ANY-2:A dxiuo AYAE Glisno ) € 8 plouis €\ 699 (v ouzo
Oy G318 ay oawd gy glailBag, Cligw, 5341

¥ S apdl) s dumm o '\ Bgdy e

Ol)ﬂlw,ﬁlcb&iﬂlb wT -0l pos Swdiie (5353 S ozinls L\

msaeedi@iust.ac.ir.com

lak_ir@yahoo.com

VYWAE/Z/VA :allio b pads &)L

Oyl wsiso 5 [nl.c olils -yl pee 838861 (e jbou=o 9 T 09,5 sluwl .Y

OFe) Pole AR 95 haluwl Y

\YWAE/X/Y :allao d,.-o; é'_)l.'i

oS>

(3

ot 3 b caluglusl b s gl 1155 oo aasledg, dlon 31 o wds Ol (slapiummsST 13 39390 S @l wlie
it (s Slige sl ol 0 gy 35k B335, BAG SIS Sl 3 i i (S3gl olien il
Slgwy @lyd 55101 s aeldl o .6ud gaudild JolS jobo dy ladigad ¢ i (5513 piged 39 atu &34, Job 53 ol
S 3l L i l3lh LT gl s sl bl elajlll 5 (Sl (elb yasls Luusbrs  ssbosds slojll] plog] (ol
il 5500 slan 51 it g 58 e By 5 e Slogy (5be J) (s st S8 Jas il S 8l gl
Si9)5T S 5 iz Mol (5391 &3 (slaasls gl .ol odgy @l wisS ol Cale olipe Lialjil olyen 3 85l
Comus 2y ol iz 0k Su3ss] S g 2008 (Sl (6l a4y (19K VYO B ST Slogus o8 0l Lty
» el clacls 151 sams oLis 1o o patedin oylel sl Ul zols bl il @l 55100 Laals b iw ol

g2 005 szl Slogus) 3 1Ko g ol Al S o Lo 5 [Sig0gS dlex J1 ljlé Sl (3 clale 2V

0l guls’

oS 1316 i cdndily Sligw) o S3g0l jadli w patedis (g lol U
O S g3 (SO paSlh 0 pie ki ()

sl ol sl a5 aoladl aedle 55 a3l
Pendias and Pendias, 1992; Li, et ) .les S o 5
.@al., 2004; Radha, 1997; Paramasivam, et al., 2015

oot 3 e ol (sla e S| b DS 5 I3k
Laosl pslis S Sloy L il s 0 Lap 3551 sl ol
L i o g S a8 VT 355 513 Sloms d
Al e gwiéuwﬁ\ ol S a5 s
.(Bastami, et al., 2015; Gao, et al., 2014)

3T gw
5 0bex 3 et Ol e Cussdoe o gladle
5 Ca e e S50l 5l A4S CBlis Coeal
Sl ST (S e 1 ke el 51 6ok
e Shoalois Laaslbes g,y ades Sl i O
L3l S S5 4 Ol e Laailtngy ge (slas Y
b 0Ll s s 4 e Sl oS
53 Sl Y b Bk Oley e (b ol

SUT sl o Cclae 5 e 6,00 o o Ok

Email: ali.vosoogh@gmail.com

YN0 A8V Y :L)»ILA.? u.az.l..? d}:\mﬁ a.,\,'w..i}..:*


mailto:E-%20anabestani@um.ac.ir

3 St Ll PH ey (G558 Jols b b obse,
S oLl lame O (6558 5 Ll

Y5l S S 0l L Sl s SLs sladils
:(Salomons and Forstner, 1984) Wwlcoaal slyls e Koo

Sy s S/ oy 3 3 i S Slls -
Al

5 5SS s Gk Sl sl Sl Ol e -
e 3l ekl I3 Olge Jalan by 5 05 S #Y
sl (hao 5l g

Sl Ul o part 53 o3L5 Slalllae 048
Lo oS o plosil (K 130wy (slailta gy Sl
Y 5SS Sl (ST Ol (555 LOT ol
Saeedi, et al., 2012; Saeedi, et al., ) cwl 0355 05,50

2011; Sharma, et al., 1999; Caeiro, et al., 2005;
.(Dikinson, et al., 1996

gy Sl Ol o g 55 Sul Slalas
U il glacids s K Sl 4 glala g,
Singh, et al., 2005; ) cul o el Ol o s
.(Guven and Akinci, 2013

23 Slalllas 5528 55 Oldie O 5SLS (men
Sl ol St STl gy ST o peas
lesls il S

530k Gt G WWAY L s (Sdonw G o
S e sl 3 e 2l gl gla sl s
b s Sl o Ol Gl 0 by e e bl
= G Gl 5ol el e A e
ol o )Ll Dl sy 53 D Cdor Al 8 03 5 pliers
Gl B ol dl b oS g of Sl asl pl .o
03 et (ol Coaal Sl Al o gl = (S5
e S @l 5 o RB DI ST G
R e B e e R i

Sl su SLlas OYAD) OLSer 5 b S
o=l s Assls (ﬁl_?r_’!‘ IS Ol s 35l Bl sy,
Sl A2 elinal et SSE Sldlas Sl s

y24

19k Lo € b lo @ 1 895

L mlad o g o a b Sl
cilse slas VT ol 53 o gmio 5 (5o GladLsU
N ST ISP T VR WSV BN I 1 P P |
2 a0l sy s a e of s (oK Sl 5
S obie s S el 5l ol alie |5 e La S
Sl glacdles 1 Jol> s gbadlsl 5 b
Ll ke 5l op e T Glonpinn ST )05
(Miller, 1997) &k 45 e

S o Sl Bl Lyl 0 e Sl 05 Jalse
Ol 35 (olaslsl Kaw)) abraslr 5 lo b o
Alloway, ) 5,15 56 alss sy 53 54 50 laS olis
(a3 i 3 g it 5l Jalse 5l > 2 (1990
SisiS 5 o slacld 5l Lol BT 5 (il b
Sk s o Sl 5 Sl g5lwslsl Ol 3 Ll 5 e
{(Pehlevan, 2010) 5,1i38 51 _ab clacl S5,
sl iz 2 OlalS (Sl dilen Jolss 5l S 5
0> s (S5 (o s Sl Ol ol
Zhang and Huang ) 1S s J 28 15 ol slaetew 551
35 e O3 22 .(,1993; Jain and Sharma, 2001
U PG s S PR WP EC IR e S B PR
Chabukdhara and Nema, 2012; Calmano, et al., )
CiS ol sy (1993; Jain, 2004; Rath, et al., 2009
N S3sTl amainss age patli Uyeay Slge,
Sl ae Dby 45 sl el e sl
s amlboly ol Is s 51 0S5 58 slae YT
Saeedi, et al., 2013; ) Ao 5, o sl as Sy jlams

Larsen and Jersen, 1989; Casas, et al., 2013;
Dassenakis, et al., 1997; Tom and Wang, 2000;

(Bettinetti, et al., 2003
ol S Glas 5l il dnm i it 4 iy
o Sl (gm0 Dl Olarly 5 der glanl b

Ca_ﬁbj v_:SJS cC)bJ Z)l.,\_:\st_;;)\}_;“a_n J_Ab; U‘i‘

AAA



AAAQ

S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

3 Az TA L dids ¥FP 5 am 50 00 Ul s slad b
YV 5y YA sllar sla oo 5 3,5 dids Y
el 3 S 15 Jlak ai33 Y 5 a3 TP L aids

g5 Shls pmpe kS VY Gy L Ol
Sl Ol e oS5 51l (555l 5 ALS slasi S
5558 Sl 0Ll 55 Cnhen 1P Gl 20
S s el als Ol cnl 3 o e 8 ¥T e ol
Ll ol 55 LIS 5 el s sladkisle Sl

