[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

B9 oode gaollad (Cons ) o 9 Cuodlw alxo

Olp! e clilogy (oode pozxil
YEA G YYD Slrao IVAD el (o900l o2 ju 0,58

&

Available online: http://ijhe.tums.ac.ir

(@

u':‘“ﬁ}% Jle

2 oS Wld o150 w9 2150w prd Sy ST b U3 ]

Olpl Syl gewo bla xbw LS o Ludl Cwodlw

"ol Loy onmxe 3,55k Ao frus dezxo ) el wlee
Ol 00,8 i 00,5 108 olRils (5 3,5liS 0uSiils (S pwiige g psle 0g,5-)
Ol el ol s ply oBails ((53,0laS 09,5

0»\.3—&?: ‘aJ( s0 el

N b

sl Joad g SIS S ey xhw slaSE S el B Sedlidu e gaine)  qq/.1/14

59 sl Coods S Sl3ls  Sogll (6 iy as il obs,l Gae Laallas ool.ccwl 49 /.4/YY

s plasl ol o pe o & dly (655 e bl 35 0 (ST o 3ble xhw slaS R4/+B/TA

oy ol el lale ol G)ETH‘?A_’ M Goc 3l o SIS dis0l YYO 1 omw )y 99, a4/+#/¥)
gl 0 (5,50 )lae TN S 1wl L pde (g St T 5 o 59, IS pedlS
S=Sojlail Sas e el g S alil ej asls jloslitwl L aihie slasSs Sol
cbla> loslaw lawgy oo &l Jows 5l S Sl L8 caadlw (5,008 las bl sl a0 )8
o ooliiwl 15 ol s aummo

el o b
‘omlpg &b

sy b
:)U;:JI @)L’

NNY XY/AA [T LgsjeJL..:‘uM_c G\ia_\_.u)" ‘r‘,_..AblS LL—))—AAJM—hLCu—Ai)[M :uab. “;o}ﬂ‘i u‘}ls“jl} :‘5’"15‘:’@3‘5
Gl ot e Sas b 5l ,olie 090 V- ¥/ T ME/KE 5 AY/AA AYIFA ABV/VA S gé el il ee; Lals

Oy APl 5eSilee 35yt az g B (Sud (8 U (S ad 8 9o )l S sladiges
o TEA YIOY VDR e IV s ST 5 58 e IS e s sroedlS ey Ty Sl
i &y e j0 YL 5 5 5068 (sl HQ) b s s el Cwads Y/4 g IFY
e Sl ans sl (HD (Gl s 58 (o f 3 (a3l 35 il g Sy 03 )
CR) Sl sl jlade o 2 don g HI<y) el gl 5l ieS Sl 2 an adllas 9,50

g1 s puan SO YIFY XV e Jaie L 5055 s 09,5 5 Sl dy g ye 55 o 6 s 35 Sanig S
oS Cl VXV Tl LS )5 (5055 50 S T (CR) (b s b3 1S4 taatyabbas@yahoo.com

Please cite this article as: Taati A, Salehi MH, Mohammadi J, Mohajer R. Assessment of pollution level, non-carcinogenic and carcinogenic risk of
heavy metals on human health in surface soils of Arak industrial areas, Iran. Iranian Journal of Health and Environment. 2020;13(2):335-48.



https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

GoyolisS ol ST a s o) a oS ol e laé
g 95 asdS 15 s (el lie adgs (sl wlgs oe Ly )
Sl g e ) 4 5L ol a0 SIVE Lo s
5 &238 (VA ollsea g Jamal (A) o)l ol
Slb1 oS o 1) eSSy ol jhs )
2ol 000l Lol aalllae 3,50 (55 3 oy Lol IS
oaiu¥T o jiege (S99 o a5 olo oLis Igeo s EF
s a5 0l s aedlw Jlas Sb T oren e
s op a5 atin Lol glacar¥T SLs s oedlS
() 0 (oo oboml il gl Gy 5 20l e 22
(BPA) 5, ol &y e cbili o l3T 5155 5l
St ] S5 ool ey adaz ) o Bl
imsS| (S9) 2 1) (oo Sl infiin e g 295 092
Slp b3 el peols s i) 1.0V 1) 958 e
OB B O s Gl g 53 (38 0 )
LSS 0 i il oYU slacile b, e o
e 50 (85 8 s ls lap sl cedlw 1 (slbael
@ dS o Shae ;o Pl ) pyivw S gol el qposls
33 088 )8 ag B e gl o S5 g e ol e
5 g Sluls Gl e a2 53 Siiw)l (e
e Sl oz 5LOY) oo ALS g ailis o,
ST mglS gon Jiws )0 Pl lsSoo o
Hlsd il 33l g adS 4 ol (655 10 (o s 50
O 59w 0dme 0,0 dlzul del j e 0, S o)Ll e
Obee 53 (OT) d9-dige )0, 5 iz Olod (i
1o IS g gy uedls (Sl (eSis I3 18
ol o 53 STl s s A olsolls s ol
il e slaails )l 0925 o a9 Sl 00l 23l
@l (5l ol g o gonibg iy (ki oSty W 4o
5 LS, 5l ik 5 695 5 Lo Dime spgines]]
Lol lacds | (So sy 5 (eie slaals S
Sl a0l g 05 oo Cgame ] 530S (Saie
axlllas s iSTLOVF) el o)l o0gll g i i lsn

YY#

e @50 e Sy o 539 s 2]

