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Abstract

Introduction: One of the most important and influential pollutants in the water is heavy metals, which exceeds

its permissible levels causing various diseases, including cancer. The aim of this study was to review the
relationship between the amount of heavy metals in drinking water and cancer and provide a more effective
solution.

Methods: This was a systematic review using the PRISMA protocol to search kinds of literature international
(PubMed, Google Scholar, Science Direct) and national (SID, Magiran, and MedLib) databases. According to
the PICOS strategy, all published papers were retrieved in English and Persian languages until February 2020
using different combinations of keywords such as water, heavy metals and cancer and the Persian equivalent
keywords. Final selected papers were critically appraised with the PRISMA checklist.

Results: Results of review studies showed that the presence of heavy metals in water has many effects on human
carcinogenic risk. In some studies, analyzes of water samples have shown a significant relationship between the
amount of heavy metals and the incidence of cancer. Calculation of various indexes such as Carcinogenic Risk
(CR), Total Carcinogenic Risk (TCR), Excess Lifetime Cancer Risk (ELCR) index, Health Risk Assessment
index (HRAEPA) on the carcinogenic effects of heavy metals and its comparison with standards in various
studies show that most heavy metals, especially Arsenic, lead, cadmium and chromium have a high potential
for carcinogenicity in humans through drinking water.

Conclusions: Some studies have emphasized the relationship between amount of heavy metals in water to
cancer. Increasing the concentration of heavy metals and their compounds from the maximum acceptable
concentration in drinking water has adverse effects on human health and leads to mutagenicity or carcinogenesis.
To prevent the harmful effects of heavy metals in water, the first step is to control man-made pollutant sources,
and continuous monitoring and pre-treatment treatment becomes more important and necessary.

Keywords: Heavy Metals, Water, Cancer, Systematic Review.

- J



http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

(‘:ﬁ@s’}’-&“mﬂ Olb,wagél,»o\.:ﬂb’)

V€Y ]ﬁb Y b)w Y 0,93

(Sl 39 30) S o b (G0l T T (pafias O30 (5l w0 DL 5 (w2

¥ ool yrol e T pigael i s dose ) ol (15,5 s

D5 (B dad (S po-le olSiily iy 03ty e Cdligy (cdige 09,5y e sl (5y5lid g pole L 5 50 )
ol

(s Bgho I (S pode oSy ccdligg 0aSily e Cdliny (ign 09,5 Sl (i e sl (6)9LS 5 pole Cliing 1S je Y
Ol 05

(s Bgho A (S pole olSiily coiligy 0uStily daons cdligy (g 09,5 )il (i baoe (sl ()5l g pode LS 5550 Y
o=l

Clige 028l oo Cbligy (dige 09,5 lame sl (65l g pole Cliiod jS 50 (el IO > T Phmmno BN g
=l @i (e b (S psle oSl

hkardanlll@yahoo.com : i)

VNV bl ol Ve INYY sedly o o)

4 )
oW

by ales 51 il ol ylow dlul el )] 5bre 51 i pdlie 4 ol 1S I8 T IS 31 g pre (sl 00T 51 S oo
85 plodl 5 5ge ,Kaly dil) g by b Sl T S s a0 bLs,| p dke pllas ygye i b anlllan oyl 39 0
PubMed. Google Scholar. Science) Lol oy sl ol )3 g g lojyys JSSgp (olel 5 (55950 adllae ol 1)1 (g,
oSSl b5 4 00 it Yo pled PICOS (555 il 4 495 b .5 plool (MedLib 5 SID.Magiran) o sla oSS 4 (Direct
o sl Y le g gotiues SlalS ol oS )5 9 €Ki M 5 €l o «UI (oS lalS 5l odlil LYY+ 45,03 b o )b
28,5 L3 b)) 3)90 PRISMA cand S L

S bl sl Sl Sa)y 3 Syl Sl il p S IS dgmg a8 b L Sladllas ygy0 golis t a8l
ol 03 Ui b s 9 b i Sl lise (ogas 3 1y (o)blixe alasly (ol (gl aiges I e plol (sla LT lalllas |
s Sty o3 258 BLCR (55 {TCR) oo S s {CR) (5l s Ju 5] il sl il dplons
oo 3l ST ams o s calisee Slalllas 5 Lkl b ] dslie g opSiw 318 15l o <l 3l jogas ,> (HRAEPA)
Sl Sa0lal Ol Gy 51 sl 5 Il ps 5> 2Vl Sl p9)S" 5 p300dlS” e oo St Loguas

Ll 0 55 (i A3l e 312> 15T (o 3 b T 53 5o A3l ol A5t lillan 53206 8 s
Sy lp )b Jd aly ol by b ol Liae 9 4usly ladl (2o s g @l 3l Sawalil (slod] )3 jlome clale Slis )
o3 5 Cupnn o s 44 g o sl 5 0395 <l ] 0155 il L35 IS sl o 13 et Sl i
S o Ly (e

Solatunms y90 Gl o el ¢S 316 2 0319008

- J



http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

Oy s ybad 5 Ol o S iy bLs) 4 o
o] S 5 S oy (Y VA ol 015 0
el Gl sl 3 (039 Sy g ye 9 Sy
5 by Jolss sy Jdlas ey (sl L (g5l
oials il o ) by gl il Mol b il (o
s3lie oye > Gyl ) 8 L oo i
ol b )l b Sawelsl Ol s opSiw ol s YU
b i il adal) (o g apeldl O cas 8
ol (Sl gl codw bis (gl (b o
posls 5 US gy Sl poizgll (il ooy
o= 3 =S e .l o i s lisee Gl allas jo
Wiged (oo (it 3)ly hliBie (6o ye 3kl 48T polie
b Jolow JSt )3 g 00d (S i Sel aily o
Gan L adlls oyl (1)) 1S Uil s by (oL
o i i lie L 1 s pLLSS (590

23,5 ol 5 se JSaly 4l g ol y Ly Sanelil

5 Gigy

L a4 Cl Soiloiun jgy—0 adlie S p b asllas
2 o Sl e bLS) o aie pLLS 90 B
A plsnl 45 5ge Haly 4]yl g ol L Sawels] O
S go2 9 (bl (g g 4o e e alllas
PRISMA (Preferred Reporting Loy JS gy 5l co¥lis
(Items for Systematic Reviews and Meta-Analyses
8,8 plogl d sy 93 30 g A odlaiwl

WA ol oo U oads piitio lallas latl ¢ Jgl als o 4o
O (Sl sl oL 5l ()l g (ST L 93 e
Google ScholarEBESCO . Web of Science. _lJI
o& L 4 ScienceDirect. Pubmed. Springer. Scopus
5 Irandoc 4 Magiran SID « MedLib 13l <l _eMbl
WHO:EPA s_le Mol oy oy slo ol oy iron
Yo .85 Iy B g ws 3)50 5 Ll UNISDR 4
sl 05lga s 5l ealawl Ly 4 PICOS (¢35l sl csley Ly
—y8 Jsl_=o o «Water». «Heavy Metals». « Cancer»
Lo aS €l € pSis Ol 18» O Jols Ll
PubMed ,(MeSH) S_ij cadgo polic ) jl oalai il
5 3503 L Las o3lgands’ calisce @S 5 Ly g acal cy
S ims 4o OR g AND (63, Slos slasls oS
S imen S gl liise la o0k IS