53l o s 500 e s 5 OIS ol
S 53 el (S sl (65585 90 55 Ol
Slee g Jhd 5 i g ald olela )l Ol g
o dela cds s Lala S 4SS Js s el
LaS asl asSais 5 gopaleas g5
I 0les Ol 30 glaaig b olos slaalSsl
534S dias e 0L mlidpea Aaled L diledd sl sy
5o 5oy S A Glad S s Sa S (o555
Job i e Oole @ Al bl B cs g
S s SIS 55 Ay 5 Sl S 5505805
S A3l S e 03 (i) e el S
25n pele 5 S5 b s onsm O laedilagl
18 e OSSOl ey 3 ,Slas Bl 4 105505
Ail Al sy — s A 93 51 S
QOYAY (OIS Sl sl 25155)

53 5 0lph o pdlad 53 S sssdden 0l 40
(e Ol 3,8 OlmldT sl (OIS slaokl
5 Olees Ol Ladlul 5l _Sor S s 5 Obws S
SO PRge Ol U,

3 ﬁfju)_LSSO‘\W\/ Coawy Ly o3 gl ee o]
Sladsb o 0558 sl Glais s o 58 m
Gla oo 5 3,50V 0 0'Ls¥8 00 Ll
oy a5, s a8 13 Jlad YA 0T L P00’
4 Jles 5l g —0lmaaY Ly 5 5 (555 50 N6 5

Sbas = 55 s amg)l dxlys ol io e 5 555 sbos

(et o S 3 S L sl Slalas
el 35y S 503 sy 5 SIS (pal

o 5 1y Slallas (WAQ) OKan 5 ol S
Obwl 53 59 b a5, Sl vfsj_ﬂ Ol s
IR | PR IV ¢ JURG-#¥- S TR VR (:L?LS\ O sk
Sy Gl s gl oSl Ve Wiy s
Sl Ol e La0T (55 5 olswl glaslbis g, o
Sl oo g dlS e R S S
Cn S 5 aS 5l OLES i @L:J A g Se sl
ot (Si3 s 55 e 2 L
LaasLd gl dls (555 5 Sl psedlS 0
03 9 (S0 vfaj_ﬂo.i_.i Ol e 45 das o QLA
035 YN0 YOV 5 5 as altag, ol s Olsey
iy 5 20,8 e 13 5 gl Sadll6s) 55 5 o
ST L i sl Sl o slls obie
s

Sl oo Sl OYA0) £515 5 Ol—as
Vo G ol 3 315 planil VB gl s 5 el
VU iSel 5 55 0 b Slais 52 o
Slds cble belSaus! pl Slgay 3 5 ozl S5
g;_SL.Sj(-j)chJ_w crxﬂsljaJ_ig iles oS
¢ 3o 5 ol sdasolis Oladlae oyl GiL:; Al (6 Sl
i ot VU B b 5 (B8 slaion S
S S5l G oSl 5 (5 e st
VEgY f”a:jﬂ

Gl Sladlas 1 Gus U C s 4y a6 L
S a3 g5k Bl gy ombas Sy (S5 4T alllae
o= sl 3 Il Gl el s s Ko
Solel Lazdll 5 Jslaze sl la el 5l avs

.W‘eﬁﬁé}feﬁe)}b;qu

& Wl 83900 Y



us/bj_ﬂ;';.\_&db_:au_\»)f;fu u..aj-.a;-)b A.Z.JJJf
uxdbwbﬂupd\ﬂ;g;,jﬁdugml
sy s 0330 yaseii b OAS Olial ol e
Ls_.wL.J:u:_A) ‘_gLA,b)L_M: 9 L_AoJ_.iYT C,.:x.;ja cbj).,\:i,.c
L v S LolKal DA asiin 3l Lgd S
)\6)\.5_6_{,%5)\;)4@}“ rl_>u‘ L;\ﬂ)L:JJ)}A JiL”“ﬁ
Sllas .l ol o las T a a0l Wl 5 s gu
:\JJ_»J::)).,\:L.NZJB-:))@@ngjdjl:ﬂayg
oSyl Jome Sl ) S5 e A3 olanil 1TAY
.w‘bj)wzu-bj‘)‘)bdj‘bﬂﬂﬂ
Ql{j_.wdjlzj_g\_}}a_}L;\ﬂw\é))T;l_.{Q\iL.i
Yﬁ‘gﬁ)‘)ﬂuw}‘bﬁ)@buﬁjjﬁhw
)\L.;)bj—"\—)j‘“")\u"hi&bj—”") 6LAAJJ.NM ealaal
o3l 5,8 Sl slac S s o 8 Gk
Foles 53 olB8ilesl an JLa! Ol b ads god s

(SW4i1d) O 3w Slwogas cquni ¥ LY
Laol gslwestel (gl olKiulosT 4y Lads god JUsl 5l das
sl la Sis Slalles plasil 5 gduails Cgr
L god bl gad A3l 055 03 S aseion 3l oo «Dbsus
e s S ol S sl ks Fr ol = Lo o
S =S Ml e (65515 L 4 gas 855 03 S S

b el pasia lae b 5 (adsl 055)
3G A Olge 5o 3 sl s s oS £ S0k
Sligy 53 Slpls S50l Oud Dliee 53 age ol se
ol Sl (g dsalils (o uT é\.@M}Sl
Sld aS A e LIS asdS s ol dplnil Slallas
=235l Sl s Sl dl g

.JJJ‘J (_g‘);.:\:..:

y24

19k Lo € b lo @ 1 895

sl il i e Sl 5l e = IS
el o s e bos 5 il
Ry TRV R WS E I

SlrosSaniy sy Jon 53 35k 3l A g
L Y sl 55l 15 (658 e 5 e S5 I
— P Gy gl LS el ol
s g Oy S L3 035133 a3l 5 e dles
ol glaasli w55, 0l 5 55,0 50l 35l OL
Slaslosle 25 0351d 58 < Slaasli o Wsy als
5,0l Gl sl (0551d 523 ol ) Ll 0551053
o3 Al et s T sl sl s 3

Glaasbisy, 585 51 Sop s bin By,
3 0Lal Jlod 5 555 bl 53 LT oy 5 5528
el 53 b3 ppl K Gla Wbt Sege S
5050053 ol &L 55 51 S5 3 e &by,
FH B @2 b (W 5l ey S sl K55 5y ,als
N OAaIy 5 g Sk Ams o LSS 1y 555k
sl e 0L o Jhd g 53 e &L 53
e bl 53 55,08 o SNk 5 b slens s
CBa sy 5 A8 e wkab | 5 Clelin ] ey o
L s S o e Iy s ol (s 355 00 OIS
Sy o Sl 3l s U

U1 3o 51 iy 53 oS g gl L
(S el slaailiag,y 4 Olss o g o Gela
o=l lalb gl Sage 2 S o)Ll P g Al
3 abym Al S g 5o s s, Dl g 0j s>
Sl it Ll 4 g S 50 53 L Olghan S Ol g
Cla & 4 opl a0k oi Ko 3l 50 elid i)

by w9y 93Mg0 .V
SIS pdiges N Y
B a..l-&cbu\ Qlea.Ajjwl;- v Cj».pjﬁ o ods g L'

AQo



A1

S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

rean

WASUN

VL AP

Y
o

@ 5TE e e

W wWE W STUE OTXE

39 piubw &ilB D9,y 3 (6,10 diged ((LoKunm] CunBgo .Y JSU

g L gdudils el gl LS Gl el ane
5 SL I o et 3 o g e slas bl suaid
S5 5 s bl bl 311 0T 55 oS Sl

