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Abstract

Introduction

The rainfall decrease and limited water resources in arid and semi-arid regions such as the Zahedan region
caused the groundwater resources to need more attention in these areas. Moreover, the increase in the population
in Zahedan Country and the lack of a suitable system for collecting wastewater in this area have made the
pollution of underground water inevitable. So that, the excessive extraction of underground water resources and
successive droughts on the other hand have caused a decrease in the underground water level in this region.
Therefore, the present study was carried out with the aim of time-spatial monitoring of underground water
quality in Zahedan County.

Materials and Methods

The aim of this study was to monitor the temporal-spatial quality of groundwater quality in Zahedan City in four
stages. Determining the geographical coordinates of sampling wells, calculating the water quality index (WQI),
and Wilcox index, comparing the interpolation methods in ArcGIS 10.8 software to prepare the spatial map of
the WQI and comparing the spatial variations of the WQI. This research was conducted in two time periods
2010-2013 and 2014-2017. To investigate the temporal changes in water quality parameters, annual statistics of
90 wells and aqueducts with continuous statistics were used. Then, WQI and Wilcox’s indices were calculated
for drinking and agricultural uses, respectively. One of the most practical methods is WQI, which indicates the
degree of its suitability for various uses, including drinking. This index is usually obtained from the values of
general water parameters including dissolved oxygen, acidity, hardness, soluble solids, temperature, turbidity,
nitrate, nitrite, and some basic ions. This index combines different water quality parameters to provide a
numerical value that can be used for spatial comparisons. Besides, Wilcox's classification is one of the most
important index in the field of determining the quality of agricultural water, which is calculated based on two
parameters of electrical conductivity (EC) and sodium absorption ratio (SAR) as the risk of alkalinity.

Results and Discussion

The lowest and highest WQI levels were 30.1 and 674.0, respectively in the period 2010-2017. WQI time
changes during the study period showed that the WQI is not significantly different between the first (2010-2013)
and the second (2014-2017) periods. According to this index, in the first period, 7.9 % of the studied wells were
in good condition, 5.6 % in bad condition, 13.5 % in very bad condition, and 73 % undrinkable in terms of
drinking water quality. In the second period, 6.7 % of the studied wells were in good condition, 6.3 % in bad
condition, 13.3 % in very bad condition, and 73.3 % undrinkable in terms of drinking water quality. In both time
periods, the quality of none of the wells in terms of drinking was not in the high class. The results of descriptive
statistics showed that the mean parameters of SO4%, CI-, EC, TH, TDS, and HCOs were two intervals higher than
the standard. According to the results of the Pearson correlation test, there is a negative significant relationship
between the pH and other parameters. The pH has the most negative significant relationship with TH. TDS and
EC variables have the highest positive and significant relationship. This lack of impact can be attributed to the
range of very low pH changes in groundwater samples in the two periods. There is also a significant negative
relationship between pH and other parameters. The pH has the most negative and significant relationship with
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potassium. Moreover, according to the Wilcox index, in the period of 2010-2013, 87 % of the studied stations
are in the S4C2, S3C3, S3C4, and S4C4 classes, which are unsuitable for agriculture and 12 % were in the C3S3
class, which by applying the necessary measures can be used for agriculture. Likewise, in the period 2014-2017,
91 % of the sampled stations are located in very salty and unsuitable for agriculture, and 8 % of wells. It is
possible that the high extraction of underground water and the drop in the water level in the Zahedan region have
caused the EC of water to increase. Also, drought can play a role as an aggravating factor in the change in water
quality. The results of the Pearson correlation test showed that there is a significant negative relationship
between pH and other parameters. Since in the comparison of various interpolation methods based on RMS and
R? for the WQI, the zoning map was drawn based on the kriging method due to its lowest RMS and highest R?.

Conclusion

Due to the high salinity of water, the study wells are not used for drinking and agriculture purposes but they can
be used in ordinary applications such as washing. Besides, considering the quality characteristics of groundwater
in the Zahedan region, it can be acknowledged that proper water management in this region is very important.
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Table 3- Classification of water in terms of agriculture according to Wilcox diagram based on EC and SAR

o) SAR 03, EC Y
S1 SAR<10 Ci EC<250 e
S2 10<SAR<18 Cc2 250<EC<750 e
S3 18<SAR<26 C3 750<EC<2250 Lauwsgio
S4 SAR<26 c4 EC<2250 cslial
o) SAR 23, EC Y
S1 SAR<10 C, EC<250 e
S2 10<SAR<18 (67 250<EC<750 o
S3 18<SAR<26 C3 750<EC<2250 Lawgie
O 598 slad 9 SAR Ll 2 (65088 Ol (gaindillo ¥ Jpo
Table 4- Classification of agricultural water based on SAR and risk of salinization
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Table 5- Values of underground water quality index parameters in the time period of 2010-2013 and 2014-2017
Jlire Sl Ol Sl Jobe Sej 8k sy
0.45 7.47 8.43 6.57 92-89 oH
0.51 757 9.10 6.71 96-93
560.19 379.35 3200 2.20 92-89 cr
529.59 482.64 2585 2.50 96-93
2897 4985 13600 474 92-89 EC
2950 FAFA 17200 74.60 96-93
541 671 3312 70 92-89 TH
501 792 3454 55 96-93
523 382 2016 0.10 92-89 SO
666 628 3614 0.70 96-93
1939 3298 9020 304 92-89 DS
1970 3255 10110 277 96-93
243 191 904.02 2.60 92-89 HCO;
257.55 274.45 974.78 2.40 96-93
86 54 632.64 0.20 92-89 Mg?*
88 77 522.72 0.40 96-93
419 328 1750 5.70 92-89 Na'
444 451 1900 5.50 96-93
484 112 7716 0.50 92-89 ca
136 129.15 576.62 0.50 96-93
9.27 6.69 36 0.10 92-89 K
10.61 10.20 48 0.10 96-93
5 5 23 0.20 92-89
NOy
3 10 25 0.15 96-93
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Table 6- Correlation between the parameters involved in the water quality of Zahedan in the years 2010-2013

