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Table 1. First order correlation coefficients for qualitative variables (SO+2, CL-,ph, NA%, K*, Na*, Mg*, Ca") of Shabestar plain
(2003-2012)

P 3 S T R I ST e S s i gan olo o Etanss |
Ca? Mg* Na* K* NA% pH CL- SO4? Month Station
048  -044 015 -0l 031 059 053 0.02 =l

High water olide
02 02 005 053 005 062 039  -0.26 =l Alishah
Low water
0.43 0.00 0.22 -05 -0.07 0.09 08 0.37 el )
High water oLl 8
0.4 016 029 0.32 0.09 0.82 0.3 -0.09 <le Golabad
Low water
-0.11 0.57 -0.09 -0.12 -0.23 0.11 -0.25 0.01 i =l
High water JEREReS
035 0.33 0.29 0.23 0.49 028  -028  -0.08 <l Haris
Low water
-0.09 -0.26 0.09 -0.13 0.27 -0.02 -0.12 . =z
High water SogS
0.7 047 053 0.42 03 023 036 0.49 <les Koshak
Low water
0.45 0.7 0.66 0.48 0.7 0.06 0.65 0.72 =l
High water oS58
-0.02 0.7 0.64 0.2 0.68 06 002  -0.28 <l Kozehkanan
Low water
0.19 -0.08 0.15 0.27 0.04 -0.04 05 0.47 el
High water ool Lo
0.35 006  -025 0332 0.06 035  -011  -031 il Malekzadeh
Low water
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The rest of table 1. First order correlation coefficients for qualitative variables (SO4?, CL-, Ph, NA%, K*, Na*, Mg*, Ca*") of
Shabestar plain (2003-2012)
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Ca* Mg* Na* K* NA% CcL SO4? Month Station
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Low water
0.4 0.52 -0.49 0.41 -0.28 0.24 -0.38 -0.14 =ln
High water JUSRW-M
-0.48 0.66 0.07 0.45 -0.02 0.77 0.25 035 <les Sefidkamar
Low water
0.3 0.43 0.33 0.13 -0.28 0.21 0.1 0.72 ) <l
High water JEow.
085  -051 008 053 -0.49 077 032 0.04 =l Shabestar
Low water
0.36 0.45 0.45 0.18 0.53 0.41 0.75 0.38 ) <ln ]
High water oblocs
022 028 066 078 0.1 073 034 023 =l Shandabad
Low water
0.75 084 094 0.9 0.92 021 -003 012 =l )
High water RS 0,8
-0.84 0.00 052 0.27 052 111 -1.37 -0.29 <les Qarekahriz
Low water
-0.04 0.35 -0.16 -0.54 -0.02 0.24 -0.44 0.52 ) <l
High water oy
005 024 039 029 -0.35 03 024 022 =l Vayegan
Low water
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Table 1. First order correlation coefficients for qualitative variables (HCOj', Total anion, TDS, TH, SAR, EC and Total cation )
of Shabestar plain (2003-2012)

olaa Ol G b Jol> olas oo
15515 gemme : I e e e ol ole ol
) 4 ° ‘_5-\,»5-” - J5 o J> e [« :
Total cation : - o HCO3 Month Station
E SAR TH TDS Total anion
0.63 0.42 0.24 0.54 -0.61 0.59 0.02 =l
High water olade
0.2 0.24 -0.07 0.02 -0.14 0.14 0.06 <les Alishah
Low water
0.47 0.54 0.05 0.2 0.18 0.53 0.32 _‘*"*f o
High water NUg
0.18 0.17 0.2 0.22 0.1 0.14 0.34 <lps Golabad
Low water
ol
0.22 0.24 -0.33 0.58 0.24 0.22 -0.12 R
High water R
0.62 0.67 0.23 0.75 0.65 0.65 -0.08 =l Haris
Low water
ol
0.08 0.06 -0.23 0.15 -0.07 0.05 0.05 R
High water SogS
0.45 0.34 -0.48 0.38 -0.19 0.35 -0.13 s Koshak
Low water
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The rest of table2. First order correlation coefficients for qualitative variables (HCO3-, Total anion, TDS, TH, SAR, EC and
NA% ) of Shabestar plain (2003-2012)

