[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERN Fe 4|
FEF U P Clran AYAY 5L (pom o)lod o233l 050

"

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

vewell gy
4
,
(Agn)

u&h}}: Jle

o
U,
o, o™

" Of Enyiron®™

oo, gilwo¥ed 9 g lwalass

' S pmme Fooljpudie Lo joies g i e 010 a0 e SIS0, il Lo e
Ol e o oSl a5 asms 5 cases qulio USAlS oy} Lasoma 09,5 —)

Oyl ey @y olKails ¢ puwlid 365 5 (crds ailin 00SiSls () Laises 09,5

o dS> -l o ol N Ll
el Jlaasl 8o ) 508 anils o oY 5 g lwalaiS slaails IS il :dad gasco; QY /+B/)e el ) g b
onl 5l Gan .l eols iol38l Sgel i oo a1y S I3l o5 g calises (LaoanY] AV/Al+N iowlpg gyl
ua.‘>L...v )| ob&w‘b@;@b&ﬁ&‘u U"‘ A.o.o.ul.‘> Sls L;O}H uu.ws L:Ala))‘ Uw_ﬁs).l iV/’A/’; :‘Jo))};\é @)L’
a3l 5 () (Sl ey (a3l «(NIPD) 505 (Sogll gl pa3Ls (P 5oyl av/-a/vYA sylis! & 46

il BF) San e

b e Gos jl Bolar Solatis (g, 4 S 0S5 5 45505 OV cdalllan ol jo 1 gmwy 9 (9
29,5 «(MO) yaudse (N1) JS5 «PD) s (V) pslily oyaSiw 318 clale g a5 0 CmM
550l ICP-OES olSiws 5l osliisl b (Zn) (55, 3 (AS) S, (Cd) pg—0ls (Cr)
IRV

YA PLy (7% 5 1FO L slagaslss (nSile n 1S 5 0o it il ool :Lpasdly
OND) 9, 3 56 i @ BF (a3l (a8 5 i (izpo 5 S @ bsaps OV
BIY AOIA Sl 3L cas 5 & 59, 5 weobly vy 5 J—ol> EF (as L 0 VNY) odge
ca20bly apw (Sogll Els bl ols )13 lawgie (Soi s WIS j0 1) dilaie S 0o, VA

§°5” LYo PR CURRLATT IR N

oals #8ls ol (B35 g Cewd (ol )0 5 molio (pl a4 Cod dlolé o S0 0 (59, 5 S

PI Glamsls ols olai |, S Sogll (ul S U‘,Ms EF Igec oozl 1 g S azis
ua.‘>L~..v 9o U”‘ L)‘f"c wﬂyb 9 ol )l)ﬁ Ja..uj.uo L_;%Jl va 5o LmLi..wl ;,‘_!LC B NIPI 9 J,M Ou\.‘a.m.',.; éds;j&" m

C8,8 doil et oo (b g oY g8 mlio G0 0 Ve o)Ll oSl s S 4y by o

o ) ' mirmehrdadmirsanjari@yahoo.com
ol a5l 36 Slllas ailaie ST Sosll Wi, 1 s e aulio cole oS

Please cite this article as: Siyahati Ardakani GhR, Mirsanjari M, Azimzadeh HR, Solgi E. The environmental assessment of some heavy metals in
surface soil around pelletizing industries and Ardakan steel. Iranian Journal of Health and Environment. 2018;11(3):449-64.



https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

2y 5 i e s a4 Gilie I3l ol Lolis T
Sl gl a8 (6 i osn VT B oo el i o
Syly S ay g adly Ll L ;5 diid Cilides oy oS
Sosll a5 ailio glacaled a il (1Y) osds
clis 50 5 o bo S35 1y g nislil s ol il SLs
a0l (S _Fogll 5l oS sl g oo iiSonll mlis
@) Gy e Sl g et le o8 Sl anlis )
olie gty e 31 )| g il e S Sl
yobie Clle plie gl wihie S (LS o S
O 9 denlie ool 4Ll o lasbisl G Lo ol jo
ol dilaie lod (5l 55750 (sl il b dylie ool
Glisen Bl 55 55U5F (gaclil 5 oliirno; bly5 o5 |z
15 A e slmyl |y S yolie §l glite slacdalé dos
O sl el g0 luilinl sgzg pae Jdo 4y be oS
Slp 6% ol jl ol gy (S Soglla >0
Sl lns 355 onliiul Ko polic 4y S Sogll ) s
oS ool oas )| ST Fogll az s sy sl (g30xe
S (Fogll o5z poe L sy T ool fseo

() op o
O D318 (Sogll 5l b L3l 5o (sl sl 2
ool s 0 Y98 Cris dlox I sirio slacJled 5l 5L
g mle s aals Sluls (08 N F) ol oo alosil Hlox
Ssb> el olge 9 Lapged Jold (g3lus¥sd anlio )3 onls
ool ST aile S I35 51 g L ol
9 ol Sy 5 © o 59 ¢S LS e 15380 w0502
5 oo sl 1y (SSts Wl o S arms 42 LT 4w
S (YY) oLee s Hu .(V8) wles sl s Lame
o 3l ams aw CdS Sl G |y ez o Sladlaie o
diold (Las g 00ld S8 (o) 2 9 90 (ki e dnmgi g (0D
St 5 5K o ool I3l il Sils oS
Vb Jods g 0092 aiee jlade 5l 5VL 2l g0 adlaie SLS o
Sl o s | jolie plo 4 o o clale 35
(Y10) o,5en g Namuhani slaasl .(\V) s ,s 53

$0

dodso
Sl (285 (L5 (o oyl Sieo dawgd ladali sl
szl peizmen 9 By Lalgd 095 LS 50 () Lane
ey daoe jl G blas Cyz 99250 uilsd (S s
B ‘9.0 9 S ‘u] O LS'L‘M"J dl_aoa..ﬂﬂ 99,9 ras‘;.\; u_clJ
o slo So9dl 039 0l (V) ol 00,98 Calisee bl
Comdte S ) dazmo o 5 el o Sodes g teds
Slap g SOl as wlools s ol Slalllas .ag o
Soddlslasls j1E o sl dled & jglne yo a5 iblie
51 15 e it sloalled 5,0l 15,55 st B
sloral ollacs 2 s 5 5 ot 5 45 51 igel ey bl
G et 9 o P oeles Sz o S (Y wles
Slodas 150 505 Sl ialaw S g JolSS 0 & jls ouge
30 o Olals z8s § Sludl slacJled wus o Ll
o |y K Sl3ls 4 S5 Sogll canindS slaans b
P50 Klg o SLs (Y-0) casl ools mol5dl 6, St
3 et g (Soe Sy (Sjlea ol b slauil
S g Bras mlio b lag o gludl slacJlad a oS
S3o9liS ( Sare o dld dag,0e lawgr jlacsl Loud
03gl] p S ks b lwls &85 4 (635,50l slaasl,d g

