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ABSTRACT: River water is a fundamental necessity for all aspects of life, especially drinking water. Millions of
Iragis depend primarily on the waters of the Tigris river. The aim of the study is to evaluate the water quality of the
Samara Barrage Lake for the period between September 2024 and May 2025. Water samples taken from the lake
were analyzed to determine fourteen physical and chemical parameters, namely pH, turbidity, DO, TDS, BODs,
TSS, SO4, NOs, CI, POy, and ions (Ca, Mg, Na, and K). Ten points were taken within the barrage lake, distributed
along its edges and center. Geographic Information Systems (GIS) techniques were used to analyze and map the
spatial distribution of the selected indicators. The Canadian Water Quality Index was ako used to determine the
lake's water quality, and the results revealed that water quality is subject to seasonal fluctuations. In the autumn
season (September 2024), the pH, turbidity, and BOD exceeded the limits permitted fordrinking water. In contrast,
during the winter (January 2025) and spring (May 2025), turbidity and BOD remained above the World Health
Organization's permissible limits. This indicates that the Tigris River and Samara lake were subjected to certain
conditions, such as erosion, soil degradation, and riverbed disturbance, as well as human activity along the river
and even the lake's edges, and water pollution from organic matter due to agricultural and animal waste, in addition
to inadequately treated sewage discharged into the river. All other parameters remained within recommended limits
throughout the study period. According to the Canadian Water Quality Index (CWQI), the lake's water quality was
generally "good," with CWQI values of 81.38 in the autumn, 82.08 in the winter, and 81.8 in the spring. These
results highlight the impact of seasonal variations on lake water quality and demonstrate the effectiveness of
integrating environmental indicators with GIS-based spatial analysis for surface water monitoring. The results of
this study represent a valuable reference for sustainable water resource management and improving water quality
in the Samarra barrage lake.
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1. INTRODUCTION

Water is an essential element for all living things, but with increasing environmental pressures due to the rise of
various industries and population growth, its quality has begun to deteriorate. This deterioration threatens Aquatic life
and the potable water [1]. Surface water is essential for life, but in developing countries, its quality is degraded by
untreated waste, industrial activity, and population growth [2]. River pollution is a major 21st-century issue that harns
ecosystems, human health, and economic development [3]. One method of water management is dams, which, in
addition to controlling floods, help with agriculture, electricity generation, and the provision of drinking water [4].
Human activities, such as the discharge of sewage, pesticides, and agricultural fertilizers, pollute the waters of dam
reservoirs as a result of their entry into these water bodies [5]. Water quality analysis includes assessing the state of
natural water and its suitability for drinking, farming, household, industrial, and irrigation applications [6]. Surface
water quality has steadily deteriorated in recent decades, largely due to its susceptibility to pollution from natural and
human sources, such as the disposal of household waste, industrial waste, and agricultural runoff. The global
population increase and the accompanying rise in various activities have made the overall increase in pollution a clear
phenomenon affecting all natural resources [7]. (CCME) compares data using either a quality-specific or sitespecific
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standard and provides clear results that can be a convenient solution to many problens, difficulties, and costs related to
monitoring topics, and facilitate their understanding [8,9]. Geographic Information Systems (GIS) allow for
experiments involving the analysis of satellite imagery and its comparison with field data, providing a different and
more accurate method for identifying parameters. Several researchers have demonstrated the benefits of combining
field data and satellite image analysis to assess the accuracy of water quality detection. This approach enables the use
of both analytical and visual methods to monitor and evaluate various natural systems, in conjunction with remote
sensing and mapping [10,11]. Geographic Information Systenms (GIS) have been used in many studies in the field of
water management. For example, 63 samples of the Mahi River in India were studied, which facilitated and provided
clear information to decision-makers, thus helping to understand water quality management [12]. Another study,
conducted locally in Baghdad, used Geographic Information Systens (GIS) in conjunction with a water quality indexto
examine 96 water samples. The aim was to assess the physical and chemical quality of the Tigris River in Irag, where
some criteria were above the limits and some were within the limits [13]. According to UN-ESCWA (2013), it goes
through a transformational joumey. The Tigris River has both natural and man-made problens, including mud buildup,
plant growth, and water constraint. The water quality in Irag’s inland water bodies has been assessed in numerous
studies [14]. A water quality study of the Tigris River in Baghdad was conducted during 2010 at three stations using the
CCME WQI. The values were (37-42), indicating severe deterioration due to urban pollutants. The results confirmed
the need for better monitoring and management of the river [15]. A study conducted in 2011 on the Duhok Dam lake
showed that the nutrients in the lake's water were of medium density in the autumn, while they were rich in these
elements in otherseasons. It was shown that phosphorus is the limiting factor for algae growth, and that the lake's water
was classified as very suitable for irrigation purposes [16]. A local study of the Tigris River in Iraq, covering a length
of 1,468 kilometers, examined the dry and wet seasons of 2016, This was done using the WQ and GIS systems. The
results showed that water quality in the upper reaches of the river was good, but it deteriorated significantly (from Al-
Aziziyah to Al-Qumah, Basra), where the water was classified as poor and unsuitable for direct use due to sources of
pollution [17]. In another study conducted on the waters of the Simli Dam in Islamabad/Rawalpindi, in which 12
parameters were identified, it was found that the waters of this lake were of poor quality, with a water quality index
(WQI) of 62.79, while the filtered waters of this lake were of good quality, with an index of (WQI) of 49.43. On this
bask, it was recommended to conduct continuous and regular monitoring [18]. The Samarra Barrage reservoir is
considered water facility controls the flow of water crossing the Tigris River. It ako affects the rivers water quality
through sedimentation and thinning processes. The Tigris River is a vital water source for the cities along its course,
where residents use it for various purposes, most imporntantly drinking water. Many studies conceming the Tigris River
have not addressed the impact of the Samarra Barrage on the river's water quality. Therefore, this study will focus on
demonstrating this crucial effect of this hydraulic structure on theriver's water quality.