Colon o Mgo ylado
E 900 J 0 e ) 69*-?? Sl o o RESW,
0l S mawods S5 sl o wele O
Total EC SAR TH DS Total HCOs Month Station
cation anion
\_JT
0.65 0.65 0.67 0.63 0.64 0.65 0.47 Hi h )it
| water
g obSesss
oS Kozehkanan
-0.06 0.2 0.67 0.48 -0.06 0.26 -0.15 j
Low water
0.55 0.5 -0.05 0.07 0.07 0.46 0.65 i <l
High water 08l3SLe
oS Malekzadeh
0.38 -0.18 -0.06 0.3 -0.21 -0.18 -0.24 j
Low water
0.11 -0.13 0.29 0.56 -0.13 0.13 0.16 ] <l
High water . s
aipd
s Qom Tapeh
-0.48 0.37 0.67 0.33 0.37 -0.43 -0.07 j
Low water
-0.16 -0.18 0.5 0.39 -0.41 -0.09 -0.02 ] <l
High water .
oS Sarbanqoli
-0.47 -0.33 0.29 0.16 -0.65 -0.46 -0.59 =
Low water
0.13 0.15 -0.36 0.11 -0.31 0.18 0.25 ) <lr
High water oS s
s Sefidkamar
0.42 0.32 0.03 0.1 0.24 0.3 0.29 j
Low water
0.25 0.16 -0.19 0.11 -0.01 0.17 0.12 ) <l
High water L.
P asaruand
Sles Shabestar
-0.78 -0.32 -0.28 -0.67 -0.74 -0.32 0.06 j
Low water
0.42 0.42 0.2 0.41 0.43 0.42 0.44 ) <l
High water obiais
oS Shandabad
0.25 0.35 0.65 0.3 0.34 0.35 -0.13 ’
Low water
0.28 0.22 0.94 0.37 -0.34 0.2 -0.55 b E"fvt
1 water .
g RAS 08
oS Qarekahriz
-0.54 -0.44 0.54 -0.21 0.6 -0.47 -0.36 =
Low water
-0.56 -0.59 -0.09 0.16 -0.24 -0.59 0.2 ) <l
High water Gl
o'y
oS Vayegan
0.25 0.28 0.24 0.14 0.38 0.27 0.16 -
Low water
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Table 3. Mann-Kendall Z statistic derived from the study of the process of groundwater’s
quality variables (5042 CL’, pH, K*, Na*, Mg*, Ca?") in Shabestar plain (2003-2012)

