DOI: 10.22122/jhsr.v14i4.3321 Vesnu Publications

9 RTwgd 4B 5 G bl ataw SBSE 13 il Caod 19 PenodlS g 0 g shad 303
a5 ylw 3Y 9 Rovzno

LR
4 oSl Fo T 55 anio Gblie 5 4 5 b3l st 4 1) 0Ll Sl o8 355 o0 ST 3 (5K 16 oo Ll cla g )3 o Sl lab S ad 1ok
.ufrw.QL,;\(j;C.;,,u,‘;,»Twsauﬁdk‘@‘Ja_ﬂsuefuﬁou\Qmmﬂz\:,gf,h;&gj)ng;ﬁqﬂst,_,u,;“aigauu

le::'— .J.::j?;mx;'lbﬁ)-f): %’f‘}fﬁ’gﬂt&w}md)}-f@? 4§)LA >Y}§@:>.‘AJQAT%A}5 43\>‘)\§)> Jl}‘@vbﬁ&hifb'-)" & god "'/\Ilﬁ&’)
Olojl o slgtiy fa) 51 ool b gy oo 5 i (Gl gl alain ilaw ST 3 5y o Sl Sl I A6 150 e e 5 01500
W55 15 bl 5590 OVLE 55 5 08738 (5l 15 T G aes il

133 S b s le & M ot (omen (AN Sbls ol 058 055 4 cpensls i I (36 Gl i slacssbe 4 Sl st o i 4B
.:l:QU.J‘)wwx})ﬁ@wﬂgug)kﬁq)&:{l%.:ﬁw}.{mr}:ﬁ:lfﬂ;}dlxJJ})L');_ISLQ&J:é.g:fui)lfrxn:\fjlj:‘&ﬁ(W/W)u.»,wg},.a.«

):é}@Uoﬂgngkg)L.::q}h:.llj.swré,.»x\}:&;(}?‘:lf}gﬂj‘léQﬁjpby}é}&ngiﬁlﬁ-)\fd\}| LS“‘Q:‘}@’““LSLA&B;’}”%S;QQ

[ Downloaded from hsr.mui.ac.ir on 2025-07-11 ]

[ DOR: 20.1001.1.17352363.1397.14.4.3.9 ]

[ DOI: 10.22122/jhsr.v14i4.3321 ]

el asls gl .

S ¢ amme S5 (ST st G5l 0 o i penslS 1 GST (SO

doxe .45 Lo 3Y9d moizme g plgd dild )5 Blybl o SRS 15 Gl CoMw 33 050031 g g yhad b, Loy Lisyins o pual Slis 1gls )

NA\ARAL- SNSRI

Laals ales 5l b ciliseo clacdl p  Jgw il g 255y s a1 oludl
> g ah (il e o 608 SSB ) Sl s AT
P09 3 e 9 (oS ooy COL )3 9 39 o0 Jie Gl & gy
9o (Jsho puddgplio g (4 sl i 3 BT el 5 Wb (oo oo
I35 L b5 3 plas] €l 5 (s bume S S5 & 05 (1)
el ) ST pss] Codls 3 ] oS 5 SB ol i g (i
0ddh gte Saggslow g Shlad ()3 (sote 3L i 4 polie ol
(F) ds 5 & 5575 S (Sl s 5 S8 1
e g Gl Codlw o poeedlS g o e Sl 4 dag L
ol cale 5 alST (oS codiw 3 o] cusS 3 S wlul s
25 gl luiliwl pni g lylad do i )0 ek Sl lgie 4 olis
2 3l 65950 Gl it g Sl slagslon 40 Ml
g 15> (el gl 53 ol coodbo s bl o GilS e (sl JLo
ol =t 5 @higlbyw ks bl el GWlhae 5 audly o213l
Jacde a8 ola ol 51 Lel (B &) ol 48,8 ©jgo SB 3 pSi ljlé
adlaie o )0 S GlendsS5d b Shg  adhio ) SB Sl