This study aims to identify the distribution temporal and spatial of fourteen determinants within the Samarra Barrage
Lake using a geographic information systems program, in addition to measuring the water quality index using the
Canadian Water Quality Indexduring a study period between September 2024 and May 2025.

2. Materials and Methodology
2.1 Study area

Samarra is one of the important and large cities in Iraq, located in Salah Al-Din Governorate, It is located north of
the capital, Baghdad.The coordinates of Samarra are latitude 34.197771 and longitude 43.891900 [19]. The 1,200-
meter-long Samarra barrage was built in 1951 and completed in 1956. The Samarra Barrage operates with a maximum
possible discharge of 7000 cubic meters per second and has three hydroelectric gates, each with a discharge of 980
m?/sec. The Samara Dam, built on the Tigris River, is an important hydraulic structure. The Tharthar irrigation canal is
connected to the dam regulator via a diversion canal to divert floodwaters to Tharthar lake, where its discharge can be
increased to 13,500 m¥/sec during major floods instead of its current discharge of between 8,500 and 9,000 md/sec, in
order to protect Baghdad and the areas adjacent to the river from flooding. At maximum capacity, the barrage lake
covers 40 to 50 square kilometers and serves mainly as a flow regulator rather than a long-term storage facility. The
dam lake stores approximately 150 Mm?. Figure 1 shows the study area location on the map of Iraq in general and
Salah Al-Din Govemorate in particular. Ten points were identified along the perimeter and center of the Samarra
barrage reservoir. Figure 2 shows an aerial photograph of the Samarra barrage reservoir and the study points, while
Table 1 shows the coordinates of these points. People Populated areas exist on both sides of the river, and their
inhabitants engagein agriculture, livestock breeding, industrial activities, and other pursuits.
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FIGURE 1 The Study area location

Table 1 Coordinates of points inside Samarrabarrage lake

Points P1 P2 P3 P4 P5

Coordinates 34.198164° 34.202855° 34.209846° 34.210571° 34.205332°
43.842797° 43.844544° 43.845515° 43.850070° 43.852760°
Points P6 P7 P8 P9 P10

Coordinates 34.205144° 34.201891° 34.198605° 34.197355° 34.202645°
43.857811° 43.857935° 43.855016° 43.848248° 43.850070°
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2.2 Canadian water quality index (CCME-WQI)

The Canadian Council of Environment and Development Water Quality Index (CCME WQI) is a way to simplify
and transform complex data into a number that is easier for the public to understand. It converts several variables into a
single number and measures how well water meets environmental standards. Its value ranges from 0 to 100, with higher
values indicating better water quality. It consists of three components: scope, frequency, and amplitude [20, 21]. It can be
calculated usingthefollowing relationships (1-7):

F1 (scope): this represents the percentage of parameters that exceeded water quality standards divided by the
number of those parameters.

