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Abstract

In many arid and semi-arid areas of surface water due to pollution, rainfall
deficiency, and intense evaporation as a result of climatic conditions, this
precious resource is limited. The defect of this vital resource resulted in
groundwater being exploited for different purposes in such areas. Therefore,
pollution source detection as a significant subject is necessary. This investigation
aimed to evaluate nitrate pollution in shallow wells in the southern part of the
Behbehan aquifer using hydrochemical and stable isotopes method. To achieve
the goal, 56 samples were collected for major, minor elements and stable isotope
analysis. The collected data was interpreted by SPSS and XLSTAT statistical
software. The data indicated that the nitrate concentration varies between 3 to 103
mg/l and 8D and 8180 ranges between -17.5 to -3.5 and -5 to 1.75 respectively.
Nitrate ion concentration variation and well depth revealed that around Behbehan
City and surrounding villages where well depth is below 30 m, the nitrate
concentration was between 40 to 103 mg/l, indicating anthropogenic activities
including domestic wastewater and manure controlling increasing nitrate
concentration.

1. Introduction
Groundwater is a vital resource, essential for providing water for drinking, industrial, and agricultural
purposes, as well as for maintaining ecological balance (Gleeson et al., 2020). Rapid population growth,
industrial advancements, and increased agricultural activities have contributed to the pollution of water
resources. One of the most pressing environmental issues worldwide is nitrate pollution (NO3-) in
groundwater (Xu et al., 2021). Nitrate contamination in groundwater is increasing in many regions and poses
a significant threat to the reliability of drinking water supplies that depend on groundwater (Strebel et al.,
1989; Tesoriero et al., 2000). Elevated nitrate levels in groundwater typically originate from chemical
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fertilizers, animal manure, urban wastewater, and industrial effluents (Krimsky et al., 2021). Many
researchers suggest that multiple hydrochemical indicators and stable isotopes are powerful tools for
assessing the hydrogeochemical characteristics of groundwater and identifying potential sources of nitrate
pollution (Ramaroson et al., 2020; He et al., 2022;).

2. Materials and Methods

For conducting this research, a total of 56 water samples were collected from various sources in April and
May 2021, including 8 surface water samples, 3 agricultural wells, and 45 groundwater samples. The samples
were collected in 250 mL bottles for the analysis of major anions and cations and in 60 mL polyethylene
bottles specifically for nitrate and stable isotope analysis. Sampling containers were thoroughly rinsed with
distilled water and filled at the sampling site after multiple rinses with sample water. In non-flowing wells,
pumping was initiated for 15 minutes before sampling. Measurements of water temperature, electrical
conductivity (EC), and pH were taken on-site. Samples were analyzed in the Khuzestan Water and Power
Organization laboratories and the University of Arak for major ions, nitrate, and stable isotopes. Data
analysis was conducted using Excel 2016, XLSTAT 2015, and IBM SPSS 20 software.

3. Results

The composite diagrams results illustrate the impact of domestic wastewater pollution in the Behbahan city
areas and surrounding villages, as well as animal waste effluents in the vicinity of wells (WB10, WBI1,
WB31, WB17). It is noteworthy that the absence of a city sewage system in Behbahan and its surrounding
villages, coupled with sewage disposal through absorption wells and relatively shallow wells in the central
parts of the plain, increases the possibility of groundwater contamination from sewage and agricultural return
flows.

4. Discussion and Conclusion

The proper management of water resources depends on the identification and understanding of the factors
affecting the quality and quantity of these resources. To identify the geochemical processes controlling
surface and groundwater sources and to evaluate the origins of water pollution in the Behbahan plain,
hydrochemical and isotopic methods were employed. In this study, 56 water samples were collected from
various resources, including groundwater, surface water (Maroun River), and agricultural network channels.
The application of various hydrogeochemical techniques, such as Piper diagrams and ion ratios, indicates
that evaporite formation (Ghachsaran) and the Bakhtiari formation significantly influence the chemical
composition of water resources, and most of the water exhibits chloride-bicarbonate facies. Discussion and
Conclusion The 8D %o values of groundwater samples ranged from 17.5 to 3.52 and 180 from -5 to 1.75
%o, while the 8D values of surface water samples (Maroun River) ranged from 13.34 to 11.14 %o and 6180
varied from 3.78 to -3.42. %o. Additionally, the deuterium values of the Maroun network channels samples
ranged from 16.3 to 17.5%o, and 8180 values varied from 3.2 to 5%o. In this research, nitrate concentration
was plotted against chloride and stable isotopes to identify sources of water contamination.

Variations in nitrate concentration relative to chloride showed that the samples with higher nitrate
concentrations are often located in the city of Behbahan and surrounding villages or at the outskirts of the
study area. This suggests that urban and rural domestic wastewater has a significant effect on the nitrate
concentration in these samples. The samples with nitrate concentrations between 8 and 20 mg/L depict that
most of these samples belong to the urban area and are near the Maroon and Khairabad rivers and the maroon
irrigation network. This reflects the influence of surface water on these samples. The collected samples from
the rivers, the Maroon and Khairabad irrigation networks, as well as the samples from the deep wells, showed
very low nitrate concentration, indicating, minimal influence of human activities. The nitrate in these
samples is likely derived from natural sources in the region and bacterial activities.
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