WAV/Y/F e 5

FIV-FYY o(F) V¥ YAV codlo pllas Cldiss

AARVZARVAL SRV FPRI P

doudo

O (ko s e (slmdglo aloa 1 (Sis g T labame (Sl
Sl g5090 9)ie slod 4 (S Sy > Sl el dyity g
Ol Elgst e 1 g 008 a5 Laome 390 13 2l S il sl S
S (Siglsnsd Sl g g s BB b U 4 (S I3l L (5o
ool 00 A lid Caenl s 55 oS glacdale )d o)l onj Sldgge p
LS il odlaiwl cggn sl iy Aile calises (gl e | S I3l
e 3y SUs & o iSedl § GG (o9 5,18 ¢ s 5 (solsasd
Sl i i Sl (IS (S Sl 4 SB (Sl () 1Y)
sloaae 1305 g Sl Sl g (2 i b (slapiugss] o lus]
hol gilio 295 0 Ciguoms o3l g Jlo )3 Gy laeo g ity (1eMes (5l
Wl aial g 0gd Lol )l Jold yidin 5o ) S I3 395
9 S wlie (591 0 e a5 ol bl g S 18 lyi] slaoyss
33,5 o LA ol 5 i sl adlate 3
e Al e 4 WSl o S SIS alor 5l poredls g o

Email: a-baghaie@iau-arak.ac.ir

Sl Sl oMl Sl olSils o ST,) sl ¢ k5SS 09,5 -
Sl Sl e oMl 315 olSzils (ST sl e e 05,5 ¥

S G ol 1] 9gum0 00w g5

WAY s /¥ 0)louis [VF s /aoMs pllas liioes oo

Yy

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i4.3321
http://orcid.org/0000-0002-8936-1202
http://orcid.org/0000-0002-8936-1202
http://orcid.org/0000-0002-8936-1202
http://dx.doi.org/10.22122/jhsr.v14i4.3321
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.4.3.9
http://hsr.mui.ac.ir/article-1-1059-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-11 ]

[ DOR: 20.1001.1.17352363.1397.14.4.3.9 ]

[ DOI: 10.22122/jhsr.v14i4.3321 ]

SEon 5 s e

Y day,
ADDjygestion = (Csoit ¥ Ingr x EF x ED)/(BWx AT) x 108
Y b,

ADD;jhatation = (Csoit X Inhr x EF x ED)/(PEF x BW x AT)
Y ol

ADDygerma = (Coit X SA x AF x ABS x EF x ED)/(BW x
AT) x 10°®

e INgr (p5sLS 1 p 5 ko e 1) SB 5 ljlé clale Cogy
P9 P erSite Ve g Ve e an (VLS g (35S sl & ol
o VLS 50 5 35 lp a5 SB i 25 INAP 5 (V) 5 4857 L
(VY) 28lso o) 50 aSayio VWIA o VIFY i

arang by cunl (Jlo 3 59)) Sl (o5m 53 518 Slsli8 BF
392 YPB (G 09,5 93 1 (sl 9 o0 Cguine (st b dilale oS ()]
G daS ol Glilb oy e 10 (5,58 U ED s a8 S e
039 BW () as a5 Jlai > Jlo # 8368 gl 9 Jlo YF VLS55
9 P9 N0 (LSgS (sl &5 AL o Il (2 pme 3 W8S 118 e
(V) 45 485 )l 53 p S ols OB/ (VLS5 sl

< cul (j9)) 0o s 4 Sl (o520 )3 (65 )18 oy wse AT
23,5 oo dnole ED x Y20 35 b

S Cul (PSS 2 o yio) Igp & SB Sl lilé Ll 956 PEF
(OF) 25 3550, VY x V7 s 09,5 93 2 (sl

a8 adbe il (o yme 3 4B )8 Congy aw 5l (slanl SA
)3 gy paBle Ve s FYDe i 4 IS g (VLS5 il
() 0 b5

