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Abstract

Background and Purpose: Contamination of drinking water sources with
heavy metals poses significant environmental and public health concerns. This
study aimed to assess the non-carcinogenic risk associated with exposure to
heavy metals, including chromium (Cr), lead (Pb), mercury (Hg), and zinc (Zn),
in the drinking water of Hamadan Province.

Materials and Methods: This descriptive-analytical study was conducted
across nine cities in Hamadan Province. Data on heavy metal concentrations in
drinking water were obtained from the Vice-Chancellor of Health at Hamadan
University of Medical Sciences. Non-carcinogenic risk was evaluated for two
age groups using risk assessment indicators provided by the United States
Environmental Protection Agency (US EPA).

Results: The mercury hazard index (HI) exceeded that of other metals. The oral
hazard quotient (HQoral) was generally higher than the dermal hazard quotient
(HQdermal). Overall, the total risk for children (0.35) was higher than for adults
(0.1466).

Conclusion: The total non-carcinogenic risk index for all metals in both age
groups remained below 1, indicating no significant non-carcinogenic threat to
the exposed population.

Keywords: Risk Assessment, Drinking Water, Heavy Metals, Hamadan

Open Access Policy: This is an open access article under the terms of the
Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited. To
view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/

> Citation: sahraei F, Rahmani A, Aghababaei Z, Khamutian S, Soheil
Arezoomand HR. Non-carcinogenic Risk Assessment of Heavy Metals in Drinking
Water in Hamadan Province. Iranian Journal of Research in Environmental Health.
Winter 2025; 10(4):86-93.



https://creativecommons.org/licenses/by/4.0/

Gl 35 (59 9 0982 0 yaw 0935y O 38  Slb paw yud Sy (U 3 !

oloed oLl  Suwelis]

ouSs
Gy Mo bl el (S lils @ O plie (Sogll idun g alw
Jedodr oS S L agrlge 51 (23U Slas 25l ulple 095 0 g0 e
anllas g0l 51l o Coanl Sl s 4 Sl 05,8 31 56 llals 51
(89 3 032 w0 i09)S) K DI Gl pspd Sen) D)l Saa b 2L
s el fas bl ogels] O]
Vb o &5 Col Ll - apogi gaddllas Sy ol gasllas i by g Slge
Sl3ls Ll 4y bgsye slaosls 8,5 ©yeo VTR Lo o hiar il (b g
pole olRadls slilags Ciglee 3 laws oliwl goelsl Of jo sz ge i
09,5 55 lp oyt Sy 2l Saled o 5 03 Gpsleer plee (S
2 pdy pll el oy sl e Blis (ul5T sloar s SSTL (o
ez g Sl ple I ey eg 38 6l (HD) U jlas o sbaidly
5 e o lade 5 e (HQOTAD) ol )b 5l Shas cs Jladie S5 jeboas
s 0955 Sl U5 s s (IS jsbar sl cnsey (HQdermal) g, 5k
D9 (VPP YL )5 5l i (HIVD) lS0sS
FaS Sl palod g s sloog S olad slyy JS Sl (aSlh (e 15 S Az
b azlye 0)90 Cumez 2l e SIS o Bl Sl cplple adl oo S )
S oo e (s sk
Ohe (S Il Gaaldl Ol Sy 23] Wo3lgands

T 09,1t o lbogals 5 JLLBT g Sla ) b oo ol
Ol 10 (895 9 09> o pgyS) pSiw SlE Slb st Sy (b))
obime; e Culllgs L0 Lhagh (sdolilad oloes bl goeld]

AY-AZ(F)V N F-Y

Sy aabld

CBlagy (i 09,5 ) oulid)lS
pole oSty woctlagy oaSails laime
Ol eplaes laes (S5

Sl Lo ple

daoe cailagy cwaige 05,5 bl
pole Clidsy 35 0 wllage oaSlasls
colss i ke sl i
RN IRITVN

SLLBT 1,5

Lol 65, syl b5 gmtils
pole oRadls cublagy oaSlidls s
Olpleglaes (oo (Sig
Olbgols | o