4o Mo
0SS e g olodl sl Lo s lad cl
\))‘b Sg—=9 @L\.c O‘H k-¢‘>).1 BE as Lr:l.&bk;o}‘—‘ &‘9-“
9 03— ‘fub.c .313_@ d)_.a.o)‘ ‘f..ula Oy ‘f“)in g
=l olas el Ay seges azgi Sl Gl JLu o
o..\_l.;f)” &=l 5 hY i Sl (V) Cl oo i
Y game CiS g ool JralS Ecl 4 S e S
S o Dl cpl jlacae (i3l (F) Wed o (55,5LnS
Sl g e s (509 425 JHB e o 4
o)_.JD) a4 3959 au‘)‘d_ll} usJLv o ‘5._....4) HDD S
o LS 5 S A ] o sy g ol
=l gledns ;o 500 Jous Gles mhw )0 S
Sy bz 5 S5 50 (S S8 (S 55
éwé‘}b ‘flaa 09— .L..u).a ddlaio g_r“"'l"""’ u_..o) L»
Sl lie a5 b 4o sis s o SLS ol sl olse
A5 005 yToduzn ol gleans o S ol L8
G 5 g pslio (ixio (clacalled oo 5 yixe Jals
5 055 5l oolitul o ao Sl S Gl o Joad
yobe Sy e LiST, (Y+\Y) Mohajer (5 )
ol gl ol L8 ey 0500 |, slgiol o) ailaie
powadls o5 g (Age standard rate (ASR)) 3,155
ol e 4 To6th (v) 3,15 3529 o re g o alayl,
O SISy Bae Ly 095 aadllas 0 (Y 15)
o2l = 0SB L Lyg )l an bl (65,5088 slaSs 0

1199 Gl /(g3 6 jlohs /s jaw )9S |, ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

Ol)5e2 g selb e

Ol e 58 48 Cil (535 5 @ OO0 9 B 1>
Job eogaze jo adhie ol ol ol &3ly ST
wldlix pre s 5,5 PO TY L FROYY L
Lo () JS8) o)l 3 Jls YO ¥ LYY .
5 S,k b el VAe e M Lo gl ) elis)|
S VYNOC 5 FY - MM oS 5 as adlaie UL glos
dod ylege ganard bl adlhie 8l .(V0)
Sl s § SCi3 05 el (gt (il 5 St
odalive JB slaggeis) (wlidany 5 SS90
sl gy Soail 5 3T ol g5 50 ol

2l b el g 41325 9 (5510 peiges -

Gawadl  Solal (510, diged by, 5l Bodiod (il 5o

Markazi province

Shils (Sogll g ymdy sl ity (25l 9550 50 (el
el 1l oats plowi] dilate ool slacS B ) (S
58S sloolawl by Sogll mlaw objs,l Baca Ly aslllas
(Igeo) Kol ey a3ls o BF) Sos e
o S ol g ol et S
STyl o gblie xa Lo oyl cwdla

gy 9 dlge
axllan 3 ;g0 Ailaio -

#‘)‘)‘M‘\Nf..‘ ha A_A.’_MJBAJC\JJLE.A .))9.414_5.'4.2.&

G)lo paiges b STy g axlllan o yg0 adlaio CauxBgo —) JSCU

h 1199 lisls /093 6 lads /@ jauw 693
. (2 0 uaw 09

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YYv


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

el a8 5 1 S oolaiwl 0y50 Sz o S ol 8
A Al ¥ dolee jloolaiwl b el cpl (VA AY)

Igeo = log; [1?];“] QD)

By ;o (S S8 00l g Toslwl el C il joas
Olod (ola b5 glarey clale B g mg/kg) S
Sade jo il ablwg 35U uslw ;) J8las agy gl
Glils Sogll clib ogd oo ganail Sogll WIS
ol 0o o0l

(Enrichment factor (EF)) 5ol o< qu56-
s e i, S o ol s Sogll mha s g 1S oyl
Sl g b alie 0,5 oz 6l Gaie 3Ll g
yaie glw Jloy jasli ol o ccnl ;K0S sl ol s
yaie 35 o0 O30 g e pare So blie )3 L5 559
Gy baome yo pl clile a8 cul (g paie az e
Al ol lud! Joolge 13l coo g ail ails Sl
pg20bly palis 5iKie (bl (pginagll Ao 5l 6 ,olie
(V0) Sgy00 B am g2 o paie (lgie 4 LI el
@ S o ol Slghs Jdoa ol aie aalllas ool 5o
yolie lm (Sad gé .0l oolaivl gz o yaie lge
D9 on dles ¥ aloleo jloolai vl b SLs )0 59290

EF = (Cn/Cref)sample (x)
(Bn/Bref)background

clile C g aalllas 3,50 digad o 38 e ble C o)l jo a8

i B 5B s addlas o)50 aised 1o oz pe L8

2olie s @ pe g LA 090 S (slaieey cibile

P i0gboe aaiib 09,5 0 4y (Fob e S

Y<EF<0 (oS ot e U (Sas e osan) EF<Y

YYA

o 2150y ol Samy ¢ 390 w2551

Gaxg LAY Jlo el Jobo jo .o oolaiwlouis
Bgad B) S o b S @590 YO  Slllas 4 slais
Cmd_mc)‘é..._m)bbl_u)‘oélﬁ_w‘l_:(m)_ﬁ)é
S sl 89y 5w oo 5 Syl g
O adold iSlas g Voo M Ladiges alold [ 8los
o e Sedlad g aslio iS850 3l o2 ,5 slaE
g yo a8l o oS Slig; (b)) sl WSl ee
asdl Lol ald [, K0 o)l 4 w0gd @dly e S
ezt S w0 iy ddhie [0 GliBw anlis
ol S o aily pez K Ol Soll L)
S oo 0l iole;l an JLasl 5l o S sladiges
O I3 Jade g ol ool Hee Y MM SN 51 5 00
) alsal k54>.s‘ s_:d_’> Ko .]a_wy LS’LQ” LgLCble?u
b o5 a4 Sl g podlS I8 5> 4 caios
ICP—OES 9 QS"J‘); 0)55 LSA"l u..\> K_wo )‘ oola_wl
o plil S5 A ;o La s bl aen aios <l s GBC
US)—AAJ .‘a_...:y oolai_wl 0)9_9 LS’L"‘H—MJ 019_4 9 Lﬁbd).’.a
as ¢l MillIQ O 5l ogs s 4y (merek) S,
ol ws s i as ol oolaiwl o laskiwl a JS