vy

4odko

Sl il galio (hinS 5 (e 4 dns L
SR Jare S dn S alp e ey b
Ol oS Sl oo e ¢ lie ol as o
JB s el g arih ate ol 3t ) cwodw
Ol ) i S (1Y) 595 (e o (0 By
3 osliil 5)90 calisee 3l I gyl ) i Sl
JLwdeee 8l s oy Jlie g e d il 48§
ol ple b, o ay ¢ Sledluw pllas jd ¢ iy
F) el 0 o3l sl L s 5 e sl ag) g Sl
e § oled B g (55)9LtS @y dagi ot
WP PR 0 PN v SN 21| O] PRI PSR e SV S
399 Cel OISl bwgi (o)Ll 5 yod 3,018 g oxliul
9 09— 93l oy (59 e o (i I8
O @l Ll (0) 395 (o Cnnj e d pgS
Lol jl sl g b 3pb jl oy laoxo
sl (Gl Gl (i ljé S (e plodl
oy glie Sl it oIl g s oo 3l o s oo
bl b 3l g (o sl ey 85 5 Joo 5 55l
(F) W53 (g0 0)ly SLS ay (65)5liS’ SV gmazme g (o)
Sygmo dny Ly o glio )3 59290 (i il IS o by
S5 g (o o o o)y cdlis Ll Ly g (mebo
S35lg (nSiw lils 4 Ol aolie (SS9 xnbo pie
ooled 3 O abio Ly 4 el ylo SLS 9 S o anb
&3 10lg o i (539l Sl (ol golie (V) M
Gl s gols oa b dtial daws Ly 0l s dpial OIS
ol s gols (gladgS 5l ooliiwwl 5 (lse gl el S
29k d gl 48 (oo 5VD (s 51 (AF) Al (i
i 5B VY alias oyl 4,8 Lol (o yxe yd Cbige g pmld
LUyl 55 s s ool (8) A i 3l
Ll (o a5 g 00 03 dgibio pis (i 3B L
Llopeil Hde (o glb CBl ) )5 g 035
48 2 (e My @eo g 03908 gy (A Jolie
= @ie o )lse 5 L §)lon jom cge ol o
(Ve 0)) 395

2390 (oo by joym Esl 48 Llame S Jelgs
adaly g sl a8 )8 () 3)9e Slilllae I gyl
lallas j) )l 3 Gl jlad g (i 8 (o
Slallas (5 )3 (W) Sl 00 (o) (STl gnes


http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

Ol g (el 12,5 e
dslllas 4y Y as (Including Criteria) 39,9 Jluzo A 2> o
(et Ly ()8 L ay JlS (e sy (o gt Jols
pae D50 VoV Jlw L o¥lae Gla 5 (—sods0 bLS)
Gl 5 ol e Ay (o pind pis ¢ o590 bLS)|
» (Excluding Criteria) zg,5 (slajlzo oo e 4y 39
Llod 5l oVlis sloiome (Sl adspo j0 0 b as8)S Lo
Tl 9 &85 5158 (o 3y90 48y IS (B9 9 sTg e
Ol asy oyl ligebol jolate ay ay> 5 o]l (Y
s (serime ol L B a5 Gy o o
sl oS iily a bl 4 a_aslye Ly (Handing Search)
dj— 9 ul)_’| cu‘)_ee ushw).: ra9_l.c LY ol sl 0 d_b}g),o

o gl 58 93 @ B)S Cpgio aial 8l el
4 S 000 plol ) a8 )8 g o sl Jiiuwe g0
b Ol (S d)lye g iy Gldail a3l 15T

A Sy o S e e
VLo g adllan g (o) Sl dm cadlllan pgd at> po
00 S wlwlp cosuiie Y Lo 0l goiims Gl o o
el adllan L o 9 485 )18 3500 (0 3)90
GYLEe 04 S sy 0ds wlsul ldlas oS oy e
=l P53 S ol adllae 4 39y l— (Sl
L aalllas o Ly ol ods gl sl cYLio cinS
)58 ) 3390 PRISMA (et i S 5l o3lis_l
ol g aeod (unyp L VLo (6, SIbjé |y 18 S
Uio 4 3959 (sl jlxe (gl)b a8 Yl 4 IS YL ds

cgi_g. a)u )|39_o.3 LA L:—’Lef )_Jlj 9 U—’L’))1 .))]9 [ANRATY)

VAR sl LT el T

LTI N . h§ P -

LR RN LLIE N TP g
WY e o lTT -
e gy L2

Vel lals o g s T e
| VYA S ol salic ol L oyl o Bl 2 J
..l" "
. P LR EL g gk | -
| I a
| 1.d . L .:._-I_i'_.;‘,_,__|__"‘;|.r_‘_-_;_._’-f_'|__-‘_..n:r J
P .
‘ I > LRl Eg |
r AT e
L EE \_IJL_..I dnllbas ¥ alaas
._;_'_f JE ‘}H_
b A

Ve Sl g 5, bye o ylagls 1Y 4l0g00

e 5 S 1S (VD) yumo Jlos sLids gl asl
A g0 ddax 51 (YA) (Y2 VF) oo 5 5518 4 (YA) (Y+)0)
Ao ol 0 Bt el Sl jd oad plogl sy gla

b @i
2 —alizee Olllas o ladss y5STob Lis La assl
dglie g (ol glio 3 (S Sl CLle (i
5 35t oty Allae .l oas alsgl s ikl L
8] ] 45 i 36 (555 (Y1) ong
2 (Ve A) ghS—en g )lg—w adllas (1Y) a—on 5
5 0305 ol mse 38 (1Y) Jlgnl el Ol pjgr 4


http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

$9)9 k}gh») :)_5.‘40 (U > A Ls—"“i‘) 4_§l$.)9) ;.j).)
PpaS b g Sl sl olojlw o lsbiwl ;I iy
Al ity 0ais Ml dgaxe jl y5eS ey sl
s gl Ol el Il s o (g )5 e
(Hazard Index) (HR) ,las sl i o wgio a S ol L
u»LN d_»).lo 92 )I O § (0 ‘Pﬁ)J 4&:.1_‘»)1 )_s.)LOA
9 OYLS) (G 09y 5 93y s (S 9 wm
Lol (el @l ydad sl o (&) )l i 8055
gyt eoj; Ol 3 aallla )50 (S il LS
Jod 0B Jlade .ccwl ool i sl gl |y (Haie
Y x ¥-+ ¢ (Total Cancer Risk) (TCR) /)b, w IS , s
LYV sy dn oS ol s adllae oyl gl il e
Exposure) d galse jloj do sl o VXV =¥ I i
Ingestion Rate)) -4 4 (639)9 ;yl5—0 g (Duration) (ED
dl)_) ko u—l"'" —xle 9 u‘i»_w C)])_kﬁ (9 b.)}.ﬂ uj ((IR
() ol ilagy (sl @l s o osa

L oas plodl ldllas ol y by s ddlllae sls
Sacie L acuolie o Ol 3 pSiw cljlb ccbale 4 asg
aisb (o gm0 oyt Ll 3l oas g il 8 )3
u‘)_l.'% s .))l.b'b'_w‘ PHJK <;.:)_w <P9)_< <£-iu—u))1
el oas o3y i (V Jgaes) 5o Sawelil O (o i
(V)

D) 3525 oS lllas wili 18 oy
= Oldl i Sl g @l (b ek
Al e S Sl L sl dgalse e (ulw!
Gk jlaslys (o S S L Ll agelse
g oole g (g Oled L il (e (13,55
i 5 (Shss ) sl laome o i (el il
sobaie (il gl S (o Ll ]y (oten B sy
oolwl , s 4 S (Average Daily Dose) a9, la_wgio 543
ol (Img kg_lday) jg) y— prSokS y— p)S9)See
4Bl job an (S g g S Gl 290 (o
205 (o g8 dlone j90 (ol J53 5l ool Ly
595 308 e 1 e 516 s (1
592) aerlye I 35 4m) i s Sl 99 lige
0 o rS) i i U] aglye o1 { Sl
il e o) Cmgy ot aw il bagie
aelye gloj (eelow jm yte (L) Gy (5o
CR) (I3l ylad (V+) s S0 (jg) y— Celw)
L _wgie 593 5538518 5l esla_wl Ly 5 (Carcinogenic Risk
CSF) Cancer Slope b, w o ;5518 5 (ADD) alj0,
392 = PrS kS s prS9)Sue 2 Sy 4y 45 (Factor
M dlone 3)90 398 (o0 ol (Mg kg_lday_'})
g ooled dglye £95 93 sl CR aloe 0,5 (o
olide 93 (il e L cles 3 995 (e plosl (SThss
4 (Total Carcinogenic Risk) (TCR) JS" ol5lb ) ylos

