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Received: Septembep5, 202 The significant reduction of surface water resources and recent re
Revised: February09, 2023  droughts have increased the reliance on groundwater sources, lead
Accepted: February09, 203  decline in their quality. In this study, 28 samples of well water -
different locations in Khanmirza, Lordegan, Borujen, Ardal and Kiar
Keywords: collected in 2020202} and underwent chemi_cal analysis in th.e Igbore
Drought To eva]uate the quality (_)f the samplﬁmr use in agncultural, drmkmg al
Groundwater industrial sectors, the Wilcox diagram, Schuler diagram and Langlier

. _ were used. Using interpolation methods, the chemical properties
In\_/e_rse Distance Weighting samples taken within the study area were examined and qualitativey
Kriging maps were prepared using Kriging and inverse distance weighting me
The results showed that according to the Wilcox diagram, most ¢
samples are within the range obSg and are suitable for agricultu
purposes. According to the Schuler degr these samples are within
range of good quality for drinking and based on the Langlier index, th
within the range of precipitating and consumable. This study
decisioamakers to have a clear view and plan comprehensively
effectively for the exploitation and preservation of groundwater resot
taking into account the qualitative maps of groundwater.
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accessible in arid and sewnid areas with very
rLi(tjtle surface water. However, the increase in
a ) .
rgopulatlon growth and water demand, the rise in
L%andards of living, and the pollution of water
Lgsources due to the disslge of urban,
industrial, and agricultural sewage and surface
runoff have created an unfavorable

Introduction

Groundwater is considered an essential
important part of the renewable water ecosyste
and compared to surface water, it has vario
advantages, such as higher quality and low
levels of mllution. Groundwater is occasionally
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environmental situation and intensified watevertical axis to represent the sodium absorption
resource pollution. It has become veryatio, resulting in 16 classes that describe water
challenging to achieve rational management ampliality based on these two factors. The Schuler
logical decisioamaking rgarding the quality of diagram is another standard method for
water used in various sectors, including industrglassifying water quality for drinking purposes,
drinking and agriculture. The industrial sector isvhich dlows for checking water quality at
a fundamental element in the development argpecific points in a desired area. The Schuler
improvement of both product quality and societaliagram is a serogarithmic chart that displays
health. the concentration of primary ions in
milliequivalents per liter. Calcium, magnesium,
’_Eiodium, TDS, TH, chloride, sulfate and

water resources that could affect the health carbonate are among the indicators used in this

people and hinder development in Variougnethod to analyze water quality. For chemlc_al
nalyses of water samples, the Langelier

regions. Thus, it is crucial to have knowledge Oiaturation Index (LSI) was used to measure the

groundwater quality, its fluctuations, and t(%endenc of industrial water to form scale or
exercise ontrol over it. Given the recent decline y

in rainfall, intermittent droughts, Signiﬁcantcorrode. To calculate thiindex, it is necessary to

drops in groundwater levels in Lordegan angg?cl%zeisthtitarl)asrglriglestetrSmOferglttar“emIgr; dca||_|quTrEe
Borujen plains, and the increasing use o : ' b ’ PH.

groundwater, assessing its quality is vitalquallty .Of water, temperature change, or
Therefore, the objective of this sy is to évaporation can affect the index. To prepare a

evaluate the quality of groundwater for1apP for assessing the groundwater qualityhef

agricultural, drinking, and industrial purposes irriteg'on’ the study area was drawn in the ArcGIS

Khanmirza, Lordegan, Borujen, Ardal, and Kia 0.5 software environment, and the locations of

cities of Chahar Mahal and Bakhtiari provinces. the 28 samplgd wells were dejtermmed on the
map. The kriging method and inverse distance

Material and Methods weighting method (IDW) were used to draw
The province of Chaharmahal and Bakhtiarichanges in the parameters.
with an area of 16532 Kinis situated between

81° 9” to 32° 48" north latitude and 49° 28 t(ﬁgﬁeszuil;[wscreasin usage of groundwater and the
51° 25" east longitude. This province lies in the g 9 9

central part of the Zagros mountains, between t?g cessity of evaluating its quality and suitability

foothills of the Darn and Isfahan provinces. It i or agricultural, drinking, and industrial purposes

borderedby Isfahan province to the north and'€ of great Importance. Therefore, this St“dy
med to assess the quality of groundwater in the

east, Khuzestan province to the west, KahgiluyeaH . . :
and Boyer Ahmad to the south, and Loresta%mes of Khanmirza, Lordegan, Borujen, Ardal,

province to the northwest. This province is gnd_ Kiar in - Chahar Mahal_ and - Bakhtiari
mountainous region along the Zagros Mountai§roVinces for the aforementioned purposes.
range that stretches from the novdst to the ased on the W'IC.OX dlagram,_ most O.f the
southeast. According to the Amberje method, aamples are categorized agSC(slightly saline

climate of the studied area varies from dry anand . Suitable 'for agriculture) and have)og'
cold in Borujen, Ardal, and Kiyar cities to humiclquallty for agricultural use. The samples falling

in Lordegan and Khanmirza cities. In this studyunder the &5, category (saline and suitable for

