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ABSTRACT: Water is the main element of life, and due to the scarcity of water sources and the increase in
pollutants, it has become necessary to search for other alternative sources such as wells. Four wells were studied
at the site of Anbar University in western Iraq as an example of using well water as an alternative for the purpose
of determining the suitability of this water for human consumption, animals, or irrigation. The study included the
collecting of groundwater samples, which were then submitted to a comprehensive physicochemical study. To
calculate the WQI, it is necessary to take into consideration thirteen factors, which are as follows: electrical
conductivity (EC dSm™), Total dissolved salts (TDS), pH, NaCl%, K*, Na', HCOs?, SO,%, PO,?, CI, N*, Ca*, and
Mg*.

Twelve groundwater samples were taken from four locations in this study over three months (August 2024,
December 2024, and April 2025) to check if the well water is safe to drink, using the Global, Iraqgi, and American
Water Quality Index and the biological contamination (Escherichia coli). The methodologies for assessing water
quality indices on global, Iraqi, and American levels necessitate the application of specific physical and chemical
standards for accurate calculations. The elevated values of the water quality index can be attributed to the
significant concentrations of electrical conductivity, Ca?*, SO,, K*, and Mg?*. This is clearly demonstrated by the
strong correlation coefficient observed between them. The present investigation reveals that certain wells may
be suitable for drinking water following basic treatment and the elimination of bacteria, and it is suitable for
livestock or irrigation.
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I INTRODUCTION

Recent years have seen a significant increase in the amount of research conducted on groundwater in
the Middle East, particularly inIraq [1] [2]. Up until 1970, Irag's water requirements were met by surface water
resources derived from the rivers Tigris and Euphrates, as well as their tributaries. Hydrological projects in
riparian nations have caused a steady decrease in this water [3]. In addition to the other factors that have
contributed to the scarcity of surface water in Irag and the other neighboring states in the Middle East, climate
change has also helped [4]. As a result of these factors, there has been an increase in the demand for
groundwater over the course of the last three decades [5].

Precipitation, which includes rain and ice that melts, is the source of groundwater. This precipitation
seeps into the soil and is stored in the spaces between rocks and soil particles that are found within geological
formations. Groundwater comprises approximately 95 percent of the freshwater resources on earth. Geological
formations commonly used to supply groundwater include aquifers and confining beds. Sand, gravel, sandstone,
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and limestone are examples of geological formations that are used to feed groundwater. An aquifer is a rock
formation that is not consolidated and could supply water in quantities that are usable to a well or spring. On
the other hand, a limiting bed is a geological unit that has a low hydraulic conductivity and restricts the
movement of groundwater into or out of adjoining aquifers[6][7]. Infiltration, lateral inflow, surface runoff,
evapotranspiration, and other components of groundwater equilibrium are all included in the equation that
determines the depth of groundwater. The primary factor that determines the depth of groundwater is the
equilibrium between groundwater recharge and outflow [8].

As water is the primary universal solvent, groundwater typically possesses substantial amounts of
dissolved solids in comparison to surface water. The quality of groundwater is influenced by the chemical
composition of precipitation, the biological and chemical reactions occurring on the land surface and within the
soil zone, and the mineral composition of the aquifers and confining beds that facilitate the horizontal
and vertical movement of water between aquifer systems or geological formations within a single system[9][6].
The minimal yearly precipitation and elevated evaporation rates additionally augment groundwater salinity [10].

Examining some parameters of groundwater samples is necessary to determine if groundwater resources
are suitable for human use. This line succinctly describes the single-value water quality indicators employed by
Global, Iraqgi, and American to evaluate temporal variations. [11][12]. The global, Iraqi, and American systems
serve as very efficient instruments for the comprehensive measurement of water quality on a global scale
[13][14]. The global, Iraqgi, and American sources serve as crucial references for individuals and decision-makers
to convey knowledge regarding water quality [15].

