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EXTENDED ABSTRACT

Introduction

Assessing the health and contamination of groundwater for drinking purposes is of utmost importance
because these water resources are a primary source of potable water in many regions worldwide.
Groundwater contamination can stem from various factors, including the infiltration of chemicals,
microbial pollution, the improper use of fertilizers and agricultural pesticides, and unsanitary wastewater
disposal practices, which, if consumed, can lead to various diseases and serious health problems in
humans. Therefore, continuous monitoring of groundwater quality and conducting precise tests to identify
and control contamination are essential to ensure public health and prevent environmental and health
hazards. The Yazd-Ardakan plain, located in the center of the Iranian plateau with a very arid climate and
low rainfall, relies primarily on groundwater resources to supply the water needed for the cities located
in this plain. Due to excessive extraction and declining water levels, the region's aquifers face challenges
such as land subsidence and reduced water quality. The groundwater pollution index is an important
indicator in assessing groundwater quality, developed to measure water pollution with the aim of
simplifying and standardizing laboratory results. This index is designed to summarize multiple water
quality parameters such as pH, anion and cation concentrations, and dissolved solids into a single number,
allowing for easy comparison and analysis of pollution levels within a specific range. It was developed
in response to the need for quantitative and understandable methods for environmental decision-making
and groundwater resource management. The use of composite indices such as PIG has become prevalent
in recent decades with the advancement of analytical technologies and the need for rapid assessment of
water quality in environmental studies. This index was first proposed by Subba Rao (2012). He showed
that potassium, magnesium, calcium, sulfate, sodium, chloride, bicarbonate, as well as total dissolved
solids in water and acidity are effective in determining this index. Although this index has been used in
many parts of the world to assess groundwater quality, there are few studies in Iran, and those that exist
are in the Birjand plain. The aim of this research is to assess the quality of groundwater in the Yazd-
Ardakan plain using the PIG index, which has not been evaluated in this region so far. As a result, to
investigate the temporal and spatial changes in groundwater quality, zoning maps of each element were
drawn using GIS software, the PIG index was calculated for 27 deep wells in the region in 2011 and 2021,
and finally, based on the results of the PIG index, the groundwater of the study area was classified in
terms of pollution. This comparative information can help to formulate monitoring and management
programs for Yazd-Ardakan groundwater resources by considering similar experiences.

Material and Methods

The Yazd—Ardakan Plain is one of the largest plains in Yazd Province. It lies between 53°15" and
54°50" east longitudes and between 31°15" and 32°15' north latitudes. The area of this plain is equal to
11775 square kilometers and includes the cities of Yazd, Ardakan, Meybod, Taft, Askezar and Mehriz.
This plain is located in the arid belt of the central plateau of Iran and has an average annual temperature
between 12 to 19 degrees Celsius, low and relatively constant relative humidity in the range of 30 to 50
percent, very high evaporation between 220 to 3200 mm per year, and an average annual rainfall of about
107 mm. To conduct this research, registered statistics regarding the water quality of wells in the Yazd-
Ardakan plain for the years 2011 and 2021 were initially collected from the Yazd Province Regional
Water Company. In this study, to investigate the qualitative parameters of groundwater resources, data
from 27 wells with long-term and complete statistical periods and a good distribution in the study area
were used, and groundwater quality maps for the years 2011 and 2021 were drawn for each of the
chemical variables in the GIS software environment using the IDW interpolation method. The parameters
studied in this research include the concentration of anions and cations, calcium, potassium, magnesium,
sodium, chloride, bicarbonate, sulfate, acidity, sodium adsorption ratio, total dissolved solids, and
electrical conductivity of water.
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Results and Discussion

The results indicate that over a 10-year period, the levels of anions and cations, acidity, and salinity
have increased, while the quality of the region's groundwater has declined. The average values of all
chemical parameters, except for acidity and bicarbonate, exceed the permissible limits recommended by
the World Health Organization (WHO). As the zoning results show, the concentration of cations, anions,
and salinity in the year 2011 is highest in the north and part of the south of the plain and decreases toward
the center of the plain, such that the lowest values are observed in the east, west, and center of the plain.
Except for bicarbonate, which shows its highest amount in the east and center of the plain. The highest
amounts reported are calcium 478.91, magnesium 283.99, sodium 2600.33, potassium 10.94, chloride
3823.65, bhicarbonate 464.82, and sulfate 1998.34 mg per liter, with salinity at 13317.5 micromhos per
centimeter. The highest acidity (8.05) and sodium absorption ratio (29.17) are also found in the northern
part of the plain. Over the 10-year period, the groundwater quality of Yazd-Ardakan plain shows
significant changes, so that the chemical element concentration zoning maps in 2021 compared to 2011
indicate changes. This means that both the maximum values of these parameters have increased, and
except for the northern parts and some of the southern plain, the concentration of some elements in the
east and center of the basin has also risen. In other words, temporally the groundwater quality of the plain
has deteriorated, and spatially, larger areas of the plain have experienced a decline in groundwater quality.