28 well water samples were collected from thggriculture Wi.th necessary measufes) can also be
cities of Khanmirza, Lordegan, Borujen, Ardalused for agriculture with appropriate measures.

and Kiar between 2020 and 2022 to investigafb‘ Cs;fig airor?olf vr\]/a?er a:] dothe ftrehui:nc ng' dlatg 0 X
changes in groundwater and assess its suitabilft q y '

for agricultural, drinking, and industrial approximately 82.14% of the samples are in the
) i) 0 - . .

purposes. The collected samples were sent to t?i%fl ean_lt_jheﬂ'gglé’aﬁ?/;e el\:]all'jgi;na%l:a\l/l\zgevre for

laboratory for analysisThe Wilcox diagram was in%<ir.1 urqoses accordina to the Schuler

used to evaluate the suitability of water resourc%%a rarg\ ir?di(f)ates that small gchaa ia sodium

for agricultural use. This diagram is a commonl g 9 ’

used method for classifying water based on i ;}:Oiﬁ?g’tﬁgdsiﬁg%ﬁi 'ggthee ;:UdIXSJ%Z%ZI\IM” title”
agricultural potential. The diagram uses th gory. Y,

horizontal axis to represent water sij and the number of dissolved solids and the total hardness

The lack of awareness regardithe quality of
groundwater can lead to issues in managi
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Evaluation of SuitabilityGroundwateQuality for Different Purposes

of the water in the tested samples are classifiederage (Table 1).
into three categories: good, acceptabhnd

Tablel The percentage of each 8thulerclassification classes for drinking purposes in the entire range

SOy 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 tohemical analysis in theldaratory. Interpolation
measure the tendency of the water to sediment@ethods were used to investigate the chemical
corrode in industrial applications. A negativecharacteristics of the groundwater for drinking,
index value indicates corrosive aver, while agriculture, and industry uses, and zoning maps

positive values _ indicate sedimentary watelyere prepared using the kriging and inverse
When the value is zero, the water is conS|dereoq

stance weighting (IDW) methods. The results
balanced (sta_lble)_. The calculat_e d. LS| values f%rhowed that, according to the Wilcox diagram,
the samples in this study fell within the range o

sedimentary and corrosive. To better understar. _St 'samples fel \.N'thm the 2.81 range,
the spatial changes in the study area, maps of tfdicating thgy are suitable for ag!rlcultural use.
spatial distribution of parameters including ECAISO, according to the Schuler diagram, these
TDS, Na, Cl, TH, S@and TDS, as well as thesamples are of good quality for drinking
Langelier index, were created using ArcGIS 10.Burposes and are suitable éansumption. Based
software. Choosing an optimal interpolatioron the Langelier index, they fall within the range
technique, is crucialor accurately estimating theof sedimentary and corrosive. Geostatistical
studied characteristics in unsampled areas efudies also demonstrate the superiority of the
spatially zoning the target area. Kriging interpolation method in zoning and
Conclusions estimating the  groundwater's  qualitative
Considering the decrease in rainfall, recerfomponerg in the region for most of the
intermittent droughts, the increase in withdrawa@nalyzed chemical components. Additionally, the
from groundwater tables, and the sigrafit water's sedimentation ability in the studied
reduction in surface water resources, it i§amples is more significant in the southeast and
necessary to assess the quality of groundwatégstern parts of the study area.

including its suitab_ility for drinking and (_)thgr Data Availability

purposes. In this study, the qualitativerhe gata can be requested fronthe
assessment of groundwater for agricultural us&rresponding author via email.

was conducted in the hHanmirza, Lordegan, _ _

Borujen, Ardal, and Kiar counties of Conflicts of interest

Chaharmahal and Bakhtiari provinces. TJhe authors of this paper declared no conflict of

achieve this, 28 water samples were collecte rerest rggardmg the authorship or publication
. ~0f this article
from underground sources (wells) in the region

between 2020 and 2022 and subjected to
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Tablel Statistical characteristics of different chemical components