Sl (pwdiges 09,5 (paatS (155
Slados 35 e cadlagy 0aSiils casxe
Shy pele olkale (Silag pyle
Sl ehan loes

g3 )T e L oo

055 s lpSs il *
oSy dame  ciligy oy
Olben (Sig pole oBails ccudlage
08 35)

(Jginn .Ql).ll ‘QIM

soheilarezoomand@gmail.com

VEYT 0/ F il o
Ve Y-l g,
ooy wlis g9

>
<

[ ouxo cuislags 3o g aobidad

VPV oo ooyl (g0 lond o0 0599



>
>

e e 318 s sy Sy sl [ K 5 1y SLLBT Lo e lom, caabol 3l o

G s glaasdy o o] ad U Gk
s Srog S (olod )3 e b Curogenns 395 o0
SaeolieS ;o (59, 3B Bras B)lse 5l ()) cwl Sals
£33 Azmds Jleal sy K & Slyise
ol 4 i Goeaids o 8 pl e 3,5 o, L]
o 5 o (V) 09800 JgyiundS 205 g oanalligl 4
Oilple (A) Sl (i) it D9 g b
Jeloar S SlB b agzlse 5l (80 Sl )
P on 4 ol Gl agy9 5l (86 @gllasls Sl
Bl Sy, by, pskiea sl sla ragh
Lbog a5 Gladles o cwl 488 O S
Oz «dpdy el VEY Lo o oS o SLET
Syg0 ,0 |y BalS G rae cedle (g ks sodaiule
5 ey by & N0 gadlae 3 ez
G5 Aol iz L85 Sye0 VTN Jlo o ol ke
stdlata iaalt] T s o Syl CBIE oS 02
5 005 o sl laibinl I eSS jlews adlllas )50
O ) og 5zl ] 5 ol cslagy S,

L agzlge gabavly 4 g slp pae Ol 31 ol
aanl b Jb pley 5o aeme olerd slooanYl]
b Glr ol e Gb o wgde el
Shs aulre e (Boe b s b5, (WHOY)
plnl s b Comer (oSl SO Gl 09290
o el S Sl (Sogll ey o a8 Slagios
Jﬁ‘ olf..\ib MIJGA xR JJ[B olf.\g.\) 9o )‘ .\49...4
iz slagslow 4 b Mo 5l (65 gl Slalllas
.]a.wy od.«i’:o«)g” u_)] l.: ‘5:".\5‘- «)‘9.0 d)«aao )‘ G.MJL: as
3 Oily b iz e Al e wonl S 518

I'World Health Organization

dodio

gy JBlans ol pl aloz 5l do 905 j0 anwgs anl 3 b
Sogdl ol cwl sals sbml Gl (Sogll (00,05
ShYsa (o5 5 (Sigdee Sluess obml noepdle
<l oslhel 5 e Slge (938059, s> asile
Ol 5 (V) 008 o ju Sl Sleends Sogll sl el
syl el S Sl 4 O] e Sogll o
Shle (Y) 208 0 g dhoe ey O
ol icanl by o smad 5l (S oS
& Wghoe AFLD () bae Jhd g (cew
oo 2ol wiile ala Sy RSl Jdoa
N9 2 @Vb Saenl I ogia 25 LB g Lo
(V) s

Faelal Ol 50 3529 poons b agzlye Canily ol il
03,5 oyl cogar cotlagy Llod 31 1, ol sla 1,5
e, G YL b 5o e Oliass b .(F) el
el 4 sl o)l e Jelse cde 4 lagylb
5 i i b ooiians 5500 DNA (g5, 5 13l
il g Ol Slagizs (Malloy (uils] (0) Wi
i DS (B Kol Sy bame I bla>
Olyear 1) 5 95 ogez ST ipgrenls” wiile
(F) Sl 09,5 (gaainlo (ool (gl Jolse
Sl3ls b 5l e Tsmg] anle akise 3,k 5l ol
Skys 5 lpe mizee Al LA aglye (S
5 23 oVl Sanlsl O Gl 5l S Sl
) Syl dezsm Gl gl sl |y b
Coio ips)S 50T wile glaclld Gk 5l peg)S
bazo 3)ly 0pf 5 (£bd olr Caro (e (L
2 okl G5y 2 poS e BT 51 g S
Wy st oS Ghige 9 Sl 4l oo D olisS
Logllhe 0503 o)lil wS 5 leads 4 col o
£9,S o, VYA il She ol ols S
) ogds0 3y oo 4 T Bk Sl