S g IV VLS5 ol 48 conl Cungy &) (St 556 AR
(VV) 45 485 a3 53 o) 53 yacsbe p pyS ke /Y (S35

S35 5 VLS (elyr oS AbL o gy ook i )5S ABS
(V) 35 48,5 5 )3 /o)

oy 1 Sy 5 (slyy 35 4l i e A sboeo | Ly
VLS50 5 015368 (sl (H1) bojos IS (21l 38 a3 (ADD;)
Sl pe 1 Sy pm 5> SI3lE il Gl jolae pex Jols Ll (M-)Y)
8l e (RFD) 506 (5 oo 2 po e ay SI3lb (000 15 (5653
223 oS Sl (il ps i s HQi ol )3 &5 () (F i)
9 ol oy L bl Yl eS ae pl &S Sheo 10 g Canl peus
iliee (Gl yif Slaggslon 4 Ml Jlozs jlas

HI = ZHQ, = ZADD,/RFD, ¥ Abl)

iS5 g &y yono (gly poredls paic RFD; e a5 cusl (S5 4 p5Y
s 3 iy e gl 9 VXV gy ol e gl g VN
g A s 3 g VIOY X VT i e ¥ x )
(V) 43 4,8 s s olvax VT
39 g0 sl 3 by jop el pgradls g Loy Il &S o] 5l
Lo 38 aw ool glp a8 an (glojns 1S5 g2 3 iy jlad b))

P Glbys g Gl slacslo 4 Ml s b5yl (Y A) 3l (St
WS ol dang L 0yS )3 oy 3)90 Al )90 4 L ddlate 2
O I3l 4y ladol 4l 3V g (paligd A 93 Sl slagye
At o)) Ban b 3l gl (1) wilge 039l oy g pgredls dlox
5,15 g5 Gy bl e sl 3 ] andhas s pgsadlS 5 oy

28,5 plosl &S Jla V5 gaie g alogd

Lagdy,

@Sk — ool 0 e 3 9 ladol (2 gz D oy 390 dllaie
9 s OF YV Y LYY WYY oLl claoye S0l s
bwgio )l 5l 8 (5,5 0V YV YY" GOV R Q8" Lldlas cla gk
aibaio M3l o qipe oS Yoo ol Colus g yio VASY Lyd oo 5l glis)|
U yio oy yiog kS slae Jolsd U plaie Lol 4 o ol
Cbale Oly i )5 383 (o yelate dn Cdpdy Gjgo (g yie Ble Ve
@gome > 25 (Al (e 0 r Jold b 6 5SesS (b paigel &S
O el i ol&iwd jl oaliil b diged VoA )3 pouedls 5 o clale
(V JS3) SWlas dilaio j3 (xS yolic clale SusTy, aci (V+) 43,5

WD maw 5 A ases Surfer l5sle 5 5l eoliwl L

525000 535000 545000 525000 535000 545000
ailaiio yu (@) pgseals g () O peu Cared § SISy dils \ JSG
IR S0

48 Col lads jo i (gl (i Slilé (ilag cllad b))l
i)l Ghgy bl g gy e g ooy lhlad b5yl 25w 93 5
a3 b sl 15 sl s b clis lojls gy osd 4 jlas
9 i g e e ST (5 5me ) lusl (518 (i 93 2
FSa 2 il alliy) oda palie 9 85 4118 )5 se gy ol
Lol 3 a8 () 43,8 (wyp ¥ L5 Y by, 5 ooliil L s o
i 155k jlde < 4 ADDgermal 9 ADDinnatation ¥ADDingestion
oS gl )b 3l 9y 3 o 039 PSS 2 S e e IS Al
bl e (g ol g

fFrv

WAY s /¥ 0yl /VF s /aoMs pllss ol dloeo

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i4.3321
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.4.3.9
http://hsr.mui.ac.ir/article-1-1059-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-11 ]

[ DOR: 20.1001.1.17352363.1397.14.4.3.9 ]