35 Ol (el 0k 1

(Ol 5 cdakd) bl Olwogas s 1Y
Gl yas (3lwoslel (gl stdoslizal gla iy, 5 S
Sl o la Sy cpl asdS s el ged JS an

gy S Ol iy o Slalllas s 13
o slaad el S S & ol lagie 5|
el s s Ol O, S Y S 5 655
Sl S cble s dlex S olerd gla bl
Meers, etal., ) col ol plasil ot 5ad o0l (555 s
(2005; Madrid, et al., 2008; Kim, et al., 2009
U e oS Gdes ol Slal 4 as 5 L L
ST oas e 53 (Suails) (S5 Sl past

el (Laaslts55) et T (Slagims ST Sl gy



>C,
mC, = %

ool BT —ole slie Slan adal, ol s

55 Cp comomed ool (0N jemie sl siasOLES
Saslliss Laslis ol o saisaslyl daly ol
Y dsdar 5l dalpt Al (O3Sl 2t Ll)
o) bl Sy (Sl Candy b5l g huaid

RGO IS WA 43‘)‘ u.,a.?-l..fu

023l bl Clgw, (a9l Curdg gaainb ) Jgua
(Yool cpunl pl) ooz Wo!l (Sl 2 )

y24

MCy (5 ool sy sue gy S Curs s
>mMCqy) /0 ¢S Sl B 5l S

Y< mCy<\/0 oS Sl

f< mCy<Y Lo S5

A< mCy<¥ Las S

Y $< mCy<A Lk Sl S
YYSmCy< \$ L colg o S
¥YmCy> L Gg s

"R K58581 Sy a5 li -
VATl s 1 S5 81 Sy Lanls 0 5eilSla
Sl S35 555 aalllae s el M
Ol S Al s 5508 Glaanl s Sl (golisd (el
el 2 g 4 s
RI=Y"Er
E, =T, xC,

¢ =%,

Er S (KI5 Sy o La RE sl ol s

Cs (l3) ,wle 5 S a5 58T Kyl
CBlE e Cy ekl gad s () ols Clile i

19k Lo € b lo @ 1 895

Sl o dulaST 3l ge 5 LadeaST 5 a1 30 51 oslinud
035 Jloms 5B 0550 4 St 51 l3s 05 S J> 5 s
Lo e (655 luails sla bl plomil 51 e o
g)uajjeu&.:}j&_(@:x_;r;;w;#a
Sleslil L Sl ol sl gl Lol §31ul S
5 Lad sas pf O A e A L (gl 20
sHNO; 2 s ¥ HCIO, ) Jos ¥) desl e bl
Lds e, Sedis b s (e HF 2 e Ve
Yo YO Ol s b s sy oLl & bl
2 U e opl Genes i 03l3 ol 51 S e i s
g bylos 5 dd 2ol byl 51 Sl B2l aalsl
B A A K - O W P P ST S
V) Aol 53 b 3 Jl dd e 51 ol e (S
543310 s 4o (HNOs 2 e ¥ 5 HCL 23 L
S ol o 5l S ol A3 VYO B YO sles
Lol Aol el aslsl Sl b8 oplcs S
A S L s e ol b 51 (K030
o Gl s Solg 5o s eals e 05850 YO el
(ASTM-D4698-92-2013) L slilue, oo oo O
Slaas pod JalS (suails 3l m Sl (555134 OLLS
ke VB 05 S YA 51 5SS 531 L 3 e
e L LT pland Slosa e Gl
oiws 3l gy sladigad 53 s Chile on gl
A oslizad 1Kl op s oS 5 oL T30ICP-OES

O Obgmwy ST 2L Sla sl F Y
o A3
T(MCy) ot ol (S 1 iy sl -
b Sadlizs jarls @dle Vo0 dl fp—:-‘“‘f.‘
Sagssdms 1y atli cul K1) 51 Ga 5 S 25!
5 OpBla jatld 53 s g g

LaCt g somms ol Ll bl ol floee (ol

Syl Cewd 4 g slde & Iy pole 3l glas sams gl 5

Ay



A9P

S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)Sas 9§99 e
SN NE S
(CA) ¥ glas 3= LT -

w‘bﬂ.&l’ﬁ.k\.% H}u” 5 L;LAJL}))“}.«Q d\wﬁ LJ’u.. 5

Sloe 2 s pize 03 S(gduaas 5 ool 3 0T A5l Gua oS

5 Ol glad o Ul .clanl calis 5 Sloo yoas
bl s 5 A0 a8 Sles 5 AS e sad s ) s
ol S ) ks DL ) Ll gla Shs Laes S
Bl e slad s AT s 2 s Jelos 2,8 e 1 3
G5 Sl 5 Lotz 053 558 Sloer 5 Ko
Pl o glacd et SJUT s Ol baad o o
Sl s S5 Il a8 cmnd sl s
B P PPV [ O AV PRSI
Shresta and ) >, s 4yl 25 55 5l ged 5l eslanad b
.(Kazama, 2007; Zhou, et al., 2007

Laadi ot (gulipains Gl (pl )3 ol (55T OLLS
Aol 5 "0 g g S g lone ol
sl il 20SPSS S i53lo 5 SaS L5 Bl ey e
Sl
(PCA) "' Jeol sy 56T -
Sl Lo osls falS 5l oy sdas 55k a4 L
(ol ll) e ol se 51 5SS sue 2 el
L 5 el oidodaline (gla pite o Jaly, oo (sl
L ol slapite oy (St 8 (Soan 5l
2l [y amasiia s 5 e 5 das e RalS
w2l ) i aile s g b S
S dm b & ol s la pais 3 0l 1
S (o) Aca b Al ol (gl 0351
RCOIV PR NS v PR WA VNN O U COONY
Sl las sazmme 4 | atsly sl iz sl &l 5 0 PCA
e e e 55 5 A Aan 8 |l e
Aokl ol Jolge o (Sias (1L b1 s
Lasiia pslie o diea o0l oo ol Glprl s

(Lu, etal., 2010) &k ,ls \ 31 i

St g 2 Ol Tr 5 aie 5 (A8 2
Sl 31 a sl O3S (g g ) sislging
OsmeilSla gla lai bl s ol Saem 55 Ty oslie .o
305 (B0 <p3 S e e ip S S gl
NsF A YO0 Slule e 4 Sl
SIS IS Sy ot gl ¥ Jsdr 3

RGO P A

(YA (gt ) Rl S5l Sy bl guisie ¥ Sy

Jl4isRI S ST Ky Lomds
\0+RI< s

v+ o <RI<\ O L st
Sur<RI<Y > LB
>4+ RI 5]
Sl gy 93 i S5l o B 5 LS -
"(STa)

Alos S &yl 55 Jse oy g0

n Ci 2
ST, = ZW{“ SQGJ

i=1

O 5= SQG; VT ;8 bl C YL idal, o

Bl 035 Wi 5 0de VT 8 gl Dl 48 slocal,
PCA 5JUT 5l 035 dwle gl el s NT s L
Ol G a5 o lh guai b 550 e el

