[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

B9 oode gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERN Fe 4|

OAY B OV Slxie IYAA L) oo)lez ojlods (o33l50 0,98

Available online: http://ijhe.tums.ac.ir \\/ -
u...’:'.h 9 }3: Jlas \ / jg

B 5
o o«
Of Environ™

oS SIS o150 o yul g (31505 o (GBS y O b (yunns
(B0 yliw s @9l 160 390 ardllao) (Jwwo (25 jo (o Hle

u’JI)'I cl,;m rol waly p.,.la; SRV ﬁ‘@‘?ﬁ GCLZM Sexw
Q‘)"“ Oy Oy oKidls bgﬁ)LMd})jS 9 Ls.u...la ('::L.A cuSiials Sy .‘a.;.?u 05))’

ol S> il do el M L
Qu|3og9&AUH|A@Q|ﬁ‘QQg‘5w)¢MJd,g}.?ﬁ‘a..\_ctéa_bsdq_i.g,o} QAL AN el o U
OS2 () ke e DL b e 5 ol e SaSn ;) eSS QAN /0A ORI
Slasl Jesl b ol K0 Gao aoul 88 )| i jols (o o>les Sl LI QAJVY/YA LSl g )b

el e o S Sl 1
Slbl o gl Joad (in, )l (ahaie (Lo adllae (o jo oy 2 (09
g5 Al YO ceal L aind g aile 5 (50 (o S Sl (I milio
ekl oh 55l egman ez Libg L (Inverted Frisbee) «sg)ly 5,8
S oozl Uy o 6,505l ICP-MS ol&s L,V s Mn (Cr Ni .Cu Ba .Cd  Lé ( Sogll (onufn 3l s g0uls 551
slasgs | 5 (Pearson Correlation Coefficient) ;g  Siwoon oo Sy oo o B,y
Glpcd S 18 ol s e )l nKiw ol3 b sl aolie (Cluster Analysis)
50 S ) oS5535 S sla L 5] Tl s (e
12 o1 s oo i lajls 5ol Ll 3 i 1518 5l 5

ookl
sxSoslulBa g Cd (ol o oo alyds cclale - Silo oy S g 0 yiiion (b aidly
Ozads g 015l Lite as g0 (slaigs 5 IUT g g o Kiaad Judoo ol o FPLONTR R ORI S PUCi | Frowe

Sy Sl o3l 3do 050 i, Ll K Ol 8 6l s xob Lise  said.shojace71@gmail.com
2,0 OFIAA jo g0l (s Sogll WS 10 Ladiges 5las,0 YO/ + 50 Cd «( S554)55]
1518 4l o S3glsST Sy L Fogll oS etls ol S 5 Laises
5555 VLS )5 5 0505 ;0 Ba s Cr ool s Seas ;) 092 0L 5 b awgio conaSin
55l S 3 s sl Sl e Lt (05,5 90 50 y0 oS0 e V-]
el cwoay <V YLLSE 5 6l 9 VYA 5065 6l o] g9—ame
gl e e il adlate po 1y B, Hld (So5lsST S, Cd 1g pmS azes
el e e Ba g Cr 5 L8 g0 ccbale ol plis nSw ol s Slolb w S,
e Fdan QYL ) dn S (5355 )0 @0l e Sy e

Please cite this article as: Shojaee Barjoee S, Azimzadeh HR, Mosleh Arani A. Determination of pollution level, carcinogenic and non-carcino-
genic risks of heavy metals of falling dust in industrial areas (Case study: Ardakan county industries). Iranian Journal of Health and Environment.
2020;12(4):571-92.



https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Vo mg/kg5 A0 FYD A Voo B o)) Oyeoy Ay
slaibie g (e olidie 0 Ol g S 0,5 ooyl 4
(oldl lacdled L SU co olei o (B-Y) o9
=0 § (6 g5 10 e S A K Ol 8 e lale
42 S (il oS L L o (e
Slge I (g aials o (x5 boay 50 ol L e lale
03 yiwS oolaiwl J o an Lgil aje5 cams o &) (Sore
sleadld Ko ogdle 4y g olad slosgS o ilss
=S (A A) 0,5 o 8 Sl s glil g o
Slils Sogdl o g (b piwS (Sbyl e Jol o8 el
Sl el o n o Sl Al et Bblie ) (Ko
J=25 5 (bl 4 BlaSoe ped a8 5o ol (S
‘jlﬁuwl_u )l LS)—j%-éf l_u adlaio éé}ﬂ u_o_mc5
«(Contamination Factor (CF)) _Sogl 556 sl
Ecological Risk Potential) <G5¢s51 S, Jumusilis
Integrating) <G5¢s51 S, inils Lozl ((ERP)
2ok S, LaxLs 4 (Ecological Risk (IER)
iili a3l g (Carcinogenic Risk Index (CRI))
<3l (Hazard Index (HI)) ol ol s pué - las
Cmdg dilwd oL b wls ol ccul 58 ALLS
5 onle bl alise glodacs 1) adlie Sogll
Sl (V) a1l 0l IS g aude Hlas el
3l S l3ls (Sogll Sl L bl e 65k
G5 sl sl 5l ool ol b i i lisee clacola
oslizl b (V) o) SKon s HUANG ol ooy plonil 531
Sogdl was obj,las pla Bl IER g ERP sl g0 5
oS ol Lgsl S 5 90 e Ul il jo a8l
Sy Sl lawgie WM o adbhie SLS 5,518

INAY

w9 20 w0 DSy ¢ 539 e (i

400

Wy dame oS g golaidl o) ol bLS )l )

olamdl aigy angi Sl pdar e 5 )3 (coie B
syl aioy wilgs oo (golaBl o) aS oo Lyl joiS 5o
ol 3551 pos &5 45 Lal o5 yg1 el 3 1) ceodlos
3l ol e coolazdl a5l 3l ola Sogll colis
Lo glasely ol ;o .()) il ails cdlw 5 oo
i glooan VT 6T gl glaclled 5l 26 (s
Sl e 00 sgamme Jole Sy (6518508 alio Sloass
39y sl dm adgh gl j0 (pgat Jlanl axws
oz I Joame sy glaald 5l o> JLé 50,5
azsl .l 58,08 mlio I b sloosu¥T oy Soes
Sl Uil 5 Lt i 00iiS 1S5 ol 5l i 45
ez S 638 e anlie Jlie 0,5 S
M (P ) 4525 B (S Sl il ol
375 5 SIS 3o Vb (Slej slmeygo (b a0
STl a4 995 &0 y0 5 wiley SL JLs g
Sl 5y Sl L s syl 0925 4 (5Ll e
20lie )3 Lol oy g 5 ay (55900 sl (s (reSis
Slaass ulwl (V) oS oln| Cangomas 2ilss o YU
International Agency) U, Al o Gusly]
oSoew lils (for Research on Cancer (IARC)
09y A an sl o Sl i cols bl 4
a5 ol 5l as 5T gl 05,8 loas gaaib
el 0 ol LT ol s Cools oS el S50
sbrgl sl Yiaio] a8 s 5130 S 5 pgo 03,5
St 5 3 ais ol pges 09,5 s oo (Ll o s
15 (1) 85,05 oLl 55, 2yl s Sl 45 Wi n
09,5 77 ol Sl 9 NILCr Cd ol (51518 (s o]
S ezl 510 a8 cl Gl lalioll o
S ey Ol syl s lon Ll Ly (Bltinl
Sl edile (o She aiz po (V) 09t oo yall IS
30 hwgie ;9bas V g Mn Ba Ni Cr Cu Cd L

. %ﬁ yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

eobio Gl bl >y o5, e 0 V g Mn Ba Ni
OBl aale g (8 5 Sl (A (g S A
Sy =by)l s IER g ERP (gla sl jl oola ol L
(s 4zl S )0 Ll (s by e 5 (2 Ol
510 53 45 VLS 5555 (o )s5 5 AL
alols j0) ol ;85 5 (5, egkS ¥ alold ;o) (S9Sse
Sleslaiwl b as p co jmw 4o ((9530 amlio 3l g Vo -
L o= ,8 Slacal 5o s sl CRIGHI a3l g0
Jlot 5 sy (St ol esli il (Sl
ke oS ol lasil ol (olalids (sl slaig>
b3l Bl Wl oo iemgy ol gl ol (2
Gy o (S l3 16 09 51 2l LT e

Sl wly8

o 59, g ol

3 rhie g (Ao Aoy D90 4 p Sl asllls
IS gl Jai e e o Sy VYAV
Ol e yo aale g (b g (S SIS caiand (Seual
8 Jlod (A5 50 H9 S0 golie L3S )90 (5]
Ol e ol 5 s teskST A adols jo (IS ) b et
Js o DYV 7 L5 DY VY Ll i Lt o
ily Il o pe YYOVNFE L YYOY-0" 5 5,8
s )l 5l alisee glosl oy 0590 4l jo slons
Gt b (o2 e (2Dl 65,588 sl ey SOy Jebs
O FS0F 3,18 g2y LaolliigSw § arnd L (2L
s 3 TS 55 Ly 50 Jold alio (a4 Lol
8 sk ¥ alols o (3,5 o2l )0 a8 esg oL
5 alols ) 45 o¥ss gylin Lot s man gyl 0yl
S5 I @mbo g o8 Jlod (6 tegkeS VA 5 oS
>l e egS V¢ adols o Saladg o oS,
ilodd &8ly (s 2 8y90 amlio (2

