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Fig. 1. Geographical location and location of observation wells in Evan plain
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Fig.2. Log of observation wells in the Evan plain
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Fig.3. The isopotential map and groundwater flow direction in the Evan plain
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Table 1. Bartlett test results
Bartlett's sphericity test:

Chi-square (Observed value) 242.592
Chi-square (Critical value) 32.671
DF 21
p-value <0.0001
alpha 0.05
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Table 2. Factor analysis results
F1 F2 F3 F4 F5 F6

Eigenvalue 7261 1593 1030 0.172 0.027 0.017
Variability (%) 67.824 14479 7418 1561 0.244 0.155
Cumulative (%) 67.824 82303 89.721 91.282 91526 91.681

hele Sl 5o Jelge (5o ¥ g0

Table 3. Matrix of factors in factor analysis

F1 F2 F3
EC 0.994 0.084 0.069
TDS 0.992 0.110 0.061
pH -0.321 0.702 0.505
Na 0.923 0.059 0.190
K 0.887 -0.293 0.140
Mg 0.944 0.149 0.159
Ca 0.949 0.056 0.070
Hco3 0.130 -0.938 0.221
Cl 0.896 -0.125 0.087
No3 0.469 0.158 0.641
So4 0.949 0.213 0.012
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Table 5. lon ratios of groundwater samples of Evan aquifer

Well NOs/ CI K*/CI S04% /Cl -
EV1 0.009674 0.009373 1.06645

EV2 0.203081 0.014832 0.973442
EV3 0.06039 0.010236 1.005433
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Well NOs/ CI K*/CI So4% /CI=
EV4 0.222618 0.015808 1.180697
EV5 0.031896 0.01018 1.274145
EV6 0.064696 0.014447 4.200654
EV7 0.055236 0.014721 1.381008
EV8 0.105505 0.012241 3.105864
EV9 0.059453 0.011729 0.904748
EV10 0.050065 0.016375 5.087593
EV1l 0.088784 0.011515 3.016704
EV12 0.253841 0.022228 4.387318
EV13 0.025038 0.008045 1.977403
EV14 0.055336 0.006203 2.279284
EV15 0.063151 0.009241 3.207533
EV16 0.042991 0.010382 3.113551
EV17 0.037834 0.008287 2.45164

EV18 0.07301 0.01308 5.379178
EV19 0.064527 0.01602 1.682397
EV20 0.100214 0.010174 3.555639
EV21 0.059239 0.010546 2.992144
EV22 0.032603 0.010097 2.695337
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Abstract

The Evan plain is located in the Khuzestan province in the southwest of Andimshek city.
Groundwater is one of the available water resources for irrigation, drinking, and industry in this
region. Due to the importance of examining the ground water quality of the Evan plain,
hydrochemical parameters and nitrate pollution have been evaluated. Nitrate is one of the most
widespread pollutants of ground water in the world. However, few studies have been conducted
on this pollutant in the Evan plain. Therefore, to assess the quality of ground water in this area
with emphasis on nitrate pollution, sampling was carried out in September of the water year
(1400-1401) from 22 wells in this plain. During the sampling, field parameters (temperature, pH,
EC), concentrations of major elements (Ca%*, Mg?*, Na*, K*, CI;, SO,*, HCO3*, CO3z?), and
nitrate were measured. The results of the factor analysis demonstrated three influencing factors,
namely EC, Na*, K*, Mg?*, Ca?*, CI-, SO4* (as the first factor), pH and Hco32- (as the second
factor), and NOs™ (as the third factor), with a total of 89.72% having the most changes in the Evan
plain aquifer. The dominant water type in the Evan plain is sulfate-calcite. Hierarchical clustering
analysis shows the three clusters for the regionalization of nitrate data. In general, the changes in
nitrate ion concentration in the groundwater of the Evan plain are affected by the size of the soil
particles, the depth of the groundwater, and the utilization of chemical fertilizers in the area.
Keywords: Evan Aquifer, Nitrate Pollution, Factor Analysis, Hierarchical Clustering Analysis
(HCA).

Introduction
Groundwater is an important source of water that is used in industry, agriculture, and domestic
purposes. In recent years, there has been an increase in population and the use of soluble chemicals,
resulting from industrial and domestic production and expansion, which have led to a reduction in the
quality of groundwater. Nitrate, as one of the factors contributing to groundwater pollution that is
mostly caused by human activities, has always been of interest to researchers (Fetter, 2014). In most
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cases, the occurrence of nitrate pollution in groundwater is related to agricultural effluent, excessive
use of nitrogen fertilizers, as well as domestic sewage and animal waste. Understanding and
monitoring the quality of water resources is very important for their management and optimal use.
Therefore, examining the relationship between cations and anions can reveal many characteristics of
water, and with their help, other water characteristics can also be determined. Evaluating the
relationship between cations and anions using laboratory methods incurs significant costs. To reduce
these costs, multivariate statistical methods such as Principal Component Analysis and Hierarchical
Cluster Analysis can be used. In this regard, many analytical studies have been conducted by
researchers (Kenny, 2014; Kehew et al., 2010; Kura et al., 2013; Isa et al., 2014; Suresh et al., 2017,
Martinez, 2014; Chen and Jang, 2015; Ramaroson, 2020). In recent years, there has been an increase
in agricultural activities and the use of nitrogen fertilizers in rural areas, resulting in the discharge of
domestic sewage into the groundwater of the Evan aquifer. Therefore, this research focuses on
investigating the quality of groundwater in the Evan plain, with a particular emphasis on the nitrate
ion. The study aims to identify the source of nitrate pollution and determine the areas with the highest
pollution potential using graphical and statistical methods.

