[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

B9 ode gaollad (Cows ) o 9 Cuodlw alxo

Olp! e clilogy (oode (pozsil

FY- L POY Olxao NF) s opylez olods (el 090

(@

&

‘,f‘f‘“Jj’:’, Jle

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

£

fi

)

e oy
%
o,

(AEH) |

D,
0 O
" Of Enyiron™®

Ol bl 3 () lias s sl S5 53 09,5 g 0dlS (53 8l joolis (liliiin g (Sl

‘ijas JLo.’> s‘&}&b u.,u.tJ ‘YLS":A", waﬁﬁ' s*YdlSQJ‘ ul.’>b.w J"‘é{“‘ ‘\LS))BC)L" dogaro

L)‘)"‘ ‘Q‘)‘ef’ ‘L5°>Lw‘ Q‘)] oKiils auLO.o.a?u 9 |851.C \.\?‘3 ¢w).la...'>u 9 M@LA IRASA R aw)“a.om e r:sl.c 05).? -\

Ol eclaen ¢ oDl 03T olKiils ¢ ylaed alg csly pale 0aSiils ey jlasme cwidige g pale 05,5 -¥

o oS>

S i (S g Ll oo e SL 0 K Ol ccalil g Sogl idus g ds)
Ban by Giagh ol gyl sl acnl Glas ol [0 cmgas cbilage g golaidle g jlaxe
Sblps Gl (o SB )3 09,5 5 peeslS w53, el molie (Sbline 5 (Sogll (b))
el ol VYR8 Jlu o

e (65 axls V) an aslllas oy g0 ddlate SSE Sl o srogi dsdllas (] 0wy 91 (9
3o o bl o -Ye CM Goe 5l Bolai-plate (g ,an o SLS abaei £O g5 yo
il gy lawg Lyl o olie 1 olie ol iolej] 1o Ladiges (goul i 5 55lamoslel
slaasls ;uolie oy wimen od oadilys (ICP-OES) Sl soscir slowdl ()95
230 a b (NIPI) 5,05 Sogll psl> a3l 3 (CF) Sogll 5256 (EF) Sos 2
el sLoI SPSS (g o 158l 5 51 anlical U 5 s (g )lol Uil

S slotigas 3 5,5 5 poolS e, oyl yolie e o Sils a8 sl (s gyl sLaazily
EF Lasls aule gl .l 009 +/0YA (ME/KE) 5 +/- YV VY XN L ol s
SR EF 1 olie (Sl 5 "auacd Coles 0" p5,S g oeolS c(59, yolic (Soi e aS ols oLis
CF d‘lﬂyl.w fol.:u u.i;l_ueu_wl ob)_f Sl (69,< ﬁj)—s< w._...oéls L_‘:—J5)’ e )l )_,01...:
Sl s Sl g e <[ FF- /NYE 5 VAT LYY o) 2 aials o o iy 55 NIPI
5 4378 gl Gebsl 05 aslllas 0550 (Lo So aas o " (Sogll o (oS bl o oS
S cily iy Lice ool ate (HCA §PCA PCC) 0,0 sz s ,lal Lo Julos
5 2liime; Glaan] 3 L Lisee pg,S g peodlS ¢(59, yolie Lil cliin a i ot do a S Jl>
ceiS ol Jls o as ols L NIPT g CF slaas s polio o uSile ot o 1 g At
S baiges W EF (as i a b ol o Hg el Joud [0l aalllas 5,50 ailaie o dls
5 peedlS e i aolie (3 5 539liS slaadlad o3 Slsl golis 51, Sl
sl mlie J555 9 So e Geizmed g S ladiges sloyg0 9 plane (il gyl 5l 09— g5

-l fo ol N b
VPV /+a/+0 el o F b
VPV /N /40 tomlpg &b
V1Y) iRy b
VFYIYE B e TR

‘u*i'-"’ AR ‘szam S :‘5..\.:.15 Olfj‘g
@i slaanlp (L2 s )5 ble >

t oo 0 W 9 (SS9 SISy

s_sobhan@jiauh.ac.ir

2023;15(4):651-70.

Please cite this article as: Selahvarzi M, Sobhanardakani S, Hemmasi AH, Taghavi L, Ghoddousi J. Contamination and source apportionment
of iron, zinc, cadmium and chromium elements in surface soil of Khorramabad county, Iran. Iranian Journal of Health and Environment.

Copyright © 2023 Iranian Association of Environmental Health, and Tehran University of Medical Sciences. Published by Tehran University of
@@@ Medical Sciences. This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https://
AT creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

(s 5 s ook ) SB s pleil (S gt
SOV O ) S wag 1) pladl cedle swsy wled g
SE 0 58 yobe b o Sliad (red 9 b5l 05500
22l sladle )3 plaiecens 5 G lupg cudle Lad>
S SHOANT) el 00,8 > 095 0 1) 0l 4y
S Capse s JRS e Jelod 5 ap oS sl S
SB s i pole gl glolis (puKow o3l 51 ab

(V) el 559020
elolid 5 (Sogll byl b alaly ;o (58 aSSl o) e
a5 ilis Sladllas b I s oK Sl sLise
13 oS Slylh slia lulis g Sldl st s ;)|
G obe dlge 36 (V) liwso,)l o gl (608 S
2 )l e a0y, SIS S )3 coms 09illy jolie @98 2
i Ol B slerdine; @ (V0 (e s
Gl S5 50 Wl fslame ST g (65,0laS S s
S 50 oS Sl e plulid 5 G @5 (V)
o S e (1) L)l lwnss” 3, lafSir
L 3l oalial b las oyl o claS B obic
L S % i 55 5550 o Al <(VF) 5oy
a;“’}” wor ((VH) o)l -op cds o Lol 608
2 &ly Uil pliw s 35 50 il slace 5 (S il
2 e D38 (Sogll e gy g (VO) Gl !
plsl (V7) pledal liwl )0 sediga B ol e slaS >
Oliwyeds 0 pgazr cpl o lulin adlas Ll el a8l
5 LU 4 kol 938l el onits plil oblp >
oY & byye il 5 cslame Olyble
Sl 5 (Fogll G55 S50 Sl § S 40 38
(S ol dnngi ( Bkl Syl S Sl
Gl g ool J& g Joor aSed g lacdl ) c65,9L88
oelsl sly gy ol olblp B Gl e 5o Sl e
SB (Sl lisee glas I8 13l gy Saa Ly L

e S8 Lol 5 i ol jlead g slaer (o

FOY

v ol palie lia g Soy

doddo

Lo 3)ly Gl 5 (rebalie a5 (5 slaouyY]
475 JBps e o (GYglo 6B wle oty (g o
g0l oo SlAl g Gy Bl g @eS (g (S
olal g jlamme S e g e (SIS 9 Ml e
200wl jladay gl il 1o (sopee Sl s
5 Sl ;0 03,8 @i ot 555 5 o2l Ol
S 9 Fdpg Bldds e Jdods 9,5 g pueols
£35S 5 9y o2l a4z ST (Y) wiis (sloty Coenl >
2 585 8 Ll iigd oo ABLL (559,80 polie (lyisa
430! s Wil e bl jlome a3l 2t glacdile (5 me
o35 (B Py ams (al 31, By pem B (slacs Lo 5 <ol
45 Lol (§003 )33 (oS 59,95 ¢S y9 o e paie Olgrsds 5
o5 sl polie j3 g ] oyme jo il 285 18
(2939095 Sl lmal alill 4 ) 4 e Wil e
(5) 955 05 5 Jlxb 5,Skos Pis g sl el oo
e S8 4 60 pgrieny (Sogll ol pas
OB 3b (i g (o ocled g oy anwg Jlioa
eobol Jare g 00,8 (b Iy gad; 4 g; g, Ji 5 Jo
ol oo el ool b e e s DS jo ladg et Sdlage
5 7S by it (3 polis 4 S Sogll e ogas
Sel 51l g lsm b (w3 o yolie 5 GYsb slas g plgs
Ol 0SB e G ety 5 009 1095 (6
Sl e Ble S aeoladl 5 oslien (slor
Sial33l e b 5 A YY) sl o o sladlats axwy
Sk coasS Wiy oo o 6 S o S ol clale
Gelss Bayb 5D T (Sogll 4wl oo oSl catns alS |,
e Sy, boolb Gk 5h of (S ald sue
OlalS Lawgs Ils Sl alEl g (Sl Jad 50 ohge
Slr peiiee s 5 pae Guagd ol jobay 5 ond e
() Wsd Cgmze 2l 225 Gk ol Ol g Sllge
&b Gosb 5l Sl o (ol ST 50 09290 polic ooy

