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and associated pyroclastics, 9- Vines of andesite basalt.
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Geological history.
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pH
pH 1 oM
OM | -0.135 1 Clay
Clay | -0.150 -0.046 1 Silt
Silt 0.053 0.316 -0.046 1 Sand
Sand | 0.041 -0.274 -0.508 | -0.816™ 1 Pb
Pb -0.203 0.070 0.291 -0.304 0.094 1 Zn
Zn -0.005 0.009 0.772" | -0.232 -0.248 | 0.607™ 1 Cr
Cr 0.005 -0.012 0.264 0.512 -0.596 -0.091 -0.079 1 Ni
Ni 0.113 0.084 0.480 0.524 -0.732" | -0.128 0.035 0.843™ 1 As
As -0.034 -0.051 0.634™ 0.065 -0.424 | 0.484™ | 0.705" | -0.160 0.061 1 Cu
Cu -0.074 | -0.0150 -0.143 -0.136 0.201 --0.043 0.112 -0.076 0.103 0.065 1

*Correlation is significant at the 0.05 level (p =0.05) (2-tailed)
**Correlation is significant at the 0.01 level (p =0.01) (2-tailed)

ol ailge Jukxi ~Y-5-0
degazme ;0 Sgga SleMbl 4525 sl p )bl slagss, 5l (Ko ale Juloo b ol adlse Jlos
Syt dalllae ol sloosls (gl |, clailie dus oo oSy o chol ailpe dow alonil el Loools
ol o0 il caallan 550 peSins Sl Lol dilge Lol 5| Lols mls 4-0 Jsaz 45 S e
50 e Hlas |y sads gl seinl sleddlge Jdow 5l ol bt (goms dw Hloges 5o YV-0 S
OLas (YL (NS 5L USs g pg,S IS pgs adlha 10 9 Sl g (59 o D3 (e ailge
Ol oo @l ol bl ol a8 )57 )1 8 1m0 & yg0 4r ae 318 cpgas allga j0 (3 4/4 D) wind o
o ol 8l 4 Az bl Sy ae Yol (ST 5 (53, oy 45 3,5 blul s
5 oy S S o9z sl Ll 55 po3 Olg oo exslazils Selss,] Sl 50,0 1) 38 el oy iy 318
iy 3 S pia Lis S92g S 0 cadlo S 0 o0 JS5 5 S (6505518 I S (395 0

aA



S ple 4 Cans o] SYL cdale Lo @ 1) alflas addie SO 40 e J8 (605,18 anlys]
Sl Cos

ol 4o Lol 51 Jol> bt -0 Jsax

Component
\ Y Y
Pb o[ AsY /-39 - /\FY
7n LW = [A <IN\Y
Cr -+/-qY <[00 RARK
Ni “[eYY +1a5Y <Y
As Y4 =[+ ) AR
Cu +/+¥4 RN +[AA¥

Component 2

ot gl il slaadlye Lo (sums dus logas ~YV-0 IS

Slaves Jdi -Y-£-0
C;ue‘.)l.w.o 6):5")"45‘ L C)" Y Sl 0 e Ji L;)LoT 6&&53) )| )ilo éu ‘6‘4-‘:‘:’55 J.;.l?u
JS5) Jol> ol Sais 4y az g5 b oo oo 53 Jiiuwe slaabes b ooy 5 (6, j0 1, Ll da it

55 0391 JSi 5 9,5 Jalh Cens by 0l s ladigas ;o 1, ol 4595 dus g g0 (YA-O

19



allls 550 ST slaaigas 1o 508 55l Oy Lita 5 oleantigss Bl 51 LT (6WL ales cle oy
a0 WS o pg0 09,5 b g [0 .l oy g (9, oS,y | 5l JSiie pgo ddgs .ol
Gy (D) a3l 55 0 4 ZN—AS (D) a5ls 5 10 903 s a3Ls 55 ¥ ol o Dl3ls  Stuly
PO L jiml ol jo 5 axils po L) (Sly (n i AS 52N aligs (nl o 8 oo sl
6ol alols jo g ools ) Tizme 09,8 S JoSts ol 4y e lID) pgus adigs 5o aiien il

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine

o 5 10 15 20 25
1 1 q 1
cr
i 4 J
Zn 2
- I
As
Pl 1
cu

ooul dilaie S gladiges (o i Sl sunaids ol Fgnis -YA-O JSo

92l S 0 (S O3S (6 dydigs —V-0
) G Gl S iz Glajl o Dl gileass b))l ey Slidiss o
S e Soponl 5 S ke 4y o oS5 Il Slas g (Slie oS 525 e e 5 bS]
S 555655 slajls )0 d92rge Dlls olulid 4y oo (D8 o5 5 gl Ghs s el o955
4 o 5 gl el Galel 3l ol mls Gelul 098 oo Ll (6503 (o iwdCann s Gliee s g
20,5 atin aslllas 390 S sladiges 1o jolie (5n3aiss (VAVA) () San g eud b9,

YW I O K R Q—l T as (YA-0 )



100%

80%
60%
40%
Py
. i
. v
Ni Cr As Zn

Pb Cu
mExch &Carb mMno-Feo %=OM =Res

Concentration (%)

