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Abstract

Background and Objective: Awareness of the quality of groundwater resources in the planning and
sustainability management of water resources is a particular importance. This study aimed to
investigate the Spatial and temporal variations in groundwater quality, to select the best index and its
zoning for managing the groundwater resources of Hamedan-Bahar plain.

Method: In this study, to determine the process of changes in water quality parameters, the
groundwater quality indices and its zoning were used from the chemical data of the groundwater of
Hamedan-Bahar plain in the period 2005 to 2014. The physical and chemical parameters of water
including TDS, Na, SO,4, TH and pH were measured in 25 wells and by applying two non-parametric,
Mann-Kendall tests and estimating the Sen's slope, the existence of a significant trend for the annual
time series was evaluated at 95 and 99% significance level. Water Quality indices (WQI, WQI arrican
and CWQI) were evaluated annually and Giljanovic comparison method was used to compare the
indices. Then, by using the GIS, the most appropriate interpolation method (from among IDW, RBF,
LP1 and GP1) was selected to zoning the best water quality index.

Findings: The results of this study showed that 4% of the qualitative variables had a significant
increase, 12% had a significant decrease and 84% without a trend. Based on the existing conditions,
groundwater quality of Hamedan-Bahar plain was characterized by good, good and bad grades using
WQI, WQI american @and CWQI indices respectively.

Discussion and Conclusion: Based on the results of comparing different interpolation methods, RBF
method was superior to other methods, and it has high accuracy and low error. Therefore, the
interpolation was carried out with this method. In the end, the comparison the spatial zoning maps of
the WQI index showed that at the beginning and the end of the 10-year statistical period, the index had
a decreasing trend in the whole plain.

Keywords: Mann-Kendall Tests, the Sen's Slope Estimator, Groundwater Quality, Zoning, Hamedan-
Bahar Plain.
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Figure 1. Location of the study area and sampling sites
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Table 3. Water quality classification based on WQI, WQI arerican and CWQI indices (20)
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4. Results of statistical analysis for investigated parameters Table

o laitiwl | S| el )
Sl | JSlas | diged ol ol b
WHO sl i gos
Y. VY0P | YeAOY | SYOIFT AR vo- SO, (mg/l)
Yoo fO/-A OVIAY \AAAIN \ild Yo Na (mg/l)
Y- VWYY | Yaa/-A ARY /D VY- Yo- TH (CaCOs;mg/l)
O« TYOIAA | FAVAA | VEVV/EL | VAP Yo- TDS (mg/l)
AID -IvQ Vist AIYA £ Yo- pH

= i ol ,9) LaolSisl 5 (g3l s T S
doyd B s o ke g (L o (3, 5 Aty ls 1S
= et 00 duwlore s ol e 4y dgi Lol caslice
Al 5 o) a4y Blae Codie Cadle L aig ) b ol ()5
it a8ligm Jlo 33 i) 0,8 s YEID (st Ly i3
Sg, ool VY [0 g Jy3 &g, olKiwsl VY 0 TDS
Sl stz 5 a5 @S olfigl 50,0 &5 by (go5m0
Aoy B maw yo gyl e jebay Dlo Jlade Y
(o bl uizmes Wl cdslie LialS W,
o YA W TDS e 6l w5y, b ool 0 50
oliile,S ool oKyl jo oS Canl 009y Jlw ;o yid pp S
Glp g a0y 0 ahw o his PH s o csalis
Sdaz g a8 @l 15 woliile,S eol> bl Ao slaolKins)
PH Jsj5 2y, Sas g cudls e lo sme dig) cpuzdY ol
Gt 5L G5 b s S Ol ogme Wy, 5 St
-degazme (p Fie PH s TH S04 s 529,50 sloyiie

s (O Jouz) wog Ll olKiws) o 1) Jlo pxe sl

0323 P (S s il sl gy Julex
5o aallls 5550 (&S slo el 45T (sl g 5l s
O Jguz 50 de)y0 19 590 licebl zohaw ol Vv 0490
myS ool oals ol Jgu @ dzei bl 0ads oo)ﬂ
s 5o obl Ao 5,8 5 Y ol scties a5 @S bl
e N,y doy0 O mhauw ol ¥ o g oLl sl oy
A sl Wl wliio o 1) ejny ol (S sle e
5 oS ol jo e oo plis ol 51 S
9 alj r:L..._> LSLb°li"‘“"l Aadl:.»_c Xy s o PP e
3 S e VY 5 IOAF L oS 5 i S
LS.A.J‘)_‘)‘ \.\33) ‘_gl)ld ] fA_’.A.A Lbblimu‘ ).’;Sl)o Oy Jl.w
wliile,S ool> slaolKiwsl o w‘ﬁ\ gy ol ROV PP
OSs oSl 50 g a0y ) v yo bl Wl b g oY
s ol )y eizmen O 00alie duoyo O gl jo oLl
b (RS 9 Aok oS sl plis AVl (b 50 Wy,
L olp ey 4 shams g obl ol slaolfiins] jo &g, Las