g{fﬁ yﬂy
1Fo 1 Gliuoj /o laz o e /s 093 . 2

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


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

oLl 5 (55,97 dnguars

bs olesy olal b ploasid 4 Boo asel> (gonpennds
CSgS (SaSTn b ) paiges blis ¢ Solas g9,8 alads
el ol i bl asllas 50 adlaie s o
ezl Falshas Jalye 2alS liiat, ol g o
Sl o p 5l e cS 18y Ll s ol
22l 6l g ced (el ik ad
ooboly (B 5y Sley g Jbo slacasgame (85 ks
axly V)4 Sldllae osgame (mjlae Sla S
2SS oy K oot T 51 e 5 S (San
5 ool b oSan )5 (gloosly adi aindh S L
Jgo 0 Ll Sy g wos ags ArcGIS 10.6 )58l 5
Al (Red (5,5 axly e 3l o el s 6o gl )
Omiomed Ll ol plate & ygods OxO KM (g8 paiges
slaads g glojloale pglas 5 Shws Slagomw)p wlooly
oolaiwl ol y o b iblis jo leaSils al ol 315 g o
Vex Ve km 38 550 sblis jo ¢ V/OXY/O km s ]
ARV I Y-S LRI I P REWOUWINRCR WA VL JX g > RR
odiledl (5,5 axlg 90 50 9 akads FO ggomme 0 ((Ken 9>y
loaSols (BN Jowo y0 alalli Vo ggacme ;0 5 3bj Canmg b
(8,12 paiges e PO gg0mme 1) (5,1 paiged (S (Jlg—cay
V USE o oylpiges bli il Condge .aind ol
Sbamdge olfiws 3l eoliiwl b ol o .l oo 03 541
o5 ,» 4 (Global Positioning System) e
Gos 3l b S ladis ot g anzlye (5)lo paiges
axlo 5l eolatwl b oojluslisl bg, wlwlpy +-Ye cm
e S gy 9 S 5l eSS Ojgen (S
(O 350 plgieds laSid (B Joxo) Ve M el @
O o 3l eledl g3loSan 5 (50,5 bgloo 5l uy g ulilo
PO goma ;3 9V KE (139 4 (oS 55 Agas S (sl piges
oS oo sl ol slaansS o rbas S digas
olialosl & (gomy oo ly syl 5l oy

OAVY) wads e

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

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

FOY

o el jloolinul b g3k ol 4 S (Sogll b))
golr a3ty 5 (CF) (Sogll 556 (EF) (Suse
paslS (55, o2l polie oblice 5 (NIPT) 5,0 Sogll

i plul VYA Lo 45 b S5 (sladigas ;5 po,5 g

) g olge

dfllae )90 dilato (Syeo

et oo g IV FA M S50 elis | L oblp 5 (b 0
e s ot ldliz B, YY Y LYY FA la s
oty By bl Jsb FAT YA LFAS VY la s
Wlps e s Gl (nl 55 0 ool s &Bls o]
N R e a0 - AL RIS IS SN
Oy Bl 5HL(YY) cnl s aﬁiﬁ 44 mm QT Syl
IR 05T sy 095 50 SblesE Qe ulidiesy,
Ol sted (nl (BrdJled 5 3,0 laogS a5 (s ek o)l
3 Ol e (nl (g 00 g s w0 ST 5l (G2
Jol @iiye o 515 G958l 1B 0093 e STy 095
095 5 isliz (Sl amly g Sisiate (s slavisle
SSsjere ladiile 5l (Seei) Jold 03,650z 5T,
adbio )0 Gle pulidipey OASAS Cwl S50 5
SAA1S ooliiime; 0y90 & boye (8nl Sliges, Jols
Slgay 5 4l (65 (@l gl (et slanijle
5 Sl S LpeglSis Sl o Jod iz b 65518
(YA el Lo

SG sl pdigar

sl S5l s paiges jolieds ( rog (oo (nl 5o
i 4l o Ty b St by & un dsl
ololp Fen laasly 51 Sy oS3 5s 600 paises
Al bl Bolai-plaie (og,4 5 00l dwlre diges Slows
STy g OKe laaxly ples 5 elS (61 peges (YY)
S Gan anels gl o bdiges ClyiSy 5 canlize SLlS

Slhom & Oyge pay cwl Bolai-plae by, bl


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

e ol olie ‘_,,_,LlL......,o 5 Syl

hah SRS 5 A gas Bk
GiT2s2 A @
conisz [ B ©
czrzsz [ c @
-§ esmsz [ D o
s oy | E @
esrasz [ F o
ems2 [ | c O
O
: sz I @
i o — R
ornssz [ K @
N
Scale = 1:400,000 ’,E
Meters™
T T T T 0 3,000 6,000 12,000 18,000 24,000
231000 246000 261000 276000

6)"))'24';9'»'; LSLQO&O )‘p‘ Coﬂzd}o 9 om ‘S)ls 6“"‘"9 LA _‘ ’: -

3Ll 35 oyl e S0 (555 a1y 30 (Ol (5325 9 swbiadirmo S F39-) Jour

_ Y. _ - Sal S g GIT282 A

- Ve - A T Oole ¢ e o Kemtnle oo IS Oyl il G2T282 C

Yo - £0 - Y Svasls o &S GrAlSolm,  G3T4SI1 E

- \% - A £y Sl Wb ok Ssedgeysl sl GATIS2 G

0 \e \e - vo o Sal b ¢ et o5 G6T2S2 I

- A - -y Sal e e G GTT4S2 K

%y t_—m/ﬁﬂﬁ’
1Fo 1 gliso) /p,lg2 ojlos /s jlojgs %
-

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

FO¥


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

oLl 5 (55,97 dnguars

S5 o astiol gz 5l ooliil b lags, o Sojla]
ol (YY) Wads andllas ous (5 )0 > RTC .SQC-014
I°9)5 ‘m.aalf €Oy JoL& 6‘,3 ua.au.w S>> ).solJLA ‘U‘"L"""
yolie o8 Coogaoe polas . aiols Jol> ¢/YY- mg/kg
lgﬁ‘ﬁ &9y ‘_g‘ﬁ RN lJ ).3‘)." u,m—l 6“);. % (mg/kg)
31 5w addlas 550 (0o )0) yolie b3k &5 el Cawdds
Syg0 U‘J?) 'Ly OS¢ L)] o..s...moul.w 9 ).M ARRIIA G ‘1\“’/‘/
Slabl jl alllas o0 jolic Clali s (gl oolital

R 009 )‘0)55)._) wL».a u505§l5
3 997 ge polie Lide (adedd 5 (Sad e 2bj)l jshaieds
5,90 dibaie o S Sogll o Sludl ol3b ojga S
) o dcwlse ) aolee l eolanul L EF asls casllas

HQI
Cm
Cr sample
EF=—— \
C_rbackground ( )
3,90 38 clale cos Sl (Cm/Cr)mmple N dolee o

oy S ges 0 (50) 2>y paie Sdale a4y adlhas
clale Cons samslas (C /C), o5 s mg/kg
2 &z pais dipey Zhle a4 adllae 090 yais ais)
VO G /0w EF polie .cool mg/kg ey s
sloanT s 5l Sl 09 paie a5 col o] sasasylis
solae aS Jb po ol aid 3 olis glaing dlge b ks
clli sl Jalse 3 Sy asls o VB Sl 55
b il e § (S35 gl ¥ Jazr .(0F) el olis

