[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

FoT-rVo: Vo las V Jlw V99 Llgy ihuns cublogs  cutigo tlas

Mol (6 puamail ciading ) b juolic iy buzxe S5 39JT (L))
23 5S339J95T 0 pbolke oAb § (o5 Suis (AL a3 336 3l 0 3laiawl by Z 55
1YY Juw

Feiles Lo,y T e Sl T Wl e alie aeionl endis ol

U‘fi‘ «CJS uQ\J_@J cmlb 4‘;'.,:..\19 CLA IS o .]a.ar.a oj‘)§ 46/,25) ‘SM.J‘
Olnl oS Ol ol (b mlin 0aSEl3 a5 Jams 03,8 Sluslanl”
Olnl S (Ol ol (omad mlin dSils ¢ Slly 5 St bl gl 05,8 sl

Ol O 355 e SBLEST 5 alid (ons Olojla il o (53,008 Sla a5, b w655

WAAN/ Yoz gh 233 &G \WAA/V/Q o w3l &)L

o..\_g.(__;

Il glapeilSe 3 OF i Jsas 0Ll ol 5 s sTamn (S5 01  gmr 5 WG 6 (6 hal] Sl i a5 e
25 TS A Al Sl 03 DlaS jols (5SSl 5 mle e kile ) caddlle ool Sl ol [PSRTRN]]
cble e g s an il CJSA_E.EAJL;J: sy SOkl ol iy Sl (6 phend] Ll 4 pas YA la By, 9 350
(ICP-OES) oLl sl i (555 it g &0 0 o 5 SIS ol 5 o 5 IS5 (6 cme 5 S polie
dos et b S bl 4 Qs St sla BT .60 BT UCP-MS) Ll el i o > ol
A eslial SlaS obe ezl mbe oLl gl ol

AFVVO AALNY 5 i 5 SIS (S g S (o S e o ooty sl anlllas olie CLle o SOLe il il
VL o 5 o polis BF) (S5 28 ol 15 5l DL ol izman s PE/G YE/VY 5 T1/00 AT/AL AANVE A1/
2 A5 e e ol bl LT il o ea T b LS S Jlss ingy B gte 03 S 5 JS5 (e s
GLIs s 5 S35 ol L2l ab 5 (A Slass s Sl 5 s LSl i) Ll sdaze s )
2 IS 5 IS0 s S Bl wity Ly e S e 55 ABal IS o) 03 50 Vo K315 L slaolSanl s el o 5 ks
Cddale 5 e ddlems e BdleS Jold ano glaolSinl il sdalie £ S 63 5 o850 Dslne 53 s o]
45 e30LS glimal wodd andlas slaolKas) adS sl 0L RI) st axls ol 5o sl OLES 1) Gy nlie o 5 5
en ol ol o blis glyls wmudls glabe LB S

3ol DLl ndls 1 1 (3L 5 (Kt 68 sl g samme (ST sl st i S0 5 e 16 8 aomt
sl 15 S5 5 o st SlaS olie plie (5L Ll by lasl (I8 e 0S15 Rl L Laet VT 5 S e
el a5 0T Ll b J 28

6}@\&}.&@ ;st AJQ)J}S\ ajblﬁu ‘;_)L:;.Sfpt& 1‘5-\.315 olds

[ DOI: 10.29252/jehe.7.3.356 ]

Al S el oKl (b glie 00SLEIS Cons ) danes 09,5 Jlolin] 1) ghumnd oiumn 5 °
SYSYYYYY - FF :ules ol - moeinaddini@ut.ac.ir : Le!


mailto:moeinaddini@ut.ac.ir
http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic sl

e 3 Ao WSS S Ol ol (60555
uujjbrj_.q.;dbiA Q,Mldb'-);fph;&il@;a
Cig b Sl e 53 e 5 S ol i
sdos LTI ol jan (6305 Ol jads s ST 45 (5 ]
o loglis OlweS ole ol 4l (il 53l (g hand]
Oszmad b wlis Ll oo pitie it wls 5l ]
s Sl g la SLS s esjlya slya  Joe slaS
s folwsy S35 O gmman Sl Glacdled Sl (ol
Cldes (s glacs o Ol 4o (i Sl LA
obe ol mlie al e Sl B W5 5 slesesl
! Lowd (6 haal| Sl )5 34 4e
o 33 3 G pad) il s g e gadle b s
et S 3 5 a1 b ol 4 S 15 w3 e
Sl o3 5 Tl iedl 53 OlaS ole w55 Sl e
Sl s B SleS ole 2505 (2 At e
el (Gl Gl plpls ) il L b3 g e
Sy femme 55 ClaS Sole 555 0 5 mlaw 51 ke
(S el Sl Lol pon CLaS ol plgl Sle s ol
JS p S o 5y e e Sl Sl Liia b Sobe
T s e am 5 L e glake = 53 oS
slac ble 3 oliy Olssr g ple 5 0Ll 5 (S5)s 5
(o mean T e sl s el e
s S SVl cogr o Glaatls e 5 S
Slil s 53 mobe () D5 s 0Ll DL
S ol :lj_»)c“t_.p @S0l sla £, (9555
S s ole cale b T Wgls s s AU Ol s
o 5158 (So I o past 50 ege DML (5 i
M SIS e sl s Ol gl o5l Skt |
o 5l idin slagbog 4 pomie ,ole b (S50
Ol e oS 4y ol ) (Shlecde b (55 loal

YOV @ ¥ o,ladiaida Jlew TGl s Cudilags cudigo dlase

LVRY-FY

5l Bl 38 s i b s e (5o
53 0l cedlew gl ol Sl bl 5 S Lo
38 ek £F 30 s UL ol el Olgr el
Sloa SoIl 5l s 0s b YV 5 s glya So
Laol Cel aS dims o s 5l 1y 355 Ol aes
55 TS e (S5 Ll 5 (s 0sabes YU 5 Y S S0)
5n laet VT mlacs can 553 (55458 Olseas 35 0Lyl
Al 1 31AVe was 3 s xS =obe
Ol g Ogoman Lo g 300 & 5 53 Ol ool Ll el
a5 b s Shl s Sl Oleiol (o 15 gl oz S
s 1a (STl ooy (5551065 Sl oo & 42308
S O 55 S e £8N s 4 e YONY Jl s
A5 3l Ol onl 51 VL Bl 035 A e iy 4 S
Tapie el 03y Gl g g Jl

Juas! LgLAr_..._:.}KA 03 et o (Gl g
S v W GO P SN I W S | P PR o
bt 55 slaast o (6 ptnadl (A6 JUES dagins 551
Ss gl ol codlw 5 e ST Sl
L S st el b bu g Lol (6 el i
s b sl gle Sy glls 45 b o o i
SIS 50 sla mel Ly s Lot NT glsl b g e IS L
3 losd laeda VT 5 a3l Jlanl a4 it coig 0 ds
PR G 318 gm o sl B0 05y e 4 [
Ll G b 0L Cson 3lash & Sl 5 slanl 5
o Syl SIS L g I S
Gblos 3 ehaa 1) DUl gsama U0 B L5 o0 5 Sl
S Wlesls QL& o 2 e Y As Gl Sl ELL L
)J&)sﬁo\}_lég;u\tgﬁdwlc_.i@i
Lt ST ol 4y pslie ol ol 5 ol o (sladams


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

pseoslS GLSe Sla g cpizmen b L sad B8 Ol
Pl Bl o S e Lslen s 5 o (SS9 e
bl 5t b Sl 5 s Olgiol o8 i
Lol an 05,5 5 Slle aliws) 5 s ,48 Gble 4 by s
S ol gl s el e 0l s il 5t
Ol g (8 phed] S 3 O 5 LS e 5 anlllas
S Sl S Ll e Ol s i ol
Nt 45 U505 158 L0l e 3505 b yme
s b 5 O3l 3 5mms 51 5L 655 5 e o YL
3 pamee aalllae 4 5 LTl addae 3 3 g3l
Dol Cilzen sla g (6 i endl G igi s (oslst
035 (S5t (S0 e S I3l ke lgiol
o gl SU s Cansy s 58 5 p el (LS
GlanS Slp ol Sl g Ol T il 13 Ol
) 31 526 SlaS slie 6 5 i Jliml sl
g Jamen 5 Ll LDl )50 53 = S (660 S 0
e (ZN) 555 aS olis anllas ol 53 ol ol o
5 (€C0) <ILS (NI |5 «CP) 5,5 «(Pb) o o(CW)
o DB 7S ed (el g s (L) o)
U mlon oLl 5 (50 sl ool (S Sl i