1=

(1)

Number of faild parameters
( ) ® 100

Total number of parameters

F2 (frequency): it is the repetition rate, which is thefailed tests percentage.

F, = 100 )

( Number of faild tests )
Total number of tests

F3 (amplitude): it is the measure that determines the extent to which failed tests deviate from their intended
objectives.

" Excursion ™ is a term that refers to the number of times a given concentration differs from the target value. When
the test value is lessthanthetarget value, it is calculated as follows:

Failed test value ;
— -1 ©)
Obj ective,
Or, if the test valueis higher, we use Equation (4) to determine the deviation.
Objective,
] ) -1 4

exXcursion; = (

excursion; = ;
' ( Failed test value;

The normalized excursions summation (nse) is the excursions summation of each test divided by the test’s total
number, which is calculated as follows:

_ L., excursion
nse Mo, of tests ©)

The following relationshipis usedto calculate F3:

F _( Ise J (6)
3 0.01nse + 0.01

The CCME- WQIis then calculated using the following equation:

VR B+ B
1.732

CCME WQI = 100 — ( )

)
Table 2 shows the water quality classification according to the CCME-WQI [21].

Table 2 CCME-WQI water classifications

Rate of Water Quality WQI
Excellent 95 -100
Good 80 - 94
Fair 60 —79
Marginal 45 -59

Poor 0-44
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2.3 Sampling

Two-liter water samples were collected from ten selected locations in the lake using clean plastic containers, free
from any potential contaminants. Additionally, areas with low water levelk and stagnant water were avoided to prevent
bias in the results, as these can sometimes be contaminated by the accumulation of pollutants and sluggish water
movement. The samples were collected slightly below the surface of the flow to avoid floating debris. Some onsite tests
were alo conducted using equipment operated according to strict instructions. These samples were then transported
directly to the laboratory and stored in a dark, cool environment under optimal conditions. All water sample tests were
performed in the laboratories of Tikrit University. The water samples were examined according to standard procedures,
and the results for the fourteen locations are listed in Table 3. Water samples were collected from all ten locations and
analyzed during the summer, autumn, and winter periods from September 2024 to May 2025. Advanced electronic
devices and a variety of laboratory instruments were used in the analysis.

2.4 ArcMap GIS

It is a Geographic Information System (GIS) program from Esri that allows data to be entered and then displayed
spatially. The program also creates spatial maps of the input data, enabling the production of high-quality maps such as
spatial distribution maps, environmental characteristic maps, and water quality maps. It is important in environmental
studies [22]. In this study, we used it to map the area within the Samarra Barrage Lake, showing how these parameters
were spatially distributed during the study period.

3. Results and Discussion
3.1 Distribution results of determinants within the lake

All samples taken from Samarra Lake for the three seasons were analyzed to identify their physical and chemical
properties as shown in the Table 3. In light of the analysis results, contour maps were drawn for the spatial and temporal
distribution of each determinant using the Geographic Information Systems program, as shown in Figures 3 to 16. These
figures will show the extent of the distribution of concentrations of each characteristic within the lake, as well as whether
they are within the (WHO) limits or deviate from them [23]. It is noted from the analysis results that all the
characteristics of Samarra Lake water were consistent with the World Health Organization's specifications for potable
water, except for DO, pH, and BOD5.
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Table 3 Properties of Samarra lake water samples

Test Dae P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 Awrage \I’_\{r':ﬂ

o _Sep2d 4% 518 518 57 543 49 48 518 51 53 517
Jan25 52 48 52 57 56 518 501 57 566 562 536 5
May2s 525 54 538 58 602 6 59 63 625 619 584
Sep24 865 878 878 876 885 B89 826 838 85 85 863

pH Jan25 75 827 834 8390 707 874 852 85 849 83 83 6585
May25 765 82 815 83 81 855 795 795 798 772 805

TUR _Sep24 18 16 25 22 24 15 15 171 25 24 201
Jan2s 22 19 24 2 28 20 19 30 33 33 254 55
May2s 21 24 20 30 35 30 25 33 38 35 201

oD, P2 48 0 156 0 0 3 7 13 10 10 6.34
Jan2s 2 0 3 49 65 58 79 6 8 77 518 <5
May2s 39 2 49 1 61 7 72 82 67 75 545

1D _Sep24 465 450 464 460 459 472 470 462 460 468 463 1000
Jan25 545 550 532 562 555 523 531 552 530 519 5390
May25 470 466 453 480 492 461 450 477 493 511 476.2