[ DOI: 10.22122/jhsr.v14i4.3321 ]

Oldl Cdlw 3 503 5 0 o 5

Sl s ol e (ol (l )3 9 il oo Gl p 3t Sl
= YL 5 StV Jose ol el cond 4 (YWS )5 5l jiw 45358
b by S )3 (398 sl Sy 3o Glaislow 4 Ml Jlos]
3yt GB35 Gl g ponedlS Sl i @y 318 Gl (Rl

(Y JS8) 23,5 (8135 o YWS )5

0w 1e s Fad

watly il s ek

Pgaatld Lyt
JIJ.UuAha.u.SBJAe}:quS‘ggJ.wgﬂﬂjQUaJth&.Y Js
aS lae oY 98 9 (alagl

WEN)

olis cdale (il sl )0 g 35e (i (lrore Can; OllasMe (i8S Jlas
sleizy el IS slaodly olwl i) S > s g0 (pSins
305 4y 0350 o8 Jon 2V e Bl sloe 9 oliosd 4165 Jlos
S PYL gy dyg0 sblio yidw ,d osy VT cdalé § cunl pgpodls g oy
2885 48lies (VF) poeedls g oy (sl (Sle )kl bawgs 00d (s e
a dagh D LSan g I Ll ol et jo,8 g 0)5 SOy b adds
L a8 ke 3Y5h goione LI )3 ponedls’ g o 1Sy (e Sl ()
Geographic information system g ,Lel o (cLacS iS5 aliul
4ol 1y dilate )3 35290 poradlS g Gy ol 98 g a8 by, (GIS)

(V0) 65)S" (Byre a5 )8 oyl Bl

ADD; 5 il pasls Rl 15 48 (1)) 15 plosl 0 aba, §f oolizad
Sl 55 )3 6358 Sl ppne 1 Sy pp 3 I aljg; o ol
Ol an Ml Jlosl (a3l SFi 5 (595 55 (o 039 £S5k 2 £25 Ge)
(595 2 O3t 039 P 9kS 32 )5 ee) Sl (2300 13 (63515 2l p >
PYY XN Gy el g B x VT parelS ol SF e il

Risk (RI) = YADD; x SF; b dla,

Laassls
4 0l Lt a2 390 dcilale )3 39290 g CAE Liogi ol gl
PerSie Fr g O iy 4 ddlaio 3 odlo ol ClalE o ieS g o i
1335 SIS 5 S5 LS 15 8 o TVWIT £ VAN Sikis b S5 5 SolS
PrS e VIO 9 Ve i & ClAlE (g 5068 g (gt 3 pgeedlS puale 390
ol Cawd 4 SB pSelS 10 p )5 o Fe VA S0ke L S 5 )S6lS” 1

Ygb gatme B, g3 Slb] llllas dilato ;> oy ke 1yt
(G o) V S5 olol 1 33,5 oanlie lgio] algd 5 45 e
Py pySihe Yoo jl VL (o0 it Jlad (ise 0 cile
aeizme bl (2los i 3 Cundy ol g dmd o (Ui ]) S p Sl
lacpe; il oYb Cans 4 Mo yd ¢pizman Dgd oo odaliie 55 4 )lo 3V g8
S £S5 9 kS 13 ponedlS p)S (o ¥ 5l 5VL (cageadls clale (gl atlai
b codlw sl ]y g (SIte 45 (0 Coond ) JS3) Bl
200 )b & G

9 poedlS ol jlade () ieS g (i ) Joix slrosl ulul
D g o g gy e Sl 4 G35 09,5 )3 g

a8 b LS ey 53 i il oy i Jld ey
g 9 & e )b B 4 VWS ) g (I355 095 jlas (st
= lagsbon e Ml Jlas (i o yale 3550 3V Jsi2) 392
sl lad ol & Jb 3 20l gl e B2k 1 OE05S sl Slop
ol (S ot 1) 1 AN VLS 3o 095