2 s D158 oo 2 yd b L (giadb .V Jou
(Yo IY (g 9 ;) ©lgm,

Cosons & 53

6\)’ OJAI&:,..N)AJ. She STd

\/0< STy<) oS
Y< ST4<)/0 Legio b oS
¥< STy<Y L g
$< STyt 5 b Law e

YYmCqy > b




AaE

1H9E yliwoj @ €8 lais @ ) b9

ofere Yo/e A 0/ bA Ll A Al 2\/% AY/LA Aofed 240
Y TAI44Y IVINl Yy QAL deh VAN - CITAA TIVA Y A/AA Sy 4AIY AVIA
) Aid-A | AUV “ZI3A - AA -4/ TDIAS - AAY vy - 4194\ -41ANA PIYIVY
it A0V SLIAZ 04 -\ - 9144 AVIAAY e ADIA- 4 A Ab/L4y TA -4
A AONAY | A-iva YIAD AVIVA VAV ATV -\ Adfbh - BfAY YYIOY AAIAAL AL
\ - CldA4 B/ LA A4S Q44 YA “bfA A 4% Y 7E -9 -
. (5 v TA4-Va TOA -4 M- 94044 - -¢--04 ww - - - 91 W A- | wr 4-4 umy-4 | <umoy

7100 gy
o mﬁ o LoD ST AM\.&

b 4 neby 1R or(fe ¢f | pobean T Cmbiyen e e e (ée




S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

Ado

S gmbs Y
Sowdils N ¥
e Dby B | S Ol S oo @b
Slaas sl Qe jo a5 das o Ol 35 dan &ltsy,
Sl S, i ksl 5 i e dS gLl
(3 ol Sl eyl sl (25 Oy SKe O 0 =YO
Klardls 1y Ol e ot 09,500 YO=AY0 63100 L ol 53
Lf;k_uub)_w) 6[.&44}».0 ;)\.\J‘ @)_’3 ;)xfdj.k? L
.&;wu‘bud.jblw)}wjeé_})wzu-é_})
W)_:Q‘)JZJ‘J;_:‘@)‘}SSFJ::Y L}&JW
s e DL S8 4 (515 8 ga (el 3 15 Aoy

Sien VY 15 S i b s 2 Jelse
St Y Sl S S S s el s
Wl sy sl Lol sl drws 3w
alox 31 SPSS )l 5 3le 5 .(Yongming, et al., 2006)
ol Sl Jeboe el sk a3 018 slaasl
Sl 055U &5 Sl (63555 Jolyo ghuaras 53
05 Sl ol eslan il Oladlas s ael ol 51 gob
Sy bl s olasl mbe bl 4 by e Slidlas
Sl ol ol ol 5y 4 Iy dle 5l ) ooV
.(Wei, et al., 2010)

60.00

50.00

—— 3y, Ly

=Yy, b
=¥ 3y i

——— ,’)"‘Cj"“’
=0 3g) Lds

EORHEE]

ol 2 SUSET Ay D9 s AlS g, (e Sligaw y 13 53151 29395 Bgowi .Y UK

e eds 10 i 55 aialllas 550 slaolSau]
Lol Cunds 5l jads ctld sl 4 crmen
5 Sl Sl Sl psbie bsdelcawsay sl
Ol BasOLil Ylawis sl Wledd anglis (s Lo gy
0,5 YA 15 Il Dby 5o &8 il 55 40
53 s ol clile 5l ris oL S o Sle cble
Lol s awlessyy Sl Olsuy 5 e s
ool IS L Sle chls s S ST B YA S5l

SOETEIY L EAZ T g
53 AlS Oles 5l s el s 5 5 B oS S0k
Sl o 55, by Ceal w4z 5 L el gdudils
YA S 5 SarsS 631 L sy o gos ¢ amans
Pl ol IS CBle et gl e e ) B O S
RE TR

Sl Sl 5 Sl (S Ol e ol
53 3 310l SUSE 4 eddig - Se3ll S



o ol als chle slie Sy Se O BYOY )3
Sher Sl 51 1SS 5 =80 (s e sl
Sl o3 el o3 VL (e e alie 5 s
6u4_;ﬁ;ol)_u&;_£b¢;\;gbﬁf@uw)ﬁ
aS sl Ol ;e AoV U0y K 00 531G o g
5 IS o Sl (s s Sl el
5 Sl Sl 5SSk Sl g rin pslis Ghls pseeslS
guslﬁglj;j@u Q{l«.za\;.-j;l;...)..}\cﬂ»ji\:ﬂ.uﬁ
S0 als L K olls 4 Sl Jlasl S5 S

RO DI FHREHH

y24

19k Lo € b lo @ 1 895

Lwsy 3 3 Ol chle ) iy (IS 5 e sl
cble Syl ol s cl esg Sl Sl 5 e
3 A Sl Gler S0l 5 USG5 e Sl
5] S EH P R T OGN P PRI SNV U N )
US55 Sl S Sole il 05 S VYD L Y
Sy 8 5 o) Ay 5 U Oles S 5l 2l
S S eble (s a0 S ol s ol e e
S e A gy e S5 Sl Sl SSke
Sl 05,50 YO LYO &3 w bgs o ool oo
e o S5 5 e e S5 A slie 035 5L

53 el ey A gy p3lie 5 Slgey Sl o Sle

AAg

1,3 b 3131 KU Ay 0§ 3050511 (3w 1 ST g (oailso e Sl p23lEn O Jgio

Lo gy | Mk Sl Slke | Dbee Sl Sl oSSl JERES T .
Slsle | olys sl
mg/kg
) \ng AY¥ Ve VA $Y/VA 0+ /0) Cu
VO Q0 AvIAY YAAQY YEE/YO WYY 7n
Voo \Al ay/vyY YAV/YY YAQ/AY \VYS/AS Cr
AARKN Fyees ISOAVAR VAY\NZ/\ FA0A7/¥Q OOVVO/PY Fe
<38u
40+ YV VYV /Y e FAVO/FD \WY¥S/AQ \YY¥V/44 Mn
i V4 A4 YA/ Y YY/QY \E/FA Ph
As oY LAVATN VAV/ o8 VEA/AA aViax Ni
/Y VY /FY \ VAT V/e cd
o ¥ /o OF/VA £5/A YA/AA Cu
VO 40 48/A4 V00 \ERYARY YOT/YY 7n
Voo \Al Ve /4) YYY/OF Y\O/0F \Yo/88 Cr
e AAEEN VYYAQ/AD AVAAY/\Y \AtANVid AR ATAR Fe
38-63u
a0+ YV Y/ YYYO/FA V1 48/AY AY/A¥ Mn
i V4 Y/00 ¥1/Y) YWAA YY/E Pb
As oy Y/ Y¥0/44 $Y/h s TE/F Ni
/Y VY /00 V/Y4 oY 0 cd