(B) 55
PURLNE COWRGH [ TSP WV WY P L FRI-Y-E 3"
Wadiae g ails oo Sl glac b 1) S sbapinawsS]
S (gl 058l (6 a3 aeslye 0 s YT mle oyl a5
°L.S 9 S ° raL».C U"‘ £ G U‘)—" J.AJTGA uL..MD-d.» uLm)‘
o3l s Gl Ll cdale a5 38 5 o0 ain S
S jo,ﬂ V=VV) ogls 518 mazed yloj 5 (Sl caLises

e Al
19V oty /oo o lads /@)l 0 93 /%ﬁ J
;

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


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

O‘)&Aﬁ 9 ‘_nga,l ubl*w L'?,.Mé

o) 90 4 B ol Saely el (YL Jeily L5 0 0
501 Slilse a5 il (1alS (65,5l iS 05> o JLaxd
55 ool S adoz jf Game i qlis 092y Jdon,
Ul a3 0l U5y 5 byl G Lo glio cailats
bl e 50 05 9V g 5 (o5lualasS (slaails IS 42508
aglaie yo yol> bl b jo ol glaslely IS0, lw i yo
g axly b5l Gl g iledasS aaly 99 asdllas 59
4o 4565[:53] shasilasl jlaul gilwo¥ed 5 ouanl Q,:J
0355 5 Pl (KB Siw aJgl olse 5320 5 alss o >
Gblis S o lsn 4y iliee slaoary¥T Lasil Jlais cy
wop (L idaa b Gragh (ol 1 @)l 0925 (gal
5 Vs mlio dils SB o ufiw Syl o BIE e
e yolis 4y S (Sogll cundg 1) (V glualass
(PI) Soghl jasls asle Sogll sloaslis jleolawl Ly
(EF) oo g msls  (I,) (Soililmeg sl

Ll 00 ‘aL?u‘

O

T R

TMUE

SIWTE uIvE

OLas Il 5o Y58 5,95 Al )57 jglome slagen) (o2 5
5095 pgaedlS g s 3l YL slachale gl jlo SLS ols
g Sistani (VA) o,ls 1,8 o5 b bwgie Sogll WM 5o
ooy 53 Vb gaizms 50 dils Gblie S (19) o Kan
@S ol d0ged (o S SIS Bl L5 51
Slabols al8l L poaslS 5 (55, s Sl gl
poeasls g 0w Glime g SuBlo (L2alS Wiy, Vb (glagaine
oy 9 Y8 slameie ;U Cou iy ddhate S (o
(ST )5S Gl oLy (nSile Ol b 35 9
shlo pgS s SS9 aals 1) (Sealiline) 5 (Sad e
OLBen s Z0Ng gl wisg o asls Gl (i oS
Sz b )0 Vsh 5 ool glio SLLI S 65, » (V)
Sagll o ol Bl sblis S5 a5 ols ol
S o S ol3ls jlaasl g oyl (S DIl a4 o i

ol el oy iy o 5 ke
Ol 53 Sl i 0508 5 bl (5L (e 0052 ol

aslllao 3 yg0 dibaie 55 SLLS g (65 paiged LU STy s buo o lodls aidd —) JSCi

h 19V july /pgas 6 jlasis /s jL 695
. 2 3 b oy

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

£0)


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

YmL 5 <G00 5 ol VY ML 09580 51 s g 03 o0ls
aalol ;o g (6,155 5Ll sles ,o VP h e 4 G s ol
Slrdiges o 28,5 18 Mo &yl > oL Kiws 0o Y h
Sl bgas ools ;o e FY paily Slo 3 2ls ;i oot S
Coles 50 (YY YY) o ol Vo v ML o> &, ladis
Oedge «ND USG5 dPD) s «(V) p3a0lily olie lile
Sy 9 (AS) w1 (Cd) pg—sesls (Cr) pg,5 (MoO)
bl ol (6 S0l ICP-OES oK%y S8 @ (Zn)
abg o slaJga 8 S—oS 4 5 00l (5 S0l slacibale
ool Jelo g a5 5 00,8 (s (S 09l slp el
8,5 y90 SPSS,22 (15818 5 5l eoliil b 55 laesls
ooliiwl (VAA2) Kerbz Jge 8 5l diges poo et jglatods
W, B (5,0 e Ot JlaBety o] e aS o S
CV dculiis ol azpo (285 1150 L1V /AF Jolso
‘)“)‘*;Nsalnple55tﬁ‘3 S ygs Como S d g Sl pid o o
i ,8 s o b dslllas opl o (YT YY) Cnl 5Li 090 diges
30 45 0 duwlee diges ColaS o oy Ve gl ol e
Wgos ColaS a3l ool dpd diged o « polic dar 3,5
() dolae) 09 yin dolee 5l ouds awle

tZCV?
Nsample = ocd_z )

oolaiwl 890 sl e Ll 8 20 —

bazo g Ol (59, ;= oK Sl 3o IS s @
10555 ol Coml oS Sl (Sogll 5] e
ilien sl il 51 lils ogall Sl las S jolice 4 o
(Sogilaz o (Sads b Sl Siblilipe ol yulii
L oale 5 SosalsSTogile S oLt ( (Sogll g5
oS Dlpls ay Sogll e b ogd oo eoliiul Syl
(V7 Y0) 0,5 )18 (b)) 9590

Sl oy L -

OF oo b 518 ke avglin ((Sualil ey 23S ol
a5V alsbes 3l ooliial b aF conl ailate sliords diee) o

Loy

Lo 09, g olge

Job 4 LSl s o6 el jo asllas o)9 o a4 slais
gY-++-ha o, slalb)- km 5, c4Y- km
ki (20 5 (S 30T OV AT YR Ll sk 5o
O JS8) Col als @8lg JLos YYO YV' B YYONA
ashais o Bolal S sleiw (9,4 (5,10 paiges jolaiea
9 (S5 /0 Km x V/0 km slaasits a4 asdllas 5,90
Ot (610 paiged bl Cuxdge laicd aSlis O oo
FB e oyl jo a5 Sl blas ) golaws Bds Lol
S ConBge g diges OV aSog a8 T 18 (ellas 5 blis
S chcaadgs oSiws jlosliul b aS il o siee L'
Ages o Cadge 4 (Global Positioning System)
ools ylas V USKS j0 (5,10 pmdiged bl SauSTy g amlio
S35 oS Dypea HCM L+ Gas 5l S slaaiged
OO bslde sl g el O M eld @ (e 68 9
9 4ugs Bges lgieas SLS ) KE sg0 (g5l San g Lyl
Jie oliulo;l 4 aits)o Sobl a e 1o (5,005 e
F9 9,5 eolitl col sael calisie golie )0 45 (e dtug
s S g 0k slaSiis jloads 0,5 dlgo g45 50 o &
S o b by bl b ol 2o o) G805 jgkate 4y
SE Y 5l oglin 6102 aiges 5 ()0 p wges Jl3s5)
5 2Vl Y L ol ol 5 aS o) Ges yo abale ay
LY iz )0 yaie padale g jlgails ol ol
Gt 1 .0,8 ool az o b aiwey cdale laiedy ol
OSilee 5l g a8 S 3z g 3 50 S0 by poes ol 5>
Olgreds dalllas 050 dalaie Y MUY Gos j0 jolic o lale
(YY) o colazul aslllas (ol jo aiwy clale