S9) GJLA-’ c o ‘Helf 0D u_:|)_15 6‘)—’ d)jo)k\.s‘
c‘/’f v/‘\’& 6‘/ """ Y 5'/‘; E.A—A-’)JA—)&»-»—W)—‘

g o[e-Y mg/Kg g +/c A

i I35 (FoglT 551 -

(Geo-accumulation S ilil o) ol

index (Igeo))

sz (VA2 Milller vy L o Jgl ozl o]

Sl a0 6, Foslail sl glos S joboas 5 0

1199 Gl /(g3 6 jlohs /s jaw )9S |, ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

OlSe g gslb (wles

ol azyo ladie o
03l e Igeo<- )
Losgie Sl 5 ogll i - Y
g Soyll Y- Y
a3 b Lansgia Soolf YoY f
RURGI AN f-v o
Qb s G agas  Sogl o-f 4
Bad s Soyl Igeo >0 \4

CDI anlxo gl g ouSoow ©l38 jlas b5, @Y ol 5oyl 2 0lie Y Jgu

SA  ED EF FC

InhR

AT ATy BW PEF ABS AF IngR TS
Vex¥sd  EDx¥P0  OFA  \FFx\-t oo} oF4 AT YE O YAe VT Y. Voo LS5
Vox¥Pd  EDxYPO 104 VYSxVe'  ofee) /80 APe § XBe Ve VFA Yoo o SeS

CDlingest = [(Ci X IngR X FC X EF X ED)/ ™) (azg JoB (i 28) OSEFY s (lagie o 26)
(BW x AT)] oo=is8) BF2F e ol b pos o8 Y- <EF<f-
CDlinpate = [(Ci X InhR x EF X ED)/ ® R I RS BT SR SRR TR
(PEFXBWXAT)] )‘ Solms | ouis S u‘)_b (5‘ o) & Lol
CDlgermar = [(Ci X SA X FC X AFx ABS x @ Oy 4o e gy Jawgle jlade lawgio jl (i

EF x ED)/(BW X AT)]

CDltotal = CDIingest + CDlinhale + CDldermal (?)

ailysy eye iz (mg kg day™) CDI ;) o a5
(CDL ) sliccal «CDL ) fawsals 3o,k 5l oas Y

inhale inget

olls ecbale «Cl el (CDIdermal) gy bl g
Ol Gk | Bymae &5 dINR mgkg) (oS
ED «(days/year) =55, l5, EF «(mg/kg)
0% 039 gie BW (years) (8,5 )1, 8 loy s
S D3l (5500 50 (65 )18 ey ae AT (k)
&~ InhR (o>l 500) Joos o o (FC (days)
o99m) ol Lasl sl PEF (m’/day) sl

2}?9 9 y} IJ‘/(L
. 1199 Gliwsls /93 0 Lo /@ juuww 695
-

Ol umo il gy pole ozl Liiag Ju ole oolilad Yva
ijhe.tums.ac.ir

andllas (ol 55 ol oS s oalii ] glaie) o bl
laey il (lge an e iy laiie Lawgte
(VY YY) o ool ol Ls

o 38 Cuodlw (5 520 b5 (2L 551 -

e D38 Cdls Sy () sl adllae (0 o
(USEPA) 55 1ol e e e bla> ylojlaw Jos |
AYY-Y0) o eolanul

9 Sy yf S5l s g aslge (b)) -
SB o e ol S

alisy oege i abesgay S 5o (S S L gzl
Yol 5l oolil b g (mg kg day™!) (CDI) ouwYT
10U dle £-Y


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

TCR=XCR= CRingest + CRinhale T CRdermal O

09 Sy slos o iy CR 1 o a8
s5SBCSE 5 (aoly 90) (b JS o> TCR (a5
Shecul mgkg! day™") nSow olils Sl y o oo
Ol Jlozm D Vx5l s Gl s IS las laie
e B ST asl (8 Gedee So e ) 8 S0
ol el LB s ol 5 5,100 ] o o
BB VTl ity Gl 5 5 b a8 J o
Sas lade .l el oy bl sl codlw gl p g g8
saimaylid Vx Ve T g WxV e engame o Slb,w JS
(YY) el o) o S byl o coss (g0 ks
&l s dn o Gl gz e Hlaie bt ool
@holb e et j9Sl 5 (wg e g sl
585 8 o 5 bt (gl pne 5 (S IS

w00 00)5—‘ Y Jﬁ"\) o

sl

b S 5 o @il cdalé -
S laaiged ;o (i Olyls U5 cobile by Ll
el ms) ool ¥ Jgoz jo adllas )50 aihie
mg/kg U #IV0 5l ey 4o S o nSiw ol s
oSS gl Y150 ME/KE L5 1Y e s sl YOO/
mg/kg b o/ 0 « ol sl YOV O mg/kg Ls 0o/
S 6l YYV/A0 ME/KE L5 YSI50 o glyms YEI-
clile Sl .3s 5, gl AOA ME/KE L5 VYD

g.,\_.u).s a S99 JS_».: ‘—o 5&&3.1_.»)] ‘Holf e
V-f/-F mg/kg 9 AY/AA AY/TA AOVIYA AVY XV/AA
As>7Zn>Ni>Pb>Cu>Cd el & g0 ol s
oS ¢y Sila Ly e IS Cble o Silo amylin L
“S.«.».w)T sﬂ,.,.,oolf su_:)_wu.]a.l.CASkaSA ol i LS’LP
VY 5 E1oF AALY YIS O IFD s 4 sg 5 US

e @50 e Sy o 539 s 2]

5 (mg/em?) S Saiws coyo AF (0l
(USEPA) 155 jol sy lame o bila> obeslaw sl
O 58 Sy (b)) 0550 yo e Sl
o CDI c\.._..ul.‘xa 6‘1.1 oola il Sy9e le.ib).».n‘)l.v (Y? a\‘f)

