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Nitrate is one of the most important groundwater contaminants in the world, capable of causing
environmental problems and posing risks to human health. This study investigated groundwater quality,
nitrate concentration, and its sources in the lzeh Plain aquifer, as well as the impact of land use on this
contamination. For this purpose, samples were collected and analyzed from 21 production wells during
both the wet and dry seasons of the 2021-2022 hydrological year. The results indicated that the
groundwater type is mainly bicarbonate-calcium and bicarbonate-magnesium, and approximately 23.81%
of the samples exceeded the permissible nitrate concentration limits set by Iranian drinking water
standards and the World Health Organization. Nitrate concentrations in the dry season ranged from 13.40
to 103 mg/L, with an average of 37.31 mg/L, while in the wet season they ranged from 9 to 125.7 mg/L,
averaging 34.34 mg/L in the aquifer. Mapping of nitrate distribution confirmed that the areas with the
highest contamination are located around the Ab Bandan wetland in the southeast, the southern margin of
the Izeh Plain, and the southwest of this city. Integration of ionic ratio data (NO3 /CI", K'/CI", and CI'/Na")
and factor analysis demonstrate that the primary sources of nitrate in this aquifer stem from excessive use
of nitrate fertilizers, and lack of a sewage network and sanitation treatment plant in the region. This finding
is further corroborated by the overlap between the land use map and the nitrate zoning map of the area.

Introduction

et al., 2021). Global and Iranian studies, including those

Groundwater serves as a critical resource for drinking
water, agriculture, industry, and ecosystem balance, yet
population growth and industrialization have intensified
its pollution, particularly in arid and semi-arid regions,
necessitating enhanced chemical and ecological
management to avert water stress (Zendehbad et al.,
2019). Nitrate, highly soluble and mobile in soil, ranks
among the most pervasive groundwater contaminants,
originating from natural sources like thunderstorms and
anthropogenic activities such as nitrate fertilizers,
sewage leakage, and waste mismanagement (Jia and
Qian, 2025; Mirzaei et al., 2023).

Elevated nitrate levels pose severe health risks,
including methemoglobinemia in infants and gastric
cancer in adults, prompting the WHO to establish a 50
mg/L threshold for drinking water (WHO, 2011; Rahman

by Ostvari et al. (2012) in Lordegan Plain, Amarloei et
al. (2014) in llam, Moghimi (2017) in Ghaemshar Plain
link rising nitrate to fertilizers, sewage, and land use, with
spatial patterns influenced by soil properties and flow
dynamics. Further research by Kalantari et al. (2021) in
Gotvand, Mirzaei et al. (2023) in Evan Plain, Zendehbad
et al. (2019) in Mashhad, Tian et al. (2020) in China, and
Rahman et al. (2021) in India confirms anthropogenic
dominance, especially fertilizers, via isotopes,
hydrochemistry, and PCA.

In l1zeh Plain, groundwater supports irrigation and
potable supplies but faces depletion and nitrate pollution
from overexploitation, urban expansion, and agriculture
since the early 1990s (Naseri and Alijani, 2007; Mehrabi
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Recent droughts and development exacerbate risks,
underscoring the need for updated hydrochemical
monitoring to reassess nitrate spatiotemporal variations.
This study addresses the gap by resampling Izeh wells,
analyzing hydrochemical parameters, and applying
factor analysis to map nitrate patterns and chemistry
relationships.

Study Area

The lzeh Plain is a topographically closed basin
(polje) located in the folded Zagros belt of northeastern
Khuzestan Province, Iran, at an average elevation of 835
meters. It experiences a semi-arid climate with an
average annual precipitation of ~474 mm and significant
seasonal temperature variations. Geologically, the plain
is a structural depression bounded by anticlines and
synclines composed of Cretaceous to Tertiary carbonate
formations (e.g., Asmari, llam-Sarvak), with Quaternary
alluvial deposits filling the basin center.

Hydrogeologically, the system comprises an alluvial
aquifer (approx. 170 km?) hydraulically connected to
surrounding Kkarstic aquifers. Groundwater recharge
occurs primarily at the margins via infiltration from the
karst systems, leading to higher hydraulic conductivity
(up to 7 m/day) and steeper gradients there. Flow
converges towards the central lakes and eastern discharge
zone, where finer sediments reduce conductivity (to <0.5
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m/day) and lower the water table. Thus, the aquifer's
characteristics are fundamentally controlled by its
geomorphological setting and complex sedimentology.