V\EPP 5)." Q)L.\JL..HJ‘ U"’5) u,ql...u‘); S le.bc\.:}oa 6)1.»;0.)1.@]

seee Y UM SN 51 S diges V 2 olaie ol 4y ol sl

e Al
19V oty /oo o lads /@)l 0 93 /%ﬁ J
;

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


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

“J‘)'Soé 9 uilfa,l uJ’Lt‘*’ Lw,nM.é

(oL ool 38 S o) EF>F+ (ol L5 Sob o€)
SOl asli -

508 S, Hakanson Lwg VAA: Jlo jo asls ool
olos Glien b oas (6 S0l jaie clile (o Sibo ] 5o
¥ aloles ololys 5 555 o dugliie dilate g o )3 yuaic
(Y2) 55 oo dumslons

PI; = %‘i 49!
56 b clile Bl oo n¥T cdale €, radsbes ol 5o
5 0aYT (Base Line Concentration) sl i |
e sl el pli 00T & bogy o Sl Lasles PL
200,5 oa atuie py Sygo 4 Sogll WU F P asls
PI># (oL ;) YS PI<# (lawgio) VS PIKY (o) PI<)
(oL (k)

Integrated Nemerow) gy Sogll gols> asLi -
(Pollution Index

ol 2 gl 9 0 Woles ol 9505 (Sogll a5l
(1) 93,5 (o0 dmlone (6,13 pegas

X 2 X 2
_— J(P. ) R o

ua>L~u u.,.f.!l..\.a Pl ave ‘3),0.: éb}ﬂ ua}Lw NIPI U] )b as
raie Sol @ty (i o Py o paie (Sogll
o0 duwles Lali jlade wlalp 55 (Sl (e ol 1
255 50 48 5 Dz a4 (Sogll LSO o

(oogl ue L) « IVS NIPI<Y (o0 IT,.2) NIPI< - /¥
(lawgie Sogll) YSNIPIKY ((ooglT o5) VS NIPI<Y
(2o Sogll) NIPI>Y

basy
Lg)b).ji;j.oﬁ ol_i'l.m:{‘ N o a_xJlao S y9—0 )_.aL».C clale

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

Loy

(YY) 33,5 oo dline 0B b yme Jge dawgi 1254 Lo o

C.
Igeo = 10g2 (FIBI) (Y)

raie Olien G (Salil ey oo Lol o 5o
e laie By g aalllan 5,90 Doy b S sLadiges o
b Sllugs (S 50k sly—e Sl s (5l o]
5 Sl slaclas 51,5 ous sbml @8 Jlows Ol i
Y als ol oboly oo ol o0l oslinal VIO oy o
el 00,5 astiie pi O jgo ‘;o}” oS

(oogll (oS L oogI1p8) - < SV weog I 08) I <
R FSICLIARS WS CETIR [JUSSLORES SRS |
B oogll (L) F< I, <0 eogll (L) YL <F (o]
(005.” (KWW Igeo>a ‘(oojﬂ (KVRWA

I SE ey -

o cdale L aiges o sl el lale Sub e oo o
baro sladelon )0 e po ml 00 S (o0 ailie g2 5
S5 Sy (=) e s 5 (S Ol (o
¥ oo ol g 355 o axslis . Kin yolic 4 SLs
(YA) S dles LB

Cx )
Cf&f sample (Y’)
(Cr):f)

O —~

EF =

Background
Crer o 9350 digad po yaie clale Cdlobes (0 5o
5 digas ,o ,aie Jlo_de SAMPIE (x>0 paie o lale
e o paie lp sl aie) ,o ate clalé background
silaie ;5 a5 auilSl 5 pseinegll ol aiile 13l clalé 5|
Ol 5o 09d e ooliwl s s goly ol sy cdale | L
5 oolial Jloyi L 355 S 41 5 otz 5l aslllas
Trb 4 (Sogll GOS8 o dlns oy (l5ae el
el 00l i )

Sas g) YS EF<h (Sas o JSlae) EFY
V-<EF<f: (ol Sos 28) 0SEF<Y - (b vgie


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

(P</0) addllas 3,5 yolie plo @j5 9= Jlosyire
Sl slalled 4y 1, S o Ll jpm L s 5o

Ble Cas
(Pearson’s Correlation) g yo Siwed (yg0;] s
crd bpsS g IS polie cbald (2 S0le (a8 0l LS
cro Lo 595 5 po—edls - 10F Ly 1l (D) (SCaen
Plp (Ko 0o b 59y 9 0w FAOL 2l (Savon
SO F Ll Sasod oo b Seinyl g S5 OV L
3529 Cuds (Swrod (P +/+V) /0 ) (5l gxe mhaws o
P95 5 S| polis Cble (1 Sike (o Grien 2SS
oo bpgrasls gy FAAL plp (Svoon o Lo
S 0 y0 b (595 § Seia) < 1FY L ol Sion
Alr Fnan 0 b pgradls b ST g - F0P L 0l
3529 Sl (S * [+ ) (5 )lo —xo pdaw ;o +/TVO Lo
re b IS5 g masbly polie cdale (S0l S5k 5l sl
(S 0 b oy b bl 5 < IYEV Ll (S
(7 Jga) Cels g aiians  Siansan - VEY Ly ol

e Pt e j e (55

olie w50 g ol Cavsay s elalp aS ol (6,57 51l
bgsye iy clald . Sle ateS 5 Al canlllas 050
Sg XY ME/KE L pgasls g YV/-Y ME/KE L (g, 4
el o 3 a8 oud At ) Jgam o ol il oo Lil
<oy < psyS <SS < mnlly < g9, 50w Lyl
xS 5931 >3Vl i p32n0lS’ < iz < St
095 Fomb 9 amee) Olie & o polis aon o LBlE
S ey Aty 4y S maobily 5 IS5 el ge ¢pg,S Zdals
Ao ;0 pgdlS g g_i,,.;.wj Ll adlllas ol glaazsl, oo
Qo 0 OY/F g oo, 0 VoIV [0 S 4 (89, 9 o puw g diges

g FYL (e gy $ele 5l Lndiged
o9 s JL 2y (s )2 2% Leay
S 90d55 9031 | g (sl yaite
bl o sol ezl (Kolmogorov—Smirnov test)
ailaie )3 (pelgo § peedlS WSl (g0l mal Eals