S SIS oy 63uig s weals (glealssg ) biguy S>gIT

AV
UlyBe g 3959 e
13 53151 SUSET dy 8w (6 50 5101 (S O3S ST g (Sl (S8l 10le .0 Jgus Aold]
Lo gy | Ak Sl Ske | Dbee Sl Sl oSSl Sl TR IR
ol | el sl
mg/kg
O Y V/§Y Z¥/YY OV/PY Yo/ra Cu
Vo a0 fV/VY YFa/vY YV\O/VY A\RAVAVA Zn
Yoo vy WA /VE OY /oY YA/ ¥ YAY/OF Cr
Fyees \ARRE FOOAMAL | YVSFAA0/VY | VOYFFA/AY | VYLAANA | Fe
63-125u
RYAD VYV FYNO YeaO/N \aF /Y \RAEYAL4 Mn
V¥ \4 /8A 1/00 YY/VY AT Pb
A [\ \YV/2Y VAR YA/AA YY/AQ Ni
o /Y /Y \VARS f/fv Y/ Q \/VO Cd
D \ng V/YO YO/AY Y¥/VA YV/Or Cu
7 a0 OV/+Y \VE/Ye \YO/AD YA Zn
Voo \Al qv/#Y \RddAtd YOr/#Y VAV/AD Cr
A\AREK AAREK YYANO ARARENZAZN AOY /P4 fVIZV/AN Fe
125-250u
RYAD VYV YYY/AA VAN XA 114¥/74 YOA/YY Mn
VY \4 o/vy YV/AY AAVARS VO/AY Pb
A oy V/44 YA/Q% YyV/ov V4/YA Ni
/Y o /\Y +/AA AVAN \VARI o /00 Cd
o Y 4/0A A\ ZAn% ARTARS YY/¥0 Cu
Vo 0 YY/¥ AA/Q . FAIYV \\7A ¢4 Zn
Voo \'At \Ndiai \EY/YY \Ye/e) FO/\ 8 Cr
\ARKK AAKER) VAYOA/YA OAAYA/VY YYYor/va ARRARVAIN Fe
250-500u
a0 VYV Y/ 4 AAVVAR £4+/40 YA4/04 Mn
V¥ \4 V/YY \V/4A \FZAR VE/VY Pb
A oY /Yy YO/NO 14/44 anY% Ni
o/ /\Y +/OY \/YY AR /00 Cd
O Y 4%/94 Y¥7/0v V¥/AY Yeo/vY Cu
Vo a0 /¥y FYITO 00/ ¥ fY/YY Zn
Voo \Al AAZALN VAY/VY \ 2 Z/AY VY/AZ Cr
\ARKK AARER) fa+\/f0 FAENE/0Y YOfPY/Ve Yav«4/f¥0 Fe
500u-1mm
a0 YV \REVAR ¢ FA5/YA N AVARS fYo/fY Mn
V¥ \q VNS \VY/FY \Y/YY \Y/+4 Pb
A oy f/YY Y/ 0 /4. \AVARE Ni
o /Y /Y - (VAN (VAN (VAN Cd

(\Y’“\V) (Sheaw g (Sdudo> —8



e VYF/EA AT NS 5 me Jo VG 0 Ko O e
o=l Gl eddip sl gy g a5 Ll
S 3 s S sl (VAAY) O ilSle aS axls
O YA 5l 558 S 5310 Gl s b olKas|
O3 Sea VYO L #Y 531001 L O3 5 4 05 ,See
il 035 3L U b e OS5 5S1 Sy et s
ol s (g e e VLS 05 K 00 ol 3
SILIL Sl ol o Lo s o5 SO ST S
62 S sSl S, e ld 05 S0 VY0 G PY
Sl i slajasls mls v IS s )l
Gl 53 S8 Sy 5 el il
ol 4yl Cgliate Sl a0l 5o 5 guls mal gas

RGO

Q\f}“))éwé*“‘;‘#w;’:)b u.a."-\.&—
Sl Gl e slaas s 5l s (S
)Juaiﬁ_.w@‘)_lﬁw&)b u.a;-u nCJL.‘}_.w)
3)‘.;\..:\ lej—’ )_:; UDL‘; U‘i‘ J.i)L_.tu NG Qb}.ﬂ)
(513 ged GlaelKal BJS 3 5 0SU S Slses
)3)_9'5 ducli:.w.i\ U —2h ;ga”.)f éue&wﬁ‘ )‘ g_,.:.?JJ
u.,a;-t_.:: u_:‘ J{Jl_i.d sl QL:.; c}L’l.: RGO I wbu
YIPY L5 YD 51 05 Son YA 5 5SS 83100 (el
L5 57 551000 O /FA L V/AD 51 05 s £Y B YA 55101
YO L5 VYO 3 55101 /58 L5 1/AY s, Ses 1 YO
305, S O B YO L3 AAF B V/FY 510 S
VL O, S O 3 53l 53 s TEr B AVA
L5 ¥ S s sl e VIFE VY 1 2 L
s 0 4_7\)‘ g_)jl.d.'«'.d Q\)J ZJ\.\;‘ BE) STy u.m—l.&
u:’.&ul_'fls))_ku .))».::L;d OML:..A 45 M}fdl&.ﬁ
BE) gﬁiﬁ_w CJ‘J_L‘? [GSVPNIINY :\._7.-)5 upu cCJbJ ZJ‘J.:‘

RO T P P RS P

y24

19k Lo € b lo @ 1 895

suizMeol Tyl 4z 50 Sl sl s ¥ .F
0 599571 s 5 9

B ad “S/.a_,ﬂ x5 yasli -

S S Sd gl eddzal (S i s jasls
O ges sl oasl 3 Y/FY B Y/AY 1oy S YA
0 S Ay el ol olie el Sate (6ol
S5 Sl e 5l 555 B e ST (sle oS
(2 ARCH P PN JAY NS 73 NS ERPRCOPE 4 JTh V)
YOO LS AYO b3 s AYS LS P S0 S VYO
s jar i ool e 158 BV/OF Sl 0, S
055en 000 L5 YO &3 sl sddm Sl Sl
VL 0, Ke 00 3 53 calg 4 5 YAD B Y/Y
coazs Lol pln . cn VR B AVY e L
= e.i_,:h;_.ﬂza\.g slael slae 5y (oolgday (g luarws
Sl o a0 Slsu; el &8 ¢S 0l o mCd
Luge 5 oS S3 I Glls 05,8 VYO B #Y 53100 L
S35 05, VYO L Y 451061 b by L ilos 5
03 3 Sl o3l ol js pimmaa Ll g
Sl o] (51 s sad Gl o] olad

Al ‘;);T&JQJMM&{'JJJ

SIS Sy Ll -
Sl sl e sla el 5l S (S
o=l sl el SO SST Sy Gl Ol
LS 5 5 0SLS Dby 1L gl 8 et ls
Lo oSl 5l s 5 (gul3 m4 el slaolKan]
el ol sl 553 (Slaelaing) U ae s
S S 63100 sl el pl uslie ol 0LE e
L5 FA &350 VAT B Y708 51 0y Sn YA Sl 5
VYO LAY 510l FVENF B YIS 5l oy S ST
YO L5 A0 Shy3 6511 AACYE B Or /D O See
Drv L5 YO Sl FO/FA LS VYV/Y 5l o, S

S s ol 5 s YRV L AYEAY 1o S

AdA



S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

A9

1200
L AT
WY oy ouh
B F oy anies
1000 b H
L Ty
WY 5y, deden
800 -
=
s
& 600
=
= "
dasMe 5
400 -
200 -
o
<38p 38-63 63-125 125-250 250-500 500-1
Sampling stations

L ARTPR

BT g e

BT o deie

BT g, i

B3 gy s

Values of mCd

<38 38-63u 63-125 125-250u 250-500p 5004-1mm
Sampling stations

O3 53151 SUSET a4y 39 b Als D9, lhgwwy 10 Rl gMCd s yas i gl Y JSS




y24

Qo0

19k Lo € bl @ 1 895

5

0 T T T

1mm-500p 500-250p 250-125p

@15 ol

125-63p

63-38u <38u

G135 31051 SUSET dg D9 i Al8 3, Wligawy 43 STy ad b s .F S

B C ol it Sl 3 5 ale 4 e 0 b
e Sl T oLl 3l ol 55 ol 5 55
3 35 09, VYO L Y )3 53100 5 3 g g0 M58
rﬂiujdjjcvjjjcyﬁLJQGL&TQ‘#@AJJ\
SBiig s 1S 5h wles S L3 A ol Lt s
5ol Sl s S YO BAYO Sl 3 s
(’jjj cBW‘ijbdj)Ay‘ufjérﬂbls
ol L s pleS a4 e 5 C Joliar s IS5
A‘_;L_é\a_&)}‘}aué_w\:\&)}wjbﬁ)jﬁ»()“
BW\L;?%UJ_SJJ_Q..%;wUKAwATQlJb
A 53 ol 4 e s peeslS 5 o S el
\ubj)_&a"Q‘)SJJQ_iL@JJ.w‘CLA_&\
S5 S5 58 ol Jold ol s ler el
L3y g e S DL Ll