(V) 2] e e
i Oli s el lale (YoVF) o8 on 5 laluw 4 slllas 4

(52 2 5 o) Selil Ol o (Kt il el 5 sl g Lol Y Jgoa

Pl ol S| P 955

oY /4y [0 /\ [+
oY /4y /43 [+ [++0
[0 - /0 - /00

IS e o 895 3 lasbs!
/-y /-0 3 \o o 3t
/Y [+) Y Y WHO
/\ /¥ ) ) EPA

Wgad (YV) 3,5 (om0 4138 dlone )90 )l 515 ol s
=0b M ylad iy el 09> )3 45T (Slalllas
o @l jl (B a5 039 Sa ey (S 136 5
sy (Vo 0) hlSan g (ol aalllao 255 o0,
(HRAEPA) coMw ylas 5o JosS sLT e sl
(V) 35,5 oL FIAD X+ —F I, i il 39y 51 sl

e 3590y (6l 8 yol ) oo e blas lojlw
2 oS @l 183s 5 5l 6b AL w codlw y Lo
Health Risk coMw s b)) jaslds ol xole
oa>ls ol el 03, S a8l ) (Assessment) HRAEPA
295 o o )l o iy Ly aS (6593 e ol
= 9 @il )5 (lie dy (S 48 s sy

vs


http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

OISR g (2ol 13,5 s
HRAEPA 123U jlade wals ploul asle duwg, ddlais
5 SsS (gl aalllan 5 (YF) uin)S sl F/AY XY+ Y |,
3T S S8 WY e 5l asals plssl (YO F) o e
Lo cdse 5 lsmosil (IS el 2 ol 4igad OFY Jloas
Sl (VJgin) (70) 4l iy joline ataily b yus 5o

Aad o iy edd wyp Y lEe (g5

CoMw y s ol 0 bl 0 aS (6,550 aldlas 5l S
by s 4 S abl o e 0 (WYAD) (gyludg) adlllas
xVe =¥ F/¥% xVe =¥ F/FA Y. =¥ l_s )_3|).3 ULJ_MJ‘ (=0
WA YR L5 WA Slo celo o5 elps iy 4 ¥/¥S

Bl 4y (6395 ¢ (15l Slllas 1Y Jods

b anllbas (5l puiie

DB s aed e lis dlie (pl gl
slo clals ©o (SYsh (o yma ) (85
g0 Weeoo Loyl dy yomite Sistan)]

. )94‘)5 390 Seeans ‘uwb@)ﬂlﬁ’
290 ¥er g Camgy by 3)90 VWO -+
V) 298 o Jlo 3 o 9 S0

Sl Y o 5l Ad ascie adllae oyl )
poshp o] dges OFY jlons 3JUT S
by 595 b iddge 5 Olgesisl (S5
(Y0) L)l Hlolize alal,

5 Olgess] (JS5 poski

Ot

3590 YVF ¢ dllio VY 050 < 3 adlllas )

e ol )50 WA &S 0l flis 1) S pe

S Gl S pe 3)90 V) g0 oy L

Ajﬁb)yvf‘dﬁlgdu)ukf)n))y;

Vi Gl Sye )90 4 ety Gl

3)lge 53 b il g (93 lop Sye0)90
(OA) 4 odalie S50

(sdsk B)ps S

Ol3ls yose dplae aS ol s gls
S by b g3 g (59 oy eS|
dusS 8l )0 gl 500 5 009 L o |yauo

(V) sl

935 9 59y sy S|

slo asls a5 by i adlbe oyl gols

(AMIYY B /V) o olx Z0A > (HI),las.

s VL g ol LS jloxe ol ity

YIS x Vo7 aS 3g S| (sl oy
(02) Lol Cannty

OGga> ¢ yud ‘55)5 ‘F%“’JK_
895 9 2SS Sl

omb g o bl adlas (glo aidly
(YF) s o L |y wilSSles ) ilie

2o 9 S ety B il e ol
5355 0lej > Setns| s glge J 20
Slallae .l a2 «° uL“’ \) OU}? »
Sean,l clale O Guol—j90 alayly Lo
ol o 1) e Cluls o Saselsl )
Sl )90 )0 sl sla 4l g amd (0 (3L D pg S 5 St
Wbl 3yl 3929 Bgye 9 B 5 S|
2o 9 S o Gl e 3 ol adllae sl
ol o j1 a8 (mez )3 by Sl (20
Ui 1y 390 00 5y 35 48 pg,S 4 o34l

(V) 2> o

YV

adllae £g5 yguiiS (Jlw) bnngs 3,
) Winston H. Yu et
(b = oy el al. 2003 !
) ] Ebru Husniye
(kb = oy 5 Colak etal. 2015 7

Athena Linos et

wobia = o o al. 2011 v
) Deepak Chhabra
hio= ieos  Was Gl o] 2011 ¥
o Pokkate Wongsa-
laie — nogs “L5 0 uluk etal. 2013 °
' i Dalsu Baris et al.
anls = 390 155 0! 2016 ’
' ~ Allan H. Smith et
I P al. 2009 Y



http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

Sl jew ) i il oSl
W3,5 3l 1y 039l Ol e (gLl
gl )3 5355 g ool Lawgio gaw o 5V
s 45 Jb 5 5 sanlite zliul 5
padlas 9 cp 5Yb gsn )3 59) 9 e
et g5 ] Sl e 5> )l
oyl g ol oo o alils pl us
YY) 35 1S e Mew

S O3l coM Sy o))l @S
dLQ)..)L*f; Sl eysd Jobo o adlate Sl
(V) ol sty XY x Ve T 15l s

sbgl IS5 5 pgyS oy lis asdllas gl
Ni 3 Cr jlado g asls i85 4, ol
sl a4y Sl Ghlew slayges 4
) <8l a5 9 ol YL (w2 S8
LB grado

U o s Lagie 45 3l (L5 gl
2 IS5 9 gl ) (S5 sk 5 s
bl oasls a5 55 vgag dbley 9 dse
Ve o NeAx Y T sy b s
(YA) Sol vty ¥ x Ve 7 N /BY X

Saelsl O (Sagll e 3l Ui gl
Ta 2 pgyS g oy Mg
Sy i)l @S Dt (ed (i
2 sy g S el I
S Golon sl addlas 3)90 sba ol>
(¥) Lol Cowdy 3,5 YV x Vo0 L5l o

Ol S las ol LS Bakos ol s
Ve g BN T e ) ol
(F+) el Cavsy YY/AA X

el sl (HQ) ks 8 Lo
X Ve iy VS5 gl g
dlﬁsV/\“X \'7“5 \/YX Ve - ‘\"/ﬁ
YIAx N T ‘\_/\ X VT L 4 ol8gS
(FY) ol Cowss VE X VT g

ELCR _asls osel conts golis
(Excess Lifetime Cancer Risk)
O35 09,5 93 38 )3 p9eedlS 5 g3 (sl
Jod b sl o Sl VL (VLS5

(¥Y) ol ol

s oS ol o) 5 (Slo s @l
poeedS  p9)S < oy sl 2l Ol
oanlie V x V-7 e ds 5l 5V S5 g
(F7) w3
Jos 5 (ADD) &ljg) Lawgie 593 351
(DAD) Loy odis s 595 (oDl

Sy 2Pl ot il g 955 5k
() 158 oo sl ] oS

895 9 o 5K o]

PSS Sy oy S|
poedlS 9

L}S.u <9JL§ ‘P?)f ‘Fw.)lf
9

‘P5)§ ‘f%.n.)Lf ‘dﬁmj
e ol 9y oy (JSS
P g og>

‘F’:.A.)ls Oy ¢(69) ‘L)’b‘
o 9 P9

‘55)5 o u_ig.uj ‘L)‘“T
S99

5 S pgpedls

poredls g oy ipg)S

Po)S ey (JS

&9 9 poredlSime

5 PS5 WSS FKe o

powedls

YA

V€Y 5L Ko

Jls = )90

o = (hog

ol

oyl

ol

Monu Arora et al.