Seismosn Spg0 4>l 0 (b et 5] ez Sl
sise L (Inverted Frisbee) asg)ls o8 sladls

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

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

INAY

@hiol e Sy (b)) 0 OF) ol Kwa 5 Aluko
ool yolome lasS1s (oS Sl ks ol el
Gl 45 s o0ls Lt 4y 2 LT 5 Skl o]
O3S (s 03, 99 50 sl pseedlS 5 09,5 (20l
(oo b e SS9 VT ) 2S5 (VLS 5
9V 51 S sS OYLAS )5 Cmez 6l poedlS g 09 S
O\Y) olen g Jamal .ol 5l pis SoeS sl o
L oYLS )5 5 (U055 azloe liplb o glocss,
poeesll L aglse liolb o GloSns ) 5 poesls
S35 9 2= 295 S Gl S o S g s
S e o XU o5s 5] cwsds jlome o> 5 5L o Lss;
CRI HI JER ERP loasLs § sl L (OF)
tpseolly GiSie gyl ol (ST Sy 5 (Sogll s
Sl o S 0 Gl g 59,5 )0 s 5 05,5
Wl sl Lyl zols 5 assls 18 w)p 0j50
i S 2l et 5 2ol laSs,
EPA J58 Jo8 oogusmo 10 JLud 59,5 10 ()2 9 )9
e pa )b 3B ez ERP ol ulily )l ), 8
e 9 P95 e 90 9 oS NS 50 S g pgmally
Oizpe 085 8 (Sogll lagie L o (OIS 40
ot Oy D38 (ST QIS TER (aslss ol

Al 00 (e Jawgie 00gdse (0
Sand 2b)l b adaly o relr addllae aSil 4 azgi L
S N P L U S P N SR
2 OSb e galsz 2 ol @il e 5 2ol
5 gar S aind mlbio 4 Soop g Sl bl g
D30 095U QI Gl el 55 alo 5 (-0 5 Seol s
ol Sledbl algr co dwy oyl )0 Godod (ol 423,55
Snl Gl GleS peea LS o 1) (il sl ),
S5 huld o5 s (Sogl g (il lacbs
ol e 36 s jl 8 4l T o Sl les e
ol Gadods 5,0l 5109 (6 S gl T Bl bl laome oy
Cr Cu Cd Sow aljls Soghl was b, doa L


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

A Sde w4 ,Le Jelome (sladiges (o 0 ools il
Sz MlS L wsoci oals 1,3V 0C slaos 5 oy51 o 59,
N1 Cr Cu Cd S ol g, Soslasl gl a5
o oy> (Zrwab oKws IV s Mn Ba
ples pmdn ol oolaiwl ICP-MS) Ll oo cix
HF ol s g g 599,50k 51 ool U Laaiges
Sl a5 bl 51.OVY) e85 & )50 HCI - HNO, —
ol S sloaS i a5 el gaul Los HF
s Sk o 2550 olie silale; el 5 00
50T sl sl (! 3105500 CT 05350, s Ba M
Si ol it £55 ] o o snlial jolie ol g
B 50 an St yaie 5,5 0 SIF o5 s HF L
o3l Sl Jods (e s 05850 15 s ) s
IV 8 50> talojl sl 2l (sl 9500 0525 ST (5,5
ol Slgn 008 i Jo-lowa 51 IS o b L g
4 mLHF )y mL HCL.f mL HNO, JLs a5
Weeigod i 9299 S0le i ;3 9 03938l (ol 35, 1o
S35 2 o B9, b Ladigel ool ey 0l ol
Slge g St b axd S 18 Sesl s le )T Ao
& e o J> NFMHNO, Y mL ;5 Ll sasledl
il o 5 wond Jie o L3l Ly & ML slas le
5 QA) cieS (i 0 (550K FOC slos o
3l g o Sl 3l ol Uy (QC) cieS J 8
s lailbwl sLs) GSS-8 3 GSS-3 (GSS-2 (GSS-1
Laosls cdljl dmo,d e .o ,F &g ((oloonisss
Cu Cd slie gl oolaiul 8,50 8 lasbil S gl
SV AY-) -8 Q01 Y e 5 Mn g Ba V Ni Cr
19 S5y do,d AP+ ¢ g )P A-AY AVS) Y AY-) Y AF
0oLl Aged Sy bnaiged jlog,S ;- ol s @y poas plSn
Gl 2 OA) sl an o Ladiged plw b plojen g 4
Cu (-"'mg/kg) Cd oI35 ¢l LOD ,oolie el
polis 5 (0 mg/kg) Mn 4 Ba (Y mg/kg) V 4 Ni Cr
s Ni Cr Cu «(-/Ymg/kg) Cd «ly1s ol - 55 LOQ

OVY

w9 20 w0 DSy ¢ 539 e (i

S8 Gre D)3 (glalels 4 collB aS egian pox
Bg, b5l e daie s 00,5 solawl oyl ) Y. pum
ool Y CM 3as 5 V10 gl YT, L3 Ly Sl
sboai 65; 1 ot p Gt jl 6 S ol (sl 0
OF V) o ools 13 LT g5, ooy 0d L5 5 Le
P e 5o (mls oS (o 9 Sloee slansb L
aiges slaolliw! g5 (Google Earth) o) J55 5
O (solal Solednns O j50 4 adlaio o (5)l0
M slaaS—b &y aalllas 590 adlate )50 (ol 4 0l
o laaSd (B Jome g (o e Vo M Y e
Ba> Lol e (650050 abgel blas Coadge lac
o) cmslials el Ko 4o a8 bl LU 51 goluss
YO wings 48,5 )8 (o0, g ool caslio ) yiasl Jme
Lol il pnbign Ledlbl 5 anys,§ (st oSyl
b a2 (GPS) bz ol calipe ol 1o
S, Gl e Al ey Ll same allis 5 Lo
35S A (g0 dges slaollus! Gl o s F
s B 5l et Cpra 3 o3]S rg8 e omslilen
Sgrg pas g adlaie sl Cgr (5 yuiie dn az g L
a=lo jiSogs Locan VT Lawl wosn 8,Sas
75U Cot Ceren 0,8 O a0 Slem led jo Wiles e
SUT s 5 obT o515 glaliusg, Sl ol ailaie o
YYOVAFE 5 5, ol OYOBY 05" SlSe Copnbpn L
o e leo 5l 6 esl SV alols o Jlod 5,
Casye Ly ol a3 45 sol,8l 5 wilou s o3y
Sl 2, e YYOY 7Y g 3, 5 Job OYO0F Y JlSe
1, 095 céld oligl alio 5l g Voo alols o oS
(i S50 bio Somdee ) D 3 el i3S e
03l L (619 1 Aigas slrolSins] g 3l Comd Capra

RS I
oltylojl a5 (e (sl Jad )3 oz glodls
oolial L Laals Iyl [Lé 90,5 ol il (gl iy it
o By, b )0 g gt JalS 5 boany b o

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

O30 g (S 1 (Sl Sy

775200 775300 775400 775500 775600

3580800 700 3530800 3580900

3580500

775200 775300 775400 775500

&0 Aigai la y\Se g

775700

3580800

3
2 s
D
L]

3580600

3580500

775800 775900
Lossly

&b . ,_.-‘n-g-n-‘rjf_ba‘ -

U Cod (Fumoz 35150 9 5,19 2 Aiged (SLroliu] (o) 9590 @i lus 09,5 CarBao —) S5

S Sl306 51 S a (sl (6,10 diges gllns ooy
(\Q)MML?LA () S)y9e

B t" X CV%"
T E%Y

M

Tl oo E o)V sladises olass N sadoles oyl jo
Moo s )0 golil az o ulioly abgy o Jyozr |
S b sl ol a8 Syt g o OV a0 5
Adsl 6 S dged ymolie (Sl 4 Lavosls [Lxe 3l il
oy 0 Ll mme s ot lade A7 (gl aalllas ol yo
Caled = ol Az 8 S e VAR L

0 e
Sdiyeets 420 (CV) s oo Syl a2
O (o) e sladiges 3 ) 318 So slackile

el ool alxe 1 ol muls s e

h 1MAA Glio /o,lg2 o louis /3 jlg> o,
. Lo j /po)lg2 0l /35193 0 3.

