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accessible in arid and semi-arid areas with very
little surface water. However, the increase in
population growth and water demand, the rise in
standards of living, and the pollution of water
resources due to the discharge of urban,
industrial, and agricultural sewage and surface
runoff  have  created an  unfavorable

Introduction

Groundwater is considered an essential and
important part of the renewable water ecosystem,
and compared to surface water, it has various
advantages, such as higher quality and lower
levels of pollution. Groundwater is occasionally
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environmental situation and intensified water
resource pollution. It has become very
challenging to achieve rational management and
logical decision-making regarding the quality of
water used in various sectors, including industry,
drinking and agriculture. The industrial sector is
a fundamental element in the development and
improvement of both product quality and societal
health.

The lack of awareness regarding the quality of
groundwater can lead to issues in managing
water resources that could affect the health of
people and hinder development in various
regions. Thus, it is crucial to have knowledge of
groundwater quality, its fluctuations, and to
exercise control over it. Given the recent decline
in rainfall, intermittent droughts, significant
drops in groundwater levels in Lordegan and
Borujen plains, and the increasing use of
groundwater, assessing its quality is vital.
Therefore, the objective of this study is to
evaluate the quality of groundwater for
agricultural, drinking, and industrial purposes in
Khanmirza, Lordegan, Borujen, Ardal, and Kiar
cities of Chahar Mahal and Bakhtiari provinces.

Material and Methods

The province of Chaharmahal and Bakhtiari,
with an area of 16532 km?, is situated between
31° 9" to 32° 48’ north latitude and 49° 28" to
51° 257 east longitude. This province lies in the
central part of the Zagros mountains, between the
foothills of the Darn and Isfahan provinces. It is
bordered by Isfahan province to the north and
east, Khuzestan province to the west, Kahgiluyeh
and Boyer Ahmad to the south, and Lorestan
province to the northwest. This province is a
mountainous region along the Zagros Mountain
range that stretches from the northwest to the
southeast. According to the Amberje method, the
climate of the studied area varies from dry and
cold in Borujen, Ardal, and Kiyar cities to humid
in Lordegan and Khanmirza cities. In this study,
28 well water samples were collected from the
cities of Khanmirza, Lordegan, Borujen, Ardal,
and Kiar between 2020 and 2022 to investigate
changes in groundwater and assess its suitability
for agricultural, drinking, and industrial
purposes. The collected samples were sent to the
laboratory for analysis. The Wilcox diagram was
used to evaluate the suitability of water resources
for agricultural use. This diagram is a commonly
used method for classifying water based on its
agricultural potential. The diagram uses the
horizontal axis to represent water salinity and the
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vertical axis to represent the sodium absorption
ratio, resulting in 16 classes that describe water
quality based on these two factors. The Schuler
diagram is another standard method for
classifying water quality for drinking purposes,
which allows for checking water quality at
specific points in a desired area. The Schuler
diagram is a semi-logarithmic chart that displays
the concentration of primary ions in
milliequivalents per liter. Calcium, magnesium,
sodium, TDS, TH, chloride, sulfate and
bicarbonate are among the indicators used in this
method to analyze water quality. For chemical
analyses of water samples, the Langelier
Saturation Index (LSI) was used to measure the
tendency of industrial water to form scale or
corrode. To calculate this index, it is necessary to
analyze the parameters of alkalinity, calcium
hardness, total solids, temperature, and pH. The
quality of water, temperature change, or
evaporation can affect the index. To prepare a
map for assessing the groundwater quality of the
region, the study area was drawn in the ArcGIS
10.5 software environment, and the locations of
the 28 sampled wells were determined on the
map. The kriging method and inverse distance
weighting method (IDW) were used to draw
changes in the parameters.