Sobol Sl Wil s F.F
slad e LT -
23 3 e S Sl e gl LT s
Q‘)SZ)\J&‘;W‘*.{)})JW ;JU-.:j)j;la.wa.}w)
ol Lo 51 BT slate w0l o €10 s s
Lo Toas 4 5130 U5meay Sl 51 3l o Ko
cJﬁT )\ .,\;‘CJ)L.O C)‘jb Ui‘ Llelds dﬁj’u J.:J\J&:Jﬁ
slac b 5l ol A5 e 55 20,5 5 S o
(Abrahim, 2005 AY (gdaw 5 dinz) LU Ll
O3, 50 YA 5l 58 S D3 s glad s LT =k
LALAJ\Q\J)})JLSJJ_}Mcr}ﬁ&‘}uésbdw
B iy Slwil Lo aiilg o A ol 3 5 &3l
s 3 il il Ll L 35 o 5 anb Liae
Gl g BT a3 ol L5 e (05 ,Ses ST L YA
035 o o S gy Jald A ol Ll i (LSS
B ol id ol odd e lus) L ) 58



S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combane

oo ) 5 (3950n Do e oy 3

. e L z L ' i ] ® 2 3
Cr
J J A
Ll
A
n
Mn
B
Cad
B
Cu
C
Fe
C
L]
095540 Y G YA oo O3 - 095590 YA 51 5 SaeS Ol -
Dendrogram using Average Linkage (Between Groups)
Rescabod Distance Cluster Combing Dendrogram using Average Linkage (Between Groups)
5 10 15 o 5 Rescaled Distance Cluster Combine
1 1 1 I I ? IID I,S ? 2?
Fe —‘ Fe
bl Mn
| |a
L o
A
Cd o —
B
n n
C
<r ca f—
D C
u cu
09550 YO+ B AYD oy 1,5 - 0955w VYD U FY w5 -
Dendrogram using Average Linkage (Between Groups) Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine Rescaled Distance Cluster Combing
i ; i ? 3 : i ; 2 3
Fe
n n
A
e n
A
I L
B
O 1=
C B
c ot
D
] ]
n . C

955w B e G YO -

13 B 3131 U &y gy Bladg, Sdas Oligany o (1w LT O JSU5




3 s il sy ol (gl S IUT oISl
s i bl Ghls b e

SHSa bl polie S S 4V 57 Jali s

L s ik slaplo L oolyd s e aze L 5 5]

sl 0l &S| PCA 3JUT 5l el

y24

1WAk liso) & 15 loi & ] bj95

hol Sl 6T -
L i 5 BT late 4y 5 ol Gado alsl
Sl sl SCSw an ST e 5 K o5l
OLLs .l sud esliwl PCA Jul sl 3> 5L
L 05,50 YO+ B AYO b3 83100 gl ol 55515k
35 il G Ghaled OISl 5 ud S5 e S

o ek VB0, 00 LS o et )3 LI

O3 B311 S5 & 138 51 S b Bag 5 il p25lie Awloee gl & Jooa

adol 55 ol
52! <l 831l
Lf“:“'?";)l"«M gJ\J.>u\ Loy gIvess g_ﬁ\J;u\ Loy C}a}u\
fv/oa fv/oa Y/A+ \
A¥/Y4 Y7/94 Y/4Y Y
<38u
g/ Y Y Y/VY \VAR s
Yoo Y/4v YV ¥
00/AA 00/4A \AR \
INTARY YA/YQ Y/YV Y
38-63u
AN/ Y \Y/8¥ \/+4 s
Yoo \VANY AN ¥
Av/OA A+ /OA 2/¥¥ \
4¥/47 VYA AVAIN Y
63-125u
AAN/YY \VARd YV v
Vou \/SA YaNs ¥
4y/fY 4Y/fY V/¥Y \
AV/FA 2Iv0 D Y
125-250p
44/v¥ A4 At s
Yoo /YO /Y ¥
VY/+Y VY/+Y O/vE \
AV/Y« AINARY V/YA Y
250-500u
AF/AY q/8y VYV Y
Voo YA AL \i

9o P



S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

1, 53101 UK &y g ypian S Sligury ool g1l 5IUT bl o i 51 Sy b 4Lyl ¥ Jgua

\ﬁ‘jl&ﬂ#ﬁjﬁj\m

ol 5l I PERSIRY]
¥ Yo Vs
C/AYO +/OY0 —+/V00 Cu
/ONA —+/\YY /N4 Zn
AR —+/\ON +/4%4 Cr
XA VACY —v/YYA Fe
<38u

—+/*YA +/AAN —+/*4) Mn
ARY —+/Y4V —+/AQO Pb
—+/00F — /Ny +/AAY Ni
Q¥ ALY VATY cd
+/A0N 2/ YV +/YVY Cu
A —+/YY AINY Zn
YA V¥AA ATV Cr
/054 VASY — /154 Fe

38-63p1
+/YYA iIN% /804 Mn
+/0Y4 —2 /e PY /AYY Pb
Y —/V\A WEYNY Ni
—/AAY +/400 — /P AF Cd
+/AAA «/vOA Cu
YOV VJAAA Zn
LARR +/A0A Cr
AYNS AF Fe

_ 63-125u
VAYY +/AVY¥ Mn
VY +/AVY Pb
JSA VYA Ni
eVE ASA cd
+/4Y) AINE Cu
JASY /Y 7n
YNY VAVS Cr
—v/e\¥ +/48A Fe

- 250-500
VIRYd +/AAA Mn
ATAD JAY Pb
YO8 144 Ni
— /Y VVEA Cd




RO e R U P P P CH N e
TV L e e S o dmdir o Ctlullidl (Sl
poenalS 5 S pal DL Leld bl IS s
5 S ol Sl o e Sl a5 ol
Loss W ossds Lo sy crimos ol sl
2l 1y e 5 e D 6l e HL e (il Sl
BN Bl LY ) Gl as s, S ol Ol

Allas e Lol

y24

19k glino] & Ebjlads & 1 595

Pl S el S e sk w
Sl s plals Ve Jodr 51 oyl a3l K&
L ol i a 05,80 YA 5l 5 58 23 6510
534S Sl Cilys B A Gl 58 5 85 e
Amlsasls s parn il s o AV (51l g pams
e pibols IS ae s YA L ol e A s ol
S 5 e S sy 2l sl m (VL sl cte L

Sl oo o 5L VL Ol 4 a5 Lol esls OLES

Component Plot in Rotated Space

Component 2

s
C,
oy,

ag 5
0'0,-’ 70 a0 cuﬂ\v

%

3955w BY B YA o 13

Component Plotin Rotated Space

Component 1

95w YA §) 5Sass &b -

[~ Plotin d Spage
10 u
05
1
o
€
H
S o
E
o
o
EES
A8
E a5 oo 0% o
Component 1

O9sSwe Be v B YD oy 3 —

Component Plot in d Space
Cu

1

05

Component 2
o
o

05

Ao s oo as
Component 1

9550 VYO B SY oy 013 -

1,3 B3 SO Ay 39 yiwhuw B389,y Sebaw Cligw s PCA (g;bof 50T gumsdus gl & JSW

S ol pgpaslS 5 S 5 cal Sl bt Ll
B 5 e s 53 Bl s ad L L5 s
NGV PL S S SV P
S0 L ol s Wl il g, el gl ST
ML ol ey 534S 3l 0Lis 05,5 VYO b 5T