2008

5y il
1FA) ) S

Chung-Yih Kuo
et al. 2006

Fallahzadeh RA
etal. 2017

Condana
3 e S
YYAA O S

Hossein Najafi
Saleh et al. 2018

Catherine Nyam-
bura et al. 2020

Majid Mirzabey-
gietal 2017

A.A. Mohamma-
dietal. 2019

Nkpaa K.W et al.
2017

)lo.w Y 2,90 cuwﬂM?l”Qw



http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

OS2 g (2ol (12,5 s

1 86 Gl 4 Ml s S 55
«ly Cry Cd cAs 5w oljls
23 Log) W55 (VLS5 5 (558
USE- 1> 5l (i lgjes opales &gl
(\‘Q) .)9.3 PA

2 Syl gl (HQ) bas gy Lo
(V) S Vb &S 50 dilaie sl wigal
...... e
o Vb s &t b gy (V) O P
dog |y ol e pbite piol St g
(¥F) wo)8
LSL"’ ‘_s)|)_<) Ql)'l.é C)’il as by ULM.: C.:Lb
S8 ° Jl?ql Ol;fl.w @AMM; dl)g S
algl &S ol Gl 15l o Hlas yolie
ko i g b plil 59) » I35 egu
Onizan g Canl LS50l 93 (8568
Baos 15 ol 5 15 olbjus o Syl
02l s > o)l 5l ey g o255 @
™

£35S 5 psredlS «Syius)| e = (voy ol

rbale = oy as 2015 A

posihes oy pgradlS e (e — oy =

M. shams et al
2020 A

.V. Demir et al

Vikas Duggal
and Asha Rani Y.
2018

O pplato ay (aojj slagl 2 95290 (Sdne Sl
Sl 5 a8 (b 33,8 (o 8 oolitsl 5)50 el ]
el o )3 Usitas (oyiliygt o] i sile) T (St )]
3350 8 ol 8o 9 ] el (- Sae 48 Sig b (0
sl e g 5l g5, i g ml e cli s b (07)
Sl (i gLl (ol gie 93 oyt 4 (Jeud
59—‘3@“5‘9—”)1“-?‘5599]‘19-‘”;;&“-?)—’.‘”‘\5
59538 5 S| dm S oolitl (oslilS (0¥)
T R T
P 9sSee Vo 3l yieS ol ) Syl cbale Jgans b 4
Obwdl glie S35 53 Wlg3 (o iz a2l (e 1
B e eges jobo amy Bl e ol ) i Sl
gl Byme 3k jl Lides Sit)l (o520 3 285
oo g Sawalidl Ol (g blio B 5 ol Suwel]
(OF) sl (Saxe S| )y

Il g 50 3L g o (Lo cdplie L) St e lale
S| Ly dgelso Lo ;S loger (lyte ay ails o
o 03U g 5o 3 dg2ge K] 15,0 B ealit sl 350
S b (B dgerlse g (655 (53,)8 (3Lt Ll
Hre Set)l) Lo Cdglio ooz Joane jobo an il
Sl 599 e 5039 B9 2y (MMA + DMA +
@by g (dlagg S5

) 3 6yt Jlafe cdlyd g odgm o (dme S|
9 s99y= 9 (ol OMSho (155 Mo Gy A o

S5 plgis amy 2l 5 (ilige Sy (b))
ol 3 oM ogally Sl las 55l o laie 4 cilio
oS A 3l e )] ol a8 el ad b Al
Lo ol 3531 )5 Late 4y il oo 5 (50555
amoly ol 8l oMl jl ecblas gliwly o aols oy led 4
2 eddsio Sldlllas paad ol 13 (V4,FA) Ll S8
plosl (ol slo b 59y 2 (ol (i g (o o
(WW2Q) ol en g (gl pd Jlio olaie ay el oa
A b Ol S Sl gl Sy (L)
bl Sy ()l (V10 e g e (F) )
Do 5 (L) (FF) a8y oy O 3 (i 8
Sl aalsT Of (i i3 s Sy (b)) (VA])
Sty i) (FO) oy 5 JE 0) s
3 (FY) QS (e sl O 3 il b
@l o dlige Sy (L)l (W) ) en 5 035
OhlSen g Y] 5dgi (0)) aaly oy o (i
Sin)] 318y (ooj5 sl O (SS9l (s (V1Y)
aaldl yaasaly plsdl 1) (AY) LoaMSy > Sy (bl o
s il 5 (blige Sy (b)) a4

Do (o 0 yluil ldllas 3y 5 pW S

: .
0] Oy g opw 138
S

UM g oy i S 5l Loy j9 S s


http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

camil (e Sl i) )3 py59,S0e 0 glyls O L5
O s T 581 ass il holime aols e S|
295 byan 39y 0,2 ¥ g 2l Syl y 1 10 p, 595
il (Sl glejlw 9 (FAO) (55,5luis 5 s plojlw
Provisional) ¢ dge Jazs Jol8 Suan 8l > (WHO)

55,50 VO |y i)l (Tolerable Weekly Intake) (PTWI
10V) 153,53l s o S o 53 i S
el

05D Ol g SLE (gg) ymr 1lg (o lsm )3 35290 oy
e ls ). ey ul_w‘A_,u_,L\.c b)_OU)d_,)Jo)‘Qb.\_w
sl Lo ot g nssb Lo ot sy (YL 5 p0lio
e Cygo 4y o3 sl 5l ol oy alyd o)
u;_wsb.k_p])9)_90l_59g§l_>@a_w)_’mw_~wo)&l_’
95 (0 Dy (ol (6Lt i 4y Coles ) g 0as Sl
e o3 Ll (o dadl 1 35250 Gy sln (15 45
u_n<\_’>1w)39.)9_wu_nb)l.w_w]u)_w)‘\/9_w)_uu_~up
)

213w g Suilags <1431

International) b, Lo imgs Mol o ]
NAAY JLw ;| (Agency for Research on Cancer) (IARC
i aab Ll gl sl glpls,w S lse
3l 25y d o)yl 0 (gyteS Ol s o wlod, S
AP pu—" J.nl_w .\_5‘9.: e Sy l_s sl Co gouno p_,M.C
L Ly i Lo oDl g oS (slayd o il &y s

Y.

o S Ll g 655 o Sloae] i 3 wand SN
lie oy oy | (U o 9 S po plad )5 (0 )]
(F) 38 (e by il a5

<\_Q(>|9.o U)H)Jdobyu&wul)_lﬁ )]u_gv&u_w)]
M o ¢ gy Sluld oy uiomad 50y s 5 (o (i
o B b ilon 9 (ras 5 (Sl SIS ()
P&l sla by w il S0 ,00) isb acsh JLos
ol 488 1,80 01 550 Suicuny) L oo dgalgs 5]
Moyl las i)l o oan (V) il o gy b
Ol 9 S e 2ilon (g Olals plw 4o
(F) 25l 5924 (ol IS,

S Az (i) oA 3 e cdligg plejlw
— agalge blgy byl o abiS lgalge 3,9l 4 ol
clale a S uwy oy b a Ll il o pgo b
e e Siweliil O g3y i) 1 5, 59 S0 Ve v dgas S|
3 prSe)See BV e pnlie 13 9390 (o by 4
Jole (mles an Sy Lads a S umd o s olalllas
M‘WHW@‘”J‘P)QFM—W?LSQJDML’
Palidy S 0l ag sy ol cble 3 65K pte
eYbedale py o il 29,5 KoYl aiile ye (lanygiiS
) )I)_Q odlal dy5—0 ULIA, u_’.\.uol_wi L_JT el M)T )‘
o))gao.\mw‘)wyu&u_ijié_&LV]La‘M)
Siemg il Lyl  olie able o] Jods ccul S a0l
doad o LiealS |y Sl Cyow (Methionine) y—sg.ie
Sl (= 9 oo p «lingS Al g amd
J)_:u_n\jl_)‘) M)Tu.o._w

diljey 8l jd ol ow olpls crwl ooy (oliaidlsg s


http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

OS2 g (2ol (12,5 s

P95

il 0ydd g (ixio gl LS cts 151 3 (V) g8
o alio 3 Al o tmo (clailouy Sl a b
s (b G Jld Ao 3 29 iomen Al Ll
23303 LS 5 gy S ()8 ipg, S sLmilll 4
9 =L e ols o (L Cnito (5055
olojlw GBS 3o 33,5 (oo Cnnj laome 35 0
Yolie 3o,k 5l pe,S aoyd AV dgu s Sl ciligg
(V) 33,5 o i dylg T gyl o VLS
!y g (udliagg S 1

