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Abstract

Background: Groundwater in Iraq, particularly in the Kirkuk Governorate, is under increasing
pressure from a range of challenges, including human activities and natural conditions. These factors
have led to the presence of contaminants, posing a significant risk to public health and underscoring
the urgent need for systematic monitoring and evaluation. Examining the connection between
groundwater contamination and its impact on human health is vital for safeguarding public well-being
and promoting environmental sustainability.

Methods: This study focused on the southwestern region of Kirkuk Governorate to evaluate the
suitability of groundwater for drinking purposes. Twenty groundwater samples were analyzed using
water quality indices (Nemerow’s Pollution Index and Weighted Arithmetic Index) and Geographic
Information System (GIS) techniques. Fourteen physicochemical parameters were assessed. Spatial
mapping and statistical data analysis were conducted to provide essential insights into water quality
and its management.

Results: The NPI-WQI findings categorized 50% of samples as “seriously polluted” (NPI>3.5) and
50% as “moderately polluted” (NPI 1-3.5). The WAI-WQI revealed that 80% of samples were deemed
“unsuitable for drinking” (WAI>100), with the highest levels of pollution recorded in wells W14
(WAI=712.275) and W20 (WAI=413.676). Critical values surpassed allowable thresholds: TDS (7625
mg/L compared to the WHO limit of 1000 mg/L), EC (10,500 puS/cm versus 400 pS/cm), and turbidity
(192 NTU against 5 NTU). Spatial maps indicated regional variations, revealing heightened pollution
in central and southern areas.

Conclusion: The study contributes valuable data for improving water resource management and
protecting public health.
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Introduction

Groundwater is a vital resource worldwide. Water is
a lifeline that supports the environment, people, and
the economy (1,2). It is also a source of energy and raw
materials for industries. Unfortunately, the quality
of this water can be negatively impacted by various
human activities. These activities include pollution
from residential, commercial, and agricultural sectors,
as well as natural processes. A study conducted in Iraq
has brought to the fore that the groundwater is highly
polluted. The research shows that the concentration of
total dissolved solids may reach up to 5000 mg/L, and

nitrates and heavy metals typically exceed the World
Health Organization (WHO) limits. The contamination
of water in Iraq is a consequence of both farming and
industrial pollution (3,4). The problem of water quality
in the Kirkuk Governorate due to salinization, as well
as human pollutants, has been identified in the studies.
This implies the insufficient means of monitoring and
the necessity of more efficient methods, such as the
Water Quality Index (WQI) and Geographic Information
System (GIS) (5). The increase in the population, the
development of industries, and climate changes are the
factors that lead to deeper troubles in the water quality
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of ITraqi groundwater. This source is still indispensable
for the life of rural communities (6). The issue becomes
even worse due to the presence of contaminants such as
pesticides, fertilizers, and domestic wastewater, which
inevitably will endanger the health of human beings (7).
Therefore, continuous monitoring is very important
because it helps in identifying and possibly searching
for the sources of pollutants, the reduction of which is
definitely necessary since the water quality is among the
indicators of the ecosystem’s health (8). Nitrate pollution
from fertilizers and animal waste is the major source of
rural groundwater pollution. Hence, regular monitoring is
necessary because of the health risks posed by the nitrates
in drinking water (9). Safe drinking water is one of the
essential factors for sustainable development. It changes
people’s lives, health status, and economic stability.
Water quality management faces challenges, especially
in low-income countries, compounded by population
growth and poor water infrastructure (10). The unmet
Millennium Development Goals (11) outlined that even
though a lot of work has been done worldwide, there are
still more than one billion people who do not have access
to safe drinking water. The Sustainable Development
Goals (SDGs) deal with the problems of water, energy,
health, agriculture, and biodiversity, among others (12).
Groundwater pollution is a major resource that exhibits
different pollution patterns, influenced by land use and
geology. The presence of harmful metals, therefore,
points to the urgency of responsible management (13).
The quality of groundwater is crucial for the safety of the
public and the prevention of environmental pollution.
This is a significant problem worldwide, as it affects
multiple locations simultaneously. Interpretation of
big data and water quality indicators is thus essential.
It is thus of importance in monitoring the water status
(13,14). There are numerous studies in Iraq that
emphasize the role of these indicators in evaluating the
quality of groundwater in terms of dissolution processes,
salinization, and industrial activities (15). In semi-arid
areas such as Kirkuk Governorate, the significance of
groundwater in the course of which the necessity of
thorough investigations using water quality indicators
and GIS techniques comes into picture (5). The increasing
need for groundwater resources makes it necessary to
assess the water quality for the health of the public and
the environment. A worldwide concern of groundwater
pollution is a vital issue, and it emphasizes the necessity for
gathering and analyzing various kinds of information (16).
Typical water quality reports in a traditional way mostly
concentrate on single parameters, which, consequently,
make it confusing for the authorities and the public to
understand the situation. Environmental monitoring
programs can be more effective if the reporting methods
used are simpler. This has thus motivated the emergence
of mathematical techniques for combining water quality