9o sl Qia e JS Gligb e p Jbd (I b 4
pdphs i) (35 Y iy o5 ob ol ]y G ) 5YL goas pgedls

W 0 5l s S 6l pga0alS 9 s polis (ol yua b lod 9 (59, 90 O 039 PUSSLS g3 psSslae) lj g, i e ) Jgua

O 8130 Sasds of yan

ANAXN-T BN xS FISY x N YAV XN 0/FAx T VY x YT off>=% 0 asealS
V0 x N 00y x -7 q/yF x V" V00 x N ..q ofo o ofo ofF o[-0 e
JS 250U s jaé jlod st 350k b o s 50l pud sl
L e [
#NA ANA /5 Y/NY - o5 B Y o/ - JRPRITS
¥/V0 VEIVY AR V/-0 Y/00 AR -IA- VF/YA e
WAY s /¥ 0)louis [VF s /aoMs pllas liioes oo e

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i4.3321
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.4.3.9
http://hsr.mui.ac.ir/article-1-1059-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-11 ]

[ DOR: 20.1001.1.17352363.1397.14.4.3.9 ]

[ DOI: 10.22122/jhsr.v14i4.3321 ]

Sen 5 Sy ol

p5Y bl oo sl oy 318 Gollasls il 3l osimd lis a5 39y 8568
gy Gz b il Gl p lagslen Ml jlad ol S5 4
Al GYLWS o 1 a8 (398 )3 (g 9 (oS (S yrne Sl g
oo 3 S )l pad &S Bl s gy plsil L i oS  TAO
Sl ye I (86 lylad ) pnies s pre )3 S35 Sl S 316
4ol Gl oh)Ken 5 QING .55 zols (W) Conl wgs ol g (owdlS
S (W) sl VLS50 ) jti (8365 53 o jpne JS 25l e o>
S A58 Lasie y sl dalle il lgen plb oy bt b
P ey peeedlS paie 93 50 Gl s 5 2oy p s i
35 OS5 53 padls cpl & dizym 1l oo (VLS5 5 il (38
oMo gl jate 93 ol (VL plas snimd (LS 5 55 S 5l 5SS )5
5o Otyier 395 oy )3 55 OlSen 5 LT casl (VLS50 5 (858
s an bope ) (i Sl G 53 Bjeas JS il o jlas
3 Oy maie glyo ybd ol aS a5, oS bl il g
(VA) 23l o WY+ YL 3 53 9 VD)V 58568

Bk il Gl jmd slag)lon 4 Ml jlas 3550 )3 (olie S,
odalida gy ol g (oudl gy pno 4 1 S5y 5l ponedlS” Ay e
@l pgeadlS 5 oy pais 93 (Ll b jlad Jlade o Lz ym tad
Ao M)y had i o)Ll g 50 e 45 A len b L 1y (gglate
L e oy G398 sl pgeadls Qo )b Sl (Sl jw pf laislow
s i (gl 005 duusloes Yo | 28 ] i bl el gl 2
b Jleinl 58 (S aonis (g op O g s @ g Loy
ei2 do By a5 )3 poeadlS A 305kl Glbjw i slaislow
1 £hoaiiS ), S5 g osllasls 51 Ay e oS 3,5 gy sudiS (gl e
sl 4zl s ool

PSS ol g oo clli ol 3l L gilas (IS 5o o
b 3 by 0 Mo 45 S Jlaznd ) V3 V-7l 58 il s
I pia 48 (Shgme 3 g Sl Bladl BB Jlad pl Bl (48 oo S
Ol o 9 338l yhas & ]y el oMo g sl Jle yuf Al VX Ve
=ik s (sl adllas )3 (VW AR) 3 5,8 bwgie s> 3 Hlide g3
X Ve floxe a5l it (VLS 5 SS9 09,5 93 0 33 psedlS g g
poredlS 5l iy oy plad Olie nl )3 9 8L jlslad Wl o 4 59 )
(¥ IS8) )l )8 st Jlad (5 yme )3 3 O35S 9 48 )15

