever.  

One of the greatest resources for educating decision-makers 

and concerned citizens about water quality is the water quality 

index (WQI). It is therefore a key measure for surface water 

management and assessment. One of the greatest tools for 

monitoring surface and groundwater contamination is the 

WQI, which may also be used successfully to carry out 

programs aimed at improving the quality of water. This index 

aims to simplify complex data related to water quality so that 

people can understand and use it [10]. Additionally, the WQI 

can be used to combine water quality parameter data from 

multiple locations and time periods, and then convert these 

data into a single value that identifies the time period and 

spatial unit in question [11]. 

Several studies have been conducted to evaluate the water 

quality of the Tigris River in different locations and at 

different times along its length in Iraq, using various water 

quality indicators. These studies have found that the water 

quality of the Tigris River is poor in populated areas. This 

deterioration is primarily attributed to urban pollution sources, 

including sewage, industrial discharges, medical waste, 

vehicle emissions, and inadequate water treatment. The studies 

emphasized the need to reduce pollution sources, modernize 

treatment systems, improve water resource management in the 

Tigris River, repair infrastructure, and implement a national 

water protection strategy [12-16].  

Using geographic information systems (GIS) and the 

weighted arithmetic water quality index (WA-WQI), the 

drinking water quality of the Abbasiya River, a tributary of the 

Euphrates River in central Iraq, was evaluated. Water samples 

were taken from eight locations during the dry (2022) and wet 

(2023) seasons. The water quality index results for this river 

were generally classified as "poor," with deteriorating quality 

during the dry season. The causes of pollution included 

sewage discharge, agricultural runoff, and fertilizer use. The 

study concluded that the river water is unfit for direct drinking 

and requires treatment [17]. 

Other studies have been conducted to assess the water 

quality of dam lake water in Iraq and several other countries 

using water quality indices. In Iraq, the water quality of Lake 

Dukan (Kurdistan, Iraq) was assessed using a water quality 

index. The results showed deterioration of the dam lake water 

in 2009 due to human activities. The study recommends 

continuous monitoring and environmental management [18]. 

The water quality of Duhok Dam was also studied from 1999 

to 2009 using the water quality index (WQI). The results 

showed that the water was polluted and unfit for drinking due 

to human activities [19]. In another study conducted in 2013, 

the water quality of Duhok Dam Lake was studied using the 

irrigation water quality index (IWQI), and the water was rated 

as excellent for irrigation purposes at all sites [20]. Another 

study evaluated the water quality of the Duhok Valley, one of 

the water sources entering the Mosul Dam Lake, using the 

water quality index (WQI). The results showed that water 

quality ranged from poor to moderate due to high sewage 

contamination and low dissolved oxygen in some areas [21]. 

In some countries, a study evaluated the water quality of the 

La Vega Dam in Mexico in 2014 using the WQI. It found 

seasonal contamination from agricultural runoff, domestic 

wastewater, and industry [22]. In northeastern Poland, the 

water quality of four dams was found to be generally suitable 

for irrigation and limited recreational use [23]. The water 

quality of the Simli Dam in Islamabad, Pakistan, was also 

evaluated using the WQI [24]. Using the U-WQI, the findings 

demonstrated that the water quality of Iran's Ilam Dam was 

poor between 2016 and 2020 [25]. The study evaluated the 

water quality of the Aksu River in Turkey between 2011 and 

2012 using the water quality index (WQI). The results showed 

good water quality near the Karaca Evren-1 Dam, but poor 

quality in other areas due to pollution. Chemical demand 

(COD) and magnesium had the greatest impact [26]. 

The Tigris River water is one of the most important surface 

water resources for millions of people, whether for drinking or 

other purposes. Because the Samarra Barrage Lake collects 

water and is subject to various weather conditions, such as 

high temperatures that cause evaporation and raise the 

concentration of certain elements, or human activities that 

pollute its drinking water, the current study attempts to 

examine the impact of the lake on the quality of the Tigris 

River water. 

The Canadian water quality index (CCME WQI) was used 

for three seasons: Autumn, Winter, and Spring, between 

September 2024 and May 2025. 