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

NN

580085 s (VO mg/kg) Mn 4 Ba (Ymg/kg) V
0ol 5 Jloee sladiges ;5 i lyls oo lale ooyl
ool Cdz pledly o> Wg_%.‘a 3 eolawl L

A (653 ojlasl Sl
le_ba)l.n] J_..lm 9 4_’).?6‘ Ls‘)—’ SPSS,2O )IJJ‘ ‘6)_’ )‘
S bl e Gl el oy Silio ¢ ST o LBlas L
46)L>J_: 4_)54).) LgLIa:- M)Q c‘;m ‘(ffj? sL}a}
By praml B9, 50lS g0l (Dlid Gy w0y
a by ) cg> (Kolmogrov — smirnov test)
l» (On Sample T-Test) asges S5t 5051 5 Laocols
L i, sl onfomw ohls ccbile o Sile 4l
bl lacsls s Ko wlils San YT las it
&y Pz ey e cblis gla )5 6l
() doleo) dsgad olaS o> aolrs jloolawl L oyiran


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

ERP, = Tj x Cl )
n (%)
[ER = Z ERP
i=\ i

yaie cbale Cod pate Sogll ;5256 Cladoles ol 5o
Sty ERP s b oz jo po1 pate e BIEC o
o oo gy peSB Tt Sselss) S
Lo gnsly S Bl i e Sogll 1o Cl i
P A pg)S 5 e ipoedlS (S pomaolly e
Uiy TER il o @)Y 40 ¥+ ¥ O U ol
bl aes o s ) polie ggoome S3glsST S
omdib sz o oyl wos ERP. asls
(ERP, <f) o5 5058 S, Joeily 00,5 oo
(F-< ERP, <A+) Lsgie S5elsST Sy Jeily
(A< ERP.<1£+) args b5 So3slosT Sy Jouiliy
(7= ERP. <YY+) oly; SiglsST S, Jouily
ERP; 2¥Y+) obyy (s Sislsst S Jeily
by asls il (Sogll gl (rizen ol
ot adeb mhw Lz )3 SoielsST S il
(ER <V0+) o5 S, Jolss alid pl 00,5
iy ol Sy, (00-< TER <Y ) Laste Sy,
cewl dER 2£++) ol s, 5 (¥ - < IER <#-+)

(YY)
@holbrwrs 5 2holb s s, b))l sl
g Sy (bl Ghy 5l (o S e 3l
5 ol iy e cblas sl oy oo 4l
U b alols A_TG,'L?;;T 5o solawl (USEPA)
A g ol Sy slabig)) eelSgSn 0y 5003
Y KM sgas Gl asd S5l (o8 5515 5 (L]
5 O35S e 318 Ly agrlye of 81 ol by
S Sy (omy 2 5> 092 55150 cnl )o Sl (YL )5
L VLS )5 9 B985 apzloe oS I3l 2l
A (G @i g padS ey s 4 o sl OIS

N4

w9 20 w0 DSy ¢ 539 e (i

Soge (Vo) o Ken g Sistant s bl sle puis bl p
oans oLas sl CV LY Sl g0 ol ay.os S
Lgie 5 pdy eis AVNV SCV <+ (Sl 53y i
aS Jo 0 il YU (6 iy s 8- <CV < TNe e g
R A RIS = [P ve SO

eVl ol
s Segl Jlasl
Oyt (e s g, ) adlaie o K
J—d>s 4 (Pearson Correlation Coefficient)

el bl ol

PC-ORD ,I;8l 6,5 5o (Cluster Analysis) sla_sg=
(5‘)4 L.S)L"T g_r"‘"?) OF = M w}.o s ool
a0 599= Ol 7Sl (S Ol o (Sian
Sl polie o] Lac!

2 e 0 yiite a5l by ST ladgs o
Ciaz 0wl Al g (6,25 ojlasl LB slaosls
Sl (S it gaaid a bl SO Glaigs Jlos
L cabd gl conz |y (o) 2 )9 sl piie 45
&l addllas sl 0 (Y)) asS o gamaigs gl oglas
awle gl Ward oo o5 51 (glaigs Jdos plsl
(pl59,50) (5555 Jlog—ai &y ay Jdod 5 4y 25 (]
8,5 1S i 3550

=y e 50 oS Sl Sogll s (bl sl
o= o ool wl IER g ERP a3l g0 5l adlais
LY oVolas 5l pasla ool o0yl ccwots gl j9laie
Do 8 oolauwl ¥

c;; = )

. %ﬁ yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

ADD I3 ggomme 3l (YL )5 9 55355 (6l b ynne

ADD;
_ )
He=) T,

oy et S, (Hazard Quotient) HQ A aoles ;o
Reference) RID (v ;0 0 (oSiw li s o5
S s 51 S5 o 0 Sl ailyg, wi> molas (dose
1 ecul (mg/kg.day) olils oy 6,58
<HQ 51 5 G 155l ol oD b ol HQS)
sl aodls y (loaisS LS5 5 g llasls ol 51wl )
9 OYLS )5 09,5 90 ;2 (sl efiw Slp 8 s HD

Aolice Cewots A adolae b S84 S

HI = Z HQ; @

el Cewods Ve dolae leslawl L &l ol gl

n
RI:Z ADD; x SF; 0-)
i=\

o>l (Cancer Risk Index) CRI (558 atoles o
ME/) S5 18 (5, x0 10 (5,5 )8 (5o yas 51 S 52 50
Syl Jlax>! 556 (Slope Factor) SF, 5 kg.day
mME/) Sl (o yme 50 (5,558 aly yo 0 by 4y

(V) el (kg.day

Lassl

H)J))Lo&)é u.ai_w U‘}_b cobals oD’
25 90 &= buo a—ol

Y SHNCH (U E OO EY S SO B PSS 0N [ B PRV, VB

A}?Dg yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

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

INAG

599 S b agalse Gl eSSl an az g o8 5 )8
B g i Ban B TSR
(Average Daily Dose (ADD)) ;1 aslsy, i
Ao Y B O SYolao 5l oolewl b b e 51 S 4o 0

)
ADDjy=(CxIngRXEFXEDXCF)/(BWXAT)

@
ADDjy=(CxInhRXEFXED)/(BWxATxPEF)

)]
ADDgerma=(CxSAXSLxABSXEFXEDxCF)/(BWxAT)

w5 2 ADD, 5 ADD, " ADD, ol e 45
Gk 5l mg/kg.day) ol ailis; iz (Sl e
e o olils cdale C ool gy widzr 5 il 2y
Lougie ;9 (Body Weight) BW (mg/kg) o5,
InhR .5, a0 #,5 dngestion Rate) IngR .o
Particle) PEF 3Lzl #,5 (Inhalation Rate)
SA «ol)d Lasl 456, XL (Emission Factor
led 0 aS cwg 5l sl (Exposed Skin Area)
(Skin Adherence Factor) SL .cul .S w @ljls L
Exposure) EF (o g 4 )L 50,5 Sz 550
Exposure) ED ay>l5. lsl,8 , Sl (Frequency
(Average Time) AT «y>lss b ke (Duration
Sl 5l laie jo (om0 6518 Oloy Dae (- SSls
oSy, 6l el ol slie 48 el S
YOO ol el Sy, sl g Ve x TEO slioylb s
(Dermal Absorption Factor) ABS .c—.l ED x
(Conversion Factor)CF . ciwg b 0ds 556
e olie 5 il ;o SlSir cul s )5S
oot 03,51V ooz yo p b bl basls) o e s ad S
e Sl s il ) iz e d sl 51y .l


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

w9 20w SRS 539 mhamw (o

o3y HbE 30 i Ol sl e mf 9 (2150 e Sy (U5 bulgy byl )l g ol po slosrly Y Jgur

o) obees OYluS )3 G5 03Il uslg Al
v.. Ve mg/day Ring
o V5 Y- m*/day Righat
YA VA day/year EF
V/¥Ex ) -8 V¥Ex ) 8 m’/kg PEF
2 ¥ h ED
¥7) 10 R kg BW
EDxYs0 EDxY$0 days AThnon =carcinogens
YEOXY . YEOKY days AT carcinogens
(YY) VA~ YA days EF
A ofe ) ofe ) - ABS
Viex Ve Ve x Ve mg/kg CF
RES .Y RY mg/m’ SL
YA - N2 cm’® SA

QO ox Vo) mguaslS «(¥/ox Vo) g S o(F/ox Vo) o
S (F/ox Vo) 55K (Vo x Vo 77) g b (Vo x )+ 77) JSCS mg/kg.day RfDipg
(O +x V=) pgobly
(VIFx Vo) pgodlS ((YIASX Ve™2) 0,5 o(F/+ ¥ Vo) oo
(¥+-¥Y) g (VAT Vo) 5K «(VFYx ) e %) pg L Y/ 8% V7)) IS5 mg/kg.day RfDinhal
O+ x V") pgsolily
(Vo Vo) pgradlS «(Plex Vo ™®) 25 S o(VYx Vo) Lo
5 (VYR Vo) 58e «(F/Aex V™) gy b (O Fx Vo) S5 mg/kg.day RfDdermal
(Vox V=8 pgally
GAE X Vo) JSGS (FYx ) 7)) 05,8 o(BFx ) 2 7Y) pgesls

mg/ke.da SFin al
(/\\Cx\”\)ﬁ}‘{)b g .
YY-Yo)
(/\/V'X \ ‘4) JS»J 6(&/’>< \ ’7\) |°9)5 ‘(?VX \ ’7\) r’j—*—mbls mg/kgday SFing
(Y ox Vo) pg S mg/kg.day SFdermat

S0t Ll (nSile s S 0o a8l Y o 0 aS
poedls S s Spg S Spgolly <5uiSie <l
clale Ol o col s g dey cchale 5l a1l

NI sty (i) Sl 0 (w2 8590 S Ol 13

VJgaz po asdlhe 090 adlaie (S5, )lie sladises
O 5O i) Cwddy =l elwlp acwlons ()35

s OWVIF- mMEKE po )b 4 byope codia (S
Sl e clile aSiy) s g ¥/e ¥ ME/KE pgesls

. ggjﬁg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

OYA Ol s bl gy ale ezl sy wole eoliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