3)9—0 45 (sBlge )3 (i) 0 pgy S oy )]
Sl Lol 48,8 )1, 5 L3l 5,90 5,8 ), 5 3Lttt
o2y (Shlsd o ay aS (oo 3 o 5l
s ULLOVA) el (Sla il gl g e dy50 35
i 9 Sladl el e olssS )3 (il 3 pgy S
2 Mo Szl g gy Clgadl g dlm dyy ¢ i o lad
2S g La adS ¢ )le S oKy ad ol g e v
Sy (=il > (W) o 5 Lo (Blaas 595 o
Ol 3 0as gyl Saelil sl Ol 3 pg 87 I3l s
s gL 09,5 sl (Pl Sy 4 085 Ao
Jl V8 5l it g JLo V8 L5 Jlw S LY LY o
GNEY XV e =Ve DA x Ve =V /o F xVe VY iy Ay
(YY) 3l e VIYE V- 4

o

g Olabd calw paS ccwl LS wali b i s
Orred 9 Sy g jo 5 il ader Sl hluwg 52!
032 )8 Ay (2 g )5 Ao (3938l Blge g Ay
Sl sl (sl el st Ly e o(VF) 395 oo
o Wlinud sLadgS 5 g lils u g oalae el
a5 Lo asldg; sl 0)LiS )3 e ol oY 9 5 il
2 2920 (5% 593 lgo Lagl Lo 45 35 (o (el
lils 9 YU §) Sl L o s sl L0
oo ssilw 53l 5 Sawels] Ol ola abged p opSicw
(VEVE) il ] sl il Ly i

sl Py g (il &l 1

g 039 9y—8 o sl Sal yolie )3 515 o
Hy sl lgen o (il sle o3l Lol (i
(pie Capgeinn 9y a9 035 (o S j pdlie )
5 0dxo g 039) oladl S (S ol (1S gy

)

Jie sjie o Gl el oy Bl (s g
aladls M o ¢ g lidy YMBT ¢ iad Swle de
Hoyw b aie Y ola apgalse ool, 8log b o
0= e o(F) 5 (e &) 7 0k (Uly Al
(V) 2l (o (8255 (miae g > P 0 S
A il g jlts aly (e s JLa )y 0l )
(P 5Y)

Poedls

P odes job du paedlS LS g il asdS Jlw Ve b
odb oaliiwl 3a5xe 515 JB pgedls— US55 sl (5,5
ol il e o Vo 8 Jobo 0 (opSainy jb asg
= Y 5 S 5 oS e el 4Bl i)
{P0) cml pgsadlS 12y )3 (58S

5w 1S9y Oyt dmy S (Lse )3 Vg oo pyadlS
3 00 Ci lgie 4 poredlS ] e Cndy o
dy9—a yols sl 5Ll (S5, comin  PVC Yy ae
Cwl sl s e 13 porodlS 0,5 o ), 8 oolaiwl
23 ognnine 4y (Sm3 Skl 5 oy g posadl ()
Ol Eml (53)98 (sl Y a5 e ke
ook il (ke e Ly Sl il gl T o Ladl 3529
Ol 3929 dpe y S0 By bl g Ol g 0aiyes , Sily
N g 05 IS sl 4ty gl slyo 3 oS5
o D90 S Jilie (S sls a3 > (o0
(F55V) sy o

sl Py g (il 151

Iy pyo3l8 (IARC) o s (sl (stgy (Al (s o]
29> bl Il plgie (SISl (clie 1
ol 3 0325 sla 03l (FA) cwl 00,5 ga i adb SO
Ol s poredlS Cwl Koo 4SS md o s SUlgss o
by 4 Ml 4l isl331 (59) 1S slo) Ll 5
by b pgnadls Al o posadl 3Liittl 511 4y
ik 5 3lge ldllae Lol il o Loy s liungyy
Osired ol 04 e £od9e () L baye (00
5 p5—odlS L dsloe oy (Sunlg oamd luis cldlas
2 3l Sl e 55 50 (V) ail (e a8 oy
Ogred (=l (LU oy g (il g SUlge
S’ 59 g o S g el (Sius
(V1) 25 (o Cxmlid obiad g (o3 )id il


http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

gmais SlaeS g am s ol 5l (8L by Sl 4]
O 0ig Atelye ey S (93939 Sl pze 5 590 e

bl o b ye g
L as cdS ols5 (0 yS90 slooylSaly ) jogad
9 b il gl Sl i b 4 Sl 4 a g
(SipgiS g (imio glp cleb alar Sl el Ll
S (b o slp (iSly (s pd SIS
el 33y g Lt liiis] «SLS —ands S3g dy
Sl £5 ol Lt i o (o) 5 (et
ol Gy S @l 18 sy ) 31l o Sl
ol ol S 5 il 8 s el Y] glie S
gm0 Ay ey 2 g SIS 9 bLE 3l (gl
ol poid bl g sl ool S i B ay o al

S o iy el i By iao I i 4l g peie

S Pl
t gy 00l sl ek g las il By

Aled (o

X8lw olai
4595 gt 48 oled (oo gyl N g (o
DY 05 29 y bl i meh oguas > adle DL

References

1. Buragohain M, Bhuyan B, Sarma HP. Seasonal
variations of lead, arsenic, cadmium and
aluminium contamination of groundwater
in Dhemaji district, Assam, India. Environ
Monit Assess. 2010;170(1-4):345-51.
https://doi.org/10.1007/s10661-009-1237-6

2. Hou D, He J, Lii C, Ren L, Fan Q, Wang
J, et al. Distribution characteristics and
potential  ecological risk assessment of
heavy metals (Cu, Pb, Zn, Cd) in water and
sediments from Lake Dalinouer, China.
Ecotoxicol Environ Saf. 2013;93:135-44.
https://doi.org/10.1016/j.ecoenv.2013.03.012

3. Smith AH, Steinmaus CM. Health -effects

of arsenic and chromium in drinking
water: recent human findings. Annu
Rev Public Health. 2009;30:107-22.

https://doi.org/10.1146/annurev.
publhealth.031308.100143
4. Jérup L. Hazards of heavy metal contamination.

Yy

Oimed (YVYA) 395 (o (9K 9 9 (yg—mbg (5low
5! = oylan Sloul eelb YU o ay U—e D99

5 Joreds Ginal 8l deglgzeil )3 Olis o (S8 o5 Jd
Sy b pmie (I g (9 0 Lavge S (0 e

(VC\,A') .)9_») =

S5 A
Al ()l g blige gl OIS e jl o3l
ogde dms ] e dgmg e g Ol a3 g5
Gndd el i Ol 4y 009 1 cLoalic By s
sl iz 3y 3 )30 i (el g (o3 i
s D9 (s 039y g 0dse Glby g (sloial g ()
o Lo ol s S ol e bL) o ol dlbs
38 b, oy ys syl aalllns A3l 1S oy
g a3y by ool L Sawels] Ol golio p opSiw
48 Clodly plonl gd90 (9l ) Sl (559
cadl a)S ploul wlalllas o jd dalllas g5 4ol diges
Ol a8 ey dmeti ol dny (IS g e 3
Slome clale ST Ll S 5 g opSicw il clale
Al sl eMw o (g pmie @l ] Sawels] slgll o
sl sl (ol by w L (D5 Gigs (o &yl
sla by ales jl oo IS by «wey oy

RN S TVON | I IR < VG L 31 I W B

Br Med Bull. 2003;68(1):167-82.
https://doi.org/10.1093/bmb/1dg032

5. Wang X, Sato T, Xing B, Tao S. Health risks of
heavy metals to the general public in Tianjin,
China via consumption of vegetables and
fish. Sci Total Environ. 2005;350(1-3):28-37.
https://doi.org/10.1016/j.scitotenv.2004.09.044

6. BrahmanKD,KaziTG,Afridi HI, Naseem S, Arain
SS, Ullah N. Evaluation of high levels of fluoride,
arsenic species and other physicochemical
parameters in underground water of two sub
districts of Tharparkar, Pakistan: a multivariate
study. Water Res.  2013;47(3):1005-20.
https://doi.org/10.1016/j.watres.2012.10.042

7. Rajai G, Poorkhbaz A, Hsarymotla QS. Heavy
metals health risk assessment of groundwater
resources Aliabad katol Plain. J North
Khorasan Univ Med Sci. 2012;4(9):155-62.
https://doi.org/10.29252/jnkums.4.2.155

8. Sagmaci $, Kartal S, Sacmaci M. Determination
of Cr (Ill), Fe (III), Ni (II), Pb (II) and Zn



https://doi.org/10.1007/s10661-009-1237-6
https://doi.org/10.1016/j.ecoenv.2013.03.012
https://doi.org/10.1146/annurev.publhealth.031308.100143
https://doi.org/10.1146/annurev.publhealth.031308.100143
https://doi.org/10.1093/bmb/ldg032
https://doi.org/10.1016/j.scitotenv.2004.09.044
https://doi.org/10.1016/j.watres.2012.10.042
https://doi.org/10.29252/jnkums.4.2.155
http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

OlSed g (Bxol (313, Cymns

10.

