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ARTICLE INFO ABSTRACT

Article Type: Groundwater is the main source of fresh water in arid and semi-arid regions,
which make them resilient against lack of rainfall. Considering the great impact
of groundwater quality on water and soil health, its evaluation is important. In
this study, the assessment of the quality of underground water resources of the
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extracting the weight of each component from the rank map, a qualitative index
map was prepared. Also, the time analysis was analyzed by Mann-Kendall and
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EXTENDED ABSTRACT

Introduction: Groundwater sources are considered as the main source of drinking and agricultural water supply
in most regions of Iran. Considering that natural and human activities lead to changes in the quality of
groundwater, it is necessary to monitor the quality of these valuable resources in order to protect them,
especially for drinking. Groundwater quality assessment using Geographical Information System (GIS) and
Groundwater Quality Index (GQI) is a cost-effective way to evaluate and control the quality of ground water
which has a variety of qualitative parameters and quantitative values, and it can be used as to be a useful tool
and method for water planners and decision makers in monitoring and managing the quality of groundwater.
Several quality indicators (such as GQI-GWQI-FGQI) are used in different researches that combine different
parameters and compare them with global standards (WHO) in investigating the spatial changes of groundwater
quality from different perspectives. In arid and semi-arid areas like Shamil Ashkara plain, ground water sources
are obviously considered the most important source of water supply, if the quality of these waters is suitable,
they can be easily accessed by digging wells. The purpose of the present research is to determine the quality of
the ground water of Shamil plain in Hormozgan province.

Methodology: To carry out this study, from the results of qualitative analysis of 10 chemical parameters of
calcium, sodium, magnesium, potassium, sulfate, bicarbonate, chloride, electrical conductivity, total dissolved
solids and total hardness in water samples of 9 wells located in Shamil Ashkara Plain, obviously in the period of
2008 It was used until 2018, which was obtained from the regional water company of Hormozgan province.
GQI index was used to estimate water quality and their spatial changes were displayed using GIS and IDW
technique. In addition to estimating the spatial changes of each variable in the study area, their temporal changes
in two periods of wet and dry and the trend of changes and the point of change were investigated with the Mann-
Kendall and Pettit trend analysis test. The geological formations of the plain include Bangestan, Aghajari,
Gachsaran, Asmari; Razak, Hormuz, Gurpi, Mishan and alluviums of the Quaternary era, the studied aquifer
was formed in the Quaternary alluvial formation and it is surrounded by the Bakhtiari and Aghajari
conglomerate formations. The average annual rainfall in this plain is less than 200 mm and the potential
evaporation is 2640 mm per year.

Results and Discussion: Based on the results of the EC variable from 2008 to 2014 (Figure 1), it shows a
significant increase in the dry period of the year and with a smaller slope in the wet period of the year, and this
decrease continues in 2017 with a greater slope and a noticeable change. According to Hormozgan regional
water report (HWRC, 2023), artificial feeding plan was implemented in this plain in 2017 and its first water
withdrawal was carried out in March 2027. Yu and Wang (2004) also reported the increase of some elements
such as F, Cl and SO, in the study of the effects of artificial nutrition after several years in a region in China.
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Figure 1- Temporal variation of EC in dry and wet period in case study

All groundwater quality variables in the dry and wet season have a decreasing or negative trend, among the
investigated variables, K in the two investigated seasons and Cl in the wet season have a significant decreasing
trend in the desired confidence level. Based on the results of GQI in both wet and dry periods, there is a
significant increasing trend at the 95% confidence level. According to the results of the Petit test, most of the
variables except potassium, chlorine and sodium do not have a significant breakpoint or mutation, and in most
of the variables, the breakpoint was recorded in 2013. According to the results, the rain variable has a positive
trend in both wet and dry seasons, but it has no significant trend in other months except in November. The Man-
Kendall statistic shows higher values in the wet period of the year (February to June) than in the dry period of
the year. The increase in rainfall in many studies in the south of the country and Hormozgan province, especially
in the wet period of the year or the second half of the solar year, especially from March to April by researchers
such as (Mazidi et al., 2022, Bazrafshan et al., 2017; Nazem Alsadat et al., 2006) has been reported. For most of
the months, the jump time has been reported by Petit test in 2010 and 2011.

The spatial changes of all variables except bicarbonate and potassium are similar, so that the concentration of
most elements increases from south to north. The average changes of three variables, EC, TDS and TH, were
found to be higher than the WHO standard. The maximum hydraulic slope is in the eastern areas and the
minimum is in the northern and western areas of the aquifer (Bahari Meimandi et al., 2023).