YA) aeo o ylid EF ,olis bl
3550 (S D318 Sogll o o)l sl e gl ol 5o
S slediged (sogas (Sogll (anaiih axs 1o 5 anllla

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

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

700

tborisgd Sl Shs Fr et 5 ileesle] _

SB slodigas
B slediges (Lol Cugh) ymm jslaney olStylejl 5o
B> g o 0l Sis ol3T slen 0 VY h cosa
03ls yoee Y MM U 5l lodiges « JT Ll 5 55 l)d
slaaiges (EC) S0 sl colon colils g pH olie .o
Lo cwija (S o ol V) glsl 5 ojlac o S
Sods g u5eslail yie EC g yie PH slaolKiws )l solasu!
Sy gyt 8 S ladiges (OM) JT o5 (V)
Seygilp el g mealy Slog)S (o 5l esliinl b g S
(09 9 S (p8) I gl (Game D)5 sy0 5 (74)
5 (B ol ©l)d silulaz) Sl 9 4l
Sl rSolas jolateds (V) Wod (sl (6 509,008 (g%
Lo ps ol 0mL S aisel 10 51) g 4 dadiges
Ve min wasas Jools Joboa o] 5l G g 00953
o baiges ol sl &yl A0 °C sleo by (g5, 5
30 LA Sy g odd aldlyp e (gg, 5l KT, s )
iy sl 0 ML L e Jlgie al>je 90 (b 65
Ve min Goed ol Jsloe g 00938l bbdiges 4 1, Lade
s ools &yl 20 °C los b 2 g5y 5 oS, Toame
Yo OigpsepaemSly ¥ mL g jhie oI Y mL ol 51 ey
G, V-V MIN Saedy Slgime g 00938l Jolre 4y a0y
Ol Sl e i sols Syl VO °C sl L yin
Lo ey ls ol Ve mL sl 5l S5 e 4 dadiges
Sl L ol o las < oS, VO TN 51wy 5 o 00533l
b s O b b sl 5 CBlo FY o leds cyaily ilo
Sl 5l e ol Lasal cailey Ve e
00,5 0plS 5 yolie (Sai 5 Jailisl 5 (S szal) yolo Jslns
wopl yolie cdile ES-710 oo ICP-OES elfius
FOMNOAA slazse Jsbo ;5 i it 9,5 5 peedlS (59,

5 ol 0l ouly3 YEV/YVS M 5 YYS/O-Y Y F/Y - -

mL > 4

(Quality Assurance/Quality Control) coas s


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

NIPI - ’(PIBVE)Z-;(PImaX)Z (‘ﬂ)

Al Sl ko e g PI g P oY ol o
et 3 T AP Ls i 5 S Sl (sl (ST
ol ) T s 5 Sogll gl ¥ Jgir it 18

(F) w2 o olid NIPT jolis

w2l polie dLLW.n 5 Syl

5 ¥ SVoleo 5l oolatwl b s s NIPI g CF sla msls
(VY F) s el Y

C

CF = (=2
(Cb) M
3,90 paie Clalé sataslis cus Cb,CP ¥ ol o
aiwg b ool e S5 j0 paie clalé § S diges jo Lk
Glp clgas YolA o /Y XEIY F4Y L plp) e

o MP/KE o 13 (5,5 5 puedlS coyus «(59, polic

(NIPI) 05 ST gl a5Lis 9 (CF) SogI1 ygu5 (EF) Suib of (oLl polio gussdinb -Y Jgus

Sl osn NIPL <+/v+ oS So
ST i e «/V+ <NIPI< Lge Sl
VS;;;JT \ <NIPI <¥ D}‘JJBL;QJJT

.k.w):ﬂ;)jjT Y <NIPI <v 5L ;;;T

CF<) SAs pE O EF<)

\ <CF <v oS Sk EF<y
v<CF <1 Lo S s o<EF<y
CF >1 sLy S e V+<EF<o
- L Sas e Yo<EF<\+
- Ll s Sas s 0<EF<Yo

- L oWl S pé EFzo.

zbw o (Duncan Multiple Range Test (DMRT))
3 polie chile (. Sle anlio 6l 5 00,0 O G)lo s
S laliwl polie g asee; polie b (o) 3590 Sladiges
.o eolazl (One Sample t-Test) slasgesSs 5 yg05
s S cladigas o polie oy alyl, olulid ol
o iz Jolo 5 )lel g, 5l il ozl osilly mlis
Oy o Jols (Multivariate Analysis)
slaailgs Lo (Pearson Correlation Coefficient (PCC))
s (Principal Component Analysis (PCA)) Lo!

F0F

ool L;)Lo/—ui)'/o)g _
fl:u‘ SPSS )‘)B‘ra).: VA asels )| solazl b Weosls LS)L‘J u*’)‘%-’
093] Jamsgs ool w355 (p05: Jlayi (15,8 455550 (a2l
w2 9 (Kolmogorov-Smirnov) e ewhkcdy Seels
=, (Levene Test) (o) 9031 lansgs 523 o uily g sl
3o asdllas 050 yolie cdale Sl anglio jglaieds .ainl
)’| ‘_g)lo)_gé.b_g_? LngJJ;a O S LgLQA_Sj_N'
ad, by (gl e el s b 5]
oSils slasls sz yg051 9 (One-way ANOVA)

% ) 2 ﬂy
VEel gl /pJlgz ojlad /pasilzoss

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


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

oLl 5 (55,97 dnguars

S K S35 olio
5 lordisoid ot Gl TRy @ bsiye oy b
3 he S gledaises o oLl 9,00 polie cdale
PH polie zuls a olitwl b .l oo 00,91 F 5 ¥ Jslax
VIVE b SIVE 5 VIED uSils b oxda S sloiges
0SB oS cullB U s conls sams il g s
Sile b S OM yolie 09 dalllas 050 (slaplSe
EC ,olis g auo,0 VYT B VV/F sogamme j0 dwoyo VYA
Sy e OYY ps/cm B YYY I YVE pus/cm .Sl b
SYYIY DAA Silin b o 5 525 oy 5 i ey s o
i Vo [+=DIFY 5 FYIA-VEIS SAUV-FF/A asels ;5 AN
3,50 dilaie SB sladiges il Ol adls Sl

D91 508l U sog) o Gl oogazms ;o dxlllas

> 3

el by 2
oolizw! (Hierarchica Cluster Analysis (HCA))
S o yiie i3k Bua LPCA gajl a5 sboas .o
oy polie wlulp g b ysiie (ro )d Sl (s w2l
plxl laadlse sl (Eigenvalues > V) < 51 555
38 6ol GledbI PCA yge3T 6l b e lool ol 5 .8b
Jolo Ll o Jlozo Ly 5 ool gl sl b alal,
5 bbe wsS gl @)lnl plyear 5 HCA (031 0
slajlns uloly baosls (J3S pé ganog S sln (B9,

o onliiul ales

FYVELR

S

5 tbooanisS 8 lo Shs s 4 by pe deogi Lol

OSeod bl o o SB sbdiged (2 bowdigS 3d 5o Sig (Sl - Jguo

) Y A VYY

yy/ve

atd v/eqb A

PP A e v

vt

ree® yvaf C

Py oY/t YA/ any

i

YYAR vy ef E

P 14 £Y/A 4

el

YeVA vveoef G

P v Yo/t VAA

yy/obe

gy v/Ygbe 1

4
ha

% /e YU oY

vy def

Yoo? v/oAde K

v LY/A \A

\Y/E

oYV v/ Kol

‘ |
s

- YA\ o/YV \/EV

r/oVe

VA Y S Gl

St slasi 0 ;3 OM SEC pH slis Sk (p < +/00) (bl s ine sl 3525 Sl st 2 3 (e 5C b @) S 2ie 1o iy >