11.

12.

13.

14.

15.

16.

17.

(II) ions by FAAS in environmental samples
after separation and preconcentration by
solvent extraction using a triketone reagent.
Fresenius Environ Bull. 2012;21(6):1563-70.
https://doi.org/10.1002/clen.201000291

Argos M, Kalra T, Pierce BL, Chen Y, Parvez
F, Islam T, et al. A prospective study of
arsenic exposure from drinking water and
incidence of skin lesions in Bangladesh.
Am ]  Epidemiol.  2011;174(2):185-94.
https://doi.org/10.1093/aje/kwr062

Wei X, Gao B, Wang P, Zhou H, Lu J.
Pollution characteristics and health risk
assessment of heavy metals in street dusts from
different functional areas in Beijing, China.
Ecotoxicol Environ Saf. 2015;112:186-92.
https://doi.org/10.1016/j.ecoenv.2014.11.005
Manzatu C, Nagy B, Ceccarini A, lannelli
R, Giannarelli S, Majdik C. Laboratory tests
for the phytoextraction of heavy metals from
polluted harbor sediments wusing aquatic
plants. Mar Pollut Bull. 2015;101(2):605-11.
https://doi.org/10.1016/j.marpolbul.2015.10.045
Chhabra D, Oda K, Jagannath P, Utsunomiya
H, Takekoshi S, Nimura Y. Chronic heavy
metal exposure and gallbladder cancer risk
in India, a comparative study with Japan.
Asian Pac J Cancer Prev. 2012;13(1):187-90.
https://doi.org/10.7314/APJCP.2012.13.1.187
Lang IA, Scarlett A, Guralnik JM, Depledge MH,
Melzer D, Galloway TS. Age-related impairments
of mobility associated with cobalt and other
heavy metals: data from NHANES 1999-2004. J
Toxicol Environ Heal Part A. 2009;72(6):402-9.
https://doi.org/10.1080/15287390802647336
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.
Environ Monit Assess. 2011;177(1-4):449-56.
https://doi.org/10.1007/s10661-010-1646-6
Yenugadhati N, Birkett NJ, Momoli F, Krewski
D. Industries and lung cancer: A population-
based case-control study in British Columbia.
Toxicol Env  Chem. 2009;91(3):451-84.
https://doi.org/10.1080/02772240802037535
16. McElroy JA, Shafer MM, Trentham-
Dietz A, Hampton JM, Newcomb PA.
Cadmium exposure and breast cancer risk.
J Natl Cancer Inst. 2006;98(12):869-73.
https://doi.org/10.1093/jnci/djj233

Kuo C-Y, Wong R-H, Lin J-Y, Lai J-C,
Lee H. Accumulation of chromium and
nickel metals in lung tumors from lung
cancer patients in Taiwan. J Toxicol

vy

18.

19.

20.

21.

22.

23.

24.

25.

26.

Environ Heal Part A. 2006;69(14):1337-44.
https://doi.org/10.1080/15287390500360398
Linos A, Petralias A, Christophi CA,
Christoforidou E, Kouroutou P, Stoltidis M,
et al. Oral ingestion of hexavalent chromium
through drinking water and cancer mortality
in an industrial area of Greece-an ecological
study. Environ Heal. 2011;10(1):50.
https://doi.org/10.1186/1476-069X-10-50
Wongsasuluk P, Chotpantarat S, Siriwong W,
Robson M. Heavy metal contamination and
human health risk assessment in drinking water
from shallow groundwater wells in an agricultural
area in Ubon Ratchathani province, Thailand.
Environ Geochem Health. 2014;36(1):169-82.
https://doi.org/10.1007/s10653-013-9537-8

Yu WH, Harvey CM, Harvey CF. Arsenic in
groundwater in Bangladesh: A geostatistical
and epidemiological framework for
evaluating health effects and potential
remedies. Water Resour Res. 2003;39(6).
https://doi.org/10.1029/2002WR001327

Mishra S, Dwivedi SP, Singh RB. A
Review on Epigenetic Effect of Heavy
Metal Carcinogens on Human Health.

Open Nutraceuticals J. 2014;3(1):188-93.
https://doi.org/10.2174/18763960010030100188
https://doi.org/10.2174/1876396001003010188
Shariat M, Karimpour M. Survey on the heavy
metals concentration in Hamedan city drinking
water network. Sci J HamedanUniv Med Sci.
2010;3:44-7.

Savari J, Jaafarzadeh N, Hasani AH, Shams GA.
Investigation of heavy metals leakage potential
in Ahvaz city drinking water network. Water
Waste J. 2008;18:16-24.

Hasanzadeh M, Mahmoudzadeh  AA,
Miranzadeh MB, Bigdeli M. Survey on the heavy
metals concentration in Hamedan city drinking
water network. Ardebil J Heal Hyg. 2010;2:56-
66.

Saced SM, Shaker IM. Assessment of heavy
metals pollution in water and sediments and
their effect on Oreochromis niloticus in the
northern delta lakes, Egypt. In: 8th international
symposium on Tilapia in Aquaculture.
Central Laboratory for Aquaculture Research,
Agricultural Research Center ...; 2008. p. 475-
90.

Gebrekidan A, Weldegebriel Y, Hadera A,
Van der Bruggen B. Toxicological assessment
of heavy metals accumulated in vegetables
and fruits grown in Ginfel river near
Sheba Tannery, Tigray, Northern Ethiopia.



https://doi.org/10.1002/clen.201000291
https://doi.org/10.1093/aje/kwr062
https://doi.org/10.1016/j.ecoenv.2014.11.005
https://doi.org/10.1016/j.marpolbul.2015.10.045
https://doi.org/10.7314/APJCP.2012.13.1.187
https://doi.org/10.1080/15287390802647336
https://doi.org/10.1007/s10661-010-1646-6
https://doi.org/10.1080/02772240802037535
https://doi.org/10.1093/jnci/djj233
https://doi.org/10.1080/15287390500360398
https://doi.org/10.1186/1476-069X-10-50
https://doi.org/10.1007/s10653-013-9537-8
https://doi.org/10.1029/2002WR001327
https://doi.org/10.2174/18763960010030100188
https://doi.org/10.2174/1876396001003010188
http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ecotoxicol Environ  Saf. 2013;95:171-8.
https://doi.org/10.1016/j.ecoenv.2013.05.035

Chen Y, Hu W, Huang B, Weindorf DC, Rajan
N, Liu X, et al. Accumulation and health risk
of heavy metals in vegetables from harmless
and organic vegetable production systems of
China. Ecotoxicol Environ Saf. 2013;98:324-30.
https://doi.org/10.1016/j.ecoenv.2013.09.037

Ali MHH, Al-Qahtani KM. Assessment of

some heavy metals in vegetables, cereals
and fruits in Saudi Arabian markets.
Egypt J Aquat Res. 2012;38(1):31-7.

