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Abstract
Background and Objective: Heavy metals enter water supply sources
through various processes and, by entering the food chain and accumulating
in tissues, can cause adverse health effects on humans. Therefore, this study
aimed to determine the concentration of heavy metals in drinking water
sources in Azadshahr city and assess the carcinogenic and non-carcinogenic
health risks of the studied metals in this region.

Material and Methods: This descriptive-cross-sectional study used
instantaneous sampling from 10 water sources. The concentrations of heavy
metals (arsenic, lead, cadmium, chromium, zinc, nickel, and copper) were
measured using standard methods by atomic absorption spectrometry (ICP-
MS). The human health risk assessment followed U.S. EPA-approved
procedures. Environmental Protection Agency (EPA).

Results: The results showed that the average concentrations of heavy

metals (nickel, zinc, copper, lead, chromium, cadmium, and arsenic) were
0.576, 0.487, 0.811, 0.118, 23.29, 0.014, and 3.466ug/L, respectively.
Based on this, the highest and lowest average concentrations of heavy
metals were related to chromium and cadmium, respectively. The results of
the carcinogenic health risk assessment for all metals in adults and children
were within the high-risk range. The hazard index (HI) for non-
carcinogenic effects in adults was within the low-risk range for all sources,
while for children, seven sources were in the low-risk range, and three
sources were in the moderate non-carcinogenic risk range.

Conclusion: In this study, the levels of arsenic and chromium metals were
below the standard limit, but due to their high carcinogenic potential, the
health risk assessment indicated a carcinogenic risk for both arsenic and
chromium in both adult and children age groups. Therefore, we recommend
regulatory units prioritize continuous heavy metal monitoring.
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I Chronic Daily Intake (CDI)

2 Hazard Quotient (HQ)

3 Hazard Index (HI)

4 Cancer Risk(CR)

5 Concentration of the contaminant in Water (CW)
¢ Exposure Frequency (EF)

Sl oSl mlie 285 Sppe Gal Jed
ol 50 e ol ddl> VY Jels piolil Sosels]
s slaols 51 T e Vo 5l legose oo sasdllas
@labid (hgya pedolil loyol oaSd piaew 5o
Oyye S paiged ol ol plml (g)ls paiges
aee Vg sl JIs songaze ;0 ade A Sl i
RIVEY TRV EVL | P Jv W VIV IR PR C PR I E R O

Lol 00l Rt | pguas o A_JT éal.m

axdllao 8 )90 adlio ©f @il 2L jao CurBgo ) pgad

L g ol Gialejl o laibil slo g, Billae (5l paiged
0 by dmsl i 31 oyl oy sl s 5 osliiasl L Y+ VY
il litaty 5 S aiped 5| oy il S it |
15 5UT 51 B b g 4Ll ladigas 4 oS it dadiges ;)
Ol S Nad (65l Bl S il ez, ¥l neS sles
Yl S o PH zals gl as 0 £O S psanwl al> e
A eolaiwl
oBws b Ghow Sz Loy g0y Cale; b badiges
By oly b Jitse oSiill & ICP-MS
S o ICP-MS sl&ws 3 (oK aljls cdale
cSle YoOY Jlo o by Integra XL JoGBC
s olitl Wl g8

albo 0,50 sailio &y
Sbwl jo &by piolil liw pis adllae 5,90 (gablaie
Slaide o0 ol plisyes adbee LS
b oodyd 008"+ 5 Jlad ¥YOV ¥ LLa s
ol s il mpeyieshs AAY S coles
sl 0555 15 AFNY ¢ s 10 Carna o yLa pos
Ohlodetz 5 63550 (iu 90 4 aalllas 9,50 (sailate
g eSS Gaailenss yad ¥ glile 5wl ond s
bl 4 gorldl L 51 e b0l3T b ol il o ol

