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ABSTRACT
Introduction

The Asalouyeh Plain, located along the Persian Gulf in southern Iran, is a vital
industrial center primarily focused on petrochemical production. Rapid
industrialization in this region has led to significant environmental challenges,
especially concerning groundwater quality. Groundwater is essential for agricultural
irrigation and industrial processes; however, it faces threats from anthropogenic
activities and saline water intrusion. Previous studies highlight the importance of
groundwater quality for human health and ecological balance. Kubicz et al. (2021)
underscore that contamination can have severe health implications, while Hassanzadeh
(2011) notes that industrial pollution significantly impacts groundwater systems,
leading to elevated levels of harmful contaminants. In the Asalouyeh Plain, research by
Ahmadi et al. (2018) indicates that saline intrusion, exacerbated by industrial water
extraction, contributes to groundwater degradation.

This study aims to conduct a hydrochemical analysis of groundwater in the Asalouyeh
Plain, focusing on the effects of industrial activities and saline water intrusion. By
collecting and analyzing data from eight wells and two springs, this research seeks to
elucidate the spatial variability in groundwater quality and the underlying
hydrochemical processes. The findings will provide insights for the sustainable
management of groundwater resources in the region.
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Methodology

Groundwater samples were systematically collected from eight wells and two springs across the Asalouyeh Plain. A
detailed hydrochemical analysis was performed using graphical methods, including Piper and Durov diagrams, to
classify water types and elucidate the chemical processes affecting groundwater. Additionally, multivariate statistical
techniques were applied to investigate correlations among various chemical parameters and assess the impact of
industrial pollutants. Key indicators such as chloride, sodium, and sulfate concentrations were measured to evaluate the
extent of contamination and the influence of seawater intrusion. Groundwater samples were systematically collected
from eight wells and two springs across the Asalouyeh Plain. A detailed hydrochemical analysis was performed using
graphical methods, including Piper and Durov diagrams, to classify water types and elucidate the chemical processes
affecting groundwater. Additionally, multivariate statistical techniques were applied to investigate correlations
among various chemical parameters and assess the impact of industrial pollutants. Key indicators such as
chloride, sodium, and sulfate concentrations were measured to evaluate the extent of contamination and the
influence of seawater intrusion.

Results and Discussion

The hydrochemical assessment of groundwater in the Asalouyeh Plain revealed significant contamination,
particularly in the southern and western sectors of the region, where industrial activities are most concentrated.
The analysis indicated elevated concentrations of key ions, with sulfate levels peaking at 1711 mg/l and
sodium concentrations reaching up to 60%. These results underscore the critical impact of industrial
operations and saline water intrusion on groundwater quality. The hydrogeochemical processes identified in
this study include reverse ion exchange and the dissolution of dolomitic and carbonate rocks. Reverse ion
exchange was observed as sodium ions from saline water replaced calcium and magnesium ions in the
groundwater, leading to increased sodium concentrations. This process significantly affects groundwater
quality, particularly in agricultural contexts, where elevated sodium levels can impair soil health and crop
productivity.

Additionally, the dissolution of dolomitic and carbonate rocks contributes to the overall hydrochemical
changes observed in the groundwater. The presence of these minerals enhances the mobility of certain ions,
which can lead to further deterioration of water quality. The high concentrations of sulfate and sodium in the
groundwater are indicative of these complex hydrogeochemical interactions. Qualitative assessments revealed
that the groundwater across various sectors of the Asalouyeh Plain is predominantly unsuitable for agricultural
applications. The elevated salinity levels pose a serious challenge for crop cultivation, as high sodium
concentrations can negatively affect soil structure and fertility. Moreover, the groundwater's high
sedimentation potential renders it less suitable for industrial applications, particularly in processes where
water clarity and quality are critical. In summary, the findings of this study highlight the urgent need for
effective groundwater management strategies in the Asalouyeh Plain. The degradation of groundwater quality
due to industrial activities and saline water intrusion necessitates immediate action to mitigate these impacts.
Sustainable management practices, including monitoring and regulation of industrial discharges, are essential
for protecting this vital resource and ensuring its availability for future generations.

Conclusions

This study underscores the pressing need for enhanced groundwater management practices in the Asalouyeh Plain. The
degradation of groundwater quality due to industrial activities and saline water intrusion presents significant risks to
agricultural productivity and industrial operations. Effective measures must be implemented to mitigate saline water
intrusion and regulate industrial effluents to ensure the long-term sustainability of groundwater resources.
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Table (1): Different Ion Ratios and Their Calculation Method (Hounslow, 1995)
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Figure (3): Satellite image of the study area and the location of sampling points by the Regional Water Organization (September 2022)
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Table (2): Concentration of Major Cations and Anions and Their Variations in Groundwater Samples from the Region (September