RGP PP KY ul_a.m.’ Y Jj*—’.' 9O (3o t.)—"
Slr Sl et slois Lo ;a3 Joily (b3 sl
YV adolee b «(HQ) jhas o3l sl oK 305 o

CDI¢otal (V)
A=

mg kg'l) W [ E U RPN X W R{D :QT o 4aS
Oledl asliey 8,8 1,8 5l esd lgmie an g «(day!
ol IS cedlw S, bl asasg Lo S e
u‘)_ls ‘_g‘)_: )_'a> ua.‘>Lw 03— 4.._.»[.790 )_sol.tbo su.».i._».u
O dwle A adoles ool ul Uy glb s 8
M)

HI = ) HQ = HQingest + HQinhale + HQdermal
Jlas! (om0 50 0,8 ol (ol mlaw) HIST 51
0 Solae a0 8 sed 8 Siblagy g dlael 36
o S| u.,.i‘_au ulj_lﬁ HI 099 )_Ja> - amouLm
L Sl e slags,low ol 56 Jlasl HI>1 Jolhs
liee Gt HI laie 238l
SN Do Job jo ol e o 4 Dl e
L Iy ol Sl s s me 50 38,518 Ll o
Cd 5 As &l 095 e o0ls oL cancer risk (CR)

CR = CDI x CSF Q)

1199 Gl /(g3 6 jlohs /s jaw )9S |, ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

OlSe g gslb (wles

(YA) (oioow l3l8 yhas b5, 6w cals ;9556 g 22 po polie -V Jgu

RfD CSF
Gog plod plidl aly g el glidsll el e ol
e e AYY 0 oY Yiss YO/ VIO S|
ofssee) ofe ey ofs o) _ /¥ 1\ esls
VY ¥ ¥ - - _ s
oo OF- I oY _ _ _ JSs
e s s _ _ _ $9)
ERRIN I YERS 7 SEERYRRE 7N - - - o

(YY) Slhe LS (Kl g (YY) o) diwgy bawgso carlllag 0 g0 ddlain (o i3l S5 cdale bl aods —F Jgus

Sy $9) JSs oo peodlS O .
Folyly
INAAS YYD YZI20 IR </ ZIVD mg/kg) Jsla>
YOV AOA ARATAYA AR IR AWidN ARAIATA (mg/kg) S o
YOV/YA Vo¥/-¥ ay/aA YY/ITA VY YYIAA (mg/kg) oeileo
AATIN Y-/ YY/OY Y/oY <Y fY/IYA mg/kg) Hhse Bl il
Yq YO Yo vs Y (1) o g p> oy
VY Vo A R - Iy V¥ ey Aawgy Jawgie
A¥ 7. \id Yy <10 YA Sk bl (1Sl

95 IS s speodlS oy gl BF polie (o SSls
5 VEY YA IFY VY YN0 sy Ay Sl
O ygo 4 i I3 BF 05, a8 coel cwosas \Y/AY
(@Y logws) As > Cd > Pb > Zn > Ni > Cu
IS cladigns glps 0as dslos EF o slie .l
bvgio (Fobigf oS Gabge U (S d g
D9 e az s B Sob e U

(Ige0) (Sl cran (L -

5 89, IS (e ool e (sl 1€EO (1 Se
s IPY e TFA CYIOY O/ PV A S

éfg 9 yﬂy
.t 1199 Glisls /g3 o ladh /@ jaw 093
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

g

az,0 golo nliis gl Olss o o anl i ol
Dgds n odlawl S S Ol clbale 5,53 s
X< eV < L dpS Gy pmi) CV < LY. S
723 i) A <OV S AN e (o (6 0y i)
(TA) Sl (Ol (s sy paid) €V > TN e 5 (oL
@ ol s Ol s o o o0 gunadds ol Wl
(a_.o)o\‘a)>AS (o_.a)oY‘i)>Cu (00,0 YF) & 90
(20,5 VY0) > Pb (0s,0 11 1) > Cd (0,5 #+)> N1

Ll Zn

(EF) 5o o 955 -


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

()
16 -
J 14 - —F—
4 12 4
~ 10 -

Hi

i

t t :|__|:|_i—|:

Pb € Cu N Zn As
OaSiw ol 310

o 2150y ol Samy ¢ 390 w2551

4 - (o
3 4
2
1 4
0 I
L1 [ _]
-1
-2
-3
Pb Cd Cu Ni Zn As
oalhiw o 313

axfllue g0 dadlin ;O (Sow W (©) Sl o) ol g (&) (Sl S8 558 polio - Hloges

Hlis aS ael cewods /08 EIVFCS 5 4 YLWS 5
sbbe (5095 (gl (Sl juf o> L S wa3 s
A5 el oyl Sl S el YLS 3 5] i ol
Omizens gl S 3ele b sla Sy Jdo 4 (5055
g Sz ale ols ()L, sl Sy Jdo 4
5 Qi G392 5 59,55 S5 L 5L (crawling)
OB e Sl Sl oy )0 it 550 ol
(F YR) sl

72 CR) Gy slaglon g dyshas 7 Jsuz o
5 S| (Gwgy wlad 5 Bl (ol yno 4
o355 sl (TCR) Glb s S Jlaz (iizpas oodlS
Sl oo ool lis YLuS )5 g

s 0575 5 Sl g bgye CRjlaie ot
CR jloie 090 ol jue ;o VYO )+ T Jlade L oS04 S
YIYY 5V s 5 an 509 sl peolS 5 S|
VEE )T Al YLS 5 el s VY )7
S eblis losl o il Gulisly 05 V8 V-7
OB 055 )0 peslS CR (USEPA) 55 o cus; das

aS el Vo) 7T g ) XY 7T ssgaie s YLWS 5 g

il S JB L g B (5 iy s oamo i
Vo) T sl i VLS )5 g o 58e S e S| CR

Y'Yy

il O ygo ol 4 1ZEO Ol pks Wiy 0el Cwoas Y/Q
() Joso) As>Cd>Pb>Ni>Zn> Cu
oo OIS Caodlw (6 520y 53 (2L 551 -