parameters (5). Water quality indices such as Nemerow’s
Pollution Index (NPI) and the Weighted Arithmetic
Index (WAI) facilitate the evaluation of water quality as
well as the analysis of data. These indices find extensive
application in research conducted in Iraq to evaluate
the condition of the groundwater (4,17,18). The present
research is intended for the identification of the status
of groundwater in the Kirkuk Governorate as a source
of drinking water, using WQI and GIS methods. The
registration of physicochemical measurements from 20
wells will be the source of important data on groundwater
that will enable a more efficient way of managing this
water resource. Groundwater is commonly regarded as
the purest among the water sources. Usually, people in the
Kirkuk Governorate are provided with water by means of
mechanical drilling or hand-dug wells. The depth of these
wells is the main factor that decides the purity of the water
(4,19,20). Dependable water management systems are
vital to satisfy water needs; at the same time, they should
be the least harmful to health and the environment.
Proper groundwater quality monitoring and detailed
groundwater quality analysis are indispensable for
efficient and sustainable water management initiatives.
Chemical water contamination of the human health
aspect can only be understood if we go through the
spectrum of diseases that are caused by the polluted
water. Groundwater contaminated with different types of
pollutants is the major cause of health issues. Excessive
acidity can result in stomach discomfort. High Total
Dissolved Solids (TDS) can worsen conditions for those
with kidney and heart issues and cause digestive problems
(21). Excess chloride can lead to increased urination (14).
Infants are particularly at risk for methemoglobinemia
from high nitrate levels. High sulfate can cause diarrhea
(16). Magnesium deficiency is linked to many health issues
(22). Low calcium intake can lead to osteoporosis and
high blood pressure. High sodium levels can affect heart
health and cause kidney issues (23). High concentrations
of aluminum can have severe health consequences (24).
Metals like lead, cadmium, chromium, nickel, mercury,
and copper can damage kidney and liver function and
cause serious illnesses. Long-term exposure to arsenic
may result in skin problems and gastrointestinal and heart
symptoms. Manganese deficiency can lead to various
joint and tissue issues. Excess cobalt can reduce iodine
absorption, leading to nausea and other gastrointestinal
issues. Selenium deficiency can cause nail loss, while
exposure to uranium increases cancer and leukemia risks
(25,26). These effects are attributed to a small part of many
pollutants and their health impacts. Continued research is
necessary to understand the links between groundwater
contamination and human health outcomes (27).

In a study by Khassaf and Hassan et al. (2017) (28) in
Najaf Governorate, researchers assessed groundwater
quality by analyzing samples from various wells. The
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research results demonstrated that a few wells exceeded
the permissible limits for drinking water set by both
the Iraqi and the World Health Organization (WHO),
particularly for Total Dissolved Solids (TDS), sulfates,
and chlorides. The local investigators identified factors
of nature and humans as the cause of the deterioration.
Geological structures were mentioned as being responsible
for the contribution to the high-salinity issue. Intensive
farming practices that were associated with fertilizers and
pesticides, besides the infiltration of untreated wastewater,
were also part of the problem. The paper highlighted the
necessity of setting up continuous surveillance programs
and formulating strict management policies to ensure
that this resource is safeguarded and not ruined.