S 9 4 (o5 gl ialej] s nSilee -YA-0 JSG

o —)-Y—=0
e S8 3Vl a3 e i calllae o g0 ST (sladiges o |, e 3l (g 5luist Yoob IS
- s cosilagdly 515 5 o Vb Cle > b gl il (il L 5) ooy 5 51 (L SVIVE)
b g 36 5 oS @ Jate slajl ol 51 Gy ol 5l Sl30ma) 5 (oxeee Lae 0o
s o oLt | e SBE i (VYDA 5 7 VHAY sy ) 35500 5 ool (gloasns]
Zay93] 5 eVl aiile Slo S la S 50 paie ool jpa Jds il S5 L 5L (nl (ol pen
2 oo SRS gy 0yl L8 (T olge b disy 5 ndi ol 5B 50 43 e ke (n S e

il ) Oy 4 gzl dilaie gl S

Res > Carb > MnO-FeO > OM > Exch

QQ, 00%

C

R

S 50%

c

CD T e
(&)

c

o

O %

15 32 35

mExch ®Carb ®@MnO-FeO ®#OM ERes

lordssy it sbole sl oo zlZiul o doyo Ve -0 S

JSw -Y-Y-0

Sl pigad loolSius! ;o ouls gl oriwl Galizes sl L) SS paie ool en ao o Y0 S

Ve



3B 50 S8 jeax oyl jeax el 8L 3B o (1 FYIRF) IS clale o YL aes o gl
S o5 4 alkew Slo SIS 5 Al gFE L (8 9055 (codilr ©)90 & Canl (San conile S,
o do Wilgs o 518 cpl o S a0 (Forghani et al., 2015) wil (cok! 5 cooSenl) o,
b s 3B g 350 5 o] oSt Glajls wil S slodies ,o paic ol oljimme; Lis
3 5l 5 U 5l LAY S e o |y S e 5LV 5 LYY (o el S
dibie SS1E 3 S 6 dyaist Wy, s cnl Lol 2 ewl ol 2l 5l o JT olge 4 e

] ) O yg0 A g2

Res > MnO-FeO > Carb > OM > Exch

100%

50%

Concentration (%)

mExch mCarb ®MnO-FeO #OM m=Res
oboness Calisee slas 5l ouds zl Feinl S wo s ~¥V-0 S

S yT —F—-¥—0
w3 Ol |, S sladiges o s gliul glajls b Sl alen soys YY-0 IS5
AST & go a0 Syl @ly 50 (L YAIDY) i gl Bl sl Bb 5B 5l oS, T s po 0 5V
o el (o oaile b 5B o ST jp> cnlpls wsdi oo sl sailyw Gla S 5
o Fe® w Fe™? daagilsn cnl GalaST Jlis 4) ol )l oy 0 As™ 29095 (Sl
22,3 0 3YL o1 5 e (Forghani et al., 2015) asl JIE ¢ (09 0 FE™ 0351 AS™ 4 ou
o A) Spd e 0yd 3Se g o] slaanST 4y Jats j1 g ol S 4 Jate 1 g0, S
oboontigts a6 a5 o] slaanST 6 L ST alan (08 57 )<Y

(Kabata-Pendias, 2011) el V i yiio PH L oS 10 0% a0 ¢ 355 g ool slaawnSTa o]

VeV



i 4 Weols sl 555 55 1y St ] 00y a8 ey ol 6 5 ST olgo 4y Jrto clojl
Lyl s a4 Yol a5 wys 5 2l 5l judy Jol 56 5l ST oo (s a8 (1 YA+ 57 YIAY
L g ool gl sl 10 AS™S L a5 Jsb a4y el adlllas 5,90 S clodiges L3
Sy (5 p3uaisS &g, S sk 4 .(Forghani et al., 2015) wb oo L2olS g ,05 4 pH i3l

] ) O ye0 A goul adlaie S o
Res > Carb > MnO-FeO > OM > Exch
100%

AS
80%
60%
40% T
O% oy
12 15 21 28 32 35

mExch =Carb ®MnO-FeO #OM =Res

Concentration (%)

ehondgsy il slajlé 5l oads zl Senl Sl duoyo -YY-0 IS

35 -F-¥-0
wdal Cawd a4y s wlul pams oo Hlis S sladiges 10 1) (59, pate 3lwdisd YY-0 S
3B 50 g5y YL doye jeax ol 18 (el BL 3B ) e a6 j0 gy, paie 3l T A4/PY
Siilgw o B 5 Caighjgetige (B 50 5 (nl jpax o 4 Sl (See (ST onile B
F/-q (Forghani et al., 2015) wloais zl il o oo 5 gzl ] L3 ol j0 a5 ail ceglas
ol 4 g5, Jled ad gl 53Ky al slaasT 56 5l g psu al> e j0 (g5, 3B 51
Sl S (sladigas L8 Lulpd )3 0hg & daarnS g ae ST 4 ol bls Judo 4 pdy rals
WOl 0l 50 ol ouds Jols 1) (g5, 7 YIYA 55 bols S & Jaie 8 (Forghani et al., 2015)
P ) WS e 50 1y gy I Sl 1 65zl et pdy ol 5 T olge 4 Jate slajle

S gloaiges ol Lyl 4 olce |y udu ol 56,5 sy b woys (L JAS 5 7 V/AY

VoY



o|9.o 9 ™) L;Lm@lf SS9y X be.w ol J.,Lu 6‘5\.\*”)] L S SERRSY aS |).3- s Cowd
S pddaisS By, IS ,sb 4 (Forghani et al., 2015) s ls 555 Jobs anlyd lawg S I
WS (o0 et D90 4 gml ailaie Sl s (s,

