[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.119 ]

Journal of Watershed Management Research, Vol. 15, Issue 2, 2024 p: 119-131

Sari Agriculture Sciences and Natural
Resources University

Research Paper

Evaluation of Groundwater Quality using the GQI Index for
Drinking Purposes

Mojtaba Khoshravesh!"”, Seyed Mohammad Reza Hosseini Vardanjani?,
Hajar Taheri Soudjani® and Marzieh Ghahreman*

1- Associate professor, Department of Water Engineering, Faculty of Agricultural Engineering, Sari Agricultural

Sciences and Natural Resources University, Sari, Iran, (Corresponding author: m.khoshravesh@sanru.ac.ir)

2- PhD student in Irrigation and Drainage, Department of Water Engineering, Faculty of Agricultural Engineering,

Sari Agricultural Sciences and Natural Resources University, Sari, Iran
3- Ph.D of Irrigation and Drainage, Isfahan University of Technology, Water and Soil Expert of Jihad Keshavarzi in
Chaharmahal and Bakhtiari Province, Shahrekord, Iran
4- M.Sc in Irrigation and Drainage, Department of Water Engineering, Faculty of Agricultural, Shahrekord
University, Shahrekord, Iran

Received: 15 October, 2023 Accepted: 26 February, 2024

Extended Abstract

Background: The use of groundwater for agricultural, industrial, and drinking purposes is
significantly increasing worldwide. These resources are considered an important part of the
renewable water ecosystem and have various advantages over surface waters, such as higher
quality and less contamination. However, recent intermittent droughts and a noticeable decrease
in surface water resources have led to the excessive use of groundwater sources and a decline in
their quality. Therefore, understanding the quality of groundwater is crucial for proper planning
and management of these resources and requires serious attention and detailed analysis.
Additionally, one of the health problems in developing areas is the lack of access to safe drinking
water, and human health is at the core of sustainable development in the region. Therefore,
ensuring the welfare and health of the community at an acceptable level is not possible without
access to clean and standardized drinking water. Water is important from both health and
economic perspectives as it serves as a catalyst for industrial growth and the prosperity of the
agricultural sector. In this regard, this research aims to evaluate and analyze the quality and spatial
changes in groundwater quality based on the GQI assessment index.

Methods: This research focuses on evaluating and analyzing spatial changes in groundwater
quality within the study areas of Khanmirza, Lordegan, Boroujen, Ardal, and Kiar, located in
Chaharmahal and Bakhtiari province, for drinking purposes. Practical information is provided
regarding the status of available water resources in the region for drinking purposes. To this aim,
28 groundwater samples were collected from legally operating wells in various locations within
the mentioned counties during the 2020-2021 period and subjected to chemical analysis in the
laboratory. The GQI (Groundwater Quality Index) was used to assess the quality of these samples
for drinking purposes. In this study, the GQI was calculated based on the concentration values of
11 parameters, including electrical conductivity, acidity, total dissolved salts, calcium ion,
sodium, magnesium, potassium, carbonate, bicarbonate, chloride, and sulfate. Subsequently,
spatial zoning of the overall parameter values was performed using the chemical characteristics
of the collected samples and employing the inverse distance weighting (IDW) interpolation
method in the GIS software environment, and the desired information layers were obtained in
raster format. Furthermore, overlays were performed by applying computational functions to the
available information layers,, followed by estimating the GQI values and preparing raster maps
of the index. The output maps can be utilized not only to determine the qualitative characteristics
within the study area but also to analyze the trends of their variations, prepare zoning maps for
each parameter, and compare them with standard values.

