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Extended Abstract
Introduction
The main activity of people in the Sistan region is agriculture and animal husbandry, which due to the drought and

the unavailability of surface water and the intermittent flow of water in the Sistan River, the digging of irrigation
wells has expanded in this area. The Sistan River continues of Afghanistan's Helmand River, which passes through
agricultural and urban areas. Therefore, it is possible that some kinds of pollutants, especially heavy metals, can
come from different sources. On the other hand, after entering the Sistan Plain, the river affects the water level of
wells along the river. Therefore, in case of contamination, it may increase the concentration of heavy metals in
wells. However, until now, the concentration of heavy metals in the water wells has not been investigated and only
the salinity factor has been considered from the point of view of water quality. The quality of drinking water is
associated with the concentration of physicochemical compounds such as nitrate, phosphate, various anions and
cations, and organic and inorganic pollutants such as heavy metals. Drinking water contaminated with metals is
turning into a primary health concern for human health care. Therefore, surveying the quality of water can be
helpful in management. The aim of this study is to investigate the concentration of heavy metals in the wells along
the Sistan River, in order to ensure the quality of water for agriculture, husbandry, and human consumption.

Materials and Methods
In this research, in order to ensure the appropriate quality of water in terms of the concentration of heavy metals

and also the possible effect of EC and pH factors on their changes, the concentration of some elements and
factors were mentioned in the water samples of 26 active wells. The samples were collected along the Sistan
River (with a maximum distance of 1000 meters buffer zone) from the border point to the entrance to Hamoun
Hirmand (Afzal-Abad branch, Lorg Bagh and Khwaje mountain) from January to March 2022. According to the
investigation of the Afzal-Abad branch and the absence of wells, no samples were obtained from this section. At
the same time as the sampling, the characteristics of the well, such as the year of establishment and the type of
water usage were recorded. Sampling was done in three repetitions and during sampling pH, EC, TDS, and
salinity variables were measured by a portable calibrated device and recorded three times. The collected samples
were transferred to the laboratory in order to measure heavy metals in sterilized frosted glass containers. The
standard method of the American Public Health Association (APHA) was used to measure each of the
considered factors. After the preparation of samples, the concentration of heavy metals was measured with ICP.
The obtained results were zoned using the normal kriging and co-kriging methods based on the selected model
resulting from the prediction standard error. Geostatistical kriging methods (such as simple kriging, normal
kriging, and co-kriging) were used for interpolation of heavy metals distribution. In the semi-variable analysis,
the variability of the factors with respect to the spatial distance was organized by different linear, spherical, etc.
functions using ArcGIS software.

Results and Discussion
The average amount of pH was measured at 8.31. The concentrations of salinity and TDS were 3.74 and 4.62 g I,

respectively. EC value was also measured as 6322 puS cm™. The average concentration of Cr, Fe, Ni, Cu, Zn, and Pb



Water and Soil Management and Modeling %

University of Mohaghegh Ardabili

Online ISSN: 2783 - 2546

was also obtained at 2.64, 124, 10, 5.9, 33, 17, 1.43, and 2.79 pg I™ respectively. The trend of elements obtained
Fe>Zn>Ni>Cu>Pb>Cr>Cd. The results indicated a low concentration of Cd, Ni, Cr, Cu, Fe, and Zn While Pb
concentration was higher than the standard. The low concentration of the mentioned elements is due to the alkaline
pH of water, which acts as a buffer and causes the elements to become insoluble and precipitate. Some dangerous
elements such as mercury could not be measured due to their low concentration. The amount of salinity and EC
factors also showed that the well water is not suitable for agriculture and livestock. The result of element zoning
also showed that the concentration of metals increases from the border towards the lake. According to the age of the
wells, it can be said that the reason for the decrease in the concentration of metals is due to the longer life of the
wells and the chance of water mixing during the Sistan River water harvesting.

Conclusion
The result showed that the concentration of metals, except lead, is lower than the standard value. The low

concentration of elements may be due to the alkaline condition of water, which acts as a buffer and causes the
insoluble and finally precipitate. Or it can be due to the lower concentration in the bedrock, which can be
obtained by surveying the geology of the bed of the wells. The variation in metal concentration among the
sampling sites may be due to the age of the well. So up to the Sistan dam, where the wells are older, the
concentration of elements is lower. It may be due to river flow, which can cause dilution of metals in wells
during high water season. According to the amount of salinity and EC, irrigation with water can cause a quality
decrease of soil that leads to loss of cultivated area. Moreover, the fact that water is not suitable for livestock and
alternative sources should be introduced.
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Figure 1- Location of sampling wells along the Hirmand River
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Table 2- The comparison of heavy metals and water physicochemical parameters with WHO

Pb Cd Zn Cu Ni Fe Cr TDS EC pH 3y

g It gl?t ps cm'? - gl?t
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4.2 3.24 130 18 21.2 180.4 4.5 7.7 16100 8.95 7.11 Max
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1.00 30 3000 1000 20 300 50 15 6.5-9 WHO

catlig lajle (Saalsl O oS Jpd b s 5l 5V
Astuti etal. ddlas ) .cuwl (jd o )5 e VA) Sl
5l b slaols Ul S clils clale 5 (2021)
Copous a3 5l 5 0ad (g So3ll 3wl ds 5l S ainlxly
oS Jb yd il i (gadiwd s o 3l 0 58 B ldpe
Dy Bldpe Cwdls Sy (YU s> gy pg S paic
Wlas 5 yolie cbile g o5 ol LY jl S
PH (ezpd Gl jiws Kiw 0 b cdale Wl oyl
D9s ol aljls cbile ol coge Ny o jo ol oUW
PH 5 a5l wgSae darly PH e b 136 Ml 1
Oygods Jobe bl clils 8l dallae alie (LB
cble gals ams 0 a8 e wgwy g sdal 3 Jeloel
(owepe (Cruz-Lopes et al., 2021) .XféTL;o Sl olie
sbay jl ole cpbes s Wb cos O @l clle
ozl GgalinS] Jouily Ol PH (o By 4 SB
5 I DS oy csimd 1Sy slagyg £ 9 e
oy S (Sl Pl cudil O 3 dpge S
g B3y aw Gl g 3K 5 oal st g
ddlle ;> (Carolate and Violante, 2016) s