Another study by Al-Asadi et al. (2020) (29) was
conducted in Basra Governorate, whose main theme
was the spread of toxic heavy metals in groundwater.
Those metals belong to the group of the most hazardous
pollutants mainly because of their extremely toxic nature
and their ability to bioaccumulate in living entities. They
investigated samples of metals such as lead, cadmium, and
nickel from groundwater to determine concentrations.
The survey found that the levels of some of the metals
were dangerously high and exceeded international safety
limits. This is the case if among the communities the water
serves as a source of drinking and irrigation. The polluters
blamed it on unregulated industrial and unregulated
waste discharge as the heavy metal sources, together with
possible effects of oil-related operations in the area, were
environmentally the culprit for the research. The study
suggested health risk assessments and cleaning of the
environment to be conducted regularly, and strategies to
be used as the main pillars in place to protect public health
and the environment.

In a broader context, a recent study by Mueller et al.
(2021) (30) has dealt with the complex relationship of
climate change, water shortage, and their impacts on the
groundwater quality in the desert and semi-desert areas
of Iraq. The study revealed that the reduced rainfall and
increased evaporation due to high temperatures caused
the water table to go down, which in turn led to the
concentration of pollutants in the water. Furthermore,
the authors of the paper examined the implications of
dam construction on the Tigris and Euphrates rivers in
the neighboring nations of Iraq concerning groundwater
replenishment.

Further, the researchers claimed that the above-
mentioned factors, in addition to the mismanagement
of water, exacerbate the situation of the groundwater
quality and become the main reason for the water security
problem in Iraq in the future. The authors insist on a
great necessity of a proper water resource management
plan that should incorporate a variety of activities, such as
water harvesting and environmentally sound groundwater

recharge, to be effective in dealing with these issues.

The main aim of this research was to investigate the
status of groundwater in the selected localities of Kirkuk
City, Iraq. Utilizing NPI-WQI, WAI-WQI, and GIS, they
aimed to ascertain the chemical properties of water and
subsequently evaluate its suitability for consumption.

Materials and Methods

Description of the Study Area

Kirkuk Governorate is positioned around 283 km north
of Baghdad, the capital city of Iraq (Figure 1).

The governorate’s geographic coordinates span from
34° 41’ 42” to 35° 51’ 50” N and from 43° 16’ 37” to 44° 43’
60” E. Over the past five decades, the population of Kirkuk
Governorate has undergone substantial growth, reaching
approximately 996,000 individuals in 2019, signifying an
increase of about 50. Due to limited access to surface water
in Kirkuk, groundwater has become the primary water
source for various essential purposes such as drinking,
agriculture, and industrial usage. Kirkuk exhibits a semi-
arid climate characterized by chilly, precipitation-laden
winters and hot, arid summers. Rainfall-induced floods
serve as the primary source of groundwater in the region.
The study area for the examined wells is located in the
south-west part of Kirkuk Governorate. A total of 20
groundwater samples were obtained from various places
within the study region (Figure 1). This study area covers
an approximate land area of 1590 km?, constituting a
portion of Kirkuk’s total area, which measures 10188.37
km?. The depth of the wells ranged from 57 to 251 meters.
Accurate coordinates for each sample were determined
using a GPS instrument (Table 1).

Data Collection and Analysis

This study aimed to assess the groundwater quality of 20
wells. The data and information used in the study were
obtained from the Kirkuk branch of the Iraqi Ministry
of Water Resources/General Groundwater Authority.
Throughout the study, a comprehensive set of 14 water
quality parameters was measured, including chemical
and physical aspects. These parameters included pH,
Temperature (C), Turbidity (Tur), Electrical conductivity
(EC), Total dissolved solids (TDS), Sulfate (SO, ), Nitrate
(NO,), Magnesium (Mg*?), Calcium (Ca*?), Potassium
(K*), Chloride (CI'), Total Hardness (TH), Bicarbonate
(HCO,),and Sodium (Na*"). All tests for parameters were
carried out in the laboratories of the General Authority for
Groundwater, Kirkuk branch. The main objective of the
study was to evaluate the suitability of groundwater for
drinking purposes. The measured values were compared
with drinking water standards set by Iraq and the World
Health Organization (Table 2) (31-33).