By el — S

slace 1) (P> <1+ 0) azewd Jlo 5 2595 (s1ylo aedllae 5,50

Jdo 0 aSo fpens el (550l K 5l g ornds Ll g

aslllae 5 yg0 il Clalé imogi Lol - Jou

(mg/kg) polic .
— polio
S9) mobly o S padee pgS pgmedls Sesw)l
£Y/- - YO Voo YY/e- - IAY VSl -IYY 2% Jslas
Yeoloo  NeY[ee  YV[ee o QY- VY \TZRR -/FY VYV STas
YV ¥ FYOF VALY FYNS VY YOIYA Yy Uy - oeSles
Yo/ - Voeloe NF[ee Aefes VG- Voofes AN V- ey Ay (paSileo
\sZER YA/e e Uer  Yefeo - IAY VYo -IYf 7% Faiey clale
Y\ VEYD FA VY VIYA VF /¥4 \As * ool w0 mlacs
YNy (RVAYZ FINE Ao “/) - FIVE ofo¥ VY OO O]
\EZARN YOFY  OYYAA VUAL YV e/ed YAy ANy VY[ Y (CV%) &l pss oy
/0 \ila VYA -8 -I5% —-IV$ -4 —/\Y Ss>
\A1Ng YA/ F VeE o)) -IVf - IY0 /a4 S\ Saas
oo ofee oo ofo Y. oIy R AN oY . oY Boi yaomhBg S g0)S
03,15 Lawgs ouud (g S0 lusl”
(YY) i 3,
TR 4 QUL B
tot Ol s bl gy ol (sl o ing i al solibiad

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

“J‘)m 9 uﬁlf:,l ‘:o:l&.w Lv,nM.C

axlllan 5590 ddlain ;0 OIS oo (yguw ) (Sommod Lo po U5 -Y Jgoo

&9 mobly o JSH olee ey pamedls Sl

\ g_i.ﬁ.;.wj
\ IV O** pamesls’

\ SNEY .eaq” po,S
—e[FY o[ NF —YAY v

\ Y ARL SRYLYN SRV X a8 s

) LYY of+qe —Yes e “IYAY oy

\ N Y VA Y [T L Jvsy ./ NAEK s

\ GYYA YT Yy —eeNd YOV 20T fsT )

S a0 BY 3 aSsy) pads 28,5 15 VS PILY) Lusgie
Mol.;lj‘(w)o\\‘)au}«;/\)ogﬁpl ALl w0 090
(22,0 VIA) dsiges S 40 (59, 5 (0,0 VD) abgas ¥ j0
PI a3l ojlie cp VU cils )30l Sogll (DS yo
Plr 9y 4 bgpo anlllae 890 dilaie ;5 00 (5,503l
PLL S5 4500 e 09 (e 0,lads oS5l ,0) D05 L
didons o 5 ANV b PTL fadse s YA Ll
590 ypolie by g aizils [, PL a3 li ( Silo areS
89,5 S @50 5 PL a2l 0:Sile Jlai sl (o 2
Ot 50K peadlS < S )] < G yur < aalily < g, S <

(Y Jguz) o9

B SEVIRWSCR IS IOV S
S g we 0 0 mhaw o Sgen”

Ol ol Sl vy (LS jo oy 5 S5 epealily (Kian
O\ J392) 3lwddasS 1o Brae ol 0 5luiS )0 paic 4w
olpo wlalp vimen Csl ddaio SLS 4 jole 0l
olBl ele Glgear ) Sladl laclad (ls5 o0 5553
Sl > 3,5 e aklaie SLS 33 0,5 5 55, Sl
tio 30,0 ddlate S5 10 pgedlS 5 Sl ol Jale
5 SilwddasS alio o594y dalllas 5,50 aihaio (0 0g>90

2,5 o Ll oY ed
SB (Sogll maw wadalze PI asls (Sl wlaly
SO IS 50 (s 090 A (sl anlllas 5 50 dilats

asdllan 5 ygo dlbie S5 SoglT WS 5 I3 PI jasli Jwogi jol —F Jauo

(mg/kg) yolis 5
: : E ol
S9) mobly o S gudee ey pamedls Sl
VY ! \IYY VY- Ve - .Qf VAY Ve - Jslos
DIOF B £/1) Y/AD \/OY YV VY4 VIAS ST
Y E /A Y/ YI\$ VY Y/ A V¥ V) oSiles
NN NS - I8N - /FY oY offe Sy JY Saxo

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


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

silaie S5 glawiges 5l golas » EF Lasls b e
as ey Jl 8 lawgie Sab e WS )0 sl 0,5
S S35 9 (Aiges 1) maolly (asiged 1) o @ (35 o
2,5 o,Lil (Ao

S9y 4 bgye sl deulone EF (o 2L (1 Sils 4 i
0sts daslone BF o 515 .Sls aiaaS 5 (VYD L 1l0)
R w5 Geigred 09 CIV b 2l (adge 4 b yo 5
&9y 2oye 2 BF (asls Jasl gy 090 SI3L8 (28 8
poeeols < S )] < g < eally 5 oy < J S <
Dt (el 9o

Ol oy i c0ad ools LI Y JSi o aS 455l
Goails IS o sl S 1o g ailaio 55 e 0 polily
ol BLbl S izen 090 c0 00 38 g (glwalas
S P Ceond )3 e Y98 09 Al IS a5 il
S 9893l @Yk slacble glls aslllas )50 4 dlaie
0L Olime (B pan ol o bS04 S Sl el
Y58 wlio adglolge 5l (cadu g o)1 9925 e g 3l
iz g oll ol s 1) amo e St oyl alsli |,
oyl Eodleb a5 5505 led] g o dallas ol gl
Sl ST 4 molly 9 (59, com 0959 9 JLal o (Saio
el AlBly nds

anlllao 50 ddlaio 1o S319iS Lnd 595 St iz 50
il SB 5 aie ol 5l YL clacdile Jy ol

e Pt e j e (55

L’).a‘).v Olia.u.a_" a\/ )\) 00— wl}bﬁ NIPI uaD-Lm u_j.ul...n
05 (SOl WS ;0 Wigas Yo oo angs S5 ages OV
04/%) lawgie é%ﬂ OS50 aigad VT (0o, 0 YOIY)
8,5 15 ool Sogll WIS 0 5 el Vg (0o
Y o)Lo...';'; oli.....u‘ LY Jos_l).aNIPI ua.’>l.m U‘)’“‘a u_a),..m.u
Cgd Al 5T ail> 10 addllas 040 ddlaie Cwdyol)
Olia.«.»." L - Joy).o NIPI ua>Lu.: u‘)_m u.s,..of 9 (OY9_9
Oy (asdlas 5,50 dilaie CawdYL) V7 o Lo

S| 5l 00 dunnlins Igeo wals Sl a5 L
(IgeOS’ ) 005,”).3.(.: u.;)lS o ddlaio S ‘Q"‘L"J}A 9 lba...néls
o Igeo ol o Sile bl p a8 s cils 18
009)]‘505 by oojﬂﬁc’ oS o it S o) 0,90 Dl5l8
ailaie S slodiges 5l golaws jo .85 |18 (o< Igeoi\)
o»)}ﬂ L5‘°S U»W )o )»pl.,.c )‘ u>.>.-).3 Igeo ua>L~.: cax)las 0)9.4
9 (4.19.@4 Y) MQUIB ‘(4_>9.‘o.: A) S Oy90 4O LIRS )‘)J
Ll el (Sl aneS g a5 (U505 S0) (59,
9= V7L pl oadge 9 1T L 2l S 5 (80 i 5
I 0yon 5 L asls GeSile L5l ol i 3
f%.ool5< AS_».».MJ)T < D < w_loL;la < ’93)_{< 65)<
(F Jgaz) ogr (youedge<

