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In order to investigate the quality of groundwater in September 2022, 35 samples
were collected from various groundwater sources in the Azarshahr plain, and the
main elements, nitrates, and trace elements such as chromium, cadmium, nickel,
lead, and arsenic, as well as two types of pesticides such as imidacloprid and
chlorpyrifos, were analyzed and compared to drinking water standards. The
drinking water quality index for the study area was calculated based on the
concentration of parameters in the samples, and the health risk of cancerous and
non-cancerous diseases for two age groups, children and adults, was calculated
using the criteria of the United States Environmental Protection Agency (USEPA).
According to the findings of the studies, the region's water quality index is
average, and the non-carcinogenic risk index for children and adults is less than
one. It is hazardous, but the risk of carcinogenesis in the entire region is greater
than 10", and its consumption poses health hazards due to skin contact. The health
risk of cancer is many times higher in the region's south, in the cities of Azarshahr
and Gogan, as well as the adjacent villages. The correlation between the GQI map
and the health risk maps revealed that the correlation of carcinogenic risk is
greater than the correlation of non-carcinogenic risk, and based on the correlation
between the parameters in the region's groundwater, the elements influencing the
health risk of carcinogenesis caused by geogenic factors and human activities do
not play a significant role.
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Figure 1. The basic map of the catchment area of the Azarshahr aquifer study area and the location of the sampling points.
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Figure 2. Geological map of Azarshahr watershed (taken from the map of the geological organization of Iran).
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Table 1. Statistical description values related to the concentration of analyzed elements in the study area in September 1400.

Parameters  Units Range Min Max Mean Std. Deviation Variance CV (%) WHO Standard ISIRI
pH _ 1.7 6.5 8.2 7.1 0.4 0.1 5.4 6.5-8.5 6.5-8.5
TDS (mg/L) 8106.8 265.2 8372 2194.4 2229.2 4969122.5  101.6 500.0 1500.0
EC (us/Cm) 12472 408 12880 3391.8 3424.6 11727858.5 101.0 500.0 1500.0
Ca™ (mg/L) 1562.93 36.07 1599 377.7 393.0 154418.7 104.0 75.0 300.0
Mg (mg/L) 40299 1021 4132 984 112.2 12579.0 114.0 30.0 30.0
Na* (mg/L) 85521 29.89 885.1 2014 21222 45049.2 105.4 200.0 200.0
K (mg/L) 25.024 2346 27.37 10.1 7.0 48.9 69.6 10.0 12.0
HCO5 (mg/L) 6208.24 4576 6254 5754 1000.1 1000213.5  173.8 150.0 150.0
S0,? (mg/L) 1756.5 205 1777 3202 351.0 123170.8 109.6 200.0 400.0
Cr (mg/L) 4139.41 26.59 4166 689.8 1033.8 1068662.9  149.9 250.0 400.0
NO5 (mg/L) 349 8.6 435 269 7.0 49.1 26.1 10.0 50.0
Cd (ng/L) 0 0 0 0.0 0.0 0.0 - 5.0 3.0
Cr (ng/L) 7245 0 7245 211 19.5 380.0 92.6 50.0 50.0
Ni (ngL) 176.18 3892 215.1 90.4 51.5 2648.5 56.9 20.0 70.0
Pb (ng/L) 191.72 67.18 2589 1459 52.0 2703.9 35.6 10.0 10.0
As (ng/L) 360 4 364 81.4 75.5 5696.8 92.8 10.0 10.0
Imidacloprid  (pg/L) 0 0 0 0.0 0.0 0.0 - - -
Chlorpyrifos  (ng/L) 5.2 0 5.2 0.1 0.9 0.8 591.6 30.0 30.0
Color Code Pesticide Trace Element Minor Element Major Element Properties Bold Value Exceeding Standards

Table 2. Correlation related to the concentration of analyzed parameters in the study area

EC pH K" Na* Mg? Ca? S0, CI  HCO; Cr Ni Pb  As NO;y
EC 1
pH -0.65 1
K 0.78"  -0.50 1
Na* 096" -0.56 0.89" 1
Mg 099" -0.63 0.77° 095" 1
Ca™ 099" -0.65 071" 093" 0.99” 1
S04? 094" -052 086" 0977 094" 092" 1
Cl 0.99™ -0.62 071" 094 099" 099" 093" 1
HCO; | 035 -044 078 046 0.33 0.27 0.43 0.23 1
Cr 0.72° -0.65 0.52 0.64 069" 073 058 070" 033 1
Ni 098" -0.7 071 09" 098 099" 090" 0977 032 076 1
Pb 0.84"™ -036 0.81" 0.83" 085" 08" 084" 0797 053 052 084" 1
As 0.58 -0.43 091" 067" 057 0.50 0.63 048 092 044 054 076 1
NO5 031 043 -012 -015 -034 -031 -0.11 -030 -0.11 -0.16 -039 -043 -020 1

** Correlation is significant at the 0.01 level (2-tailed).
* Indicates the degree of reliability of the calculation of the correlation coefficient between the data.