oS 02, oo o pow - Ol gu olo ol
Ca* Mg* Na* K* pH CcL SO, Month Station
-0.9 0.27 0.96 -1.28 0.72 1.21 -0.09 ) <l
High water oliude
-0.63 0.18 -0.63 -0.45 2.19 171 0.72 =S Alishah
Low water
2.42 0.99 1.54 0.00 -0.36 2.19 1.48 =l o
High water N
0.00 0.00 0.84 0.63 285 1.68 11 =S Golabad
Low water
-1.16 2.42 0.21 -0.22 1.68 0.11 0.63 ) <l
High water OmR
0.00 2.42 0.63 0.28 1.08 -0.09 153 <les Haris
Low water
0.99 -0.27 -0.99 -0.55 1.45 0.36 -0.45 ) <l
High water SsgS
2.35 027 1.17 -0.28 1.18 0.00 1.44 <les Koshak
Low water
-0.18 2.4 2.52 1.26 1.55 1.98 3.02 ) =ln
High water HlSoe3sS
021 0.54 0.94 0.1 2.19 0.27 0.72 <leS Kozehkanan
Low water
0.74 053 137 0.43 148 1.82 137 y ‘;'f asl5esle
19 ]Water Malekzadeh
-0.11 0.09 0.00 0.9 1.17 -1.18 0.00 <les
Low water
1.8 1.82 0.63 0.63 0.00 2.42 -2.25 el
High water LW
1.75 1.37 1.36 -0.84 0.42 -0.21 1.36 <l Qomtapeh
Low water
o
-1.56 0.9 1.15 -1.09 0.54 0.45 0.81 o
High water sk
-1.24 137 0.53 -0.63 0.94 011 0.73 <les Sarbangoli
Low water
0.84 -2.21 -0.14 -1.21 1.78 -0.53 -0.74 ) <lx JUCRVIN
nghiwater Sefidkamar
-0.74 -1.77 -1.17 -0.18 2.61 -1.62 -1.27 <les
Low water
0.18 -1.44 1.28 -0.64 2.25 0.36 2.19 ) <ln
High water Jrowns
0.00 0.00 -0.47 174 261 -1.09 -1.08 wleS Shabestar
Low water
2.07 2.25 2.25 1.17 2.16 2.19 -1.71 ] <l .
High water oblaws
15 1.68 2.1 2.35 1.61 1.89 231 <les Shandabad
Low water
-0.52 2.19 1.15 0.00 1.54 -0.09 2.73 ) <l
High water S 0,8
-0.12 1.9 -1.68 0.43 011 0.21 -0.53 <les Qarekahriz
Low water
o
-0.27 1.18 -1.26 -0.46 0.99 1.36 0.73 R Slgls
High water
i Vayegan
0.00 -0.21 0.84 -0.11 0.52 1.05 -0.31 <les
Low water
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Table 4. Mann-Kendall Z statistic derived from the study of the process of groundwater’s
quality variables (HCOg', Total anion, TDS, TH, SAR, EC and NA% ) in Shabestar plain (2003-2012)

Aoy Colud Calill Qi Cous gt dlge ylade

0378 Egoe ) osl oo OluyS o olo NEEWY
Total cation e 2 e 5 ead Jo el Total anion HCOs Month Station
NA% EC SAR TH TDS
-1.98 0.45 -0.54 027  -154 -0.36 -1.56 -1.98 =l
High water olide
-1.79 -0.09 71 036  -045  -153 -1.53 -2.19 e Alishah
Low water
2.25 0.09 2.78 0.63 2.16 1.89 2.16 -0.09 ) =lx o
High water oLl 5
125 021 115 000 021 063 105 -1.82 =l Golabad
Low water
0.84 -0.43 0.94 0.00 211 0.94 0.94 -0.84 =
High water Oy
161 2.42 156 153 24 177 156 0.36 e Haris
Low water
1.08 -1.71 1.17 -1.53 1.44 0.45 0.81 0.63 =R
High water SiogS
1.36 -1.17 0.99 018 18 0.63 117 0.81 =l Koshak
Low water
o
3.02 2.61 2.81 2.81 0.84 2.19 2.98 -0.36 T
High water HiSess8
185 052 0.63 084 135  -009 0.36 -0.63 =hs Kozehkanan
Low water
1.47 0.84 1.05 0.84 -0.21 1.26 1.05 0.00 =
High water ool 3o
147 -0.63 0.81 063 063  -0.09 0.81 0.00 <les  Malekzadeh
Low water
2.07 -1.44 2.51 -0.27 3.14 2.69 1.89 0.99 ) =ln )
High water aSed
05 -0.21 1.99 062 168 1.99 031 1.26 e Qomtapeh
Low water
0.9 0.45 0.81 0.81 -0.55 117 0.54 -0.72 =l
High water Sl
0.62 031 125 031 000 0.1 0.73 031 <ls - Sarbangoli
Low water
-1.26 0.21 -1.05 0.21 -0.63 -1.47 -1.79 -1.06 . <lx
High water oS A
231 045 233 099 126 207 225 18 =les Sefidkamar
Low water
-0.27 153 0.27 117 -0.99 0.63 0.09 -1.17 =
High water JLawe.
-0.84 -0.09 117 063 009  -0.99 117 4 =l Shabestar
Low water
2.42 -1.53 2.42 1.89 2.25 2.07 2.42 -2.34 el ]
High water sl
199 021 21 136 168 21 21 -0.84 <les  Shandabad
Low water
0.36 -1.15 0.27 0.73 18 1.35 0.36 -0.18 = .
High water RS 0,8
0.00 -1.98 0.21 146 094 021 0.00 0.85 Nl Qarekahriz
Low water
0.81 -0.63 0.81 -0.99 0.9 0.81 0.81 -1.98 ) =ln
High water ol
0.00 -0.21 0.42 0.63 0 0.42 0.42 -0.49 i Vayeqgan
Low water
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Table 5. Trendline values (B) of time series of the groundwater’s quality variables (SO4?, CL", pH, K*, Na*, Mg*, Ca?") in
Shabestar plain (2003-2012)