In this context, groundwater serves as a crucial store of freshwater, warranting optimal exploitation by
policymakers. Natural soil and sediment create strata while also rendering it devoid of contaminants. The
primary factors affecting groundwater chemistry are regional geological conditions, rock and soil geochemistry,
and land-use changes [16].

This study aims to examine the relevance of global, Iraqi, and American standards for human
consumption concerning groundwater in Anbar. To achieve this objective, pH, total dissolved solids (TDSs),
cations (Ca, Mg, Na, K), and anions (K, Cl, bicarbonate [HCO3]-, SO4, NO3) were examined in 12 samples collected
from the water wells within the study area. The water quality in these wells has been clarified by the Global,
Iragi, and American authorities.

The disparity in the study and classification of groundwater in Iraq persists; yet, the development and
usage of groundwater commenced in 1935 with the mechanical drilling of the first groundwater well [4].
Conventional techniques for identifying drilling sites and well depths yield unpredictable outcomes regarding
groundwater quantity and quality; regrettably, these methods lack reliability.

. MATERIALS AND METHODS

1. THE STUDY AREA AND SAMPLE SELECTION
The study area covers 1,250,000m2 of the West of the capital, Baghdad, West Iraq, between the latitude
33.4237° N and the longitude 43.3076° E.
The samples collected from the wells were placed in glass containers in the summer of 2024-2025 (Tab. 1). They
were then placed in an icebox according to international protocols and transported to the laboratory.

Tab. 1 The locations of the wells from which the samples were collected.

Wells N. Longitude Latitude Depth The surplus
1 42.261340 33.406900 22.0m 3.0m
2 43.256985 33.405565 7.25m 1.9m
3 43.255370 33.405452 5.20m 1.7m
4 43.260480 33.403193 9.00m 2.0m
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2. CHEMICAL ANALYSIS

Twelve samples were collected using polyethylene bottles after cleaning it well for a period of three months
(August 2024, December 2024 and April 2025). The collection and analysis of samples have been carried out
based on standard roads approved. After collecting samples parameters such as pH methods, TDS and EC are
measured in the Lab. Anions in addition cations were measured in all groundwater samples in the laboratory.
By flame photometer cations such as Ca%, Na*, and K*, have been analysis and by EDTA titration method Ca?*,
Mg?* has been analysis. HCOs™ analyzed by H,S0, titration method and CI- by AgNOs titration method [17] Tab.
2.

Tab. 2 The devices that were used in the sample analysis
Summary of device table

The compound Main devices
NO; - UV-Vis Spectrophotometer
K* , Na* Flame Photometer
Ca?* , Mg? AAS
HCO; ~ Titration
SO, =~ UV-Vis Spectrophotometer
P UV-Vis
(o lon-Selective Electrode
. RESULTS AND DISCUSSION

3.2.1. THE PH VALUE

The World Health Organization recommendations stipulate that the acceptable pH range for drinking water is
6.5 to 8.5. The pH levels of groundwater in the research area ranged from 7.2 to 8.5, signifying slightly acidic to
somewhat basic water. All these pH levels fell inside the acceptable boundaries. The WHO states that a pH below
6.5 or above 9.2 significantly compromises the potability of drinking water. The pH level typically does not
directly affect human health; however, elevated pH values can promote scale formation in water pipes and
diminish the disinfection efficacy of chlorine. Increased alkalinity in water necessitates an extended contact
duration or a heightened free residual chlorine concentration at the conclusion of the contact period for
sufficient disinfection. At pH 6-8, the free residual chlorine must be maintained at 0.4-0.5 mg/L; at pH 8-9, it
increases to 0.6 mg/L, and chlorination may become ineffective above pH 9 [18].