3l Wlsise Ll Boyb 5l oy o5 smlis G2 etes
2,5 o,Lal lgi oo 138 g Of daie (glep 4y 09l oy
Gk 3l sty S Sogll wops Yo Ve IS sboas
S Eras <l o e ol aun cnl Saslal O



Ok Jlosl S, b)) bs cél e 3o
Oy 5l S6 Glas (asll) Gl d slacs)len
salS cé )5 bl (YW 5 g 0gS w09 )S
2 e Pdeesd bl Sy Gl (2b)) Slewle

el u)f ralqdl YoVF ST )lj’él‘a).;
Olls ool e Sy, (Sbs)l adllae (pl o
jlas b plhae Sowlal O o sezge uKiu
OF) el 00y (6 S0l a5 Lanea cisli ]
Ol b agzlye 5l o0 4 Slb e ynd S, 25
wl Gpae &b 5l Saselsl OF )3 se2ge (uSiw
wibioo IS 2ol jo e Sy 5 ol b siwgy oles

CDI . VY el s

HO,. - oral (V) adasl
RED,

o, . = EPlion (Y adail,
- RFD,, .

Hr=Ho, A +HQ, . ) akaid,

$lp @hob e s s HQoral' YU Luly, ;o
A i HQuermal” ol Goyb 5l Sl 0550 518
HIT 5 gy oo 515105 0550 58 sl o500l o
CDI" il o JS ol5olo p e o g0yl
2 eS8 ke o axly a8l 518 o als) 590 (nSilee
Sl ez pe 590 55 RFD® Lailse 59, y0 p,55LS
V) Sl 59, 59 o5 5k 2 p 8 e 02ls L (oS
il

U (S Sy 2yl 4 bge el ) Jgox
Slp olaes sl gaslal O o (uSaw wlils )
Loy, 5l eolazul b aws o lid 1) JLS 5 s 0,5
oles «(HQoral) oy 3o, 51 Sl o o VY
055 &lp HD JS s cos 3 (HQdermal) ows
@Az bbb I e sl VLS5 e
Cand 39 o odalive ) Jgo 5l sdslcwwsa b
S8 ol 5l i CNVY0) oz 55 6l U5 Sl

! Oral Hazard Qoutient

2 Dermal Hazard Qoutient
3 Hazard Index

4 Chronic Daily Intake

3 Refrence Dose

Jeboas o1 (s lg 5l 6565 5 (2 potansS]
o P90 s Byme ooV pl Gglhaal ol S
sl son 4 pol gadllae cplply (V) a3l
Saalal Ol o 05290 S Ol cudls oz
ROV PUES LSV | 1 £ O WA R S v
SLIETP)

g0 osl S VAFAY Jolae goluw b laes ol
Oy 4 Ghle G YWOAYFA Jolro cirex
NSVEON LIPS <7 JRYNC SIS S WP SN PR W KW
sleobnl & Jlads oo 3l olw ) bl 4 Cgim
s 635y bl 4 38 Ceon el 5 (938
Jaie liws S 5 oliile S slaylin] 4 Gy Cow
0% g az > TY slo,loe o oliwl (! (V) 05d o