Statistical analysis and calculations

For the multivariate statistical data analysis, graphical
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Figure 1. The location of wells studied in Kirkuk Governorate, Iraq

Table 1. The depth (in meters) and coordinates of the study wells

potable water quality

T
44°200"E

Table 2. Iraqgi standards and the World Health Organization criteria for

Well Depth Coordinates
Parameters Units 2k A Bl [P
No. (m) Latitude Longitude Standards Standards
W1 66 35°27°35" N 43°47° 52" E T () - 12-25
W2 60 35° 28" 23.9" N 43° 48" 526" E PH - 6.5-8.5 65-85
E 2 4
w3 72 35720732 N 43°45 18" E c psfom 000 00
Na* mg/| 200 200
W4 132 35°18°06.9” N 43°49°29.9"E
Ca,* mg/l 150 100
w5 156 35°22° 18" N 43°54720.9" E
Mg,* mg/| 100 50
W6 78 35°26° 50" N 43°49° 23" E
K* mg/| 12 20
w7 72 35°21713.8" N 43°39°50.8" E Turbidity NTU 5 5
ws 120 35°28° 06" N 43°53'53.3" E or mg/l 350 250
w9 251 35°29° 26" N 43°57° 13" E SO, mg/l 400 250
W10 108 35°23°53.9" N 43°49° 317 E NO,- mg/l 50 50
w11 132 35°21749 N 43°51740" E DS mg/l 1000 500 - 1000
w12 102 35°207 30" N 43°50° 45" E ™ mg/l 500 500
W13 84 35° 23" 34°° N 430 48° 29 E HCO, mg/! 200 200
W14 168 35° 14722 N 43°56'39" E L ) .
examination of results was conducted using a statistical
w15 144 3TMOTN 437587007 E analysis program, specifically SPSS version 26. The
w16 163 34°5320” N 53°15"30"E samples were analyzed to discern relationships and
W17 90 35°20°09" N 43° 46" 45" E variations among variables on a normalized data scale,
Wis 102 35°2113" N 430 48" 43" E as.51st1ng in simplifying 'Fhe scope and. complexity o'f d:jlta
with autonomous behavior (34). In this paper, descriptive
w19 57 35°21° 10" N 43°41°50" E o . . .
statistics techniques such as minimum, maximum,
w20 157 35°15734" N 43°56" 317 E mean, range, and standard deviation are applied to the
4 \ Environmental Health Engineering and Management Journal. 2026;13:1492
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physicochemical indicators present in the water collected.
Additionally, a Pearson’s linear correlation matrix was
produced to investigate the relationships between the
explored parameters. This combination pattern of the
correlation matrix displayed in the form of a matrix
made it possible to determine the correlations between
different water quality parameters. The analysis was
conducted on a dataset with 20 well samples and covering
14 water quality parameters. The assessment of several
water quality parameters in a matrix format is essential
for demonstrating and analyzing the interrelationships
among numerous environmental elements. It involves
a crucial function in terms of measuring the impact of
water quality on a certain area (35,36). The water quality
assessments conducted in this study were performed
using Microsoft Excel 2016 for all analytical models.

Water Quality Index (WQI)

Water assessments, being globally recognized, evaluate
the quality standards of the water for various kinds of
purposes. The Water Quality Index (WQI) is an important
tool thatintegrates various parameters to present an overall
idea about water quality. Lower WQI scores indicate poor
water quality, while higher scores indicate excellent water
quality (37). The Global Environmental Monitoring
System (GEMS) in 2007 adopted and endorsed the use
of WQI, which has become the widely used method for
evaluating water resources for human consumption and
other goals as per the instructions of the World Health
Organization (WHO) (38). Beginning in 1965, the first
numerical Water Quality Index (WQI) was introduced.
Since then, several indices have been developed with
different structures, principles, application boundaries,
and variable selection. Specifically, corrective water quality
indices record the level of non-compliance from the
existing observed parameter values and local regulatory
standards (39). Nevertheless, we should bear in mind
that though there is a very strong correlation between
WQI and the water quality, it is not absolute proof,
and it is important to be very careful when translating
this correlation to practical usage. There is a possibility
that it possesses a low level of precision and accuracy.
However, even efforts that have been directed towards the
development of such water quality indices specific to Iraq
have received little attention and recognition to take care
of the matter effectively (39,40).