Results

The increasing usage of groundwater and the
necessity of evaluating its quality and suitability
for agricultural, drinking, and industrial purposes
are of great importance. Therefore, this study
aimed to assess the quality of groundwater in the
cities of Khanmirza, Lordegan, Borujen, Ardal,
and Kiar in Chahar Mahal and Bakhtiari
provinces for the aforementioned purposes.
Based on the Wilcox diagram, most of the
samples are categorized as C,S; (slightly saline
and suitable for agriculture) and have good
quality for agricultural use. The samples falling
under the C3S; category (saline and suitable for
agriculture with necessary measures) can also be
used for agriculture with appropriate measures.
According to the Wilcox diagram’s qualitative
classification of water and the frequency of data,
approximately 82.14% of the samples are in the
CyS; and 17.86% are in the C;Siqualitative
range. The qualitative evaluation of water for
drinking purposes according to the Schuler
diagram indicates that small changes in sodium,
chlorine, and sulfate in the studied range will still
fall into the suitable category. Additionally, the
number of dissolved solids and the total hardness
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of the water in the tested samples are classified
into three categories: good, acceptable and

average (Table 1).

Table 1 The percentage of each of Schuler classification classes for drinking purposes in the entire range

SOq4 Cl Na pH TH TDS class
100 100 100 75 46.43 67.86 good
0 0 0 17.86 46.43 25 acceptable
0 0 0 7.14 7.14 7.14 medium
0 0 0 0 0 0 unsuitable
0 0 0 0 0 0 unpleasant
0 0 0 0 0 0 undrinkable

The Langelier index was used in this study to
measure the tendency of the water to sediment or
corrode in industrial applications. A negative
index value indicates corrosive water, while
positive values indicate sedimentary water.
When the value is zero, the water is considered
balanced (stable). The calculated LSI values for
the samples in this study fell within the range of
sedimentary and corrosive. To better understand
the spatial changes in the study area, maps of the
spatial distribution of parameters including EC,
TDS, Na, Cl, TH, SO4 and TDS, as well as the
Langelier index, were created using ArcGIS 10.5
software. Choosing an optimal interpolation
technique, is crucial for accurately estimating the
studied characteristics in unsampled areas or
spatially zoning the target area.

Conclusions

Considering the decrease in rainfall, recent
intermittent droughts, the increase in withdrawal
from groundwater tables, and the significant
reduction in surface water resources, it is
necessary to assess the quality of groundwater,
including its suitability for drinking and other
purposes. In this study, the qualitative
assessment of groundwater for agricultural use
was conducted in the Khanmirza, Lordegan,
Borujen, Ardal, and Kiar counties of
Chaharmahal and Bakhtiari provinces. To
achieve this, 28 water samples were collected
from underground sources (wells) in the region
between 2020 and 2022 and subjected to
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chemical analysis in the laboratory. Interpolation
methods were used to investigate the chemical
characteristics of the groundwater for drinking,
agriculture, and industry uses, and zoning maps
were prepared using the kriging and inverse
distance weighting (IDW) methods. The results
showed that, according to the Wilcox diagram,
most samples fell within the C,S; range,
indicating they are suitable for agricultural use.
Also, according to the Schuler diagram, these
samples are of good quality for drinking
purposes and are suitable for consumption. Based
on the Langelier index, they fall within the range
of sedimentary and corrosive. Geostatistical
studies also demonstrate the superiority of the
Kriging interpolation method in zoning and
estimating the  groundwater's  qualitative
components in the region for most of the
analyzed chemical components. Additionally, the
water's sedimentation ability in the studied
samples is more significant in the southeast and
eastern parts of the study area.

Data Availability
The data can be requested from the
corresponding author via email.
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Table 1 Statistical characteristics of different chemical components

Parameter EC TDS pH Ca Mg Na K HCO;  COs Cl SO4
. pmho/c
unit m ppm - ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
The
number of 28 28 28 28 28 28 28 28 28 28 28
samples
Arithmeti
606.1 4293 77 785 219 145 2.1 2893 39 530 33
C mean
Standard o0 53899 035 3401 1113 921 179 1371 5.3 2933 535
deviation
coefficien
tof 470 556 45 434 507 633 821 474 1305 552 1621
Variation
(%)
Maximum 1577 12257 8.7 188 607 352 7.2 7448 156 1164 292
Minimum 264  167.3 7.1 386 7.1 0.2 04 1226 0 145 005
Mode 732 5143 7.8 986 198 209 08 2367 0 458 38
The  ss35 3006 7.8 668 199 148 1.5 2528 03 428 216
middle
Rangeof 415 10584 16 1494 536 350 66 6222 156 1019 292
changes
Skewness 1.8 1.9 0.6 1.8 1.7 0.3 1.5 2 1.1 1.1 4.5
Variance 84630 57115 0.1 1163.6 1239 847 32 18809 263 8602 286