podS o o o Uiy » Ol g olo o
Ca? Mg* Na* K* pH CL S04? Month Station
-0.03 0.00 0.00 0.00 0.04 0.01 0.00 ) <lr
High water olede
-0.03 0.00 -0.01 0.00 0.1 -0.01 -0.02 il Alishah
Low water
0.05 0.03 0.03 0.00 -0.02 0.1 0.01 =l ;
High water NN
0.00 0.01 0.01 0.00 0.1 0.07 -0.01 =S Golabad
Low water
-0.06 0.22 0.05 0.00 0.08 0.00 0.18 =l
High water o
0.00 0.14 0.01 0.00 003  -008 0.18 <o Haris
Low water
0.04 0.00 -0.01 0.00 0.03 0.00 0.00 =l
High water SsgS
0.08 0.00 0.01 0.00 0.06 0.00 0.03 =l Koshak
Low water
-0.01 0.09 0.02 0.00 0.04 0.03 0.08 el
High water OLSo;e
0.00 0.02 -0.01 0.00 0.07 0.00 0.02 =l Kozehkanan
Low water
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The rest of table 5. Trendline values (B) of time series of the groundwater’s quality variables (SO+?, CL", pH, K*, Na*, Mg*, Ca*)
in Shabestar plain (2003-2012)

s’ o, a0 o oy S <l gaw oo oS!
Ca* Mg* Na* K* pH CcL S042 Month Station
-0.02 -0.02 0.12 0.00 0.03 0.04 0.05 ) <l
High water oolj e
0.00 0.00 0.00 0.00 0.04 0.00 0.00 <les Malekzadeh
Low water
0.12 0.08 0.13 0.00 0.00 0.6 -0.45 ) <l
High water RPN
0.14 0.06 0.15 0.01 0.02 0.04 0.32 <les Qomtapeh
Low water
-0.03 0.04 0.01 0.00 0.04 0.00 0.01 ) <l
High water Sl e
-0.03 0.05 0.01 0.00 0.04 0.00 0.02 <les Sarbanqoli
Low water
0.02 -0.06 -0.01 0.00 0.09 0.00 -0.01 ) ;"1‘ JUCRVIN
Hig ]Water Sefidkamar
-0.03 -0.05 -0.02 0.00 0.1 -0.02 -0.03 d
Low water
0.01 -0.01 0.03 0.00 0.05 0.00 0.05 ) <l
High water s
0.00 0.00 0.00 0.00 0.1 -0.01 -0.01 <leS Shabestar
Low water
0.44 0.67 0.25 0.00 0.08 1.66 -0.18 ) <l ,
High water sblass
0.62 +0.66 0.49 0.01 0.1 211 0.26 <l Shandabad
Low water
-0.04 0.06 -0.02 0.00 0.03 0.00 -0.03 i <l
High water RS 0,8
-0.01 0.02 -0.02 0.00 0.00 0.00 0.00 <les Qarekahriz
Low water
-0.02 0.09 -0.03 0.00 0.03 0.07 0.02 ) <ln oyl
High water
i Vayeqgan
-0.02 -0.02 0.07 0.00 0.05 0.06 0.00 <les
Low water
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Table 6. Trendline values (B) of time series of the groundwater’s quality variables (HCOgz, Total anion, TDS, TH, SAR, EC and
NA% ) in Shabestar (2003-2012)