PR RN < DN E i1 BCOWA PV [ g PROUIE SR S U SR DN
)o.w;)lﬁém@iﬁlpw%)oMJl_&EF

alllao 590 diibio SIS (Fogll W g WL pSls Shuog Hlol -F Jsuz

(mg/kg) pole
: : - ol
9y mobly o JSE pddee pgS pgmedls Sl
EARS ERAR YA IRV A -+ /OA —+/FA -+/fY -+ /OA Jlas
V/AQ \IVE AN <[aY offef <[AD <IYF offf'e S las
AR AN AN AR EMIARS AR Al A eSleo
AR AR < /fY <IYY AN <Y <\Y <[\A Shre 8 il
19V oty /oo o lads /@)l 0 93 /}ggjﬁg yﬂy
g0 Ol buzo vuibl gy ole ol g o ele swliliad

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

J,l&»r 9 uilfa,l u':’L&'*’ Lw,nM.C

asdllao 3590 dibiio S Sogll WM g OB EF asls oy jlol -0 Jguo

(mg/kg) yolis
_ ﬁ.él.'io
$9) molly oy F pudee pey pamedly Sl
IAA - IA¥ I8 X N Ny - 100 NINY Jslas
¥NE Y/AA YIEY VAR V/ED V/FE \/YY \/EE ST
VYO V/Y ) V/Y ) \/YY e VYA “IVA - JAY oSl
- /¥a ¥ NN Y - IYY ./ of¥ S\Y Jaxo Gl

SNl 59, paie 3,50 0 55 de bl adlsls e sillas
50 Dol g o 4S8l OIS Badow oy (sloasdl Ly
Sl plo sszy g ladiged (o alold (g lo paises (B9,
olS Gl )5 5 S 5 S o5 g 55 g jlwalssS Al

Dy WS ol hYo lgieas | dalaie ;o Sl g
2890 mal ol clle 5 (59, 5 @ YL (o
Sl el b T b1 g oV slio yael 1 sLasSs
5 UG (YY-Y0) sl ouds 0l (gooie Slallas jo 0¥y 8
as (YY) s Y98 adgs 0l )8 jo Lol wl3ls g5 09,5
oL s Hu clsdllas )0 paic g0 opl Y Sivcon
S o olie ool adale iolidl o o¥ed mlo i Sl
30 aalllas 0,5 » ddlaie S ‘Igeo oal L la > e
5 S pgyS (Jg oils 3 ongll oS B ool e WIS
Oladllas jo asils |y Silsl gy asli o 5YL (g9,
5Y g8 mlio ail> S 0 a5 (VA) LS g Namuhani
A Le (ST S5 5 65 pg S polie ad plol il
o jsbiws b aS wsls plaisl ogs 4y, il yus;
lediges duo,0 YA 0 EF o 5Lo 5l Gglas g !
dilhie S aSl e ol lis |) S lawgie Sob 28
b s 50 59, 9 p2obily e p polic [l jlaalllas 3,5
Lgio Sab 2 NS 10 ao 0 VA g OIY NOIA Sl )3

053lucS )0 polily g yuo 0l s olde Dgmg il I3

. 19V july /pgas 6 jlasis /s jL 695
. 2 /g 0 SLLNL]

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

LoV

3o mlio pl nd Slo aS ol oays a8 dslllas
3 Oudge g peedls il ddlaie S 4 paie ol o9
Al S leS a g8 dalaie

Jles 4 Cgiz slasal jo aloly i) e Al ) a2 g5 Lo
Jo g el a8 3 118 anlllas oy90 adhain 0,8 anil> 0
G pan 6l opl K 0,5lusS alos jl alises Sare olge
Oyge Gb cnl et plo (pizen g dihic plio 5
2018 9929 SY9d wlio )3 Bras (ized 5 () s
asly Gl mlio GlLbl S o S cdale ol oyl
9 28 Saeend 13 09, S S5 ge Sl izmen
! 00l axdllas Sy90 aglais ‘j}CJLo.w

(o s Sy | 45 el ol S5Lo ¥ Sl 50 oas @81 gl
Jleds Bblie )o jitns (5,10 ,aiges LU ;5 53, 5 p—oUly
Bble ldiges 4y Comd asllas 5y90 dilaie o, Jlois L
bl J19,55 2 oS 0mb clile l (Bri0r 5 oo
yolie glacdale x505 sbiwl) ldail g adlaie oLLS @ ax g5
bl o ol & sgei Glgie (lgise b (b9 e b H9S e
ool ails Jhe 185 mlio codled 5l ol (36 ole

035 ble Sl a5 by (Lis gl cnl laasdly
5 Fomb Oy atogy 5xSles 3l maolily 5 S5 ¢yl g
eSilee 51 (595 5 s cpgradlS (S clale o Sile
P95 «JSd Sl 0,50 jo a5 sl SVL ey aigy


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

@) ol s 5,8
® 3.63-25

| e 25-35

- |@  35-774

g Bl 5363-2533

e B (o o (105

B 25.33-30.83 - 5.85-6.68
B s083-3575 6.65 - 7.49
[ 7.49-811
I 35.75-40.67 L
- |M 40.67-4530 == :Ag-g.g <=
i ] 45.30-50.50 Kilometers : E | 9‘13-9'?3 :
I 50.50-57.45 02400800 9.600 14.400 19.200 |-§ £ - = Kilometers =
: B 5745-77.41 . 8 H [ 9.73-10.48 02400800 9,600 14,400 19.200 |-§
. i B
T T T T I 10.48-11.33 £
000 756000 763000 770000 T T T T
000 756000 763000 TT0000
T49000 756000 763000 770000 £

)[>

0

-@E

-12.09 - 30

7 . 30-40 ER g
‘|l e 40 - 96.38 4B | 04-417 &
Bl -12.09-2591 'g % B -5.20--2.11 g
Bl 2591-3317 I -2.11--0.53
Bl 33.17-39.15 [ -0.53-0.01
B 39.15-44.70 ale [ o.01-023 ==
- | 4470-50.26 4 _ 1! am-o8 :
= [ ] 50.26-56.66 E | 0.45-0. Kilometers :
— g i S one 3 g I 0.93-1.70 02400800 9600 14.400 19.200 -2
Bl 65.20-9%.38 == g = '1-?0'4-17 . : : i
000 766000 763000 T70000 000 756000 763000 770000

asllao 3 yg0 dilaie S 55 lpls Clalé &5 —Y JSb

o Al
19V oty /oo o lads /@)l 0 93 /%ﬁ J
j

EOA Ol buzo il gy pole ol g fu ole eolilad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

O‘)m 9 ‘_,ilSa)l ubl.:.w Lé’nw

743000

- G

T T

T
3570000

8 PONEN)
3‘ o L
@] e,
@) otuts adsssys
. 27.70 - 70
| ® 70-100
- |® 100-13073
g Bl 27.20-52.85
[ s2.85-6096
[ 60.96-68.26
[ 6826-75.57 _%1}5_,
; | 7557-83.68
_! £3.68 53501 Kilometers
-y [ 93.41-106.80 02408800 9,600 14400 19.200
[ e— ]
B 106.80 - 130.73
g 743000 756000 763000 770000 i

