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ABSTRACT

The study aims to evaluate the quality of groundwater of wells spread in Salah al-Din Governorate/Tuz Khurmatu for
drinking, irrigation, livestock and poultry purposes. The study area is located between latitudes (34°, 53°,59°°-34°
,52°,46°") N and longitudes (44°, 44°,32°°-44°, 36°,41”") E. with a total area of (191801.65) hectares. 25 wells were
randomly selected in the study area during the dry season (September 2024) and the wet season (March 2025). After that,
water samples were taken to the laboratory to conduct physical and chemical analyses. There are three types of WQI for
drinking water in the dry season. The first type is excellent for drinking, and it reached 16% of the total wells. The second
type is good for drinking, and it reached 44%. The third type is poor and not suitable for drinking, and it occupied 40%.
As for the wet season, the results were different, and it was found that there were three classes for different purposes was
evaluated and compared. Through a detailed study of the variation in groundwater characteristics in different areas in Tuz
Khurmatu district by determining the irrigation water quality index with eight criteria, the drinking water quality index
with twelve criteria, and the water quality index for livestock and poultry with eight criteria, it was found that the wells of
the study area with respect to For the indicators of water quality for drinking, irrigation, livestock and poultry in the dry
season, the categories were (excellent, good and poor), (excellent, good, poor and very poor), (excellent, good and poor)
for each of them respectively. In the wet season, the water quality for drinking, irrigation, livestock and poultry was
(excellent, good and poor), (excellent, good and poor), (excellent, good and poor).
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INTRODUCTION

Water is an essential factor for all living organisms on Earth [1]. Groundwater is one of the most important water
resources, representing 17.7% of the world's drinking water. It originates primarily from rainwater and irrigation water that
seeps into the ground and is stored underground in non-porous layers to form the aquifer [2]. Groundwater is essential for
daily, agricultural, and industrial use, this faces numerous environmental pollution problems due to the increasing demand
for it due to population growth [3][4] Limited natural resources in arid regions are accompanied by a decline in agricultural
production, making it difficult to find alternative sources to meet growing food needs [5]. The Water Quality Index is a
measure for determining the quality of groundwater and its characteristics based on its physical, chemical, and biological
properties to reduce the hazard caused by water pollution. Many countries and international organizations have developed
acceptable and approved standards for determining water quality to ensure consumer safety [6]. Assessing the suitability of
well water is a fundamental step, as it helps determine the suitability of this water for various uses, particularly irrigation and
drinking [7]. Contamination of water resources with urban waste and agricultural and industrial processes leads to the
deterioration of water properties, making it unsuitable for irrigation and drinking. Therefore, element concentrations in water
must be within limits and comply with the standard conditions recommended by health authorities [8]. The water quality
index for drinking, and water for livestock, and poultry is a fundamental criterion for their safety and productivity [9]. Given
the geographical location of these wells, which are unique to the Tuz Khurmatu region, with the prevalence of dissolved ions
and salts at varying concentrations in the water of the widespread wells, and the increase in industrial and agricultural activity,
the district has witnessed a development in industrial and agricultural activities, leading to the infiltration of chemical
pollutants such as pesticides, fertilizers, and industrial waste into groundwater layers, in addition Urban expansion and the
absence of advanced sewage systems lead to the discharge of untreated wastewater, which causes organic and bacterial
pollutants to seep into groundwater, posing a threat to the health of the population. Furthermore, the effects of climate change
and drought lead to lower rainfall rates and increased pumping rates affecting the quality of groundwater, which increases the
concentration of harmful elements such as salts and heavy metals. Due to the lack of studies related to groundwater in this
region, this study was conducted to assess the extent of Livestock suitability of well water in the studied area for irrigation,
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human consumption, and animal drinking.
MATERIALS AND METHODS

The study was conducted groundwater wells spread across the district of Tuz and the sub-districts of Sulayman Bek and
Amerli, within the administrative borders of Salah al-Din Governorate. the study area extends between latitudes (34° 53 - 59
=-34° 52 - 46 =) north and longitudes (44° 44 - 32 = -44° 36 - 41 =) east, with a total area of 191,801.65 hectares. (Figure 1)
Twenty-five wells were selected (Table 1) spread across the study area, Samples were taken for each well after operating the
well water pump for 10 minutes during the dry season in September 2024 and the wet season in March 2025. Water samples
were then taken to the Soil Sciences and Water Resources Laboratories at the College of Agriculture at the University of
Kirkuk in clean polyethylene plastic bottles, washed several times with sample water before filling them. To conduct physical
and chemical analyses.
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Figure:(1) Map of the study area and wells locations.

