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Figure 1- Location map of the studied area and the location of the sampling points.
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Figure 2- Method of storing and transferring water samples to the laboratory.
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Table 1- Maximum allowed and desirable non-toxic mineral chemicals in drinking water (mg/1).

Water quality parameter

Optimal maximum

Maximum allowed

Arsenic - 0.01
Nitrat - 50
Total Dissolved Solids 1000 1500
Manganese 0.1 0.4
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Table 2- Abstract of statistical analysis of data related to arsenic, manganese nitrate and total dissolved solids (TDS).

Parameter Mean Star}da}rd Variance ~ Minimum Maximum Skewness Elongation Coefﬁc1§nt of
eviation Variation
Arsenic (mg/1) 0.05 0.02 0.0004 0.005 0.117 1.45 2.58 8
Nitrat (mg/1) 2.08 1.99 3.99 0.001 6.87 0.84 -0.32 0.96
Mn (mg/1) 0.0186 0.0049 0 0.007 0.03 -0.36 0.77 0.26
TDS (mg/l) 906.83 731.45 535022.38 300 3240 1.88 2.74 0.08
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Table 3- Characteristics of the best fitted model on the values of the experimental semivariance in the
kriging method.

Experimental Best model Co C+Co Ay (m) Cysill R2
semivariance

Arsenic (mg/l) Spherical 0.00025 0.00065 36700 0.384 0.75
Nitrat (mg/I) Spherical 0.30 6.049 28500 0.049 0.85
Mn (mg/1) Spherical 0.00001 0.00004 25510 0.250 0.75
TDS (mg/l) Spherical 98000 474600 8600 0.206 0.71

9695 Joe b Sz S (59, TDS EC (sam
ols las Lmo]suw)ﬁ bl ylas eSS Y oY
3l 50 jeie b sleasiw S (Siwen a5

S ol s S8 e

5 slrazin poa L bl (0528 Sled yuiSiens
Joe Suegh opl jocwlsad oololad ¥ Sl jo
L loasl opl od obsl Jow on e Olsieds 59,5
@aige » (Vo) Glen o 8050 ,0b igy s
s ol Ll yop (28 o> vl o S slaasiw



o’/’/‘lb’ f‘j"}j

Semivariance

Semivariance

193]
596
397
199

0.00° —
00 12500.00

72083
5490401
66027,

183013

25000.00 37500.00 50000.00

Separation Distance

B (v)

0
0.00 16250.00

32500.00 48750.00 65000.00

Separation Distance

D (v)

iyl o5 @ )3 St )] 9 Ol (S0 pauk g

96.471E-005 J
72.353E-005 .

48235005 Pl :

241 lSE-OUS( } .

Semivariance

00.000E+000
0.00 12500.00  25000.00  37500.00  50000.00

Separation Distance

A (&)

S6.818E-006]
42.614E-006]

28 409E-006]

Semivariance

14.205E-006_—
|

00.000E+000° : — o
000 875000 1750000 2625000 3500000

Separation Distance

C ()

(8955 Jowo S —9 8955 Jo (Ol i -0 6955 Joo Syl - toul 03] 9 (22 (G Led ki pus - IS

5955 Jowo TDS-&

Figure 3- Theoretical semivariables fitted to: A- Arsenic, spherical model, B- Nitrate, spherical model,
C- Manganese, spherical model, D- TDS, spherical model.
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Table 4- Comparison of geostatistical methods in estimating quality parameters based on different criteria

Parameter Evaluation IDW Ordinary Simple
(mg/1) criteria a=1 a=2 a=3 kriging kriging
Arsenic MBE 0.02 0.0014 0.0009 0.00059 0.00051 0.0013
RMSE 0.0226 0.0235 0.0245 0.0224 0.0207 0.0227
Nitrat MBE -0.1585  -0.1549  -0.1497 -0.0514 -0.0444 -0.0306
RMSE 1.8019 1.7007 1.7213 1.8208 1.6718 1.6472
M MBE -0.00039 -0.00073  -0.0010 -0.00012 -0.00014 -0.0003
n RMSE 0.0049 0.0048 0.0049 0.0045 0.0046 0.0045
DS MBE 6.480 -37.198  -63.895 -31.534 10.422 13.446
RMSE 645.769  669.943  699.989 642.638 624.311 658.310
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Figure 4- Zoning map of metrics using the best model A: Arsenic (Simple kriging), B: Nitrate (RBF),
C: Mn (RBF) and D: TDS (Simple kriging)
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Extended Abstract

Introduction and Goal

Awareness of spatial variations in groundwater quality parameters is an important tool for identifying
the capacity of the region and land management. Jiroft is located on an arsenic belt in the country and
considering the effect that arsenic has on underground water and the carcinogenic nature of this element,
analysis of this element is very important. Moreover, most rural regions of Jiroft use the well water for
drinking. Therefore, the analysis of groundwater in this region appears to be very important for drinking
purpose.

Materials and Methods

Using geostatistical methods, the present study attempted to analyze the spatial variation of nitrate, arsenic,
manganese, and all dissolved solid parameters in the groundwater of the Jiroft watershed during 2019.
For this purpose, water from 36 agricultural wells and wells used for drinking in villages, as well as urban
drinking water samples, were sampled in three replicates. The geostatistical methods used for zoning the
above parameters include ordinary kriging (OK), simple kriging (SK), radial basis function (RBF), and
inverse distance weighting (IDW) with different powers. Geostatistical methods were evaluated using the
mutual evaluation technique applying the root mean square error (RMSE) and mean bias error (MBE)
criteria between the actual and estimated data.

Results and Discussion

In this research, the spatial changes of nitrate, arsenic, manganese and total solids dissolved in ground-
water in the Jiroft watershed were analyzed using the evaluation criteria ranking results showed that the
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estimation of arsenic and TDS with the spherical model of the simple kriging method had the least error
and the estimation of nitrate and manganese with the radial basis function (RBF) method had the lowest
error. The study showed that the spatial correlation of the quality metric of the Jiroft watershed is very
high. Therefore, the error of the semivariable model of the measured data of arsenic with a partial effect
0f 0.00025 and a range of influence of 36.7 km was 38.4%, whereas the error of the semivariable model
of nitrate with a partial effect of 0.3 and a range of influence of 28.5% was 4.9%. In the Jiroft watershed,
the concentration of arsenic in the water of other areas was much higher than the permissible amount for
drinking based on standard 1051 of the Iranian Institute of Standards and Industrial Research except for
urban water. In addition, the concentration of nitrate in all the samples was lower than the permissible
amount for drinking water, so there is no obstacle to its use.
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