 

 

2. DESCRIPTION OF THE STUDY AREA 

 
Samarra city is one of the main districts of the Salah al-Din 

Governorate, Iraq. It is situated on the main road that connects 

Baghdad and Mosul cities, 120 kilometers north of the capital 

Baghdad city, and 270 kilometers away from Mosul 

Governorate. Samarra city is situated between latitudes 

34°11'52.00"N and longitudes 43°53'30.84"E, as calculated by 

latitude and longitude [27]. The study area extends on the 

Tigris River from the Makishifa city, north of Samarra, to the 

Samarra barrage lake, reaching the Raqqa area, south of 

Samarra, as shown in Figure 1. For testing, four stations were 

selected in the study area along the Tigris River, and samples 

were taken for three seasons (autumn, winter, and spring). 

Sample collection and laboratory tests were conducted over 

three seasons: Autumn (September 2024), Winter (January 

2025), and Spring (May 2025).  

Station 1 is located before the Samarra barrage lake at 

Makishifa district, Stations 3 and 4 are located after the 

Samarra barrage on the Tigris River at Raqqa area and the 

main canal of the Ishaqi irrigation project, respectively. 

Station 2 is located within Samarra Lake; this station includes 

ten points distributed to cover all areas of the lake, as shown 

in Figure 2. It is important to note that there are rural and 

residential regions along the Tigris River on both sides of the 

study area, where people live and engage in a variety of 
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activities that may influence the quality of its water. 

The Samarra barrage is located on the Tigris River near the 

city of Samarra in Iraq. It was built in 1951 and completed in 

1956 with a length of 1200 m. Samarra Barrage is a major 

hydraulic structure on the Tigris River, with a maximum 

design discharge of 7,000 m³/s and hydroelectric gates 

discharging 980 m³/s (three turbines × 326 m³/s). It is 

connected to the Tharthar Regulator, which currently 

discharges between 8,500 to 9,000 m³/s, with plans to expand 

its capacity to 13,500 m³/s during major floods. The barrage 

lake has an area of 40 to 50 square kilometers at full supply 

and is primarily used for flow regulation rather than long-term 

storage. This barrage is connected to the Tharthar canal to the 

west via a diversion channel. The construction aims of this 

project are to prevent flooding of Baghdad city and the low-

lying lands adjacent to the river course and to divert flood 

waters to Tharthar lake. The storage capacity of this barrage 

lake is about 150,000,000 m3. 

 

 
 

Figure 1. The location of the study area 

 

 
 

Figure 2. Aerial photo of Samarra barrage lake 
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3. SAMPLING PROCEDURE AND TESTS 

 
Water samples were collected during three distinct field 

campaigns: September 2024 (autumn), January 2025 (winter), 

and May 2025 (spring). All samples were taken during 

daytime hours (between 9:00 a.m. and 2:00 p.m.). All samples 

were collected two meters below the river's surface. This depth 

was chosen because the surface layer is often affected by dense 

algal growth, hydrocarbons, floating pollutants, and rapid 

evaporation, which directly impact the data. Sampling at a 

depth of two meters represents actual physical and chemical 

changes and provides a more accurate picture of the average 

water mass. This process is consistent with similar 

environmental and hydrological research (APHA, 2017), 

avoiding the shallow, stagnant water around the borders. After 

that, samples were gathered and combined at the same 

location. The sample size was limited to two liters. After being 

transferred to the lab in plastic containers, the samples were 

kept out of direct sunlight and under ideal conditions. Every 

test was carried out in the labs of the Department of 

Environmental Engineering at the College of Engineering and 

the College of Agriculture at Tikrit University. Fourteen 

criteria were chosen: Dissolved oxygen (DO), pH, turbidity, 

biological oxygen demand (BOD5), total dissolved solids 

(TDS), total suspended solids (TSS), sulfates (SO4
-2), 

phosphates (PO4
-3), nitrates (NO-3), chlorides (Cl-), calcium 

(Ca+2), magnesium (Mg+2), sodium (Na+), and potassium (K+) 

ions. All samples were analyzed for all sites during the three 

seasons using modern chemical processes, electronic devices, 

and various laboratory tools, as shown in Table 1. Standard 

methods were used for water testing, where the results were 

recorded and the values of all elements were extracted. Table 

2 shows the parameters, their units, and the permissible limit 

for each parameter according to the Iraqi standard 

specification for drinking [27], and the World Health 

Organization's drinking water standards [28]. 