Aoy wolod culd Ods Canws iz S [KV-FY
Egoxo b) ) o I S (Fx ,’” &Wfﬁ ol o o Kiun|
ol o gl o s 5z ol J> sl O
Total o Total ) .
cation  NA% EC SAR TH TDS anion HCO; Month Station
-0.02 0.43 0.5 0.01 -2.25 -0.65 -0.02 -0.05 ) <l
High water olede
003 -015 2.00 0.00 -1.00 -358 -0.02 -0.05 <les Alishah
Low water
0.13 -0.04 1.86 0.01 3.67 8.19 0.13 0.00 i <l ]
High water SLI S
008 004 6.1 0.01 0.62 156 0.06 -0.03 <les Golabad
Low water
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The rest of table 6. Trendline values () of time series of the groundwater’s quality variables (HCOgz, Total anion, TDS, TH,
SAR, EC and NA% ) in Shabestar (2003-2012)

oy Colod Cabl Gl Cad ol Slgo lude
Egoxo b % o PO S I > Olge 85”.50 oS olo RES
Ry o PECREN] o 55 ol J> O
Total cation NA% EC SAR TH TDS Total anion HCOs Month Station
0.15 -0.06 1.36 -0.01 5.83 9.98 0.15 -0.03 ) <l
High water e
oS Haris
0.27 -0.48 26.67 -0.07 15 2.08 0.27 -0.02 g
Low water
0.04 -0.24 3.00 -0.01 2.11 2.44 0.03 0.08 ) <l
High water SsgS
OleS Koshak
0.08 -0.2 55 0.00 3.33 3.57 0.05 0.02 ;
Low water
0.00 0.58 -0.5 0.02 -1.00 1.09 0.00 0.02 ) <l
High water LSe35
SleS Kozehkanan
0.01 -0.3 1.33 -0.01 0.71 -0.53 0.01 -0.08 g
Low water
0.07 0.44 6.77 0.12 -1.64 7.46 0.06 -0.02 ) <l
High water oolysle
SleS Malekzadeh
0.03 -0.28 1.75 -0.21 14 -0.97 0.02 -0.02 j
Low water
0.3 -0.24 471 -0.01 1.00 35.8 0.3 0.00 ) <l
High water aSpd
ol omtapeh
0.16 -0.1 2.86 -0.07 5.83 16.81 0.09 0.17 “loS Q P
Low water
0.01 0.12 15 0.01 -0.14 2.38 0.01 0.17 ) <ln
High water Sl o
S Sarbanqoli
0.03 0.22 2.1 0.02 -0.25 0.76 0.02 -0.02 j
Low water
-0.05 0.06 -5.88 0.00 -1.63 6.3 -0.07 0.00 _ N
High water  saa.
SleS Sefidkamar
-0.1 -0.27 -7.2 -0.02 -2.00 -9.75 -0.07 -0.06 g
Low water
-0.01 0.33 1 0.02 -1.00 13 0.01 -0.05 _ <ln
High water s
oles Shabestar
-0.02 -0.34 -4.5 -0.02 0.17 -2.93 -0.04 -0.03 j
Low water
1.33 -0.55 1 0.03 5.67 94.74 1.33 -0.04 ) <l
High water sblacs
SleS Shandabad
1.94 0.18 2.25 0.07 5.83 133.46 2.03 -0.18 g
Low water
0.01 -052 0.43 -0.02 15 2.38 0.00 -0.2 N )
High water RS 0,8
oles Qarekahriz
0.00 -0.46 0.13 -0.01 1.55 1.31 0.00 0.05 ;
Low water
0.03 -0.09 3.00 -0.01 1.83 1.95 0.03 0.09 ) <l
High water olasly
ol Vayeqgan
0.12 -0.07 7.83 0.01 -0.5 5.09 0.08 0.11 “loS veq
Low water
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Table 7. Correlation coefficient of annual rainfall in the
plain with qualitative variables in season with high rainfall
(2003-2009)