Dy g oS pole VL gl kls

P9 9 Slge
O % 05 pmp oS VY Cmbn b 2 S 48
sk L 0l (555 0 sty 53 o) il 0k Bl
Sl 2o 5 b s adds 5 a0 QLA
53 5l SlaesS ) g 4B 80 5 4dds EA 5 4z 55 YO
sl geame g 53 Ol ) OO A= glaciis 5 Jled
50l 53 Shbaasd slaascl Glils 75 4 o

Olme 3 AT s (g 5117 53,8 0 S oty s
St g = a0l il mlae 5 OlaS obe
Srs Glor kS 4 by e Gladkin 5 Jows el
bl s ol by ] (5355 e ST 5| Bl
23 05 94 (S | Sl 53 ole pl Dl )
o3liid b T Sl o pn 5 (5,68 5 ixin 5
o 2 Ogaman Ol 3 355 50 3 Ikl s 2Ll 3
AU g L lagatls il ol ar 5550 (Si 02
T elaS ol Shle Gl b ele Olesen
L Ol A Ol s Ll b Lol (sl a0l 5
S9d 51 5l Ol 5 Liie 8 aasls jole a4 ax g
M s eslizal b wliad
3 gbe el Cdoan g J s gl 528 5o
I 3 (5 el slaod VT Sl (g3lais b o L
obe e bl Sldlas ool o ol cpll (ol ]
plomil abian o gla, 525 53 (6 paemall Sl 3 LS
Js s 588 K Olgeas o Ol gl oo VN Cl e
An Sl sl 5o a8 S O s Sldlas caxe i
FSe (LIS Sl (ST S5 Dl 5 1 (5 S
andlles Olbas 3 (68wl I s 53 L e S
Sl g L aden js jole clale (Gl s &S W sl
LaolKinl plad 53 Lol clale frmen 530 550 YU
Gz 53 a g Sl g Olole s o 5l S
Ol s 0L, u—.’b’ Sl o g 4 S 0
Olims s 5 S35 Bas s 5 53y yobie Lime oliile S
Clas 05,5 5 IS5 mle 5 o sladl 51 00 S
S s 355 S5 Lol e 3l sladyl b s
sNorouzi M aSs e Ldie glls 5Sie 5 ol
slaclile SLSe 5 Jias ol id s b 0L Kes
A o Olgral 2 G el Sl Lelpes LS ole

M);\)ﬂ;@wﬁrjjdmjg}—ﬂ)sbﬁﬂ_b

Yoo lach aida Jlw A48 Hlgs dosas cudilags ousigo dlas @ YOA


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic ol

s plol (Cmsdale 5 g Sdame e3JLS LBab i
b S 1 gl Sa gls pd ses bl L QI L)
Iy LotV suaze e 5 st il slacaipe oS A2
5Bl IS el oKl 4 ket 33 8 bels
A 5 S e It S e 53 S s B
22 @3l pddame 5 cddale eidles sl S
Coslame 53 13l o mle g ar S L 2 S e we
Ol 5 )l Jemd 53 b 53 b sed s sl Lag
adls pamle 53 Aol L ()b s 095 am D50
ads ledd Cnlial Olguy Sl ols pd el Cgr LS
sslew! (Marble dust collector) MDCO slaks .S 5
Y o b L Sl D Sl )l

S Ladles L a6V s 4 ol (sl
'VOJJ,':fL;‘

a3 10 OT wllw sles Kl 5 ,edes YUY 550>
s e s O (S STl ] Sl
St Sl s 5ol Glas S ) gl g amets o s0s
S Lsd e glya lastloVT i 335 4 e S
A o3 1 pn St NT (VL Ll e Julse on Sge
D T S R R e N
Jisd A5 W0 slad 5 2 S S 5o o 5 olS 5 0
b b a5 (STl e o Ol 53 s
S dls W0 dlajlel ulud o aS(gssbas aa)ls ol
S s 55 LS sls sy 5l Ol 3 1sm etV

TPl e 2 S e sl Sl e sl g
MU U9y 9 SIS pediges

el.<2_.~.1\di_.i)> o Clows Qb}.ﬂ)}‘ 6)‘.3;34.’:}4.3
cMcwbH)CAPm&MJJHU

.

TS A Gl g 51 (5l 0 g0 (el ot o A\ S50

YOU @ ¥ olackaiba Jlu AVl cdasas Cadlags ouige dlas


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

g Sl Sk s 5 saliial b oS el (5 k] cadigd 5o oS jolic b Lol oL

3haallas 550 gaelKansl calis L3l g (Cluster
03 el e pleld 4 SaS 5 addlle 5550 Gla ane S
o sl Varimax ol s Jag, i, JSa oKl e
o ele S pslis Ol STas 4 gl bl
s Ol sl okl o Lol adge 8 Loddaly js &S
SLS 5 Olgiean V51 S5 Jele JL i L ols 5
o Sobel LT s s S ks s Jele O euules
Slls Jdowi 5 ANOVA (05 sy (Stson (s it 55
o 5 Jool slaadge 5JUT 5 SPSSYY Nl =0

(EF) oS Seb it a2 306
5> 3l xaz Olgen 5l obne BF) S 28 oy
Sl S 5 055wl LS sl 45 ol L
Dlde edasglis S paie A BF 550 e eslinal Ol 36
gy 53 O b Sl ) o i OF il 21380

P sl ) dsles Sl eslitad b el S L s K
EF=(Cy/Cref) sampte/ (Bn/Bref)backgrouna M
3 oS o Gl o Ca/Crp byl 5 &S
oldlas s ool Awn) ey 3 Kgad 33 e by p2ie S
iy U S s K Ol5ls die o polis cciliies

Y4 YA YV

o=l Sy gn Sl Wy Hlie Olged e

e o S ey ey slacble Glui Jsa adllae
A esli Wl BF aile (gl ole (glae olie Ol goa
SHbedba i gl Lie ol Ol seas Ol ol
L;—«.Pl;- d-aj}d DL .Y’V o
M%Huﬁupﬁ_w?u&:@rgﬁw

X o L) EF apilons

33 0l CanciSdS 3 (gl i ged 055 OLL 3

oStalesl a5 oslmanr Jade O Slaslinal L b s
Sligors Lol pon O 005 s ) shiaty s LS Jitie
a3 VemAs glas 53 Ol 53 Ladised ol ol Coniias
Lot it Sl a3 s 5518 51 sl
L S (05,Se ) O e 5l b S5 eslizl
Sla Sheslial Ly sts Sl gladi sai p S +/0 Sltis
o> L HCIOs 5 HF (HCI (HNOs sladul Ly =l
Pb 5Co jobe chle e ™ ad pan 2 e YO Ll
(ICP-MS) Ll eui Cdr o r et S5, 4
asLi 5Zn Ni Cu Cr ,_sle 5 Agilent 7500cx Jos
Jas (ICP-OES) Wl e i (g 5 i 35,
el s (63,08 e i sn S e oKiulesl sVarian

L el 5555 s SLLEST

o patio 3ip soleT sl 34T
3y50 slaesls as g 1l (5Ll sla LT plowit 51 43
350 a5 8 yad S 03T 5l esliad b anlllas
N T3 F SN P-UP S HENOR S ap - Py
sls QL ole Chale glaesls 0oy Jbo 5 o 5 ) sy
oy a3l S5 5 e dls gl ole S
GBS LS 5 S ol 5 uls, 2 (p>0/00)
Sl Gl e s g Lk (5ledle 5 0K
Ogesl 3 aadllae 350 (SLaolSisl 3 Lo ize (o (SOL
o= Sl— 5 (ANOVA) s b S il )l a2
Dl O gy (SNiod 5 5l Lo ity (Soan
LT 5 (Factor Analysis) el s | Jos 55, .05
< (Principal Component Analysis) ol sladd s
Cig o olaS ole Sop 0l BLS I Ll

Analysis) glas = JUT 5 ol x| e 5 (5 pma]