1- Assessment of drinking Water Quality index(WQI)

To calculate the water quality index, three steps are required as mentioned [10].
Step 1: A weight (Wi) is assigned to each of the chemical parameters, namely pH, electrical conductivity (EC), total dissolved
solids (TDS), total hardness (TH), calcium (Ca*?), magnesium (Mg*?), sodium (Na*), potassium (K*%), sulfate (SO4,
bicarbonate (HCO5), nitrate (NO3"), and chloride (CI°). This is based on their perceived health effects and relative importance
to the overall quality of water for drinking purposes. A weight of 5 is assigned to parameters that have significant impacts on
water quality and are important to quality, and a minimum of 1 is assigned to parameters considered harmless.
Step 2: Calculate the relative weight (Wi) of each parameter using Equation (1).
Step 3: The quality classification scale (qi) is calculated for each parameter by dividing its concentration in each water sample
by the standard for each of them according to the standard specifications, then multiplying the result by 100 using Equation
(2).
Step Four: Calculate the Water Quality Index (WQI) for each sample using Equation (3) Table (1).

Wi
qi = (g) * 100 N ¢))
WQI=YP, (Wi * Qi) N )|

Which:

Wi: Relative weight.

wi: weight of each parameter.

n: number of transactions.

Qi: Quality rating.

Ci: Concentration of each chemical parameter in each water sample.

Si: Standard value according to [11] mgl™*

The WQI index was classified according to the classification [10] Table (4).
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Table (1): Water quality standard, assigned and relative weight value.

Number Chemical Standard drinking limits Custom R\’/\?elz?gr:/te

properties Unite (WHO«2011)mg.I"* weight 4

4 (Wi)

(Wi)

1 pH - 8.5 4 0.10811
2 EC dSm 1.5 4 0.10811
3 TDS mg I 1 5 0.13514
4 TH mg I 500 2 0.05405
5 Ca mg I 200 2 0.05405
6 Mg mg I 150 2 0.05405
7 Na mg I 400 2 0.05405
8 K mg I 12 1 0.02703
9 SO, mg I 400 4 0.10811
10 HCO; mg I 500 3 0.08108
11 NO3 mg I 45 5 0.13514
12 Cl mg I 600 3 0.08108
>'37 0.999~1

2- Assessment of Irrigation Water Quality Index  The irrigation water quality index was calculated using the equation
indicated by [12]. It is calculated in three steps:

Step 1: Eight attributes were used to calculate the Irrigation Water Quality Index (IWQI): electrical conductivity (EC), sodium
adsorption ratio (SAR), residual sodium carbonate (RSC), sodium percentage (Na%), magnesium adsorption ratio (MAR),
permeability index (P1), Kelly index (KI), and potential salinity (PS). To calculate each of these attributes, the relative weight
(Wi) and water quality value (Qi) were used.

Step 2: Calculate the relative weight values as shown in Table (2).

Step 3: Calculate the Irrigation Water Quality Index (IWQI). The IWQI was calculated using the following equation:
IWQI= YT qiwi R €3

Which:

IWQI: Irrigation Water Quality Index

Its value ranges between (0-300) and is unitless. The IWQI values were evaluated and calculated as indicated by [12] into
eight characteristics, as in (4).

Table (2): Reference values (si), weight of attributes (wi), and relative weight (RWi) for
the attributes used in classifying water quality for irrigation (IWQI).

adjective Si wi RWi

EC 2.25 5 0.17241
SAR 18 5 0.17241
RSC 25 1 0.03448
Na% 60 3 0.10344
MAR 50 3 0.10344
IP 85 4 0.13793

KI 1 3 0.10344
PS 5 5 0.17241
The total Z wi = 29 0.99996
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3- Assessment Water Quality Index for Livestock(WQI)

The WQI values for livestock and poultry irrigation were calculated according to the steps mentioned in [13] [14].
Step 1: The values of eight chemical properties of well water were calculated, including acidity (PH), electrical conductivity
(EC), calcium (Ca*?), magnesium (Mg*?), sodium (Na*), chloride (CI"), sulfate (SO4), and nitrate (NO5"), as shown in Table
(3).
Step 2: The relative weight (Wi) values were calculated according to [15] using the following equation (5).