 

Table 1. Devices used for laboratory tests 

 
Test Unit Device (Model, Manufacturer, Country) Standard Method (APHA NO) Accuracy 

DO mg/L Spectrophotometer (DR-3900, HACH, USA) 4500-O ±0.01 

pH ----- pH meter (Waterproof 6011A, EZDO, Taiwan) 4500-H+B ±0.01 

Turbidity NTU Turbidity meter (TB210 IR, Lovibond, Germany) 2130B ±0.1 

BOD5 mg/L BOD System Oxi Direct, Germany 5210B ±0.1 

TDS mg/L TDS meter (Portable A1, EZDO, China) 2540C ±1 

TSS mg/L Spectrophotometer (DR-3900, HACH, USA) 2540D ±1 

SO4
-2 mg/L Spectrophotometer (DR-3900, HACH, USA) 4500-SO4

-2 ±0.1 

PO4
+3 mg/L Spectrophotometer (DR-3900, HACH, USA) 4500-P ±0.01 

NO3
- mg/L Spectrophotometer (DR-3900, HACH, USA) 4500-NO3

- ±0.01 

Cl- mg/L Spectrophotometer (DR-3900, HACH, USA) 4500-Cl- ±0.1 

Ca+2 mg/L Colorimeter (DR/870, HACH, USA) 3500-Ca+2 ±0.1 

Mg+2 mg/L Spectrophotometer (DR-3900, HACH, USA) 3500-Mg+2 ±0.1 

Na+ mg/L Spectrophotometer (DR-3900, HACH, USA) 3500-Na+ ±0.1 

K+ mg/L Spectrophotometer (DR-3900, HACH, USA) 3500-K+ ±0.1 

Table 2. Iraqi standards for permissible water quality limits 

of criteria for drinking usage [27, 28] 

 
No. Parameters Units Limit 

1 DO mg/L >5 

2 pH …. 6.5-8.5 

3 Turbidity NTU <5 

4 BOD5 mg/L <5 

5 TDS mg/L 1000 

6 TSS mg/L <10 

7 SO4
-2 mg/L 350 

8 PO4
-3 mg/L 0.4 

9 NO3 mg/L 50 

10 Cl- mg/L 350 

11 Ca+2 mg/L 150 

12 Mg+2 mg/L 100 

13 Na+ mg/L 200 

14 K+ mg/L 10 

 

 

4. WATER QUALITY INDEX (CCME WQI)  

 

The CCME water quality index is a useful tool for 

simplifying complex water quality data and making it more 

accessible to a wide audience (CCME WQI). The Index 

consists of three parts: Amplitude is the degree to which the 

regulations are broken; frequency is the number of times these 

criteria are not fulfilled; and scope is the number of metrics 

that do not meet water quality guidelines. The index generates 

a number between 0 (worst water quality) and 100 (best water 

quality). These figures are divided into five descriptive 

sections for ease of presentation. The Canadian authorities 

created this index (CCME) to determine the index scores 

through the following relationships [29, 30].  

In relation to the total number of variables tested, the F1 is 

known as Scope, and it shows the proportion of variables that 

fail to reach their goals at least once during the period under 

consideration (referred to as "failed variables"): 

 

𝐹1 = (
Number of faild parameters

Total number of parameters
) × 100 (1) 

 

F2 represents the percentage of failed tests, which is called 

frequency : 

 

𝐹2 = (
 Number of faild tests 

 Total number of tests 
) × 100 (2) 

 

F3, or amplitude, is a measure of how much the failed tests 

deviate from their intended goals. This is how it is decided: 

The term “Excursion” represents the number of times that a 

certain concentration is different from the objective. When the 

value of the test is less than the objective, it is given by: 

 

𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛𝑖 = (
 Failed test value 𝑖

 Objective
𝑗

) − 1 (3) 

 

If the test value exceeds the target, the deviation is given by: 
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𝑒𝑥𝑐𝑢𝑟𝑠𝑖𝑜𝑛𝑖 = (
Objective

j

 Failed test valuei

) − 1 (4) 

 

The normalized sum of excursions (nse), which is calculated 

as follows, is the sum of the excursions of each individual test 

divided by the total number of tests: 

 

nse =
∑  𝑛

𝑖=1  excursioni

No. of tests 
 (5) 

 

F3 is calculated through the following relationship: 

 

𝐹3 = (
𝑛𝑠𝑒

0.01𝑛𝑠𝑒 + 0.01
) (6) 

 

Finally, the CCME WQI is calculated using the equation: 

 

𝐶𝐶𝑀𝐸 𝑊𝑄𝐼 = 100 − (
√𝐹1

2 + 𝐹2
2 + 𝐹3

2

1.732
) (7) 

 

As shown in Table 3, the water quality is ranked according 

to the CCME WQI [30]. 