Yoo lach aida Jlw VY4 Hlgs doaas Cudilugs cudige dlas @ FF


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic sl

Sl T s VL iy 3 s e pols olie L
alie 4 S5 (s b oKyl bzl ) Co 5 Li Lol
das e Ol |, Sobe ol ab e S ol o ate sy
Ni ;Cr Pb Cu Zn , sls 5 sl - Sle Llis 5o
S3asmse oble i E ST A E Y ssd s O e
S Sl dl_:ﬁ Sy o kasOlil 4 Les e dlu gy
Oeens sl llnl b anslin jo pomas il Sole ol
G dame CBlm Oloslu b 5 ClaS pols (gl 0l
S S S Tee 500 AN AL e Y Ol
OSs ((835 5 JS5 (o S v IS (1 5
ol s Sloms A Sl NG O gl 4 pols aes
Sl et o 5 (SD) syl Gl il bl s
2 bS ole o gl hle s ol mns (CV)
(Gt ol 53 S sdallin (64wl iy (gl sl
S CV L LS 5 IS0 (s v ol cllS
CV sy OLES 1YL (g dy sess 70) 57070 JAY JAY
i e S J s ol QLG ) e sze 0k £35S 5 e
(S v S CV (VL olas . Clils oS (6 dy s
S das e 0L lae 53 1y Lol S Keal SIS 5 IS
Ll pole pl gl s Sl Gl;,a 3429 skl
Gl ses 55 1) olaS jobe chle (Sle ¥ S
cale e e 0li Calises slaelSaisl (g hundl i
53Zn> Pb> Cr> Cu> Ni> Li> Co i jas (g e
> S e eadlS 5 gddess (ddale glaelSan
5 —lS & sl ;5Pb> Cu> Cr> Ni> Li> Co
oKl ;3 Zn> Ni> Cr> Pb> Cu> Co> Li s Sa
»3Zn> Cu> Pb> Cr> Ni> Li> Co 5 Sy 5 s b
A SO I 05 WG PN L T PR RN oy
oKl ;3 CU 5Zn ole glacdale - 5VL 8 0 olis
»Co sNi Cr ,_sle glac ble iy (L8458
AEILaS o) 53 P Bl o VL 5 s b oS

YA @ Yo ladiaida Jle TG Hles dosas Cudilags (cudige dlas

ol e b A bl s e Ol e
L L a8 BFSY i 0 S8 (S o o
sloe 0 EF <Y+ (Lo slod Y EF <0 Slu>
Sle EF> 60 U jlws gl V< BF <t ar 5 LG

AURARNE e

polic 09l ,S139)95T 0 sl )1
s R 6L, (55081 ol il 2
Sposmas (TAs b e Hakanson L g fol 53 48 ClaS
oo DB RI s e 1) aidie Loyl 6 blses Ol e |

SRS SRS

RI=Y™. Er ()

Er=T,xC ™)
_Cs

Cr=— t)

A glachle 5 sa b dsle 53 Ch 5 G el ps oS
2 S e bl BI Ll s gy 5 00 3 (S
el 505 5 sdate jole o5 sSTe bl Rl e
ols K Sl o fly 5586 Ol s |, Tr Hakanson
Zn Cr Ni=Pb=Co=Cu (sl — I, o1 53,5 (i a5 pne
SSsdsSt e bl RISV sgad s V(Y 0 5 S
RISV s thav gt 0545816 blie V0 < RI<Tor ¢l
o bl RIZ M 5 alasdle Ll S50 S1e blses Yo o<
it Gob o eamen (Sl YUl (S35 S)
o bl < EL<Av ¢ 0l o bl El<te Er Laxls
VU EFSYY s cadamdle LG o bl Av<EfF <)+l g2
el VU Sl o blies EE> FY e 5L 6 bl

laassl
B Li 9 Ni Pb Zn Cu Cr Co J__«.pL.O c_ble

ol Sl Lol s =S e (6l Sl (gl s

4_..’.4”[.&0)) sl 0 d‘)\\d).b-)J wﬁ) ﬁwﬁ))ﬁt‘.@


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

m e Shad O gy Somad 0303 gl Gb

500 (JSS ole sln /) Oleebl a3 e
Gb A edalie s 5 Suu pole G ramen 5 SIS
o SIS 5 1S s S ol ke ANOVA 055
Ol (bl s me sl Lol adS U s 3 olSa)

als

52 Co 5 NI Cr LU jols glaclls oy 50S Al sdalis
S SPD 70 ole CLlE 0S5 e oSl
et Sl 3 b s i dLeS SlaelSal 4 by e
0 e cle (gl Ly baolSanl S s L juzie
§omaze 53 fij — rj_fjj_i,:a YY/Ve=YV0r aals
Sl 5 e LaelKegl aJS 5P 520, sle okl

w\ﬁlﬂpﬁJﬂJﬁJLljcoprcQM&}fﬁL&

,’3\’ i‘;}; f -)? d’?};’&"?

(6
200 2500
150 2000
100 1500
1000
50 500
0

y‘,\’?j ,{J i; J’ié’?

P9

150 - 60 -
50 ~

100 - 40
30 ~

50 20 ~
10 -

0 - 0 -

y‘ipjf j f;&’ ¥

yyvg"”f Y}J’?ZD’?

e
$9)

250
200 -+
150 ~
100 -
50 -

0 4

y’vf’. f j 3’?;5’?

alises Lgl.anlf;’.ﬁil BL (]J.g/g) axJUzs 340 u\.:a.s f.pl.& cble <J’3'<JL3'° :“ dﬂl

¥ oo jlach @ida Jluw A¥A4 Hles Joane Cudilags crusigo dlas @ YRV


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic sl

Coalite Liie sdiasylll aS cl 03 S jasila |y
AUT b L G35 53 0T nl Gk o omas ol a0
by s ABLL S sl 5 s b oKyl ANOVA
S obe 5 LIS 5 IS5 0 S pobe b jay Sy
adaly L1 et 5 O olis S Jbm s ks s
5 AidleS (dtals eddase Glaelanl b 505
590 laclK! duf\;j),\_;g N S A L
s am g b e Ol ) ladips LS g a4 s 2
33 53 el anllas (laelSansl oS 555 oo olalive ol S 55k
ol ol a g sl ledd s S (g
po3 A RESWH R PN I O Jelis o5 A 5 s
534S 25 o SUSE (5SS glees S 5 4 e
S B AB T 3 (Sres e bl e
SJlS oKl Jsl aib s ASL LIS oKl elad ol
ol L 5 alols 55 5 o5 aib )3 4

sl 3 ) e = SOl e D8 ioman

e A edalie Laolonsl aldS U yes b 5 L3als,lS
L a8l 1S ol Sl gme OGNt Ghls 35 e
s el g idleS g (ddale glaolKaa!
il Lol S L Leidles ol o o
aie (P</00) sls OLES (gl ls pme sl gbdasms
535 andllae Glaolanl e (ol I pme slis W36 (2
Gb o pes il (Stan ol 5l S b
¥ USE 5 Jsder s aS0lrpa el o Oell
o-bols § yoma TAY 350> ol Jule 53 555 e odalin
TONYO Ly dob Joale 1y s 0 55 S 4 ol e 5
oolatl oyt 4 IS 5 IS s S 1 oYL L Ll e
Slao paz b S i Lt sliasOlis Ll o a5 Sl 03l
IYYIVO g b o 53 add go 3l LaOT bt placim (S 53
5o ol LVL 5 cte (Saan s IS L1 )
FRSENR U VP (R N S G By PS

Jﬂbwwb‘jcﬁgwbdbLsM“w{JJ)w)fb)jﬂdqulfaMaJub-ﬁLSLA‘}AL.GL).‘,{JS[A:\‘J’“

Y g \ ad g i
YV /AV\ Ni
VY A" Cr
Y8 /4y Co
/A4 A Cu
/AN YAR\s Zn
VY —+/NoY Li
Yy VALR Pb
y/04Y 8/+A0 oy ol
YY/ VoY VAR (1) ok am g5 uiliyls
STARE oA/Y 0 (1) razs bl

YAY @ ¥ oladi il Jle ATl s Cudilags cudigo dlase


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

]
. g
S 1.0 LN,
//A%'\’
Z
Seasira 0.5 » 4
s -3.00 225 -1.50 -0.75 o 1.50 22 3.00 3.75
= ® ptiann
= ® e85
=
S 1.04 Zn
Cu
-1.54
2.0
.5 wda s
3.0

Component 1 (58.35)