Conclusion

The results of the temporal trend analysis of the PIG index showed that this index has been increasing
over time, with a more noticeable increase in the northern part of the plain. Specifically, the well located
at Dom Kaftar in the northern area of the plain experienced a significant increase (66%), with the PIG
index rising from 6.73 to 11.20. Furthermore, the results indicate that over time, the quality of
groundwater in the Yazd-Ardakan plain has deteriorated from the north and south towards the center of
the plain. It can be concluded that this decline in quality is attributed to several factors. These include the
lowering of the water table due to land use changes and excessive groundwater extraction, alongside a
decrease in rainfall and the repeated occurrence of droughts over the 21-year study period.
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Table 3- Descriptive statistics of water quality parameters

2011
Minimum  Maximum Mean Std. Deviation ~ Skewness Kurtosis
SO4 99.84 1998.72 535.08 486.79 1.55 2.27
Cl 128.45 4935.00 1082.88 1261.68 1.79 2.86
HCO3 122.00 468.48 239.30 86.17 0.88 0.35
pH 7.40 8.06 7.72 0.17 0.07 -0.63
TDS 670.00 9820.00 2774.88 2626.49 141 1.18
SAR 2.10 29.18 9.22 8.28 1.38 0.80
EC 1045.00 15340.00 4365.61 4175.21 1.43 1.18
K 1.17 12.90 4.15 3.58 1.20 0.19
Na 89.93 2951.36 672.20 791.05 1.76 2.53
Mg 20.88 426.12 98.23 93.83 2.20 5.37
Ca 40.00 479.00 164.22 127.72 1.38 0.773
2021

SO4 102.24 2488.32 686.82 609.78 1.22 1.31
Cl 136.15 5685.12 1391.59 1591.04 1.48 151
HCO3 136.64 473.36 227,51 89.27 1.09 0.54
pH 6.89 8.15 7.51 0.31 0.44 -0.32
TDS 253.00 11180.00 3223.30 3169.10 117 0.31
SAR 1.57 24.03 8.57 7.00 1.17 0.01
EC 976.00 17210.00 5153.11 4809.15 1.14 0.26
K 1.17 10.17 3.55 2.52 1.49 1.75
Na 65.09 5334.72 866.04 1168.84 2.60 8.05
Mg 17.04 984.96 199.46 221.95 2.01 5.14
Ca 44.80 1073.28 256.66 247.88 1.70 3.44

oy cdilé S & 599

Dl S o S osl el e ey i dapsilS CBlE Jold oy 2 9550 sl el oAty sleatis
Ol Y gV el Ko jo b i as 8ol om0 cubd gl VP e 0 VYA Jlo o Jelore aule olge g aboswl ¢ (6,90 «lalgus
et g Jlad ;0 WY Jlo )0 (5,08 9 bagygul oyl cdale s co lid ganaigy bl a5 jshiles .l oals ools
saalice Cudd S pe 5 0y by o polie ( iaS 45 g5k 4 4Bl ralS Cudd S pe Canns 4y 5 Cessl 0 ey CB0 gl
st FYAIRY rlS e iy 5 e odgd Cabd 3550 5 B 0 Ol ke iy 45 S 57 4 Sy
G5 oid S e VAWNYY Sladgws o FPFIAY Lo ,S o FAYYEA IS O - /AF sl P« /FY o (FAY/AAQ
Jledi 53 55 (VANY) e i Cand 5 (M2 D) aain] polie o s 098 o0 (0,155 il 5 g, S VTYIY/D
aS 5ok 4 e co lid pwgeore Sl Sl 05 clls ey ol ceaS lo Vo oloy CubdS L o,lo g2y o
e ol s o las 1y Sl YW Jlo 4 coed (F JSS) VF e Lo o gleed jolie cdalé sonaiy slbass
polie 5y S s gt 5 Jlad sl ik 2 4 o 5 el 03 Sl il ol 25 slis o 05
o2 5 ol 009y (RIS &y 5y S (e 2l kS (Sloj S 1 ,Se0 Sile el 4l (I8 5 edo 5550 5 G0 0
w2 N YVIAN S (e G in Siload azlge ey ol CodeS Grals b el 1 (g tion sl G Lk
Jlo yo o 5 )8 b YFAY/AL Clddgw o YEYIAD Clo S o QFAYIOY IS N o/o0 el OYTY/AY o AAT/QY
ke @ ey ol gy g9 S VIV VIF @y s nl )5 (dmin T 9d i wd sl 5 g0 S sl V-
ol 00 3,98 wo 10 VB Sgu> s gy 2l Al Ve a5k 0 Ko



Wy VPl Hleg ) oplod 8wl o asme &l yblo g Ll pior 4y i

9 e soedS IS 5 o aiile e 5 Ol CoiST alS 5 6y5h p NS SL g e slagn S wRs e plis @l
bl peciis ol Sy Ol CalS 3,90 50 oo @l Ldog alesls LS oy 0,90 ABS 4O (g kinn Ol sy Slalgw
Seielsyded ¢ smnlidimn; Jolse il o Boae a5 ol OT oS (Saal Sl 395 saimo s wiliee Slalllas gl

Syls 13 Sl

1520000 3560000 3600000

3480000

3600000

1520000

3480000

WA Jlo 50 58,05 cubs 40 mows wda Cams 5 PH (Jglome dul olge 5550 o yguil daygils clale gosary, -V S5
Fig.2. Zoning of the concentration of cations, anions, salinity, dissolved solids, pH and SAR in the Yazd-Ardakan
plain in 2011