At Sl glatels Ao kS 03030 s il

2’% ‘( — ﬂ 10| glimoj /[,lgz o lods /@23l )93
. Yliso] /o)l o)l /P23 j3k; 09

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

7OV


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

e S sladiges 4 by e YA (mg/kg) 5 #/-A L
Sl atpiy 5 Bl pigas dome 5l oads (g pslan
9 1YY ME/KG L i pg,S g pueolS jolic clale
I G 5l oot coalsy sladiges 4 bog e V/OY mg/kg

< ool sy sy, 5l bdigas jo polie clile (1 Sike 0y

e ol olie (_4,-’L1Lw-° 5 Syl

K Sils olio s &0 gy po ieogi Lol _
Soaiges 3 Sb3,10 )90 yolie clale & by e arogs bl
s 4 olel b cwl oo 03,91 ¥ Jgoz yo e S
PR e 50 p)S 5 meedlS «sg ol polie clbale (1Sl
cyb 5l el 035y +BYA MG/KG g /Y ANY XN L

2,5 Sl puedlS < 0,5 < (59, i ladiged ;5 55y 5 o] polie dale (5 Siloe Aty

o bl 3l sus Culo p S hdaiges yo asdllao o Le cdilé Sl -F Jou=
oSep bl > Slraiges 190y O

Yol /ayyad VYR Y/ AR A

AL o/eNy? /8418 A C

ey /ey g2d /AP /AP E

Vet /ey /os8? V088 G

y/0vP AL /42 1 /A2 I

VYR /ey CAY 2 Y/vq8 K

\/ov o/e gy AVAVA VA PI

s
| ’

/0 ARE +/V1o /Y Dlee il 2l

St ged 3 adllas 350 puobie Chle Sl (P < +/00) (bl s e oslis 525 Slo st 2 53 (e 5C b @) S pis b Gy~

Wl S5 (Slaals i s O s3] s el S

%y t_—m/ﬁﬂﬁ’
1Eo 1 limo} /o lg2 ojlot /masjilojgs |
-

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

FOA


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

oLl 5 (55,97 dnguars

S cladiges o5, 5 waeolS g3, yolic ol EF g5t
FYO 5 VPAY VAL s o s anlllas o 50 dilate oelaus
Sabge aib o ladiged oy Vet bl (a2 g 0g
&ly EF polie 3k 5l aiad ganaiws wad ol o
)90 5yl pdiges GG )3 pg)S 5 peedlS (59, yolie
OSle (Jo3 Ny cmizren 3 VO Sl 55 asllhas
P95 < eedlS by polie 6lp (Sabigé patlh polie

O 9y <

R UUES SV WP U DS B SPTUC e
slp CV slis «(Coefficient of variation (CV))
P F N Ll ol e 09,8 5 meeolS w59y 2] ol
3 Ngy commizman (F Jsiz) o aoys AFIY 5 FV/S
< peedlS < 55y < e b polie sl OV ol

SE codS Syl mli
JERERPEE TPt SO BN Y NV

390 polie (NIPI) gyoi SogIT 2ol a3l 9 (CF) Sogll yoi51 (EF) Sois ok asld polio -0 Jguo
oblp y3 xbaw U adiges 4o anlliao

/444 IR YL o SRV Y ARy Vol YY1 Ve \ A

NIV £ V¥ VWi ) C

% GAYYaeY ey

o/ R Y I VY VL ey YA/L £14 o 3 E

AT IR ZRERVIR, ST IYIRUEE o S PR Yorv £11

AR o/eVE */YAY /oYY

NARRTEA Vo £Y'Y4 oYo \ I

(VAR2 LARPA /YOA v /e Y VARRRYA y1¢ AARY Y44

2% ‘( — ﬂ 10| glimoj /[,lgz o lods /@23l )93
. Yliso] /o)l o)l /P23 j3k; 09

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad 704
ijhe.tums.ac.ir


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

i bl g Cude alal) 5 peedlS yate polie Sk
Sl plas (p <e/e Ve o = /FAA) 9,5

2 e Sl ol slaadlie 4y a5 Joe (25,5 mls
J39z) (PCA) olle 3 (b o (xbans S (gladises
3 FUN b iy ot 5 5 S 51 555 oy e ol
o5 udllg 3o )0 AYIY ggazme jo a5 54 do ) YYIY
yobe Sgdioo Jold |; pare ez o 5 sl S5 )
b (Stasod 20,0 +1F0 5 - AFY b s a5, 5 o
o 54 45 09 9,5 5 ol polie Juld 55 (PC2) adlge
LB Stran dilfo ol L sy <AV 5 - JAFE

v 2] yolie dl.le.n 5 Syl

Al polie (2 Slo B Jgoo 50 70 bl 4y slul b
Aol 40 g pxie VAY B Y/Yex) 0 aals o CF oo
Sl pSesS dadigas oy Ve 0) (5,10 paiges slag e
aels ;o NIPT asls onds dwloe polie ¢ )b 5l og

gt eiie [+ FY- [ YS

olie belice mylii
et plateas opiteniz el ylel slagis, @by
i oS5 anlllas g0 yolie Ll o) liie
g ogdle .l oo 03,91 ¥ S 5 # Jgaz 0 addllas 3,90
45 olo GLas 0 psie 93 (g (Kured ol pd @l
raie b Sute 5 o ine psbay ol paie polie (Sl
by 5 el Al Saran (P <o/ oL = VA s,

b LS §o andlln 3590 yolie PCA ol gulis -# Jguo

I

~/~V0

ARAL

O’“‘

C/ALE

\/YY

TARS

V41

r.:_.»:ls

°}.’.J )\.)J.A

AY/E

£0/)

M.»J«ﬁ‘)}

5 oS 59y polie Jold adgs regs g ol Juld

9 pg,S

£

Sl dde gonades L 5w el mo
Lis sl adss ols plas 1) Lol asgs g0 (¥ S3)

% 92 ﬂﬁf
1Fo 1 yliuoj /r,lgz o lodh /s jily 095 o

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


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

oLl 5 (55,97 dnguars

oS wlslg 5l as 0 AY/Y gaeme (0 a5 59y ao )0 YYIY
yolie Ngbioo Jold 1) yaie oz o 5 ools JSa5 |,
b (Koo aoyo +1AF0 5 AFY L a9, 5 o
ey b S 18 atws S 0 (PCL) gl Lol adlse
o 54 45 092 9,5 5 peedlS polie Jald i (PC2) adlge

LLES Stean il ol L ko yd AV 5 < JAFF

i b b gme Code alal) 55 meslS yais polie (0L

Sl GLas (P </ Ve o =+ /FAA) ps,S
3 OeSs Ol (Lol loadlie 4y 4y 125 Jow (29> s
Jsaz) (PCA) sllp 5 ol 0 oxlaw S slaaiges
(PC2) pgo 5 (PCL) Jsl Lol ailse 5 2l 50l Sl (&

s FANL plp s s o5l 5855 oty Jladie (ib)lg L

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

15 20 25
1

1] 3 10
1 1
Cr 3
Cd 4
=
Zn 2
Fe 1

b S )5 anlllue 350 polic Clilé ldbes Julxi ol Fauis -¥ JSCi

sl ptiged lagle G (Bl 5P < -/ 0) el aiils
sloaiges o] yaie clilé Sls &> K 3 BLE
o (P> +1+0) 2t ssalie (5 el i3 gine SMSTI>
Lomle b3l 0550 loyiiio plos gly (g5 so |y ymslis

bl

& =’

iy S Gl glgl o oS Sl g g &9

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

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

23

ool L;)Loqu)/oﬁ li_
arg kool lid Bgiyrank By SaalsS (g bl (905] mls
by sloosls dan o[-0 31 55,5 g)lo g paw 4
(o)) adgl game )3 wsys pH (OM EC ,0lie 4
by @ig 31l sladiges jo yolie cbale 5 (4 5 b
5o 4y Guilly delos gl mls wiss loys5
S H g A B C Filbpaiges sloyle oo as ols oylis