Sl S5 S gl HQ) gl js oy a3 0 Jgozr o
5 dlatal gy (hol joms a5 VLS )50 5 5095 51
Sy g (roxmi sl (2P ld Gizmes Sy (wled
2 Sl s a0y Il oad ool ylas (HI)
O30 a3 gl HQ Jlaie lasgio ¢ s 05,5 50
HQ, >HQ, >HQ, »HQ, *HQ, *HQ,,
5 O 055 (G 09,5 50 Ldz oy JSHI 0lis
s < AFUN ) FINVE) S s 5 4 YIS 5

MY e DFETY o) IS < (VAT =T /¥ )
FIVEx) ) g5, < (FFAY = A AVX) - ) oesls <
HI ois 5 QAT+ FNx) ™) e < (B Ax) -
S| 52 aalllas 8550 i i3IS 4 on (6l
a2 220 o lid aS e (HI<V) oyl mlas 5l ;a8
OYLS 55 5 (095 sl Gl 22 sl lon 7l
S 5o FIVE ST gl HI Jlocie 5,105 052
il 315 ol 6l YU il e b oz Lt
i Ol 18 a6l HI Jlocie ggomme cog g o0l L
5 8055 4l asllas 0,50 ddlio S sladiges ;o

1199 Gl /(g3 6 jlohs /s jaw )9S |, ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

OlSe g gslb (wles

axlllan 590 dilaio 50 (o W36 (HQ) Sl yuw s Jhs luio -8 Jgus

‘5|:.~.. 'HQ

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

HI gz ooled HQ &L HQ EAJNE
OYLS )3 oboss oYlS ) obegs OYLS ) oboss oYlS 3 oboss o
VAY xY T VY ) e LA AR Y/EY <)+ YV x\ o YIED x\ VIAY x\ 7Y VY xY e g
Y/EA x) T VAN xY T V/FQ x) - " YAV xY- T YAy <)oY fx)e Y V/AA x) " V/EY x) " POUTLY
OIAE xy+~F AR V/EY x) -8 YIYA x\ -8 AYE ) oA VVE sy Y OIFA x\ - F /¥ x) " o
AV x)" OIFF x\ T YAY x\ - F OIA x\ -~ F VY xY 7 VDY x\ - YIAE x\ ¥ OIF x\ " S
FLAX T ETE T YA XD A e ARV ) A AV Y NA X T ENA XY T 9y
AEA x) ) ZINE \/0F x\ Y F/VE x) T VYO xY Y VIV x) Y MOY x) -7 #/\ &,.,.M,)T

axlllan 390 dilio 33 mrodlS 9 S )] (CR) (Gl o sl s o (5 20y yas Hlio -F Jgu

oYl OB oS oYl 3 OB oS oYl obess oYl ) obess o
WYF T VY- YR e ST VA T SIEE T T T YRR T S
AT A YIEY x\ 7 - - AR AR TAT R A AT RS A VA & ie Wi wow

robie plo b alie )5 as cul olyj paesls 5 0l
oS 3,10 Gl fnlpbe aiivn (i (S shilo
ot aile gy sl ,siSl 53l s S5l ol
YL oo, (YY) o, g Yuan o5 .5 1,8 Sl
Lais a1y pedlS g (59, oy O3 Ol i 0
satsaiab Lol (FY) aiiadls Lo Slylé ol sl
O99= Ll g, 9 JS=s « o (Y- ++) Sutherland
Sabe Gl o oS pabpe b Sab e
s S (Sabge Sl s oeols 5 gt
VB 51 a8 BF JS_s 5 e dialllas sl o (FY) o)l
el oy Ll (Il Lice a2 oo (ylis a5 a5 )lo
it BE ST g onols w59 s a5 Jlo p o
ol glaclad & aslg e S5 Ls ol 45 a5 o /D
classs o (Y418) Ozkul (¥F) wigs cols Cous
o L EF e S 5 alisS 5|, olS's, o 3l b
s oIS 05 et 195 o olS (S| 5 L8

éfg yﬂy
. 199 Glinls /1093 6 lads /@ juw 695
-

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

ARAl

Uyl 5 Jod bl i (6 iy o oaimoylis a5 Ce
b pion JuS 4o shs oo ls ol codw (59, =

& =.
adhie aes o ol S ol s clhle )y
sHOlS S ‘;\)5” L;}Il_: c’a_m (_g‘)‘b asllas S,)9—0
ey ao S sladiges oy0 Ve 9 A AN Dgu >


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

A bl bl (FA) 35800 J,05 (G5 Ld (o
03,5 95 2 ;o HQ jlacks 1 2aS g o VL Glb js 18
S g b S e e po Sl aen ol (o
(YV0) o, e g Abuduwailil gl b aS o4 i
celhe (F4) (Y419) 5 3 Zhaoyong 4 (¥9)
$S>gS Ol s aen gl HI Jlaie (YLLS )5 6l o 0)ls
e s S el plssims s aS sl Cewsay S
Slde (5095 (gl &S Jl> )0 03 las 052y (o b
sadolis 45 890 SOl 55, Sl ¢l HI
e S bazlye )5 it il (35S Cl o
5518 YLLS )5 d Cod Slb

ol s HI ol (YA o, ea 3 Moghtaderi
St ot it e ool e s (S
ol lis mals Lasgel awlre YLLS )5 5 505
Cr o504 (YL )5 5 5045 sl HI Jlose as
ol iels > As > Cd >Pb > Ni>Cu>Zn
s 3l a8 S5 ls aen ol HI oo VLS5 ol
Slls ol HI Jlacie 55 5045 6l m o] cwoas
50 (FY)) 0l awlxe S& 5,55, N1y Cd (As Cr
Sy 45 0l lts Glb s Sz )yl i
Sl 50l b (n it 1S el S
el (VVA) o5 5 BZiZ &liion L ) o2 45
Sbrks g Jod B e Gl oz as a4z L (TA)
Ol s azgh Sl (f 09,5 93 10 50 St
onl Lo (Sogll 7S gl cny b 540l
55 B el ailate ;5 S L ol 3l oDl Laas g 5o
by 00 5 o wlS (gl y sl aalllas 4 el
e )-iS )0 oy alse Lo yeS L (o5 b
rizad il oK Syl _Sagl] okl 25
S8 ool ol b 3 () piged o o] 5
s 55T s 5T Ll 5 355 n Sy
il 99 i ke 5 Gl Gl Joad 5o oS
SRS S