Due to the minor changes of the variables in the wet and dry season, the average values of the data were used to
calculate the GQI. The range of changes of this index is between 96 and 97, which puts the water quality in the
appropriate category.

Conclusion: The followings were concluded from this research:

* Spatial changes of the ten qualitative variables under investigation have a similar trend in the plain, except for
bicarbonate and potassium.

* The group of variables with similar spatial changes on the level of the plain has the lowest concentration in the
southern parts of the plain, and its concentration gradually increases in the northern parts of the plain.

* The results of time changes and Man-Kendall trend analysis showed that all the variables have a decreasing
trend in two wet and dry periods, which started from 2013 and the rainfall is increasing in this period, and the
rainfall changes started from 2015. It has been since.

* According to the zoning map, the quality of the aquifer with the GQI index of Shamil plain is clearly in the
right category. Also, considering the sensitivity of the model to the TH factor compared to another parameter.
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Figure 1- Location of case study in Haji Abad County (a), in Iran (b) and Shamil Ashkara aquifer and sampling wells
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Figure 2- Changes of aquifer level and precipitation in the study period (a) and (b) total annual precipitation and
long-term average in Shamil-Ashkara plain
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Table 1- Descriptive statistics of quality variables in Shamil Ashkara plain

Parameter Unit Samples Min Max Average WHO(2011)
K* mg/| 178 0.40 0.49 0.47 12
Na* mg/l 178 453 38.3 16.57 200

Mg mg/l 178 2.53 18.95 7.10 30
Ca** mg/l 178 1.92 12.77 4.41 75
So,” mg/l 178 3.44 58.90 11.43 200
Cl- mg/l 178 3/30 37 14 200
HCO4* mg/l 178 1.20 40.80 2.5 300
TDS mg/l 178 1104* 4284* 1801* 500
EC ps/cm 178 1725* 6694* 2814* 750
TH mg/l 178 240 1440* 580* 500
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Table 2- Classification of water gquality based on GQI

Water quality Very unpleasant Poor Medial Acceptable Good
GQI 0- 25 26- 50 51-70 71-90 91- 100

e i Bl il g and e S 4 bgpe 45) (laddds I (S Bl L)L g cadipe Ve (a3l 4t Jho Clas S (4],
5 gy ) Ay Sl JS padls aldi b
GOI-GQlyi
Vi = 100 * [=—2"=] (¥)
spin b O] a8 a3l GQI g ol | s gy ] kS a5 s GQIWI ool i 4 gty a5 a5l VW ] o a8

.(Abbasi et al., 2019) cul &S Lo yuiio don

JINS=— (o W9y o (390
b dpog wlidlgn S lojle buwg 1 5,8 g Cob danwg VAV IS by w 9 4] VAFD o bawgs luinl 05 o
o L3l S o3 9y 2B )bl @ 3 &S Slos sl sl o 2 5 eslio & lgse gy ol g8 bl I
sl 5 2 4 ose3l ol o)lel Sy 3500

ol g5 alaly ©yaods S jiel )y zlstisl g ceodMe B Jlosl 5 ,Smen b clialin &GS GNE sl

n-1 n
S=2, 2, sgn(x; —x,), )

i=1 j=i+l
duls BB 55 gty 15 Codle b ditud Gy pl i g pl ] cloodly i Xy 5 X g gy Slimlie Sl ] > &S

ol
+1 (X,-%)>0
sgn(x) =<0 (X;—%)=0 )
-1 (x,—%)<0.
il 5 gy lawgs uilly dsslxe

n(n-1)(2n +5)—Zm:tii(i -1)(2t +5)
var(S) = 151 n>10 v)
n(n-1)(2n+5)
18

Slohd Sl t o))y g3y (o)1, ools o JBlas layl )3 a8 Conli gy dasd Cyze M g (clodnliso o3> slawi N o] y> &

n<10

L ULMSA ui})‘)] L slaodls
] abaly S8 @ Z o)l gl el

s71 s>0
var(s)
s+1 s<0.
var(s)

28l )8 ) Al 45 390 Ay (Syge )3 Hre (1258 dmodly sy (b Cue Al 93 Ggeil Su


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.3.5.5
https://jircsa.ir/article-1-513-en.html

[ Downloaded from jircsair on 2026-07-11]

[ DOR: 20.1001.1.24235970.1402.11.3.5.5]

A ST Jeonsd s 9l (o 0§ 1 CaleS (Sloj 9 (S0 oo

1Z<z, 5

2

O s gme gaw jd )kl Jloy wojei oylol 2o g 3gud o0 43,5 a5 13 yg05l (sl 45 Conl (gl gime paw® ] j> oS

a

1 5 GO9mo Bodld gy Lg,y dil Cute Z o)l 45 5yse 0 cul ol odliinl 2l cryeeil 3g Al 93 4 dngi L o ol