* Minimum confidence 0.95% and ** Best assurance 0.99%.
Items with a high correlation are marked with two asterisks that have an R above 0.05.
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Table 3. Parameters for calculating the average daily dose of each element through water consumption and skin contact

P t Unit Oral Dermal

arameters " Adult Child Adult Child
IR (Ingestion rate) L/day 22 1 - -
EF (Exposure frequency) days/year 365 365 350 350
ED (Exposure duration) Year 70 10 30 6
ET (Exposure time) h/event - - 0.58 1
BW (Body weight) Kg 70 25 70 25
AT (Average time) Days 25550 3650 10950 2190
SA (Skin-surface area) cm2 - 18000 6600
CF (Conversion factor) L/cm3 - - 1.1 _
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(USEPA, 2018) ceslj b yus 05Ls L agalse 53
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ELCR oral — CDI oral % CSF oral (\Y 4]9)])
ELCR dermal = CDI dermal % CSF dermal (“ﬂ ‘\-Lvl)
ELCR total — ELCR oral + ELCR dermal (\\: 4-‘9)])
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Table 4. Oral and Dermal reference dose of trace elements and Nitrate in the body (USEPA, 2018)
Element RfD oral (Kg-day/mg)  RfD dermal (Kg-day/mg) CSF oral (Kg-day/mg) CSF dermal (Kg-day/mg)
NOy 1.6 0.025 - -
Cr 3 0.075 4.1 4.1
Ni 20 0.8 0.84 0.84
Pb 14 0.42 0.042 0.042
As 0.3 0.12 1.5 3.6
Cd 0.5 0.025 0.63 0.63
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Figure 3. GQI groundwater quality index map of Azarshahr Plain based on the drinking water standard of Iran.
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Figure 4. Distribution map of Non-carcinogenic health index for (a) Adults (b) Children.
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Figure 5. Carcinogenic health index distribution map for (a) Adults (b) Children




YA OH&ad g il (A pili] e g iyl g Sty 2l b o duang o 9 iuo it j I Sy U e

S0 w1 g SNHOW g Soow St 5 2L b T CuieS (a5 L aulio F—Y

& Cawd P (Sumed ol (asls Cul ol o i (0) Jodo o a5 (838 5 o YWS 5
(Y) Ja.\> 2 LY «_JL.of 9 u_c)s ‘L;Lol ‘_sLmuy O M u»l.wl).: 9 Cawl 03y uL.MJ GQI L) L;")UUD)“’)"'C
s Mo Sily 48 ansly GYU (Siesed Lol polis o BC b yolis ad @lyi jl iy aal ond oly Li
Ol o)ls aibaie 53 Serge Sl o (48] Sile) (o)lsl 3T clacKis 5 Mol 1 55 45 canla Sogl ol Lt
LEC i sl ggd50 ol (nSo Ol gl bl iy Coms s sl ogos g, 5l 5 00 e
5 5l asllandjge o3gamme T mlio 4 lyns B3l Yieinl & canl sljbes! o Liie 5 40dls Siuen @l ys
Sy PV Jlois| ).e(..:)bl Q|9;>'r.31 03945t 43 wlwl (pl p .Cul u_ijl& soMsb 4 (55)lis slacdls
ooyt s lon 95 5 sdole Al Jalse Vil g 0352 N30 Jolse 31 gtie il (slaes oy
ozl 53 a8 cul cde ol 4y (RP=41V) Ll Sany (e ls sbvadiss b GQI adis Vb  Siusesd ol
Lo Ylan) sl a2l 3)lukil jI i clale o8 ond 3JUT (ClaS o Llol) polis ddy @l iy o3l
o 1y 86 pote S polie cul gl o b lslyen o] (]33l K59, 5l Sljpe polie ol
u.»L...ul LgLD:&.«JL:S aS CuBd )‘ u_:Lm_,M.a 29 S «_Jalszuc s )..oL.C Ay 6’)9" l) «_:‘).A.u O 6’)9) Cwl 0dg
ool 00 b iz ) eV peolie @yl5 5 yiuS (SB oMol 5 slosd (cldsS I sxlitl Ak

Table 5. Correlation of health risk index with GQI

Correlation coefficient () GQI
ELCR (Adult) 0.72
ELCR (Child) 0.71
HI (Adult) 0.19
HI (Child) 0.18
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