APE G)LJ )loG:.m O B sladiges pH JRSEACR


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

L e S sladiges ;0 09,5 5 meedlS 55, yolic
0sts &l ol ot GBS 5 Sl g ,boly, i
D bl i plpl e cblis Gloile L
(b sbs ) 35 5 ool 55, sl OYO mg/kg 5 A/
it b ) 050 yolic dom Cale o Silis aS ols Lt
5l 5eS g (P < /0 0) atils o e (o lel BB (g lolg,
sSiyahati Ardakani aslas ,o.culesgr s lolg, arion
FS 6)8ly) oy jlpg S Sl Sle (V4 VA) (e
Sl GligeisSs (5 osasl @l o Eyb V) as (3158
S sladiges ;5 dnlllas 550 polic yolie Sl dunlie
Y EYY e e Ll iy Ol atee pyolie by _xbans
Ol 3,5 5 peedlS 53, 2l (g1 Yo /A mg/kg 5 VY
digo) polie b ol 0)50 polic den clale (Sl a5 olo
ol 51 a8 5 (P < o1+ 0) axils s siee (s bl B
o 5es g Saedpanah clise axlllas ;o .l 03¢ dine;
S 69y 5 o8 pelis (Ske polie j (VIA)
435,55 At ol 1 58 1, gasis b (xba
5 Soltani-Gerdefaramarzi _iagp ,o opdeas .(YA)
g ool yole clale (Sl aS ol 5,155 (Y- YY) o), Ke
Sy polie Sbld (Sl g S 35 S S )3 098

V) wilogs die polae 5l iy pueslS 4
(oS S)lpl Gleeds Dlpes oo a5 Cel oal Cul
Ol 1) Zajlame ) laoun VT (SusSTy 5 g5 ol
Sl sl wopo Yol a8 o] #5545 gyge 50 5 00l
oaipdlis oy B B Y oogazme [0 (oS (6 pss”
doyd Ve B odguse o Mlawgie (g pdy s
Al aeyd Ver Sl i 5 "ok 6 pdy st caimslas
Ol coscnl 51(F2) 09 wales "obj (s (g pd et
anlllas 590 dilaie 1o (31 slooai¥T )b (SusSlyy 5 g9
3,50 £955 5 peodlS 59, 1 o8] polie Dlyis ao s wll
rolie Slsd oy @bl 4 bl b e85 )15 )
FA) s 5 (o AFIY) py,S polic (SL sladiges ;o

FEY

v ol palie lia g Soy

Ol 5 &5 ok 5l s 2l s o lulid ol Siw
Ll mmgh bl () sl Sglite Sl slacolled
9y onl polie Sblide 5 (Sogll Syl aa b oS
e ol bl 3 s ol (b S 33 09,5 5 aslS
2 S5y 5 ol pole chile (Sike aniny o5 ol (L
Lo YA (ME/KE) 5 #1-A L sy S sladiges
cbale Sl anin 9 (G3T4S1 (Kea 0>l E 16 &
5 1YY mG/KG L a5 pg,S 5 eeeslS olic
(G6T2S2 San oxlg) I K6 & bgse V/OY mg/kg
Sowdnle ¢ 1,095 pis K (59, p B 56 .l 004
5 @D 5sleS dilaie (al o (L s 5 eas &l
obdoeey Sl ghls 5 T ol ool 605 5 (o
dilaie (| )0 sdes 5,5 g 00y ow, Sal g ke (s
Gl 00l i .l 6 4b 9 (w20 5 2D (55,5leS S
9 1oglSiS i i 0 i (55, 9 ool cbile o5
Sal g Jeds S g ooy ol b jsbay Siwaule
Wad 09,5 g oS polic Sl ez gi BB polie shls 55
S3sS a9y 0 SBrae) 55)laS slacudld (3L 5IL(FF)
e @loe 5l 5 SIS o 6 5 (et 5 (o
il Hledas 638 laoan VT jlasl wayyludl soes 5
LT E bl o jobe onl chle anin el )
ey obedl Jelse 5 (liomes) sk ool b b ol
(ol ol anl o 5 alie oldllas o .cusls Las
Sl ke ancios 5 (Y4)Y) ,Ken 9 Azimzadeh
st )3 st )8 e sSL )0 6, pare
Loy Sl o9 Sl glacella b 1y o paisle ol
(YV9) o) ea o Afshari «puoen (Y0) wilatuils
SL 55 6955 peeslS pobie lale aniin a5 wis S ()15
(St S5 @ by plmy Gl 5555 ()
5 by slalisle o3 Cow 5 (55,0laS 5 Gxio

(FF) ol 0585 il slacles

g{fﬁ yﬂy
1Fo 1 Gliuoj /o laz o e /s 093 . 2

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


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

oLl 5 (55,97 dnguars

ol opSi Sl3 polie Sl Jelse 3G 5 Sl
550 dilaie yo Slusl glacled snas Sl 4 L (FY)
Sl Gledl Glgs oo e rcnl sl el (60 9 (55,5l anlllas
s Gyl liard 5 old oo 5l oslizal a5
5093 J8 5 Joo oy 355« Jilo clio bawg) (Lo
Sleislo glacudlad 5 )TL s o slacallad 5 (5 2 0032
Sy90 dilaie o g3 ol [Lizil snes mbie 5l )l
Sab e (Y1) o en 3 Kaydan .ol osg adllas
slacld L) jleal ol S1- 50 09,5 5 59, yolie ok
Soltani- .(fY) axiusls las e (S8l g 095) sy L]
Sabgé s (VoY) K ¢ Gerdefaramarzi
peedlS 5 59, polis @ Cond O S48 I 0L g Lawgie
ANY 5 ¥I¥Y L ol oo yias BF g5t .Sl e
Gl (Sl g gtro) Gl slacled 3b s |,
L (Y-YY) ol,Ken 5 Rezapour «,ozea (FF) wo S
yobe San e EBF a3l polie 5le 4 sl
Ot 30 ed 65 b (rhaw SIS 50 0S5 (s,
cos g (Y S EF <0) bwgie ghw o 1) )¢ oylul,dl

(FO) w538 3155 605 slaeodled b
mhas e &l celio 15 NIPT 5 CF (clo asls
SI3l o S Sl olin 5| gl 59,910 5 0052 STy
ol dewlxe polie (VY (F) W o sy 1) S
Sl 5 ek SNVAY B P x) - andls 5 CF asls
Jsi2) 33; aallle 5,50 lagfSe a3 "5 Foyll" o
aols o NIPI ozl ool acwle polie ¢ yuizan (O
09 kS buld oaimonlis g jeiie /- FY-/)YF
50 Jgox) o9 adllas )50 slolSe ann jo " Sogll
895 5 o8 yolis sl CF jolie (:Sike atpioy o Bk
Sl paised Qe & bgyye o/ VA 5 WY o) T L e
CF polis Sl anciuws 9 (G3T4S1 (Ken axlg) E
JVE g IVAY b o 5y 5 9, 5 eeeslS yolie ol
09 (GOT282 e uxlg) I (6 s paiges e a0 g ye

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

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

Al

Olypds bl 3 iyl e slbSB 0 (do)0
oledl lgs oo calasly b joasols las 1y ol L U ool
S e 0wz BB jeba ole ol clale a5 cils
Iy il i Yioisl 5 00gy sliie (6,1 paiges
0ol g ool polie odleds wslaals Slusl slac s
Er 3l aey TP g BV Ll e ol 25 L
19555 2 S ptiged Slagle den ;3 Lawgie (5 3y et
Sogdl o Sludl Jalse Sl pps ko Wilg o a5 og
G 5l bl polie (pl 4 adlllas 9)50 S gladiges
Syge SB oleortisS b Sleogas (28,5 Sl o LK
o5 PH e iy Sew 5 SB- £95 00t (o 2
objsks U lawgie Ol sy o Jldl Jolse 9 S gaails
JSea g Afshari .og et BB oSKw ol3ls clale o
3y yolie Olpss oo polae 4 slitwl b 5 (Y41 F)
3o yolie pl e ((aoye AT) uedls 5 (aoyo AY)
o g Sl 1) sy bl 635 e ool raw S
Ciagy el () we S b sl sleedls 3G
p9,S paie a5 ols olis 55 (Vo V+) ], Ken ¢ Jamshidi
[JURVIU{ IPEORIUI PRV o S R JCH [0 T
Gy 3l oads cusls p xdaw S ladiged ;o Sludl Jelge