Ol Ol pss asals g Jloy s ] 40 09290 polic cbile
aisly Sladl sliis sgzg a5 cssl Jb> o ol ail o5
O Jloy dga> 5l i (bl o geols izl ]y colale
o0 Laools s JLo iy Jale 5 il o0ls g8 1,
lrools og0 Jlayi e O jao 10 e ped 4 il
ol o el plasl elitie 0y 2g Jlotol uKi ,olic
25 s sy ALy o5 Ly (6,9 a0 i L
Slids ols plts BgiyranshG)Soalss azdleys (g0
S92y 10 5 S Loy @595 SLIS (o2 990 S
! slocles oy ol Jlaisl as b, ik o o]

el o e (Log 095 00,5 ¢ (o ol jLisl)
o088 liabl s g Algal S5 T ges] malis
P22k o cpgaedls lale Sl oo L (p=+/+ V)
AW sy lammo bl o luibiwl juolke L IS0
poobly 9 PS5 Dygo o (1 Jgaz) Sl jlo e
9 Fte o A (o 3y slaslabinl a IS gl
it (555t 3l (5l poradlS e a3l a8
(S B o 5 Sz slas il (sl 5 slome 0
sl e w5l eST (65,088 g (oo 8 S )L s e
5 5oz slaslsbnl gl po )b g IS e 2518
FS 6505 g (oA SHL (s)laS (S a5 0

Ll e o>

oolie .ol zels Ba<V <Cr<Mn<Cu <Cd
Sl ol cdale s ol las N ol o col o oYL
S8 paiged alizne saoliwsl o 42 g 0B job 4
s LT (Kol g b oy imad el gl
i A Sl eyl sl Sl glacodles Lo
sbs e i | aie iy eis M 5 Cu Cd
i d ml e i L a5 0iS OLS 5L oS
39 i Ol s cdale o jlastiwl Gl sl ol adlaie yo
95 959, L (o2 359 amlioe gl (05 e
b wals Cd<Cr<V<Ni<Cu<Ba<Mn
ol ol s s lis o aibwl Gl ol ol § s olie
a8 sl pglio Gl LI 55, Lé s o5l clackile
sanl i axlllas opl o Ba gMn slie 4l g5-040 (]
e (o 355 e Sl d8 a5 (Ko i 0
Cl ol 7 S5bles 4 84 e L1 9 N1 LCu el ol
slackle cow o e Sgx wlpls ol as
Ba 52> an ol b ace (S iS5 ol asls Somb
PP NIRRT PRSI TPE ST
o azg bl Jloy goje (oomie 4 S ol
45 (ouigy yaoledd) (FEUD [y o)l ) (IS 9SG
Wl 18 T s gyl saiges bLas § Glosls IS dcgome

o) )b (b sldie 0525 O js o )0 09, e LA

S-SR W-SRNC SURCH [ S S PY [, G PR

- l‘l.:
digoi ol Ol b~y 3 ilias! Sl ool
e st TSRS eis = Geoj oSk e il
(oy3) 18 (o;0) Bgi o s 3 laibiw
(mg/kg)
1124 YOFA e RYAY NS Y VIFY ¥Y {0 SIv- Y/f- cd
YA YARO oo —Voy —o/\) YIYY YA/ ) Y 55 ay T\ Cu
2 VeV oY s <100 a/fY OO O+ NN ACE 412 Y- Ba
\YIEA IR ofee VA —feY YIVY VPN F Y OY/AA vE Y Ni
1Y VANt oY - VY — ¥ Y/¥a VENA Y. VY-8 aq £ Cr
/08 VO/AA ofe —+JAY -/£4 YIOA YOIV Y¥ a&/YA VY 55 \V4
\izg YY/58 oo -\fg§ oo f VIS V- FYY OOY Y £ YYY  Mn
-_//él)??g yﬂﬂ% 1PAA glimo /o lg2 o lodh /a3 jlgs 6,95
Ol umo il gy pole ozl Liiag Ju ole oolilad ovAa

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

g &'}Ow}“‘ du‘&-‘“"‘i} “;:9” Gla.w O

(FF) Qs LSS 50 i I35 (St ¥T il b (o y L (oS 1318 Clild aunylin (gl diged STt (yg05] gl -V Jguzr

p t (mg/kg) cdale (Sl 3 lailiw! polio 301 S il 3le
/64 ™ /0¥ YA S ; Jae Cbla>
[+ mYZAa A ey S
ofo. AY- Y AT O
o2 AR T A [ cd
[P
[+« ® -\#/F A o, S L
[+ ? -f/-- A Sio9es
/¥s ns .Y £y Cews )y Ja.ou“ cblas
[+ BARTAR! O By K>
ofes® R VARS £ T O
[++ 2 RS “ VY- g Cu
SH=
o8 SVYET e P S
o2 -fV/fY Yoo &S
[oy s \/A¥ e Com; dame Cbla>
‘/”a —/\/V? ?” &9 Lio/"
[oe? \INE A e oS
a OYY/E-. < Ba
e —OV/Y - Yoo &
oo VIAY A- A S
[o.2 -AIY$ Foe Silas
/yanms V0 O S boame cbla>
’/"a —\Vf/Af (b\"~ &l)ﬁjJi»}
[+ -YV/IfY V00 SO
. BY/AA = Ni
foc -Y-.-/f9 Coc &b
o2 -\VYF/AY N s S
o -Y /Y K Sy9leS
oee B Y. vy -/f sy Jrzen cbblas
oo YYF 10 Sy S
/-2 YA/A- 0 KO
a \ATRYd < Cr
o YEIvS V0 &b
[+ YEITS V0 e S
... ¥el.s Y Sislas
e \Y/-f \Ye G 3 Jroes cbla>
/"a —f’/\\ Y" CJ]ASJKO
floo & “F /N Y. e
a A7IYA < Vv
[+ V0PN X &
[+ 2 “F-/)) v.. (el S
o2 —f/\) \foo Sislas

OA-

BIPSERRE LEIIC: |
S e OS] 8429 pac MS

. ﬁfg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

L i ol sl sliie olulis ol
yolie pml cbale (Sl (Sicod Sl 0 ()
golS Gglite (i 00,5 i polio jlalol L
09,5 Jladol L pg, S clile (o (S 5l o>
oy b iz S aind oSl 05 ol
ale 5 8 5,518 a5 5 0P Ly il (Sien
o s o /FY L ol Ko oo U
poolly clale o oal oty (pubine) Cie +/+ )
Lpgmedls 5 +/FF L ol ciie (o o Ly
Aol Ly /70 b ply (ogSae) (e (Siad oy yo
399 &0 ne adaly ale 5 5 (6518 Sl
e 9SS I8 90 G rizmen (P 00 )) CBl
et g VO L ol Ste (Snon e o L
oo 05,5 5l adlols Uy + /o0 ls ine glaas 4o« I¥F L
31 ine adaly i S i o Sasl o BLS
5 S wponl o S (ST gl il 292
gl jlalols g clile oy 6)loine (Ko 550

.J%o)iSoMumw)ﬁb)H

@ glabgs o g gy (Smmaod Sl -

ward _og,
J997 59 O3t (Ko p2 55Lel sl ol
eSles o (Siod (gl Gollas Ll oud &l F
)J‘)JwaoL:ras_aabb-JS_us’/A?l_s)_a‘f
380 = pgrobly g poaolils = pg)S /YO Ly plp pomolly
s dy ~/\°V L)""‘)’ r:j)._f—uw_.oc’/a‘ LJ)._.»‘); rnj)._s
mhw ;o (B 50 ead o,lal Ko colpo o]
sliis 5l SLis aly jo 4 cwl Cdio g Jlo o o)
9 P9l - 90 0yl Cny lazme 50 (g5lusliT HLuSS
aS a bl yolie ;K0 L aus Swnad pyosls
D oo i iy e o Ol d S e o Jgs

33 9590 &l 3l Alold g (uSow OIS fyu (yguw g (Somred il b i -F Jgux

Mn \% Cr Ni Ba Cu

Cd

polco )LoT

\
\ -+\¥
\ —+/Y\ <V O
\ ol <\Y < [FY#*
\ DAA ST A'A ARV K SRV A A
\ A ST () SRS VAV RV A V.Y /Y i
/¥ SAYAY - [OF** offe ) <\§ of-A
AT ARNNRY ) & SR A /Y [+ of-A

\

Cd

—+[FA® Cu

oYY
<IYY
—IYY
_)ef
g

—efrs

g

Ba
Ni
Cr
v
Mn
e SB ¢ Ll s als 5 5l alols
Ao g oy &l 57 5] alold

b 1PAA Lo /[o,lg2 6 Lo /@3 g 6,95
- Qlisoj /g2 0 jl93 09

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

OAN

oy Vs pae ey Ko **
RO R STV I S COWON -


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

5235395 Sy (sl 5L -

(ERP) (So350551 Sy Jioslty Slialna Sl Jol> gl
7= Gollae .cwl a4l D Joaz 1o S ol 18
FEYANY)Cd maie &0 by o jasli opl jloie 1 iSTos
rolis oy 4, Cenl M 5le 0 by o laiie JBlu
Cu<(rvvaf) Cd o 500 jasli ol (Sika 15
Mn </f+) Cr <(A/-Y) V <) V/f9) Ni <\ f/¥F)
=y 090 O D38 S aS] ans Il (4/AY)
ol IS 48 Ladiges auo,s OF/AQ jo a5) Cd szl &
sheasls e ol L WM o Ladiged o ,o TO/V -
28)5 58 o (ol S o sl o, L
S3eI551 Sy Sty il 3L 51 ol g
ool yolie s las o5, ,Le (o Sw ol 18 AER)
Slas L YOY/VA e 5l Ladiges adS o el
werlis Sl Jlaie ulwly ocul e £PFY
Lo 45y (Y 1+ 0) (oS58 S el il
Siws (Yoo SIER <f00) asg 0B S, syl
Ages A olass a5 ols s soel Cwods moll e
aged VA olos ddawgie Seug, lils (ams,e YOIVY)
aged YV olaw gazg B Sy, lyls (ao 0 OF/YA)
F Jyaz) S 3Ly Sy slls (o3 Y0)