Sy90 50 g Jlw jo md eSS Lo —+/AAY 4 V/-AF



rm

e 03325 Ol S S @395 (5951 g Nigy (o) y

Sl caillas 5o ol @l b e pls Slalllas o3gome

SIYAF) e laad Culio oy T (A (S it (511 com ol S rei g JINS - p0 (y903] b -0 Jgu

I ol @l (Soy Hlas 51 (0) ansg g o G

i) ol CebS Mgy panis je JS- e s,

(oyay
Table 5. Mann-Kendall test and trend line slope for the water quality variables of Hamedan-Bahar plain (2005-
2014)

pH TDS TH Na SO, oyl e
— VY “IYAQ /-4 EYY -+/¥YY | Kendall’s Tau ]
—[o¥Y FITYYA VIYAS AT s Slope et
_.JFEq NOF AL [Py AL Kendall’s Tau
—oled Y/ A AR /14 ofee) Slope )
—NEY | —eivOf -1 1670 -+/¥A' | Kendall’s Tau
—o[¥Y | SVY/AOF | -YENVE | -/NSY AT Slope o
Ak <IYYA IYYA Nidaa -+/*YY | Kendall’s Tau
-+l f YV/-A VY/ANY “fe A =l Slope I

SYEA | IRRF [ —e00Y | leBY | - WYA™ | Kendall's Tau ]

(oYF | -YIOAY -0 Joo | —enye Slope e

-/ $0 LYY =YY = YPe | Kendall’s Tau -

Joof 50 YA oo oY Slope ok
_LPTY ~<IYEE | —./vFF SARR -1V | Kendall’s Tau i
—evs | —AAAY - YD | —-l0AF Slope e
ARA < JF¥q N RN -«I*YY | Kendall’s Tau
YR 2% VA/OY ¥ AN SRIARE Slope =
- [$5Y - I¥YA -[$5Y — ¥ -+IYYY | Kendall’s Tau
Y \EIY Y. SRYLYS S YA RYA Slope e
—I\OF AT AR — ]2V Al Kendall’s Tau -
—e[e\Y -OIVAS \7RIN RS I¥eY Slope i
— /Y - Y 25 S R A AN Kendall’s Tau )

AT Y¥/A Y¥/0 “[+Y) ARA Slope e
A SNEY | - pEAT -IFFF -+I¥YY | Kendall’s Tau )
—e[eYY YIVAS -VIo I¥Y - AN Slope I
N\idd —IYYA | —IYAS | =YY | oYY | Kendall’s Tau )

—ofoY | SVEe oY | SNJEYA | —ei039 | —eIYeA Slope o




)&“‘“565)95 2 oo p40 AA o)w‘w.jh.za;o‘_gj,],ﬂ’,eglc fYY
—[fEY CFYY CFYY SJEYY JIYEE Kendall’s Tau
o5
— [+ AY Y&IA AYYY <\OA /-0 Slope
—+/YAQ - JYEF —+/ffa JEYY -+I*YA | Kendall’s Tau i
obl P‘f@f
—+/+04 -b/FaY ~£IAYD V/-af -y Slope
Y, — 0 - IYa0 IYYY —I¥YY Kendall’s Tau
\)).?L'J.uo
—-/-Y —5IEYA -YI¥Y RN N Slope
—eleYY SYNO | —eIYAR [ IYYAT “IfYY | Kendall’s Tau
sbl o
—efeeY Viof -0/ CAYY -/ Slope
ZLIYAQ Y —\A | =YY | --#FY | Kendall’s Tau
)l%f. Yoo
— e[ \Y Y Y 4 N ERYRAYA Slope
—+/fa¥ — - 1bOFT —+/+9 —oIYAQ | —/pEE Kendall’s Tau
-/ ¥ ~\O/FA “YNAYD | -e/fVY --\#F Slope
SRR Y 2 -+ I#AR | =+ IAYY" | Kendall’s Tau -
oY obl aiias
—/-5¥ -\ & —YIVO YA — YTy Slope
—/f\ 8 —J¥\F —IOFF IYAS <10 Kendall’s Tau
o).?:.:_a:.)
—/-Y) -YIvY V¥[8 oo YY 2N Slope
ANax — 1 —J0fF -/FYA ALY Kendall’s Tau
S\ﬁ)eLed
—+/-Y0 -£I¥ — Ve JAYY -[-V¥ ANA Slope
SRR Niadi <10 -y SIYYY Kendall’s Tau ]
(Eae 435 - oLl (yy)la
[+ 0 O+ VY /-5y —+/-Q¥ <[+ OA Slope
AL NARN [-Y < IYAQ -+I¥*Y | Kendall’s Tau
opb bl o
_ .59 Y/ OV Jo V) —-/+V¥ Slope
. Jfe0 —I¥YA NAEw SIDVNF <#VY™ | Kendall’s Tau
Ul e g5
— %D —&IYA —O/F\Y /-2 AN Slope