at

NOs K* ca* Na* Mg? HCOs TDS SO TH EC Cr pH

1 pH
1 -0.50™ Cl
1 035" -0.51™ EC
1 0.68™ 0.81" -0.62™ TH
1 074" 025" 089" 0467  sOZ
1 094~ 071 030" 095"  -049" TDS
1 0.35" 030" 072"  0.99™ 0.40™ -0.53™ HCO5
1 0.35" 0.78™ 084~ 0.86™ 0317 0.87" -0.49™ Mg
1 0.21™ 0.06 027" 025" 017" 0.04™ 0.25™ -0.21" Na*
1 0.29™ 0.85™ 0.28™ 0.86™ 089" 074" 024~ 086~ -054" Ca**
1 0.82" 0.24™ 0.76™ 0.12" 0.84° 080~ 059” 008" 079" -045" K*
1 0.75™ 0.45™ 0.59™ 0.33" 0.69™ 076" 085~ 087" 032" 085" -047" NOs
iy o fobins +/+0 gl 3 Stumans * g lino +/+) pdans ) ( Siused™*
WA= (el Jlo gl Gl cadS o o (ool oo (Siumod =V Jgi
Table 7- Correlation between parameters involved in Zahedan water quality in 2014-2017
NO5 K+ Ca* Na* Mg#  HCO;  TDS SOZ TH EC cr pH o
1 pH
1 -0.48™ cr
1 043"  -0.38" EC
1 0.69™ 081"  -058™ TH
1 0.81™ 0.38™ 0.89™  -046"  SO&
1 0.90™ 0.72" 0.39™ 093"  -0457 TDS
1 0.41™ 0.41™ 0.72™ 0.98™ 0.46™  -0.39" HCOs
1 0.44™ 0.81™ 0.89™ 0.86™ 0.40™ 090"  -054"  Mg*
1 0.83™ 0.36™ 0.81™ 0.89™ 0.83™ 0.33™ 0.86™  -053" Na*
1 0.78™ 0.84™ 0.34™ 0.84™ 0.81™ 0.72™ 0.30™ 0.84™  -060™ Ca*
1 0.84™ 0.73™ 0.74™ 0.18™ 0.82™ 0.70™ 0.59™ 0.16™ 0.79™ 0.54™ K*
1 0.36™ 0.75™ 0.54™ 0.22™ 051" 0.74™ 0.89™ 0.88™ 0.35™ 087"  -053" NOs

2ily o oline +/+8 prhans )3 (Siuuseds * g Joline o/} prhans )3  Kiuusod™™
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Table 8- Comparison of the values of the underground water quality index in the years 2010-2013 to 2014-2017
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oSl
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Sl

052 143.80 2.05 670.40 30.09 90 WQI 1389-1392
' 137.09 2.02 670.42 32.77 90 WQI 1393-1396

WWAY=IYAS 5 WAL WY loj (slaojly ,d WQI k! 5y i sloc S (il -4 o>
Table 9- Water quality classification of the region based on the WQI index in the time periods of 2010-2013 and 2014-2017

dilaie slaols Loy .
) ol s wal )
1392-1389 1396-1393
0 0 S 0-25 1
7.9 6.7 s 26-50 2
5.6 6.7 buwgio 51-70 3
135 133 kY 71-90 4
73 733 S s 91-100 5
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Figure 2- Zoning of the study area based on the Wilcox index; 3) salty water and agriculture with the implementation of measures, and 4)
very salty and unsuitable water for agriculture
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Table 10- The percentage of each of the classification classes of the Wilcox index in the study area in the time frame of 2010-2013 and 2014-

2017
Cc1 c2 c3 c4
adllas 3,50 sl JLs
SI S2 S3 sS4 SI  S2 S3 sS4 Sl S2 S3 sS4 S S2 S3  s4
0 2 0 11 8 0 0 73 1389-1392
1 0 8 11 0 0 85 1393-1396
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Table 11- Comparison of interpolation methods based on RMS for WQI parameter in the years 2010-2013 and 2014-2017

s Lbe 1389-1392 hoes Loey 1393-1396
RMS R? RMS R?
IDW 99.35 0.35 IDW 99.42 0.34
Spline with Tension 101.21 0.32 Spline with Tension 100.45 0.31
Kriging 87.39 041 Kriging 98 0.39
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Figure 3- Zoning of the underground water quality index (WQI) in the periods of 2010-2013 and 2014-2017
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