3.2.2. THE EC VALUE

Electrical conductivity (EC) indicates the concentration of ionized solutes in water. The maximum allowable
concentration of electrical conductivity for potable water is 1400 ps/cm[18]. The EC values of samples from
these wells ranged from 3.3 to

5.5 EC dsm™ ', showing elevated EC levels exceeding the permitted limit for drinking water. Chebotarev [19]
studied how groundwater changes as it moves and stated that there is a type of water with bicarbonate, sulfate,
and chloride from where it comes from to where it goes. Aside from the Chebotarev sequence, the primary
explanation for the increase in EC in well 4 is attributable to the total soil composition.

As stated in [20], elevated EC levels diminish the osmotic activity of plants, hence hindering their ability to absorb
water and nutrients from the soil. The high level of EC is due to higher amounts of Ca%*, Mg?*, and CI~, as shown
by the strong connection between these ions.

3.2.4. THE TOTAL DISSOLVED SOLIDS VALUE
Total dissolved solids (TDS) comprise inorganic salts, including calcium, magnesium, potassium, sodium,
bicarbonates, chlorides, and sulfates, together with trace amounts of organic materials dissolved in water. The
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WHO indicated that total solid concentrations exceeding 1500 mg/liter would significantly compromise water
potability. TDS concentrations exceeding 1000 mg/liter can cause scaling in water pipelines, heaters, boilers, and
domestic equipment. The maximum allowable concentration of total dissolved solids (TDS) in drinking water
is 1000 mg/liter, determined by taste factors[18]. A universal scale for salinity, developed by this author and
Arumugan [21]. The total dissolved solids (TDS) values of samples in this study area ranged from 340 to 700
mg/L.

SODIUM ADSORPTION RATIO (SAR %)

The Sodium Adsorption Ratio (SAR) is one of the important criteria for determining the suitability of water for
irrigation. Sodium is an essential part of salinity and remains dissolved in exchangeable sodic soils and waters.
The Sodium Adsorption Ratio (SAR %) can be extracted using the following equation[22] Tab. 3.

—% X100
/2

Jeatmg

SAR =

Tab. 3 evaluates irrigation water based on sodium adsorption ratio [23].

Water quality and its suitability for irrigation Sodium adsorption percentage (%)
Excellent for irrigation Less than 10

Good for irrigation 10-18

Suitable for irrigation 19-26

Not suitable Greater than 26

THE PERCENTAGE OF SODIUM NA%
The percentage of sodium dissolved in water to the rest of the salts (potassium, calcium, and magnesium) is one
of the basic criteria used to determine the suitability of water for agricultural irrigation purposes. This is because
the interaction of sodium ions with soils imparts alkaline and basic properties, which affects the plant and makes
it difficult for it to obtain water and nutrients Tab. 4. The percentage of sodium is calculated according to the
following equation[24]:
Na

Na+k+Ca+Mg

Na% = x 100

Tab. 4 Wilcox Classification for Evaluating Irrigation Water Quality [25].

Type of water Code Sodium percentage
Excellent A Less than 20

Good B 21-40

Acceptable C 41-60

doubts its validity. D 61-80

Not valid E 81 and above

\'A RESULTS AND DISCUSSIONS:

Evaluating the suitability of well water for irrigation purposes:

The study area (the university campus) suffers from a lack of water, especially in the summer, causing plants to
struggle and die. Therefore, alternatives to water sources must be found, leading to the idea of drilling wells
that should have water suitable for irrigating plants and even for drinking if necessary. The suitability of water
for various purposes primarily depends on the sodium ion percentage (Na %) and the sodium adsorption ratio
(SAR %). Itis evident from Tab.5 compared to Tab. 6 that the wells in the study area, during the times the samples
were analyzed, have good and suitable water for irrigation. Based on this classification, it can be used for
irrigating agricultural crops.
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Tab. 5. evaluates well water based on sodium content.