8y,
Lyl 4lss 3,8

L]

0.52 - 0.09
09-11
11-162

0.52-0.84

0.84 - 0.94

0.94-1.02

1.02-1.09 = =
1.09-1.16 :
1.16-1.24
1.24-1.35
1.35-1.62

HICNRCER o - oEC>

T T
3580000 3600000

L)
3570000

000 T56000

3570000 1

3570000

B 11.28-14.17

B 14.17 - 16.30

[ 16.30-18.43 S
© (MM 18.43 - 20.69
. [ 20.69-23.33 Kilometers

B 23.33-26.46 02400800 9,600 14,400 19,200
5 |- 26.46 - 35.63 [ = e e ————— |

000 756000 763000 770000
749000 756000 763000 770000 i

19.21 - 30
30-40

40 - 61.27
19.21 - 27.38
27.38 - 32.05
32.05-35.71
35.71 - 38.88
38.88 - 42.05
42.05 - 45.38
45.38 - 49.72
49.72 - 61.72

w

Kilometers
02400800 9,600 14400 19,200

T
:

T

T T
000 756000

T T
TEI000 TT0000

axdllao 840 adlin S 50 W8 cdale 2545 -V ST dolol

% é dﬂ o)l NI
h 1PV s /gaw ol /pass
- ! b oy

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

¢od


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

el sdal 35 (YA) ) SKee g Mansoori sle o, » 5o
4 S peolily iS58 50 gl )0 a5 4368 Jlen
U opiomad g o¥gd g AJuiS mlio ails o , 00 yaic 4w
3 el Sppin yris anlllan 5 g0 ailate e Jlods (o>
I3 51 VL cdale ggl > al Ko o ulas a s Sl
& gleyolz ae ) ol JLimil s ol @obly 5 JS5 e s
Ly ol 45 Lo oV s 5 5 | (g 3lwalaiS ails IS
oo s W 3,8 (o0 D90 by JB 9 Joo et
)l adlate ;5 5 Sde SIlE ST 50 (et B (L)
0 LS Lazl g wils o ailate LI ol aSyl (et
95adr s G155 ygal i Jaome 4 dbgoe 10 sadigys
ol oS 5l sy Sosll byl ;0 OF) oL Sen
Olyed Grio ol (e ped mslly 4 leiel
A Sk Sz (S 4 pate (plogy5 )0 ele (5 et
o, Ken g Khaledan .ssls asis 5o o] sl o,
Vs gazzme j5lome GloS - (Fogll (o) )0 55 (1)
520018 3 o STy Jole iy Ty o a5 s
(F+) o, g Cansaran .as S 5 20 ablaie S o
4S5 5 5o 3¥sh g ool glio 5l (L5 slga (Fogll (a2 50
SBLS 0 S5 5 p9)S cpgaodls soymw il oS wisdly o
ad,ls 1,8 0¥ s sl adils IS 4 i (5508 A Lold o as
S5,V Sogll Sl pygn (ol 5 ol it
S 390 5 35 (nl @l )0 &5 09 mbeo (nl gl

RO PVEI g
cbale Hla 5l Glass Ll p8 5o sls (Las Gudow ool slaadly
) SBEF L slaasls a4 coni PL o 5Ls polis
anlllas 5,5kiws Ly a5 aas o 1,8 Sl 5YL WS o

ol oo (YY) ol Ken g Davashi
ol g adlllas 590 adlaie )0 anlio w4 ) W,
OB, ol i j0 0¥ e 3 5 (g 3lwdlass sbaails IS slass
ailaie ST 50 efins ol3ls Ll Ligl38l 4 oxie Wilgi oo
Sl g dibaie alS Al p (A ;5B Ged g 00D
S5l ool Blae )3 cdale il cage sl iale

£

Lise plgreay asilgioe silwdlass ;0 O Jgoz) (S rae
il e S s la Sogll ol Lesl

4 g PL asls jolie 0 3L addllae ol gl olsl
Oy 50 0l 25U Cmizmed D9 955 9 (59, «JS polie
Slallas s b 48 o 0l 55 aslllas 5,90 ufins ,—olis
Sl ccillhe (Y9) o LSea g Karimi Nezhad
S0l Gla S 1 aslllas g0 ailaie LS PT asls
85 18 00,0V gan,0 VF copgaol; g b wgie
5 m2oblg ey 5l L6 Byo ol Sogll (IS adlas
i SIS @ paie d (nl G 3 g Senlodg 59,
(YY) o, 3 Odabasi wldllas og (o0 VF) Syl
4S5 5 0 Vs 5 ol mlio (el b S 55,
S 4y by 63, 5y Sl Clile aring ols plis
ol Gragh i b4 cul mlie pl 4 Soop 3-bls
o2 oly yaas ail> o S5 51 cab Sogll ls blas i
yase opl Ll Kby Wy oo a5 300 )18 adlais )3 35290
bl 052wl SLbl s 4y adslolge Jo by 50
alols (n FSuo35 19 (595 5 IS eqeaolly ey (So5lT €l
Sl 5o 5 $lwaliS g gilus¥ed aulio 4 S
S Sogdl jo mlo opl (i samslis ol b3 Cg
Hormozinezhad slaa:sl .ol 5530 ,olic 4 adlais
ALkl sl L;%JT Sl byl 0 (V) o )LlSen 5
S TSEP = RS TRRS R R FIG N TE PELESEES
gz 50 g Al 5 o 0 ooy S sladiges ol Lis
a5 sl 10555 5 (SO limn (i Sl ool Cemd iy
gleo plgon olul (nl o)l Gelas aslllae Gl s b
S o ooVl pl cdale jialidl Jole olgiea | jo S
)5 (B ddbaie

Spglre 3 595 5wy cpgeadls 4y gl Elo Ll 552
A g 0,58 | 93 a3 oS ailaie sV ol
ool asld 5l ooliul 45 Canl &35l dyhe 9 e onlicil
550 Cxtl sl broay¥T 2iSTy Lol Lol LaoysS sl 4o

e Al
19V oty /oo o lads /@)l 0 93 /%ﬁ J
;

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


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

“J‘)'Soé 9 dilfa,l ublg,w Lv?,nM.é

sl 18 b
iz slacysgase Jodoay addllas ol o oSl 4 a5 Ly
Ol (S5 slmjszme 5 allislojl slaslllayse)
1 ais pol,8 smio slaacgeme 3o S 5l (6l paiges
liusgass pl ad, b gom Oladllas ;o b 0gd oo slgiioy
o594 d97 90 (AL slacdl 5 SL- diged (5 b Sl
O Sl e )L 5l g s @lie JSl0 0 3Ll
o als plo g pSojlail b iomen 8,5 J18 w050
S5l osill jlas (asli 5 (Sogll )L slagasls ails
b a3l oUly alio el (Sogll ganaigy of jana,
salgs ol )8, alllas 8 )5 o ailaie S Sogll (s o
dihie cog QLS (i Cundy oy (eizper CSLo
OV 055> 50 Glalllas slie wlgi co SI1 ez , L |

2,55 8 adlate S

S Sl
Sl e gol @8 pae Jolts IS OIS ads (LS aus g
Cole, dlie ool o 1) gilwesls 5 Laosls oy o a5 g0

.A.i‘o.);

S0y 9 S

a2l lse b asbpbly 5l s Jol alie ol
bl SI )0 oloeS jole (S p aead p V58 mlio
o dbhaie o Sodl sla sl 5l ool sl L Sas
59 ;e olRisls Coles b aS sl 1580 alaie j0 % LS
JOMPSVATERY TP W

References

1. Khosravi Y, Zamani AA, Parizanganeh AH, Yaftian
MR. Assessment of spatial distribution pattern of
heavy metals surrounding a lead and zinc production
plant in Zanjan Province, Iran. Geoderma Regional.
2018;12:10-17.