g &'}Ow}“‘ du‘&-‘“"‘i} “;:9” Gla.w O

3 Jmols ol oo )8 eolawl glaies Jdow g 5l
Ly 5505 )18 )3 (ompz 3550 (e SIS pl 55000
—Cu (v Cd () el aings aw 0 ¥ o ollas
Slaigs alols ols ), 5 Ba—V —Cr (v Ni— Mn
e e el ly g amje8 Camlid a0 sams Ll
S s LLI | ol anl als s ol az ool
alold ol> glaigs Jodod o anl co ol 8l lea_be>
Wb olsal ;olie gonog,S jelaie 4 O gla by
St cpolie 500 5l 1o jeboay Cd 518 IS 5llae
Mn 9 Cu )_13 90 el ol 69_..4.(: S 6‘4_.»»9}
LasS aolosls |y ales 5 SO LSas YU (Sien U
Iy pgo dobgs JuSis (JSb a4 Camd iog alols oS
9 VIl o)ls 05 >g 4 igd 155 50 pow dbss 40 003 0
Das ey aied 53 S LSis bwgie Ko LCr
.o)lo)l)J Po—w d\_w? Bad...:;}\.f_mi)s)5o A.Lolﬂlauﬂ.._..u
b ey b L ol o Sl slacadled , 30 o
oSt Cu g Mn Ni o Siw wlyls eolale ol s o
slecdls 5l b YlaslV 4 Cr Ba (Cd wlpls o)l

Distance (Objective Function)

Information Remaining (%)

Ward G, 4 s 1315 iy adgs 4 Y S

. ﬁfg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

3y L 53 S Ol 3ls (ERP) (S0 591951 Smn y Jommsiliy ogi Hlol -8 Jguo

polic
A Mn Ni Cd Cr Cu
rolio
NN < [OA 2140 YYo ¥/7 ZIVY Jlo>
Vo/\F A e[ A ZYNNY /4 Y. Sl
AN-Y +[AY YYV/F4 Yvyv/af AL IR7AR u...i)t.n
VYO /YA AVARA YWY/ AR ¥/-4 Sl O3l il

).g..bLiio o (W)
YOY/va Jsla>
Zali Sl
IER
FY-/-0 nSile
VYY/AY Loxe Gl

SoMn L e by e HQ (5o oy (s 09,5 90
2 e S HQ (05 (s 3 5 )b
03) (o3 ) 5 oS S g (g 002 ey e dn
s aialy el cdlas 1 5y lse 13 o]
@holb e hs pasls olie F Joaz olhs
Pt Q5055 (S 09,5 50 i gl e JS (HD)
30 i Ol s ads HI oy cioven ocul YL 5 5
N VS )5 sl 9 VYR (055 6l (25 e
i ag>lge caims lis el ol 4 ael cowon
] S SlE s YLLS 4 s S0s S
o Q5955 (G 09,5 53 iz (sl e JSHI
09,5 slm g Ni<Cu<Cd<Ba<Cr<V<Mn
Cd<Ba<Cr<V<Mn . sja VLS, o

4 i 038 (CRD) l5plb s plas ()l mols

b 1PAA Lo /[o,lg2 6 Lo /@3 g 6,95
- Qlisoj /g2 0 jl93 09

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

DAY

ol yw g 9 2ol Sew ) (b5)1 -
S S S L agarlae cudls Sy (b))
ool oy (ol s sl lio G9elin (2
Vidser 5o oYLS 5 5 (B35S sl Slasul 5 swn
s 09,5 wHQ 1 Sile mls Gollas .ol sa i adl)|
oy auBa g N1 .Cd Cr (o Sow ol s ol Sas S
Ve 58 50 6l 5 b8 Sy 3 gl e
e Sl 5 i Sl Sy 3z i S M
s 09,5 58 Ll 009 (g i St <l
e S50 sl HQ (o a8 5 (0 iy (VLS )3
(s < Sy wi><al s 34 N1 3 Cd Cr Cu
S S i tpgably 5 S (S 18 93 (sl
el (g D3 <SSl s )b 1 gl g i
§ S« Fmigy i S e 0 HQ e pizon

2 6l ol 035 YLS 5 5l it 5865 ol oy


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

s Ve a0 a0 VOl sl aS g,k 4l o)

Oy D10 0929 Sy sla s law gloil an (Vo)
‘_¢>|5.s o Ba 9 Cr @bqu)_w n_Lma) ua.‘>l_....: )_>.)L<LA

CRI polie ocs oy (i obT S5 liws, 4 S0y
Sty YV 5V o T o YLLE 5 sl g YIO XV o7 S0 S

w9 20w SRS 539 mhamw (o

el ool SIIY Jaaz j0 (YLLS )5 5 5055 SS&
005y VLS )5 5l i S8eS ;0 CRI oolis
A ,o 0 Joweg)S 9o ,m 0 NI 5 Cd wlils CRI .oz
Ve, s L3V VT osgase ;0 wds
oy 8yl Ve ey i) Sl Jles Sl 4
el e 5 S Ll o s e e 5
CRI solis o9 ;55,5 cdeas Ba g Cr &l s 6l

eSS g8 S e w09, 5 90 ;0 ) T e

490979 yrumno dww B 5O (b3 y L 5O 99290 S OIS Sl jw e g (2150w S Sy -V Jgu

Obeg5 9 YL i SuSi @y (il (o

(mg/kg) s ol il .
. oY = 09
Ba \% Mn Ni Cd Cr Cu
OYV/F- AZIYA foa/ayv OY/IAA ¥/-v Y¥/- % 44 C o 7. UCL)
x\"v
- VY xVe 2 g xYeT VY XYY Y/E x)e T V/E x). ) VAR HQing
x\"b
I AR VI A 4 o IV x\ Y Yo xVe Tt OfVxYeT Ve xye Y HQinh
x) ¥ x)e )
\ VY x) - s RIS R 70 S R ¢ KU R S V RO R HQderm R
x) ¥
AN AP/ O 7\ S R N VA AP IR N v P R S V7 NP IR B VRS HI=Y, HQ;
xye "
- - AR YA x\e 8 AR - RI
Y/t
x\"r x\"r
. VY xVe T v/ VIA Ve T YA Yo" VY xy e Y AR HQing
x\eF xye 0
y Y/e x\+ . Y/E x\ Y VY xYe -t A VY xYy .Y HQinh
x\ef x) ¥
‘s YIV x\e T N YIV x\- 0 AR vA A VO xYVe® HQderm OYLE
x)o ' x)e T
fle xVe T VA Ve T AARA IR AN R AR HI=Y, HQ;
OIA a/-
x\"r
y - - Yy xVe o VY xYe 0 VAR E - RI
1A lim /plg2 0lass /s jlgs 6,95 ;/%g yﬂy
OAY Ol s bl gy ale ezl sy wole eoliliad

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

o5 ea g Tusher .ossges (6,5 ojlosl g o clalé |
5 oo oSS eponedlS (S I8 ebale (STl (TY)
Aot mlbeo S bl (Transect) Job ahaie 4w ;o pg,S
mg/s YOIAY BY/OF NOY o iay podEy S
o 8ea 3 Kalamati .aSsges 6,505l 1 YY/kE YA
SLbl S Jsb abie 50,0 Ni colile o il (F+)
s YUP ozl Gliegll )5 ConS'sy (gl S S
ASsges (6 Soslil OY/Y mg/kg

Slls e bl oy o s e S ol aalllas o
Sl 48 sad 5,u5e5lwil Ni g Ba Cu (Cd oS
Gl S o Fan VT o bl am o olin Ly (55,
plow glpas Jo o il vsmg ) laore cblas>
Bgs e e BT Glils olie Lo )l

Ol ey o) )l 50 35290 polie (YL (e
P il il )le 4 S coudls Joole w51 5U
b o yobie jgam ((Molss s (onsy Lol )0
s oSl g, olic Giim Lo, oims 4 La SIS
() 550 5 ol glasSs 00

d=d 5 gy (St ks 0l asdlas o
Oz g oyl ga 5l et sliie aw (glalg>
3 e p g e Sl yod (gl (b Lt
P9rS (JS YL (Sinon 3503 3900 i, e
s s HU clallas gl jSie 5 oo cpsmaslils
b, Sl (FY) o, Ksa 4 Siyahati Ardakani 4 (fY)
GroskS £ alold o) o¥ed aslio o 3 SG0 5 ol L]
ol 8l 50 dalate ClE Bl s )3 (andllas 5 )50 xlis
s By b sliecul hn, e o olie ol allale
il pobie plw b cte Jlo e (SKion pgedlS
5 o8 o Sarol ys o3l mulio Ll 51 b Yiois! oS
B8 s ca S ol cnl e S g aind aub
b pg S g poaolly poadls SIS (e (Siann S A
S g i dule 5 o oSpal s 315 gyl 5l alols
chale aolio ol slalolb L as g9 b ay .ol o