CJ,SJ[J.‘UQAM&M‘CM.L@JJ) ol Glaadl so 4 o bl s Laadd o ST ey 55l s 2Y (S8

)L)\;)bﬁ;:pisx}.}i&@chﬂ); Jﬁsj_éali:m.ﬂ);
LSYQ)L:_W..:CIQ_M)J J_;.Tas\:.l}')lsclf.:.w"l LS‘J"LS))J""‘"’
63 gl >es > LﬁeKZ_wi\A.:lSJD gL.JLSJMJ)‘J)\Jﬁ ;J;ﬂ

Distance

O dadr) <35 513 el e

£ Gl s
illes

0.5 4
1.0
15
2.0
25,

(EF) 5 S i a8
315 0L ) adslee ulad R EF (gl ael ity s
(s 5 (bl @) IS5 & (6 hmed| i (S35l 0o
Ll @) o polis ol Lo mlan 53 e 505 S
S 5 (Bl )l8 sl @) (55, (B8 5 e2lS

Sl
K]

3.0

3.5

40 ’

45 +

5.0 -

@so;uumahuéj@g\;,;@);w)ﬂwféuﬁgé\u?}guijl J.‘al;-r\jfj).).j::Zdeb

Yoo lach aida Jlw VY44 Hlgs dosas cudilags ousigo dlas @ YPY


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic sl

alllas ailin 53 SlaS ol (BN S35 81 o bl Ll 5 (BF) Sai & oo (ue/g) S chile o Sile ¥ Joaa

Li Zn Ni Cu Cr Pb Co G 5 303 oK

Y0. 101/4. 10/Y) A /0¥ 44/0) VY JAY V0/40 chle Cobdale
- v/ Y/80 VI8V Y/\0 0 NE EF
- 4/\A YUY YUY 04 YV Y/AA Er

YA AYYAA 0q/0¢ YVa/A\ AL/0% YY NV VE/AY clls bdasee
- V/vo Y/ Y/A\ Y/ Ye/ed V/Y4 EF
- AINA VE/AQ 10/47 EIAY 00/+4 V/tt Er

YUAO £4A1 /Yo AL/ AV/AY £18/8) WA chle esdls
- 0/Y /¥4 Y/oY V/AQ 14/44 /Y EF
- /oY YO/A) RV/S o/+Y By AJOA Er

YE/8) RARVAN /Y Qv qv/¢4 VAY/YA YVAA bl grnaty
- /Y YL AV Y4 £\ V¥ EF
- ANE VeV V4/Y\ o/t YA/LY A$4 Er

Y¥/00 V&aE/6A YAYQ Veg/Y AYO/A VY4 /AA AVAL chle s
- VVoA v/va Yot /Y4 £/V) \ra%s EF
- Vae £0/4Y Y /AY A YY/VY YV/o Er

YY/AQ VALYV YA AYY/A 41 /¢A VYA VA/+ clals NTEVHUt
- YV/Yo Y/AY /11 Y4 o/eY V/0Y EF
- YO/YA Y U/A0 Ye/01 o/YY Y4/40 q/07 Er

YE/V) a¥yvo AY/4 4£/1) AAVY VALY W clls adllas aiae S
Yo A Yo Yo Yo Yo \D ckle ) A g

e o9l ;52 39lgS1 0 plolze a3 L

o obe aan Ll (Sl sl w8 G

etz (e 5 ol bl ) SIS 5 td (sl
55 S 3 el ey VU iy 55 3520 polie il
s 3 daee bli= Ol glas il b avolis s
e e 350 Sl R e gLl 4 jolie des L
b Bl 3l mle sl e las 0Ll S Wy ol
TS A 53 el plol aalllae il ol LOT (51
SIS S S e S e sl Bl Sl
YVA0 VAV YAV (0 S 5 -t S s r.:_:.:i B

YFO @ Yo ladi il Jluw TG Hlgs s Cudilags cudige dlae

obe Gl ol (S5 SS1 Gatld sl 4 a5 L

S LhaK:.w.i‘ 4?5)2 d’ﬁlﬁ é})ﬁ\ ojl;b'u Lgb\b Zn
o o Loyt o bls L aS s b oKzl gliziulas 55 Ni
WWW\WQQ}de‘Jwﬂb))w‘
}.la_wj:.a aj.labwl_’J.é_mJM le_aaK:_mi‘)JL@;JPb
Cjw 2))_4)2 &:»._.w‘ &_JGP-WL}_:G GJELNL).@JIJL«S
LﬁoKfl_w.i‘ 4_?15 L(RI) )_JL.O oj.lthg ;;i”)..}-sjs‘ ojbuu

e ol SG5 ST bl gl eadles sliala


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

375 oo 3 ole o 51 ol gl 05T ol
21 e 5 Sy ole 5 adpe SO | SIS 5 SO
ol (7 IS8 5 ) Jads) 38 suaras (5,503 sedl g
5o s i Bl DLl ge laclisy e 5 S5
=SS e L s Sl 5 S g caile) 93 Slay g e
S DLl L el o O sy GOGSTB jo a5 L5l 0
L jdidows @y 2855 350 il Sl 5550 S5 5o L s 0
P W P TSI I AP S PR (RSP
53 =) 3 OgaldenST pl pegdle s ps e e
(T sladal LS i a2 VU slales 55 15 5 e
Sy A olS 5l s baadl deg S s IS
J;i\_}é\gﬂm‘;,\;)jp'-&; ol e ol g 3B (gl
T sy Jol SSUT 5l psaslS 5 e s s3lla,
S g e g Sl Lle (Y4)9) Ol 5 Men
eslar ol 5 odisal 28 slse Dluls 5 Ol 5m
B T T S ST DS -] LG ) e F &l Ol sea
3l SN il O 5 Gope ™ s sl b e
e odae L Olgioa |y ol S5 55 S0 (SG315 5L
5Gope 25058 b i pamen T Ussas e (55
Fls SB5 L (e 5o e i 3lula O
ol s e 5 St Bl e el (S
Slakad (L LS5l aar Sl mbos nlw 5 55550 Dlakad
el Al s s b Ga s slacdd il Osmmas 5535
o = allas ol 5 AL B il ol
55 Bl Al s ) 53 e 5 (S, jole hale
s Lol el sdalie £ S et 68 e S
i ol VL 35,5 L adlate s OF 1ol o
oS e ol Zon b sl Cpizmen 5 (5450550
3 S AR05 23,5 3 (36 S5 5 VL e L Ll
ol A e Wl g e S ol 5 s S R0
Klos 635551 28 5 535551 SLLES! ) 5b slaeny YT

NS 5 0 S5 Se TETO 514/00 (TAVA OA/A
ole aan Ol e candlae ol L awlie 5 ARNCI PR
S 3 e 5 (n 8 sl ) s slinud @
SLe 53 3550 p3lide 51 VL Sl 25 60 (5 el
33 ks ol () 550 s 2y s s oS
slacble oSyl DL shiaay ol by S e UG e
s e i Sl L b e Cloay b
Sobe jaitle ol b gllas i awlows EF Sa )01 Laxls
aals 53 a5 B sl U Laolanyl LAl 53 Zn 5 P
slacJls das o OLES 45 i sdalie 0 SEF<Y
Yo 5 va Ol b 5o gl Lol s Sl
L el s ol sadlw gl oYU s 5 (glyls
s o o3l SOPD o 50 s (5 el Sl
Yk 0ley b s Ol 5 0l 53 Ll o 5 Sl
ol OLS3 S 53 e b gl sn 2iligy BT 55 il
3 Soml s s (Sl 5 ol S
el G 0S5 gl OIS el A e
gy JalS ) e A, Ll e e SInL 0L s
L Cu 5Cr Ni obe ™ 555 de e 5l i Olasly Esl
o=l ol pls s sdaline Y SEF<0 auls 53 kugn gle
Sl e oo s b olal 53 Ni o354 5 ol
Gls s edd axdllas 3l Lo b avslis 53 CO s
b s Bl AU B w0 e oS 55 (6 %S
o ml @ a5 LAk S Le sdme Gt O e
lls e (Saes ST (Sus 8 e Ls
Sl ploe plobis il JLle s 5 48 b
b el lis oyl eSS
m Ga e (Sias g 05051 8 Gk
5 JSE s S ole e e 5 s 5 S35 pols
st mln 5 el Bl 05 e o 45 sdalie LS