Tos _Sep2t 0 0 83 27 5 38 08 1 75 8 321
Jan2s 1 19 0 5 77 4 2 45 8 9 431 <10
May2s 38 2 2 43 7 08 43 6 7 55 427

SO _Sep24 23 23 24 23 25 24 25 2 24 29 244
Jan25 35 39 41 42 45 42 40 40 38 45 407 350
May2s 31 38 45 47 50 52 54 45 49 53 164

PO, _Sep24 005 005 013 019 007 0 025 008 017 028 012
Jan25 005 015 009 012 007 004 003 008 004 002 0069 04
May2s 03 03 025 016 013 019 047 013 011 014 018

NO. _Sep2d 488 526 485 669 551 443 555 597 603 719 563
Jan25 699 739 697 754 64 684 588 618 57 79 677 50
May2s 82 82 799 81 84 78 77 87 88 89 827

o _Sep24 36 2 24 26 28 26 26 24 22 30 26.8
Jan25 459 42 399 50 52 38 38 37 36 40 4188 350
May25 339 352 347 353 339 345 37 378 38 365 3568

oz _Sep24 673 673 689 675 65 657 721 641 801 83 7008
Jan25 64 64 68 70 60 65 6L 5 50 52 60.0 150
May25s 76 799 77/ 83 8 735 75 701 68 66 7513

Mg _Sep24 87 87 58 29 97 58 107 48 146 137 854
Jan25 195 20 19 187 203 192 175 17 183 178 1873 100
May2s 23 235 239 25 231 247 237 234 221 218 2342

N _Sep24 31 % 32 30 31 33 31 30 29 29 308
Jan25 26 25 25 28 28 27 29 30 25 27 27 200
May2s 33 38 34 35 32 33 37 39 30 32 348

- _Sep24 25 244 241 239 242 258 255 24 237 25 245
Jan25 22 218 209 211 21 207 2 198 193 198 206 10
May2s5 35 342 329 319 338 37 37 352 350 343 347
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3.2 Discussion of factors influencing water quality in Samarra barrage lake

The values of these characteristics may be higher or lower than the standard specifications in some areas of the
lake and in one season rather than another. Dissolved oxygen has a significant impact on water quality in general, and
its concentration in water is affected by many human and environmental factors. Photosynthesis, the process by which
algae and aquatic plants operate, is one of the main environmental sources of dissolved oxygen and its exchange with
the atmosphere. Other factors that affect the concentration of dissolved oxygen are water temperature and flow
velocity; cold, moving water is able to store more oxygen. Human factors include the decomposition of organic matter
from sewage and organic waste discharged into rivers and lakes, which will cause an increase in dissolved oxygen
consumption. This may result in a sharp decline in its levels, exposing aquatic life to environmental stress. The results
of Table 2 and Figure 3 show that dissolved oxygen levek in points 1, 6, and 7 for September 2024 were below the
permissible limit of WHO, reaching 4.95, 4.9, and 4.8, respectively, i.e. it was below 5. The dissolved oxygen value
was equal to 4.8 at point 2 for January 2025. Therefore, by referring to the Figure 2, it becomes clear that the main
reason for the decrease in dissolved oxygen at the above-mentioned points is that these points are located in areas
where the lake water is stagnant or has very little movement, in addition to the high temperatures in September 2024.
The remaining points had dissolved oxygen values that were within the WHO's parameters, being above 5, as they were
located in areas with relative water movement, in addition to being taken in January and March of 2025, meaning they
were modeled within cold seasons. One of the most important indicators of water quality is pH, because it is affected
by the chemicals present in the water [24]. Temperature, chemical pollution, Increased biomass of aquatic plants and
algae are among the most important factors that may lead to an increase in water pH [25]. The pH range according to
(WHO) is between (6.5-8.5). Analysis results for this element showed that it exceeded the permissible limit in most
points of the lake during the month of September 2024. On this basis, the increase in pH can be attributed to the fact
that the rise in temperature in September leads to an increase in photosynthesis in aquatic plants and algae, in addition
to the fact that the heat facilitates the decomposition of organic matter to provide food for these plants. It is worth
noting that Lake Samarra suffers from a dense growth of the Nile flower plant, which may be the main reason for the
increase in pH, which makes the lake water highly alkaline during hot seasons. It is ako noted that the turbidity was
outside the permissible limits at all points within the lake and in all seasons, and this i attributed to the flow of Tigris
River water into the lake, which is laden with sediments and silt. Biochemical oxygen demand (BOD) is a coefficient It
is described as a consuming organic substance that depletes dissolved oxygen in water through aerobic bacteria that
feed on it over a specific temperature and time. It is measured in milligrams per liter (mg/L) and is tested during a 5-
day incubation period at 20 degrees Celsius. When a water sample is tested and found to contain this substance, it
indicates organic pollution in the water, specifically a decrease in dissolved oxygen in the sample that consumed it by
weight [26]. BOD5 Water can be contaminated from several sources, such as untreated wastewater (domestic or
industrial), decaying plant and animal remains, agricultural and animal husbandry waste, oil spills, and other sources of
water pollution., sewage, fattening pens, food processing facilities, malfunctioning sewage systens, and storm water
runoff from urban areas. These factors will be sufficient to accelerate the decline in dissolved oxygen levek in rivers
and other water bodies, negatively impacting water quality [27]. The analysis results show that BOD5 e xceeded the
permissible limit of 5 mg/l at many points in the lake and across different seasons. The highest BODS5 value (15.6 mg/I)
was recordedin 2024 at point 3