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

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

OAD

o) sl sladised o (S Sl ebale o)
Lo e oy chale 1 HeS g o yidon a5 ol i
oolaiwl (5o S onws ol asdhais o ckale o YL
g Aot « Sl ps S o aJglolg sy 518 0l
Gl ey cdale la s (ol o ccul > S
& polie b (a5, ke S ol 8 cbale aslie
Slaogar a Sl as a > L oo S solawl o lastul
b Cou oS dahaie les hes S5l al g 035
onl 500, S eolawl aiey clale g ieas 0095 Sogll
Slpio Mn o a K ol sy bl aallas
0dsS e Sie polie ool (YU cdale g a iy clale
8 alio ojug 4y adhie o e glacJls
OB aw ools g0 o Lag o3 0o, 5l ol ol Lecs]
Sy behs Il idi oran il (80 S8 )l
4 g5lw adasS g 0¥y 8 abio 5l el o lass Jla!
] St S Sl Ll o gble plw
5 O Sl s clale ol e e glacodled
u‘)&o&sRaVankhah 3 )90 U_" B ] )L&Bs_fl_?
slas o Ni 3 Cd Cu S ol s eclale (YY)
St ) JSan 5 o] it el Gl bl e
yolie pl YU clalé g aivges (6,5 ojlal aey clale
axllas 5o Aosle Ces ‘_g)_a).>] L;Lbo)jf .)b) Sdles |)
AFIYA e Ni g Cd Cu ccbile o Sile ,e53e
Sl 45 39 00 (6,5 o5lasl YA/0 - mg/kg 4 +/VA
0dd (g S ol K sl s ecble o Sl 1olde )
cbale (YA) o5 o BEgbe .ol ol aalllas o
Sk Cd g Mn g YL e oms g 50 28l low


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

25855 o o~ éoﬂ
SalsS) S a5 il allan o
oL U lawgie (Sogll WS 5o S ol 18 (IER)
Ages A sl a8 ols L el o gl .8 5 1,8
Uged VA Sl dawgie Sug; s (bmsys YOIVY)
Aiges Vol gazg JolB S, lyls (s ,0 OF/TA)
o] ;25T ol o Sy glyls (0o ¥)
ey 5 ALl ol YL mslie shils (55l maiged
oz S g il il b o Seel s (2 slio
50,5V 398 mlio 13U oo lid cllas ol ooy
o 5en s Cheng .ol e 4 (S ol 15 ,Lacsl
Slbl pb slae; 4o udiw Ol B IER a3l (FA)
U oS 0990 mme 40 oz unSl s g imiio 3-blis
diged a0, TV a5 5,5 b ay.0boges g ,Sojluil ol
g wgio (T 0 Ladiged as,o Yo/ (o8 WS 0
Daals 8 asls cplol; Sogll oIS js oo, FIY
Slils S So3elsST S, (FR) o ,8en 3 Naeini
Sl bl sy, e Pb g Ni Mn Cr Cd 5w
Sbli> 5 a6 99 Sl ob Qe &SI

I[ER ol (0+) o,8ea ¢ El-Sherbiny .ossge

G S oilil olss jly (S0l (IS 50 ey oo

S (20,0 00) aigei V) o Ni g Cu Cr (S oljls
u_fojﬂ NS 0 (B0 TO) abges 150 9 05 ‘é_f%ﬂ

20,5 (5,5 ojlasl L wgie
5M6L5»_~)9J u»MA_w)_Q).)HISHQ )_n)LG.A
33 oS S ol Gl e S (2155 sl
anfllas o iilod oel Cwoas Sl S eS (b, L
o 3 Chen 4 (0)) ,lea 5 Tepanosyan
olils a5 (HD jls (asls ggome 10 05 (VLS5
Vgl i 80s S gl i e a0 S
o ol acd awle V3l 5SS YLLS 0 6l g

OAF

w9 20 w0 DSy ¢ 539 e (i

Gl poolly 9 pg S I3 g0 e bile 5 ials pgasls

RO
s Naeimi Marand . ,lao! ol Csd ixio 4l 4o
S OIS glaigs Judow 5l ool wl b (FF) o K on
A8ged (gobainb 1y oe abg> So ,0 Cr g Ni Cu
b g Sl slacadlad ol las Lyl sl mals
S K Olils 6 Foslail L (F0) o) Ko 3 Cujic
Sl sl eolainl b s wsley Sow JLéj olg,0 I, Ll
L porS 5 poeesls (e (S5 ¢S 518 iy wslaiss
s asle Jdos LSS Lol Lace L abes G jo
ailaie S 0 polie ol acbale aolislols s Lyl
polie J8las g iSlas ol asllas slaal wluly
Siyahati Ardakani slaaisl .coulob; L3 Sogl
SISt Sy Joily (b3l e (F7) glSea
5| (Transect) _Jsb alaiad ,0 V 4 N1 .Cr.Cd @iy Ls
5 =S (g lwdlais Y8 anlio aelpm xw SIS
asdllas 550 ol 5l (5l S VA alols o a S Sl
porolly (S ¢pg,S wls Lz asjls J13 bl s (o
u_ml ‘ffOﬁ” Ja_a.uj.uo J.DU )b r:s_..m)ls 9 w_f w% )Q
9 op i ol o Lis (F9) o)) Sen g Raj lidios ol
Cr yMn Cu Cd S OB IER a3l o eSS
ae bl Sw ey o Bd 2l glaS o
ol bl mols men .ol Mn s Cd 5l o o5 s
Sogdl s (Same glac sl ol e g ls 1,8
Cd Cr v ol IER § ERP gla sl (FV)
oIS 5o o Sl Bl bl SLs 0 Ni g Cu

. %ﬁ yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

4 S iy Jld o ol ecble og b 4 azy
sl sloeled Yozt Lol ool xpebs dige; i
53 Cd .V Ba Cu Cr oljls cclale aoliblan o
casllas oyl s ol o ailats 3, ;L o Ni
50 il claco e i (i E oS o Sxie
glee ;K08 g dale 5 (-8 oz SIS aind (Sl
ool 93,0 Lag,og5 00,5 ¥sd aolio o dai Cows 90
3 k) bobs iizmen 9 (36 0S8 5 (5] ae
L K sl il il o oyl eyl Lz
paaadlS 518 ool Cwots muls ulwly wl o5,
Ll ddhaie ;o oy ke SO5eleST Sy ialdl Jele
by sy i (stio (ool B, e aS bl |
3 il Gl &)go adis hlws o5 > 5 0L
led egliiinl (sl e 5l 0l oo (b 09,5 o
S Sl Sz (o 3)ls (Shs> Sras g (S
aslllas (o )3 098 (o) 2 950 (o Al 4 Sl 5o
St o i s oty S, e L
Pl 9 oS 18 9o clale o5 et i dilate ()
S L o (gl g Loyt asllas 0550 4=l o
s el e gl Aglio ol oo bl
Sy Nl (=05 5k e Sl alS (grezs
Ll GYLS ) 5y Zaad 5065 30 i 50y a8
P anle s Sl G gl Al ggezme 5
Sl cdale ol g adhie 5 09290 lio g0 B
15 5ol s S ol el i, e S
3 St g Slb s sloSyj slool ialS a s
03wl b 5,875 pom )b spseesls Ll anlio by ailaie

00,8 s gme Looan VT S slagsslssss

OB olbsde

ool 8 e ol B S Al (i
Alio ol jo 1, giluwesls g Laosls cay i sl g0 Ll
...\_S‘oo; ch)

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

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

DAY

olis a8 el (OY) o Seo g Chonokhuu zls el
OB 05 )0 (Gl e (B)l5e 535 0l Jlotal ouind
HQ le 0F) o50p 5 XU o5y (VLS 150 4 Comd
L 50,5 S Sl Gl s ié slas, HI
VLS55 5 QB35S (sl ez e 50 (Sre 4ol S
b)) Emls assges duloe Jo3 LB 5 ) 5l 5SS
oo S8 (CRD ol s Sy a5Ls
Ba 5 Cr 38 g0 a5 ols ylis (YLLS )5 9 S 0g8 SSes
Slidos OIS p oS W)l | (2l s Sy (2 pion
(0%) 5ea 3 Chabukdhara «(00) ,Sws 4 Pragg
10 (ON) o, g Amjadian 4 BV) K ea s Zheng
CRI asls Jaie o iy sl ilides inio 3blis
ST S 55 (gl 4 S0y o>lgs o Ba g Cr 516 5o
9 0B35S (s9 ;o 005 uSaie 45 0B (ko i
Sl Il (2155 5 (Slassal aqlse 5150 (YLLS )
58 90 CRI Lol Jlocie Gubios (ol 0 iomad .l
03) (o3 GYLS 3 5l 2t 05995 50 po sl g g S
Li«(0%) o ,5se g Liang el b ol alin 45 o
o Ker 9 X130 5 (F)) ], Ko 5 QINg «(F+) )], 500 4
el ()
5 o lS s ol asllas a5 el 58 Ll
5ol maw asdllhe ol o acul slacusgase
S S Gl b o (D jl e LS
s et odle (ST olllan ) 355 o0 olgiiny
»lw SsglBa sV Mn NiCd Cu Cr Soql
e 5 Ol Gl Js—ad 6l As 5 Pb b ) olie
Sl F38s Jobow gl eizmen 025 18 (b)) o0
St i S 5 5 03l 58 S Sl
5 B DLl ogd Jdo an Lal o9l oy 2 5 (030

3908 ymns pg (ml Sboj 4y se

LMn S 5 1 Lace s 5 ase e aalllas ol o


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Jow sleslewlb 38,8 slo SIS anlio 5 S G, bl
WAY Jlw jo iyl bl IS alaie ;o KAPERMOD
=l oy ol il colex L aS cwl YOSYYAY oS L

Sl 00l

References

1. Sungur A, Soylak M, Ozcan H. Fractionation,
source identification and risk assessments for heavy
metals in soils near a small-scale industrial area
(Canakkale-Turkey). Soil and Sediment Contamina-
tion: An International Journal. 2019;28(2):213-27.