 

Table 3. Classification of water according to CCME WQI 

[30] 

 
Water Quality Rating WQI 

Excellent 95 – 100 

Good 80 – 94 

Fair 60 – 79 

Marginal 45 – 59 

Poor 0 – 44 

 

 

5. RESULTS AND DISCUSSION 

 

5.1 Results of water characteristics 

 

Table 4 presents the results of the various characteristics of 

water samples collected from selected stations within the study 

area over three seasons, spanning from September 2024 to 

May 2025. The water quality index (WQI) was calculated 

separately for each of the ten points within ST2, as shown in 

Table 5, which includes the WQI values, the maximum and 

minimum, as well as the mean and standard deviation of those 

values. The results of the water quality index were discussed 

between the stations, and for station ST2, the average of its 

index values was adopted for the ten points to discuss the 

results with the stations. 

 

Table 4. Characteristics of water samples taken from the study stations 

 

Test ST1 
ST2 

ST3 ST4 
Pt. 1 Pt. 2 Pt. 3 Pt. 4 Pt. 5 Pt. 6 Pt. 7 Pt. 8 Pt. 9 Pt. 10 Average 

September 2024 

DO 4.94 4.95 5.18 5.18 5.7 5.43 4.9 4.8 5.18 5.1 5.3 5.17 5.16 5.03 

pH 7.87 8.65 8.78 8.78 8.76 8.85 8.9 8.26 8.38 8.5 8.5 8.63 8.25 8.61 

TUR 22 18 16 25 22 24 15 15 17 25 24 20.1 26 25 

BOD5 6 5 0 15.6 0 0 3 7 13 10 10 6.36 6.73 5.36 

TDS 456.3 465 459 464 460 459 472 470 462 460 468 463 470 483.3 

TSS 3.2 0 0 3.3 2.7 5 3.8 0.8 1 7.5 8 3.21 4.1 3.9 

SO4
-2 34.66 23 23 24 23 25 24 25 26 24 29 24.4 36.16 31.15 

PO4
-3 0.13 0.05 0.05 0.13 0.19 0.07 0 0.25 0.08 0.17 0.28 0.12 0.1 0.1 

NO3
- 6.31 4.88 5.26 4.86 6.69 5.51 4.43 5.55 5.97 6.03 7.19 5.63 7.33 6.92 

Cl- 32.33 36 26 24 26 28 26 26 24 22 30 26.8 32.66 32.63 

Ca+2 97.1 67.3 67.3 68.9 67.5 65 65.7 72.1 64.1 80.1 83 70.08 98.93 97.73 

Mg+2 18.06 8.7 8.7 5.8 2.9 9.7 5.8 10.7 4.8 14.6 13.7 8.54 13.76 18.63 

Na+ 30.1 31 32 32 30 31 33 31 30 29 29 30.8 29.33 30.76 

K+ 2.67 2.5 2.44 2.41 2.39 2.42 2.58 2.55 2.4 2.37 2.5 2.45 2.51 2.28 

January 2025 

DO 5.47 5.2 4.8 5.2 5.7 5.6 5.18 5.01 5.7 5.66 5.62 5.36 5.57 5.73 

pH 8.08 7.5 8.27 8.34 8.39 7.97 8.74 8.52 8.5 8.49 8.3 8.3 8.68 8.51 

TUR 24 22 19 24 26 28 20 19 30 33 33 25.4 32 32 

BOD5 5.43 2 0 3 5 6.5 5.8 7.9 6 8 7.7 5.69 5.43 2.96 

TDS 548 545 550 532 562 555 523 531 552 530 519 539.9 546.7 564.7 

TSS 5.3 1 1.9 0 5 7.7 4 2 4.5 8 9 4.31 6 5.4 

SO4
-2 33.66 35 39 41 42 45 42 40 40 38 45 40.7 41 33.66 

PO4
-3 0.12 0.05 0.15 0.09 0.12 0.07 0.04 0.03 0.08 0.04 0.02 0.069 0.086 0.007 

NO3
- 6.67 6.99 7.39 6.97 7.54 6.4 6.84 5.88 6.18 5.7 7.9 6.77 5.77 5.49 

Cl- 39 45.9 42 39.9 50 52 38 38 37 36 40 41.88 41 31.93 

Ca+2 53.5 64 64 68 70 60 65 61 55 50 52 60.9 63.33 58.66 