3.3 Results of water quality index

One practical way to condense multiple water quality data and make it easier for a wider audience to understand is
through the Water Quality Index (WQI). In this study, the Canadian Water Quality Index (CCME-WQI) was chosen
because it is suitable for assessing the water quality of rivers and surface water. Index values range from 0 to 100,
classified as follows: 0-44 poor, 45-59 marginal, 60-79 acceptable, 80-94 good, and 95-100 excellent.[28, 29]. The
Water Quality Index (CCME) was calculated for points within the lake, and the average of those points was ako
calculated., as shown in Table 4 and Figure 17 Each color in the columns within the figure gives a classification
categoryforthe index, starting fromthe lowestto the highest category.

Table 4 resultof (CCME-WQI) for each point at Samarrabarrage lake

Points
Season PL P2 P3 P4 P5 P6 P7 P8 P9 Ppio '\erage
(September 2024) 8028 859 7518 8372 8296 8LOL 8052 8268 8085 8L22 8138
(January 2025) 8733 8483 8637 8546 B8L02 7844 7922 805 788 789 8208
g (May 2025) 8775 8637 8827 8373 7876 7662 8.8 7874 776 783  8L8
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FIGURE 17 WQ I values of Samarrabarrage lake duringthe study period

Based on the above findings, the water quality of Samarra Barrage Lake is classified as good. However, this study
revealed high turbidity levels, which remained elevated and consistent across seasons, failing to decrease to acceptable
level compared to previous studies conducted on the same river in this region. On the other hand, the study sites
exhibited good and stable water quality throughout the seasons, thanks to the regulating effect of the damon the lake.
The damregulates and balances the flow of the Tigris River, reduces pollution levek, and mitigates seasonal variations
that could cause negative environmental problems, despite the presence of aquatic plants that affect some lake water
characteristics. Therefore, the significant improvement in water quality observed in this study, compared to previous
studies, canbe attributed to the regulating role of the Samarra Dam and the limited impact of human activity.

Based on Table 4, which shows the results of the water quality index for points within the lake, a map was drawn
illustrating the values ofthose points within the lake during the study period, as shown in Figure 18.
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FIGURE 18 Water quality index results in Samarra
barrage lake (a-September 2024 b- Jan. 2025 c- May 2025)
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4. CONCLUSIONS

Based on the results of this current study, the conclusions indicate that:

- The results indicate that DO, pH, and (BOD5) values exceeded the limits permitted by the (WHO) drinking water
standards duringthestudy period, and that exceeding these standards contributed to the decline in lake water quality.

- The lake's turbidity levels were much higher than the permissible limit for drinking water, due to an increase in
suspended particles that reduce water clarity, such as silt, sediment, and other causes of increased turbidity, resulting
fromsoil transformations from stability to erosion, or the activities of people living near the riverbanks and carrying out
theirvarious activities that contributed directly or indirectly to increasing turbidity.

- The values of the other parameters were within acceptable limits, as they did not affect the results of this study
and remained within acceptable limits, with any increase or decrease remaining within acceptable standards during the
period in which the tests were conducted.

- The water quality index values in the study area were generally "good" according to the CCME-WQI
classification, which indicates that the Tigris River water is suitable for drinking and most other uses with minimal
treatment. It is worth noting that it can be said that the quality of the river water is stable and that the lake has not
causedany negative changein that regard.
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