S yaSdagis

ol il ollao dlats s S5 > e e has b ol
9 OS5 oDl (g W3 diej 3l ) Sl b puo ylas oS Canl Cusdly
iy 45705 paseiie ol G gl b il e walS ) VLS5
OYLaS)i e 395 3 b e 9 Sy Slagilon 4 o>
oo el 3k 5l K polie 39)9 4 (6508 4295 4 (pl 39y b ol
Olsly3 Canl (gl 43155 o oy ol Lol el Jos 4 gy Gl 9 SB
Ao Ml plas L)) e oS ol s dog bl Vb gy las il
09 @lradld 4o (L) (Sady (Gloyw 2 9 Sy Gbasslon

d i 6 39,9 2 I ,36 Sl gilie (2 otes ) o0 a5
liiod > ggdge (ml & Canl (nio el Bl (oyp » S
Jbos g o5 a0 355 aallls )3 o))lSen 5 i el 008 a0k 55 S0
4S5 ke Y55 g mlogd B 9 Bl bl 3 S 5 oy g Leline
SIS Gy bl 3 oy ymie Cdilé 48 13,8 (6ot 5 Aishy
A G 5B 93 52 sla (e Bl )3 IS5 e clale g alogd
() 392 pYL dilaie atpoj clale

ljay win e 510y ol sy lagoms cilis lajles 3yl 3o
2oy g ad A3l je 2 53 B o @2 g e Sl it I3
Srg=e 2 (V) b aaled (V5 i) slxe a5 VL je po 3 6
A3l V) it e s 3 odol Casd & (il i s lade oS
1348 sl 55 4 Y o3yl il Cdhas 1 (6o 51,5 5 ogllacls
e ) g sl 53 pgsedls’ g op &iljgy e S jlade Sl gl
LSyl g o cblis lojl bauwgs o il lig) Joos LB ol
=9 (0)

&l e Gl oy alliy) ol ke ol B @l el
G s |y o i) s o 13l VLS5 51 b o555 (sl
s e 48 Jls 3 Cdls pe gl 1 SB L o855 iy oles
@i g (S e G ) i (VLS )3 53 poeedlS g o &l
VLS5 ol (sloogy S o 3 alig) 0 Gliee ool & Conl gy
sl 4zl olyen & ) _glite golts Sl e oS shlowt 5 s (3b; e
e A b il G aliny e e )90 3 5 (b Slalllas
= O Sl las b L e g olgs g il oad plox] (g
) teltie @l (S5 5 ol (luopes (b S > sl codls
5 omii oy (sl )b S oy wligy Dl i o] 3500 &)

RIS YR FRILER PR QUK 3 NN
pShe feeerhgelec e Ao (VLS5 sl g o Gg PSS

A4S S Aol ol A omiman 535 1SS S, 50 G 0y PSS
Sl g e g il g lajen B2k | pgsedls il o e
039 PSS sr p S e ol e oY g feenoh fon iy & 068
PRoLS ppS e cfereeed g efeveebfoee ) (VLS5 g o0
bl clhs pols Giagh auls b oS (W) Wbl e 5oy 50 b 039

Gk o (ol yd jls oS0l Gl pol G b
rf plad a8 ceul Jlo o ol g 0dlion V5 it 3957 (sl poame
Sl 51 (S 5090V 1 S oae LS5 sl o 41 il
o Ml s il el ol s Bk Sl (e il )3 o (Sogl &S
gy dobl a S uin ya sl 4 il 69)S opl slp Sl e oo lon
w2l 3 1y JLaS 50 30,81 el (olons 2 Ml Ll sl (Sae (S]]
o (V) w3g05 Ayl 1, aelibo gl oy Kiad g olys g dbtly gl 5o 8
e VLS ) 5 06 Gl ) oy 4 gy 3 SlS (e
(V) 3,85 5)l55 <IAY 5 #N0

boiye Gloyw pé glocslon 4 Ml jlas ol ailllas b b golles
9 0L Gl g 9 (S Sl s Sl 0 i) o e
Sy JLaS 5 00,8l ol jlade (ol g dol cawwn 4 Vi YLS )5