—
—

VEF L sl sojleds ool 090 cdams cublagy jo gy aslilad



—
—

Bs_iwu)ibd.@‘)‘yo )l g_s‘“b gg...ua) @b))llm‘ochw &5‘“‘"9" ‘UB'L“")‘)""" 6...>|o)..

oMl Kty by g2
ol cdale 5,5o5lwl 5l ol mls IS jsba
clale > 4 as ol las liw gl O milie jo S
peadls (S (59, sy SIS A 0y S 58
WHO 3, lastiwl a5 ol e S 55 o (JS
ool mle pl doye Ve
S laibiwl a5l pg S il olie malie cpl jo andl oo

5 o3 Somb EPA

Ll SYL sdldngs
Ol ©f mlie coodls Sy (2151 ol b
5 EPA (S ol sy oyl Jowe sl eslaal b
bl s Sldlas 4 axg5 b .cal ool @31 8 Jgun
by jlade Sile osal Josts sla o) p g S
QYL 5 (G 095 Sl Q095 (g 09,5 )3 il
Ol Sy eye allyy, Sl Gl wilbiee 555
P Sy @il i ()18 &bl adllas 5)9e
F Jgee @l cel (095 5 (LS )5 (g 095
= 09,5 53 S Sl ol e S (S0l
G odgzme ;0 Sitwyl g pg)S Sl (VLS5
5 hegle Gosgazme ;oSS Sl 5 b ol
el 0 18 oS (e gedgae 13 0y g pseeslS
GBS (G 098 0 e Sl il e S,
@holb e sesgazme ;0 it S5 g paresls SIS
S e p9)S 5 o oSyl S5 bge g oS
Seasy oSle 3l 1B VL 5 o5 LS Vb sosgame 5o
(S35 P9 wope S (S SIS b s e
o 0355 5 Sn)] 5 S ) aS s 5 UK cpgendlS
@hO syt Sy 5ol 0Bl o0 S5 5l it 5055
5% asllas 3,90 SIS a5 o gy Byl I S SIS

L,’_31.1)‘)1 ubduaﬁmbybwbsa&.)l,wfd*mwl

039 BW' il s 5 agzlge ooy wae EPY Lo
2 oSl ooy Do AT 1,551 o s banagia
Fogils qu p Cavgy oled e SAT s,
e Fowg spdda el PCO g
P S TS X S PSCRVIE =) AR ESYRELPEY
Ped e aid)S L 55 Slas (armlxe sl s,

03,9l & F ¥ SV¥oles jo cdles Sz Sbs,l sle il
GO ez sl @ baye Vo gdolee a5 ol ool
a0l Gl e Fogdlslas 5 315 ol 5l Gl
A S el O gdlolae 5 Cengy By 5l by
eyl sl CR e o8 ol yo amo oo ol |y Glb pos o
109d o0 medi Vb (L g @S> o3l o Sl @
e Sy 23ls HQY plbopur ot Jule S
oS 515 318 Symy Sy, w3l Ky ) i ST a8 co
ag>lge 399 Jlaie RIDY o )las sgmg S, ail 5 )
Suled 50 aBbioe jo) 2 eSS 2 S e > (ohe
o 095 2y olils el e Jls aSlh geems
By waly> Sy pals (lgieas allon

CRoral = CDI x SI:oral
(¥) dolro
CRdermaI = CDI x SI:dermal
(F) dolxs
oD
HQ = RFD
(0) Jolxe

O g5 ]9— 8 5l Sy Glie Gl
andllas opl ;o .0 ool EXCEl YN8 ST 0 S,

Sl 5o 2lolb jwé 5 2ol e o Gaplan
Ozt Lewl o aseie ) Joazr 50 (S

YoV daz oV 5 (69555 sl yial )b Sy Judoxigas o8
assl

J9uz ;o addllas 5550 slaoly o (oS I3l clale s

el 00 00ls UL..; ¥

! Exposure Period (EP)

2 Body Weight (BW)
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