Materials and Methods

To evaluate the hydrochemistry of the lIzeh Plain
aquifer and to examine the spatial and temporal
variations of nitrate pollution, 21 production wells,
suitably distributed across the plain, were sampled during
the 2021-2022 hydrological year in both the dry and wet
seasons (Fig. 1). Chemical analysis of major anions and
cations, including sulfate, chloride, potassium, sodium,
magnesium, calcium, bicarbonate, nitrate, and bromide,
was conducted at the Khuzestan Water and Power
Organization Laboratory. In the laboratory, calcium,
magnesium, chloride, carbonate, and bicarbonate ions
were measured by titration; sodium and potassium were
analyzed using flame photometry; and sulfate, nitrate,
and bromide were assessed with spectrophotometry (UV-
Vis model Dr 2800). The pH and electrical conductivity
values were also measured on-site using a digital pH
meter and conductivity meter (Tables 1 and 2). After
determining the groundwater type and facies of the study
area using Piper diagrams, nitrate pollution zoning maps
for both seasons were drawn for this aquifer to illustrate
its spatial and temporal distribution (Fig. 2).
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Fig. 1. The map of the geographical location, geology, and positions of 21 production wells in the Izeh Plain (the geological map is
adapted from the koh e Asmari map at a scale of 1:100,000, prepared by the National Iranian Qil Company).

Table 1. The results of the descriptive statistical analysis of groundwater samples from the lzeh Plain during the dry season

(Rahimzadeh, 2024).

Parameters pH EC TDS Br Nos* Na* k* Mg?* Ca**
(uS/cm mg/L
Mean 7.8 899.19 566.84 0.28 37.3 35.72 1.75 53.82 77.49
Standard error 0.0 199.34 126.91 0.12 6.57 18.32 0.38 14.02 7.87
Median 7.8 652 399.9 0.07 23.1 15.17 1.17 36.82 67.53
Mode 7.9 2922 4580 0.06 18.9 397.7 1.17 19.08 165.7
Standard 0.3 913.50 581.56 0.54 30.0 83.96 1.75 64.24 36.06
Variance 0.1 834479 338215 0.29 905. 7050. 3.07 4126. 1300.
Kurtosis - 14.37 14.73 125 0.99 19.83 12.4 11.69 1.39
Skewness - 3.55 3.61 3.45 1.52 4.40 3.25 3.16 1.40
Range 1.1 4352 2771.2 2.31 89.6 396.3 8.21 293.8 126.6
Minimum 7.0 228 150.8 0.06 13.4 1.38 0.39 8.02 39.08
Maximum 8.2 4580 2922 2.37 103 397.7 8.6 301.9 165.7
Continued Table 1.
Parameters S04# CL- NH., F NOy PO Li*
mg/L
Mean 69.10 69.51 2.77 0.47 0.15 0.06 0.06
Standard error 35.61 41.17 0.56 0.07 0.05 7.76E-18 7.76E-18
Median 18.73 13.83 1.08 0.42 0.06 0.06 0.06
Mode 191.20 874.30 1.082 0.22 0.05984 0.06 0.06
Standard deviation 163.21 188.66 2.55 0.33 0.22 3.56E-17 3.56E-17
Variance 26636.14 35590.74 6.51 0.11 0.05 1.26E-33 1.26E-33
Kurtosis 17.90 18.88 -0.43 1.82 10.27 -2.22 -2.22
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Skewness 4.14 4.27 1.12 1.38 3.13 -1.08 -1.08
Range 756.54 873.95 7.04 1.29 0.93 0 0
Minimum 0.96 0.35 1.08 0.11 0.06 0.06 0.06
Maximum 757.5 874.3 8.12 14 0.99 0.06 0.06

Table 2. The results of the descriptive statistical analysis of groundwater samples from the Izeh Plain during the wet season

(Rahimzadeh, 2024).