\YY

Sble Gl g 650,90 5 Jlabe

e 0323 91 (Fog (G g Siloj Oy (a2

3560000

3520000

3560000

3520000

280000

3560000

3520000

3560000 3600000

3520000

3600000

3560000

3520000

3560000 3600000

3520000

N
§ o g o™ 2l s H]
3 oy Tl 107288 i g --;-w - § g oy 89201 ;
- asis . f - 2 By ; =
e B \_\// -cont B oo o no e
160000 220000 280000 160000 160000 220000 280000
160000 220000 280000 160000
o s el N =
H o ER H =
A ; &
g 48 TV § ; i §

3560000

3520000

3560000

3520000

3560000

3520000

3560000

3520000

@ HCos
= = =
s -
o b S im 343 ;
- N s i oa w %
hadl -
160000 220000 280000 160000 220000 280000
160000 220000 280000
160000 220000 280000

-

3560000

3520000

EC
=

) ¥
g oy b 143074

- aess

3560000 3600000

3520000

160000

3600000

3560000

3520000

3600000

3560000

3520000

3600000

3560000

3520000

3480000

o M

@
\7 .
b ]

3600000

3560000

3520000

) g %
- igh - 814 ',
B awemns PRSI ) ,/f

i e n N -
160000 220000 280000

3560000 3600000

3520000

3520000 3560000

3480000

3560000 3600000

3520000

S04
2

2

e
b 245788
oy

-0

#
7
8
3
/
3600000

3520000 3560000

3480000

160000

VEe e Jlo 50 58,1 = 05 cud 50 s i S g PH (ol sl 0lge (5,98 daygusl o ygslS clale gomang -V S
Fig. 3. Zoning of the concentration of cations, anions, salinity, dissolved solids, pH and SAR in the Yazd-Ardakan

plain in 2021



o Vo0 5l o) oylods N0 ol o laummo il pbolis g Ll yio ag 2

033 P g Ol i

oals baas las (F JSo) VFee g 1WA Ll g0 50 (80 1 - 05 <o ;o ally (s 5wgim ol £F 10 cie) ) ol o
(Glie slocuadge )0 oy § L) b g0 ;0 j0 alin Sllug cwl avs S Job jo ce) ) ol rhw axg LB
‘JL‘> L)"‘ La S 6)4&0934 la 61.7(.@ )L..oa C).» ‘QS“HL"“"U""Q) 6[.&;)5&.; dle el Cio o Gv.....]o LS’lSA ;)‘H BMQQLM
SYob (20l5 Xy, 5l 6y sualyd loges nl WS o 9l 1) (oei ) o mlie Slettann 4l (e g Jloal>
Qs o i Sliass (Jle gl o)l Slstran doxe Dldlas 3l S - Sloj slaosls b aS wams oo &3] cailais jo Suw
clls g JSis s cbl.id.a.c a5 (ol 08,5 55 o rhw o e BB Grals 3 sle e jo 8ol -0y cls aS
Khosravi et al., 2018; Khajavi, Soltani-Gerdefaramarzi & Gheysouri,) el i B)las 9 55,98 slp ol 4,2
250 ot 1) CaeS s & ey ) o e 2alS el Slasl g oamb Jelse 5 oS 5 asm Yoane LialS ol (2025
Il G (LAY 4 oyt s & el S ol ams 2alS 55 1) ey o Sk Wil ge 4l s e )3
DB o 7y e co Jaloe dlge Clale 4 e 4T lesul 4ds gelS b waiius oo VT YL cdale gl ls Y}W as

s b Gllae .ol oas ools Hlid & JSUo 50 sy 050 ol YV 10 VFe v gAY Jlu g0 0 PIG ozl jolis
30 ol Gll liee o yiion cwl a8l (IBIPIG el lade «cls (pl )0 gw) 9,90 slool> oy OA o Ly &
Jleis yo ably sbrol> 5l PIG Lasli .cawl [LaS o0 g 5, Ladl ol dilaie cmy elas)l a5l cais ddais oy 5yl
(e yd &8lg paolillgsl s g ,laS oo ¢ bl ol ab] S 5 obT plas oS )| obT ousld ol i ol Jolis 85, = 55 oo
) 2 omly Sk 9 YL PIG ety sl (qusy 2 9550 Jlo 50 52 50 b S gtz 50 15,5 Sl s ol (rizpen
Al o

oly Logas Lawgs oads &Il gondil b g Ko cpl 4 daz g bl ool @311 7 IS 40 55 PIG asls (gunany dods
009 Gt S b g 5l g o5 (S0l b sy ol shylo s 35 10 5 0y8 (S 3ble VYA Lo ,o « (Subba Rao, 2012)
YANS coluw b cio peiz 5 Jlods Gl .ol ools plais| sg 4y 1) cuis Coluw 5l o, OV/FY logas a5 col
ol g dawgie (Sogdl (sl oS A s s Corlue oo ,0 YAINF 5 oo ,0 Vo /AY il oo 0l Jls (ST (glls 0o o
Jlo sleglae VF-+ Jlo jo SIG ks il en g Sloj ks 5l 0o PIG Lozl gl alls Ve 5,90 10 oyloy cudsdS ol oo
Sogl b dilaie Colue 5l g sl a8 5 15 0l L5 Sogll aibs =55 cbo 5l (g s Coluwe K00 & )le &zl VYA
uzlig o8 (Sogl Glylo ao 0 YFIAL a5 ol cpl 51 SV Fe o Lo ,oPIG a3 li (gosmaiy bl ol ool atuls jb
a5 Col )53 @ a3Y el 0b jleas (Sodll hils sy TY/F 5 0l (Sogll ao,ye ANY dawgle (Sogll s s YYAY
Sl a8 )3 18 s Jlod Ceond jo 0Ly (LS (Seddl b cids ol o iy