2. Mazloomi S, Esmaeili-Sari A, Bahramifar N, Moei-
naddini M. Assessment of the metals and metal-
loids level in street dust of the east and west of
Tehran. Iranian Journal of Health and Environment.
2017;10(2):281-92 (in Persian).

3. Suvarapu LN, Back S-O. Determination of heavy
metals in the ambient atmosphere: A review. Toxi-
cology and Industrial Health. 2017;33(1):79-96.

4. Pearce N, Blair A, Vineis P, Ahrens W, Andersen
A, Anto JM, et al. IARC monographs: 40 years of
evaluating carcinogenic hazards to humans. Envi-
ronmental Health Perspectives. 2015;123(6):507-14.

5. Moradi Q, Mirzaei R. Spatial variability analysis of
heavy metals in street dusts of Kashan City. Iranian
Journal of Health and Environment. 2017;9(4):443-
56 (in Persian).

6. Lide DR. CRC handbook of chemistry and phys-
ics: a ready-reference book of chemical and physical
data. Boca Raton: CRC Press; 1995.

7. Khaledan S, Taghavi L, Paykanpour Fard P. In-
vestigation of spatial distribution of lead and cad-
mium using geostatistical techniques and GIS (case
study: field’s surrounding Mobarakeh steel com-
plex). Iranian Journal of Health and Environment.
2017;10(2):151-64 (in Persian).

8. Mishra S, Bharagava RN, More N, Yadav A, Zainith
S, Mani S, et al. Heavy metal contamination: an
alarming threat to environment and human health.
In: Sobti RC, Arora NK, Kothari R., editors. Envi-
ronmental biotechnology: for sustainable future.
New york: Springer; 2018.

9. Rai PK, Lee SS, Zhang M, Tsang YF, Kim K-H.

OAA

w9 20 w0 DSy ¢ 539 e (i

‘5;“))453 s & ee
Slpzle? lome Laab Ll 5l oy Jool> adlas o
2ol bl Sy (bl s g 0,5 L i
5l o gy gildow g Sl 5T Lol sla in

Heavy metals in food crops: Health risks, fate, mech-
anisms, and management. Environment Internation-
al. 2019;125:365-85.

10. Liu G, Yu Y, Hou J, Xue W, Liu X, Liu Y, et al. An
ecological risk assessment of heavy metal pollution
of the agricultural ecosystem near a lead-acid battery
factory. Ecological Indicators. 2014;47:210-18.

11. Huang S, Yuan C, Li Q, Yang Y, Tang C, Ouyang K,
et al. Distribution and risk assessment of heavy met-
als in soils from a typical Pb-Zn mining area. Polish
Journal of Environmental Studies. 2017;26(3):1105-
12.

12. Aluko T, Njoku K, Adesuyi A, Akinola M. Health
risk assessment of heavy metals in soil from the iron
mines of Itakpe and Agbaja, Kogi State, Nigeria.
Pollution. 2018;4(3):527-38.

13. Jamal A, Delavar MA, Naderi A, Nourieh N, Medi
B, Mahvi AH. Distribution and health risk assess-
ment of heavy metals in soil surrounding a lead and
zinc smelting plant in Zanjan, Iran. Human and Eco-
logical Risk Assessment: An International Journal.
2019;25(4):1018-33.

14. Xu X, Lu X, Han X, Zhao N. Ecological and health
risk assessment of metal in resuspended particles of
urban street dust from an industrial city in China.
Current Science. 2015;10:72-79.

15. Kwata MG. Comparison of methods for measure-
ment of dust deposition in South African mining sec-
tors [dissertation]. Pretoria: University of Pretoria;
2014.

16. Hall D, Waters R. An improved, readily available
dustfall gauge. Atmospheric Environment (1967).
1986;20(1):219-22.

17. Akbari B, Gharanfoli F, Khayyat MH, Khashyar-
manesh Z, Rezaece R, Karimi G. Determination of
heavy metals in different honey brands from Iranian

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

markets. Food Additives and Contaminants: Part B.
2012;5(2):105-11.

18. Wysocka I, Vassileva E. Determination of cadmi-
um, copper, mercury, lead and zinc mass fractions in
marine sediment by isotope dilution inductively cou-
pled plasma mass spectrometry applied as a reference
method. Microchemical Journal. 2016;128:198-207.

19. Zare Chahooki M, Bihamta M. Principal of statis-
tics for the natural resources science. Tehran: Tehran
University Press; 2011 (in Persian).

20. Sistani N, Moeinaddini M, Khorasani N, Hamid-
ian A, Ali-Taleshi M, Azimi Yancheshmeh R. Heavy
metal pollution in soils nearby Kerman steel indus-
try: metal richness and degree of contamination as-
sessment. Iranian Journal of Health and Environ-
ment. 2017;10(1):75-86 (in Persian).

21. Akbar MJ, Al-Tamimi OS. Ecological Indices of
the Heavy Metals in the Soil of Shewasoor Sub-
Basin, Kirkuk NE Iraq. Open Science Journal.
2018;3(1).

22. Ghanavati N, Nazarpour A. Environmental in-
vestigation of heavy metals concentration in Ahvaz
city street dust, by using Geographical Information
Systems (GIS). Journal of Environmental Studies.
2018;44(3):393-410 (in Persian).

23. Means B. Risk-assessment guidance for superfund.
Volume 1. Human health evaluation manual. Part A.
Washington DC: Office of Emergency and Remedial
Response, United States Environmental Protection
Agency; 1989. Report No.: EPA/540/1-89/002.

24. USEPA. Exposure factors handbook 2011 edi-
tion. Washington DC: United States Environmental
Protection Agency; 1989. Report No.: EPA/600/R-
09/052F.

25. USEPA. Supplemental guidance for developing
soil screening levels for superfund sites, Appendix
A—=Generic SSLs for the residential and commer-
cial/industrial scenarios. Washington DC: Office of
Emergency and Remedial Response, United States
Environmental Protection Agency; 2002. Report
No.: OSWER 9355.4-24.

26. Huang L, Bai Y-H, Ma R-Y, Zhuo Z-M, Chen L.
Winter chemical partitioning of metals bound to at-
mospheric fine particles in Dongguan, China, and its
health risk assessment. Environmental Science and

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

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

OAA

Pollution Research. 2019;26(13):13664-75.

27. Beyer LA, Greenberg G, Beck BD. Evaluation of
potential exposure to metals in laundered shop tow-
els. Human and Ecological Risk Assessment: An In-
ternational Journal. 2014;20(1):111-36.

28. Barkhordari A, Sakhvidi MJZ, Sakhvidi FZ,
Halvani G, Firoozichahak A, Shirali G. Cancer
risk assessment in welder’s under different expo-
sure scenarios. Iranian Journal of Public Health.
2014;43(5):666-73.

29. Ravindra K, Mor S. Distribution and health risk
assessment of arsenic and selected heavy metals in
Groundwater of Chandigarh, India. Environmental
Pollution. 2019;250:820-30.

30. Kohzadi S, Shahmoradi B, Ghaderi E, Logmani
H, Maleki A. Concentration, source, and potential
human health risk of heavy metals in the commonly
consumed medicinal plants. Biological Trace Ele-
ment Research. 2019;187(1):41-50.

31. USEPA. Risk Assessment Guidance for Superfund
Volume I: Human Health Evaluation Manual (Part
E, Supplemental Guidance for Dermal Risk Assess-
ment). Washington DC: Office of Superfund Reme-
diation and Technology Innovation, United States
Environmental Protection Agency; 2004. Report
No.: EPA/540/R/99/005.

32. Li P-h, Yu J, Bi C-1, Yue J-j, Li Q-q, Wang L, et
al. Health risk assessment for highway toll station
workers exposed to PM2. 5-bound heavy metals. At-
mospheric Pollution Research. 2019;10(4):1024-30.

33. Li Y, Wang S, Nan Z, Zang F, Sun H, Zhang Q,
et al. Accumulation, fractionation and health risk as-
sessment of fluoride and heavy metals in soil-crop
systems in northwest China. Science of the Total En-
vironment. 2019;663:307-14.

34. Zhou L, Liu G, Shen M, Hu R, Sun M, Liu Y. Char-
acteristics and health risk assessment of heavy metals
in indoor dust from different functional areas in He-
fei, China. Environmental Pollution. 2019;251:839-
49.

35. Ali IH, Siddeeg SM, Idris AM, Brima EI, Ibrahim
KA, Ebraheem SA, et al. Contamination and human
health risk assessment of heavy metals in soil of a
municipal solid waste dumpsite in Khamees-Mus-
hait, Saudi Arabia. Toxin Reviews. 2019:1-14. DOI:


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

10.1080/15569543.2018.1564144.

36. Nazarpour A, Ghanavati N, Babaenejad T. Evalua-
tion of the level of pollution and potential ecological
risk of some heavy metals in surface soils in the Ah-
vaz oil-field. Iranian Journal of Health and Environ-
ment. 2017;10(3):391-400 (in Persian).

37. Ravankhah N, Mirzaei R, Masoum S. Determina-
tion of heavy metals in surface soils around the brick
kilns in an arid region, Iran. Journal of Geochemical
Exploration. 2017;176:91-99.

38. Egbe ER, Nsonwu-Anyanwu AC, Offor SJ, Opara
Usoro CA, Etukudo MH. Heavy metal content of the
soil in the vicinity of the united cement factory in
Southern Nigeria. Journal of Advances in Environ-
mental Health Research. 2019;7(2):122-30.