Parameters pH EC TDS Br NOs* Na* K* Mg?* Ca**
(nS/cm) mg/L
Mean 7.61 932.43 593.70 0.19 34.34 38.274 3.69 55.08 77.73
Standard error 0.08 218.08 139.53 0.10 6.71 17.948 1.35 14.53 9.41
Median 7.6 682 414.77 0.06 22.2 17.47 1.56 30.5 69.94
Mode 7.5 4990 3187.93 0.06 15.3 41.84 0.78 315.20 226.00
Standard deviation 0.36 999.39 639.42 0.45 30.76 82.25 6.20 66.58 43.14
Variance 0.13 998782 408857 0.20 946.48 6764.93 38.40 4432.45 1861.06
Kurtosis 0.80 14.91 14.86 20.41 2.98 19.38 6.61 12.36 6.37
Skewness - 3.63 3.62 4.49 1.79 4.33 2.74 3.26 2.17
Range 1.6 4741 3023 2.06 125.6 389.72 21.51 306.82 188.53
Minimum 6.8 249 165 0.06 0.1 1.379 0.39 8.39 37.47
Maximum 8.4 4990 3188 2.12 125.7 391.1 21.9 315.2 226
Continued Table 2.
Parameters HCOs SO CL- NH,4 F NO, PO* Li*
mg/L

Mean 311.42 94.99 77.74 2.21 7.15 25.68 0.06 0.06
Standard error 33.06 41.66 45.29 0.86 0.79 18.79 7.8 0.001
Median 259.3 26.9 19.14 1.08 6.46 5.52 0.06 0.06
Mode 572 17.29 970.70 1.08 6.27 5.06 0.06 0.06
Standard 151.50 190.93 207.54 3.93 3.60 86.11 3.555E- 0.006
Variance 22953.0 36455. 43072. 15.4 12.9 7415.2 1.264E- 3.905E-
Kurtosis -1.18 15.95 19.65 15.3 0.65 20.92 -2.22 5.20
Skewness 0.36 3.85 4.38 3.85 0.81 457 -1.08 2.52
Range 471.6 877.54 968.22 17.1 13.4 398.44 0 0.02
Minimum 100.1 3.362 2.48 1.08 1.71 2.76 0.06 0.06
Maximum 571.7 880.9 970.7 18.2 15.2 401.2 0.06 0.08
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Fig. 2. The zoning map of nitrate contamination in the groundwater of the Izeh Plain. a) Dry and, b) Wet season (Rahimzadeh, 2024).

To assess the normality of the data and their suitability
for statistical analyses, the Kaiser-Meyer-Olkin (KMO)
index and Bartlett's test were employed. The results of
these statistical tests indicated that the KMO values for
the dry season and the wet season were 0.51 and 0.58,
respectively. This suggests that the data are appropriate
for statistical analyses such as factor analysis, aimed at
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identifying the sources of nitrate contamination and the
contribution of each factor. Moreover, ionic ratios were
utilized in this study.

Results and Discussion

This study presents a comprehensive hydrochemical
assessment of groundwater quality in the lzeh aquifer
based on physicochemical parameters from 21
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production wells analyzed during dry and wet seasons.
The groundwater is primarily neutral to alkaline, with pH
values ranging between approximately 6.8 and 8.4.
Electrical conductivity (EC) and total dissolved solids
(TDS) showed notable variability, reflecting significant
ion content fluctuations, but generally remained within
Iranian drinking water standards except for one well.
Major cations were dominated by calcium, while sodium
exhibited the greatest concentration variability. Among
anions, bicarbonate concentrations were highest, with
nitrate levels displaying substantial seasonal and spatial
variability; 23.81% of samples exceeded national and
international nitrate limits.

Hydrochemical facies identified via Piper diagrams
revealed  calcium-bicarbonate and  magnesium-
bicarbonate water types as dominant, with minor
occurrences of calcium-chloride and magnesium-
chloride types. Spatial mapping using kriging
interpolation highlighted elevated nitrate concentrations
primarily in the eastern and southern parts of Izeh city,
linked to agricultural runoff, livestock activities, and
traditional wastewater disposal practices.