2. Skaldina O, Perdniemi S, Sorvari J. Ants and their

nests as indicators for industrial heavy metal contam-

: 19V july /pgas 6 jlasis /s jL 695
. 2 3 SLLNL]

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

¢

a1, o8l cladls g 00l el 3blie glan o S
odle S a5 O g lgm ol 51 laoas VT Jlas! .o jlacs o bl
592 Jleiml Wil oo camslr (2lde Cotal g Caadls 05—
Sy &5 ol 4 paie g oslo (il (dad Lo Lo
Ohlow 5l @wd cnl joe Jobo (Jlo Olgrear (F1) 352 e
alils cdale moli8l (FY) ol Jow TO 51 jiaS Yo oo
sl wiilen w%fwulf\a)mu_iua
oy U 5 (s> Gladshe JSD 5k (e s
0391 (so b (s o5 (b slacdile o pgeolS g 05>
st iles sbul ) Gl jw aiile (mlags Lo vy oo
90 (rl 5 GYLS )5 9 (Llsz g S 1S055 o5

dasS oy mlio cullad 9,2 51 g0k loj Do 9z o
5l ool Cavoas z=lB Al 590,08 i LSs)l o o¥y 8y
RSN SSUEH T DU N JREE FETRUE | PP S
clle a3l e ar g b Js ol 3 (Sogll Y LS
e SB35 (55 9 pmolly e ol polie 5l 5y
oS C8 5 A e oo Vs 5 (g ludlaiS mlio 4l
sl 42215 536 S Sogll wig, ;o mplio ol e b
ol dihie SB((Sab g g Sl s slaasls
SOl paslis 4y azgi b Jg wiols )18 Sogll ly (M
s a5l 9 08 1,8 lagie Sogdl S o SLS Pl

S P 3 8)lse (B n 53 9y 5 psbly o paie

ination. Environmental Pollution. 2018;240:574-81.

3. Ghemari C, Waterlot C, Ayari A, Leclercq J, Douay
F, Nasri-Ammar K. Assessment of heavy metals in
soil and terrestrial isopod Porcellio laevis in Tunisian
industrialized areas. Environmental Earth Sciences.
2017;76(17):623.

4. He Z, Shentu J, Yang X, Baligar VC, Zhang T, Stof-
fella PJ. Heavy metal contamination of soils: sources,


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

indicators and assessment. Journal of Environmental
Indicators. 2015;9:17-18.

5. Zhang C, Yang Y, Li W, Zhang C, Zhang R, Mei Y,
et al. Spatial distribution and ecological risk assess-
ment of trace metals in urban soils in Wuhan, central
China. Environmental Monitoring and Assessment.
2015;187(9):556.

6. Gupta S, Jena V, Matic N, Kapralova V, Solanki
J. Assessment of geo-accumulation index of heavy
metal and source of contamination by multivariate
factor analysis. International Journal of Hazardous
Materials. 2014;2(2):18-22.

7. Emadodin I, Narita D, Bork HR. Soil degradation
and agricultural sustainability: an overview from
Iran. Environment, Development and Sustainability.
2012;14(5):611-25.

8. Esmaeili A, Moore F, Keshavarzi B, Jaafarzadeh N,
Kermani M. A geochemical survey of heavy metals
in agricultural and background soils of the Isfahan
industrial zone, Iran. CATENA. 2014;121:88-98.

9. Hosseini SM, Rezazadeh M, Salimi A, Ghorbanli M.
Distribution of heavy metals and arsenic in soils and
indigenous plants near an iron ore mine in northwest
Iran. Acta Ecologica Sinica. 2018;38(5):363-67.

10. Joint FAO/WHO Food Standards Programme. Co-
dex Committee on Contaminants in Foods, Proposed
Draft Maximum Levels for Arsenic in Rice. Maas-
tricht, The Netherlands: Joint FAO/WHO Food Stan-
dards Programme; 2012.

11. Zolfaghari G, Atash ZAS, Sazgar A. Baseline
heavy metals in plant species from some industrial
and rural areas: Carcinogenic and non-carcinogenic
risk assessment. MethodsX. 2018;5:43-60.

12. Yang Z, Lu W, Long Y, Bao X, Yang Q. Assess-
ment of heavy metals contamination in urban topsoil
from Changchun City, China. Journal of Geochemi-
cal Exploration. 2011;108(1):27-38.

13. Azimzadeh B, Khademi H. Estimation of back-
ground concentration of selected heavy metals for
pollution assessment of surface soils of Mazan-
daran Province, Iran. Journal of Water and Soil.
2013;27(3):548-59 (in Persian).

14. Sadr S, Afyuni M, Fathian Por N. Spatial variabil-
ity of arsenic under different land use in Isfahan re-

ey

gion. Journal of Science and Technology of Agricul-
ture and Natural Resources, Water and Soil Science.
2010;13(5):65-75 (in Persian).

15. Zhang YJ, Gao F, Wang ZH. Allocation of the en-
vironmental impact in iron and steel industry. Mate-
rials Science Forum. 2017;898:2413-21.

16. Das B, Prakash S, Reddy P, Biswal S, Mohapatra
B, Misra V. Effective utilization of blast furnace flue
dust of integrated steel plants. European Journal of
Mineral Processing and Environmental Protection.
2002;2(2):61-68.

17.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.

18. Namuhani N, Cyrus K. Soil contamination with
heavy metals around Jinja steel rolling mills in Jinja
Municipality, Uganda. Journal of Health and Pollu-
tion. 2015;5(9):61-67.

19. 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).

20. Zong Y, Xiao Q, Lu S. Magnetic signature and
source identification of heavy metal contamination in
urban soils of steel industrial city, Northeast China.
Journal of Soils and Sediments. 2017;17(1):190-203.

21. Rezaipoorbaghedar A, Vaghrfard H, Azimzadeh
H, Gholami H, Esmailpoor Y. Using of the PI, IPI
and Mcd indices for evaluating of contamination
status of some metals in waste sediments caused by
iron ore processing in Chogart Mineral Complex of
Bafgh. Arid Biome Scientific and Research Journal.
2016;6(1):1-13 (in Persian).

