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Available online: area, one of these areas, is facing a decline in water quality due to population growth,
June 25, 2026 urbanization, and industry. This research evaluates and zones the groundwater quality of

the plain using kriging in GIS and Hydrochemical analysis (Piper, Schoeller, and Wilcox
diagrams) over a 22-year period (2002-2024). Data for 10 parameters (Ca, Mg, pH, TDS,
Th, EC, SO4, Cl, Na, SAR) were analyzed at 27 sampling points. The results showed that
the dominant groundwater type was sodium bicarbonate and there was no significant
change during the study period. In terms of quality, the eastern, southeastern and southern
regions (Mahan and Joupar) have good to acceptable quality for drinking and agriculture.
In contrast, the northwestern areas (Ekhtiar-Abad and Naghshineh) have unsuitable
drinking water and a large part of the north and west of the plain is unsuitable to
temporarily drinkable. For industrial uses, the water of the eastern, southern and western
areas is suitable for industrial processes of the first and second groups (sensitive
industries), while the northern and northwestern areas with the maximum chlorine
concentration are suitable for industries of the third and fourth groups (relatively sensitive
industries). For sustainable management, it is recommended that: transferring water from
high-quality areas, improving the quality of polluted sources, cultivating salt-tolerant
plants in the north, and eliminating unauthorized wells be on the agenda.
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1. Introduction

Kerman Province, with an average rainfall of 129 mm per year, is considered one of the arid and semi-
arid regions of the country. This is while the average rainfall in the country is 242 mm and the global
average is 780 mm per year. The climatic conditions of Kerman province and the type and amount of
rainfall have caused about 95 percent of water consumption in this province to rely on groundwater,
which determines the role and importance of these valuable resources in terms of quantity and quality.
The increase in population and, on the other hand, the expansion of culture and urbanization, the
development of industry, and the excessive extraction of groundwater from various aquifers in this
province, including the Kerman Plain aquifer, have led to a decrease in the quality of groundwater. This
over-extraction and the presence of various natural and unnatural pollutants can ultimately make
groundwater susceptible to salinity and various contaminants and affect its quality. Therefore, the
quality of groundwater resources in this plain, as an important source of water supply for various uses,
is important in addition to its quantity. Lack of attention and sufficient awareness of the quality
conditions of existing groundwater can cause management and health problems, endanger the health of
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the community, and reduce agricultural development in this region. Water quality is an aspect of
Hydrogeochemistry that discusses the chemical characterization of water, the spatial distribution of
various chemical formations, and the usability of water for drinking, agricultural, and industrial
purposes. Usually, to determine the suitability of water quality for different uses, after sampling and
conducting chemical analysis tests on them, the results are compared with standard values for each
parameter for each type of use. There are various standards and methods for assessing water quality for
different uses. One of these standards for assessing drinking water quality is the Schuller semi-
logarithmic diagram. The Wilcox classification is also one of the most important standards for
determining agricultural water quality.

2. Materials and Methods

In this study, the groundwater quality of the Kerman Plain was investigated through zoning of various
parameters using the Kriging method in GIS software. For this purpose, the parameters of calcium (Ca),
magnesium (Mg), pH, total dissolved solids (TDS), water hardness (Th), salinity (Ec), sulfate (SO4),
chlorine (CL), sodium (Na), and sodium absorption ratio (SAR) measured by sampling from 27 quality
wells were received from Kerman Regional Water Company for the period 2002 to 2024. Drawing
Piper diagrams to determine the type and facies of the plain's groundwater in three different periods,
including the beginning of the qualitative modeling period (2002), the middle period (2013), and the
end of the study period (2024), is the second step in examining and evaluating the groundwater quality
of the study area. Also, the necessary studies were carried out to determine the suitability of the plain's
groundwater for drinking, agricultural, and industrial uses, respectively, using the Schuler and Wilcox
diagrams and the Ministry of Energy's raw water, wastewater, and return water quality classification
guide in the above three time periods.

3. Results

The results of this study showed that the dominant groundwater type in the Kerman Plain was sodium
bicarbonate, with no noticeable change during the study period. In terms of quality, the eastern,
southeastern, and southern areas of the studied aquifer (Mahan and Joupar) have good to acceptable
quality for drinking and agriculture. In contrast, the northwestern areas (Ekhtiar-Abad and Naghshineh)
have unsuitable drinking water, and a large part of the north and west of the plain is unsuitable to
temporarily drinkable. For industrial uses, water from the eastern, southern, and western regions is
suitable for industrial processes in groups one and two (sensitive industries), while the northern and
northwestern regions with the highest chlorine concentration are suitable for industries in groups three
and four (relatively sensitive industries).

4.  Discussion and Conclusion

Based on the results of the water quality assessment of the Kerman Plain aquifer, it is recommended:
In the drinking water sector: For the northwestern areas with poor quality (Ekhtiar-Abad and
Naghshineh), a water transfer system should be designed from high-quality areas located in the south
and east of the plain (such as Mahan and Joupar) by piping. It is also necessary to implement advanced
treatment systems, including reverse osmosis (RO) processes with pretreatment, filtration, and softening
in contaminated wells. Continuous quality monitoring by installing online chlorine, TDS, and EC
measurement stations at 10 sensitive points along with monthly sampling of quality wells should be
prioritized. Also, applying a tiered drinking water tariff based on regional quality and implementing
public education on optimal consumption in low-quality areas is recommended.

In the agricultural sector: In northern areas with high sodium risk (SAR>18), cultivation of salt-tolerant
plants such as cotton, barley, spinach, and medicinal plants (wild desert plants) is recommended instead
of sensitive crops (such as pistachios). Implementing pressurized drip irrigation with low-drip tap water
is essential to reduce salt accumulation in the roots, along with periodic soil flushing at a ratio of 1 to 4
(one unit of high-quality water for every four units of saline water) in the fall. Additionally, providing
low-interest facilities and crop insurance to farmers who use salt-tolerant varieties can be an incentive.
In the industrial sector: Well water from the eastern, southern and western regions with TDS <500 ppm and
chlorine CL <0.6 (mEqg/L) can be used directly for first Group processes (pharmaceutical industries, electronic
components) and second Group processes (bleached paper, sensitive textiles). For third Group industries (raw
kraft paper, food industry), it is recommended to use water with EC<750 (uS/cm) from central areas and recycle
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the wastewater in the cooling cycle after biological treatment. The northern and northwestern regions
with chlorine concentrations (mEq/L) CL=7-14 are the best places for the development of forth Group
industries (cement, petrochemicals, firefighting) that require water with minimal treatment. Creating a

special industrial zone in these areas for less sensitive industries could help in the balanced development
of the region. These findings highlight the necessity of adopting management strategies appropriate to
the qualitative conditions of each region.
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