39. Tusher T, Piash A, Latif M, Kabir M, Rana M.
Soil quality and heavy metal concentrations in ag-
ricultural lands around dyeing, glass and textile in-
dustries in Tangail District of Bangladesh. Journal
of Environmental Science and Natural Resources.
2017;10(2):109-16.

40. Kalamati AR, Hosseinalizadeh M, Mohammad-
ian Behbahani A, Rezaei H. Impact of fugitive dust
emission from bauxite crushing industry on soil con-
tamination (Case study: Jajarm Alumina Factory).
Journal of North Khorasan University of Medical
Sciences. 2019;11(2):36-44 (in Persian).

41. Ravankhah N, Mirzaei R, Masoum S. Human
health risk assessment of heavy metals in surface
soil. Journal of Mazandaran University of Medical
Sciences. 2016;26(136):109-20 (in Persian).

42.HuY, Liu X, Bai J, Shih K, Zeng EY, Cheng H. As-
sessing heavy metal pollution in the surface soils of
a region that had undergone three decades of intense
industrialization and urbanization. Environmental
Science and Pollution Research. 2013;20(9):6150-
59.

43. Siyahati Ardakani G, Mirsanjari M, Azimzadeh H,
Solgi E. Ecological risk assessment of heavy metals
in Topsoil around major industries of Ardakan City.
Tolooebehdasht. 2019;17(6):95-110 (in Persian).

44, Naeimi Marand S, Ayoubi S, Azimzadeh B. Use of
multivariate statistics and geostatistics to differenti-
ate the lithologic and anthropogenic sources of some
heavy metals in Zobahan Industrial District, Isfahan

O

w9 20 w0 DSy ¢ 539 e (i

Province. Journal of Water and Soil Conservation.
2013;27(3):56-69 (in Persian).

45. Cuji¢ M, Dragovi¢ S, Pordevi¢ M, Dragovié R,
Gaji¢ B. Environmental assessment of heavy metals
around the largest coal fired power plant in Serbia.
Catena. 2016;139:44-52.

46. Raj D, Chowdhury A, Maiti SK. Ecological risk
assessment of mercury and other heavy metals in
soils of coal mining area: A case study from the east-
ern part of a Jharia coal field, India. Human and Eco-
logical Risk Assessment: An International Journal.
2017;23(4):767-87.

47. Spahi¢ MP, Sakan S, Cvetkovi¢ 7, Tan&i¢ P,
Trifkovi¢ J, Niki¢ Z, et al. Assessment of contamina-
tion, environmental risk, and origin of heavy metals
in soils surrounding industrial facilities in Vojvodina,
Serbia. Environmental Monitoring and Assessment.
2018;190(4):208.

48. Cheng H, Huang L, Ma P, Shi Y. Ecological Risk
and Restoration Measures Relating to Heavy Metal
Pollution in Industrial and Mining Wastelands. In-
ternational Journal Of Environmental Research and
Public Health. 2019;16(20):3985.

49. Yadegarnia Naeini F, Azimzadeh H, Mosleh Arani
A, Sotoudeh A, Kiani B. Ecological risk assessment
of heavy metals from cement factory dust. Environ-
mental Health Engineering and Management Jour-
nal. 2019;6(2):129-37.

50. El-Sherbiny MM, Ismail Al, EL-Hefnawy ME. A
preliminary assessment of potential ecological risk
and soil contamination by heavy metals around a ce-
ment factory, western Saudi Arabia. Open Chemis-
try. 2019;17(1):671-84.

51. Tepanosyan G, Sahakyan L, Pipoyan D, Saghat-
elyan A. Risk assessment of heavy metals pollution
in urban environment. In: Svalova V., editor. Risk as-
sessment. Zagreb: IntechOpen; 2018.

52. Chen H, An J, Wei S, Gu J. Spatial patterns and
risk assessment of heavy metals in soils in a re-
source-exhausted city, northeast China. PloS One.
2015;10(9):e0137694-¢94.

53. Chonokhuu S, Batbold C, Chuluunpurev B, Batt-
sengel E, Dorjsuren B, Byambaa B. Contamination
and health risk assessment of heavy metals in the
soil of major cities in mongolia. International Jour-

. }fg yﬂy
1A Glimsj /o,lg2 o lods /pasjlgsojgs |
-

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


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

Ol 5 (o (Slomui dprw

nal of Environmental Research and Public Health.
2019;16(14):2552.

54. Izhar S, Goel A, Chakraborty A, Gupta T. Annual
trends in occurrence of submicron particles in ambi-
ent air and health risk posed by particle bound met-
als. Chemosphere. 2016;146:582-90.

55. Pragg C, Mohammed FK. Distribution and health
risk assessment of heavy metals in road dust from
an industrial estate in Trinidad, West Indies. Inter-
national Journal of Environmental Health Research.
2019;28:1-8.

56. Chabukdhara M, Nema AK. Heavy metals as-
sessment in urban soil around industrial clusters
in Ghaziabad, India: probabilistic health risk ap-
proach. Ecotoxicology and Environmental Safety.
2013;87:57-64.

57. Zheng N, Yu Y, Hou S, Xu S, Tang L, Ji X. Con-
tamination assessment and health risk of arsenic ex-
posure to stairway dust in the zinc smelting district,
Northeast China. Environmental Geochemistry and
Health. 2019;41(2):729-36.

58. Amjadian K, Pirouei M, Mehr MR, Shakeri A, Ra-
sool SK, Haji DI. Contamination, health risk, min-
eralogical and morphological status of street dusts-
case study: Erbil metropolis, Kurdistan Region-Iraq.
Environmental Pollution. 2018;243:1568-78.

59. Liang Y, Yi X, Dang Z, Wang Q, Luo H, Tang J.
Heavy metal contamination and health risk assess-
ment in the vicinity of a tailing pond in Guangdong,
China. International Journal of Environmental Re-
search and Public Health. 2017;14(12):1557.

60. Li K, Liang T, Wang L, Yang Z. Contamination
and health risk assessment of heavy metals in road
dust in Bayan Obo Mining Region in Inner Mongo-
lia, North China. Journal of Geographical Sciences.
2015;25(12):1439-51.

61. Qing X, Yutong Z, Shenggao L. Assessment of
heavy metal pollution and human health risk in ur-
ban soils of steel industrial city (Anshan), Liaoning,
Northeast China. Ecotoxicology and Environmental
Safety. 2015;120:377-85.

62. Xiao M, Li F, Zhang J, Lin S, Zhuang Z, Wu Z,
editors. Investigation and health risk assessment
of heavy metals in soils from partial areas of Daye
city, china. Proceedings of the IOP Conference Se-

%ﬁ yﬂ/
h 1FAA glino ] /o lg2 6 ladhs /3135 6593

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

AR

ries: Earth and Environmental Science; 2017. DOI:
:10.1088/1755-1315/64/1/012066.


https://journals.tums.ac.ir/ijhe/article-1-6300-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-10 ]

£
&

,&b‘
6 e
f‘g

et uel| U,
N
R &
gy \@

&
&
Y,

%, &
" of Environ®™®

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

Iran. J. Health & Environ., 2020, Vol. 12, No. 4

&

)

HETH AND EXVIRONMENT

Original Article

Determination of pollution level, carcinogenic and non-carcinogenic risks of
heavy metals of falling dust in industrial areas
(Case study: Ardakan county industries)

S Shojaee Barjoee’, HR Azimzadeh, A Mosleh Arani
Department of Environment, School of Natural Resources and Desert Studies, Yazd University, Yazd, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 2 November 2019
Revised: 22 January 2020
Accepted: 28 January 2020
Published: 18 March 2020

Keywords: Heavy metals, Pollu-
tion, Falling dust, Industries, Risk

*Corresponding Author:
said.shojaee71@gmail.com

Background and Objective: Non-biodegradation in nature and creation of
adverse health effects in humans is important features of heavy metals. The main
objective of this study was to determine the level of contamination, carcinogenic
and non-carcinogenic risks of falling dust containing heavy metals on residents
around the industrial areas of Ardakan. Another objective was to identify potential
sources of heavy metal release into the environment.

Materials and Methods: In this cross-sectional analytical study, the falling dust
was collected in summer around Tile and Ceramic, Khak-e-chini, sand and gravel
and glass industries by installing 35 Inverted Frisbee traps with artificial grass
cover. The concentration of Cd, Ba, Cu, Ni, Cr, Mn and V were measured by
ICP-MS. Probable sources of the heavy metal of the dust were evaluated using
Pearson correlation coefficient and cluster analysis. Ecological risk indices for
determining the level of contamination and proposed relationships proposed by
the US Environmental Protection Agency were used to assess the carcinogenic
and non-carcinogenic risks.

Results: The highest and lowest mean concentrations of heavy metals were
measured for Cd and Ba, respectively. The results of Pearson correlation analysis
and cluster analysis revealed three anthropogenic and also natural sources for
heavy metals of the falling dust. According to the Ecological Risk Potential
Index, Cd in 45.10% of the samples was in a very high class and in 54.88% of
the samples was a high class. Pollution class of the ecological risk index of all
the heavy metals was medium to high. The carcinogenic risk of Cr and Ba in
children and adults was estimated to be higher than 10, In both age groups, the
Hazard index for each metal was less than 1 and its sum was measured as 1.29 for
children and 0.16 for adults.

Conclusion: Cd increases the ecological risk of the falling dust in the area. Ther
heavy metal carcinogenic risk results showed that the concentrations of Cr and
Ba were higher than standard. Also, the non-carcinogenic risk was higher in
children than in adults.

2020;12(4):571-92.
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