Temporal trends showed higher nitrate concentrations
in the dry season, attributable to reduced dilution from
rainfall. lon ratio analyses (notably NO3/ClI~ and K'/CI")
indicated that nitrate pollution originates chiefly from
anthropogenic sources such as agricultural fertilizers,
manure, and sewage. The correlation between nitrate and
chloride further reinforced human impact on water
quality.

Principal Component Analysis (PCA) extracted three
major components explaining 91.47% and 85% of the
variance in dry and wet seasons, respectively. These
components distinguished between natural salinity
factors and anthropogenic influences, confirming
agricultural and sewage sources as primary contributors
to nitrate contamination.

Land use analysis linked high nitrate zones to
agricultural and residential areas, where ammonium-
based fertilizers and insufficient sewage management
exacerbate groundwater pollution. The dry season
intensifies contamination due to higher water extraction

493

and lower groundwater dilution, highlighting the need for
improved wastewater infrastructure and sustainable
agricultural practices to protect aquifer quality.

Conclusions

The study investigates groundwater hydrochemistry
in Izeh Plain to assess nitrate pollution and human impact
on contamination. Samples from 21 wells in dry and wet
seasons underwent chemical analysis, showing
predominant bicarbonate-calcium and bicarbonate-
magnesium water types, with some chloride variations.
About 24% of samples exceeded nitrate limits set by the
WHO (2011) and the Iranian National standards
Organization (2024), with dry season nitrate ranging
13.40-103 mg/L (mean 37.31 mg/L) and wet season
ranging 9-125.7 mg/L (mean 34.34 mg/L). Statistical
analyses, including PCA and ionic ratios, identified
anthropogenic sources as key contributors to nitrate
contamination. Ratios such as SO42'Cl-, K*/Cl, and NOz"
/CI" indicated pollution primarily from agricultural
fertilizer and manure use and untreated wastewater
discharge through absorption wells. PCA highlighted
three major factors affecting groundwater quality, with
nitrate levels strongly linked to agricultural and
wastewater influences. In the wet season, correlations
among bicarbonate, fluoride, potassium, and other
parameters further supported these sources. Land use
mapping confirmed these human activities correlate with
nitrate  pollution patterns. To mitigate nitrate
contamination, the study recommends adopting soil
management practices such as crop rotation, organic
fertilizers, and irrigation management, alongside
wastewater treatment infrastructure improvements.
These measures aim to optimize fertilizer use, enhance
soil health, and prevent further groundwater quality
degradation.
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Fig. 1. The map of the geographical location, geology, and positions of 21 production wells in the Izeh Plain (the geological map is
adapted from the Koh e Asmari map at a scale of 1:100,000, prepared by the National Iranian Oil Company).
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Table 1. The results of the descriptive statistical analysis of groundwater samples from the Izeh Plain during the dry season

(Rahimzadeh, 2024).

Parameters pH EC TDS Br NOs* Na* K* Mg?* Ca**
(nS/cm) mg/L
Mean 7.82 899.19 566.84 0.28 37.31 35.72 1.75 53.82 77.49
Standard error 0.07 199.34 126.91 0.12 6.57 18.32 0.38 14.02 7.87
Median 7.89 652 399.9 0.07 23.1 15.17 1.17 36.82 67.53
Mode 7.96 2922 4580 0.06 18.9 397.70 1.173 19.08 165.70
Standard deviation 0.31 913.50 581.56 0.54 30.09 83.96 1.75 64.24 36.06
Variance 0.10 834479.9 338215.5 0.29 905.54 7050.09 3.07 4126.41 1300.65
Kurtosis -0.33 14.37 14.73 12.57 0.99 19.83 12.45 11.69 1.39
Skewness -0.62 3.55 3.61 3.45 1.52 4.40 3.25 3.16 1.40
Range 1.13 4352 2771.2 2.31 89.6 396.32 8.21 293.88 126.62
Minimum 7.09 228 150.8 0.06 134 1.38 0.39 8.02 39.08
Maximum 8.22 4580 2922 2.37 103 397.7 8.6 301.9 165.7
-V Jgaz aalol
Continued Table 1.
Parameters HCOs S04* CL NH4 F NOy PO* Li*
mg/L
Mean 340.65 69.10 69.51 2.77 0.47 0.15 0.06 0.06
Standard error 27.38 35.61 41.17 0.56 0.07 0.05 7.76E-18 7.76E-18
Median 358.8 18.73 13.83 1.08 0.42 0.06 0.06 0.06
Mode 55.90 191.20 874.30 1.082 0.22 0.05984 0.06 0.06
Standard deviation 125.45 163.21 188.66 2.55 0.33 0.22 3.56E-17 3.56E-17
Variance 15737.84 26636.14 35590.74 6.51 0.11 0.05 1.26E-33 1.26E-33
Kurtosis -0.91 17.90 18.88 -0.43 1.82 10.27 -2.22 -2.22
Skewness 0.01 414 4.27 1.12 1.38 3.13 -1.08 -1.08
Range 422.9 756.54 873.95 7.04 1.29 0.93 0.00 0.00
Minimum 133 0.96 0.35 1.08 0.11 0.06 0.06 0.06
Maximum 555.9 757.5 874.3 8.12 1.4 0.99 0.06 0.06
D
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Table 2. The results of the descriptive statistical analysis of groundwater samples from the lzeh Plain during the wet season