L ol s s S BT B FA L3 53100 s

IS s 08 L Ul g s K23 il dps QA
S S 6l 9oL sl e 5L slas Ll
Ailg e Olls pl il esls OLAS G 5 ‘(’),5
S A3 YA L pss s g il ot lupll Lz sl

Qol¢




S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

doo s ol oL G Oi\ @Lﬂ (Llo s cl?u.‘ Q)/S.:»
Sl s sluws clle )3 551l fals b JS 55b o
el 035 R e By 5 Sl Slises (Kl
il (3 30l EalS L ol eles 55 sy bl
oz Sl DB 5l S gl &S IS @ asls L8
PY 5l i S s3I0 by e slie o SVL 5K
js&ﬁz_walj_u pale s N il es s 03 ,5Ke
ezl 155 o )3 631000 Ll 580 ol ad Sl g
s Il b mbe 51 K Sl o3 ST
S Dy (S3 g Conds s st 4 aalsl
adaz Slazees ol 2 s e ol gl e L
Sy o ddz Mol (So 1 i y3) rnerns sla ol
A eslital (Ko Sl ls s 55 5 S5 5S)
sdiz Mol (S0l i 55 slajastls ol (o pizman
L 2Y 00 b ol gy a8 5l OLES S50 ST s
Sy ol 5 s So 0l 5w 05,5 VY0
5 Obguy o311 b 5y a1y (6oL K5 ST
laol& ! (813 s gad sl ] S

BL .\_Jh;.})_ﬁ ;_?)) R = L”: éb\.} [ 20 &—j'))-'

2 5 o Sl e s st o
S s K S s A5 o 2 oS sl 0L
Goolaly OLLS dls sy 05 S YA I 5SS
oo polie 5 Lsls (6 5S5 mhan S S b
LU L L O Lol i 13 800l 5
Sl by 315 3 gm s s D3 e 3 35 4
Olss o 2L YL ails gy ol js ol chale sl
Sl s Sy (S3p Il 85 8 plonal o
S st 53 dil o luolldl Lls e Ko
T L e P T PSR WL VBB
5 3 15 e s 5 Sl sl 03,V 5 3 5
S @l GBS sk 4 35 aslsl sl b L
Sedsgiisails Sy (Sopll Lite ad 5 (S0l

sl 0 03l PCA 5 CA (g bl (sla 3T

o3 AV L sl s ol el |05 bl A s
o 58 Al S sy IS Jold bty IS
2 S s ol s aam s bl p gl 5 IS
AL b Ll e I35 5les S ) L canas ol
R 3. B PRV N SRR

ol sy 53 05, Sa 00 B YO 3 851l (sl
il 0313 s gams Ll Ao ys AV (Sl (o yases
2ole bl JS Ao s VY L Jsl s 5 A Jsir (lae
(ol S s Dl sl YL e oot L
i bl ool QLS g8 5 S e 5K
DIl s 5 D nl sl 2 b YL Ol
e el Sl O3l Ol e e Sl o2 5 5 ool
\ld l_gpa ey 5,8 h dedion s &:ladl;ﬂj\f.iﬁ
LRGN N Frep VPRt R PR CR W
el sdz w1yl 8 S 55 PCA (golel LT (iman

Sowger 0
Sy (S350 e dalllae 55 bote oy ol s
Sl S0 L 0T BT (S8 5 35,0k B35,
JoelS pals S oy 5yt il ol o
Ol st osbiie g Sl sy 33101 L2 dai po
VS w.<~w Q\Jlﬁ e ol ‘jfsjﬂ

i) ssbie 4y a8 s ol Tl oLl
a5 b S S sl gy Sy (S
WO3,50 #Y 5 O3 53 ey YL psles 5 i ck.w
- ol 035 D3 o3l ol Sl g5y S e ri
S Ol il 0l aw Gl a3 4SO
o3 el s w{.«_w Sl an glasls gy Sbgu,
Sl oyl 5 253 o ol 258 o il
Dl S35l lad D o a3 R
g rL>.=3\ u:i'”“ Sl 4 el gdudls glals

Sy So 0l o past 53 Slidosd il Gollae
PY Sl S S b Gy e 45 K Sl @



y24

909
P9 Gliwo) @ F o lois @ 1 8 9>

beliosl EILSECE R o)
1. Adsorption and desorption Gl s e 5l sl s fl”‘.‘ Glaayja LS
2. Ekman Grab B
3. Modified degree of contamination S 3 abs e s lesl 5 (6ol pad sed Dllas plxl
4. Abrahim ) . . L
5. Risk index C»_>-l.>f; ))_JS L?"'\_M oblasst B d‘”bwf’) QLG)L.»:
6. Degree of Sediment Toxicity bl N3 o O s 5 el ol
7. Cluster Analysis ’ i A R
8. Hierarchical Clustering ONS S o Jom s 5 sl 5 Olosl o] oo Jos
9. Pearson Correlation B .
10. Squared Euclidean Distance Ll Jes w |y S5 s

11. Principal Component Analysis
12. Loading of variables

&b
AVe-\Ov B ¥ E)Lo..f: 4(,.@,?‘5 Wl 5)}) cdwu.]a?w ‘l(g'f:.<l..~ CJ\J..L% ;J)ﬂ JM

S Ol C‘L"' C/’b ui)l)f AYVAY a8 Sdee SLLEST 5 WliOb sl

d‘j@‘: a&i&\: ‘LSJS: SJL.«I) g((&?vj

S i ki gladils g, 5 0 555 Ol e Sladlas 5ol Silupag 21550 AYAA Ol e (SIS 5l podige &S 2
RO FH RN g [

OF=¥0 St % ;‘)w cr.:.ﬂ..b B

555 bt o sue d 5l Blss, Slgwy 53 Ko olie Sodl a0 IYAD sty S Josb “f sl S

SA-¥) ol T.@.; E

(i 3 e 8032 (ebdilamma 3 aln Blts gy Ol 5o df:)ﬂ;).u: o 3 pobe pland S ATAQ §eslS
Y-\ I8 et OHY Z)LQ..'.:

Abrahim, G.M.S.2005. Holocene sediments of Tamaki Estuary: Characterisation a nd impact of recent humanactivity on an
urban estuary in Auckland, New Zealand. Ph.D. thesis, University of Auckland, Auckland, NewZealand, 361p.

Alloway, B. J.1990. Heavy metals in soils. Blackie and Son. Glasgow and London.
ASTM D4698-92.2013.Standard Practice for Total Digestion of Sediment Samples for Chemical Analysis of Various Metals.

Bastami,K.,Afkhami,M.,Mohammadizadeh,M., Ehsanpour,M., Chambari,S.,Aghaei,S., Esmaeilzadeh,M.,
Neyestani,M.,Baniamam.,M, Lagzaee.,F.2015.Bioaccumulation and ecological risk assessment of heavy metals

in the sediments and mullet Liza klunzingeri in the northern part of the Persian Gulf. Marine Pollution Bulletin, 94:pp.329—
334,

Bettinetti,R.,Giarei.,C,A.Provini.,A.2003.Chemical analysis and sediment toxicity bioassays to assess the contamination of
the River Lambro (Northern Italy).Arch,Environmental Contamination Toxicology,45:pp.72—-78.

Caeiro, S., Costa,M.H., Ramos,T.B.,Fernandes,F.,Silveira,N.,Coimbra,A.,Medeiros,G.,Painho,M.2005. Assessing heavy



S SIS oy 63uig s weals (glealssg ) biguy S>gIT

Ul)So g 3939 e

QoV

metal contamination in Sado Estuary sediment: An index analysisapproach. Ecological Indicators,5:pp.151-169.