5 M) wjeie (Ca) pelS slacdale SLS 4 (1955
) d.]aa‘) )‘ solazul L» PV ‘S)A> S (Na) (o, S
Na
Mg+Ca

N

Dg 50

SAR =

M
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Table 2 Classification of water in terms of agriculture according to Wilcox criteria

number

Quahty type for use
*in agriculture

SAR Class Description EC Class

Sweet and Harmless

1 C1S1

for use in agriculture

0-10 S; Excellent 0-250 Cq

A little salt is almost

2 3514 C355¢C4S,

suitable for
agriculture

10-18 S, Good 250-750 C,

salt and suitable for

3 €353¢C35,¢C351¢C553¢C1S3

agriculture by
applying the

18-26 S3; Normal 750-2250 C3

necessary measures
Too much salt is

4 C4S3¢C4S1¢CS5¢CyS4¢C3S,4¢C2S,¢C1 S, harmful for
agriculture

26-32 S, Unsuitable 2250-5000 C,

Loy Oyl ay0 i ol CoiS cwl )92 PH

o ams st cos |, Lasls opl Wlg e uies
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Table 3 The quality of investigated wells according to the Wilcox diagram

number Point SAR EC  Class Qualty for agriculture

1 Lordegan 0.21 468  C2Si Suitable for agriculture — A little salty

2 Brujen 043 1325 CsS; salt and suitable for agriculture by applying the necessary
measures

3 Brujen 0.3 730 CaSi Suitable for agriculture — A little salty

4 khanmirza 0.02 570 CaSy Suitable for agriculture — A little salty

5 Ardal 0.09 297 GCSu Suitable for agriculture — A little salty

6 Ardal 041 1577 CsSy salt and suitable for agriculture by applying the necessary
measures

7 Ardal 0.24 564  CaSi Suitable for agriculture — A little salty

3 Ardal 038 880 O3S salt and suitable for agriculture by applying the necessary
measures

9 Lordegan 0.17 359 .Sy Suitable for agriculture — A little salty

10 khanmirza 0.61 304 Ca2Sy Suitable for agriculture — A little salty

11 Lordegan 0.4 504  Ca2Sy Suitable for agriculture — A little salty

12 khanmirza 0.5 732 CaSy Suitable for agriculture — A little salty

13 Brujen 0.19 488 C:Si Suitable for agriculture — A little salty

14 Brujen 0.62 350 CSy Suitable for agriculture — A little salty

15 Brujen 0.1 318 CaSy Suitable for agriculture — A little salty

16 Kiar 053 761 CsS salt and suitable for agriculture by applying the necessary
measures

17 Ardal 0.86 543 CaSy Suitable for agriculture — A little salty

18 khanmirza 0.5 732 CaSy Suitable for agriculture — A little salty

19 khanmirza 0.27 715 CaSy Suitable for agriculture — A little salty

20 khanmirza 0.26 535  CaSy Suitable for agriculture — A little salty

21 khanmirza 0.43 548  CaSy Suitable for agriculture — A little salty

22 khanmirza 0.26 559  CaSy Suitable for agriculture — A little salty

23 Lordegan 044 546 C2Si Suitable for agriculture — A little salty

24 Kiar 0.01 350 CSy Suitable for agriculture — A little salty

25 Lordegan 053 750 CsS) salt and suitable for agriculFure by applying the — salty
necessary measures for agriculture

26 Brujen 0.57 641 Ca2S) Suitable for agriculture — A little salty

27 Lordegan 0.81 563  Ca2Sy Suitable for agriculture — A little salty

28 Ardal 0.16 264 (oS Suitable for agriculture — A little salty
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Table 4 Water quality based on total hardness