NO August December April

Na% Water quality Na% Water quality Na% Water quality
1 30.1 Good water 31.5 Good water 321 Good water
2 27.8 Good water 27.7 Good water 29.5 Good water
3 32.2 Good water 32.2 Good water 33.6 Good water
4 26.8 Good water 26.7 Good water 28.3 Good water

Tab. 6. Evaluates Well Water Based on Sodium Adsorption Ratio

NO August December April

SAR% Water suitability SAR%  \Water suitability SAR%  Water suitability
1 19.9 Suitable for irrigation 20.2 Suitable for irrigation 20.2 Suitable for irrigation
2 16.8 Good for irrigation 16.2 Good for irrigation 16.2 Good for irrigation
3 20.7 Suitable for irrigation 20.2 Suitable for irrigation 20.2 Suitable for irrigation
4 16 Good for irrigation 15.2 Good for irrigation 15.2 Good for irrigation

The results in Tab.5. compared to Tab.6 showed the suitability of sodium adsorption ratio in the studied well
waters at different times well-studied, indicating the possibility of using this water for agricultural irrigation.

THE SUITABILITY OF GROUNDWATER FOR DRINKING PURPOSES:

Groundwater in the study area is considered an alternative source that can be recommended for use during
water shortages after studying and determining its suitability for drinking purposes. One of the important
characteristics of drinking water is that it should be free from chemical and biological substances that affect
human health. The classification of water for drinking purposes depends on several attributes such as dissolved
salts and positive ions (potassium, sodium, magnesium, calcium) and negative ions (sulfates, chlorides,
bicarbonates). The classification of groundwater in the study area relied on Iraqi, international, and American
standards. The permissible maximum limit of total dissolved salts is (1000) mg/L according to the approved Iragi
and international specifications, while the American specifications allow a maximum limit of (500) mg/L.
Through the analysis of the data in Tab. 7 and its comparison with Tab. 8, it was found that most of the wells
are not suitable for drinking due to the high salt content exceeding the permissible limit. Even if they are suitable
for a certain element, another element may not be suitable, which can have health effects if used for drinking
purposes. Any change in one of the elements, even if minor, can have an impact, and it is not recommended for
drinking. However, it can be used for cleaning and other daily uses.

Tab. 7 Global, Iraqi, and American Standards for Determining the Potability of Drinking Water [26][27].

Parameter World Health Organizationiraqi StandardSpecifications of the US Environmental
specifications 2011, Specifications 2010,Protection Agency 1975 USEPA (mg/L)
WHO (mg/L) 1QS (mg/L)

pH 8.5 8.5 -

K+ 12 - 20

Ec 15 - -

Na+ 400 200 200

Mg+2 150 150 125

Ca2+ 200 200 200

Cl- 600 600 250

S04-2 400 400 250

HCO-3 500 - 500

TDS 1000 1000 500

NO3 45 50 -
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Tab. 8 Water specifications for the study area according to WHO, Iraqgi, and American standards

World

Health

Organization
specifications 2011, WHO (mg/L)

Iraqi

Standard
2010, 1QS (mg/L)

SpecificationsSpecifications of

Environmental
Agency 1975 USEPA (mg/L)

the US

Protection

August December  April August December August December  April
All of themAll of themAll of themAll of themAll of them - - -
are suitable.are suitable. [are are are suitable.
suitable.  suitable.
All of themAll of themAll of them- - - - -
are are are
fine. fine. fine.
None ofNone of themNone of- - None ofNone ofNone  of
them  areare suitable. them are them are them arethem are
suitable. suitable. suitable. suitable. suitable.
None of None of None ofNone of None of None of |None of None  of
themare [themare them arethem them are them them arethem are
suitable.  suitable suitable  fare suitable. are suitable. suitable.
except for  except forsyitable. suitable.
number2. number 2.
None ofNone of themNone ofNone ofNone of None ofNone of None  of
them  areare suitable. them arethem are them are them are them arethem are
suitable. suitable.  suitable. suitable. suitable. suitable. suitable.
None ofNone of themNone ofNone ofNone of None ofNone ofNone  of
them  areare suitable. them arethem are them are them are them arethem are
suitable. suitable.  suitable. suitable. suitable. suitable. suitable.
All of themAll of themAll of themAll of themAll of themAll of themNone ofNone ofNone  of
are suitable.are suitable. [are arefine. |are fine. arefine. them are them arethem are
suitable. suitable suitable. suitable.
None ofNone of themNone ofNone ofNone of None ofAll of themNone of
themare |are themare them them are them are them are
suitable.  |suitable. suitable. jare suitable. are fine. suitable.
suitable. suitable.
All of All of All of - - All of All of All of
themare [themare them are them themare themare
fine. fine. fine. are fine. ffine fine.
except for
number 1.
All of All of All of All of All of All of All of All of All of them
themare [themare themare them themare  them them themare fare fine
fine. suitable. suitable. jare suitable. are arenot ffine except for
suitable. suitable. |suitable |exceptfor number1
except number 1.
for 3.