Results: The calculated GQI using measured samples categorizes a significant portion of the
study area within the excellent and good quality categories suitable for drinking. Additionally,
the color spectrum of the zoning map indicates better water quality in the western and southern
parts of the study area than in the other sections. Generally, water quality decreases from the south
toward the north and northeast. The sensitivity analysis of the model focuses on examining the
impact of changing one input variable on a model's output variable. The sensitivity analysis
revealed that parameters such as acidity, calcium, magnesium, total dissolved salts, and electrical
conductivity had a negative effect (meaning an increase in index values and water quality
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improvement after removing these parameters and deterioration with their addition in the index
calculation). Conversely, the concentrations of bicarbonate ions, sulfate, sodium, potassium, and
chloride had a positive impact on water quality (meaning a decrease in index values and
deterioration after removing these parameters and improvement with their addition in the index
calculation). These parameters have allocated the highest to lowest changes in estimating the GQI
index. Therefore, the GQI quality index shows greater sensitivity to the presence or absence of
acidity and calcium bicarbonate than the other parameters used in determining the index,
influencing decision-making regarding the classification of drinking water quality more than the
other parameters. Despite having higher weights in calculating the index, some parameters show
insignificant percentage changes in the index due to their presence or absence. For example,
despite a lower weight of bicarbonate than magnesium ions, it shows a higher percentage change
in the index after its removal than the percentage change caused by removing magnesium. Thus,
higher weights for these components do not necessarily imply greater sensitivity of the model to
them.

Conclusion: The results of this study indicate that the groundwater quality in the studied areas is
suitable for drinking purposes, and the groundwater in the study area has not been affected by
changes resulting from the tested parameters in the drinking sector. Additionally, this study
contributes to comprehensive and useful planning for the management and conservation of
groundwater resources, enabling more informed decision-making based on groundwater quality
maps in this regard.
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Table 1. Statistical characteristics of different chemical components
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L)”L'J )1 u).u.: » odlazwl S ‘5:1 CJL.A u"l?.))‘ dl)}
43,5 eslazwl (Ground Water Quality Index) GQI
Sy badd ans Jol B jasls pl duwlbro (glp
sl Jobs oppige slosiah 3] Koy clile
9 S layS o9 Glo)S by oo jute e oS ()2
ol S (2309 2lagie Ubey jl el b Sldlgu
LS‘)'? £9d Plj P ol L;:L»ﬁl)» OleMb! ailoluw b 2
Lo S yidie jlzo g whie gy cglaio laodly a5 -y
L 8 dbpe gyt laaids jl Jusy o okl
(V) alaly 5l edlael b el o dbgye 3luikinl jlade
A5 A Jlog sladias g 03)S )8, LS
K = k = kwno (V)
o lde K cadlie yo oy aids (sly JuSy o Hlade K
3ylnlwl do oy i Kwho 4d3e jo adgl a0 Sy
Cuol dalse s (ol VoAV Jo 0 Sl culige lojle
2 lds (Job slasds > .(Organization, 2017)

DS BN 97 om Sy

GQI yadls gunddl =Y Jgi>

ol
90-100 70-90 50-70 25-50 0-25 e
(90-100) (70-90) (50-70) (25-50) (0-25) e
Suitable acceptable medium Unsuitable unfavorable Indicator status



http://dx.doi.org/10.61186/jwmr.15.2.119
https://jwmr.sanru.ac.ir/article-1-1253-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.119 ]

Ol ardyo 9 Slrdgw 5yl 2 ln ¢ Slid)g (s Lo jdeste o ¢ Do) s (srime

Y&

bl 5l o lp gy cnl 0 &ly 2 d9dee a8
il Cumbgo b abils ol (o dlols (bl (559 (650310
Ol ey bjy ol e LS B sreme
bli g1 5855 slagly 4Sgbar ede J5S (23059
72 laglys g ooy Guals ]y )50 3590 dlas I 5590
S o @238 Jlormen b (o (5 CSeSy sk | oy
5 Cumdse 4 drgi (g P9y (nl 45 Cudl drgs L el
blE iy 3,5 o i o | o alols b Ll tl)]
OJ9 dl)b Al 3)91).3 alad; )‘I LS:L.VS.’ aols lyls &S
03j (pe5 () aAlaly by ol @l Adb e S

Dgds

1Z(X;)

n
i=1Xl d{l
L

Z(Xi): (O)