22. Davashi L, Azimzadeh HR, Dadfarnia S, Daniali
SR. An investigation on soil lead pollution due to
vehicle traffic in Ghamishlu Refuge. Journal of En-
vironmental Studies. 2013;39(3):49-57 (in Persian).

23. Mohammad Moradi B, Sobhanardakani S, Cher-
aghi M. Ecological risk of heavy metals in surface

e Al
19V oty /oo o lads /@)l 0 93 /%ﬁ J
;

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


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

“J‘)'Soé 9 dilfa,l ublg,w Lv?).nysé

soils of urban parks. Iranian Journal of Health and
Environment. 2018;10(4):429-42.

24. Bihamta M, Zare Chahoki M. Statistics Principles
in Natural Resources. Tehran University Press; 2010
(in Persian).

25. Loska K, Wiechuta D, Korus I. Metal contamina-
tion of farming soils affected by industry. Environ-
ment International. 2004;30(2):159-65.

26.Ma L, Yang Z, Li L, Wang L. Source identification
and risk assessment of heavy metal contaminations
in urban soils of Changsha, a mine-impacted city in
Southern China. Environmental Science and Pollu-
tion Research. 2016;23(17):17058-66.

27. Muller G. Index of geoaccumulation in sediments
of the Rhine River. Geojournal. 1969;2(3):108-18.
28. Loska K, Wiechuta D, Pelczar J. Application of
enrichment factor to assessment of zinc enrichment/
depletion in farming soils. Communications in Soil
Science and Plant Analysis. 2005;36(9-10):1117-28.

29. Hakanson L. An ecological risk index for aquatic
pollution control. A sedimentological approach. Wa-
ter Research. 1980;14(8):975-1001.

30. Yang Z, Lu W, Long Y, Liu X. Prediction and pre-
caution of heavy metal pollution trend in urban soils
of Changchun city. Urban Ecology. 2010;23:1-4.

31. Pais I, Jones Jr JB. The Handbook of Trace Ele-
ments. Boca Raton: CRC Press; 1997.

32. Hormozinezhad F, Zarasavandi A, Rastmanesh F.
Contamination assessment of heavy metals in the
soils around Khouzestan Steel Company (KSC) (Ni,
Mn, Pb, Fe, Zn, Cr). Journal of Economic Geology.
2017;8(2):415-29 (in Persian).

33. Yuan G-L, Sun T-H, Han P, Li J. Environmental
geochemical mapping and multivariate geostatistical
analysis of heavy metals in topsoils of a closed steel
smelter: Capital Iron & Steel Factory, Beijing, China.
Journal of Geochemical Exploration. 2013;130:15-
21.

34. Damian F, Damian G, Lacatusu R, Macovei G,
lepure G, Napradean I, et al. Soils from the Baia
Mare zone and the heavy metals pollution. Carpath-
ian Journal of Earth and Environmental Sciences.
2008;3(1):85-98.

: 19V july /pgas 6 jlasis /s jL 695
. 2 3 SLLNL]

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

ey

35. Al-Khashman OA, Shawabkeh RA. Metal distribu-
tion in urban soil around steel industry beside Queen
Alia Airport, Jordan. Environmental Geochemistry
and Health. 2009;31(6):717-26.

36. Karimi Nezhad MT, Tabatabaii SM, Gholami A.
Geochemical assessment of steel smelter-impacted
urban soils, Ahvaz, Iran. Journal of Geochemical
Exploration. 2015;152:91-1009.

37. Odabasi M, Bayram A, Elbir T, Seyfioglu R, Du-
manoglu Y, Ornektekin S. Investigation of soil con-
centrations of persistent organic pollutants, trace ele-
ments, and anions due to iron—steel plant emissions
in an industrial region in Turkey. Water, Air, & Soil
Pollution. 2010;213(1-4):375-88.

38. Mansoori N, Nejadkoorki F, Mousavian N. Evalu-
ation of the efficiency of bag filters in removing dust
and heavy metals released from electric arc furnaces.
Natural Environment Journal. 2015;68(1):129-35 (in
Persian).

39. 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).

40. Cansaran-Duman D, Atakol O, Aras S. Assessment
of air pollution genotoxicity by RAPD in Evernia
prunastri L. Ach. from around iron-steel factory in
Karabiik, Turkey. Journal of Environmental Scienc-
es. 2011;23(7):1171-78.

41. Akoteyon I, Mbata U, Olalude G. Investigation of
heavy metal contamination in groundwater around
landfill site in a typical sub-urban settlement in Ali-
mosho, Lagos-Nigeria. Journal of Applied Sciences
in Environmental Sanitation. 2011;6(2):155-63.

42. Liang J, Chen C, Song X, Han Y, Liang Z. Assess-
ment of heavy metal pollution in soil and plants from
Dunhua sewage irrigation area. International Journal
of Electrochemical Science. 2011;6(11):5314-24.

43. Khairy MA, Barakat AO, Mostafa AR, Wade TL.
Multielement determination by flame atomic absorp-
tion of road dust samples in Delta Region, Egypt.
Microchemical Journal. 2011;97(2):234-42.


https://journals.tums.ac.ir/ijhe/article-1-6093-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-06 ]

Iran. J. Health & Environ., 2018, Vol. 11, No. 3

0

&

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

G

HERLTHAND ENVIRONIHENT

ﬁ :
“ gy |

Original Article

e \
0 SN
" of Environ®™®

The environmental assessment of some heavy metals in surface soil
around pelletizing industries and Ardakan steel
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ARTICLE INFORMATION: ABSTRACT

Received: 1 August 2018 Background and Objective: The establishment of pelletizing and steel industries
Revised: 23 October 2018 in Ardakan suburbs has increased the pollutants such as heavy metals into the
Accepted: 28 October 2018 environment. The purpose of this study was to investigate the contamination
Published: 19 December 2018 of the area soil by heavy elements around these industries using the pollution

index (PI), comprehensive pollution index (NIPI), accumulation index (I ) and
enrichment index (EF).

Materials and Methods: 57 soil samples were prepared by systematic-random
sampling from 0 to 5 cm depth and levels of As, Cd, Cr, Mo, Ni, Pb, V and Zn
were analyzed by ICP-OES.

Results: The highest and lowest mean of Lo (0.49 and 0.36) and PI (2.16 and

Keywords: Soil, Grindalizing ) )
1.17), were related to nickel, and the highest EF was calculated for Zn at about

and steel industries, Heavy 25.1 and the lowest were detected for molybdenum approximately that was 17.1.

metals, Pollution indices The EF index of lead, vanadium and zinc, which was 15.8%, 5.3% and 1.8%,
respectively, classified the study area in a medium enrichment class. Hot spots of
lead, vanadium, nickel and zinc was at the nearest distance to these industries and
downstream of wind direction.

Conclusion: Indicators of I, and EF showed a low level of soil pollution. The
PI and NIPI indices in most stations were classified in medium pollution class,
and the highest of these indicators was related to the surface soil of station 30,
*Corresponding Author: which was located near the steel industry. Therefore, it can be concluded that the

mirmehrdadmirsanjari@yahoo.com activities of these industries had affected the soil contamination of the study area.
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