Mg+2 25.26 19.5 20 19 18.7 20.3 19.2 17.5 17 18.3 17.8 18.73 22.4 21.5 

Na+ 22 26 25 25 28 28 27 29 30 25 27 27 25.66 24 

K+ 2.11 2.2 2.18 2.09 2.11 2.1 2.07 2 1.98 1.93 1.98 2.06 2.38 2.36 

May 2025 

DO 5.39 5.25 5.4 5.38 5.8 6.02 6 5.9 6.3 6.25 6.19 5.84 6.24 5.96 

pH 7.66 7.65 8.2 8.15 8.3 8.1 8.55 7.95 7.95 7.98 7.72 8.05 7.44 7.63 

TUR 26 21 24 20 30 35 30 25 33 38 35 29.1 35 31 

BOD5 5.23 3.9 2 5 1 6.1 7 7.2 8.2 6.7 7.5 5.68 3.23 5.76 

TDS 454 479 466 453 480 492 461 450 477 493 511 476.2 463 454 

TSS 4.5 3.8 2 2 4.3 7 0.8 4.3 6 7 5.5 4.27 6.13 5.76 
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SO4
-2 30.3 31 38 45 47 50 52 54 45 49 53 46.4 36.33 36.66 

PO4
-3 0.15 0.3 0.3 0.25 0.16 0.13 0.19 0.17 0.13 0.11 0.14 0.18 0.21 0.14 

NO3
- 6.63 8.2 8.2 7.99 8.1 8.4 7.8 7.7 8.7 8.8 8.9 8.27 8.11 8.62 

Cl- 31.3 33.9 35.2 34,7 35.3 33.9 34.5 37 37.8 38 36.5 35.68 30.96 33.63 

Ca+2 72.3 76 79.9 77 83 83 73.5 75 70.1 68 66 75.13 79.66 81.33 

Mg+2 18.23 23 23.5 23.9 25 23.1 24.7 23.7 23.4 22.1 21.8 23.42 29.73 27.3 

Na+ 35.66 38 38 34 35 32 33 37 39 30 32 34.8 33.16 33.33 

K+ 3.41 3.5 3.42 3.29 3.19 3.38 3.7 3.7 3.52 3.59 3.43 3.47 3.37 3.39 

 

Table 5. WQI values for ST2, in addition to the minimum, maximum, average, and standard deviation values during the study 

period 

 

Seasons 
Points 

Min max Average S.D ± 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

Autumn 74.49 85.9 75.18 83.72 82.96 81.01 80.52 82.68 80.85 81.22 74.49 85.9 80.85 3.57 

Winter 87.33 84.83 86.37 82.29 81.02 78.44 79.22 80.5 78.8 78.9 78.44 87.33 81.76 3.31 

Spring 87.75 86.37 84.52 83.73 78.76 76.62 81.86 78.74 77.6 78.3 76.65 87.75 81.42 3.96 

 

By comparing the test findings of water samples taken from 

the chosen stations over the course of three seasons with their 

standards based on the WHO recommendations displayed in 

Table 2, the following results can be drawn: 

1. The values of the following parameters (Total 

Dissolved Solids, Total Suspended Solids, Sulfate, 

Phosphate, Nitrate, Chloride, Calcium, Magnesium, 

Sodium, and Potassium ions) are within the acceptable 

limits for drinking water at all stations and during the 

study period. 

2. The dissolved oxygen DO value of the river at station 

ST1 decreased in the Autumn season, where it was less 

than 5 mg/L. This is due to the high temperature, which 

reduces the solubility of dissolved oxygen, and the 

growth of water hyacinth plants in that area of the river, 

which consumes dissolved oxygen in the water. In 

addition, dissolved oxygen decreases in the fall due to 

the decomposition of organic matter and 

human/agricultural waste, along with reduced river 

flow and the absence of rain, which reduces water 

aeration and photosynthesis. 