Res > MnO-FeO > Carb > OM > Exch

100%

Zn
80%
60%
40%
20%
0% L
12 15 21 28 32 35

mExch ®Carb mMnO-FeO #=OM &Res

Concentration (%)

loridgsy e sojle sl oads zl Zinl (g9, duoyo —YY-0 S

P9y —0-V-0
ools Lis PE-0 IS o anlllas 5,0 S sladigas o cilies o b o yaie 8] yod doyo
OYYIVY MIIKG (eSlee y5b s 7 AVITY) 0,k 51,8 oilo Bl 56 1 pg, s 325V wansl o0k
Y s ,e cde s 9 (Qze, 2003) 59 o 51w sla SIS 0 AI*® g Fe*? - Sl Cre |, 5
PY) 5500 5 oyl (clbannST( AV) ol S 4 e 56 gz amd o oLt ssile Sl 56 4o
i3 n o125 3,5 (5 0 (Sl Loy ot o +10%) 23 Jols 5l 5 €L V) JTolga o/

el 25 Oj90 4 ol allaie S 10 09,5 (6 pdyaisS W,

Res > Carb > OM > MnO-FeQ > Exch

100%

Cr
- I I I I I I
0% ==
12 15 21 28 32 35

mExch mCarb ®mMno-Feo #=OM #=Res

Concentration (%)

oloonisss il slagls 5l s il ag S ao s STE-0 IS

Vof



G —F-V-0
sy (035le Bb 1) 3T al> o j0 (/A /FA) O clale o i o5 5 7 Benl gl bl
K 5 58] GloarnSTL Ws g pom Al o 5l cllale (p ytin o 5l am (YO-Y JS3) o)l
JeSai 1y gl S8l 58 g ool sloaraSTg o 5 ornST b oy s gzl (LAY
5O oy 3925 )10 jgam Ole,S b Wgn 10 5 oy /0 0/FY (Forghani et al., 2015) aes
Zajgygy0ed 5 PCO3) Cujgrm wiile Glu)S sl g5 o o)l jeam o a4 daclys 56
S5k paie nl Srdoerwdten 9 S 25 5 1) (e A (nlpl scusl [P3(C03)2(OH)]
$lp 69 DI S Glae 4 cl S p2 (CaCO3) cods (Forghani et al., 2015) wiS
Oy ladie 51 (L YIASY JToole g (L YIVe) pds Jols ;6 (Forghani etal., 2015) oS Joe o o

il ) Oygo @ gl S 0 O (g pdidisS W, ailosls plaisl s 4 )

Res > MnO-FeO > Carb > OM > Exch

Pb
_ 100%
S
c
B
E 50%
IS
3
2 AT BT e
S % S

15 21 35

mExch @mCarb ®Mno-Feo #OM = Res
lerdigi Alisee (slasle 5l ead gl il e )0 YO0 S5
A 23S g (R OIS 6 A o o -A-0
IR s 9550 00508 by LS Lawg Wil i 5 S o (S Slils (S 20
SRNS 28 apd oS Sl S o Gl 2Ll jskite 4 (gl cnl po ol a8 S
boe o Slls Sy cm)p S ts, il R e re (nl Al ol oslaul (MF)

00 sewy P 90 u.a.iu.u u‘)b Lg‘).’ 0 ML’L@ Lg).:».\.uj).?u ua.‘>l.w o )0 ] (ue.w) L! SbB)

AR



el 00l o.))ji Ye-0 J&w 9 AR Jss\?

S ladiged )3 oK DI gl 6 23S 25 <o o (Sl polie ) -0 Jouo

Cu Pb Zn As Cr Ni
MF -NYY [+Vo o[ YF o[£ NEAN ¢ Ak a%
MF (%)  yv/vo Vio- /e AR V/EY VEIVO

s LVEIVD iy ) S, e oYL 6,10 CU g NI e s 05 oo odnlice a5 jghilen
s 1 (L F1 +  VIB* i i 4) S o5 oy YL AS o P LT 51 m 5 dibl o (/0 VYYD

D LYIEY g LNVFY 6 pdiS o0 asll il s 5 4 ZN 5 Cr paie g0 aws

20
<
T
[
k=)
& 10
Lo
2
3 5 . l
S
S - -

Ni Cr As Zn Pb Cu

asllas 3,90 ailais GBS 15 (ufin Sl 633 o0l pyolie Sile ~YF-0 S

oolisial 1 5 o) oS 51 oS (slodisai 15 (i Sl amatin; b5 ool e &
3590 Cypdaiww Sl3l8 Slas bl oS Sl polie caumo lis YY-0 Ko 5 VV-0 Jgam 050 )5
Sg g0 0ddlive (V=Y Jguz) s b oS elsl p S 45 gaies; 4 azgi b .ol axlllas

s hawgie Jhs gl yolie plo g oS s glls cdhis oS 0 Zn 5 Cr &lls oS

gl SB 5o dalllas 8590 (oS I8 oz Jbj oS polie (12 Sle -VV-0 Jgax
Cu Pb Zn As Cr Ni