2022)
EC Ca® Mg*™ Na* K* HCO5 Cr S04
Sample pH T.D.S

(ns/cm) (mg/l) (mg/1) (mg/l) (mg/1) (mg/l) (mg/1) (mg/l)

wl 9370 7.14 5280 452 192.6 1161 2.73 180 2474 719.5
w2 12360 7.76 7390 471 289.3 1671 2.34 170.2 3024 1579
w3 12350 6.72 6540 381.2 290.3 1515 3.12 180 2989 1202
w4 4000 7.35 2157 206.6 117.5 349.1 3.12 139.7 799.1 680.6
w5 11060 7.25 5980 479 265.7 1271 2.34 209.8 2749 984.5
wb6 11750 7.42 6245 384.2 294 1341 3.12 170.2 2534 1675
w7 7990 7.04 4275 489 177.7 640.3 3.12 150.1 1230 1711
w8 6980 7.32 3897 553.8 266.6 3252 3.12 200 938.3 1692

sl 1465 7.45 956 116.8 66.12 63.02 1.95 129.9 114.3 409

s2 950 7.27 603 65.8 46.44 43.01 1.95 79.91 75.97 253.9

WHO,2006 1500 2.5-9.6 75 30 200 200 250
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Figure(4): (a) %Na, (b) sulfate, (c) electrical conductivity (EC), and (d) pH in the study area
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Table (3): Calculated Ion Ratios for Groundwater Samples in the Study Area
Parameters S2 S1 W8 W7 Wé W5 W4 W3 W2 W1
Na/Na+Cl 0.462 0459 0.348 0.445 0.449 0416 0.402 0.438 0.46 0.42
Mg/Mg+Ca 0.54 0.485  0.445 0.377 0.56 0.48 0.486  0.559 0.505 0.415
Ca/Ca+So4 0.383 0.406 0.439 0.406 0.355 0.538 0421 0.432 0.417 0.601
Ca+Mg/SO4 1.353  1.332 1415 1.08 1.25 2.247 1.41 1.72 1.44 2.57
Cl/sumAnions 0.244 0.232  0.406 0.476 0.654 0.763  0.577 0.75 0.704 0.795
HCO3/sum Anions 0.149  0.153 0.05 0.033 0.025 0.033 0.058 0.026 0.023 0.033
Na+K-Cl/Na+K+Ca-Cl -0.071 -0.079 -0.775 -0.318 -1.744 -8.466 -2.019 -9.95 -0.969 -4.73
(Js,)CI/HCO3+CO3 1.63 1.51 8.05 14.081  25.58 2251 9.82 28.54 30.53 23.62
Na/Mg-Ca (KR) 3.22 -833  -2.58 -2.88 11.01 -30.52 -28.11 12.83 129.73 -7.703
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Figure(5): Calculated ionic ratios for groundwater samples in the study area
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Figure (6): Piper diagram of the collected samples (September 2022)
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Figure (8): Stiff Diagram of Groundwater Samples (September 2022)
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Figure (9): Schoeller Diagram for Groundwater Samples
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Figure (10): Wilcox Diagram of Groundwater Samples (September 2022)
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Table (4): Calculated Sodium Assessment Criteria for Groundwater Samples (September 2022)

Qualit)}l{ SB(e;sed on RSC Qualitl}:l gzsed on /Na SAR Abbreviation
Suitable -35.7 Acceptable 56.66 11.48 wl
Suitable -44.87 Suspicious 60.41 14.88 w2
Suitable -40.3 Suspicious 60.39 14.16 w3
Suitable -17.83 Acceptable 43.13 4.79 w4
Suitable -42.65 Acceptable 54.55 11.51 w5
Suitable -40.92 Acceptable 57.18 12.47 wo
Suitable -36.8 Acceptable 41.56 6.28 w7
Suitable -46.63 Good 22.17 2.83 w8
Suitable -9.22 Excellent 19.73 1.15 sl
Suitable -5.85 Good 21.15 0.99 s2

ST Cgmy 9 (50595 Jamiliy Hh3 51 iaio Bl g (Suojpy o sl diges (b3, :(8) Jgux
Table (5): Assessment of Groundwater Samples for Industrial Uses in the Terms of Corrosion and Sedimentation Potential

“IIE;?SS;:IE}; ef;)r pHs-pH pH pHs Coefgcient Ca(mg/l) Alkalinity asCaO Abbreviation
Depositional -1.54 7.14 5.6 11.35 452 1163.31 wl
Depositional -2.26 7.76 5.5 11.36 471 1673.29 w2
Depositional -1.12 6.72 5.6 11.35 381.2 1517.9 w3
Depositional -0.85 7.35 6.5 11.33 206.6 352.26 w4
Depositional -1.65 7.25 5.6 11.35 479 1273.09 w5
Depositional -1.82 7.42 5.6 11.35 384.2 1343.79 w6
Depositional -1.24 7.04 5.8 11.34 489 643.44 w7
Depositional -1.22 7.32 6.1 11.34 553.8 328.34 w8
Depositional -0.05 7.45 7.4 11.31 116.8 64.97 sl

Corrosive 0.53 7.27 7.8 113 65.8 44.96 s2
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