Yo

WAY s /¥ 0ylouis 1VF s /aoMs pllss ol oo

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i4.3321
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.4.3.9
http://hsr.mui.ac.ir/article-1-1059-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-11 ]

[ DOR: 20.1001.1.17352363.1397.14.4.3.9 ]

[ DOI: 10.22122/jhsr.v14i4.3321 ]

Oldl Cdlw 3 503 5 0 o 5

9 ya8 g ySn Sl pns Gyl ) S l3 18 3959 o (s 09,5 ( Sogll atsej clale
2 ) San can 4 STl asly oMl ol ol8isls I Bty dlsy oty aS cod pY o)l mico pé g (mio slaped wile S Jolge 5 iz
Lglin Jos & I8 ¢ St ils ing pbo 25 ) (o 390 A1 Oygo & dilain 2 sl paBLS

References
1. Ni M, Mao R, Jia Z, Dong R, Li S. Heavy metals in soils of Hechuan County in the upper Yangtze (SW China): Comparative

2.

3.

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

pollution assessment using multiple indices with high-spatial-resolution sampling. Ecotoxicol Environ Saf 2018; 148: 644-51.
Han H, Hu S, Syed-Hassan SSA, Xiao Y, Wang Y, Xu J, et al. Effects of reaction conditions on the emission behaviors of
arsenic, cadmium and lead during sewage sludge pyrolysis. Bioresour Technol 2017; 236: 138-45.

Zhelyazkov G, Yankovska-Stefanova T, Mineva E, Stratev D, Vashin |, Dospatliev L, et al. Risk assessment of some heavy
metals in mussels (Mytilus galloprovincialis) and veined rapa whelks (Rapana venosa) for human health. Mar Pollut Bull
2018; 128: 197-201.

Aghili F, Khoshgoftarmanesh AH, Afyuni M, Schulin R. Health risks of heavy metals through consumption of greenhouse
vegetables grown in central Iran. Hum Ecol Risk Assess 2009; 15(5): 999-1015.

Kolahkaj M, Battaleblooie S, Amanipoor H, Modabberi S. Study of arsenic accumulation in rice and its exposure dose in
residents of Meydavood Area, Khoozestan province. Iran J Health Environ 2017; 9(4): 537-44. [In Persian].

Salehipour Baversad M, Ghorbani H, Afyuni M, Kheir Abadi H. The potential risk assessment of heavy metals on human
health in some agricultural products in Isfahan province. Journal of Water and Soil Science 2014; 18(67): 71-81. [In Persian].
Baghaie A. Effect of municipal waste compost and zeolite on reduction of cadmium availability in a loamy soil (A case study:
Arak municipal waste compost). Journal of Soil Management and Sustainable Production 2018; 6(4): 103-17. [In Persian].
Sharifi M, Afyuni M, Khoshgoftarmanesh A. Effects of sewage sludge, animal manure, compost and cadmium chloride on
cadmium accumulation in corn and alfalfa. J Res Sci Technol 2010; 7(4): 219-25.

Baghaei AH, Khademi H, Mohammadi J. Geostatistical analysis of spatial variability of lead and nickel around two industrial
factories in Isfahan province. Journal of Agricultural Sciences and Natural Resources 2007; 14(2): 11-9. [In Persian].

Saadat K, Barani Motlagh M. Influence of Iranian natural zeolites, clinoptilolite on uptake of lead and cadmium in applied
sewage sludge by maize (Zea Mays. L.). Journal of Water and Soil Conservation 2013; 20(4): 123-43. [In Persian].
Ravankhah N, Mirzaei R, Masoum S. Human health risk assessment of heavy metals in surface soil. J Mazandaran Univ Med
Sci 2016; 26(126): 109-20.