RAS % YOIV AIYY YIYE \Y/eY \/£§ O/

(R34



20

15
10 I I
, = [] I
Ni Cr As Zn Pb Cu

goul ddlaie S (o dslllas 050 (S O3 ol Jlas oLl as polie Sl -YV-0 S5

Risk Assessment Code
(2]

obS o wizls cdale L5, -3-0

doddo —1-4-0

Lgd g0 Dgie Dldgzge 2IAE 0 2 5l A5 sl 5 (sreb SlapinsST (Lol sl 5l lalS
ilien (SaptnnsS] )3 ISE 055 (i 0091 5 oS polis a5z 13 oL args bE i
5 oS yole cdale 5jlge i o (Kabata-Pendias, 2011) cewl ool jasrie o> 4
5 i sl Lagms (glsm 5 (0T e Slge «S1) oS 0, dawme o LesT Slgls b3k o lalS
Cdz wile (pwlol gl 5l (S B o lgiee |y LS o yaie ja sl g S sn Cundg
paie G938l b g 098 paie giludisS 9 JS Zhale wlS g0 50 pate JUl ((es ©ix)
siile (g polic ohg w4 voleeS polic 5l (S ol parseils jolie o ASTy (izen 5 (S92 OB,
0120 oS5 g atiS so Wl olS sl 5 g ;0 aST GRE (59, 9 g 5K (] (e
2 o5 b olic (Kabata-Pendias and Mukherjee, 2007) sscewn oLS 1o oyl g9 o>
5 0LS 5S> Comgoms 4y y2xie Vb polie ;5 5 00l oA o) o)l LS bwg Qi 5 S
28,5 o o) 5l eaisS wdas Slogge

Sein) 9 ey sl yo (Cr, Cu, Zn) s cbale aslllas 5 (o) 2 4 Tl 5 cnl o
b, yekaie 4y g 058 oo aB 5 (axdllas 8 50 ddlaie o LI LS 455S) (Artmisia) a o oLS

Calis 15 9,5 on 5B ey 330 ¢ ailondsiism Gl Al Wl 5 S o Il Cdale y alay

AR



sleplasl 0Zn g Cu, Cr 5B Y 6w ywdcun) Glime § S sladiges o Sl 6 530S o0
a> 5 olS slaslal ,o0 As g Pb NI 318 ¥ clale a5 el S5 a4 p3¥ 005 0 obj,l 2LS

A 00ls yausis oKiws Lg)'L.;)l.i.LT

o yo ol srdiges jo wlpld cdale -Y-4-0
Josz ;0 oals s ol sladigel sy, g sy splasl ;o Zn 4 Cu, Cr LY clale
Lol 00 OQ)ET VY-0

olS ;5 Shoot) iwejg, slaplail 5 ROOL) sy slaplusl jo calitrs (S Sl3ls cdale -VY-0 Jgoo
(MY/Kg) e )0

Shoot Root
Cr Cu Zn Cr Cu Zn o las
Aged
0 YA YY 5 \& Yy P1
\ Y o ¥ 14 ) P2
0 Y. 5 f \Ai \ P3
A VY A N \§ f P4
Y VY 2 N ye \ P5
0 Y- ¥4 5 VY - /0 P6
A V& YY N YY \Y P7
0 VY f f \§ Y P8
FXY O OAYAY O VEAY |OFIAY VAYY A Sl

09,5 —1-Y-4-8
Wl oo 99,0 OlalS (sl (o S pAywws paie (] S ol e galie ;5 (pulul B 098
oS ay; o Baas pg S ate cal amti (o S Iy Jal ol S =9 selal 4 gl @
L e S o byl 50 5 092 oL (gl 2 e pewdCany s S8 CI™® o5l o 55 sate
SopH 5 S il pgas 4 S SlerisSo s ple> 4 Suw 58 1l (6 pdy s Cwl

0dgaze g +/V\=+/0 MO/KG LS 5 j0 pg,S clale Jlo,y lade (Kabata-Pendias, 2011)

VoA



ol cdale .Sl (Kabata-Pendias and Mukherjee, 2007) <l 8-Y+ mg/kg ol Sl
FIXVO - MO/KG caslllas 5 50 ddlaio | oo culilo p LS sladigad 10 ( )y, sbrplail o paie
FIAYD - MO/KG oLS sladiges ain, j0 09,5 clale Kl o )ls 13 oz 5 oogaze o a5 ol

!

oo —Y-Y-4-0

b o e clale (Kabata-Pendias, 2011) 0si co cawrmo (LS (6l p (5,858 (5 paic uo
I3 s 4y e o (523 25 Jo il b el ST Joloma 5 5] e 51 ons 8L (sl
3 eoS e Cenl (e g diloge (B I g ata; 55 518 cnl 5l g0k Jlade 5 el o5 lalS o
SFeS e s olS lox slaidu (nlpln 1S 85> oS Glex slaplal Coons 4 55 ()l
o 4 lS Sy e 8 Slew g oy cdale 03500 .(Kabata-Pendias, 2011) ai,ls
sleaiges ,o (Kabata-Pendias and Mukherjee, 2007) ool Y+-Y-+ mg/kg 4 0-Y+ mg/kg
MOKY e, sboplisl jo 56 ol oSl cdale 55 aslllas 550 dblaie jl oad Caisls, oLS
dgos ol a0 18 cpl clale pasSlo .ol VAYYO MOIKG sga ] 4t 0 9 VYIAVD-
Sy > o2 jae pl@mls pl 4 daxg bcwl Y MO/KG sga> a5 048 g0 00us Voo les

ogm‘s@.’ ETOWE ) ol,,f

©9y-Y-Y-4-4
2 o 3 ol 5l @Vl cdilE e Gl b e (lalS (6l e slasdieg 5 (S 55 )
S5 oo )15 olS s o Sl 4 sy, o0l o sba S sl o ol (sl Wilgi oo S
S Lo 0390200 g YO -V 0 MP/KQ oLS 5 5 il y0 (g5, Jb 5 cidale (Kabata-Pendias, 2011)
0 a0 oLS sladiges o .(Kabata-Pendias and Mukherjee, 2007) ¢l V+ - =¥+ - mg/kg ]