Nemerow’s Pollution Index (NPI)

The Nemerow Pollution Index (NPI) introduced by
Nemerow and Sumitomo is a straightforward measure of
pollution (38). By calculating NPI values based on specific
water quality parameters, it becomes possible to identify
the major pollutants impacting water quality. The status
of the water quality can be quickly and easily determined
using NPI. There are two approaches to Nemerow’s

pollution index method: the single-factor (NPI) and
the multi-factor (NPI ). The formula yields the reduced
metric known as the single-factor index:

Ci

NPI, = L (1)

In this case, Li is the i-th parameter’s permitted limit,
and Ci is the i-th parameter’s observed concentration.
The presence of contaminants in the water necessitates
treatment before use if the NPIi value is more than 1.0.
Table 3 presents the current state of the water quality
based on Nemerow’s pollution index.

4The multi-factor approach, known as NPI, provides
a more thorough method of assessing water quality
by taking important polluting elements into account.
Utilizing the following formula, the comprehensive
pollution index (NPIN) is determined:

2 2
(NPIL) ;NP[I.W 2)

NPI, =

The comprehensive pollution index is denoted by
NPIN, the average value of the single-factor index is
denoted by NPI, and the maximum value of the single-
item pollution index for pollutants at a particular sample
point is indicated by NPIimax. Table 4 provides the water
quality level determination based on Nemerow’s pollution
index approach (41).

Weighted Arithmetic Water Quality Index Method
(WAI)

Using frequently measured variables, the weighted
arithmetic water quality index approach classifies water
quality according to its degree of purity. This approach
has been widely used by many scientists (42,43). Applying
the following equation yields the water quality index
(WQI) computation (44) using the following equation:

2qnW,
2,

WAI = (3)

The quality rating scale (qn) for each parameter is
calculated using the following equation:

R

Where

o Vn is the measured concentration of the *n*th
parameter.

Table 3. Nemerow’s pollution index and criteria of water quality status

Nemerow’s pollution index Water quality status

<1.0 No pollution

1-2 Slightly pollution
2-3 Lightly pollution

3-5 Moderately polluted
>5 Seriously pollution

Environmental Health Engineering and Management Journal. 2026;13:1492 | 5
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Table 4. Assessment of water quality levels utilizing Nemerow’s pollution
index methodology

Table 5. Status of water quality based on the Weighted Arithmetic Index
method

Nemerow’s pollution index Water quality status Index Value Notes Grading
<0.59 No pollution 0-25 Excellent water quality A
0.59-0.74 Slightly pollution 26-50 Good water quality B
0.74-1 Lightly pollution 51-75 Poor water quality C
1-3.5 Moderately polluted 76-100 Very poor water quality D
>3.5 Seriously pollution >100 Unsuitable for drinking E

o vio is the parameter’s optimal value in pure water.

o For most parameters (e.g., contaminants), vio=0. Discussion

o Exceptions: pH, vio=7.0 and Dissolved Oxygen,
vio=14.6 mg/l.
The suggested standard value for the nth parameter is
Sn.
Each water quality parameter’s unit weight (Wn) is
determined using the following equation:

W= — (5)

Where K is the proportionality constant that can also be
calculated by the following equation:

1
- (6)

S

n

K=

The rating of water quality according to this WQI is
given in Table 5.

Results

This study conducted an extensive examination of
the chemical and physical properties of groundwater,
focusing on 14 criteria. The findings are presented in
Table S1, which includes important statistical information
for each parameter, such as averages, standard deviations,
and minimum and maximum values. To evaluate water
quality, these findings were compared to the Iraqi Quality
Standards (IQS, 2009) and the World Health Organization
(45).