(YO) Canl 00y 15,95 1 ylw J liwl Ho Byl oylew o
s polie 5 waoledl slocddbs Jlasl 56 ol
ke (0 Jgaz) EF aciloes ol (F) ol S 5
VUL pl a3l nSle b caifa p3)S 5 eeedlS
3halosgs wal coled o Sadb e slls FYD 4 VPAY
yaie slp ool aslxe EF jlade Sl ain (3,0
>l H K xaw S sladiges a5 g e (YY) (59,
acolxe EF Jlade oSl a9 (G5T382 Saa
O Jog.},o (\V()?) ‘05; 9 (\‘Y”Yﬂ) MAQ[S ).al...c (_g‘).} IR
Sab e ol polie .0 (GOT282 Kan axlg) T 5


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

Sbale (o Sle G I3 5 Sate (Sasod Sl g
P95 b meedlS (izmen 5 55, b ool ol a2l pos
LI 4 polie nl 99)5 mlie Glgi oo (o9 (al 55092
Sl o lis 5 gl sloanld b Yazsl 5 d i
(ol ol anl o 5 alie oldllas o .cusls s
oy polie @ olitwl b 55 (VoV+) o Ken 4 Baltas
P9y rebe Jlastl glie a5 wo 57 A5 (gm (Ko
0392 (Sl slozdlad 5l (AU odee joboar 5 (LSS S
oS Lics 35 PCA 555 il ( b,k 51.(1)) el
a8 )1 el cnl g 05 a0l 1y sy, 5 ool ol
b glac b oS5 5l cow Vsl jolie (pl a5
sedlbd 5 aobaliowodle a5.uloads o)y S 4 alie
WSl g8 g peedlS pobie Jliol Lo (lpieay Sl
Wad ol 50 HCA (59,5 lawg lasl opl a5 wos
@l b o5 ab Joli 1) ol laid gl adgs 4S5 9bas
8,5 olid alioee; sleanl ) it yaie il PCA
P95 9 peedlS gy polie Jold 55 adss (egd 5 09
(e slacdld) b gl b0l plgise &5 o5
Sl (e 5 65,5l acadled) Gl slacJlas
Cils o o adlllan 050 dilaie S o ole oyl
@ ol b s (Y41 8) e 3 Chabukdhara .(fv)
Ghls (b S o ol Lize PCA (s3] (255
=55 1) a5 5 83y Lia 5 o | aim bl (s 08
(FA) win,S o)liF ol glacudld 5 b alis
s @ sl L (Y4 YY) ol 8 3 Hoshyari ¢ yioen
s S o peedlS 5 g9, polic Lics PCA I Lol>
5 (homes sanl ) rmbalio 5l oS 5 1, 5l 5o

(FR) w,5 A5 (S35 5 (65,5La8) syl

Jsle b cow oblp s livjgd oxbhe S o

2ai

v ol palie lia g Soy

lSe 4 bogs o 52 NIPT e cSilis ainiins el 1 ogdle
b sl S 4 azg bog (GOT2S2 (Ken uxlg) |
oo j5bd) S92 g0 Slas )5 £5 g ((emlidiims) LSL)
cale Gl gble ol )5 (s 5w el 5ysleS
Cede (5lp 098l Guags Wlg co i O3l Sogll 4
ol Jlalakaly pl 5o 098 Gguis Gludl s G jLups:
Ngame LS clocsl o 5l yolie clil 5 wis
S et (553 bl (nl )d oad CuiS (g5 5leS
Soglgcdale Galidlecnl p og38 sl (213é oy Gl
ek Gk 5l et jsbas 505 S o 558 laoasY]
ol 5 (B 5 gum B,k ) S ol slecul (S
et G55 ooy Ll (gl (Sblage S S
o SB Sodl Jsl a5 bl jo g0l 5wl e
Floil glie J S a4 G b e0)l0 2925 (S 3l
09h pldl S5e (b pae sleoyly (g jshaieds jolis
eSilee aicion 4y oleul b 50 (Y4)0) o, See g Barzin
2 S 5 e sy o polie Liie CF a3 ls 0l
L1 lee bl 65)5La8 (68 (b S sladiges
oz 51 IS Sl 5 atils Lo Sludl glacles
sobied 1) (oleend 5 (ol sbadgS Srae jlade alS
e (Y1) axtdls (59,0 SI 4 polie 8955 SalS
asls polie uSilee 4 olital b (V+Y)) o), Kea 4 Liu
A s S0 055 5 59y polie (Sogll NIPI
gl 5o 1) 65slaS 5 et Gl L e 50 95505
g s Caods (gl 05all sauags g NIPI > Y) Lawsgie

(F5) Lo, bl
5 @ g shol adlge Lo 5 4 ((Seon a2
5 byl 05 ooty oo Al slegs Lo
solatal S 50 Ll pce ololiss g (S Sl3l8 (gasog,5
o lis Cate g 0k (Siwaed cadayl ) cpl 13.(V0) Wlowls
Ipeie oasS JpuS Jale g alie Loce (pline Sy
St ] 1) Syhge S S s Sl

%ﬁ yﬂy
1Fo 1 Gliuoj /o laz o e /s 093 . 2

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


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

oLl 5 (55,97 dnguars

doog oan¥l jladl mlbe JyuS 5 Copie pizes

N P

SN SllisSe
Coley Alie ol o 1y gilwesls 5 osls iy ,m0 S g0

..\3‘0.))5

@‘O)Jé 9 ,L»J )
oy 5 S o, ) oise e o

Bolie ol 5 5Lt Slble b3l 5 e 35"

g aslllae 3y50) xbaw b 3 i Il Els
ROWRE 3 AT LYNET PINCA NI H

References

1. Sobhan Ardakani S, Jafari SM. Assessment of
heavy metals (Cu, Pb and Zn) in different tissues
of common carp (Cyprinus carpio) caught from
Shirinsu Wetland, Western Iran. Journal of Chemical
Health Risks. 2018;4(2):47-54.

2. Sobhanardakani S, Kianpour M. Heavy metal
levels and potential health risk assessment in honey
consumed in the west of Iran. Avicenna Journal of
Environment Health Engineering 2016;3(2):e7795.

3. Sobhan Ardakani S. Health risk assessment of
As and Zn in canola and soybean oils consumed
in Kermanshah, Iran. Journal of Advances in
Environmental Health Research. 2016;4(2):62-7.

4. Mohebian M, Sobhanardakani S, Taghavi L,

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

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

(Sl i g b o Siwdasle yo3lS58) ki pae
9 (leord 5 (o0 SboosS Brae) (55,5laS slacIles
(S5 5 (hemd CS g Gl (6 0es Sl (izren
lowizei ;5 EF (st e mls /b 5l ol 0052
(S35 role lp wad Llpe S Sk S
6505k sleled) Slail plie 56 5 pg ) 5 paesls
Shlide s og polie I b S Sogll 5 (s
wibie xS s Sl 4 ols lis 5o ol
5 hordone; Lite 5ol Jlsl 4 adlhe 55
Cawddy gbrosly a5 aiz e lailosg lo e uay L]

d.)).‘a )‘ ‘SMAI.J)JQ.W LsLQwL\.M: 9 w).:duo LE‘J’ OJ.AT

4y b Ll g waler abe Mol 5 4l W Siny Slaladl
S 2 oS D8 Sblage g (S jlanzme DS 4

Ghoddousi J. Analysis and potential ecological
risk assessment of heavy metals in the surface soils
collected from various land uses around Shazand Oil
Refinery Complex, Arak, Iran. Arabian Journal of
Geosciences. 2021;14(19):1-16.