Calmano, W., Hong, J. and Forstner, U.1993. Binding and mobilization of heavy metals incontaminated sediments affected
by pH and redox potential. Water Science and Technology, 28:pp:8-9, 53-58.

Casas,J.M., Rosas,H.,Solé¢,M., Lao,C.2003. Heavy metals and metalloids in sediments from the Llobregat basin, Spain
Environmental Geology,44:pp.325-332.

Chabukdhara,M., Nema,A.2012.Assessment of heavy metal contamination in Hindon River sediments: A chemometric and
geochemical approach, Chemosphere,87(8):pp.945-953.

Dassenakis, M.,Scoullos,M., Gaitis,A.1997. Trace metals transport and behaviour in the Mediterranean estuary of Acheloos
river,” Marine Pollution Bulletin,34:pp.103-111.

Gao,X., Zhou,F.,Chen,C.T.2014.Pollution status of the Bohai Sea: An overview of the environmentalquality assessment
related trace metals. Environment International,62:pp.12-30.

Guven,D. and Akinci,G.2013.Effect of sediment size on bioleaching of heavy metals from sediment of lzmir Inner
Bay.Journal of Environmental Sciences.25(9):pp.1784-1794.

Hakanson, L.1980. Ecological risk index for aquatic pollution control, a sedimentlogical approach. WaterResearch, 14:pp.
975-1001.

Miller,J.1997. The role of fluvial geomorphic processes in the dispersal of heavy metals from mine sites., Journal of
Geochemical Exploration,58:pp.101-118.

Jain,C.K., Sharma, M. K.2001.Distribution of trace metals in the Hindon River system, Indian. Journal of Hydrology, 253:pp.
81-90.

Jain. C.K. 2004.Metal fractionation study on bed sediments of River Yamuna, India. Water Research. 38, 569-578.

Kim, K.R., Owens, G., Naidu, R.2009. Heavy metal distribution, bioaccessibility, and phytoavailability in long-term
contaminated soils from Lake Macquarie, Australia. Australian Journal of Soil Research. 47(2):pp.166-176.

Larsen,B., and A.Jensen,A.1989.Evaluation of the sensitivity of sediment monitoring stationary in pollution Monitoring,”
Marine Pollution Bulletin.20:pp.556-560.

Li, X.D. Lee, S.L., Wong, S.C., Shi, W.Z., Thorntonc, 1.2004. The study of metal contamination in urban soils of Hong Kong
using a GIS-based approach,” Environmental Pollution. 129: pp.113-124.

Lu, X., Wang, L., Li, L. Y., Lei, K., Huang, L., Kang, D. 2010.Multivariate Statistical Analysis of Heavy Metals in Street
Dust of Baoji, NW China.Journal of Hazardous Materials.173:pp.744-749.

Madrid, F., M., Biasioli, F., Ajm one-Marsan. 2008. Availability and Bioaccessibility of Metals in Fine Particlesof Some
Urban Soils. Archives of Environmental Contamination and Toxicology. 55:pp.21-32.

Meers, E., Lamsal, S., Vervaeke, P., Hopgood, M., Lust, N., Tack, F.M.G.2005.Availability of heavy metals for uptake by
Salix viminalis on a moderately contaminated dredged sediment disposal site. Environmental Pollution. 137:pp.354-364.

Paramasivam,K., Ramasamy,V., Suresh,G.2015.Impact of sediment characteristics on the heavy metal concentration

and their ecological risk level of surface sediments of Vaigai river,Tamilnadu, India. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy.137:pp.397-407.

Pehlivan, R.2010. The effect of weathering in the Buyukmelen River basin on the geochemistry of suspended and bed sediments
and the hyrogeo chemical characteristics of river water, Duzce, Turkey. Journal of Asian Earth Sciences.39:pp.62—75.

Pendias,A.K.,Pendias.,H.1992.Trace Elements in Soils and plants”, second ed. Florida CRC Press, Boca Raton.

Radha, R.M., Tripathi, K.A. Vinod, A.P.1997. Sathe, R.N.Khandekar, K.S.VV. Nambi, Assessment of Pb, Cd, Cu, and Zn
exposures of 6- to 10-year-old children in Mumbai,Environmental Research.80:pp.215-221.

Rath. P, Panda. U.C, Bhatta .D, Sahu .K.C.2008.Use of sequential leaching, mineralogy, morphology and multivariate
statistical technique for quantifying metal pollution in highly polluted aquatic sediments-A case study: Brahmani and Nandira
Rivers, India. Journal of Hazardous Material.163:pp.632-644.

Saeedi, M.,Hosseinzadeh, M., Rajabzadeh. 2011. Com petitive heavy metals adsorption on natural bedsediments of Jajrood
River, Iran. Environmental Earth Sciences. 62(3):pp.519-527.


http://www.sciencedirect.com/science/article/pii/S0045653512001476
http://www.sciencedirect.com/science/article/pii/S0045653512001476
http://www.sciencedirect.com/science/journal/00456535
http://www.sciencedirect.com/science/journal/00456535/87/8
http://www.sciencedirect.com/science/article/pii/S0375674296000738
http://www.sciencedirect.com/science/journal/03756742
http://www.sciencedirect.com/science/journal/03756742
http://www.sciencedirect.com/science/journal/03756742/58/2

y24

19k Lo € b lo @ 1 895

QoA

Saeedi,M.,Li,LY. Karbassi,AR.,Zanjani,A.2013.Sorbed metals fractionation and risk assessment of release in river sediment
and particulate matter, Environmental Monitoring and Assessment.185:pp.1737-1754.

Zanjani,A.,Saeedi,M.2013. Metal pollution assessment and multivariate analysis in sediment of Anzali international
wetland,Environmental Earth Sciences.70:pp.1791-1808.

Sharma, V. K., Rhudy,K.B.,Koeing,R.,Baggett,S.,Vazquez,F.G.1999. Metals in sediments of Texas estuaries, USA. Journal
of Environmental Science andHealth.34:pp.2061-2073.

Shrestha, S., & Kazama, F.2007.Assessment of surface water quality using multivariate statistical techniques: A case study of
the Fuji river basin, Japan. Environmental Modelling& Software.22:pp.464—47.

Singh,K.P., Mohan,D.,Singh,V.K.,Malik,A.2005.Studies on distribution and fractionation of heavy metals in Gomti river
sediments-a tributary of the Ganges,Journal Hydrology.312:pp.14 —27.

Tam,N.F.Y and W.S.Wong,W.S.2000.Spatial variation of metals in surface sediments of Hong Kong mangrove swamps,”
Environmental Pollution.110:pp.195-205.

Wei, B., Jiang, F., Li, X., Mu, Sh. 2010.Heavy Metal Induced Ecological Risk in the City of Urumgi, NW China.
Environmental Monitoring and Assessment 160, 33-45.

Yongming, H., Peixuan, D., Junji, C., Posmentier, E.S. 2006.Multivariate Analysis of Heavy Metal Contamination in Urban
Dusts of Xi’an, Central China. The Science of the Total Environment.335pp.176-186.

Zhang, J., Huang, W. W.1993. Dissolved trace metals in the Huanghe: the most turbid large river in the world. Water
Research Journal.27:pp.1-8.

Zhou, F., Liu, Y., & Guo, H. C.2007. Application of multivariate. statistical methods to the water quality assessment of the.
watercourses in the north-western New Territories, Hong Kong. Environmental Monitoring and Assessment. 132(1-3):pp.1-
13.