Materials and Methods

The study conducted in this research was carried out in the Evan Plain. This plain, with an area of
195 square kilometers, is located at a distance of 140 kilometers from the city of Ahvaz in the
northwest of Khuzestan province, on the road from Andimshek to Dehlran. There are 14 observation
wells in this plain, and the average water level of this area in the water year 1400-1401 is about 102.36
meters. In order to investigate the spatial changes and evaluate the ionic pollution of the Evan aquifer,
sampling was conducted in September of the water year (1400-1401) from 22 exploitation wells with
an appropriate relative distribution. The chemical analysis of main anions and cations Ca?*, Mg?',
Na*, K*, ClI,, So4%, Hcos?, Cos%) and nitrate ion was carried out in the laboratory of the Khuzestan
Water and Electricity Organization. The Kaiser-Mayer-Olkin index and the athlete's test were used
for the statistical analysis of the data. These two methods showed that the data were suitable for
statistical analysis. To investigate nitrate ion pollution in the groundwater of the Evan aquifer, a
spatial distribution map of nitrate ion, flow direction map, groundwater depth, ion ratio, Piper
diagram, and the statistical method of Hierarchical Clustering Analysis (HCA) were used.

Results and Discussion
In the factor analysis, eigenvalues, variance percentage, and cumulative variance were calculated to
carefully examine the variables and select the effective factors of the system. According to the
calculations, three factors with eigenvalues greater than one were identified as the main factors,
explaining 89.72% of the total variance. Based on the spatial distribution map of nitrate ions, wells
Ev2, Ev14, Ev20, and Ev21 are at risk of nitrate contamination due to their proximity to coarse-
grained weathered alluvial sediments, the presence of a livestock center, shallow groundwater depth,
and areas with intensive cultivation. To determine the origin of nitrate pollution, ionic ratios such as
NO3/Cl,, K*/CI-, and CI/SO4* were used. These ratios indicate that human activities are the main
cause of nitrate pollution. Piper's chart was used to assess groundwater quality. The majority of
samples exhibited a sulfate-calcic type. The increase in sulfate ions in Evan groundwater is attributed
to domestic sewage and the use of chemical fertilizers in agriculture. Hierarchical clustering analysis
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revealed that samples EV17, EV10, EV7, EV6, EV3, EV12, EV9, and EV5 belong to the first cluster
and sub-cluster 1-1, with an average nitrate concentration of 23.6. These wells are primarily recharged
by the Karkheh River, with low nitrate concentrations, and are considered low-risk areas for nitrate
pollution. In sub-cluster 1-2, samples EV18, EV13, EV15, EV16, EV11, EV4, EV22, and EV8 exhibit
an average nitrate concentration of 36.7, indicating a potential risk of nitrate pollution in the future.
This is attributed to the concentration of agricultural crops, the presence of livestock centers, and the
coarse-grained sediments in some areas. Cluster number 2 includes samples EV1 and EV19, which
have the lowest average nitrate concentration of 7.3, making them the safest areas in terms of pollution
in the Evan Plain. Finally, cluster number 3 consists of samples EV20, EV21, EV14, and EV2, which
exceed the standard limit and are considered contaminated areas. EV2 is located near a livestock
center, and the sediments in this area are coarse-grained. EV20, EV21, and EV14 are located in areas
with shallow groundwater depth (less than 15 meters), indicating a rise in the groundwater level in
these areas.

Conclusions

In this research, the effective factors in the quality of underground water and also the source of nitrate
ion pollution in the Evan Plain were investigated. The results of factor analysis show that the first
three factors determine the quality of water in the region. These factors include about 89.72 % of the
total amount of change. In order to increase the influence of each of the hydrochemical parameters in
the first factor (EC, Na, K, Mg, Ca, Cl, SO4), due to the high interaction of water and rock, the
influence of geological formations in the study area is included. In the second factor (HCOs, pH )
recharge is caused by surface water and rainfall in the Evan plain. And nitrate ion is effective in the
third factor. a very good correlation (0.71) of the graph of the ratio of total nitrate and chloride to
bicarbonate HCOs/ CI - + NOs - against the total solid solution (TDS) shows that the high
concentration of nitrate in the groundwater resources of the study area is caused by human activities.
According to Hierarchical Clustering Analysis (HCA), groundwater samples were placed in three
clusters. The results of this analysis showed that the position of each cluster corresponds to the spatial
distribution map of nitrate ion.
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