5. Sobhanardakani S. Non-carcinogenic risk
assessment of heavy metals through exposure to the
household dust (Case study: City of Khorramabad,
Iran). Annals of Medical and Health Science
Research. 2018;16(4):¢86594.

6. Hosseini NS, Sobhanardakani S, Cheraghi
M, Lorestani B, Merrikhpour H. Heavy metal
concentrations in roadside plants (Achillea
wilhelmsii and Cardaria draba) and soils along some
highways in Hamedan, west of Iran. Environmental

Science and Pollution Research 2020;27(12):13301-


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

14.

7. Hosseini NS, Sobhan Ardakani S. Evaluation of the
impact of traffic volume on pollution and potential
ecological risk of Zn, Pb, and Ni in suburban
roadside soils in Hamedan, Iran. Iranian Journal of
Soil Research. 2021;35(2):119-34 (In Persian).

8. Mohammadi Galangash M, Ghasemi Zolpirani
R, Naimi Joubani M. Evaluation of roadside soils
pollution with heavy metals (Pb, Ni, Cu, Zn) in the
Rasht-Qazvin old road (Guilan province). Iranian
Journal of Health and Environment. 2020;13(3):409-
20 (In Persian).

9. Hosseini NS, Sobhanardakani S, Cheraghi
M, Lorestani B, Merrikhpour H. Feasibility of
using Achillea wilhelmsii and Cardaria draba for
biomonitoring and bioremediation of heavy metals
(Zn, Pb and Ni) in the roadside environments. Iranian
Journal of Health and Environment. 2021;13(4):607-
20 (In Persian).

10. Hosseini NS, Sobhanardakani S. Concentration,
sources, potential ecological and human health risks
assessment of trace elements in roadside soil in
Hamedan metropolitan, west of Iran. International
Journal of Environmental Analytical Chemistry.
2022:1-24.

11. Baltas H, Sirin M, Gokbayrak E, Ozcelik AE. A
case study on pollution and a human health risk
assessment of heavy metals in agricultural soils
around Sinop province, Turkey. Chemosphere.
2020;241:125015.

12. Hazratzadeh S, Sobhanardakani S. Assessment of
Zn, Pb, Cd, and Cu contamination in surface soils of
urban parks in city of Hamedan. Iranian Journal of
Soil Research. 2018;32(3):417-30 (In Persian).

13. Hosseini NS, Sobhanardakani S. Pollution and

i

v ol palie lia g Soy

Potential Ecological risk assessment of Pb, Cd, Cr
and Ni in surface soils along some roads of city
of Hamedan. Journal of Environmental Health
Engineering. 2022;9(3):349-64 (In Persian).

14. Mohammadi Roozbahani M, Sobhan AS, Karimi
H, Sorooshnia R. Natural and anthropogenic source
of heavy metals pollution in the soil samples of an
industrial complex; a case study. Iranian Journal of
Toxicology. 2015;9(29):1336-41.

15. Mohammadi SM, Lorestani B, Sobhan Ardakani
S, Cheraghi M, Tayebi L. Source identification and
ecological risk assessment of some heavy metals in
surface soils collected from the vicinity of Arad-
Kouh processing and disposal complex, Tehran,
Iran. Environmental Sciences. 2021;19(3):1-22 (In
Persian).

16. Moradi B, Sobhanardakani S, Cheraghi M.
Ecological risk of heavy metals in surface soils
of urban parks. Iranian Journal of Health and
Environment. 2018;10(4):429-42 (In Persian).

17. Sabet Aghlidi P, Cheraghi M, Lorestani B,
Sobhanardakani S, Merrikhpour H. Analysis, spatial
distribution and ecological risk assessment of
arsenic and some heavy metals of agricultural soils,
case study: South of Iran. Journal of Environmental
Health Science and Engineering. 2020;18(2):665-76.

18. Sobhan Ardakani S. Assessment of Pb and
Ni contamination in the topsoil of ring roads'
green spaces in the city of Hamadan. Pollution.
2018;4(1):43-51.

19. Tepanosyan G, Sahakyan L, Belyaeva O,
Maghakyan N, Saghatelyan A. Human health
risk assessment and riskiest heavy metal origin
identification in urban soils of Yerevan, Armenia.

Chemosphere. 2017;184:1230-40.

g{fﬁ yﬂy
1Fo 1 Gliuoj /o laz o e /s 093 . 2

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


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

oLl 5 (55,97 dnguars

20. Hou Q, Yang Z, Yu T, You Y, Dou L, Li K. Impacts
of parent material on distributions of potentially
toxic elements in soils from Pearl River Delta in
South China. Scientific Reports. 2020;10(1):1-13.

21. Ali AR, Al-Mufti TM, Taqi CM. Geochemical
Distribution of Some Heavy metals in agricultural soil
and their environmental impacts in Kirkuk, Northern
Iraq. The Iraqi Geological Journal. 2021:75-92.

22. Strbac S, Randelovi¢ D, Gajica G, Huki¢ E,
Stojadinovi¢ S, Veselinovi¢ G, et al. Spatial
distribution and source identification of heavy
metals in European mountain beech forests soils.
Chemosphere. 2022;309:136662.

23. Barzin M, Kheirabadi H, Afyuni M. An
investigation into pollution of selected heavy metals
of surface soils in Hamadan province using pollution
index. Journal of Science and Technology of
Agriculture and Natural Resources. 2015;19(72):69-
80 (In Persian).

24. Fathizad H, Hakimzadeh Ardakani MA,
Taghizadeh-Mehrjardi R,  Sodaiezadeh  H.
Investigating the relationship between the
distribution pattern of heavy metals in soil and land
use in the Yazd-Ardakan Plain. Desert Management.
2020;8(15):1-20 (In Persian).

25. Jamshidi A, Sarikhani R, Karami G, Ghasemi A.
Investigation of heavy metal contamination and their
origin in eastern Azna city, Lorestan province. New
Findings in Applied Geology. 2020;14(28):29-44.

26. Sarikhani R, Jamshidi A, Bahrami S, Ghasemi
Dehnavi A. Investigation of heavy metal

contamination in soils of Fereydoon City, Isfahan

Province. Applied Sedimentology. 2021;9(17):131-

44.

27. Sabzevari E, Sobhanardakani S. Analysis of

h 1Eo0 | Gliso] /o,la2 o lods /@3l 0493
. Ylisuoj /o )lg2 o) J5l 0,9

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

FEY

selected heavy metals in indoor dust collected from
city of Khorramabad, Iran: A case study. Jundishapur
Journal of Health Sciences. 2018;10(3):¢67382.

28. Sharafi S, Areiantabar H. Using airborne
magnetometer data and geomorphic evidence to
study the hidden fault path in Khorram Abad Plain.
Geography and Development. 2019;17(56):1-20 (In
Persian).

29. Gujre N, Mitra S, Soni A, Agnihotri R, Rangan
L, Rene ER, et al. Speciation, contamination,
ecological and human health risks assessment of
heavy metals in soils dumped with municipal solid
wastes. Chemosphere. 2021;262:128013.

30. Walkley A, Black IA. An examination of the
Degtjareff method for determining soil organic
matter, and a proposed modification of the chromic
acid titration method. Soil Science. 1934;37(1):29-
38.

31. Yavari M, Mohammadi MH, Shahbazi K.
Comparison of some methods for measuring primary
soil particle size distribution and introducing
appropriate times for the four-reading method for
determining soil texture. Iranian Journal of Soil
and Water Research. 2021;51(12):2999-3015 (In
Persian).

32. Davodpour R, Sobhanardakani S, Cheraghi M,
Abdi N, Lorestani B. Honeybees (Apis mellifera L.)
as a potential bioindicator for detection of toxic and
essential elements in the environment (case study:
Markazi Province, Iran). Archives of Environmental
Contamination and Toxicology. 2019;77(3):344-58.

