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Table 1 Maximum allowable range of physicochemical parameters of Birjand plain aquifer

Parameter Unit Mean Min Max SD Ccv WHO (2017)
pH 7.53 6.9 8 0.2 2.8 7.5-8.5
EC uS/cm 7.33 7.32 7.36 2635.1 127.1 7.34
TDS mg/L 2400.7 347.2 8000 2823 117.1 1000
TH mg/L 1123.2 199.6 5470.4 1364.5 121.1 500
HCOs mg/L 309.1 100 552.1 89.6 29.4 300
SO4* mg/L 301.5 13.2 1501.6 377.3 125.2 200
Cr mg/L 941.6 13.5 5117.7 1418.1 150.5 200
Ca* mg/L 217.1 52 838.6 235.1 108.2 75
Mg?* mg/L 164.1 12.2 840.5 187.4 128.2 30
K* mg/L 7.4 05 32 0.8 51 12
Na* mg/L 398.6 6 2200.4 548.8 137.7 200

sl 2 o el olaisl lays o (Slozr St el bl 2 (G003 oSS Slayialy ondanog i polie Y Jgoor
Table 2 Recommended weight values of groundwater quality parameters based on World Health Organization and weights

assigned to each parameter

Parameter unit  WHO (2017) Weight of parameters Relative weight (GWi) Quality ratio (gi) QW
pH 6.5-8.5 2 0.060 103 6.2
EC uS/cm 7.34 3 0.090 686 62
TDS mg/L 600 5 0.121 480 58
TH mg/L 500 4 0.121 130 15
HCOs mg/L 500 3 0.090 123 11
SO.* mg/L 250 3 0.090 119 10
CI mg/L 250 4 0.0121 376 49
Ca? mg/L 200 3 0.090 200 18

Mg?* mg/L 12 2 0.060 61 3.71
K* mg/L 100 2 0.060 217 19
Na* mg/L 150 2 0.060 97 58

sum - - - 1.000 - -
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Table 3 Correlation coefficient values between index and groundwater quality parameters of Birjand plain aquifer

Parameter pH EC TDS TH TA S04 Cl Ca*  Mg?# K* Na*
EC -0.67

TDS 0.68 0.99

TH 0.68 0.96 0.97

TA -024 -014 -021 -0.25

SO.* -0.53 0.86 0.87 0.90 -0.21

CI -0.70 0.98 0.99 0.96 -0.23 0.81

Ca? -0.96 0.94 0.96 0.97 -0.34 0.87 0.94

Mg?* -0.65 0.94 0.96 0.98 -0.16 0.88 094 093

K* -0.67 0.98 0.99 0.96 -0.20 0.85 099 0.95 0.93

Na* -0.66 0.96 0.97 0.89 -0.16 0.79 0.97 093 0.87 0.97
DGWQI  -068 099 099 098 -019 087 (g9 095 097 099 0.96
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Table 4 Results of parameter deletion sensitivity analysis

Removed Parameter Mean Min Max CV

EC 20.68 0.3 28.88 3.33
TDS 19.04 1435 2841 2.05
TH 8.5 5.6 145 35
TA 9.65 75 21.02 651
SO4* 328 111 842 1.35
CI 954 126 2198 6.55
Ca* 779 384 158 29
Mg?* 18.98 9.33 28.16 4.27
K* 114 038 292 047
Na* 4.5 0.56 9.93 2.39
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Table 5. Variogram complies with DGWQI and EC, TDS and Mg?*parameters
Sill (Co+C) Nugget (Co) Co Spatial
P Model R k
arameter ode ange(km) (mg/L)? (mg/L)? Co + C Dependency
TDS Spherical 55347 7900000 2140000 0.27 Relatively strong
EC Spherical 69520 170000000 5100000 0.3 Relatively strong
Mg?* Spherical 21356 20206 4550 0.44 Relatively strong
DGWQI  Spherical 19200 130000 50560 0.39 Relatively strong
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Fig. 5 Zoning of the average index of groundwater quality parameters of Birjand aquifer
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parameter MerPOIION o pMSE ME cv
method

DS Ordinary 26 1322 121 223
Kriging

EC Ordinary 20 1508 152 1512
Kriging

Mg2* ordinary 65 233 112 3263
Kriging
Ordinary

DGWQI L. 0.58 32.3 135 25.87
Kriging
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Abstract

Groundwater is the main source of drinking water in the semi-arid regions of Iran. Therefore,
monitoring the quality of this valuable resource is vital. Hence, the purpose of this study was to
investigate and prepare a groundwater quality map of Birjand located in the semi-arid region of
eastern Iran using GIS-based geostatistical analysis with Drinking Groundwater Quality Index
(DGWQI). For this purpose, the collected groundwater quality data of 27 agricultural wells during the
years 2014-2019 were used. The results of spatial analysis show that 63% of the aquifer area was in
the appropriate quality category, 18% in the poor category, 10% in the very poor category and 9% of
the aquifer area was in the non-drinking category. Sensitivity analysis indicated that Mg?*, EC, and
TDS parameters with the highest mean change index of 18.98, 20.68 and 19.04 were the most
sensitive parameters in calculating DGWQI, respectively. Error evaluation calculated by R? and
RMSE methods on conventional kriging and spherical variogram models showed good performance
for spatial analysis of all parameters including DGWQI, Mg?#*, EC, and TDS. The DGWQI map shows
that the western and southwestern parts of the aquifer do not have good quality conditions for
extracting drinking water.

Keywords: Kriging; Variogram; Sensitivity Analysis; Zoning.
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