. _oowi
W= e (5)

Which:
Wi: Relative weight.
wi: weight of each parameter.
n: number of transactions.
Step 3: The quality rating (qi) values were calculated according to the following equation:
cl
qi = (E) « 100 e (6)
gi: Quality classification.
Cl: Concentration of each chemical parameter in each water sample.
Sl: Standard value.

Table (3): Reference values (si), weight of traits (wi), and relative weight (Rwi) for the
traits used in classifying water quality for livestock and poultry (WQI)

adjective Si Wi RWi
pH 8.5 4 0.16
EC 1.6 4 0.16
Ca*? 1000 2 0.08
Mg*2 500 2 0.08
Na* 300 3 0.12
CI 300 1 0.04
S04 500 4 0.16
NOs 133 5 0.2
The total Z wi = 25 1

Step 4: The values of the sub-index (Sli) and the water quality index (WQI) were calculated according to the following
equation:

Sli=Wi*qi @)
WQI=Y Sli B €:))
The WQI was classified into five sections as mentioned by [13]. As in Table (4)

Table (4): Classification of Water Quality Index (WQI) values for drinking, irrigation,
livestock and poultry.

Class WQI Value Water quality
| 50 < Excellent
1 50-100 Good
1 100-200 Poor
v 200-300 Very Poor
\% 300 > Unsuitable
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Results and discussion
1- Drinking water quality index(WQI)

Tables 5 and 7 reveal that, for the dry season, there are three WQI categories for the study area's well water for drinking. The
first category, "Excellent for drinking," accounted for 16% of the total wells in the study area, the second category, "Good for
drinking," accounted for 44%, and the third category, "Poor and unsuitable for drinking," accounted for 40%. For the wet
season, the first category, "Excellent for drinking," accounted for 8%, the second category, "Good for drinking," accounted
for 56%, and the third category, "Poor and unsuitable for drinking," accounted for 36%. Figure 2 shows that 25% of the study
area's wells in the wet season had an increase in their Water Quality Index (WQI) compared to the dry season, while 75% of
them had a decrease in this value. This is due to rainwater, which causes microbial and physical contamination.

200
150
100 | | |
o]
AT R
WIW|IW[W[WIW|W|W[WIW[W[WIW|WIWIWIW[W[WIWIWIWIWIW|W
1121314151678 19(10(11]12]13(14|15]16[17|18]|19(20|21|22{23|24]|25
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Figure 2: Water Quality Index (WQI) for drinking of the wells of study area.

Table (5): Water Quality Index (WQI) for drinking in study area wells for the dry and wet

seasons.

NO Well WQI(Dry Season) WQI(Wet Season)
wi 66 69
w2 63 66
w3 89 79
W4 105 111
W5 164 121
W6 132 97
Wiy 132 128
we 155 146
W9 69 75

W10 48 47

W11l 79 80

W12 147 119
W13 46 50

W14 93 9%

W15 33 a1

W16 54 70

W17 50 5

W18 47 51

W19 76 71

W20 90 9

W21 74 78

w22 153 106
w23 102 106
w24 123 113
W25 140 136

Min 33 a1

Max 164 146
Range 131 105
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Average 93 88
SD 40 29
CcVv 43 33

2- Irrigation water quality index(IWQI)

Tables 6 and 7 show that for the dry season, there are four WQI categories for the study area's well water for irrigation.
The first class is "excellent for irrigation," accounting for 28% of the total wells in the study area. The second class is "good
for irrigation,” accounting for 28%. The third category is "poor for irrigation," accounting for 32%. The fourth category is
"very poor for irrigation," accounting for 12%. For the wet season, there are three IWQI classes for the study area's well water.
The first category is "excellent for irrigation," accounting for 20%. The second category is "good for irrigation," accounting
for 40%. Figure 3 shows that 44% of the study area's wells in the wet season had higher Irrigation Water Quality Index scores
compared to the dry season. This is due to increased rainfall, which reduces the concentration of salts and pollutants in
groundwater sources, making them more suitable for irrigation.
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Wells
Figure 3: Irrigation Water Quality Index (IWQI) for the wells of study area.