=l L G3ly 55 S e J 58 (6 phemal tig 53 | WO

Yoo lach aida Jlw VY44 Hlgs dosas cudilags ousigo dlas @ YFP


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic sl

Slallas 3 e cpl Sl G55 5 e b e (Sten
e la il el el ol (g3 aze @u 4 s
sl 3l eslital Cus s 3l B G aie ol () Lie
oo Bl Sl sl il cop e 4 ol Ol s
b Ole) s ar g Las Slcal ol jyme sls
S e Sl ol gLl (SB s ae pnl (Y
Kb St Sl sl D3 LS 4 e Al e o
ple amam s L ol ans L b s J Il T
Olgr sl pse el 3 s s e ol sl eslanal
0313 s o Sladyl b 4y CLEL ate ol VL ol
o s SLls jle sl s O sTang ool sl
plomil Gl Tl e CBlE o 5 R Gl o
polie Olgiol i 55 0LSKaa 5 Norouzi Lw g ol
i e a8 sl 0L (555 e Gbl 53 1y e SV
polas QL s Lu Fad esls s bl LYo
e 42U 3l el (5 slmen JLe @sad 53 1y o i
(S 058 slls sl 8 oY 45 sl slacloul L
el JB5 s s L olS5 00 5 Olewe W5 Lol S
Colw 31 S0 ad el ja |y Lac bl peS Ll s ped
Ol LadT ol sl il 2aS SC315 oST5 L 5
5 Bdas ed opl UL lasle s o mlie L3 pa
e H el i Ll Sllisl 5 ges el
S S Ol sty cilitie S Sy 53 Vgams 05 5 5
sl Olpmean Sl slys 53 5 ol SOLLLS Lo
PR VR U SN P VU KL S AP RT|
o Coed VL Sl ez Bl ls gidleS oS!
cidals glaoanl b Jls gme Odat! 5 oKl plu
A CC I B SOU TGV B W YU P SV S B L
slachle Gl 5o cldabe oKl = U 5 gddams
g b WelSal ple & S e cnl 51 5L
S sl e S b e dleS oKl sl 4

YAV @ Yo ladi il Jlew TG Hles s Cudilags (cudigo dlae

éugﬁl.éw;(.sjiydyj\.nﬁo@\ RSN
ijjé"':g_f}'“ﬂ j—‘}})z 8‘_5 dl.ﬁb&..ﬁ‘)bﬂt& u:"
'd%gﬁMdUa@ﬂ‘ﬁwJﬂb)ﬁJJ:ﬁb
caallae oyl LG5 5o Ll edalie Ciiale 5 e
\)wjdj)duwd)‘ybdb&wjLfij.hd.)w}\
eSS VL S5 L e bl Jless S slakipal
olS ml S5 L 64505, sble 5o 1 ol chle
Lo JUT 5 os Ols Clas 0 ax 5 L cpl ol T s gad
Oﬁ‘)uﬁ:}‘ owmt;@\j cL.o 34l gds ol rl;u\
! 53 e Lt a8 ae b andllas adlaie )5 olis
CJSJ.@_.L)) o <=l_>u‘ AJJUG.AL:&U:A NG MA;L?-)LS
Sla e Sl e b e TAY 51 e e
Jlw Yo 5l St S 4 hlas 100 5 (55050
5SRO sl 5 s s TAY 51 Sl 5 Sl
\j)j_isj\,\.}t_.ﬂld\)bwiz_.ﬂ‘\_:l&jg}iuj"/fh B
S Sl bl ool b me SL b o T s
)‘&Ybr;&)m‘Mwﬁsdy)‘sﬁdﬁdf
ElE w ey L 55 0 olaS ule aher I oV
J—JL}LJNVM:JJMW@‘:WM&AJ\
.MbﬁQw‘)Ww\Q)Lﬁu@MQLﬁédtﬁﬁ
jélmﬁwulﬁg;ﬂwquﬁﬁgﬂ&
L_go.i‘ﬂL_l.g.“‘i.x/\w‘ou&_ﬁﬂﬁbu@l{jﬁf}f
MﬁﬁJL&@J)WJ):M@MW%Q\ﬂW
odalin ¥ Jod> s aSOlerea oKl s (gl )
é;j\.:ﬁ&.&éwl)l_@;;)y@;l{\{olﬂ


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

a5 Lo Gl ol anlllan 5 s e sl
3o Sl 5 s oSigl s olis ol SV sl
G s g 3l elKal pla b ool ol s WO
(B oS5 8 pslome 3 o) ) Sl Ca3 e
Bl 513U s ol&a) 3 1 OF sdas L Ol 5 o
Nt eSOl .l oS5 0 53 Jed slacs s
03 3 5 o) 4 (g 58 4hols s &S 3Ll S
Lo slacble ol a5 S 15 el il b avslis
Sladlas «SOLores adl sl Qi 1y Sole ol 51 g 5V
Al e ol ol Wil gl 1S 50 VL s eds S5
i g L bl mbo s aodd folas 51 230 romen
S5 e b fls 335 5 51 s b olSa) oS
155 b el a0 AL IS oSyl b anglia 3 (5 208
il ks Ll 5l s ] b ) ool L
Sl adse po ole (ol eSOl a5 L e
W S5 e Sas o 4lE il e li jole
aS 3,35 ole ol Gl 650 e Ve
o i 05 (g el (S5 e 3l Satu
2 e ol Sl e sdalin 5 R ol Joa 5
5ol g ddame 5 o lalKnl b oanslis
-l sl ot ol Lasl ol s Wl e esdleS
ol S 53 Yl 55 ) B 5 i s 3
ol Lt Lol cdils g WnslSasl L 53 03500 juslis
o s ot gl g Bzl Y| Lol siSJ 28
RGOV VU ST - P U S RGPS | Wiy W P L | P3¢
o JE3 W5 5 5SS T sl S nl esdle
2 Al g e 5 s adate (s 5 @Bl o guan 0
o IS e Jcpll sl wsls iE ole ool Ll
23lis 63 5dee 3 andllas laolSaiusl S 55 s b gl
Oyad (orb S Liie &S sl (e iy 53 297 50
2 e ol Gl L S s sl Saslee gl b

s aslllas ailaie o8 dlad 3 o&iis) ol sV 5
o o Jld Sl G L e e 5 Sl el
ool 55 jmie ool VL Chile (7 S 0l 53 G s
513 i o Sl 4 Ol e |y eddleS
abll s 50 g dlase 5 Coddale laolKil izen
J=Vs 3 Al e S Wilas S 513 (godae ms bl
ol el sl gble ol s e YL slacle Lo
u&g\;mekﬂcuﬁuw,msw@“w%
woar g b aSh S el e cpl clle Jhll s
o3S y ansdS laaas b s s g Sl eslanl
sde ($5alny oy pemman 5 (VFAY a3 51 13 5) Ol
o by Oymen B Llus o g5l Slaki
53 4, HlSan O 5 LaSaY SO 5 b e
=2 S sl mlis 55 5e sl e diSOls, Lo
St (Al 03 e ol Sl LIS s Wl g
VR sl anils B8 5335 Gble 53 55 eksa
GLls 7 gb 90 SIS 5 IS ps S pobie Ko (55w
oSl 55 VL s slachle 5 a5 LB Soes
Bkl bes S0 i LolSais) ol 4 Cd s b
LL;L:_M.éj ‘_s_b;.s C g Bl | (Ll O gomen Sl GL'M
el 3515 a8 s DL S a5 o
3 055 Sl kel Slail gl pmnn BTS00
i Ly DL 5 hed sl o Bl i
Sl U dad e o lél cS oS J o VTN zia
Sren i e el s Jl) s S glacs s
S sl i 53 S YL 5 sLas Sobhanardakani
LD 5 es g b lag o S il 4 ) oLl S
5 ANmed o7 sls o s IS s b i by 51 b
Lite ins mlie 51 bies IS5 48 L 505 5155 dIshiga
JS e s L SIS b e Tl 4 S