Paramete EC TDS pH Ca Mg Na K HCO; COs Cl SOy
. pmho/c
unit m ppm - ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
The
numbero 28 28 28 28 28 28 28 28 28 28 28
samples
Arithmeti - one 1 4093 77 785 219 145 21 2893 39 530 33
C mean
standarc ,q4 g 53899 035 3411 1113 921 179 1371 513 2933 535
deviation
coefficien
tof 479 556 45 434 507 633 821 474 1305 552 162.1
Variation
(%)
Maximum 1577 12257 87 188 60.7 352 7.02 7448 156 1164 292
Minimum 264 1673 7.1 386 71 02 04 1226 0 145  0.05
Mode 732 5143 7.8 986 198 209 0.8 2367 O 458 38
The — ooss 3006 78 668 199 148 15 2528 03 428 216
middle
Range ol 14.5 10564 16 1494 536 350 6.6 6222 156 1019 292
changes
Skewnes 1.8 19 06 1.8 1.7 03 15 2 1.1 11 45
Variance 84630 57115 0.1 1163.6 1239 847 3.2 18809 263 860.2 286
MgS# o CCASC paliC ETHO 4 ¢ WS AzE %y WET & Waiwb 0CE E%av e G v
#$ AOzv %o VA aCanNssw AR ¢ AEwawe !l v ¢ %ywED %t atl
PEA{ AwewiC/&Ez CEVY% A{ AT 68y +v %F
. Ueév Wt ¢ A & Pw Bt B |
oy 3 h ; ) \f ; € WZ w/
— ¢C{/Ey Az CE1AGY WA U ¥ xj
Gmedft y £2 %z ocACpIE y¢ GRGHH B\ Hkd )AL LD 4Cw P - v

VRED #3 AI-$ #06 )T A EaiCAaEiva]
Wilcox$ € b B#y ABIBUARY $ %HE #COwY
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Table 2 Classification of water in terms of agriculture according fod¥icriteria
Quality type for use SAR Class Description EC Clas:
in agriculture
1 A0 sweetand Harmlesy )y~ gycellent 0250  f
for use in agriculture
A little salt is almost
suitable fo 1018 Y Good 250750 F
agriculture
salt and suitable for

number Clast.

N
p>2
O
p>2
]O\
p>2
(@]

agriculture by

3 AOAGAOAQAO applying the 1826 Y Normal 7502250 F
necessary measure:
Too much salt is

4 AOQAOAQAGAOAGAO harmful for 26-32 Y Unsuitable 22505000 F

agriculture
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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 C%1 Suitable for agriculture A little salty

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

3 Brujen 0.3 730 CS Suitable for agriculture A little salty

4 khanmirza 0.02 570 C% Suitable for agriculturé A little salty

5 Ardal 0.09 297 C%S Suitable for agriculturé A little salty

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

7 Ardal 0.24 564 CS Suitable for agriculture A little salty

8 Ardal 038 880 CsS salt and suitable for agriculture by applying the necessary
measures

9 Lordegan 0.17 359 C% Suitable for agriculture A little salty

10 khanmirza 0.61 304 CS Suitable for agriculturé A little salty

11 Lordegan 0.4 504 CxS Suitable for agriculturé A little salty

12 khanmirza 0.5 732 CS Suitable foragriculturei A little salty

13 Brujen 0.19 488 C% Suitable for agriculturé A little salty

14 Brujen 0.62 350 C& Suitable for agriculture A little salty

15 Brujen 0.1 318 Cx Suitable for agriculture A little salty

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

17 Ardal 0.86 543 C% Suitable for agriculturé A little salty

18 khanmirza 0.5 732 CS Suitable for agriculturé A little salty

19 khanmirza 0.27 715 C% Suitable for agriculturé A little salty

20 khanmirza 0.26 535 C% Suitable for agriculturé A little salty

21 khanmirza 0.43 548 C% Suitable for agriculture A little salty

22 khanmirza 0.26 559 CS Suitable for agriculture A little salty

23 Lordegan 0.44 546 CS Suitable for agriculturg A little salty

24 Kiar 0.01 350 C% Suitable for agriculture A little salty

o5 Lordegan 053 750 CsS salt and suitable for agricultgre by applying thealty
necessary measures for agriculture

26 Brujen 0.57 641 C%S Suitablefor agriculturei A little salty

27 Lordegan 0.81 563 C% Suitable for agriculturé A little salty

28 Ardal 0.16 264 CS Suitable for agriculturé A little salty
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Table4 Water quality based on total hardness

Number Point TH (total) Temporary hardness Noncarbonate hardness
Lordegan 218.85 163.5 55.35
2 Brujen 594.8 523 71.8
3 Brujen 339837 305.5 34.37
4 khanmirza 260.82 2255 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 khannirza 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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Class TDS TH pH Na ClI sO .° _ . ; ~ . L o= 3
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Medium 7.14 7.14 7.4 e T
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Table 6Water 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 sedimetation
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 sedimentabn
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 7.91 0.61 sedimentation
27 Lordegan 7 8.32 1.32 sedimentation
28 Ardal 8 7.82 -0.18 corrosive
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