EirsiS Slae) SB 4 Sl 3 derse S i
L o3gr g SB il sla STy 2 kS & g 03933
ol lpy S gdse dgo gwwi obcws el coge
» ol eoliul bies o SISy pete b Anlgs
ol ] 5 olS SB35 Sl pen e ysliS
P ey a0 polie clale g, (Al-Hugail et al., 2022)
ZUSS Z e Ty Zpg)S ZaeedlS g0ty ddllas
5 i lS w0gr b 5 g polie ol Cundas oyl > o,
s b i (Sl by clale ey 35 peolly
S5 ol 08 i I CLIE (g oS (Sl 5]
cailigy Glojle d)lulin! b awlie > needlS 5 (g9 (uo
3,k ol ds Gl YL G cldale oS s > gy Sle
Wlls §) Job @l b b gk b A3 (5xSe)
ddlas > oyl célle Aamizadegan and Asrari (2018)
e B YR 5 o Siaclis CBE G5 ol gk o
4 ljlb Chle W ) p e e g (slaliuogy b O
Sojles 5 bl o Veo¥ skl 5l Sl o skl
50 weins ool cadS b)) o cllie ke
s ] & 3l oLt Pant etal. (2011) s s guilesls



AU oY Glbxbo (V€Y Jl.w ) b)LowS & 5)93/6&991 %ﬂ.&osd)w‘)é& Qw/gb&wﬁs%b& e

O G158 GRS gy 9 2lg,d Y-T-Y
ool p S ole 1 plST a slaco)lss Tl s
2 o8 i poli b pleosi (Sejb el o (St
‘51){ cu)‘):l.u W) d.d)f )Jaa » ool 00 03)9] Y J9A>
Stwsed (pgajl 5l adlbe dy50 Sl o Ay ()
Lodld oyl pusd Caa Joolbs gl g b odlaiol ygu ym
ool Cundty gl Jbolize (Swwon 8,5 5 odlitul 3)90
= o[-0 GL;M: BRI )i:.)l_i; 1.» i dLmole Pl
5 89y S8 quadls g9y (S5 onl Slilh g e )
(o (0<0.05) cusly (o )blixe g Cuto  Siumads muodls
5 JSo ol glee )b IS5 (Sl cglin Jole o
o blo)l el conday (g)boline g Cuto (Siuued podls
55 &9y 5 medlS (S5 coml lilh 5 Glas )b IS (as L
IS e b pH a5 s j5 (p<0.05) 39y jboline § Cuto

OA o K ol cble Cangemi et al. (2019)
aS ol ol (Whs! o) 950Uk )b s jd ol dals
ey saSin b ol piSeny g ol)S Jlw Gi2)S
sl S olild cble ag B Bl coge
sbedld 5 (65l Wil Sludl glie g 0ad (dnojn;

Sl ol clale nl38l e A o

oS 10 ChalE gaidigg —Y-Y

Wosly STy (owy o —V-Y-Y

(SaiS o Sar 2o Loy claoyle] L 1 laedls
5 oan ACGIS Jlilays 3 (6)Klueals 5 (39 Jloys
i pond 8 bl Sion S68 5 Siom S Sl e
L gy polis ity sl o> (o)Ll (sla Sy &S
B yuow] 9,5 9alS 90jl a5 5l aodly oled ol LS o
o b ooy s (S48 5 Koz b bl Jloy
Jby box-cox 4 10g & bas b ol Lt g Cuie
Ohgy 4 ok Mgl cbaY ded ClaBuie piw UMD
35 WGS_1984_UTM_Zone_41N «Sion S

O O3 9 O (o lousd 9 (S5 528 Jolge oy (Simmnod =T Jgu

Table 3- Correlation between physicochemical factors of water and heavy metals

Salin pH EC TDS Hard Fe Ni Cu Zn Cd Pb

Salin 1

pH -19 1

EC 0.69 -.03 1
TDS 0.91 -.13 0.78 1
Hard 0.17 0.02 041 0.47 1

Cr 0.08 -.46 0.11 0.06 0.04

Fe 0.70 -.09 0.64 0.80 0.26 -.16 1

Ni 0.86 -.09 0.69 0.92 0.32 0.01 0.72 1

Cu 0.42 0.26 0.36 0.38 -0.0 -15 0.52 0.46 1

Zn 0.67 0.01 0.44 0.75 0.31 -22 0.81 0.72 0.59 1

Cd 0.86 -.03 0.63 0.84 0.25 0.11 0.63 0.81 0.43 0.56 1

Pb 0.17 -.33 -.08 0.15 0.02 0.31 -.02 0.18 -.09 0.06 0.14 1
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! Standardized mean
2 Average standard error
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Table 5- The predicted error of zinc, lead, and cadmium
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Table 4- the predicted error of chromium, nickel, iron, and
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