YYY

o 2150y ol Samy ¢ 390 w2551

FEO SN XY AVE XU Q0N o Ay ], s
@ Loy BF oy iy a8 a5o,S i35 FIY 5 V)
[geo asli sos awlre ,oolie (YO) 09 Sl
w3 oo (LA A8 35 ;ao 1) (59, 5 S (e ST
g eos T s ol Ly aalllas 5,50 slacSls
slaSsas ol s oy gl m Ige0 sl jlade
= ol 50 0s0g lawgie S99l L5 eog )l ué ablaie
sless EF Sl (Y+V9) K 4 Afshari
o g S el slm ) ol (e (s
ooyt a0,S aulxe VFA 5 YN FIY (i
el aibie glacsls Fogll js Sl alis ik
050 5] Cddy (e 358 iy L (ol 1, 18CO (izen
Gble ;o 75 (Y+\F) ,K.» 5 Benhaddya .(v#)
ol Igeo (il Jloie (ulyzdl) dge Lule aio
A58, S VY VN i a |y S 5 s
e Ol olal g a adhie aS aas o LS ol
olis 55 eedlS 51,0 1800 Lo wgie (YY) cl 0041
s S,y | 2090 bawgie é_?o}ﬂ shlo adlaie oS olo
Sogllaals ;o JgE0 suis a e Johe asas>g L
L(YeYe) o 5en g Taatl .ocils 1,8 ayas b lawgie
4o Gl wly 18 PCAY Lol slaailye Jdow L)
5 oy Dl3lE Lice a5 asls s STl s >g
Oeizmed Sl Sjles (59, 2 Gixe slaalbls 5l s,
By g (ordyyy lSt¥l aolio 92y cle 4y
58 (S mbee bl ez 2 sl el g (S
el g 0090 Hawodl 4 &l3ls 0l gl slsul Jslge
ol S lis (yaiman 355 e S5 gl ;3 Cp,
Oy gl SheSs g e SIS 0Ly il 4 S
o dilate ;o Sl Lie .osilad 5 dei po ol
3o b8 el as ol lyls s 5l gl
Py o555 Game 089 1 g (oo o ol Vb b
JULIPOUS CONCHIV P S IIWON | I NSWINPOPS SP IR A A H PR
5 sl Jslge basgs a S col (glooizmy asbie glls

1199 Gl /(g3 6 jlohs /s jaw )9S |, ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

OlSe g gslb (wles

Sl 15598 ;0 cowlio s 5l solaul Joud 5 S|
o ek 5Bl el ooty iy g oVl olio
5 Sl sy 5o (Fogll S8 pslate i gile sl
a2y )90 aal (S)les (59) 9 2 e SJlad 1alS
b2 $lr (el Glada jlosliiul.o 15 )18 05y
Sy (b))l ares (s Sl 38 Las
$3y8aS SVgame ras 5l (U S Sl3lE T3]

09 o0 Mpidioy adlaie )0 5929e

N ol
Alie ol o) glwosls g bools cas o ailE g0 Ll

.A_Slo.b)f Q_;.Lc)

S10,98 9 S

=" Olee Ly assbip bl 5l (s Jool> adlie o
b o5l acilaie I3 0y uomi 4o cpaSiw Ol oyl
edaie jo " Slae coal g sl cedlw 8 S s o
Colom L S Crul YWYV - ) a8 5 VY48 L o 1,25
ol oo |zl 58 s oS il

References

1. Akhtar S. Food safety challenges—a Pakistan’s per-
spective. Critical Reviews in Food Science and Nu-
trition. 2015;55(2):219-26.

2. Hu J, Lin B, Yuan M, Lao Z, Wu K, Zeng Y, et al.
Trace metal pollution and ecological risk assessment
in agricultural soil in Dexing Pb/Zn mining area,
China. Environmental Geochemistry and Health.
2019;41(2):967-80.

3. Pan S, Wang K, Wang L, Wang Z, Han Y. Risk as-
sessment system based on WebGIS for heavy metal
pollution in farmland soils in China. Sustainability.
2017;9(10):1846.

4. Chen H, Teng Y, Lu S, Wang Y, Wu J, Wang J.
Source apportionment and health risk assessment of
trace metals in surface soils of Beijing metropolitan,

%ﬁ yﬂ/
Y, 1199 Gliugli /095 6l /b juuw 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YT

bl Lo 5o (uSKiw olyls Sogll e (b))
ool e chale a S olo lis STl s 3 bl
S99 IS o a5 0o s Sad gf 55 mols
as ol las Salil ey asld obj,lasls g
o»)?n).:.é) R 5(005.]").3; C.b_w) 6‘)|é S99 JL».: ‘—o
aep sl,o HI Jlacie .asog (o U lawgie Syl
S Seiw)] 4 aalllas 0550 S SIS
ot me e el a5 e HI) ool s
S99 HYLS )50 5 G995 sl Gl =8 slos lonn
sy lis aS 09 PN Y (S ) ol = HI Jlacis .o las
s gl ol 318l 6 YUy ooy s
PUY L S PR LIV Syl aS ols L (CR) Sl
oaumsslis aS cowl Gl s o i lyls
s Lyl Sy Jy8 L5 8 by, s
0329 4 (S 5l ou YT lie S8 el ol 4

China. Chemosphere. 2016;144:1002-11.

