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Figure 1- The studied area
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Figure 2- Characteristics and components of the variogram
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Table 1- RMSE and ME statistics in Kriging interpolation method and Weighted Inverted Distance (IDW) with potencies 1 to 3

TDS' EC? so> cr SAR®
Sl (o3 9, Jew ¢,
Geostatistical oly591)l9 Joo RMSE  ME® RMSE* ME RMSE ME RMSE ME RMSE ME
Year
Method
Pojs S e (ke
(IDW) 84 072 03 0.85 03 099 00 1.4 08 087  -0.03
Inverse Distance
Weigthed
88 0.79 0.05 0.69 0.05 0.66 0.0 1.2 0.0 0.69 0.01
91 0.73 -0.02 0.5 -0.04 1.02 -0.03 0.87 -0.01 0.81 -0.03
Fyere Sz S "‘%S 0.64 0.02 0.8 -0.01 0.47 0.03 0.87 0.02 0.74 0.0
Gaussian
lo sl
84 d 2 0.63 0.01 0.69 -0.01 0.97 0.03 0.81 0.03 0.63 0.0
circular
e . 0.65 0.01 0.81 -0.01 0.98 0.01 0.68 0.01 0.84 0.01
Exponential
w,s 0.65 0.0 0.65 0.0 0.64 0.0 0.88 0.0 0.68 0.0
Gaussian
dla)g.b
88 ; 0.65 0.0 0.65 0.01 0.64 0.0 0.82 0.0 0.68 -0.01
Circular
Ordinary Kirijing
s . 0.65 0.0 0.65 0.0 0.64 0.0 0.67 0.0 0.67 0.0
Exponential
w,s 0.6 0.03 0.46 0.0 0.73 0.02 0.71 -0.01 0.66 0.03
Gaussian
lo
91 ‘5 22 0.6 0.03 0.46 0.0 0.73 0.02 0.71 -0.02 0.66 0.03
Circular
e . 0.59 0.02 0.46 0.0 0.66 0.04 0.62 -0.02 0.64 0.02
Exponential

1- Total Dissolved Solis (Jalwel sol> slge JS)
2- Electrical Conductivity (S xSl colan colls)
3- Sodium Absorption Rate (siw i o)

4- Variogram model
5- Mean error (s 4.55ke)

6- Root mean square error (las Gl ye (3:5ke His)
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Figure 3- The trend of changes in the intensity of the parameters studied in the Marand watershed 3
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Table 2- Semiarigram characteristics the intensity of changes in ground water quality parameters
in the Marand watershed by Kriging method

awl> Range
i J
_ = -~ ;3‘ £ 3 3 3 E 3 %
= KNS 4 &_) Y, 3 Q = @ R v e 3 £ P
a T - o @ = < " = %3 ANE @ s %'—' s
= iE g 35 S 5 -5 5z 5 B a S - 48
- 5 38 3§ 8 4233 vF vF Yt 4, gf §%
$E 2E YE O ME S A =2 8 2 235 O
z 2 a4~ 4 ?i Qs ©
Y =
Circul
DS :fjfr 0.18 0.44 026 059 24071 47747 1 1371 3979 12 0.46 13.45
Circular
SAR 037 0.83 0.46 055 19112 25811 1 181 2151 12 035 1221
g4 C* Exp(::fmal 0.0 1.6 1.6 1 19112 26488 3 1236 2207 12 0.46 7.03
5. Gaussian
S0, s 0.59 0.86 0.27 031 19112 34992 3 1253 2916 12 0.645 9.4
Circul
EC ;C“E'I 0.19 0.63 0.44 07 19112 3733 3 24 3111 12 0.16 345
oy
DS Esztmal 0.32 033 0.1 03 522916 522916 3 N 12 0.08 421
SAR EXpO“Zm'al 0.1 0.34 033 097 24254 32583 3 72 2717 12 0.47 5.58
=
88 C" EXpO“S‘"al 1.09 2.1 02 01 522916 52291.6 1 - 4357.6 12 0.32
«
3.75
,.  Exponential 4.7
SO, s 0.0 0.54 0.54 1 24254 32728 1 181 2723 12 0.54
E ti
EC szrin T 036 0.47 0.1 02 - 52016 1 - 4357.6 12 0.08 47
E tial
s TP 00 0.43 0.43 I 23476 26347 1 1014 2196 12 032 17.1
E tial
SAR PO o8 0.57 039 068 19112 34626 1 492 2885 12 0.57 16.8
[=A
91 . Gaussian
c o 0.4 0.6 0.2 033 20047 33736 3 17156 2813 12 -0.084 431
.. Gaussian
SO, s 05 0.43 038 088 19112 35079 3 1728 2923 12 0.59 21.41
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Introduction: Groundwater is the only major source of water for drinking, agricultural and industrial purposes in
the Marand city, and its vital importance makes sure that its quality is seriously considered. With qualitative zoning, the
process of underground water quality changes is determined at any time, place, and condition. It is possible to save time
and cost by removing the stations with similar quality status and install new stations at times that are different or
critical. In this paper, using the observational data of wells in Marand watershed, the spatial distribution of some
groundwater quality parameters has been studied and analyzed using land-based methods. Geostatistical methods for
estimating the unknown are remarkably effective.