Sl iy, o ol Sl cdalé 004 VA YO mo/kg sl slaplail jo 518 pl (Sl clale

V-4



5,50l sl gz 55 58l ol by el OIAVY mO/kg adlaie

ol (S039) 9 (o)) Splal jo pole Chils anglio V-0

S8 lawlld & cl 55l ol p Jols daplail g (LS slacdl bawgs Loy JUil
PH wle (6,500 oty Julge Jlo ol b S oo Lol JUEil ol o 1y Sormt] 2y 00iS
Kabata-Pendias,) oS oo J,iiS ol slacdl jo |, Ol3ls S o0 doyguls cold, 5 STy, Lol i
o5k Sl dtnly 5 polie pleend Sleogas 4 ol glaplal o (S olie S 25 (2011
@lop ekl a4y asy; 5l 2oy 4 oS s (g0l Se 9 A, B, Li, Mo cis (g5 oo IS
s rolis Fe 3 Co, Cu, Cr, HY, P g & ls Lawgio S 5 ZN g M, Ni, Cd 558 0 Jiiie oLS
(Kabata-Pendias, 2011) wgis co Jaio ais, slo Jobo 4 ol 4y a5 aiwn

oLS (S5 5 a8Lu) 2lon slaplil 5 (ad)) (coe) ) sboplasl ,o asdllas 390 yolic clals aylio

e laplail b annlin o ooy slaplal o (6 3YL 2ezi CF, CU jolic a5 aoo oo (L a0

Concentration
(mg/kg)

o o

(YA-OUSE) canl ol a5l o olse slaplail o0 Zn 31 cdale pioren ad)lo
Cr C

u Zn
= Shoot = Root

((ROOY) ey slaplusl 5 (ShOOL) olga slaplasl) Cr, Cu,Zn wl3ls clale Sgiw jloges -YA-0 S

ot boiigdfom gl as L 1 ooliswl b olF § S 4o wljls cdald abaly b5l -11-0

(o) o8 o o 1110

, (Manietal., 2007) el olS 4 S 5l olie Jll SUlgy sasmo i S o jali

VY.



s 5 jeb 4ol s 00,9 anlllas 8,40 l3ls ) oS po el (KR0S
22,5 4> ) Ojge & OlFiee ) (G o G pd dsls I Jol>

ol ZN 318 @y bgs e BCF oy 2SS g el CU paie & 3laia BCF -y 5YL -

Sy o pd o polie paled 0lS a4 S 5l polie st @ed o po 4 az g LY
Jos polie pl 51 G ot 0uiiS Conls d5T lgie 4y Wilgh ol dio 0 oLl ol saiziin V31 eS

Ly

0.2
0.15
LL
O 0.1
m
0
Cr Cu Zn

yolie (G gazd o pd (eSike -TA-0 S

JUS! g b —Y-11-0
Sedsr b))l JU oy Sl ealatnl b (s g,y slaplail 4y a5l olls JUl (6l olS oUlss
4 Do Jasl oo (YL aS 0gd e cdpline Fo-0 S 4y ax¢5 L (YOON et al., 2006)
b5 ol <A+ ] aly5 b 3,8 6 & 3late T e 5 VYIPYA JUisl 5 b (55,
o gloplail ay aty ) 5l g5 52 4y polie JUil Ul oo olS wmo oo LS ool s &
0525 Soplsil o gozsi 4 |y o hles g olS 0,500 ;015 9,5 05 (s R3S 20 pal cplcanl Il

.Mbkso QL&.\S 50L.f

RN



14

12
10
LL 8
= s
4
2

0 [ ] [

Cr Cu Zn

aoyd olS o yole Jll co s Sl -Fo-0 S

S M a6 -0
b oo | olS slsn slaplasl a4 S 51 olie Jnl oUlss olgs o (Sob2é s bl 5
T pS (p e o5 A asuie (P10 JS8) aslllas 990 jolic ln (SadE o pd drilne
@ @l Sl O 58 @ Blate o o pd (nl ok (p eS8 5 Sl CU paie 4 Bl Sad oo
SLis goog ) 5l eS (Fald f o sl cdalllas 550 yolis  soled aSam o LES oal Cews

yolic o5 S 205 &dly 10 5 2lsr sbaplail a4 Cos iy ) jo Jolic pl rood 45 a0 olS Jiles

Lol dio 0 oLS slaplail yo

0.18

0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02 .

0

Cr Cu Zn

aie s olS o polie Sob gl oy (nSle -FV-0 USS

EF

Wy



S gladiges 33 O (5 0w pwdam j 9 S 25 -1Y-0
~2555 & il s S5 o (S SIS (6 pdy o s i 45 o8 3L a5 jghailes
245 (36 aims e graly el T o ytws 50 45 (5 4 Lt el el Wil pleerds (3l
.(Chang et al, 2014) sgi oo 43,5 L5 10 wlS pd ywyiws 3B loe @ wol o Jo 2,
ST (25 BB SIS ol sl polie G mrtes (Sngin @ Wi pB LS 22 (o) 2
ol e Lietal, 1995) cosl ol o yiws 10 paie jlade sdimoylis (b )0 pdy Jold 55>
O 9 QLS ady; O jglome 3l oad sy S sladiged ndyJols si2 (b)) Helaie 4 aslllae
SIS Jolowe 5l careys (2S48 (sl (2N 5 CF, CU) (oS D151 (6 pady o yiwdZons (e

A oolaiwl ;Yae Vo e

03,51 1W-0 Jgazr 10 S gladigai 10 3,5 5 595 come eiiims Sl (6 234w jtawd s e
Sladiges ;5 595 0o (S 8w (6 s sdCen s polie (peSilee 53 FY-0 S8 el ou
a2 o olid S