Furthermore, spatial distribution maps were created
using ArcGIS 10.5 software to visually represent the
regional variations of the examined characteristics. These
maps are displayed in Figures 2-4, highlighting the
spatial distribution of parameters such as pH, Electrical
Conductivity (EC), turbidity, and total dissolved solids
(TDS). The correlations between the 14 physicochemical
parameters were analyzed using Pearson correlation
coefficients, which are presented in Table S2. This
correlation matrix provides insights into the relationships
and potential interactions among the parameters.

Additionally, the Water Quality Index (WQI) was
calculated using the Nemerow Pollution Index (NPI) and
Weighted Arithmetic Index (WAI) methods. The results,
shown in Table S3, classify the groundwater samples
based on their pollution levels. The visual representation
of the WQI results is provided in Figure 5.

The results in Table S1 demonstrate that multiple
parameters surpassed the allowable thresholds for potable
water as defined by the IQS (2009) and WHO (2021). Wells
W5, W14, and W20 demonstrated markedly elevated
levels of Total Dissolved Solids (TDS) and Electrical
Conductivity (EC), which are higher than the permitted
thresholds. Spatial distribution maps (Figures 2-4) further
confirm the regional variability of these parameters. For
instance, Figure 2b highlights elevated EC levels in several
wells, particularly W14 and W20, reflecting their higher
salt content (46).

These findings are consistent with previous studies
that have reported similar spatial heterogeneity in
groundwater quality, often attributed to both natural and
anthropogenic factors (47,48).

The groundwater’s pH values, as shown in Table S1
and spatially distributed in Figure 2a, were found to be
within the acceptable range (6.9-8.3). This aligns with
previous studies conducted in Kirkuk and Mosul, which
reported that groundwater in these regions has a high
acid-neutralizing capacity (ANC) due to the significant
presence of carbonate compounds in the soil and water
(49). Similar trends have been observed in other regions,
where carbonate-rich geology contributes to stable pH
levels (47,50).

The correlation matrix (Table S2) reveals a significant
positive relationship between pH and several parameters,
including HCO5™ (r=0.166), with p-values indicating
statistical significance (P<0.05).

The turbidity levels in the study area ranged from 3.76 to
192 NTU, with an average value of 38.46 NTU (Table SI,
Figure 3b). Notably, W1 exhibited the highest turbidity,
which can be attributed to issues such as low pressure,
failure of pipe linings, or improper well development (51).

These observations are in line with findings from other
regions, where infrastructure and maintenance issues
have been linked to elevated turbidity (47).

The correlation analysis (Table S2) shows a positive
relationship between turbidity and parameters such as EC
(r=0.134) and Ca** (r=0.166), emphasizing the influence
of dissolved solids on water clarity.

The TDS values, which ranged from 381 mg/L in
well W18 to a staggering 7625 mg/L in well W20,
exceeded the permissible limit of 500 mg/L in most wells

)]
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Figure 2. Spatial distribution of parameters of the study area: (a) pH, (b) EC

(Table S1, Figure 3e). TDS demonstrated strong positive
correlations with parameters such as Ca** (r=0.684),
Mg* (r=0.747), and Na* (r=0.920), as shown in Table S2,
further highlighting the contribution of these ions to the
overall dissolved solids in groundwater. Similar patterns
of elevated TDS and strong ionic correlations have been
documented in other studies, often linked to both gigantic
sources and anthropogenic activities such as agriculture
and urbanization (48,52).

Wells like W14, W15, and W20 exhibited alarmingly
high TDS levels due to anthropogenic activities and
natural salt dissolution, making the water unsuitable for
drinking (5,53).

Electrical Conductivity (EC), a critical indicator of
dissolved salts, showed a range from 630 pS/cm (well
W18) to 10,500 uS/cm (well W20) (Table S1, Figure 2b).
These elevated levels are consistent with the high TDS
values observed in the same wells. Correlation data
(Table S2) reveal significant relationships between EC
and parameters such as Ca** (r=0.725), Mg** (r=0.874),
and Na* (r=0.924), reinforcing the relationship between
ionic concentration and conductivity (3,54).

These findings are corroborated by similar studies
employing water quality indices and regression analysis
to evaluate the influence of major ions on EC and TDS
(50,52).