O reS Ly s & e gl )] a5l )l 8 0T (Jled e 5o Bame lSs)1 - 03 s puaipy O (2s 5
Sy n el (Sdl S g5 Comdge cnl (Jlod )0 e Vol S 4 iz 50 e Ve e Sl Gt Sl o e <) o)l )l
5 Jslee Slse 5 laSad daoaiy¥T plos azes po a5 S oo (i of Olz 2l o doe Oy @ cdo o
Joee 0 ooVl ol ez (laie a4 a5 sy ol gl alilsl g Jais adlaie (pl 4y (35 0 5 gix) CawdYl slo yidy
35 2l Ol Sz Grizpen ol Sllllas dilae Jlod 50 O (ks Sk o (ol g o sl € 29,5
WS gy Jlod Ho oV gl g0 el (Jlod 4 Cgiz 51 Cadid modle o g el ¢ Jlod 4 3 1b g 3l



Sbolw Gl g 5j el b0 5 (il
e 0323 91 (Fog (G g Siloj Oy (a2

\Y#

5 o Jled lojsmloas 5 Jlioy0d (Hsi 5l e O S5i (o) = 05 s Stz ailaie ;0 Yy aile (xl alse
A Sk B sl G el Jlod ;0 TDS polie .aiS oo i [ 6598 (Jlod 15 () SladY (543985 hals
oS e B,k sl (Heidari, Ekrami & Nasabpour, 2015) il gands b Slusl slaoais ¥ 3485 sasmoylis wilss oo g
1 oany VT aS onds O S9d 5 (aloord slodsS 5l o 5 G oolitl 4y e Jlod 9 55500 )0 65 5 65,5lS 521
Sl 00,5 oy Jlod jo |y coaS (65,0laS 4 @il o aiile «@ilndS slaans 51 Lol)l (60,15 Sl s s co i3l
—§ e Slguy 9 595 HloSad slaasjlu slyls cwlids ey S5 51 88 - 05 cls Cgim dalais (Khajavi et al., 2025)
355 055 4l ol 53 (e ST YL )99 5 005 Gl Coond (nl 3 (Gain ) 2l CkeS oad Esly a Cnl (o 25
(i) ol CaaS el aile o asls wlel s pl o dne) p ) <l cealS (Mehrshahi & Mehrnahad, 2006)
D9 e ) mrie 5 peelS SIS ipra wile lapg SIS g imran i Cad (Joloe dala Slge S (S S e
Sy cwl ooy Jop ol Sloy Mgy 5 ol bl U dawgin 881 - 05 s jo Ol IS cuaS a5 wins o olid Sldlas
Sl s s Boee 2als ol aS sl 2als V¥R Jlo o VYIS 4 YFAY Lo 5o YVISR sgam 51 GQI eSibs o s
ol mle aVlo adss g oo Jlo ;0 o < /0 o090 3l ans [l )0 guwjp ) ol maw 8l uzmen .l roaY] 5 (5,55
0l b ralS g jed Ol dga5 b yorie o 5l oo Cllilo p cpl aS ((65,9laS (gl AV el oy ygudie OFF Dgu>
(Khosravi et al., 2018) =l

350

—e— \Water table- 1400 —e— \Water table 1390
300 - ®

250 - <

(o) (o) ) & o

200

150 -

100 -

50 -

)
0 T T T T

1 3 5 7 9111315171921 232527 29 31 33 3537 39 41 43 45 47 49 51 53 55 57 59 61 63 65

VEe e g YA Jlo g0 50 G5l - o) s 10 (5 egim ol PPy e ol mhaw —F JSi
Fig. 4. Groundwater surface in 66 piezometric wells in the Yazd-Ardakan plain in 2011 and 2021