5. Hu 'Y, Wang D, Wei L, Song B. Heavy metal con-
tamination of urban topsoils in a typical region of
Loess Plateau, China. Journal of Soils and Sedi-
ments. 2014;14(5):928-35.

6. Navarrete IA, Gabiana CC, Dumo JRE, Salmo SG,
Guzman MALG, Valera NS, et al. Heavy metal con-
centrations in soils and vegetation in urban areas of
Quezon City, Philippines. Environmental Monitor-
ing and Assessment. 2017;189(4):145.

7. Mohajer R. Spatial variability of heavy metals in
soil map units and their relationship with accumu-
lation in plant and animal tissues and incidence of
gastrointestinal cancer in lenjanat region, Esfahan
[dissertation]. Shahrekord: Shahrekord University;


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

2013 (in Persian).

8. Toth G, Hermann T, Da Silva M, Montanarella LJ.
Heavy metals in agricultural soils of the European
Union with implications for food safety. Environ-
ment International. 2016;88:299-309.

9. Jamal A, Delavar MA, Naderi A, Nourieh N, Medi
B, Mahvi AH, et al. Distribution and health risk as-
sessment of heavy metals in soil surrounding a lead
and zinc smelting plant in Zanjan, Iran. Human and
Ecological Risk Assessment: An International Jour-
nal. 2019;25(4):1018-33.

10. Oves M, Khan MS, Zaidi A, Ahmad E. Soil con-
tamination, nutritive value, and human health risk
assessment of heavy metals: an overview. In: Toxic-
ity of heavy metals to legumes and bioremediation.
Zaidi A, Wani PA, Khan MS, editors. New York:
Springer; 2012.

11. Rodriguez-Eugenio N, McLaughlin M, Pennock D.
Soil Pollution: A Hidden Reality. Italy: FAO; 2018.
12. Nunez O, Fernandez-Navarro P, Martin-Méndez I,

Bel-Lan A, Locutura JF, Lopez-Abente G. Arsenic
and chromium topsoil levels and cancer mortality
in Spain. Environmental Science and Pollution Re-

search. 2016;23(17):17664-75.

13. Uddin MK. A review on the adsorption of heavy
metals by clay minerals, with special focus on
the past decade. Chemical Engineering Journal.
2017;308:438-62.

14. Ansari A, Jamshidi R. Identification of sources and
tracking dust storm routes from domestic sources
entering arak metropolitan area using hysplit model.
Environmental Sciences. 2018;16(1);101-10 (in Per-
sian).

15. Davudirad AA, Sadeghi SH, Sadoddin AJ. The im-
pact of development plans on hydrological changes
in the Shazand Watershed, Iran. Land Degradation &
Development. 2016;27(4):1236-44.

16. Cao H-F, Chang A, Page A. Heavy metal contents
of sludge-treated soils as determined by three extrac-
tion procedures. Journal of Environmental Quality.
1984;13(4):632-34.

17. Muller G. Index of geoaccumulation in sediments
of the Rhine River. Geojournal. 1969;2:108-18.

18. Yuan Z, Yao J, Wang F, Guo Z, Dong Z, Chen F,
et al. Potentially toxic trace element contamination,

Yfs

e @50 e Sy o 539 s 2]

sources, and pollution assessment in farmlands, Bijie
City, southwestern China. Environmental Monitor-
ing and Assessment. 2017;189(1):25.

19. Famuyiwa AO, Davidson CM, Oyeyiola AO, Ande
S, Lanre-lyanda Y, Babajide SO. Pollution character-
istics and health risk assessment of potentially toxic
elements in school playground soils: A case study of
Lagos, Nigeria. Human and Ecological Risk Assess-
ment: An International Journal. 2019;25(7):1729-44.

20. Redwan M, Rammlmair D. Flood hazard assess-
ment and heavy metal distributions around Um
Gheig mine area, Eastern Desert, Egypt. Journal of
Geochemical Exploration. 2017;173:64-75.

21. Karbassi A, Nabi-Bidhendi GR, Bayati 1. Envi-
ronmental geochemistry of heavy metals in a sedi-
ment core off Bushehr, Persian Gulf. Journal of
Environmental Health Science & Engineering.
2005;2(4):255-60.

22. Turekian KK, Wedepohl KH. Distribution of the el-
ements in some major units of the earth’s crust. Geo-
logical Society of America Bulletin. 1961;72(2):175-
92.

23. USEPA. Risk assessment guidance for superfund:
Interim final. Washington DC: Office of Emergency
and Remedial Response, US Environmental Protec-
tion Agency; 1989.

24. USEPA. Supplemental guidance for developing
soil screening levels for superfund sites. Washington
DC: US Environmental Protection Agency; 2001.

25. Simmons JE. Chemical mixtures: challenge
for toxicology and risk assessment. Toxicology.
1995;105(2-3):111-19.

26. Wang W, Huang MJ, Kang Y, Wang HS, Leung
AO, Cheung KC, Wong MH. Polycyclic aromat-
ic hydrocarbons (PAHs) in urban surface dust of
Guangzhou, China: Status, sources and human health
risk assessment. Science of the Total Environment.
2011;409(21):4519-27.

27. 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. Ecotoxicology and Environmental
Safety. 2015;112:186-92.

28. Eziz M, Mohammad A, Mamut A, Hini G. A hu-
man health risk assessment of heavy metals in agri-

1199 Gl /(g3 6 jlohs /s jaw )9S |, ¢
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

OlSe g gslb (wles

cultural soils of Yanqi Basin, Silk Road Economic
Belt, China. Human and Ecological Risk Assess-
ment: An International Journal. 2018;24(5):1352-66.

29. Barbieri E, Fonttrbel FE, Herbas C, Barbieri FL,
Gardon J. Indoor metallic pollution and children ex-
posure in a mining city. Science of the Total Environ-
ment. 2014;487:13-19.