The Water Quality Index (WQI) data, displayed in
Table S3 and illustrated in Figure 5, categorize the water
quality of the wells. According to the NPI-WQI method,
50% of the samples were categorized as “seriously polluted,
while the remaining 50% were classified as moderately
polluted. On the other hand, the WAI-WQI model found
that majority of the water samples (80%) were from the
category of “unsuitable for drinking,” while 10% were
from “very poor water quality” class. The experimental
data obtained from wells W14 and W20 are in line with the
notion depicted in Figure 5 and Table S1 that these wells’
WQI scores are caused by TDS, EC, and other parameters’
high concentration; thus, the results of these parameters
are set by Table S1 and Figure 5. Similar results from the

studies relying on advanced WQI modeling and spatial
analysis are presented by Adimalla and Qian (2020) and
Kumar et al. (2018) (47,52), who have reported that there
are many groundwater contamination cases existing
in those regions that are affected by natural as well as
human-caused factors.

The research findings strongly indicate the poor
groundwater quality in the investigated area and the
high necessity for the implementation of suitable water
management strategies. It is evident that the high presence
of TDS, EC, and turbidity, as well as the strong correlation
among these factors presented in Table S2, reveals the joint
influence of natural and anthropogenic sources on water
quality. The study’s results stipulate that it is necessary to
treat the water for the greatest number of wells before it
can be considered safe for human consumption; the same
applies to the research reported in similar studies in like
hydrogeological settings (48,50).

Conclusion

According to the present study conducted in the
southwestern region of Kirkuk Governorate, Iraq, the
groundwater in the area is unsuitable for direct usage.
Groundwater quality assessment using water quality
indices and GIS techniques showed that the water is
beyond permissible levels for a number of important
parameters such as turbidity, electrical conductivity,
total dissolved solids, sulfate, magnesium, calcium,
potassium, chloride, bicarbonate, and sodium. The
research underlines the need for the implementation
of proper management actions for the protection and
safe use of groundwater resources not only in Kirkuk
Governorate, but also in the neighboring regions. Water
quality indices, such as Nemerow’s Pollution Index
(NPI) and the Weighted Arithmetic Index (WAI), were
employed to assess groundwater quality. Nevertheless,
the findings indicated that the groundwater levels were
higher than those permitted for drinking water, requiring
additional treatment or the use of alternate water sources.
Significant information on pollutant distribution and

Environmental Health Engineering and Management Journal. 2026;13:1492 | 7



Alabdraba et al

e asove wove e

CaCO;

pr

ss200

Legend
5 wel
CaCOs mgiL
<2
[]20-30
[ B

P

e e wdve e

ware wsove wove wigre

Caz* -éﬁ

pr ses00n

a0 ss0on

Legend
i Well
Ca Range mg/L

N [ -

abve e e anhoe

svarve asspe wore e

TDS

ssaen

Legend
© el
DS Range mg/l

ool ] 1000- 2500 ssan

e e e e

© c/,\ o
25200 o

w55

e avsoe awooe awinoe

Turbidity 4?

200 L o Fasesoon

Fosezoon

Legend i
o Well it
Turbidity Range NTU

Faseioon

e Ao wdoe wiboe

avavoe awsove wore aove

Temperature #‘&

PR ]

5200 sswon

Legend
o wel

ssuwon] Temperature Range d —
| e
23-26°C —
0 5 10 20 30

e whoe wive wboe

avanoe as0e e wnoe

Mg+

200N Fssavon

Legend
© Wel
Mg Range mg/L
''''''' <10
[ 100 - 200

— Km
- 200 0 5 10 20 30

aaboe wRoE wnoe P

Figure 3. Spatial distribution of parameters of the study area: (a) CaCO,, (b) Turbidity, (c) Ca*?, (d) Temperature, (e) TDS, (f) Mg,*

its effects on groundwater quality was uncovered by the
spatial mapping of physicochemical data from 20 wells.
Making informed decisions and creating plans to address
groundwater contamination in Kirkuk Governorate
will be made easier using this information. The results
of this study emphasize how vital it is to make all-out
efforts to protect and maintain the region’s clean, healthy
groundwater resources. It highlights how important it is to
continuously monitor, analyze, and regulate groundwater
quality in a way that preserves public health and advances
sustainable development.
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