file:///C:/Users/User/Downloads/Soltani%20paper.docx

VB 5l o) oylous N0 wlo ¢ o &l pbolis g Ll i & pitd

Yy

12

c

- .2

23

©

vg

- <

~N

S > N>

bl 2 O

MR D O
*

= >

|
-
3 8
D>
e -
LR
|
o <
—

72 #me waseysjoqyypiays
< 1A peqyapyy

>x‘% yauedsy

<0 §6e 50 yedposoqaper
74 =¥ 1ioyworienjog
<= |A° peqvJazayy

‘e peqyapes

€50 17° peqypoL

=¥ |7° peqywezan

A = [ezgveyd

2 feuyeq

<5 yepineyy

o sm Jeyeyawoq

317 1A° peqyIy

< e peqyuIasoH

cwr ouyaqg

£ |10 peqypeweyoN
= ¥ Jyeysayies

[€er |Ac peqypuRIgY

<% 17 uedoHDYazZBAIRQ
<A™ qeyyeyd

v |Ac peqyaepuog

€ ySeisoy

<" e peqveler

a~ |A° ‘e peqywaseyn
557 10 <97 peqwysia
£<v 43 ySequayooy

sy Syge ol YV 01 Fe e gAY o 90 0 PIG asls polae -0 JSi

Fig. 5. PIG index values for 2011 and 2021 years in study wells

280000

220000

160000
» vs5-un

(L2

PIG

280000

220000

280000

220000

160000

4 Ju

PIG

160000

280000

220000

160000

ol o e w1 Fe e s 1Y Jlu o PIG asli gunany —F S

Fig. 6. Zoning of the PIG index for 2011 and 2021 in the Yazd-Ardakan plain



Sbobw Glo> 5 55 00,805 (Gllalw

YA e

FaskS NIV sguo ol b a8 sl Gll o3 ol o ey ol sloads> o ipte 5| (S Qo) - 05 s
Ll b g (Smio ¢S 5,9liS B jlas gl Ol w‘b")o Sl Jui gosls > 093 ol lul Cumex 5l Slodes (idu (a yo
U‘L.ml55gi@a.w&.él‘4.15)63wloﬁwuékdbﬂkbgomgb&bij&m&)owawl.ﬁ@
wdlisee Oldllas gl bl 5 wcibs cpl owyp) Ol CuilS 590 50 0o &l dow el 940, e ol CuiS
u] ula).‘> g asle ‘;4)3.]3);.\...@ ‘QS“HL"“"O""Q) J.n‘}c )..JL Cod L;.\.o.c aS el g.j u...a..S uio.@la leSA G)y BMQQLM
9 5570 0 S 5 $ipalaS (2l (B aS ale SLul Jalge 5 s @dle it 5 (258 Jled &4 (B0 0l (G
Ozt 2 o i3l 1y laoan VT cdale aS oo OMOB 345 ¢ olonds slaosS 5o 5l i eolitul 4 e Cbo Jleds
U"‘ ) Sl 00l umlf ‘) ‘5....0)).') uT u...a..S 46))5Lw5 L e‘fo Jﬂu\.u dle casnds le.bd.ﬁé )l Gab‘ L_S).‘)ls ulj.u.u
‘p,..“.lf) uTwﬂdLﬁod‘éd;M oolazw! LSJL..Q‘P SleMb| W}‘G“"A(PIG) W)JJ) u] (;Qjﬂ ua.}L.u )‘ auﬂ.ﬁbjf
G mls oyl o ol med BB IS a4l (6yss 9 abaunl (Jolore dl> dlge cladgun «lu,S o IS el oo o2 i
Jles 15 5 CutS e sl 3,0 5 0y Caand 10 58,1 - 05 Culs ey ol plie a5 aS vas e ylid ol Cawd
Ghls a5 as 3 18 Jlads jo So)) - 0y s ) ol ey el SudlS o ieS gl Ggim 5l sy 5 S
adlaie 'l ;o oo YT ples O gaz Judo a4 dibate ool cuejp ol Gl CuiS g Canl o mhaw 4 Sad glas)] o xS
Gl CotS o e syl s ol pai - i asgs slao] (53g,9 Jore Judo 4 S, - 85 cais o,¢ b bl el
e bl s g canlin ()b cde @ bl pai - 05 ddg> e ol CuiS AT cuwl ;S8 4 0¥ (Khosravi et al., 2018)
50 by csdS b azls plas ol HLis PIG el &l s glej W,y owy p gl .l 0,95 5 SYL oS 5 canlie
adhis jo ,LaS po jo aid )T 18 ol> a5 (5yeb a4 el Sgpuine yiin cls Jled ddlaie ;o o3l pl gl mol3dl >
Sl Yo 51 (ol o, VVY e 0 PIVY GIPIG asli g (doys ) conl ails g5 JB ioljdl cass e
S5 s sy @l oz el B (l ol 5 (Llir Cusbge (35,5 5 008 9 T e 4 S b Jlod Sty
o wsdibaie cpl cuegpy ol el cutS 5 sl o maw 4 o gl | oy 1aS gllo a5 a8 S 18 Jled o S, -
Sogll s s alue IS 5lao,0 BVFY OYA: Jlo 0 PIG a3l 3l ol dilaie oyl 1o oo VT pled (yods aax
SOl gl auo s YANF 5 0l (Sogll lhls caiss auoyo Vo/AY dawgie Sogdl slls 3blis 5l oy A/OA Gzl g o5
505 Sl lhls o 3 YEIAL aS 5 0k 4y sl atdl als o)) ol CuiS ans S CidS b g sl 00gs 0L Lo
Olid ol e el 0L Hlaws (Sogll sl 0o, FY/F 50l Fogll oo ,0 ANY awgie (Sogll oo jo YY/AT b
el 00 ALwlS S 35 0 Cows 4 gz g Jlods o 5l 51— 03 s e ol CuS yloj CusdS L aS ams e
el (o255 = (6P Sligey 5 0395 Oled JlvSed laoaiile I (28 (oulidiu Sl 5T OISl - 05 cbs (g dilaie
Wloos JoSas Sad sladasme ;0 p5es slooi] )i 1,0 a5 situd (§pudud ogw) § Swob o 25 sloasy ol lons sl oyl
ol cuasS jasls 5l eslaxwl L (Khosravi et al., 2018) o, Sas 5 (g9 s ol 00 g (65,98 B las glp b coutsS
oy 2l Sk al o 1) ludl glaclled 5 oll )5 b il 5 wis,S 515 1) (b b (GQD) (i 2
RN g e o A OSsl op s Jled g oyt Cend a5 wisly las Ll s, 518 maly sl - sp cis
o0 ol 00l axlge ) ol CudlS als b a6 i ol loy CudS L g culyls |y g ol CoalS
50,8 ISR Jlo po Sl 05 s gtz 5 55 50 50 L) (e 0 CoiS 2L 4l g0 (ByS er