30. Kaur M, Kumar A, Mehra R, Mishra R. Human
health risk assessment from exposure of heavy met-
als in soil samples of Jammu district of Jammu and
Kashmir, India. Arabian Journal of Geosciences.
2018;11(15):1-15.

31. Sistani N, Moeinaddini M, Khorasani N, Hamidian
AH, Ali-Taleshi MS, R AY. Heavy metal pollution in
soils nearby Kerman steel industry: metal richness
and degree of contamination assessment. Iranian
Journal of Health and Environment. 2017;10:75-86
(in Persian).

32. Yuan Z, Yao J, Wang F, Guo Z, Dong Z, Chen F,
et al. Potentially toxic trace element contamination,
sources, and pollution assessment in farmlands, Bijie
City, southwestern China. Environmental Monitor-
ing and Assessment. 2017;189(1):25.

33. Sutherland R. Bed sediment-associated trace met-
als in an urban stream, Oahu, Hawaii. Environmental
geology. 2000;39(6):611-27.

34. Shan'Y, Tysklind M, Hao F, Ouyang W, Chen S, Lin
C. Identification of sources of heavy metals in agri-
cultural soils using multivariate analysis and GIS.
Journal of Soils and Sediments. 2013;13(4):720-29.

35. Ozkul C. Heavy metal contamination in soils
around the Tuncbilek thermal power plant (Kiitahya,
Turkey). Environmental Monitoring and Assess-
ment. 2016;188(5):1-12.

36. Afshari A, Khademi H, Hojati S. Assessment of
heavy metals pollution risk in soils of central Zanjan
province based on pollution indices. Journal of Water
and Soil Conservation. 2016;22:21-40 (in Persian).

37. Benhaddya ML, Hadjel M. Spatial distribution and
contamination assessment of heavy metals in surface
soils of Hassi Messaoud, Algeria. Environmental
Earth Sciences. 2014;71(3):1473-86.

38. Taati A, Salehi MH, Mohammadi J, Mohajer R,
Diez S. Pollution assessment and spatial distribu-
tion of trace elements in soils of Arak industrial area,

%ﬁ yﬂ/
Y, 1199 Gliugli /095 6l /b juuw 695

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YTy

Iran: Implications for human health. Environmental
Research. 2020;187:109577.

39. Abuduwailil J, Zhaoyong Z, Fengqing JJES, Re-
search P. Evaluation of the pollution and human
health risks posed by heavy metals in the atmo-
spheric dust in Ebinur Basin in Northwest China.
Environmental Science and Pollution Research.
2015;22(18):14018-31.

40. Zhaoyong Z, Mamat A, Simayi ZJES, Research P.
Pollution assessment and health risks evaluation of
(metalloid) heavy metals in urban street dust of 58
cities in China. Environmental Science and Pollution
Research. 2019;26(1):126-140.

41. Moghtaderi T, Mahmoudi S, Shakeri A, Masi-
habadi MH. Heavy metals contamination and human
health risk assessment in soils of an industrial area,
Bandar Abbas—South Central Iran. Human and Eco-
logical Risk Assessment: An International Journal.
2018;24(4):1058-73.


https://journals.tums.ac.ir/ijhe/article-1-6388-en.html

[ Downloaded from journals.tums.ac.ir on 2025-01-15 ]

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2020, Vol. 13, No. 2

&

HEALTHAND ENVIRONMENT

Original Article

Assessment of pollution level, non-carcinogenic and carcinogenic risk of heavy
metals on human health in surface soils of Arak industrial areas, Iran

Abbas Taati", Mohammad Hasan Salehi', Jahangard Mohammadi', Reza Mohajer?
1- Soil Science and Engineering Department, College of Agriculture, Shahrekord University, Shahrekord, Iran
2- Department of Agriculture, Payame Noor Tehran University, Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 8 June 2020
Revised: 12 August 2020
Accepted: 18 August 2020
Published: 21 September 2020

Keywords: Soil, Heavy metals,
Pollution, Geo-accumulation in-
dex, Enrichment factor

*Corresponding Author:
taatyabbas@yahoo.com

Background and Objective: Heavy metal contamination of surface soils has
become a serious concern. The aim of this study was to evaluate the potential
risk of heavy metal (loid) pollution on human health in the surface soils of Arak
industrial areas, the capital of Markazi province in western Iran.

Materials and Methods: 235 surface soil samples were collected from a depth
of 0-5 cm. Concentrations of lead, cadmium, nickel, zinc, copper and arsenic
were determined by digestion with nitric acid (4 N). The level of soil pollution in
the region was measured using geo- accumulation index (Igeo) and enrichment
factor (EF). The model proposed by the U.S Environmental Protection Agency
(USEPA) was used to assess the health risks of heavy metals.

Results: The Mean concentrations of Pb, Cd, As, Cu, Ni, and Zn were 37.88,
1.17, 151.78, 13.48, 92.98 and 104.04 mg/kg, respectively. The calculated
enrichment factor values for soil samples varied from deficiency to significant
enrichment. The mean geo-accumulation index (Igeo) for Pb, Cd, Cu, Ni, Zn
and arsenic were 0.37, 1.59, -2.53, -0.48, -0.63 and 2.9, respectively. The results
of the health risk assessment showed that hazard quotient (HQ) for children and
adults through the ingestion route was higher than dermal contact and inhalation
pathway. The Hazard index values for all studied metals were lower than the safe
level of 1 except for As. Arsenic showed the highest risk of carcinogenicity (CR)
for children (2.37 x 10*) through ingestion.

Conclusion: The carcinogenic risk (CR) of As in children and adults is higher
than the safe limit of 1 x 10, which indicates an unacceptable risk.

Please cite this article as: Taati A, Salehi MH, Mohammadi J, Mohajer R. Assessment of pollution level, non-carcinogenic and carcinogenic risk of
heavy metals on human health in surface soils of Arak industrial areas, Iran. Iranian Journal of Health and Environment. 2020;13(2):335-48.
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