FY 5 ot o,e 4880 TA 5 ax,0 YO U agds
S Job (g4 80 Y8 5 a> 0 FA L aaBo YT 5 4> o
AY) O J58) )l 13 msn S kdlaas
ol St dos g St Yogoro dilate pl slopgo]
Sl Juise glagbial 5 35w g Yok lag i
YEY oga> oliwl cpl yo Al Swib :Sle
OF) aib g o e
8 ool Gl — hogs sailie Sy ol saslllas
ol 43T O go laen Ll Gl yed 4 mlaw o
Sl B oobe (05,8 sl Sl aslllas Gloj (se3le
chle 4 bgw ool aib o 17T olo aual
3 ohes Gl gaelsl Ol o g0 w3l
Solaaz plaen (Sip pole olStils il Cdglas
el 00
T Slotiss o i OhlS Clli i Cex
M S oslaez Ol slacs sk o baaigs
b yegySee +I¥0 glid il Gk sl alold
oy Laax b g (Sew loj (S 40 e WD
ol U bdiges ol Jaie az e oKiolejl 4y 0y
o il gaz o F los jo 5 Jlxdu jo (6,505l
Sl S5 5 Jawg badiges PH .(VF) o (5,00
PS5y by lotigai Jilotistyind b ot
(10) €5 & g0 (Lmm g [Metrohm)

>
o

VFY Glaas; polez (o lod (o0 0,98 cdare Cllilags o ioghy aclilad



0

-

e S 318 il sy Sy sl [ K 5 1y SLLET Lo e o caabls Sl

Gk 3l b cans Jlade S5 jebay puimes ablb o
039 (Swg Bk 3l s ol Jlade i Al

[ NST N LR

DI 51 (AL (Gl pa et Sy (L)) 4 Lgrye b

W S 095 &l laes sl Saelsl O je S
Jolo bl sl oals ools (L ¥ Jgus o 508

asler 3o 805 0 was e s ¥V Jeu

CGIVEYY) oguz 318 lp s cond Jlade o YLS 5

b Y Jouz @ daxg bl i Sl ple 4 coud
| . L L S o jlade 5 Q89S (S 09,8 p0 (IS b

E g o [eXy) el = e (,:j_, d—i)—'ﬁ )~|

Siowold] O o aslllas 3590 GI313 IS jlas a5l ) loges 3 ln e ln S5 S e ke ) Jlogad o
LS 351 5 G539 i 0355 93 (52 ylked i el oud osls Glas (g8 5 JLS 5 (G 098

s Ol eles HI Jlode g o sanlie a5 a35len

Syge e polie (lp Glboyupé Sy 2L
-\ .E_vb) )‘ oolaiul L (65) 9 09a ¢y ‘lbj;) dxllas

Sl uyl.mf)).a )l )—A—A-M-A—) ulfojf GAM 05; 6|)4

Ol 50 anllian 0550 W3S (1ol yuw yud Jlad o ) Jourr
VAR o 50 Y luSy 3 (S 09,5 (513 oled oLl (Sowolis]

e TS HQdermal HQoral i s

Yoo ) Jshe o eadail) mls lhe as bl ¥

Db ge Olils ple Sl des e I8 slp YLS )5 YA e LY 09,5
S 0922 (RFD) g2 10 590 (39508 pal ol e T e VA N o
O @ e g solasde (VYY) cwl Gl ple @ NIRRT e B ./-qVE ogu>
S G polie ol j Sy (2b5)! Gloasls YN AR ST 9
I dels @b wisly ey b ol gl NEEE T NV ol el

BUECINI VI SERL S KO RO QL;T sallao
@l b oS Cosl ooy o5 58 4 by e 2liolb e d
2l 4 axg L.OY) o)l Sledee ol sasllhas

b ‘@uo,., e Sany 2bjy) Slewlre 4 bgpe @l 53 axllln 5590 I3IE 10 s pad b3 S ¥ 3o
b ab ) b St s Jaie S AQ Lo 50 5595 i 09,5 (5l sload (bl sivmelsT
SLUTL T
O w=ly bl a5 e allys, cdlys 590 u°9’f5“’ S[-YFY oY <[eYYY