wa Vo0 5l o) 0ylods N0 ol o shummo &l pbolis 5 Ll yas 4y pid

as wals ylad 3.0 (Khajavi et al., 2025) ol Sen 5 s92ls> o (Ershad-Hosseini et al., 2021) ) IKan g g oL )|

SlS oo 0 s (ol 50 ey o bl g aiils Laslidl aig, S0 - 05 s pve) ) ol S sla )l cdale
5 oS Ol 5l ol sl mhaw galS 4 oS els ol aS wis S g Fams Ll il oo S o il 5 cuas
By 25° st €989 9 JoT) 8L o (Sl Gl (2 Grizmen g (e ol @l o I Gl cllogn (T 55
L et oul )0 (oo of alie kS 5o layial)ly clle (Lal38 Wg) 00,5 o 3] loasms o JLSas
Pl colo slazagi 5| Jol> (wes s of @lie (a8 Ll s 1 53T gl il ay) (o)l
& i a8, «Gholizadeh et al., 2017) ), 4 0ol 3 « (Sahebjalal, Dehghany & Tabatabaeezade, 2013) .l \San o
Ershad-) ol,Ke2 g g ol )| ¢ (Khosravi et al., 2018) |, |Sea g 59,5 «(Rafi Sharifabad etal., 2017) |, \Sen g o]
5 9 (Mahmodi & Erfanian, 2022) glbd,e 5 o500 «(Izadi et al., 2022a ,b) ,Kon 5 53! Hosseini et al., (2021
ok oy gy elal pcils cillas (Naderi Eshkaftaki, Mirabbasi & Nasr Esfahani, 2023) ) ,Ses g SaSol (5,006
Omidvar, Zareh & ) olSo,l - 03 cds ;o )y ol &b ol g ials g IV das 4 e Sloy 3L 0
ol gl 5lom 5l G casls a5 cils oyl olss o (Ebrahimi, 2016; Ershad-Hosseini et al., 2021; Khajavi et al., 2025

Sl amgs )0 g (JSis oy 58y ( Tk Ol SR iz 5 (Seniy ol e gl (1 (T 5 5 e
asls Juis a1y Glallae sogume (soeinj o @l oS 20l 5 (S slo el e dale 2ol ey o e
o o o5z s Jled (e ohus 4 ein 2l Sk ab psles sdel s & @l @ 4z b s g 5l ol
1 @lots iblis 5 e Slolaldl ool g oyl Slalllae 53gorme shlie plas 4 o (6 yullash Condsg (53|
el (55970 2T golie 82 LS5 o e M cnl b ablie sl abbice (i) 2l @lie CoeS 5SS S5 A
ST 533y5 I3 31 i bl 8IS 5 jlone il slosle i 3] 65T 5kr s S s (lsh g Bl el
slagsysld 5l oslanl ool i 5 Szt “""T)ls LS)L:'J Sy, sl oslatul ¢ egian b grnb slas; G5k O‘ﬁ’.‘?T «
w2l CoS Sacin Sox oedle @Sl sledae 5 GIS wile eIl b pglie (aly wcanio 5 (65,5l88 (i 0 (ngd
WS SaS il e wplgFl 08 Sloisvsys o @lie 5l cbili> 5 sl slaase> Sl O Jal i rizren

&b Byl

D)l &8lie )l allie (pl G annss bl ple

63! Sl
INCSL g @'b)gé g i g cpl ki 0,50 glaools ols J1 3 Lasl o glp o (slddlaie g,j oS i) allase Qtfwy'

References

Adimalla, N. (2021). Application of the entropy weighted water quality index (EWQI) and the pollution index of
groundwater (PIG) to assess groundwater quality for drinking purposes: a case study in a rural area of
Telangana State, India. Archives of Environmental Contamination and Toxicology, 80(1), 31-40.
https://doi.org/10.1007/s00244-020-00800-4

Akakuru, O. C., Eze, C. U., Okeke, O. C., Opara, A. I., Usman, A. O., lheme, O., ... & lwuoha, P. O. (2022).
Hydrogeochemical evolution, water quality indices, irrigation suitability and pollution index of groundwater
(PIG) around Eastern Niger Delta, Nigeria. International Journal of Energy and Water Resources, 6(3), 389-
411. https://doi.org/10.1007/s42108-021-00162-0


https://doi.org/10.1007/s00244-020-00800-4
https://doi.org/10.1007/s42108-021-00162-0

Sbolw Gl g 5j el b0 5 (il
e 0323 91 (Fog (G g Siloj Oy (a2

Y.