https://doi.org/10.1016/j.ejar.2012.08.002

Cao H, Chen J, Zhang J, Zhang H, Qiao L, Men
Y. Heavy metals in rice and garden vegetables
and their potential health risks to inhabitants
in the vicinity of an industrial zone in Jiangsu,
China. J Environ Sci. 2010;22(11):1792-9.
https://doi.org/10.1016/S1001-0742(09)60321-1
Alves RIS, Sampaio CF, Nadal M, Schuhmacher
M, Domingo JL, Segura-Muiioz SI. Metal
concentrations in surface water and sediments
from Pardo River, human health
risks. Environ Res. 2014;133:149-55.
https://doi.org/10.1016/j.envres.2014.05.012
Saha N, Rahman MS, Ahmed MB, Zhou JL,
Ngo HH, Guo W. Industrial metal pollution in
water and probabilistic assessment of human
health risk. J Environ Manage. 2017;185:70-8.
https://doi.org/10.1016/j.jenvman.2016.10.023
Lopez-Roldan R, Rubalcaba A, Martin-Alonso
J, Gonzalez S, Marti V, Cortina JL. Assessment
of the water chemical quality improvement
based on health risk
Application to a drinking water treatment
plant incorporating membrane technologies.
Sci Total Environ. 2016;540:334-43.
https://doi.org/10.1016/j.scitotenv.2015.04.045
Roudbari A. Effect of industrial development on
the health risk level caused by heavy metals in
drinking water resources: A case study of Semnan
province. Koomesh. 2016;18(3):397-407.
Momot O, Synzynys B. Toxic aluminium
and heavy metals in groundwater of middle
Russia: health risk assessment. Int J Environ
Res Public Health. 2005;2(2):214-8.
https://doi.org/10.3390/ijerph2005020003
Colak EH, Yomralioglu T, Nisanci R, Yildirim
V, Duran C. Geostatistical analysis of the
relationship between heavy metals in drinking
water and cancer incidence in residential areas
in the Black Sea region of Turkey. J Environ
Health. 2015;77(6):86-93.

Baris D, Waddell R, Beane Freeman LE,

Brazil:

human indexes:

Y'Y

37.

38.

39.

40.

41.

42.

43.

44,

Schwenn M, Colt JS, Ayotte JD, et al.
Elevated bladder cancer in Northern New
England: the role of drinking water and
arsenic. JNCI J Natl Cancer Inst. 2016;108(9).
https://doi.org/10.1093/jnci/djw099

Arora M, Kiran B, Rani S, Rani A, Kaur
B, Mittal N. Heavy metal accumulation in
vegetables irrigated with water from different
sources. Food Chem. 2008;111(4):811-5.
https://doi.org/10.1016/j.foodchem.2008.04.049
Fallahzadeh RA, Ghaneian MT, Miri M,
Dashti MM. Spatial analysis and health risk
assessment of heavy metals concentration
in drinking water resources. Environ
Sci  Pollut Res. 2017;24(32):24790-802.
https://doi.org/10.1007/s11356-017-0102-3
Sinkakarimi MH, Rajei G, Mahdijezhad M.,
Hatamimanesh M. Health Risk Assessment
of Some Heavy Metals in Groundwater

Resources of Birjand Flood Plain Using
Environmental Protection Agency (EPA)
Model. J Heal. 2020;11(2):183-93.

https://doi.org/10.29252/j.health.11.2.183

Saleh HN, Panahande M, Yousefi M, Asghari
FB, Oliveri Conti G, Talaee E, et al. Carcinogenic
and Non-carcinogenic Risk Assessment of Heavy
Metals in Groundwater Wells in Neyshabur Plain,
Iran. Biol Trace Elem Res. 2019;190(1):251-61.
https://doi.org/10.1007/s12011-018-1516-6
Nyambura C, Hashim NO, Chege MW, Tokonami
S, Omonya FW. Cancer and non-cancer health
risks from carcinogenic heavy metal exposures in
underground water from Kilimambogo, Kenya.
Groundw Sustain Dev [Internet]. 2020;10(March
2019):100315. Available from: https:/doi.
org/10.1016/j.gsd.2019.100315

Mirzabeygi M, Abbasnia A, Yunesian
M, Nodehi RN, Yousefi N, Hadi M, et al.
Heavy metal contamination and health
risk assessment in drinking water of Sistan
and Baluchistan, Southeastern Iran. Hum
Ecol Risk Assess. 2017;23(8):1893-905.
https://doi.org/10.1080/10807039.2017.1322895
Mohammadi AA, Zarei A, Majidi S,
Ghaderpoury A, Hashempour Y, Saghi MH, et al.
Carcinogenic and non-carcinogenic health risk
assessment of heavy metals in drinking water of
Khorramabad, Iran. MethodsX. 2019;6:1642-51.
https://doi.org/10.1016/j.mex.2019.07.017
Nkpaa KW, Amadi BA, Wegwu MO.
Hazardous metals levels in groundwater
from Gokana, Rivers State, Nigeria: Non-
cancer and cancer health risk assessment.
Hum Ecol Risk Assess. 2018;24(1):214-24.



https://doi.org/10.1016/j.ecoenv.2013.05.035
https://doi.org/10.1016/j.ecoenv.2013.09.037
https://doi.org/10.1016/j.ejar.2012.08.002
https://doi.org/10.1016/S1001-0742\(09\)60321-1
https://doi.org/10.1016/j.envres.2014.05.012
https://doi.org/10.1016/j.jenvman.2016.10.023
https://doi.org/10.1016/j.scitotenv.2015.04.045
https://doi.org/10.3390/ijerph2005020003
https://doi.org/10.1093/jnci/djw099
https://doi.org/10.1016/j.foodchem.2008.04.049
https://doi.org/10.1007/s11356-017-0102-3
https://doi.org/10.29252/j.health.11.2.183
https://doi.org/10.1007/s12011-018-1516-6
https://doi.org/10.1016/j.gsd.2019.100315
https://doi.org/10.1016/j.gsd.2019.100315
https://doi.org/10.1080/10807039.2017.1322895
https://doi.org/10.1016/j.mex.2019.07.017
http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

OlSed g (Bxol (313, Cymns

45.

46.

47.

48.

49.

50.

51.

52.

https://doi.org/10.1080/10807039.2017.1374166
45. Shams M, Tavakkoli Nezhad N, Dehghan
A, Alidadi H, Paydar M, Mohammadi AA, et al.
Heavy metals exposure, carcinogenic and non-
carcinogenic human health risks assessment of
groundwater around mines in Joghatai, Iran. Int
J Environ Anal Chem [Internet]. 2020;00(00):1-
16. Available from: https://doi.org/10.1080/0306
7319.2020.1743835

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 Resour. 2015;42(4):508-16.
https://doi.org/10.1134/S0097807815040041
Duggal V, Rani A. Carcinogenic and
Non-carcinogenic ~ Risk
Metals in Groundwater via Ingestion and
Dermal Absorption Pathways for Children
and Adults in Malwa Region of Punjab.
J  Geol Soc India. 2018;92(2):187-94.
https://doi.org/10.1007/s12594-018-0980-0
Huang X, He L, Li J, Yang F, Tan H. Different
choices of drinking water source and
different health risks in a rural population
living near a lead/zinc mine in Chenzhou
city, Southern China. Int J Environ Res
Public Health. 2015;12(11):14364-81.
https://doi.org/10.3390/ijerph121114364
Jamileh Shahriyari, Mohammad Reza Rezaei,
Hossein Kamani MHS anari. Carcinogenic and
Non-Carcinogenic Risk Assessment of Heavy
Metals in drinking tap water in Zabol city, Iran. J
Neyshabur Univ Med Sci. 2020;8(3):59-75.
Rezaei H, Zarei A, Kamarehic B, Jafari
A, Fakhri Y, Bidarpoor F, et al. Levels,
Distributions and Health Risk Assessment of
Lead, Cadmium and Arsenic Found in Drinking
Groundwater of Dehgolan’s Villages, Iran.
Toxicol Environ Health Sci. 2019;11(1):54-62.
https://doi.org/10.1007/s13530-019-0388-2
Dashtizadeh M, Kamani H, Ashrafi SD, Panahi
AH, Mahvi AH, Balarak D, et al. Human health
risk assessment of trace elements in drinking tap
water in Zahedan city, Iran 11 Medical and Health
Sciences 1117 Public Health and Health Services.
J Environ Heal Sci Eng. 2019;17(2):1163-9.
https://doi.org/10.1007/s40201-019-00430-6
Islam ARMT, Shen SH, Bodrud-Doza M.
Assessment of arsenic health risk and source
apportionment of groundwater pollutants
using multivariate statistical techniques in
Chapai-Nawabganj district, Bangladesh.
J  Geol Soc India. 2017;90(2):239-48.
https://doi.org/10.1007/s12594-017-0705-9

Assessment of

Yo

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Aitio A, Becking G. Arsenic and arsenic
compounds. Environ Heal criteria. 2001;224.
Chilvers DC, Peterson PJ. Global cycling of
arsenic. Lead, Mercur cadmium Arsen Environ.
1987;31:279-301.