?:1Xi%

S U oposs dais o dlold d; alaly opl jo oS
Casld a3 jlade Z(X) ‘OT Soluon 3 #8ly sladiges
3y50 Gl oadb odmline Jlude Z(X;) Xj alads p> ,lai> g0
Isaaks & ) cul alold WSe flg a5 X5 0 ks
(Srivastava, 1989

Slbgran (adls | ool L’@l) 3 edxie Gldlao

3 32y wein; ol CudS owyn » GQI
AsghariMoghadam et al., 2015; Abbasi et al.,)
il chdasaio j igy ol 4] 4 453 L (2019
g Ol oSS colin (v ol anpgesl wilon
poroly OIS e o e oS B 5l plgsel 55 Jgloce
2 Jslee lases Egore g Clalguw oS o C'_:—liqu—
S 9 bojy GBS WS sxSoe olyel &
Sy Gigi cpl ) .l )13295)3 Sy Cucnl 5l culis
Blas ly ) 2550 Ol plie (&S DL 5 Jilos
wlols 38l 5 lae » GQI Ladls gandiny jl b
i (0) JSb .05 g5y GIS105 uldl i (slaodls
Slaoyy Sllllas odgame inejnj ol AS ganaig
syl als 5l eolaiwl b osds awsle GQI 23l
ol ol dely a8 0l Lis GQI [ad L dpwles gl

4 g b cuwl st Jldllae odgioe 3 AY B AV
Cae odlitnl sl (pypdjge sdiges Sal el
CosS dib 5 baiges ,i51 (0 S3) GQI Lasls siaipy
G55 4B i 5,5 o 5 0y Blae ol S5
ua>Lu: 0394t0 4D Axmao.))&a dilaio C.\a.w )I u.o.la_cl uM.’>u
g gl (2pEJled 5 38 5 (SHI Gise 5 AV LA
&Sl ol onimalis el pl oAbl o Ar 5l iaS adllas
9 039 u9.Uao t)).w PO ool dl)’. w))}) ul w.o»fy
B0 Ol 8 cod adlllae 390 didlain (o) s
Ll S5 18 opd pise ) ggesl 3)90 sl yialily

Oy Bjlas g GQI adls I olitul b duejpj sl cuiS obj)

Jie Cuwlus (3,5 (ot b gxeds Cuwlus U]
3IUT gdly 5> ool )] Calisee (ola ol yb s s
o Cunl (3L Joe S )3 Dlpadd (g 0988 Sl
ool Cowddy claclys )3 48 395 o oy p ol 5 o3l L
B398 03 Cumlas b (sl b Sl & (i
b Jos 5 b

Bl bl ade Ve Olds & (asld sdidigy adds
Bl il g ang alhe S 4 by ad) gbhads (S
5 gy (F) datly 5 I (a3 ls aids L adlie j0

100 * (GQI — GQl,,)

; ¥
’ - )

GQI 5 pli @i o Ol cunsS (asls aid GQIlwi
Cosl 4S5 lbadlie don jean b Ol cuaS adls
.(Babiker, Mohamed, & Hiyama, 2007)

ll cadlate uojyi o CuS b)) Al ans (sl
AICGIS 10.5 6,53l 5 Laeo ;5 ilillas s35e 65l
O 5 s ptiges a5 by dils YA Cuxdge g odd Jlgsl
5 3l )95y sl Cjgoh dp BS Ojgo ple
S5 5 SN laaY 5 lols 4t (gg, (gl
oS (PO0rjg gy jl el b oad (635 031l sl el )y
b G B ) (S iy Aty Kby (IDW) alold
SrSoe 9 )Rl laee 13 35290 Slbes @yl oolitl
» GQl adls e wlis gandipy (V) dbole
S alles ol (293 b pll dalllasd yge 0354500
pie Voo U jho jleais palie b (S5 b g (g iy Y
RPYIRTAPES