Dy ee 485 a5 ) (Jo3 Lg) o] (g ke &g

Casty W9y Jalodi 3901
2 03518 ooty yge3l cul VAR ety gl o (s > GLSL Cind S pasets ) (lel slabyy e S S
Sbyie Jl sl by sl adS )15 oad edlatal 3)90 e uliw ) (Seigdern 5 el Sloj S 2 e Gloj S
K oS %l o sme |y T dais > i s yg05] Gloj sl 1 =100, 7 &8 S s 0 1, X SilendS'span S0l
509 Fo(X) mis &b wlbt=7+L7+2,7+3,...T &l X, 5 F(X) aje &b slb i=1.,7 sy
g Blis |y 85y 029 sl Ho 1T #T 5 iy pae olp Ho 17 =T (03 95 aail ol st F(X) # F(X)

Xt+l""’ XT , Xl""’Xt

D5 0 i ) anels S I ) w5505 95 (y903l el [y Ky o)l

K; =Max|U, |, 1<t<T ()+)
ol oS
t T
U :Z Z sgn(X; — X;). (")
i=1 j=t+1
Dgd e dmlne 2j Oygos 9 e Pos L Ky ()8 Coonl o]
Py =2 (k) T
=2expl———=¢; T 5w
o P (T°+72)

(\V)
P g BB yum saiS yasuie Wb +/+0 3l 58S Pog (s33s Lh5)) ST il pus dai asuds il sl Py &S (gyebas
sl 203 B ()l gime aw 4 295 b Sloj (5w

05 O (S S piie (Sloj o

@ p3Y ol odd o3y i ¥ S 9 ¥ Jode 0 Ko e s 13 ey ol coutsS slewd (glapiie Sloj &l pis K,
C)l> d))5LS 0,92 )J 093 )0 Lol &.gu.a).sj).mi (&Tue U"’L"" » Sais 9).» 0,93 g3y ).uu.n » ]a.u.’?m )..oL’> dlﬁb.}‘b &S el )53
SiS 090 ;0 g o due VOF lgso o)l o] I oaliil b hde aily o)l Lawgie .3l asldl sl 3 b g 5lel cyago 5l Juad )
2 50y 50 583 5 bl o slaole )3 Jlo St )55 )3 b it (55031l gl 5t sl o e ¥+ (63U ) Jlo
A.,\S)f Sy ‘Au] Lo, J...l?o 9 ls s 9 5 09 93 )Lo] cu»L»I u.:l 2 o M)f Sygo 313)5 9 Wb)l Cyode

2 S5 g P cad L ATAY Jlo o Lials cpl ad o lis Jle 5 050 0 50S cad b g Jo SiS 0)50 0 g
g WAY witwol )3 o 60l cpdgl g 1al s ol 3 e giuan 4355 )b WAV Jlo (VoY 5500 cladhaio ) B30,
S Gl Gl o )b ol sl dgrtio Y JSS (69, VYAV Lo slail ) lssel 515 g9 b cnl Sl S8
4 Cod S loyite (olod (R o (5] £9yd 3l ik ol sl ond (ieins O Sl eyte < IAR I g o]
5 gl plo g (gyos dadmigs (£S5 ¢ e g bal Glles poe s 4 )b i8S b Lol ol ond sedidy (pSSle


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.3.5.5
https://jircsa.ir/article-1-513-en.html

AY ST Jeonsd s 9l (o 0§ 1 CaleS (Sloj 9 (S0 oo

[ Downloaded from jircsair on 2026-07-11]

[ DOR: 20.1001.1.24235970.1402.11.3.5.5]

Ol wyp 0 SO4 5 Cl F aile yolie (S iul3dl 50 Yue & Wang (2004) slie jsbods itwd il58l Jbs 50 b yeslS
Wl oS e o (ladlaie pd Jledis cibSS e egias 418
(@)

=== EC (Dry period) ====EC (Wet period)
4000
E 3500
E:
g 3000
E 2500
9 2000
1500
R > QA > A N Q
F@FFFE &P F G S @ P
A FEFIFEN &SNS TS
SRR G MO MR LR SIRC O SRR RO
N AT AT AT AT AT AR DT T R R R R R A A
(b)
w====TH (Dry period) ===TH (Wet period)
1000
800
600 — —
£ M
Eg 400
200
0
F @ FFF ISP E G G
RIS ORI R RS SRR NI
GGG IR RO MES LR SR R SRR MRS RO
OO NN NI RN NP NP P N
(©
e===TDS (Dry period)  ====TDS (Wet period)
2400
2200
3, 2000
£ 1800
oz 1600
2 1400
1200
1000
R > QA > A N Q
F@FFFE &P F G S @ P
A FEFIFEN &SNS TS
SRR G MO MR LR SIRC O SRR RO
N AT AT AT AT AT AR DT T R R R R R A A