Djebassi, T., Abdeslam, I., & Fehdi, C. (2021). Groundwater quality assessment, using pollution index of groundwater
(PIG) from a semi-arid basin, Tebessa region (north-east of Algeria). Journal of Materials and Environmental
Science, 2508(8), 1046-1056. http://www.jmaterenvironsci.com/Journal/vol12-8.html

Ehteram, M., & Soltani-Gerdefaramarzi, S. (2025). Advanced hybrid frameworks for water quality index prediction.
Ain Shams Engineering Journal, 16(8), 103478. https://doi.org/10.1016/].asej.2025.103478

Ershad-Hosseini, M., Keshtkar, A., Hosseini, S., & Afzali, A. (2021). Analysis of temporal trend of groundwater
quality using nonparametric Mann-Kendall and Sen’s methods (Case study: Yazd-Ardakan Plain). Geography
and Environmental Planning, 32(4), 87-106. [In Persian] https://doi.org/10.22108/gep.2021.127620.1404

Gholizadeh, A., Mokhtari, M., Naimi, N., Shiravand, B., Ehrampoush, M. H., Miri, M., & Ebrahimi, A. (2017).
Assessment of corrosion and scaling potential in groundwater resources; a case study of Yazd-Ardakan Plain,
Iran. Groundwater for Sustainable Development, 5, 59-65. https://doi.org/10.1016/j.gsd.2017.04.002

Heidari, E., Ekrami, M., & Nasabpour, S. (2015). Temporal and Spatial Study Groundwater Quality Using
Geostatistical (Casestudy: Yazd — Ardakan Plain). Desert Ecosystem Engineering Journal, 4(6), 63-70. [In
Persian] https://deej.kashanu.ac.ir/jufile?ar_sfile=1064228

Izadi, N., KhasheiSiuki, A., Pourreza Bilondi, M., & Hashemi, S. R. (2022b). Presenting a New Index of Pollution
and Ecology Risk of Groundwater (PERG). Environment and Water Engineering, 8(2), 278-290. [In Persian]
https://doi.org/10.22034/jewe.2021.290702.1581

Izadi, N., Khashei Siuki, A., Pourreza Bilondi, M., & Hashemi, R. (2022a). Evaluation of chemical pollution of Birjand
plain aquifer using groundwater pollution index (P1G). Journal of Aquifer and Qanat, 2(2), 24-32. [In Persian]
https://jaag.birjand.ac.ir/article_2194.html

Khajavi, Z., Soltani-Gerdefaramarzi, S., & Gheysouri, M. (2025). The impact of land use on the quality and quantity
of groundwater in the Yazd-Ardakan plain. Extension and Development of Watershed Management, 13(50),
52-60. [In Persian] https://www.wmiji.ir/article_729965.html

Khosravi, H., Haydari Alamdarloo, E., & Nasabpour, S. (2018). Investigation of Spatial-Temporal changes of Yazd-
Ardakan Plain Groundwater Quality Using GQI. Scientific- Research Quarterly of Geographical Data
(SEPEHR), 26(104), 35-44. [In Persian] https://doi.org/10.22131/sepehr.2018.30516

Mahmodi, M., & Erfanian, M. (2022). Water Quality Assessment of Surface and Ground Water Resources in
Naghadeh-  Oshnavieh  Plain.  Environmental  Researches, 13(25), 33-50. [In  Persian]
https://www.iraneiap.ir/article_158574.html

Mehrshahi, D., & Mehrnahad, H. (2006). Morphotectonic forms resulting from the operation of the North Yazd fault.
Geography, 4(11), 21-31. [In Persian] https://mag.iga.ir/article_704313.html?lang=en

Naderi Eshkaftaki, M., Mirabbasi, R., & Nasr Esfahani, M. A. (2023). Investigation of Temporal and Spatial
Variations of Groundwater Quality in Sefiddasht Plain and Suitability Evaluation for Agricultural Use.
Hydrogeology, 7(2), 91-108. [In Persian] http://dx.doi.org/10.61186/jehe.10.3.221

Omidvar, K., Zareh, M., & Ebrahimi, R. (2016). The Effect of Recent Droughts on Groundwater Resources in Yazd-
Ardakan Plain. Iranian Journal of Irrigation & Drainage, 10(5), 622-635. [In Persian]
https://idj.iaid.ir/article_55428 en.html

Prasad, M., Sunitha, V., Balaji, E., Reddy, B. M., Sudharshan Reddy, Y., & Kumar, B. P. (2025). Application of Water
Quality Index, Hierarchical Cluster Analysis, Pollution Index of Groundwater and Geospatial Technologies in
Evaluating the Water Quality: A Study from Mangampeta Barytes Mine Area, South India. In Groundwater
Resource Management Planning Strategies: A Geospatial Approach: Volume 1 (pp. 745-774). Cham: Springer
Nature Switzerland. https://doi.org/10.1007/978-3-031-88870-0 29