5 ixme LIS S b Sl 5L Bes o

Yoo lach aida Jlw V44 Hlgs dosas cudilags ousigo dlas @ YPA


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic sl

035 S Dy Jalse Jdsas Ll o0 Ol Joad
Izl 5 a3 (ALS b 22 pde 5 St
o=l s SN anl Gl e Sl Sl 6 i ol
Cmsby Sals 5 Les R15I L obe Aol chle adllas
slasl o5 4 ar 5 Lol fad (b s sl )5
B A I T I s
WSS oS S B oy S s @Bl B oS0
Jole (el as At il 2 S el B ple 4 St
22 56 s S s S ol VL glac bl s Llg
SVL bl e i il 8 JSpf slaole b
S =3t Q...«lu_i.w)_?p_f slacle b s 55, e
S L s LK ol e SISl 2153l
s B €05 G Y B g e Sl
SV Ale Llg o a8 3l Rl s laele (b s o
a3l as Ll s ohlisl s gl Jld ¢ 5
Lay o 5 e gl Clle J-cpll o)ls 5
Sl LA (g5ls il sad il slaole b ys 1y ekl
04— ca=las ﬁlﬁdg‘_‘,_wljjigp‘}?w
(Ol 5 5l dlo o5 (gle Jomd & 350 (5513 24 505
L5 et Bl 5l 0 5 Ol ed o
S35l 3 ey 350 andlae adbae (3, Sl slacJled
Gloasle (b3 ples Sl Oomen ol ye s Ol poa
slac s L 5 5lnl ool bl s el e s
Clle Ll ey e IS e GRS Osmes Sl
P35 Sl Sl 53 3 5mse pole
o=l 02 edd =S ol pobs Sl ) ke
laosls L ol fasiy ol ole Chle wallls
Y s 5o 5 awlie Ol bLE sl gl ods 5158
5 olpiol s Gl e LS e o sl 41|
YL Sl sl La et ple 4 Sl e 0T

Wy odgdome j3 slackle w4 g L el bl .l

YFA @ Yo ladiaida Jle AT Hles s Cudilags (cudige dlae

a5 s 3 ey el oS

e 518 0l o o ol o5 esls 0L el
D e Gai3ls D3 5 (5 el St 3 LoV
b B ades Sl L, S8 > 5l Sl 0L
53 e W) Sl slac b 5 (515 315 5 )
5 (B By s 2 had slacs s Bl T ol
53l ailate SBlian g a3 5 Conex o3l 30
O (6 el Ll 53 DS olie Olye )3 ot amed
—g_;wa,_awjuoiou,@uph;fw|
T sl S 5 4SOl r el ol 53 2T AL Ll sls
5 cddale GeadlsS eilS oKl Sgh podia
sdd aallas ;ole (sl ) s ulte S pdidanms
Al 0L s e L (6580 5 BLII L el e
G 5 e Sl e Ol I L a5 Ll
b LolSal (nl Olgion e 5 b L i ome
W.W\:MJML}MCDJ\;@;&
bl 53 015 plonil anlllas &y 55 L oS ol S5y p3Y
e b bl dhex 5l il dilie (2 S el S8 NY
S Sl ol byme S g 3 etV s d g sl
alie 6L as s 53 OF 58513 BYs 5 Ll
Lol 2 Al 2 S e Ol 53 @Bl S ims Gbla
S |y sl (S B S 5 s b (Lol
a5 b Bl ol s sls OLES LaslKany! Rl
S VL Jlat b odas Wi s 5 555 VL olis
b o L e ol 55 5 (S5 L)
AU sdae Wit we IS 5 K3 055 ol VL
el s sy Bl

5o dlad Olpn ez 31 alpa sl gla sl peas
Cdled a5 5 Ole 5 150 5 S b ol g oS
S 3 ol ShlE Wl e il Jpad 3 mles

fb)sdwlcﬁmﬁj}'cjj sl adls U (g el


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

g Sl Sk s 5 saliial b oS el (5 k] cadigd 5o oS jolic b Lol oL

o bl auls 55 eidlLS oKausl 3 P (ol EF slis

S gin o olsen aials 53 ediams 5y 5 dimSle LG o 53l
o5l o blswe 4y e jaie ul das e OLEIS aS 51y 13
2l 03 b e S 545 e o i ST o
o o) 53 NI i (iman iy i 2l (s
el SIS D bl Ll S ele Olsew
o 53 el oSl sl ol IS 512G 6 blis
anlas ol 534Sl @ a5 L dbppll s L5 Ja s
sl 38 bl s sole Sl sdee sln g
S5m0 Som)l 5 pgraslS o g o 3l o jolie Sy
el S (55551 Sl bl 1 K515 e
aSilan a5 Ly e Sl ol 3,50 5 a1 kS
S Sl s pole (SAS slaparli s o bl
~obe el by s b 2l 51 YL 655
Ol =l e san wlLisl J 28 5 e s ) s OlbaS

.w‘d))ﬂcﬁjﬁjb A?LEJJJL\NJ

o Yamm s b limal 4 belSaus! dan 53
5 IS mots s pmsenll 0 S el e 5 B S bl
e Olgr bl bl Ly 8 b aslie 55 (555 o250
55 Lol VT ol (VL Olpee 3550 03 1y 515 oS dien
Ll 3 58 o g0 SRl 2 S (6 el Sl
e 5 Olgiol 5 Olg bl 4 Ol 5l gla b Ao
Lo Y0 ckls S glanal 4 Ol sl 508 U2
tslin 53 s 505 S Sle o hle raan a1 0L
oot ol b 3l DS e gt a3 Ol LB L L
P35 3w ther Sl ol (2 VLo bl 4w s L
5 bl S (e (ST, ) sl L
O_iljsq_lzsu@ul_ge\j_aﬁsm&wéudﬁ
S g 255 5 0558 S b0 ST o Ol
ole a5l Lo VT Elol i feaily il 2
JEESVIN L P wrgeds Do )3 S Sl esls mal5al

A Sl glr Dl bls 5 Sl Ll 5 5 4

Olgr 5 0al Ghlie lo bz 8 e Slallas ailaie 53 SlaS obis b aglio ¥ Jg 3o

=r Zn Ni Cu Cr Pb Co o
ol axlas a¥y Vo AY/4 481 AV VALY Y\/vo Oal g S
oA AVY/Y YE/A YYor ¥Y/0 Yov/s - Ol gl Ol
T Ay AY/Y vy vi/t YYY¥/A /4 Ol Olgaal
04 2 va ot v4 WA WY Ol ede
A VAY/Y Vo A/ VYA - - Ol elisls S
A ARt YA 08V Veo/s \YE/0 YA o Ol s
£ - YV/e £4/1A VEETE YA/44 - Sy Sl
A VEV/A A /¢ - TVA AEVA Ol o
\ns - OY/AL VIV/Y ARRVEAY YYVUA0 - Koo (6 59
1 - Ve A T\A 08 - Wl ese L

Yoo lach aida Jlw VY4 Hlgs doaas Cudiligs cudigo dlas @ V.


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

OKaa 5 dadinily caddic sl

Sl S lls 2I8 5 gddass coidale eidlS (gla
g o allar LS e Sl 51 5 ul
Slaa it s L3085 s b el &S J- s
Sl iz 58 o8 i S 15 baelSal Lo 5l s
il a4 sls Olis S5 ST ol bl L5 s sl
bl Geddae 5 e ddlS Slaelin] gl o
55 il ol i 81 il oS b el 51 3G
3525 Ol Codlw (gl (i g oSl - shas

SISl 9 pSubis
e Ll Do L (685 oy | iy s oyl
TS Ad S Ll 5 Sl L Gl D3 L)
b gl eI e Mo it i il 5 S0 L
5 e Oloslu (LS L oS el Ol g5 oKl
Cmlo Sl akews s A ol Sl Olial Sdee SLLES)

Ll e Jes 0 S35 5 a8 Olojle oyl

References

1. Omrani M, Ruban V, Ruban G, Lamprea K. Assessment of
atmospheric trace metal deposition in urban environments
using direct and indirect measurement methodology and
contributions from wet and dry depositions. Atmos
Environ 2017;168:101-11.

2. Breslow NE. Air pollution: consequences and actions for
the UK, and beyond. Lancet 2016; 387(10021): 817-916.

3. Shahrabi NS, Pourezzat A, Fayaz-Bakhsh A, et al.
Pathologic analysis of control plans for air pollution
management in Tehran Metropolis: A qualitative study.
Int J Prev Med 2013;4(9):995.