3. A slight increase in pH was observed during the 

autumn of 2024 (September-November) and winter of 

2025 (December-February), exceeding 8.5. pH tends 

to rise due to biological activity in the water resulting 

from the growth of aquatic plants and algae. During the 

daylight, these plants and algae absorb carbon dioxide 

and release oxygen, which in turn leads to an increase 

in pH. In addition, inputs from untreated wastewater 

and surface runoff carrying carbonates and 

bicarbonates from soil and rocks will lead to increased 

alkalinity of the water, negatively influencing the 

quality of drinking and irrigation water. 

4. The values of biological oxygen demand (BOD5) were 

slightly higher than the acceptable limits for drinking 

water, exceeding 5 mg/L according to the World 

Health Organization's specifications. This is due to the 

decomposition of organic matter and the discharge of 

improperly treated sewage into the river basin from 

cities located along the river. BOD (biological oxygen 

demand) is observed to be lower in winter and spring 

than in autumn due to lower water temperatures, 

reduced bacterial activity, and increased water flows 

during this period. 

5. Turbidity values were significantly higher than the 

acceptable limits for drinking water for all stations 

during the study period. The high turbidity levels in 

river and lake water are due to increased suspended 

particles such as silt, algae, and sediments resulting 

from soil erosion or human activities, which reduces 

water clarity. Human activities were very noticeable 

along the river course. Turbidity values were also 

observed to be higher in the winter and spring than in 

the fall. This is attributed to rainfall and rising surface 

water levels, as well as the contribution of human 

activities along river banks. 

6. The prolonged residence time of water in the reservoir, 

which promotes the settling of carbonate-rich 

suspended particles and facilitates the uptake of these 

ions by algae and aquatic plants through biosorption, is 

the reason for the lower calcium and magnesium 

concentrations at ST2 (inside the reservoir) compared 

to ST1 (upstream). Furthermore, human, industrial, 

and agricultural activities at ST1, downstream of the 

river, before it accumulates in the reservoir, may 

further dilute the concentration of dissolved salts due 

to the frequent mixing of lake water with the Tharthar 

Canal flow, producing water that is chemically more 

stable and relatively less mineralized than the 

inflowing river water. The consistently high turbidity 

levels at all stations are likely due to the resuspension 

of fine particles during flow fluctuations or wind gusts, 

as well as runoff from adjacent agricultural lands that 

transports soil particles and fertilizers into the river 

system. The relatively high pH values recorded in 

autumn and winter are likely related to increased algal 

activity, as carbon dioxide uptake during 

photosynthesis raises alkalinity, with additional 

contributions from wastewater inputs rich in 

carbonates and bicarbonates that increase pH. 

Similarly, the high BOD values recorded during 

certain seasons reflect increased organic load from 

untreated wastewater and rural agricultural discharges, 

which sometimes reduces dissolved oxygen 

concentrations below recommended limits and 

increases oxygen consumption. 

7. It was noted that the water quality index values of 

stations ST3 and ST4 differed somewhat due to the 

pollution inputs from the city of Samarra and its 

surrounding countryside, due to the population density 

and various activities associated with that, located on 

the course of the Tigris River and the Ishaqs River 

directly after the dam lake.  
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5.2 Results of water quality index (WQI) 

 

Using the water properties values shown in Table 4, the 

water quality index (CCME WQI) was calculated for all 

stations within the Tigris River study area for three seasons 

using Eqs. (1) to (7), as shown in Figures 3 to 5. 

 

 
 

Figure 3. CCME WQI values for all stations during the autumn season 2024 (September) 

 

 
 

Figure 4. CCME WQI values for all stations during the winter season 2025 (January) 

 

 
 

Figure 5. CCME WQI values for all stations during the spring season 2025 (May) 
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In the autumn season of 2024 (September), the water quality 

index values at ST1 and ST2 were 79.04, 80.85, respectively, 

indicating good water quality. The water quality at ST3 was 

81.73, which was considered good. It was 78.22 at ST4, 

indicating marginal water quality. The difference between the 

highest and lowest water quality index values was ± 3.63%. 

The water quality index values for ST1, ST2, and ST4 in the 

winter season of 2025 (January) were 83.07, 81.76, and 80.26, 

respectively, indicating good water quality at these stations. It 

was 76.16 with fair water quality at ST3. The difference 

between the highest and lowest water quality index values was  

± 6.91%. 

All stations reported good water quality for drinking in the 

spring season of 2025 (May), where ST1, ST2, ST3, and ST4 

stations have water quality index values of 82.29, 81.42, 81.95, 

and 83.06, respectively. The variation between the greatest and 

lowest values of water quality index was ±2.04%. 