Sy Gl 4 Cand aly e Gkl G N NN NN o

5 Syl gadlae 5l Jol> mbs (V) able AIYEYY FRTI SIYYVY ogu>

2 o OllE Sy byl b oakly o ) Ses JJeYYY feeSY NRTE ©93

Slde a5 ols iS55 caelyg s (o ol ol N NI NTIRYA KATTERN Y,

ezl a4 S dlh Byl Sl Gl d S S
5 ook sardllas jo iz s (V) Wil oo iy Swg
2 e SlilE Sy Sb5)l oy 4 a5 ke



Olls Gl s e Sy 2b5)) San b yol> gasdllae
Sl JlS 5 S0 (s 09 90 0 eSi
polis 5 ol 48T Spgo Gher bl Sageld]
B oo 2550 595 9 0307 o ipgyS Wile (S
slp 5 sk 23l Ol adllae cpl jo b S
Sl S Sl sled g (g laeg S (sled
@holbreps SIS 5ep Bld 5l cplply widlbe
Ol )0 S ood s 55k 1) aglye Sj90 Cnex
4 borye JS a5 sl iy calllan 3,50 S35
Coedl oy 0a oo slpaiy 1A 0ll o 0gu> 318
L 5 s S0ty oSt S35 il 5050 SVl
S o Sl ) sty gl sl
298 Glie bl rizem 5 plhas oLl (Gagela]
DS S50

ki by IS gl anllas oyl 10510 )08 5 ,SES
pole oKzils 51 IRRUMSHA.REC.1400.710
g S e Baiamg e plaes (SSp
iy pole ollasls silagy Chglas 1T 095 Sl a8
s |y o) Ken ols DMLl sailyl j3 a5 laas
Ayl go el o]

FETREF R S ST T
vl eSS

el aild Jbo coles iogh onl i o colos
Ol pley dlie ol GBauns (S wlasde
Gy lS g0 il o ol Gy i uls L3NS
Wl cyle, Wlie ol 4o 1, gsluesls 5 Laosls
ONee &S (golo by ads adlie olas aigS o iz
S e 3y 1y 013K 85U lie s b ol e
2 Oy jsbay GBars pled gBadun g b
Iy yol> igh g ailails o8 jlie guios plxl g 1,2
L5505 Al g aslllae

b 5l i dy e Gkl Sl Sl
Ghmlis & 4z Lol Jlgrpa ol sasllls
055 5 Sl Glbjupd Sy b)) Job> @l
s el ke IS sty oS358 5 JLS 5 st
VS5 5l it Q088 e 095 sl (HD
)9 uby)...a.s c).Al L)"‘ J,:Jé ] ou\ié)f oonlice
Frdical ol @ 4 GYLS )5 4 Cond 058
L oawolie ;o o505 a0 abl eo obl o
B > ey oaVl LSy clile (ol (VLS )5
a4 gladlas o e 5 6,b s Syl 8 s
&P GAD 5o S Sl Sy 2b)l (o2
bl ganlllas 5l Jol> bs ol bl as ol
25 OB085 )0 U5 @liolb e Sy S ol s
45@[.4) (f) Sl 09gs )».M UYL..EN; l) MLM
Sl (HD JS e w3 (HQ) o s
)18 0929 2l yee DI 590 Jlato 090 iy
53 Comex dgd yieS ol o] ke azliz
ol galllas 43 (V) i el aigs 6,k |, agalse
ks oeizee 5 (HQora) ol Gk 5l b cons
JS exls 3 (HQdermal) cowgs @,k 5l as cos
OS5 5 0055 (s 05,5 50 o sl (HD) s
oS lallae wile Sy 5l jieS Slil el ol
Oipe e g Sl Gl o (Lo 5 g L
HD s a3l jlaie S5 jebas a5 ol oylas cé 8
Canl 009y g_i.: )| )..uoS UL’T daxlas Sy90 U‘JJ& 6‘)’
5 sl by a5 laalllas 51 ol mls peizpn (1)
5 holbre cdle S, @bl Soa b Gl
JRRE ETR R ST B R RN
25 08t patla oS ols i 5 285 plowl e o
3 ol @l (V) caul o3sy USEPA" wlenl o
Sl cilbe ol gallae L o] gaallla