(Rahimzadeh, 2024).

p EC TDS Br NO3* Na* K* Mg?* Ca?
arameters pH
(uS/cm) ma/L
Mean 7.61 932.43 593.70 0.19 34.34 38.274 3.69 55.08 77.73
Standard error 0.08 218.08 139.53 0.10 6.71 17.948 1.35 14.53 9.41
Median 7.6 682 414.77 0.06 22.2 17.47 1.56 30.5 69.94
Mode 7.5 4990 3187.93 0.06 15.3 41.84 0.78 315.20 226.00
Standard deviation 0.36 999.39 639.42 0.45 30.76 82.25 6.20 66.58 43.14
Variance 0.13 998782 408857 0.20 946.48  6764.93 38.40 4432.45 1861.06
Kurtosis 0.80 14.91 14.86 20.41 2.98 19.38 6.61 12.36 6.37
Skewness -0.09 3.63 3.62 4.49 1.79 4.33 2.74 3.26 2.17
Range 1.6 4741 3023 2.06 125.6 389.72 21.51 306.82 188.53
Minimum 6.8 249 165 0.06 0.1 1.379 0.39 8.39 37.47
Maximum 8.4 4990 3188 2.12 125.7 391.1 21.9 315.2 226
=Y Jguz dalol
Continued Table 2.
Parameters HCOs SO CL- NH4 F NO, PO Li*
mg/L
Mean 311.42 94.99 17.74 2.21 7.15 25.68 0.06 0.06
Standard error 33.06 41.66 45.29 0.86 0.79 18.79 7.8 0.001
Median 259.3 26.9 19.14 1.08 6.46 5.52 0.06 0.06
Mode 572 17.29 970.70 1.08 6.27 5.06 0.06 0.06
Standard deviation 151.50 190.93 207.54 3.93 3.60 86.11 3.555E-17 0.006
Variance 22953.073 36455.23 43072.2 15.46 12.97  7415.26 1.264E-33 3.905E-05
Kurtosis -1.18 15.95 19.65 15.30 0.65 20.92 -2.22 5.20
Skewness 0.36 3.85 4.38 3.85 0.81 4.57 -1.08 2.52
Range 471.6 877.54 968.22 17.14 13.49 398.44 0.00 0.02
Minimum 100.1 3.362 2.48 1.08 1.71 2.76 0.06 0.06
Maximum 571.7 880.9 970.7 18.22 15.2 401.2 0.06 0.08
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Table 3. The NO3/Cl- and K*/CI- ion ratios calculated for the groundwater samples of the Izeh Plain aquifer in both sampling stages

(Rahimzadeh, 2024).