D9y S aslS clidss )l edel cunda mls
wolbe (geejn) O Plus 3 1) alols uSe (230
bil 4 o 9SS )l 0390 (2))
l bojin Goe Sl cln by sboby)
oS (B3G9 ey 4 3 LS ol D AB (e
)9S 40 s (Sun et al., 2009) de 5 5.8 alold
Sl ek bpais lad Lo s a4 e
2 Ulg g YT Slg g3 o Siw anl 3 ey
Uhey wollas 3,Skae jI Sl gl b aslyy 1zl lale
1J .(Pande & Moharir, 2018) >g; alold WS 2459
SPO0j9 485 Oygo ST 4 425 L ob 3855 ol
B )3 18 ealaiwl 50 dlold WS
(IDW) dhold (uSe (23059 (49,

slagiy) mpdsese S bog» ey o
ol sliao s o Lpobud o ol L 43 00381, bl g,
L oy S e o S 45 ol 20259

)l'.og )9 bl 9 ).u.wu Lga.)): bla 9 D.)}:J UL“&’ dl).lo‘
eyl 310l T30l Tae 51 alols as o o it 436 o


http://dx.doi.org/10.61186/jwmr.15.2.119
https://jwmr.sanru.ac.ir/article-1-1253-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2024-11-12 ]

[ DOI: 10.61186/jwmr.15.2.119 ]

Olostd 4 y0 g (Grdguw (5ynlb e ¢ Slxid )y (s Lo jdasme s o9y 55 (e

A%

S ops O cuis oS ol (L GQI s JS by

onl e tubioe Ghals b Jlod 5 Jlodh Connty gl

CotsS gl 5 5 o She s Olsie |y
Sl> s g Ol R 53 0Ra9% (e o]

50°0'0"E 60°30'0"E

VXY ojlods /el Jlo jusul 055> o e asl jimg

Shl> addllae 3550 adlats g 5 ye adlate (S5 @ a2 g5
e ey Sy iliee eeing @1l e oS
Sl (g5 oo (i) 2l CadsS (S Slyess s 4
i 008 S Jals 5 eoly byl ol o gos

)5 pastie (dxejn) 2l (&S

51°0'0"E 51°30'0"E
) i

32°0'0"N

31°30'0"N

1ecm=7km
0 5 10 20 30 40

o™ ™ I Miles

32°00°N

Legend

C3 basinBoundary
QS well

GaQl

[ ]sr02-90

B <0 - 9255

T
31°30'0°N

T T
50°0'0"E 50°30'0"E

T T
51°0'0"E 51°30'0"E

GQI 4 jadli gaain —0 K&
Figure 5. GQI quality index distribution

A5 Gl (1) Jguo

Gy s aslyy 58 (et ls Cuwlus Jdod 4y daldl 4
Bis bk g adye Vo Clby 4 (adls 4l jolate

Ay oad and adlye K4 4 bgye ag) gloadds jl S

(Meoyd) s S5 Bl byt a3 L3 )bl s Sho —V Jgio

Table 3. Statistical characteristics of the change index by removing a single map (percentage)

St e Sl |l s Sl patls s Sl doys asls el il anyy PRl 0i 4 bae a2l S5l
o> L"_ . Awverage percentage of index Percentage of maximum  Percentage of minimum o L ML’“’ . . bl
Standard deviation changes index changes index changes The weight applied in Delete a single map
of index changes calculating the index  related to the parameter
0.059 -1.983 -1.537 -2.238 5.07 pH
0.049 -0.016 0.205 -0.371 3.11 EC
0.109 0.600 0.854 0.015 2.16 K
0.100 -0.116 0.174 -0.615 3.24 Mg
0.063 1.035 1.498 0.75 1.06 HCO3
0.072 -0.078 0.228 -0.564 3.19 TDS
0.061 0.901 1.314 0.673 1.49 Na
0.149 -1.922 -1.292 -2.84 5.02 Ca
0.050 0.552 0.748 0.327 2.25 Cl
0.064 1.027 1.502 0.745 1.09 SO4
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