Rosado JL, Ronquillo D, Kordas K, Rojas O,
Alatorre J, Lopez P, et al. Arsenic exposure and
cognitiveperformanceinMexicanschoolchildren.
Environ Health Perspect. 2007;115(9):1371-5.
https://doi.org/10.1289/ehp.9961

Babaee Y, Alavi Moghadam MR, Ghassemzadeh
F, Arbab Zavar MH. Arsenic contamination
of groundwater in the Kashmar Koohsorkh. J
Environ Sci Technol. 2008;10(3):29-36.
Roychowdhury T, Tokunaga H, Ando M.
Survey of arsenic and other heavy metals
in food composites and drinking water and
estimation of dietary intake by the villagers
from an arsenic-affected area of West Bengal,
India. Sci Total Environ. 2003;308(1-3):15-35.
https://doi.org/10.1016/S0048-9697(02)00612-5
Malakootian M, Khashi Z. Heavy metals
contamination of drinking water supplies in
Southeastern villages of Rafsanjan plain: Survey
of arsenic, cadmium, lead and copper. J Heal F.
2014;2(1).

godratollah Shams Khoram Abadi, Abdolah
Dagahi, Leila Tabandeh, Hatam Goodini PM.
Investigating the contamination of heavy
metals (copper, lead, zinc, cadmium, iron and
manganese) in sources supplying drinking water
in Noorabad city of Lorestan in 2013. J Lorestan
Univ Med Sci. 2016;18(2):13-22.

Guerreiro C. Air quality in Europe: 2013 report.
2013;

Cancer IA for R on. Cadmium and cadmium
compounds. Monogr Eval Carcinog risks to
humans. 1993;58:119-237.

Mosaferi M, Taghipour H, Hassani AM, Borghei
M, Kamali Z, Ghadirzadeh A. Study of arsenic
presence in drinking water sources: a case study.
Iran J Heal Environ. 2008;1(1):19-28.
Organization WH. WHO guidelines for indoor
air quality: selected pollutants. 2010;

Steenland K, Boffetta P. Lead and
cancer in humans: where are we now?
Am J Ind Med.  2000;38(3):295-9.

https:/doi.org/10.1002/1097-0274(200009)38:3<295::AID-
AJIM8>3.0.CO2-L

Jarup L. Hazards of heavy metal contamination.
Vol. 68, British Medical Bulletin. 2009. p. 167-82.
https://doi.org/10.1093/bmb/1dg032

Mahvi AH. Health and aesthetic aspects of water
quality, AWWA. Tehran: Publication; 1996.



https://doi.org/10.1080/10807039.2017.1374166
https://doi.org/10.1080/03067319.2020.1743835
https://doi.org/10.1080/03067319.2020.1743835
https://doi.org/10.1134/S0097807815040041
https://doi.org/10.1007/s12594-018-0980-0
https://doi.org/10.3390/ijerph121114364
https://doi.org/10.1007/s13530-019-0388-2
https://doi.org/10.1007/s40201-019-00430-6
https://doi.org/10.1007/s12594-017-0705-9
https://doi.org/10.1289/ehp.9961
https://doi.org/10.1016/S0048-9697\(02\)00612-5
https://doi.org/10.1002/1097-0274\(200009\)38:3%3C295::AID-AJIM8%3E3.0.CO;2-L
https://doi.org/10.1002/1097-0274\(200009\)38:3%3C295::AID-AJIM8%3E3.0.CO;2-L
https://doi.org/10.1093/bmb/ldg032
http://ijca.ir/article-1-143-en.html

[ Downloaded from ijca.ir on 2025-09-05 ]

67.

68.

69.

70.

71.

72.

73.

74.

75.

Pontius FW. Thenewleadandcopperrule. Journal-
American Water Work Assoc. 1991;83(7):12-109.
https://doi.org/10.1002/j.1551-8833.1991.
tb07136.x

Muhammad S, Shah MT, Khan S. Health
risk assessment of heavy metals and their

source apportionment in drinking water
of Kohistan region, northern Pakistan.
Microchem J. 2011;98(2):334-43.

https://doi.org/10.1016/j.microc.2011.03.003

Dehghani M, Abbasnejad A. Cadmium, Arsenic,
Lead and nitrate pollution in the groundwater of
Anar Plain. 2011,

Shariat Panahi M. The Principles of Water
Quality and Wastewater Treatment. Tehran:
Tehran University Press; 2003.

Kolonel LN. Association of cadmium with renal

cancer. Cancer. 1976;37(4):1782-7.
AR Mesdaghinial, S  Nasseril MH.
Assessment of Carcinogenic Risk and Non-
Carcinogenic Hazard Quotient of Chromium
in Bottled Drinking Waters in Iran. J Heal Env.
2016;9(3):347-58.

Haus N, Zimmermann S, Wiegand J, Sures
B. Occurrence of platinum and additional
traffic related heavy metals in sediments and
biota. Chemosphere. 2007;66(4):619-29.
https:/doi.org/10.1016/j.chemosphere.2006.07.097
Shahryari T, Moashery BN, Sharifzadeh GR.
Concentrations of chromium and copper in the
ground water and drinking water distribution
network of Birjand, 2009-2010. J Birjand Univ
Med Sci. 2011;18(1):62-7.

Xiaolong W, Jingyi H, Ligang X, Qi Z. Spatial

Y5

76.

77.

78.

79.

80.

and seasonal variations of the contamination
within water body of the Grand Canal,
China. Environ Pollut. 2010;158(5):1513-20.
https://doi.org/10.1016/j.envpol.2009.12.018
Ho HH, Swennen R, Cappuyns V, Vassilieva
E, Neyens G, Rajabali M, et al. Assessment on
pollution by heavy metals and arsenic based on
surficial and core sediments in the Cam River
Mouth, Haiphong Province, Vietnam. Soil
Sediment Contam An Int J. 2013;22(4):415-32.
https://doi.org/10.1080/15320383.2013.733445
Kamani H, Mirzaei N, Ghaderpoori
M, Bazrafshan E, Rezaei S, Mahvi AH.
Concentration and ecological risk of heavy
metal in street dusts of Eslamshahr, Iran. Hum
Ecol Risk Assess An Int J. 2018;24(4):961-70.
https://doi.org/10.1080/10807039.2017.1403282
Kamani H, Hoseini M, Safari GH, Jaafari J,
Mahvi AH. Study of trace elements in wet
atmospheric precipitation in Tehran, Iran.
Environ Monit Assess. 2014;186(8):5059-67.
https://doi.org/10.1007/s10661-014-3759-9
Faras SS, Casa VA, Vazquez C, Ferpozzi L,
Pucci GN, Cohen IM. Natural contamination
with arsenic and other trace elements in
ground waters of Argentine Pampean Plain.
Sci  Total Environ. 2003;309(1-3):187-99.
https://doi.org/10.1016/S0048-9697(03)00056-1
Mukherjee A, Sengupta MK, Hossain MA,
Ahamed S, Das B, Nayak B, et al. Arsenic
contamination  in global
perspective with emphasis on the Asian scenario.
J Heal Popul Nutr. 2006;142-63.

groundwater: a


https://doi.org/10.1002/j.1551-8833.1991.tb07136.x
https://doi.org/10.1002/j.1551-8833.1991.tb07136.x
https://doi.org/10.1016/j.microc.2011.03.003
https://doi.org/10.1016/j.chemosphere.2006.07.097
https://doi.org/10.1016/j.envpol.2009.12.018
https://doi.org/10.1080/15320383.2013.733445
https://doi.org/10.1080/10807039.2017.1403282
https://doi.org/10.1007/s10661-014-3759-9
https://doi.org/10.1016/S0048-9697\(03\)00056-1
http://ijca.ir/article-1-143-en.html
http://www.tcpdf.org