Qing X, Yutong Z, Shenggao L. Assessment of heavy metal pollution and human health risk in urban soils of steel industrial
city (Anshan), Liaoning, Northeast China. Ecotoxicol Environ Saf 2015; 120: 377-85.

. 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.

Rashid Shomali A, Khodaverdiloo H. Contamination of soils and plants along Urmia-Salmas highway (Iran) to some heavy
metals. Water and Soil Science 2012; 22(3): 157-72. [In Persian].

Khaledan S, Taghavi L, Paykanpour Fard P. Investigation of spatial distribution of lead and cadmium using geostatistical
techniques and GIS (case study: Field's surrounding Mobarakeh steel complex). Iran J Health Environ 2017; 10(2): 151-64.
[In Persian].

Zhao Q, Wang Y, Cao Y, Chen A, Ren M, Ge Y, et al. Potential health risks of heavy metals in cultivated topsoil and grain,
including correlations with human primary liver, lung and gastric cancer, in Anhui province, Eastern China. Sci Total Environ
2014; 470-471: 340-7.

Tao XQ, Shen DS, Shentu JL, Long YY, Feng YJ, Shen CC. Bioaccessibility and health risk of heavy metals in ash from the
incineration of different e-waste residues. Environ Sci Pollut Res Int 2015; 22(5): 3558-69.

Li N, Kang Y, Pan W, Zeng L, Zhang Q, Luo J. Concentration and transportation of heavy metals in vegetables and risk
assessment of human exposure to bioaccessible heavy metals in soil near a waste-incinerator site, South China. Sci Total
Environ 2015; 521-522: 144-51.

Hu X, Zhang Y, Ding Z, Wang T, Lian H, Sun Y, et al. Bioaccessibility and health risk of arsenic and heavy metals (Cd, Co,
Cr, Cu, Ni, Pb, Zn and Mn) in TSP and PM2.5 in Nanjing, China. Atmos Environ 2012; 57: 146-52.

WAY s /¥ 0)louis [VF s /aoMs pllas liioes oo s

http://hsr.mui.ac.ir


http://dx.doi.org/10.22122/jhsr.v14i4.3321
https://dor.isc.ac/dor/20.1001.1.17352363.1397.14.4.3.9
http://hsr.mui.ac.ir/article-1-1059-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-07-11]

[ DOR: 20.1001.1.17352363.1397.14.4.3.9 ]

[ DOI: 10.22122/jhsr.v14i4.3321 ]

DOI: 10.22122/jhsr.v14i4.3321 Vesnu Publications

Journal of Health System Research Vol. 14, No. 4, Winter
Received: 31.01.2018 Accepted: 24.04.2018 Published: 05.01.2019

Risk Assessment of Lead and Cadmium on Human Health in Surface Soil around Esfahan Steel
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Original Article
Abstract

Background: The concentration of industrial activities in the cities causes accumulation of heavy metals in soil
that is dangerous for human health. Due to the effect of industrial regions on soil pollution with heavy metals, this
research was done to evaluate the risk of lead (Pb) and cadmium (Cd) on human health in surface soil around
Esfahan steel company and Mobarakeh steel complex, Iran.

Methods: 208 samples from the surface soil around Esfahan steel company and Mobarakeh steel complex were
collected and Cd and Pb concentration of samples were determined. Carcinogenicity and non-carcinogenicity risks of
heavy metals sorption existing in surface soils through ingestion, inhalation, and dermal pathways for children and
adults were evaluated using the United States Environmental Protection Agency (EPA) method.

Findings: The most non-cancer diseases risk due to Cd sorption belonged to the children [Hazard index (HI) = 8.19]
and the non-cancer diseases risk from Pb (HI = 16.73) was higher than Cd; while, the opposite trend was observed
for Cd. The same results were found for cancer diseases.

Conclusion: The pollution of surface soil to Pb and Cd around Esfahan steel company and Mobarakeh steel complex
has an important role in developing cancer and non-cancer diseases.
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