4. Norouzi S, Khademi H, Ayoubi S, et al. Seasonal and

spatial variations in dust deposition rate and
concentrations of dust-borne heavy metals, a case study

VY@ Yo ladiaida Jle AFAY L s Cudilags (cunigo dlae

i S sei 5 ClaS ol So T adllas opl s

) SIS ole CblE Al s 2 S S (S ]
03 3d e 53 (6 phmad| Clig 53 et 5 (s 2 sl
v polis &S I3 A 3,50 5 e Aty dne) I
EsY & OV A Ol i St e 5 205 (IS5 0
B Bss & S ed (6 phendl S 55 (o) gy 2l
s 31> 0L ol il (sl |y Ll e s s oS
C bl Glosle oo ol s glasjlulind b acslas s
aod Sl (S s CleS ole Gl ) b
3 Sl 35d Sl VL o 5 o] bl 4 ole
TS s oS das e 0L S 6 Larls ) bt
Lol S5 5 055 e 52 B 5 (555 5 o 4 030
5 o Slal Line e pll bl sla Ul & a5
SIS 5 S s Ll Lane (SIS b 51 25U
VT D VA VOU S INCSICNUE { S I I
ﬁb@uj\f;uwm}f;&dquy

_gm‘cd\wft}:@éb&ﬁbfwwbu

from Isfahan, central Iran. Atmos Pollut Res
2017;8(4):686-99.

5. Gunawardena J, Egodawatta P, Ayoko GA, Goonetilleke
A. Atmospheric deposition as a source of heavy metals in
urban stormwater. Atmos Environ 2013;68:235-42.

6. He Q, Zhang L, Cui Y, et al. Particle dry deposition of
polycyclic aromatic hydrocarbons and its risk assessment
in a typical coal-polluted and basin city, northern China.
Atmos Pollut Res 2017;8(6):1081-9.

7. Shi G, Chen Z, Teng J, et al. Fluxes, variability and
sources of cadmium, lead, arsenic and mercury in dry
atmospheric depositions in urban, suburban and rural
areas. Environ Res 2012;113:28-32.


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

g Sl Sk s 5 saliial b oS el (5 k] cadigd 5o oS jolic b Lol oL

8. Nicholson FA, Smith SR, Alloway BJ, et al. An inventory

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

of heavy metals inputs to agricultural soils in England and
Wales. Sci Total Environ 2003;311(1-3):205-19.

Ye L, Huang M, Zhong B, et al. Wet and dry
deposition fluxes of heavy metals in Pearl River Delta
Region  (China): Characteristics, ecological risk
assessment, and source apportionment. J Environ Sci
2018;70:106-23.

Azimi S, Rocher V, Garnaud S, et al. Decrease of
atmospheric deposition of heavy metals in an urban area
from 1994 to 2002 (Paris, France). Chemosphere
2005;61(5):645-51.

Sharma RK, Agrawal M, Marshall FM. Atmospheric
deposition of heavy metals (Cu, Zn, Cd and Pb) in
Varanasi city, India. Environ Monit Assess 2008;142(1-
3):269-78.

Wang G, Oldfield F, Xia D. Magnetic properties and
correlation with heavy metals in urban street dust: A case
study from the city of Lanzhou, China. Atmos Environ
2012;46:289-98.

Sezgin N, Ozcan HK, Demir G, et al. Determination of
heavy metal concentrations in street dusts in Istanbul E-5
highway. Environ Int 2003;29(7):979-85.

Rizzio E, Giaveri G, Arginelli D, et al. Trace elements
total content and particle sizes distribution in the air
particulate matter of a rural-residential area in north Italy
investigated by instrumental neutron activation analysis.
Sci Total Environ 1999;226(1):47-56.

Boaponsem LK, Adam JI, Dampare SB, et al. Assessment
of atmospheric heavy metal deposition in the
Tarkwa gold mining area of Ghana using epiphyteic
lichens. Nucl Instrum Methods Phys Res B
2010;268(9):1492-501.

Ta W, Xiao H, Qu J, et al. Measurements of dust
deposition in Gansu Province, China, 1986-2000.
Geomorphology 2004;57(1-2):41-51.

Pandey J, Pandey U. Accumulation of heavy metals in
dietary vegetables and cultivated soil horizon in organic
farming system in relation to atmospheric deposition in a
seasonally dry tropical region of India. Environ Monit
Assess 2009;148:61-74.

Modaihsh AS. Characteristics and composition of the
falling dust sediments on Riyadh city, Saudi Arabia.
J Arid Environ 1997;36(2):211-23.

Shinggu DY, Ogugbuaja VO, Barminas JT,
Toma |I. Analysis of street dust for heavy metal
pollutants in Mubi, Adamawa, Nijeria. Int J Phys Sci
2007;2:290-3.

Shokri Ragheb P, Sobhan Ardakani S. Analysis of Co, Cr
and Mn concentrations in atmospheric dry deposition in
Hamadan City. Sci J Hamadan Univ Med Sci 2016;

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

23(2):149-56 [In Persian].

Ahmadi Doabi S, Afyuni M, Khademi H, Karami M.
Statistical analysis of heavy metal contamination in
atmospheric dusts of Kermanshah Province, Iran. JWSS
2016; 20(76):29-43 [In Persian].

Farahmand-Kia Z, Mehrashi M, Sekhawatju M, et al.
Study of heavy metals in the atmospheric deposition in
Zanjan, Iran. IJHE 2010;2(4):240-49 [In Persian].

Mahmoodi Z, Khademi H. Concentration of selected
heavy metals in atmospheric dust of Isfahan and
neighboring metropolitan areas. JWSS 2014;18(67):243-
55 [In Persian].

Hamid V, Goudarzi G, Neisi A, Dastoorpoor M. Health
Impact Assessment of the Ambient PM2.s Concentration
in Karaj, Iran, during 2012-2015. JREH 2019;5(1):255-65
[In Persian].

Goossens D, Offer ZY. Wind tunnel and field calibration
of six aeolian dust samplers. Atmos Environ
2000;34(7):1043-57.

Yongming H, Peixuan D, Junji C, Posmentier ES.
Multivariate analysis of heavy metal contamination in
urban dusts of Xi’an, Central China. Sci Total Environ
2006;355(1):176-86.

Gope M, Masto RE, George J, Balachandran S. Exposure
and cancer risk assessment of polycyclic aromatic
hydrocarbons (PAHS) in the street dust of Asansol city,
India. Sustain Cities Soc 2018;38:616-26.

Men C, Liu R, Wang Q, et al. Uncertainty analysis
in source apportionment of heavy metals in road dust
based on positive matrix factorization model and
geographic information system. Sci Total Environ
2019;652:27-39.

Tang Z, Chai M, Cheng J, et al. Contamination and health
risks of heavy metals in street dust from a coal-mining

city in eastern China. Ecotoxicol Environ Saf
2017;138:83-91.
Abrahim G, Parker R. Assessment of heavy

metal enrichment factors and the degree of contamination
in marine sediments from Tamaki Estuary, Auckland,
New Zealand. Environ Monit Assess 2008;136(1-3): 227-
38.

Gope M, Masto RE, George J, et al. Bioavailability and
health risk of some potentially toxic elements (Cd, Cu, Pb
and Zn) in street dust of Asansol, India. Ecotoxicol
Environ Saf 2017;138:231-41.

Keshavarzi B, Tazarvi Z, Rajabzadeh MA, Najmeddin
A. Chemical speciation, human health risk assessment
and pollution level of selected heavy metals in
urban street dust of Shiraz, Iran. Atmos Environ
2015;119:1-0.

Yoo lach aida Jlw VY44 Hlgs dosas cudilags cusigo dlas @ YVY


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

TVE @ Yo ladi aida Jle ATl s Cudilags (cudigo dlae

OKaa 5 dadinily caddic sl

Urrutia-Goyes R, Hernandez N, Carrillo-Gamboa O, et al.
Street dust from a heavily-populated and industrialized
city: Evaluation of spatial distribution, origins, pollution,
ecological risks and human health repercussions.
Ecotoxicol Environ Saf 2018;159:198-204.

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

Taylor SR, McLennan SM. The geochemical evolution of
the continental crust. Rev Geophys 1995;33(2):241-65.

Fallah A, Modiri S, Sayyareh AR, Tabbakh Shabani AA.
Investigation of heavy metals distribution in urban soil of
Karaj green spaces. 30" symposium of geosciences,
Geological survey & mineral exploration of Iran 2012 [In
Persian].