! United States Environmental Protection Agency

P o]
—

VEY Gl pylez (g0 ke (s 050 came Cdlogy ;0 Lipgh delidlad



Py
—

e S D3l Sl e Sy 2 o 5 15 SLLBT Lo le Slam ) aabls Slmo

References
1. Rajaei Q, Pourkhabbaz A, HESARI
MS. Assessment of heavy metals health
risk of groundwater in Ali Abad Katoul
Plian. 2012 (In Persian).
https://doi.org/10.29252/jnkums.4.2.155
2. Demir V, Dere T, Ergin S, Cakir Y,
Celik F. Determination and health risk
assessment of heavy metals in drinking
water of Tunceli, Turkey. Water
resources. 2015;42:508-16.
https://doi.org/10.1134/S0097807815040
041
3. Khodabande S. Accumulation of
heavy metals in sediments and fish in
Caspian Sea. Journal of Water &
Wastewater(In Persian). 2000;29:19-42.
4. Shahriyari J, Rezaei MR, Kamani H,
SAYADI AMH. Carcinogenic and non-
carcinogenic risk assessment of heavy
metals in drinking tap water in Zabol
city, Iran. 2020(In Persian).
5. Kamari Z, Alipour V, Dindarloo K,
Fazlzadeh M, Ghanbarnejad A, Ghaffari
HR. Assessing the Risk of Carcinogenesis
Caused by Exposure to Heavy Metals
Through the Consumption of Drinking
Water (A Case Study of Bandar Abbas
Drinking Water). Journal of Preventive
Medicine. 2022;9 (1):90-101(In Persian).
6. Mishra S, Dwivedi SP, Singh R. A
review on epigenetic effect of heavy metal
carcinogens on human health. The open
nutraceuticals journal. 2010;3 (1).
https://doi.org/10.2174/187639600100301
00188
7. Movafaghi Ardestani M, Pardakhti A.
Cancer and Non-Cancer Risk Assessment
of Heavy Metals in Ground Gater
Resources of Varamin Plain. Journal of
Environmental Studies. 2022;46 (3):463-
79(In Persian).
8. Sadeghi Rad M, Amini G, Shadparvar
A, Arshad U, Jooshiden H, Afraz A.
Determination of Heavy Metals (Zn, Cu,
Cd, Pb, Hg) caviar and muscle tissue in
Persian sturgeon (Acipenser persicus) and
Stellate sturgeon (Acipenser stellatus) in
Southern Caspian Sea. 2002(In Persian).

9. Aghayani E, Shekoohiyan S, Behnami
A, Abdolahnejad A, Pourakbar M,
Haghnazar H, et al. Health risk assessment
due to the presence of heavy metals in
drinking water resources of Maragheh city.

Iranian ~ Journal of  Health and
Environment. 2023;16 (1):31-52(In
Persian).

10. Tarviji H, Shekoohiyan S, Moussavi
G, Heidari M. Health risk assessment of
heavy metals in water consumed by
families living in some villages of
Mazandaran. 2022(In Persian).

11. Scheuhammer A. The chronic toxicity
of aluminium, cadmium, mercury, and
lead in birds: a review. Environmental
Pollution. 1987;46 (4):263-95._
https://doi.org/10.1016/0269-
7491(87)90173-4 PMid:15092724

12. Halimi L, Bagheri N, Hoseini B,
Hashtarkhani S, Goshayeshi L, Kiani B.
Spatial analysis of colorectal cancer
incidence in Hamadan Province, Iran: a
retrospective cross-sectional study.
Applied Spatial Analysis and Policy.
2020;13:293-303(In Persian).
https://doi.org/10.1007/s12061-019-
09303-9

13. Tohidloo S, Azami M, Ahadnejad
Reveshty M. Analysis of Regional
Strategies for Agricultural Development in
Hamedan Province. Agricultural Extension
and Education Research. 2017;9 (4):47-
58(In Persian).