Well No. Dry season Wet season
K*/CI- NOs/CI K*/CI- NOs/CI

1Z1 0.13 0.30 0.08 0.48
122 0.29 0.72 0.02 0.94
1Z3 0.03 0.91 0.04 0.94
124 0.10 0.11 0.02 0.19
1Z5 0.06 1.06 0.05 0.96
126 0.20 3.53 0.33 7.20
1z7 0.01 0.12 0.12 1.02
1Z8 0.12 1.93 0.13 1.27
129 0.13 0.01 0.6 5.55
1210 0.03 0.82 0.07 1.06
1Z11 0.08 0.61 0.17 2.73
1212 0.09 1.00 0.12 1.26
1213 0.01 0.13 0.02 0.35
1214 0.04 1.70 0.05 1.70
1215 0.00 0.02 0.00 0.02
1216 0.11 2.37 0.11 3.64
1217 0.29 0.70 0.11 0.48
1218 0.13 0.29 0.08 0.48
1219 0.29 5.11 1 24.35
1220 0.11 3.87 0.25 6.98
1221 0.21 2.74 0.3 3.06
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during both sampling stages: a) Dry season and b) Wet season.
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groundwater samples from the Izeh Plain aquifer during both sampling phases: a) Dry season and b) Wet season.
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Fig. 7. The diagram of NO3s +CI")/HCOs' ratio vs. TDS of groundwater samples from the Izeh Plain aquifer during both sampling
stages. a) Dry season and b) Wet season (Rahimzadeh, 2024).
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Table 4. The results of factor analysis for the sources of nitrate in the aquifer of the Izeh Plain during the dry season. a) Extracted
factors and their variance values, and b) Influential factors and the final normalized weights after varimax rotation (Rahimzadeh,

2024).
Total Variance Explained
Component Initial Eigenvalues Rotation Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 7.548 53.917 53.917 6.913 49.378 49.378
2 2.583 18.452 72.368 2.153 15.379 64.757
3 1.607 11.477 83.846 2.067 14.767 79.524
4 1.072 7.655 91.501 1.677 11.977 91.501
5 0.488 3.485 94.986
6 0.232 1.657 96.643
7 0.181 1.290 97.934
8 0.142 1.015 98.949
9 0.126 0.903 99.852
10 0.012 0.088 99.940
11 0.007 0.053 99.993
12 0.001 0.005 99.998
13 0.000 0.001 99.999
14 7.539E-5 0.001 100.000
a)
Oy
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Rotated Component Matrix

Parameters Components
1 2 3

TDS 0.959 0.221 0.166
EC 0.956 0.220 0.185
pH 0.067 0.004 -0.488
Br 0.928 -0.034 0.067
NO3 -0.009 0.187 0.921
Na 0.985 0.075 -0.034
K 0.146 0.718 0.357
Ma 0.911 0.379 0.118
Ca 0.626 0.057 0.659
HCOz 0.170 0.720 0.549
S04 0.978 0.138 -0.080
Cl 0.991 0.052 0.067
NHa -0.057 0.007 -0.102
F 0.174 0.901 -0.122
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Table 5. The results of factor analysis for the sources of nitrate in the aquifer of the lIzeh Plain during the wet season. a) Extracted
factors and their variance values, and b) Influential factors and the final normalized weights after varimax rotation (Rahimzadeh,

2024).

Total Variance Explained

Component Initial Eigenvalues

Rotation Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %
1 8.297 55.315 55.315 7.610 50.734 50.734
2 3.022 20.147 75.463 3.706 24,710 75.443
3 1.448 9.656 85.118 1.451 9.675 85.118
4 0.903 6.020 91.139
5 0.791 5.274 96.413
6 0.410 2.731 99.144
7 0.059 0.396 99.540
8 0.043 0.288 99.828
9 0.013 0.087 99.914
10 0.008 0.056 99.970
11 0.003 0.022 99.992
12 0.001 0.006 99.998
13 .000 .001 99.999
14 5.408E-5 .000 100.000
15 2.494E-5 .000 100.000
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a)
Rotated Component Matrixa
Parameters Component
1 2 3

TDS 0.971 0.234 0.000
EC 0.970 0.235 -0.006
pH 0.113 0.294 0.762
Mg 0.935 0.346 0.013
Ca 0.879 0.252 -0.047
HCOs 0.135 0.754 0.233
SO, 0.975 0.111 -0.033
Cl 0.990 -0.010 -0.012
NH4 -0.098 -0.060 0.635
F 0.242 0.892 0.285
Li 0.300 0.842 -0.116
Na 0.991 0.037 0.030
Br 0.987 0.003 -0.001
K -0.004 0.907 -0.085
NOs 0.048 0.641 -0.555
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