el 005 (59, WWAY Lo jo ejp; ol b slp

oerls 00,85 o aaxde o ¥ S jo &5 jebles
5 e 5 ol iy, Ly a o plas ;5 WQlamsrican
¥ USE ey Loyl L8 g5 0dgusme j0 googy Voo
Slaae AYAY Lo o a b Jlo oled ;0 a5 048 o0 oanline

doye Vg0 mhw jo gls re sdimolid o S 44.#%5*
Ol (S (g L Ol kS g
WOI a5 a3ls aw buge Ol g, ¥ S
o) o aallas 5,90 o Jlo sl CWQIs WQI Arerican
oanlive QY JSG j0 a5 jabyled oo oo lid 1) Guiod
AYAD 5 VAT o Lo 5> o WO s les lade w040 oo
VWWAD Jlo ol Hlaed cais gue) ) o abie 51y Jl

LSQ“S ua.’>l.m u.:).a.egds S| (5]L> )éd..Li.m-c u.a‘w‘oby



Yy

e 03325 Ol S S @395 (5951 g Nigy (o) y

5 ol sl &S e el Gliiea; WQI
5 ob yme sler e S Giein ol &S ()]
shils ok slr S AL Gl s e LIS
S Olve SBo (e oSS 50 oud olaml Sl i
r 4 aS (Vo) ol e 5 olales asdllas ;o .0iuS oolanul
ol iz b S bl iy ol kS
el e 05l 5 Lasgte 45 0 adalie Wil
53 gyl 13 (Jle Lyl ) YO 51 568 esgame ,oWQI
29Vl Y6 4 WQI (el polie aSlas Lls
OV ohlSe 5 (Jole prizmon Cuslodpm; (pareli] L3
YIE lilond (oo 2 gbls (in ol 45 022850 5o
Couxdy )0 5 Sl aiil Jlo 2 gl 4 WQI sl
S gy 2l CekS ggezme jo 0l 18 sl
5o )13 o aik s WQI (a3 Ls b il sl e
cenlis ey Bylan sl oS bt aias 900 Ll L

e o )l

Sl pts Wy JS 50 el atily gy Curdg o Jlo ples o
CotS Guli8l oaims lis a5 oogs shive o el 1 Sle
(VIS8 cool )l ol cutss )3 ey ) slacl
o ls Sl (i glo o ls 5l Jol> bl oglss
Cude iy sl (w5 )l slnly Sl s B30
Shalin 5l Jo5mi T IS5 W oo 5595 e o
T OUSS 0 aes so lid 90 4 90 O ygo 4]y sl aw )]
o2 LWQlamgrican sSWQI a5 slo asls polie wall
Sgs 0 oddlice a5 jabijlen wilasd T 13 auolic )50
ol 90 (goaiiS o euiivee o (oYL o bla 5 iy
WOI asls jo slael oglas g iaST 1W wslass 5 18
Ll 0ol e WQlamerican (a3 51 5t
CuieS 3ly o ;3 WQlamerican (o515 4 cuns WQI
@z bcwl 3380 ler ghen Cubs iy
duclie 5 sl b Glawslio by, o b8 Slxeogs

y =-0.0877x+167.84 (C)
R2=0.0028

Ay

AN

AF T

WQI American

A T

AY T

y =-0.4308x +685.79
R2=0.5657

()

Tap Pag Mg TPae TPy, ’5@; g TFa. Iray Mgy Mrap T




y =-2.1948x+ 3090
R2=0.5648

yv. L
Wap Fap Wag as ¥ay ia hag Ha. Irgy Thgp I e

() Ju

axdllao 3 590 s 1+ 0,595 30 CWQI (2 WQ american (o WQI (Gl S sy &5l punis aig, — ¥ IS

Figure 2. The trend changes in qualitative index a) WQI, b) WQI american, ¢) CWQI, over the 10-year study
period
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Figure 4. Spatial distribution map of water quality index WQI in Hamedan-Bahar plain a) 2005 year, b) 2014
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