Sah D, Verma PK, Kandikonda MK, Lakhani A.
Pollution characteristics, human health risk through
multiple exposure pathways, and source apportionment of
heavy metals in PMio at Indo-Gangetic site. Urban Clim
2019;27:149-62.

Sharma SK, Mandal TK. Chemical composition of fine
mode particulate matter (PMz2s) in an urban area of Delhi,
India and its source apportionment. Urban Clim
2017;21:106-22.

Moeinaddini M, Ali-Taleshi M, Azimi-Yancheshmeh R.
Spatial modelling of air pollutants emission from mobile
sources in Karaj metropolis. J Nat Environ 2018;70(4):
935-47 [In Persian].

Clements N, Eav J, Xie M, et al. Concentrations and
source insights for trace elements in fine and coarse
particulate matter. Atmos Environ 2014;89: 373-81.

Ivosevi¢ T, Orli¢ I, Radovi¢ IB, et al. Composition and
source apportionment of fine particulate matter during
extended calm periods in the city of Rijeka, Croatia. Nucl
Instrum Methods Phys Res B 2017;406:82-6.

Pan H, Lu X, Lei K. A comprehensive analysis of heavy
metals in urban road dust of Xi'an, China: contamination,
source apportionment and spatial distribution. Sci Total
Environ 2017;609:1361-9.

Lu X, Wang L, Li LY, et al. Multivariate statistical
analysis of heavy metals in street dust of Baoji, NW
China. J Hazard Mater 2010;173(1-3):744-9.

Lu X, Wang L, Lei K, et al. Contamination assessment of
copper, lead, zinc, manganese and nickel in street dust of
Baoji, NW China. J Hazard Mater 2009;161(2-3):1058-
62.

Dehghani S, Moore F, Keshavarzi B, Beverley AH.
Health risk implications of potentially toxic metals in
street dust and surface soil of Tehran, Iran. Ecotoxicol
Environ Saf 2017;136:92-103.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Rahman MS, Khan MD, Jolly YN, et al. Assessing
risk to human health for heavy metal contamination
through street dust in the Southeast Asian
Megacity: Dhaka, Bangladesh.  Sci Total Environ
2019;660:1610-22.

Duong TT, Lee BK. Determining contamination level of
heavy metals in road dust from busy traffic areas with
different  characteristics.  J Environ Manage
2011;92(3):554-62.

Al-Momani IF. Trace elements in atmospheric
precipitation at Northern Jordan measured by ICP-MS:
acidity and possible sources. Atmos Environ
2003;37(32):4507-15.

Singh M, Jaques PA, Sioutas C. Size distribution and
diurnal characteristics of particle-bound metals in source
and receptor sites of the Los Angeles Basin. Atmos
Environ 2002;36(10):1675-89.

Manoli E, Voutsa D, Samara C. Chemical
characterization and source identification/apportionment
of fine and coarse air particles in Thessaloniki, Greece.
Atmos Environ 2002;36(6):949-61.

Schleicher NJ, Norra S, Chai F, et al. Temporal variability
of trace metal mobility of urban particulate matter from
Beijing—A contribution to health impact assessments of
aerosols. Atmos Environ 2011;45(39):7248-65.

Sobhanardakani S. Ecological and Human Health Risk
Assessment of Heavy Metal Content of Atmospheric Dry
Deposition, a Case Study: Kermanshah, Iran. Biol Trace
Elem Res 2019;187(2):602-10.

Ahmed F, Ishiga H. Trace metal concentrations in street
dusts of Dhaka city, Bangladesh. Atmos Environ
2006;40(21):3835-44.

Li H, Qian X, Hu W, et al. Chemical speciation and
human health risk of trace metals in urban street dusts
from a metropolitan city, Nanjing, SE China. Sci Total
Environ 2013;456:212-21.

Parks Organization of Karaj Municipality. Master plan of
Karaj green space: report on urban pollutants. Research
project, Karaj. 2012 [in Persian].

Namazi N, Salehi MH, Mohammadi J. Spatial and
Temporal Variability of Some of Heavy Metals in
Aerosols of Lenjanat Region, Esfahan. J Water Soil
2015;29(1):114-25 [In Persian].

Men C, Liu R, Xu F, et al. Pollution characteristics, risk
assessment, and source apportionment of heavy metals in
road dust in Beijing, China. Sci Total Environ
2018;612:138-47.

Saeedi M, Li LY, Salmanzadeh M. Heavy metals and
polycyclic aromatic hydrocarbons:  pollution and
ecological risk assessment in street dust of Tehran. J
Hazard Mater 2012;227:9-17.


https://www.magiran.com/author/a.r.%20sayyareh
http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

g Sl Sk s 5 saliial b oS el (5 k] cadigd 5o oS jolic b Lol oL

59. Naderizadeh Z, Khademi H, Ayoubi S. Biomonitoring of
atmospheric heavy metals pollution using dust deposited
on date palm leaves in southwestern Iran. Atmoésfera
2016;29(2):141-55.

60. Varrica D, Dongarra G, Sabatino G, Monna F. Inorganic
geochemistry of roadway dust from the metropolitan area
of Palermo, Italy. Environ Geol 2003;44:222-30.

Yoo lach aida Jlw VY44 Hlgs dosas cudilags ousigo dlas @ YVY


http://dx.doi.org/10.29252/jehe.7.3.356
https://jehe.abzums.ac.ir/article-1-762-en.html

[ Downloaded from jehe.abzums.ac.ir on 2026-02-14 ]

[ DOI: 10.29252/jehe.7.3.356 ]

Journal of Environmental Health Engineering, May 2020; Vol. 7, No. 3: 356-375

Assessment of the Environmental Pollution of Trace Elements
in Atmospheric Deposition of Karaj City Using Enrichment
Factor and Ecological Risk Index in 2018

Rokhsareh Azimi Yancheshmeh!, Mazaher Moeinaddini?*, Sadat Feyz Nia®, Reza Shahbazi*

L Ph.D. student, Department of Environment, Faculty of Natural Resources, University of Tehran, Karaj, Iran
2 Assistant professor, Department of Environment, Faculty of Natural Resources, University of Tehran, Karaj, Iran
3 Professor, Department of Reclamation of Arid and Mountainous Regions, Natural Resources Faculty, University of
Tehran, Karaj, Iran
4Ph.D. in Natural Resources, Applied Geological Research Centre, Geology Survey of Iran, Karaj, Iran

* E-mail: moeinaddini@ut.ac.ir

Received: 1 Oct 2019 ; Accepted: 20 Jan 2020

ABSTRACT

Background: Atmospheric deposition has a significant influence on environmental pollution and
human health because of its role on transport mechanisms. The aims of this study were the
determination of Concentrations, Sources and Ecological Risks of trace elements in atmospheric
deposition of Karaj City, Iran.

Method: 18 atmospheric deposition samples were collected from the flat roof of buildings in six
districts and then, the concentration of elements including Cu, Zn, Cr, Ni, Li and other (Co and Pb)
were analyzed by Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) and
Inductively Coupled Plasma Mass Spectrometry (ICP-MS), respectively. Pearson Correlation, One-
Way ANOVA and Factor Analyses were used to identify probable sources of the trace elements.
Results: The mean concentrations of Pb, Zn, Cu, Cr, Ni, Co, and Li were 184.73, 931.75, 94.61,
98.79, 83.90, 21.05 and 24.71 pg/g, respectively. Also, the result showed the Enrichment Factors (EF)
of Pb and Zn were high; Cr, Ni, and Cu were moderate while Co was unpolluted. Based on statistical
analyses, trace elements could be originated from several anthropogenic (Vehicular Sources, Industtial
Emissions and Fossil Fuel Combustion) and natural sources. Zn and Cu showed the highest
concentrations at high-traffic stations, especially at Karkhene-Ghand located in city center. Maximum
concentrations of Cr, Ni, and Co were observed at Fardis Station closed to Karaj Power Plant.
Industrial Stations including Kamalshahr, Mohammadshahr, and Mahdasht had the most amount of
Pb. Finally, Risk index (RI) showed all studied stations had low potential risk except of Kamalshar
with a considerable risk.

Conclusion: Karaj has influenced by several anthropogenic sources of environmental pollution that
are created many human health problems and the pollutants have increased with the population
density. Therefore, we would have suggested the continuous monitoring of trace elements, especially
Pb and Zn to control of the emission sources.
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