14. Vidosavljevic M, Puntaric D, Gvozdic
V, Vidosavljevic D, Juric D, Begovic L.
Assessment of arsenic in hair of the
inhabitants of East Croatia-Relationship to
arsenic concentrations in drinking water.
Water. 2022;14 (10):1558.
https://doi.org/10.3390/w14101558

15. Abadi M, Zamani A, Parizanganeh A,
Khosravi Y, Badiee H. Heavy metals and
arsenic content in water along the southern
Caspian coasts in Iran. Environmental
Science  and  Pollution  Research.
2018;25:23725-35(In Persian).
https://doi.org/10.1007/s11356-018-2455-
7 PMid:29876847



https://doi.org/10.29252/jnkums.4.2.155
https://doi.org/10.29252/jnkums.4.2.155
https://doi.org/10.1134/S0097807815040041
https://doi.org/10.1134/S0097807815040041
https://doi.org/10.1134/S0097807815040041
https://doi.org/10.2174/18763960010030100188
https://doi.org/10.2174/18763960010030100188
https://doi.org/10.2174/18763960010030100188
https://doi.org/10.1016/0269-7491(87)90173-4
https://doi.org/10.1016/0269-7491(87)90173-4
https://doi.org/10.1016/0269-7491(87)90173-4
https://doi.org/10.1007/s12061-019-09303-9
https://doi.org/10.1007/s12061-019-09303-9
https://doi.org/10.1007/s12061-019-09303-9
https://doi.org/10.3390/w14101558
https://doi.org/10.3390/w14101558
https://doi.org/10.1007/s11356-018-2455-7
https://doi.org/10.1007/s11356-018-2455-7
https://doi.org/10.1007/s11356-018-2455-7

16. Means B. Risk-assessment guidance
for superfund. Volume 1. Human health
evaluation manual. Part A. Interim report
(Final). Environmental Protection Agency,
Washington, DC (USA). Office of Solid
Waste ...; 1989.

17. Aalidadi H, Karimi Z, Dehghan A,
Mohammadi H, Paydar M. Determining
the indicators of carcinogenic risk
assessment of heavy elements in the water
resources of the Torbat-e Jam city in 2022.
Journal of Research in Environmental
Health. 2024;9 (4):417-27(In Persian).

18. Seleem EM, Mostafa A, Mokhtar M,
Salman SA. Risk assessment of heavy
metals in drinking water on the human
health, Assiut City, and its environs,
Egypt. Arabian Journal of Geosciences.
2021;14:1-11.
https://doi.org/10.1007/s12517-021-

06784-2

19. Liu N, Ni T, Xia J, Dai M, He C, Lu
G. Non-carcinogenic risks induced by
metals in drinking source water of
Jiangsu Province, China. Environmental
monitoring and assessment.
2011;177:449-56.
https://doi.org/10.1007/s10661-010-
1646-6 PMid:20706795

20. Bello S, Nasiru R, Garba N,
Adeyemo D. Carcinogenic and non-
carcinogenic health risk assessment of
heavy metals exposure from Shanono
and Bagwai artisanal gold mines, Kano
state, Nigeria. Scientific  African.
2019;6:200197.
https://doi.org/10.1016/j.sciaf.2019.e00
197

D
-

VFY Glaass polez so)lod (o0 0,90 cdaore Cllilags o ioghy aclilad


https://doi.org/10.1007/s12517-021-06784-2
https://doi.org/10.1007/s12517-021-06784-2
https://doi.org/10.1007/s12517-021-06784-2
https://doi.org/10.1007/s12517-021-06784-2
https://doi.org/10.1007/s12517-021-06784-2
https://doi.org/10.1007/s10661-010-1646-6
https://doi.org/10.1007/s10661-010-1646-6
https://doi.org/10.1007/s10661-010-1646-6
https://doi.org/10.1016/j.sciaf.2019.e00197
https://doi.org/10.1016/j.sciaf.2019.e00197
https://doi.org/10.1016/j.sciaf.2019.e00197