Solo e it S Gl it
(.0 o) oolw (Siwro oy ol
Significant Simple Groundwater
9(50/) correlation quality
° coefficient variables
ot 0.033 s
Insignificant SO%y
ot 0.2 A
Insignificant CL-
ot -0.42 S
Insignificant HCO3
Joiginayd 0.23 Ol Esame
Insignificant ’ Total anion
st 0.35
Insignificant pH
| i ol oole e
SO (FRR e )
0.11 RV
Insignificant = J
TDS
Sostners 0.23 &
Insignificant TH
S gme g 023 o ol Sl
Insignificant ' SAR
Sosteers 0.09 A el
Insignificant EC
S g e 013 PER WIS
Insignificant ' NA%
oot 0.29 et
Insignificant K*
Sorent 0.11 ok
Insignificant Na*
Sosaant 0.41 o
Insignificant Mg?*
)'fs‘-.“’.r:é 0.24 S’
Insignificant Ca*
ey 0.23 0555 ggezme
Insignificant ' Total cation
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Fig. 2- Average annual qualitative variables of 13 Shabestar Plain’s Measurement Stations in season with high rainfall
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Introduction: Groundwater has long been the most relied upon water source for human beings and used in the
agricultural and drinking sectors. In order to be aware of the condition of water and its optimized management,
it is necessary to examine carefully groundwater level fluctuations and groundwater quality that are influenced
by different factors. While carefully monitoring the fluctuations and quality of groundwater, we can realize
reliable planning in water supply and source management. Therefore, this study aims to determine the trend of
changes in the quality parameters of the groundwater of Shabestar plain in order to understand the quality of
the groundwater and to specify its application.

Material and methods: In this study, in order to understand the quality of Shabestar plain’s groundwater and
to specify its application, the chemical results of 15 qualitative variables of groundwater samples belonging to
13 stations located in the study area during the years 1993-1999 were compared while non-parametric Mann-
Kendall test. The effect of the first-order autocorrelation was then eliminated from the data series. Slope of the
trend line was calculated by the age method. The qualitative parameters in this study are total anions, total
cations, EC, SAR, CL--, Hco3, Ca2+, TH, Ph, TDS, S0%~ , Na%, Na+, Mg2+ and K+ which are measured
two times every year.

Results and discussion: The results show that the time series related to qualitative variables has an ascending
trend in most of the stations (except Ali-shah station, Sefid-kamar station and the low water months of
Shabestar plain). They show a positively significant trend at a 5% level with 36 series (18%) in months of a
high water level and with 17 series (9%) in months of low levels of water. Furthermore, the Ali-shah and
Sefid-kamar stations have the highest rank for the highest negative trend in two months with high and low
levels of water. The comparison of stations suggests that the quality of Shabestar plain’s groundwater is in a
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critical condition in the southern part of the plain. Generally, we can conclude that the quality of groundwater
in the study area has decreased over time. The results achieved from investigating the values of time series
correlation coefficients of qualitative variables with a normal annual precipitation in the period (1993-1999)
show that none of the qualitative variables has a special significance at the 5% level with the amount of annual
precipitation. The overall result of this section suggests the lack of relationship between annual precipitation
and qualitative variables, while the groundwater level has almost steadily dropped in terms of quality variables
during common statistical years (1994-2002). Also, climatic variables such as rainfall, temperature and
evaporation were not identified as factors in changing the qualitative characteristics of groundwater in
Shabestar plain and we have come to the conclusion that adverse changes in these were influenced by human
factors.

Conclusions: According to results achieved we can say that, if the current condition continues, it is not possible
to use groundwater sources in Shabestar plain steadily. Water quality will be negatively affected by the lack of
treatment of urban and industrial wastewater, the release of agricultural wastes into the plain, its adjacency to
Urumia Lake, and the development of a salt marsh.

Keywords: Analysis of trends, Mann Kendall test, Groundwater quality, Shabestar plain.
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