Table (6): Irrigation Water Quality Index (IWQI) for the wells of the study area for the dry and
wet seasons.

v':l/8| WQI(Dry Season) WQI(Wet Season)
w1 52 53
w2 46 45
W3 67 64
wa 94 101
W5 194 137
We 85 94
W7 238 176
W8 175 167
W9 66 73
W10 42 43
W11 65 P
W12 224 101
W13 44 52
W14 117 105
W15 32 38
W16 45 54
W17 37 42
W18 36 45
W19 71 62
W20 118 54
w21 107 92
w22 222 139
W23 150 132
w24 153 128
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W25 195 154

Min 32 38
Max 238 176
Range 206 137
Average 107 89
SD 67 43
CcVv 63 49

3- Livestock and Poultry water quality index(WQI)

Figure 4 shows that 24% of the study area's wells during the wet season had higher WQI scores compared to the dry season.
This may be due to the rainwater in the wet season, which dilutes salts from water sources, reducing levels of pollutants such
as nitrates, phosphates, and sulfates. Tables 7 and 8 show that for the dry season, there are three WQI categories for the study
area's well water for livestock and poultry. The first Class, "Excellent for livestock and poultry,” accounted for 28% of the
total wells in the study area. The second, Class "Good for livestock and poultry," accounted for 48% of the total. The third,
Class "Poor for livestock and poultry," accounted for 24% of the total. For the wet season, the first, Class "Excellent for
livestock and poultry," accounted for 32% of the total, the second, Class "Good for livestock and poultry,” accounted for 52%,
and the third, Class "Poor for livestock and poultry,” accounted for 16%.
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Figure 4: Water Quality Index for Livestock and Poultry (WQI) of study area.

Table (7): Water Quality Index (WQI) for watering livestock and poultry for the study area
wells for the dry and wet seasons.

vltl/g | WQI(Dry Season) WQI(Wet Season)
W1 50 26
w2 46 43
W3 63 58
W4 79 75
W5 135 101
W6 88 76
w7 130 106
w8 123 116
W9 57 60
W10 35 35
w1l 56 N
W12 115 01
W13 38 40
w14 85 e
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W15 29 30

W16 43 48
W17 38 39
W18 38 39
W19 57 50
W20 76 52
w21 68 60
w22 119 82
w23 93 86
w24 98 88
W25 121 112
Min 29 30
Max 135 116
Range 106 86
Average 75 66
SD 34 26
CV 45 39

Table (8): Water Quality Index (IWQI) categories for drinking, irrigation, livestock and
poultry (Mireles et al., 2010).

Class WQI Value Water quality
I 50 < Excellent
I 50-100 Good
1 100-200 Poor
v 200-300 Very Poor
\Y 300 > Unsuitable

Conclusion:

Through a detailed study of the variation in groundwater characteristics in different areas in Tuz Khurmatu district by
determining the irrigation water quality index with eight criteria, the drinking water quality index with twelve criteria, and
the water quality index for livestock and poultry with eight criteria, it was found that the first class is excellent for drinking,
amounting to 16%, the second class is good for drinking, amounting to 44%, and the third category is poor and unsuitable for
drinking, amounting to 40%. As for the wet season, the results were different, and it was found that there are three categories:
the first class is excellent for drinking, amounting to 8%, the second class is good for drinking, amounting to 56%, and the
third class is poor and unsuitable for drinking, amounting to 36%. There are four WQI classes of well water in the study area
for irrigation. For the dry season, the first class is excellent for irrigation, reaching 28%, the second class is good for irrigation,
reaching 28%, the third class is poor for irrigation, with a percentage of 32%, and the fourth class is very poor for irrigation,
reaching 12%. For the wet season, there are three IWQI classes of well water in the study area. The first class is excellent for
irrigation, reaching 20%, the second class is good for irrigation, reaching 40%, and the third class is poor for irrigation,
reaching 40%. For the dry season, there are three WQI classes of well water in the study area for livestock and poultry. The
first class is excellent for livestock and poultry, reaching 28%, the second class is good for livestock and poultry, reaching
48%, and the third category is poor for livestock and poultry, reaching 24%. For the wet season, three classes appeared. The
first category is excellent for livestock and poultry, reaching 32%, the second class is good for livestock and poultry, reaching
52%, and the third class is poor for livestock and poultry, reaching 16%.
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