Rafi Sharifabad, J., Nohegar, A., Zehtabian, G., & Gholami, H. (2017). Tracking temporal and spatial changes in
underground water quality for potable and agricultural purpose (Case study: Yazd-Ardakan Plain). Desert
Management, 5(9),107-119. [In Persian] https://doi.org/10.22034/jdmal.2017.27853


http://www.jmaterenvironsci.com/Journal/vol12-8.html
https://doi.org/10.1016/j.asej.2025.103478
https://doi.org/10.22108/gep.2021.127620.1404
https://doi.org/10.1016/j.gsd.2017.04.002
https://deej.kashanu.ac.ir/jufile?ar_sfile=1064228
https://doi.org/10.22034/jewe.2021.290702.1581
https://jaaq.birjand.ac.ir/article_2194.html
https://www.wmji.ir/article_729965.html?lang=fa
https://doi.org/10.22131/sepehr.2018.30516
https://doi:10.22034/eiap.2022.158574
https://doi:10.22034/eiap.2022.158574
https://mag.iga.ir/article_704313.html?lang=en
http://dx.doi.org/10.61186/jehe.10.3.221
https://idj.iaid.ir/article_55428_en.html
https://doi.org/10.1007/978-3-031-88870-0_29
https://doi.org/10.22034/jdmal.2017.27853

"W Vo0 5l o) oylods N0 ol o laummo il pbolis g Ll yio ag 2

Rastgoo, M., Nasiri Saleh, F., & Khashei Siuki, A. (2023). Evaluation of groundwater quality for drinking purpose in
birjand aquifer using PIG index and modified LPIG index based on AHP method. New Research in Sustainable
Water Engineering, 1(2), 57-73. [In Persian] https://doi.org/10.22103/nrswe.2023.20384.1016

Sahebjalal, E., Dehghany, F., & Tabatabaeezade, M. S. (2013). Investigating Spatio-Temporal Variations of
Groundwater Quality Using Kriging Method. Journal of Water and Soil Science, 17(65), 51-61. [In Persian]
http://jstnar.iut.ac.ir/article-1-1688-fa.html

Sanad, H., Mouhir, L., Zouahri, A., Moussadek, R., EI Azhari, H., Yachou, H., ... & Dakak, H. (2024). Assessment of
groundwater quality using the pollution index of groundwater (P1G), nitrate pollution index (NPI), water
quality index (WQI), multivariate statistical analysis (MSA), and GIS approaches: A case study of the Mnasra
Region, Gharb Plain, Morocco. Water, 16(9), 1263. https://doi.org/10.3390/w16091263

Sarvi Sadrabad, H., & Zare Chahouki, A. (2022). Study of the Efficiency of Groundwater Quality Index to Evaluate
the Long-term Effects of Inter-Basin Water Transfer Using Non-Parametric Methods and GIS (Case Study
Yazd-Ardakan Aquifer). Water and Soil, 35(6), 804-791. [In Persian]
https://doi.org/10.22067/jsw.2021.71571.1073

Shube, H., Karuppannan, S., Haji, M., Paneerselvam, B., Kawo, N., Mechal, A., & Fekadu, A. (2024). Appraising
groundwater quality and probabilistic human health risks from fluoride-enriched groundwater using the
pollution index of groundwater (PIG) and GIS: a case study of adama town and its vicinities in the central main
Ethiopian rift valley. RSC Advances, 14(41), 30272-30285. https://doi.org/10.1039/D4RA02890B

Subba Rao, N. (2012). Evaluation of groundwater quality using pollution index of groundwater (PIG) in
Visakhapatnam, India: A GIS approach. Journal of Environmental Analytical Chemistry, 2(5), 1-8.
https://doi.org/10.1002/hyp.8456

Sunitha, V., Madhavi, P., & Srinivasa Rao, V. (2021). Groundwater quality evaluation for drinking purposes using
PIG index and GIS: A case study from Andhra Pradesh, India. Environmental Earth Sciences, 80(4), 189-197.
https://doi.org/10.1007/s12665-021-09461-4

Verma, A., & Singh, N. B. (2021). Evaluation of groundwater quality using pollution index of groundwater (PIG) and
non-carcinogenic health risk assessment in part of the Gangetic Basin. Acta Geochimica, 40(3), 419-440.
https://doi.org/10.1007/s11631-020-00446-y

Yazici-Karabulut, B., Kocer, Y., & Yesilnacar, M. |. (2024). Bottled water quality assessment through entropy-
weighted water quality index (EWQI) and pollution index of groundwater (P1G): A case study in a fast-growing
metropolitan area in Turkiye. International Journal of Environmental Health Research, 34(1), 61-72.
https://doi.org/10.1080/09603123.2022.2130880


https://doi.org/10.22103/nrswe.2023.20384.1016
http://jstnar.iut.ac.ir/article-1-1688-fa.html
https://doi.org/10.3390/w16091263
https://doi.org/10.22067/jsw.2021.71571.1073
https://doi.org/10.1039/D4RA02890B
https://doi.org/10.1002/hyp.8456
https://doi.org/10.1007/s12665-021-09461-4
https://doi.org/10.1007/s11631-020-00446-y
https://doi.org/10.1080/09603123.2022.2130880