By, b)go 0‘9"31 )b Sis 9 )3 a)gb )b (u )TH 9 (U)TDS ‘(59.”) EC ‘:’Lo) U'M’ —Y‘Jﬂw
Figure 3- Temporal variation of EC(a), TDS(b) and TH(c) in dry and wet period in case study
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Table 3- Analyzing the trend of physicochemical variables of underground water quality in Shamil-Ashkara plain

Period Parameter Z-Kendal P-value U- Petit P-value Change point
Wet K* -2.01 0.001*** 53 0.05* 1393
Na* -1.274 0.068 98 0.02** 1393
Mg2+ -1.262 0.081 67 0.36 1393
ca® -1.07 0.633 56 0.26 1394
S0,” -1.227 0.132 81 0.09 1393
Cl- -1.99** 0.03* 99 0.01*** 1393
HCO4> -0.98 0.575 31 0.99 1396
TDS -1.288 0.059 84 0.07 1393
EC -1.97* 0.05 84 0.07 1393
TH -1.222 0.139 64 0.26 1394
GQI 1.99** 0.04 71 0.18 1393
Dry K* -2.147%** 0.02 32 0.07 1392
Na* -1.54 0.1 21 0.38 1393
Mg?* -1.57 0.11 22 0.44 1393
ca® -0.06 0.8 19 0.62 1394
S0,” -1.32 0.19 24 0.13 1393
Cl- -1.3 0.19 24 0.31 1393
HCO4* -0.27 0.81 11 1 1396
TDS -1.56 0.2 23 0.21 1393
EC -1.57 0.22 26 0.229 1393
TH -1.09 0.23 21 0.44 1394
GQI 2.19%** 0.02 32 0.07 1393

*Significant at 90% level; **significant at 95% level, ***significant at 99% level
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Table 4- Analyzing the trend of monthly rainfall in Shamil-Ashkara plain

Period Month Z-Kendal P-value U- Petit P-value Change point

Dry 4 0.34 0.72 56 0.72 1391
5 0.87 0.38 50 0.92 1391
6 0.27 0.87 39 1 1396
7 1.27 0.55 50 0.95 1390
8 1.97** 0.06 87 0.21 1390
9 0.16 0.87 26 1 -
10 1.45 0.14 80 0.3 1384

Wet 11 0.29 0.74 48 1 -
12 0.73 0.40 66 0.58 1387
1 1.09 0.23 62 0.64 1387
2 1.31 0.18 86 0.22 1390
3 1.36 0.71 86 0.21 1390
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*Significant at 90% level; **significant at 95% level, ***significant at 99% level

Dry period Wet period
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Figure 4- Mann-Kendal plot of some water quality variables (a, b) EC, (c,d) TDS, (e,f) K and (g,h) GQI in dry and
wet period
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Figure 5- Spatial zoning of ground water quality variables in Shamil-Ashkara plain
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Table 5- Correlation of EC with anions and cations in the Shamil Ashkara plain

Parameter/period TH TDS HCO,> Cl So,*- ca® Mg®* Na* K*
Dry period 0.76 0.98 -0.08 0.85 0.85 0.63 0.81 0.86 0.09
Wet period 0.81 0.95 -0.22 0.77 0.78 0.45 0.56 0.54 0.45
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Figure 6- Spatial mapping of GQI in the Shamil-Ashkara plian
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Table 6- sensitivity analysis of variables by remove univariate (percent)

Parameter Unit Min Max Average Standard Deviation

K* mg/I 0.16 0.25 0.21 0.02
Na* mg/I 0.15 0.20 0.17 0.01
Mg?* mg/l 0.05 0.10 0.08 0.01
ca® mg/l 0.17 0.22 0.19 0.01
So0,% mg/l 0.17 0.21 0.19 0.01
Cl- mg/l 0.16 0.21 0.18 0.01
HCOZ* mg/l 0.19 0.28 0.23 0.02
TDS mg/I -0.55 -0.48 -0.51 0.02
EC yis/em -0.56 -0.49 -0.52 0.02
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Figure 7- Spatial mapping of GQI without one variable in the Shamil-Ashkara plain
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