Materials and Methods: In order to predict the spatial distribution of groundwater quality, data was collected from
48 water wells, semi-deep wells, springs, and others from the Water Resources Management Company. In this research,
the spatial variation process of five qualitative parameters of water include EC, electrical conductivity, chlorine and
sulfate (SO42-) anions, and Sodium Rate Absorption (SAR) and soluble solids (TDS): Total Dissolved Salts) were
studied. After reviewing, some of them were omitted due to statistical deficiencies. Common time base was selected for
studying the Blue Years 2003-2005, and the years 1388-88 and 1391-1391. Data homogeneity was evaluated for the
statistical period between 1384-1384 by the sequencing test method. According to the mentioned method, there was no
heterogeneity in the data. Statistical deficits were determined according to the correlation coefficient of a variable. Data
were normalized using SPSS 18.0 software using logarithmic transformation method and their elongation and bending
values were obtained in the range -2 and 2. In this study, for estimation of groundwater quality parameters including
EC, TDS, Cl-, SAR and SO42-, piezometric wells data were used during the years 84, 88 and 91. Statistical analysis
methods consisted of conventional Kriging method in Spherical, Gaussian and exponential modes and Weighted Inverse
Distance (IDW) methods with power from 1 to 3 were studied. Cross-validation, G statistics (GetisOrd General G) and
Morans Index were used to select the best and most suitable interpolation method. The values of all three evaluation
methods were calculated and analyzed using Arc / GIS 10.3 software.

Results and Discussion: Based on the cross-evaluation method, the Kriging method is less effective than RMSE
and ME in comparison with the Inverse Distance Weighting method. The zonation map of anion SO4* in year 2012
with G statistics and Moran index was 21.41 and 0.99 %, had the highest interaction in spatial structure and EC
zonation map in year 2005 with Moran index and G statistic was 0.16 and 45 respectively has the least interaction of
spatial structure. Charts of Changes in Quality Parameters showed that, water quality in latitude and longitude, values
which were Cl, EC, SAR, and TDS and SO42 anions between the years 2005-2009 in the western-eastern part have
been intangible and have been steeply sloping in the year 91. But in the North-South direction of 84 to 91 increased and
then decreased in the middle of basin. Finally, by disconnecting the map of land use and geology of the watershed with
the zoning maps of each of the parameters, it is concluded that due to the distribution of villages, residential areas and
agricultural lands around them in the center and east of the watershed, the trend of groundwater quality parameters had
been changed. The underground waters of Marand country watershed were influenced by human activities. Also, some
geological formations and gypsum and dolomite minerals in the area in groundwater quality have led to an increase in
TDS values and sulfidation of water resources in the eastern parts of the basin.

Conclusion: Groundwater quality is always influenced by various factors such as flow direction, groundwater level,
climatic factors (precipitation, evapotranspiration, etc.), type and composition of geological formations of the region
and human factors (land use, extraction of groundwater resources, Entry of household wastewater and agriculture into
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groundwater resources, etc.). Therefore, due to the importance of the use of groundwater resources and the limitations
of its use, it is suggested that continuous monitoring of groundwater quality changes should be carried out using
ground-based methods and in order to evaluate the effective factors of water quality parameters spatial distribution
maps was prepared and analyzed. In the present study, based on the previous studies, two geology formation and land
use types were selected to prepare map of water quality parameters and it turned out that both of these factors are the
most important factors affecting the groundwater quality in the Marand country watershed.
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