The examination of water samples in Tab. 9 revealed the presence of Escherichia coli bacteria in the water, which

is an indicator of biological bacterial contamination in most samples. The levels of contamination varied in
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bacterial counts, which are an important measure of drinking water pollution. The samples ranged from low
contamination (+), which is considered acceptable, to medium contamination (++), which requires treatment
and caution when using the water for drinking, and finally (+++) the contaminated water that is not suitable for
drinking.

The variation in results is due to the distance and proximity of water sources to service buildings and excavated
heavy water tanks, leading to the transfer of pollutants, primarily E. coli, to nearby groundwater.

Tab.9 Amount of biological pollution with E. coil in water samples from the study area in two different
environments.
NO  August December April

Nutrient Agar MacConkey Agar  |Nutrient Agar MacConkey Agar  Nutrient Agar MacConkey Agar

1 +++ +++ +++ +++ +++ +H+
2 + + ++ ++ ++ ++
3 ++ ++ + + ++ ++
4 ++ ++ ++ ++ ++ ++

Low growth (+), Medium growth (++), High growth (+++)

Finally, we can recommend conducting more recent studies on the use of advanced technologies that facilitate
the assessment of well water, detection of water quality index based on artificial intelligence, groundwater, as
well as detection of nitrate contamination and other indicators [28], [29]. Also, focus should be placed on
studying the remaining cations and anions as follows: Na+ >Mg2+ >Ca2+ [30]. And the rest of the salts such as
HCO-3, CI-1, SO-24 [31], Total dissolved solids (TDS) and chloride (Cl-) levels should also be studied, respectively.
Therefore, boiling, activated carbon filters, rainwater harvesting, and appropriate coatings for metal surfaces of
water supply pipes, among other effective strategic measures, are proposed to provide safe water for drinking,
irrigation, and industrial purposes[32].

Tables 10 and 11 show the well water values measured over three different time periods, along with an Anova
table 11 for statistical analysis.

Tab.10 Cations and anions values in well water at three different time periods.

NO NO3 K Na Ca Mg HCO3 S04 P cl

1 33.1 34 557 944 314 111 2832 0.09 485

2 35 33.9 439 837 269 117 2775 0.08 405
§ 3 28 30.1 577 807 380 98.4 2393 0.08 353
5 4 29 25 447 812 384 107.9 2940 0.07 572

NO NO3 K Na Ca Mg HCO3 S04 P cl

1 28.2 33.1 540 852 289 104 2703 0.09 463
g 2 32.1 32.4 398 799 208 109 2560 0.07 394
§ 3 26.4 29.5 534 780 311 91.2 2140 0.09 351
3 4 26.3 23.8 404 767 320 99.4 2560 0.06 561

NO NO3 K Na Ca Mg HCO3 SO4 P a

1 26.4 32.1 523 825 248 90.2 2701 0.08 433

2 30 30.2 395 714 198 98 2554 0.07 371
= 3 24.2 28.3 529 716 300 83 2138 0.09 325
§- 4 25.1 22.7 401 709 286 83.1 2557 0.06 537
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Table 11: Some indicators of well water values measured in three different time periods.