95 s e Sl (6 pdy o fwdliny s o) aihin S 39 2llE Jdo 4 (IS 55k 4
Ol 58 NS 28 YL &S Sjluse patine S iy resen ) @l Sl Gl ey S
laplsil )3 o Clale (5 Slo polie K00 Byb )l e S8 4 bgrye ooy 3590 D3l
QLS Lawgi (g iy (liee 4 epsyS 5 g9y b i 13 (e 38 Sl oo (yLES S dieyd oS
e o Sl Clle o e bl saimo gl cllae el (FF-0 SE) Conl o L dikais
I8 (5 ppdy o yimsnienss Gl oIS psb 4yl LS slaplail jo T el 5 pdy Jals

S (o0 et ) Djge 4 addllae 3550 (S
Cu>2Zn>Cr
b o 2 eSS 4 S (LS slaplail o Sl ped Gl

Cu>7Zn>Cr

WY



S ladiged o S Ol (63 o st do 0 -\ TY-0 Jgux

Cu Zn Cr Gges 0 los
<IYYA SARAY A \nd
<JEY) <IAQY AR Yy
SARId ARE \eFe YA
\IARYd - 1vay Ve VY ¥
\IFYY \lid SANAS v
VIVYS 1A AT AR
<[ <IYM <IYY# A
\IAla} Ve ay SARE) A
<1VY </8-Y <[TAY Oles

1

F1 (mg/kg)

0.8
0.6
0.4
-
0
Cr Zn Cu

S sladigad ;o dalllas 3y90 DI85 0 o twdtans ) polie Sl -FY-0 S

80

< 1|
20 60
S
c —
S 15 T 40
o s
10 S
€ 8 20
2 5 & I
g - S o & nal ek WER ned DA 0% s
1 2 3 4 5 6 7 8
Cr Zn Cu BmCr ®Zn ®mCu

Oileo (@ 9 ((Famisy 9 ooy loplul jo clale gaome) aLS sladiges ;o wlls clale (V-0 S
oLS LthAJ}o.S B ul).l.e cdale

WY



s s
Lolgt o 6)5%1”



doddo —V-F
el oy @ly SOl e Gl e (28 Jlod (5 70lsS VY )3 9 Lo )5 il 5o cozml (e (oo
& aibaie S (Sogll Jlaol il la gl 55 5 55lo G 9zs a4 axg b it pl o
GLLS 5 S o oS Shls S lale p) gyl 5l e 0)ls 352y (S 3l
Slaods 4 5 0wl SISl (6 pds mwdtun s Gl (uad ied g 97ul e3gae 09

g oo 0, anlllas (ol 5l o] s bl

sl i (5,57 (5K (sonigd V-5

5030 y3kike 05 (aasd ICP-OES g, 2y sSiw digos A 5 (et 3l Cle gy ol 3
XRD ;U1 5 Lo — S35 5 S50 ablie jo (4503 VA) ddlaie oo 10 3950 sla SIS
A oolazwl XRF gy 5l (S ladiges Lol gloosS| s gl yuioran .08 )5 ol
Camols CuST1 5 ST Bl oS 5 (o Slaais] slaSiiw wael cans 4 s 3b
a0 g 03950 O cg5] (63485 0095 3l odbubld pr (sladiges g axiwd o |y ol euST5 4
o3liinl b (Glu 55 slagyg) (owlbid G (o) 2 5l Jolo @l i S (o0 )8 00205155 5 Zapg
S5 sl ne Smley 5l 55 53l sl IS 45 ol (LS 35 o s iy 55515
(oS0 ol 5o Cobil oz 5l oy Gla S jpam aite CosgSIS 5 Sy oS el e g
oSl g il mls cwl boluwals Sojler sl 3 ol caimsylis 5 conl axg LB
S 5 Cupm CasSase 35,155 Sl SIS odee jgh (Ll Gl S jlead cuils  sladiges
sla G5 Jalds 15 gzl e ;0 b3l Gloo S5 40 39250 sla G5 o o Lid 1) (k) (o,
S8 0975 Ll (Sl 50 (pl Lol jor ol ) audlan) o g CogSin 35 )leS RCUN| Y OWT) )
o gl (g5 ol )0 G (g § (gouml s Lal 1 sasmo ylis « Sle 5o cpl o cusyll

oSl 95 p Gl 5l ol gl Cules 53 S e anl atd iy sl 4 1) ST Sl S

\\#



oL |y oS 5 o IS 5158 e joo G Sty Sl 5o 5l eadedils p sladiges
&S awd oo Gl e Gl SLe S slagg) o e Slls 2STn o8 pm ) a0 s
JS 9 pgyS Sl ] i b Sl S plu 4y S« Sslty (Sl )F0 po o I8 Sl s
Dlils Lol (Sas e o Sbsl Sl So e il | cdile o i Sl n Sl Se o

S Godiges (o1 boadogSy 308 b yol )b -¥-F
cél g Joske woys PH el ¥ S oliaigSond la )l ol 5l caddllas cpl o
odlo g PH o (sl yio il + =¥ Gae 5l S aigad VT olows ol (6,5 03lail (S gladiges
) S sladiged S8l (e jslite 4 digai V) il (s 5l g (uamsliy Slog S0 (39, 4)
03gaze ;o « S sladiges PH aS ol lis mls U5 jeb 4 00,5 Ol (6 g 00 g,
o ols s oLL8 les oS> 05, ;o dalate S Ll pl il 90,8 o LEAFALALS
QS o gt (30,0 VOO (uS5ke) duo )0 YT B+ IYF s 0 55 S ST oole Jladie 0,5 o 1,8