Number Point TH (total) Temporary hardness Noncarbonate hardness
1 Lordegan 218.85 163.5 55.35
2 Brujen 594.8 523 71.8

3 Brujen 339.87 305.5 34.37
4 khanmirza 260.82 225.5 35.32
5 Ardal 144.98 133.5 11.48
6 Ardal 719.3 636.5 82.8

7 Ardal 264.61 240.5 24.11
8 Ardal 395.43 338.55 56.88
9 Lordegan 171.2 151 20.2
10 khanmirza 199.65 196 3.65
11 Lordegan 233.42 206.5 26.92
12 khanmirza 327.68 202 125.68
13 Brujen 229.2 192 37.2
14 Brujen 169.35 169.35 0

15 Brujen 275.49 237 38.49
16 kiar 323.56 216 107.56
17 Ardal 249.05 249.05 0

18 khanmirza 327.68 202 125.68
19 khanmirza 335.35 292 43.35
20 khanmirza 246.6 171 75.6
21 khanmirza 236.81 214 22.81
22 khanmirza 253.58 214.5 39.08
23 Lordegan 234.87 202 32.87
24 Kiar 167.86 107 60.86
25 Lordegan 324.48 270 54.48
26 Brujen 292.71 250.5 42.21
27 Lordegan 354.49 354.49 0

28 Ardal 125.52 100.5 25.02
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Table 5 The percentage of each of Schuler
classification for drinking purposes in the entire area

b o ddlhe 5590 0ogae jo Oldgw 9 IS (o
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5 Jobome sloSas clale i Sldlas oogase (pl o

Sy el Oy Ol CulS sanS s S S

Class TDS TH pH Na ClI SO4 .
Good 67.86 464 75 100 100 100 %55 ;o <l S5 5w 5 Jolme SlSes Olie (eizren
o3 08 110000 L i o ]
Unsuitable 0 0 0 0 0 0 s owyp 4 Ige et al. (2017) wlowds gamaiws
Unpleasant 0 0 0 0 0 0 Gilaal eln w s sl wilae O le c5e colie
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Table 6 Water quality for industrial use
Number Point pHc pH pH-pHc Water quality for industrial use

1 Lordegan 7.6 7.78 0.18 sedimentation

2 Brujen 6.8 7.82 1.02 sedimentation

3 Brujen 7.2 7.79 0.59 sedimentation

4 khanmirza 7.4 7.91 0.51 sedimentation

5 Ardal 7.08 7.87 0.79 sedimentation

6 Ardal 6.7 7.28 0.58 sedimentation

7 Ardal 7.4 7.38 -0.02 corrosive

8 Ardal 7.1 7.22 0.12 sedimentation

9 Lordegan 7.7 7.83 0.13 sedimentation

10 khanmirza 7.9 7.98 0.08 sedimentation

11 Lordegan 7.5 7.89 0.39 sedimentation

12 khanmirza 7.4 7.26 -0.14 corrosive

13 Brujen 7.584 7.6 0.016 sedimentation

14 Brujen 7.6 7.84 0.24 sedimentation

15 Brujen 7.5 8.79 1.29 sedimentation

16 kiar 7.4 7.84 0.44 sedimentation

17 Ardal 7.3 7.71 0.41 sedimentation

18 khanmirza 7.4 7.26 -0.14 corrosive

19 khanmirza 7.2 7.96 0.76 sedimentation

20 khanmirza 7.7 7.61 -0.09 corrosive

21 khanmirza 7.5 7.99 0.49 sedimentation

22 khanmirza 7.5 7.79 0.29 sedimentation

23 Lordegan 7.6 7.71 0.11 sedimentation

24 Kiar 7.8 7.15 -0.65 corrosive

25 Lordegan 7.6 7.4 -0.2 corrosive

26 Brujen 7.3 791 0.61 sedimentation

27 Lordegan 7 8.32 1.32 sedimentation

28 Ardal 8 7.82 -0.18 corrosive
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