This study focuses on assessing water quality through the 

water quality index (WQI), a robust mathematical model that 

inherently integrates spatial and seasonal variations. While 

four sites were included to provide spatial coverage, in-depth 

mechanistic or statistical analysis of differences among 

stations was not required, as the WQI values themselves 

effectively capture these variations and allow clear site-to-site 

comparison. 

According to the results of the current investigation, 

drinking water has a quality range of fair to good. Significant 

variations were found when compared to earlier research on 

the Tigris River. For example, the 1978–2009 study on Duhok 

Lake [18] revealed that human activity-induced high EC and 

BOD had caused the lake's water quality to deteriorate from 

good to poor. A different study on Dohuk Lake (1999-2009) 

[19] revealed high levels of hardness, alkalinity, and EC along 

with poor water quality. A follow-up evaluation of Dohuk 

Lake in 2011 [20] found intermediate nutritional conditions 

and high sulfate and hardness levels. Furthermore, research on 

a section of the Tigris River in the Salah al-Din Governorate 

in 2022–2023 revealed poor to extremely poor water quality, 

influenced by a number of physical and chemical 

characteristics that were higher than allowed [16]. However, 

compared to earlier research on the Tigris river before the 

study region, the current study revealed a rise in turbidity 

levels throughout the whole study area and throughout all 

seasons. The current study sites, on the other hand, 

consistently had better water quality and stability across the 

seasons. The Samarra Barrage regulatory effect, which 

regulates the Tigris River's flow and levels it out, lowers 

pollution levels and lessens seasonal variations, and is partially 

responsible for this development. Therefore, the observed 

increase in water quality in the current study compared to 

earlier studies can be explained by the dam's regulatory role 

and the decreased human effect. 

 

 

6. CONCLUSIONS 

 

Based on the results of the current study, the following 

conclusions can be drawn: 

- According to the CCME WQI classification, the 

water quality in the study region generally fell 

between fair and good, meaning that the river water 

is fit for drinking and most other uses with little 

treatment. 

- The autumn season saw a range of WQI values from 

77.18 to 81.78. The water quality of stations ST1 and 

ST3 was rated as good, whilst ST2 and ST4 were 

categorized as fair and marginal, respectively. DO, 

pH, turbidity, and BOD5 were among the parameters 

that exceeded permissible limits, affecting the overall 

quality of the water. 

- During the winter season, the WQI values varied 

between 76.16 and 83.07. The water quality at most 

stations was good, with the exception of ST3, which 

received a fair rating. BOD5, pH, and turbidity were 

once more the main values that were over allowable 

limits. 

- The best water quality results were obtained during 

the spring, when all stations were in the good 

category. Better water quality stability was indicated 

by the WQI values, which ranged narrowly from 

81.02 to 83.06. Only turbidity and BOD5 exceeded 

the standards at some stations. 

- The variance in WQI values by season was least in 

the spring (±2.04%), followed by autumn (±3.63%) 

and winter (±6.91%), indicating that springtime has 

the most stable water quality conditions. 

Across all three seasons, the parameters TDS, TSS, SO4
-2, 

PO4
-3, NO-3, Cl-, Ca+2, Mg+2, Na+, and K+ remained within the 

acceptable limits for drinking water according to international 

standards. 
 

 

7. RECOMMENDATIONS 
 

The results of the current study revealed some deviations 

from the approved drinking water specifications. Therefore, 

the following proposals can be made to improve the quality of 

the Tigris River water to standards that do not affect human 

health: 

- Establish a continuous water quality monitoring 

program, especially during the autumn and winter seasons, 

when fluctuations and declining water quality index values are 

observed. This program will help detect deteriorating water 

quality early and enable timely intervention. 

- Turbidity and biochemical demand (BOD5) should be 

controlled, as these parameters have consistently been outside 

acceptable limits at most stations and seasons. Their 

persistence indicates potential organic contamination sources 

that require further investigation and management. 

- Improving wastewater treatment infrastructure in 

urban and adjacent rural areas to reduce organic and suspended 

loads entering the river. 

- Promote environmentally sustainable agricultural 

practices in the river basin area, including the rational use of 

fertilizers and proper waste disposal, to reduce nutrient inputs 

such as phosphates and nitrates, even if they are within the 

permissible limits during this study. 
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