355 oo 51,3 (LOAM) gl 5 (SANd LOAM) (glawle — sog) 03, 15 Loges ju ddbaia S bl
83 (oo oSS 1) B (0 7S )y 9 SISl 5 o tien anle (nlnle

S sbaiges swlid S —F-5

3,90 XRD g, a0 S aigad YV olowd cadlaio S5 )0 05290 sl S oy 9 02U, jelaio 4
SRR SISNC A IRCIR SN PR L S { ESD POTURTSR SCTSNUUNRN KR CERNCCTIC [ SOV
Q5,18 ga CasdBlS g oS e T IS gidS

S bdign jo pSuw Ol IS clale —4-F

oinnt Sy3e b s 5l ol s ICP-OES 3s, &y oS aigas YF o Ko il il

Sl Al VL il oo Lid gl adlate ST o 1) CAlE YL pe S 5 s 83 55 dus

VY



MO/KG) S )1 (YO MYIKY) & poo «(V + YY MYIKG) oo 2] 3 & j90 a0 S slodigas 5o
SYL olls ol Sea cdale (AF mg/kg) S 5 (V27 MQIKY) £, (AYY MO/KQ) sq, (F7/) -
(Sl 55 Glayg) 5l oo cuils p Gl diges jo .l Slax oS o Ll Sl clale
ly 520l Gyt Sl (Sl 30 0 g g ST gyl 5 Sasly (45 50 e e
adhis S o Olld ul S W5 el ooy o SIS A S8 F Al g e s o LS
S50 0 g aily o wline Nl Slu T slaiygy 0 5 IS g pg,S 8 g0 cdale aSleas
D5e o I8 auser slaadds ol o ) Jlade o i syl Sl Fs o ol 5l s g Sl
S (Sogl Wb g CadnS S5, -F-F

il oy patls g (Sab g oo a5l Sogdl a5l S ceas obs,l ekt 4
aS a2 o plid gle,Ss laygy yo i Ol Sad S cu o Sl a0l ool
oy S S5 jgam .l Sbi,l Sl 58 (g5 4 gy e ZN gAS, Ph &lils  Sabs 8 o i
Colpo Sl S (5ysb ar .l Sle 8o g5 ol ol sladasin jl Sb3,l Sl S o
b oo GhelS 5 ol aalllas 050 IS (ol (Sl sd

As>Pb>Ni>Zn>Cu>Cr

chagie (Sab e 59 9 oo ( JSE (S W (FB S8 09,5 ((SAB e oy ganalb Wl 5
5 e 89y Sl A aas e i Gle So slagyyy 4 4z L S sladises clldl e
dihie S g atils 1) clslime) pasle ol opyiie oSl Sle, 8o g5 50 « S,
S, S0 50 58 e paie e oo Glid | hawgie t_;o}ﬂ‘ufojﬂ o blod 5l alls cpla cad

D00 518 lawgie Sogll 0n, 10 5 e0g cublslime) Olime oo pidas Gl (Sl

YA



ool g Lol Judxs -V-5

b 6 o] Staen $5qn (S5 Jloske g PH (A0 Jg92) (Siodr i jle 4 a5 L
S o da el b ol o Sl sy 51 LU wilgs co alie oyl a0 cod Hlid )y 0550 l3lS
AT g Lol adlie Judow  SKinaod oo s 5l oolatul b g (S jsb a4 ail aslllae 5,90
et it Lite 08 150080 L (55 5 0y oSt | polic Yool o 23050 g5 o eslaig>
sl 1 5y g by e ()5 s Lo o il 55 IS 5 o35 polic
Slad lad o gme alasly ¢ cwy 0,90 DI85 S

S bdige ;0 uSuw OIS g pddiss —A-F

JUORCIUSNER PO FUE PR P IE {FIPOUEY SN NEDC SCH TSI U SO
595 9 e 2 (S5 498 oSt (N S5 (6 gl il Wy a4 az g b sias Sl
o] Cawd 4 5 s

158 (i il Gy Jsl 4l o 3 0 il ) i Jols 3 3 allnn o 50 13
T YNDY 1Sy . #YIOF S5 o PYIVE 2 ) 00ile BU 518 jo oYL 58 a3 g ails |, clale
SOk conile BL 5B o olie jeax wies oo Gl (FA ¥ 10 T AVIVY 09,5 L A4 /FY 259,
P opam 4 85y 5 S alex 51 13I8 les susle Bl 56 5l s ool L o3 5 (ol Lo
Fgus) pg 5B L candllan 890 (sladigas 10 sy 87 AD 51 s ol 35500 g o] slaousT 5l
5 i ool G a4y ulis wlul sl ol o (00ile BU 5B) ;5T 5 (5K g ool slaaST L
L $g) pgo 56 50 L VEIA § (55 g oyol slaanST as Juaio) B uogus 5o (e 8 L VYA
ALl gas (ol ,S

bl ol eolaiul (MF) (608 o0 oo 5l S 0 K S8 S oa Sb5)l shaie 4
Sl a3 YEIVO U (pg,S 1) duo,0 VITY Sl addllas 0,90 yolie (6 pduS o0 oo gl

b oo Bl 25 o A g Canl e (JSSS

ARR



Ni (/. VE/VO) > Cu (7. \Y/¥8) > Pb (7. V/6+) > As (/. #/\+) > Zn (/. YI$Y) > Cr (/. V/§Y)

oS I 3o taxted LI |, oS 55 o s 570) e HdlS L glacSE 5 o 5 UK ool
sanlss S o5 5 005l ok bulpd o 5 ansls jpam oaile Bl 5B o Base 55, 5 095