33. Hosseini NS, Sobhan Ardakani S. Evaluation of the
impact of traffic volume on pollution and potential
ecological risk of Zn, Pb, and Ni in suburban

roadside soils in Hamedan, Iran. Iranian Journal of


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

Soil Research. 2021;35(2):119-34 (In Persian).

34. Shafavi F, Sobhan Ardakani S. Groundwater
quality assessment using MI and PoS indices in
Razan Watershed, Hamedan, Iran. Environment and
Water Engineering. 2020;6(3):257-72 (In Persian).

35. Azimzadeh B, Khademi H. Estimation of
background concentration of selected heavy
metals for pollution assessment of surface soils of
Mazandaran province, Iran. Journal of Water and
Soil Conservation. 2013;27(3):548-59 (In Persian).

36. Afshari A, Khademi H, Delavar MA. Heavy metals
contamination assessment in soils of different land
uses in central district of Zanjan province using
contamination factor. Water and Soil Science.
2016;25(4/2):41-52 (In Persian).

37. Ardakani GR, Mirsanjari M, Azimzadeh H, 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 (In Persian).

38. Saedpanah M, Ghorbani F, Amanoallahi J. Source
determination, contamination level and predicting of
some inorganic contaminants concentration in the
top soils of Sanandaj City. Journal of Environmental
Health Engineering. 2018;5(3):233-50 (In Persian).

39. Soltani-Gerdefaramarzi S, Ghasemi M, Gheysouri
M. Pollution, human health risk assessment and
spatial distribution of toxic metals in urban soil of
Yazd City, Iran. Environmental Geochemistry and
Health 2021;43(9):3469-84.

40. Bhuiyan MAH, Karmaker SC, Bodrud-Doza
M, Rakib MA, Saha BB. Enrichment, sources
and ecological risk mapping of heavy metals in
agricultural soils of dhaka district employing

SOM, PMF and GIS methods. Chemosphere.

FEA

v ol palie lia g Soy

2021;263:128339.

41. Afshari A, Khademi H. Spatial distribution
patterns of heavy metals (Fe, Mn, Ni, Cr, Co,
Pb, Zn, Cu and Cd) in the central area of Zanjan.
Journal of Environmental Science and Technology.
2016;18(4):145-62.

42.Yan G, Mao L, Liu S, Mao Y, Ye H, Huang T, et al.
Enrichment and sources of trace metals in roadside
soils in Shanghai, China: a case study of two urban/
rural roads. Science of the Total Environment.
2018;631:942-50.

43. Kaydan Z, Ghanavati N, Nazarpour A. Evaluation
of soil pollution with heavy metals (Pb, Zn, Cu,
Cr, Ni and V) in Ahvaz parks. Journal of Health.
2019;10(2):228-39 (In Persian).

44.  Soltani-Gerdefaramarzi S, Ghasemi M,
Ghanbarian B. Geogenic and anthropogenic sources
identification and ecological risk assessment of
heavy metals in the urban soil of Yazd, central Iran.
Plos one. 2021;16(11):¢0260418.

45. Rezapour S, Siavash Moghaddam S, Nouri A,
Khosravi Aqdam K. Urbanization influences the
distribution, enrichment, and ecological health risk
of heavy metals in croplands. Scientific Reports.
2022;12(1):1-16.

46. Liu X, Zhu H, Zhang B, Xu C, Li L, Xing W.
Heavy metals (HMs) in soils of different land-use
types in Zhengzhou, China: Occurrence, source and
ecological risk. Soil and Sediment Contamination:
An International Journal. 2022:1-21.

47. Otari M, Dabiri R. Geochemical and environmental
assessment of heavy metals in soils and sediments
of Forumad Chromite mine, NE of Iran.
International Journal of Mining and Environmental.

2015;6(2):251-61.

g{fﬁ yﬂy
1Fo 1 Gliuoj /o laz o e /s 093 . 2

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


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9 ]

oLl 5 (55,97 dnguars

48. Chabukdhara M, Munjal A, Nema AK, Gupta
SK, Kaushal RK. Heavy metal contamination in
vegetables grown around peri-urban and urban-
industrial clusters in Ghaziabad, India. Human
and Ecological Risk Assessment: An International
Journal. 2016;22(3):736-52.

49. Hoshyari E, Hassanzadeh N, Keshavarzi B,
Jaafarzadeh N, Rezaei M. Spatial distribution, source
apportionment, and ecological risk assessment of
elements (PTEs, REEs, and ENs) in the surface soil
of shiraz city (Iran) under different land-use types.

Chemosphere. 2023;311:137045.

h 1o 1 glivj /p,lg2 0o /3 5L 6,95
. limoj /p)lgz o) Jol 0J9.

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

£59


https://dor.isc.ac/dor/20.1001.1.20082029.1401.15.4.4.9
https://journals.tums.ac.ir/ijhe/article-1-6724-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-04 ]

[ DOR: 20.1001.1.20082029.1401.15.4.4.9]

£
£

AN
@ ;
£
(lAER) \"“(‘

geﬂ et (¥73
7
A

oy L

&
&

%, &
" of Environ®™®

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

Iran. J. Health & Environ., 2023, Vol. 15, No.4

0

&b

HETH AND EXVIRONMENT

Orginal Article

Contamination and source apportionment of iron, zinc, cadmium and chromium
elements in surface soil of Khorramabad county, Iran

Masoumeh Selahvarzi', Soheil Sobhanardakani®*, Amir Hooman Hemmasi?®, Lobat Taghavi', Jamal Ghoddousi'

1- Department of Environmental Science and Engineering, College of Natural Resources and Environment, Science and Research
Branch, Islamic Azad University, Tehran, Iran
2- Department of Environmental Science and Engineering, College of Basic Sciences, Hamedan Branch, Islamic Azad University,

Hamedan, Iran

3- Department of Industry and Energy Engineering, College of Natural Resources and Environment, Science and Research Branch,

Islamic Azad University, Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 26 November 2022
Revised: 25 January 2023
Accepted: 25 January 2023
Published: 15 March 2023

Keywords: Topsoil, Heavy met-
als, Khorramabad, Land use, Geo-
logical processes

*Corresponding Author:
s_sobhan@jiauh.ac.ir

Background and Objective: Soil contamination with heavy metals is the most important
challenge and common environmental, economic, and public health issue in the world.
Therefore, this research was conducted to evaluate the contamination and source
identification of Fe, Zn, Cd, and Cr in the surface soils of Khorramabad county, west of
Iran in 2020.

Materials and Methods: In this descriptive study, after dividing the study area into 11
homogeneous units, a total of 65 surface soil samples were collected. After preparing the
samples, the content of the elements was determined using inductively coupled plasma-
optical emission spectroscopy (ICP-OES). Also, enrichment factor (EF), pollution factor
(CF), and Nemrow integrated pollution index (NIPI) were calculated. Statistical analyses
of the data were performed using SPSS statistical software.

Results: The results showed that the average content of Fe, Zn, Cd, and Cr (mg/kg) in
soil samples were 3.14, 1.13, 0.021, and 0.529, respectively. The EF values showed that
the enrichment of Zn, Cd, and Cr was "extremely severe" and the average values of EF
for the elements followed the descending order of Cd > Cr > Zn. The average values of
CF and NIPI varied from 3.30x10° to 0.182 and 0.043-0.136, respectively, indicating
the level of "low pollution" and quality conditions of "no pollution" in all the studied
stations. Based on the results of multivariate statistical analysis (PCC, PCA and HCA), Fe
has a geological origin; while, Zn, Cd, and Cr mainly originated from a combination of
geological processes and anthropogenic activities.

Conclusion: Although the average values of CF and NIPI showed that the study area has
an acceptable soil quality, the values of EF indicated the impact of anthropogenic activities
on soil contamination. Therefore, regular and periodic monitoring of soil samples as well
as management and control of pollutant emission sources is recommended for maintaining

environmental and human health.
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