TDS EC dS m-1 NaCl % pH
mg/L
700 4.5 7 8
550 5 11 7.5
g 460 3.9 10.7 7.2
3 570 5.4 15 8.4
DS ECdSm-1 NaCl%  pH
mg/L
600 4.3 6.2 8
S 480 4.8 9 7.8
g 370 3.6 7.4 7.6
g 480 5.5 14.9 8.5
DS ECdSm-1 NaCl%  pH
m g/L
510 4.1 5.8 8.1
450 4.4 8.5 7.6
- 340 3.3 6.6 7.4
s 450 5.2 13.7 8.5
Table. 12 Anova
Ca IK
Month (W1 W2 W3 w4 IAverag IMonth w1 W2 W3 w4 Averag
e e
Aug 944.000 837.00 [807.000 [812.000 [850.00 QAug 34.000 (33.900 [30.100 [25.00 (30.750
0 0 0
Sep 852.000 ([799.00 |780.000 [738.900 [792.47 |JSep 33.100 (32.400 [29.500 22.93 29.483
0 5 0
April 825.000 (714.00 (716.000 (709.000 [741.00 QApril 32.100 (30.200 [28.300 22.70 28.325
0 0 0
Averag [873.667 [783.33 |767.667 [753.300 Averag [33.067 [32.167 [29.300 [23.54
e 3 e 3
L.S.D M W M.W JL.S.D M wW M.W
13.8 15.94 N.S 0.588 0.679 1.175
cl IMg
Month (W1 W2 W3 w4 IAverag IMonth w1 W2 W3 w4 Averag
e e
Aug 485 405 353 572 453.75 JAug 314 269 380 384 336.75
Sep 463 394 351 540.4 437.1 Sep 289 208 311 308.3 [279.07
5
April 433 371 325 537 416.5 April 248 198 300 286 258
Averag (460.333 (390 343 549.8 [Averag [283.666 [225 330.333 [326.1
e 3 e 7 3
L.S.D M W M.W JLS.D M \\ M.W
8.88 17.76
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HCco3 IN03
Month W1 W2 W3 W4 lAverag IMonth w1 W2 W3 W4 Averag
e e
Aug 111 117 08.4 107.9  [108.57 JAug 33.1 35 28 29 31.275
5
Sep 104 109 91.2 95.76 99.99 Sep 28.2 32.1 26.4 25.34 28.01
April 90.2 98 83 83.1 88.575 JApril 26.4 30 24.2 25.1 26.425
Averag (101.733 [108 90.8666 [95.5866 Averag [29.2333 [32.3666 [26.2 26.48
e 3 7 7 I 3 7
LSD M W M.W s v W M.W
1.799 2.077 [3.598 0.539 0.623 1.079
Na SO4
Month [W1 W2 W3 w4 Averag JMonth W1 W2 W3 w4 Averag
e e
Aug 557 439 577 447 505 Aug 2832 2775 2393 2940 2735
Sep 540 398 534 389.2 465.3 [Sep 2703 2560 2140 2466.1 [2467.27
5
April 523 395 529 401 462 April 2701 2554 2138 2557 2487.5
Averag (540 410.666 [546.666 (412.4 Averag [2745.33 [2629.66 [2223.66 [2654.36
e 7 7 e 3 7 7 7
L.S.D M W M.W L.S.D M W M.W
9.83 11.35 19.66 45.24 52.23 90.47
2]
Month (W1 W2 W3 w4 Averag
e
Aug 0.09 0.08 0.08 0.07 |0.08
Sep 0.09 0.07 0.09 0.057 |0.0769
8 5
April 0.08 0.07 0.09 0.06 |0.075
Averag |0.08666 [0.07333 |0.08666 [0.062
e 7 3 7 6
L.S.D M W M.W
0.0016 |0.00184 |0.00319
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