sl

oy olS rdiged jo yolc clale -4-F
3o polie cdalé annlin .ol i ICP-MS g, 4y (aie,0) ol digei A jo S Sl clale
Cr olls oS aes co lid i )0 ol (S g d8l) dun g, slaplal g (ai ) sy sloplal
yaie CBIE fizen 3l (g, sloplail b dulie ;o (e p ) slapluil 1o (6 VL ez CU 4
A oo LS daw ) ged cupo el dcwloe Ll ol S aly ) 5l i Slee slaplal )0 Zn
caye oVl Sl ZN e 4 bgse ol (S g sl QU pate @ slaze BCF (1 5YL oS
L S lsls ey slaie b (ol i a8 5 VVIETA JUil s b s, 515 2 Logye JUis
ol ke (708 5 ol CU 315y Bl 555 s s o i <ol <Y+ Jit]
oy 6lls andllas 550 yolic soled codel s @y gl wlul el Cr 318 4y by o g o
A Comnd il ;o polic ol mezd 4 a0 oLS bled oaimoylid a5 oo ) 5l yieS Saul o8

ool oy oL E claolail yo polic inl oS 5 adly 1o 5 alep claplasl

S G138 (6 200 (o S —V-4-F
oo clls y S sladiges ;o (ZN 4 Cr, CU) (S Sl (6 ndy o iwd sy Jlake b))
i ol a5 sl 50l OIE nl (603 o iwdCans ) oy aS sl lis (el ads ;) & glxe
WS Gl jo Syod bl oy i cwl pliasgl dahie S og oLl 4 4>
QLS by 6y i 4 pgyS 5 89,y b dmalio )3 58 (nl rizren el o b &y bgy e
2 0lild gezd Glime Geizmed 9§ pdy st Olime (B ok 4 Zeul 0ad e adhais

\Y-



b oo el gy o alS slaplud]
Cu>2Zn>Cr

Bl —Ye—F
SIS g ( SadlS gl g 6 Sane lacallad cé i boolplal Jolse ids obj550 -
JETRNE JUR DU INE FRN SR

Salil Glals olulid g dilaie cogr lalS plo jo (S Gl clale Sb; ) -Y

Ot ol o 0l iy (o) 5 Gime sloalbly aiseons ) (ol SIS asillas -
oliiiomey Jolge (558,85 )0 b eopuSiw Ol3l @ dihate e ol glie (Sogll o) -F
dibie ;0 e 21345 4

ailaie 1 6, Soane bl 51 L50 ((S559sS] 5 codhos) S, sy Slalllas ploxil -0

'Y



&b

0390me 30 s Sl LS5 Ll 5 s (g3 WIS (Sl )To )y ") anbll (OTAY) i (g0
g o5ls cogle baSails " e S wSol e gzl  SLas]

S oy S G gatid cordgi) 5 (ol GE gy OV 0 055 iny5 9 & seelnl 5 ed
b G g ol sl alme ] (ato Gloo )5 5 (L3S b (Wi je (28 252 Obl Gk soud
ATV T ) ojles " o]

0)> Gdyz o Sl 53 S pobie Glis 5 2ly G O Bl sy il adill (0T o Gllles
Sl oKzsls ¢pgle sasiails Ml

(S 3155 el edgaze (genl 2T 5 (ool ey (3155 OV TAR) (il e milio (o 2550

Olo)S wple)S ol aped oKl Sl )lal ipges la ¢ gLl (pwlidiipme3" (I YAT) @ s moled

53 ) 3l 5 detir s e me 53 03T (lagygy (pliartios (o) p Mt asbll (OYAY) o, (Lo
olgiol olStils ¢ pyle sl 1 S Bl (s iy Mool 5 LS,

Jlos ozl (559 o JdlS 505 )0 SVl 5 Gl S0« ordgifpnd anlllae i)l asllly (OYAY) o b
e Sy oS (e psle euSaila Sl yped oy

Shaler sl CSB g Slgw; o iz polie s3leais GLSASS 05T (1Y) B e g .5 Sl BB
D9iS (Sore SBLAST g pwlidiine Olojlo (e pole )3 (ol )5 (paaS

Aies (owgd,8 olBidls ol izl (pgs Sl A o) solaidl GMJLMMQM)" OYAT) (o olrw g p ye300,S

oliadls wlylecdl Jol ol ‘"cs.’.L“fL" sb,Lluils g O'.’.)‘ST S Soww (55909 5y «(ooumiigl s "(\YAN) “©onmS
glie (o938

S g e dre BLDIHRLS 5 S 0 Dl polie Cle (s NOVTAY) 0 (55,5l08 5 b SliRs G e

Yo O0-TVE L golaidl o) dloxo

ubﬁ,w)jsjb ‘uj‘sb..mw)ww) "‘(\\Nﬁ\)‘&o‘)‘)d‘”"wlﬁﬁs‘“’; =) 6))9L~..S ) @Ua..l.m ‘dfa
Y o)l.«.w\ab-m)..m ‘5.>).3)l5‘5.»mw3413.o "(QL:;))\)’ 0,0 Lo HluslS

References

Abollino O. Giacomino A. Malandrino M. Mentasti E. Aceto M and Barberis R. (2005)
“Assessment of metal availability in a contaminated soil by sequential extraction”
Water, Air, and Soil Pollution., 137, pp 315-338.

Arenas-Lago D. Andrade M. L. Lago-Vila M. Rodriguez-Seijo A. and Vega, F.A. (2014)”
Sequential extraction of heavy metals in soils from a copper mine: Distribution in
geochemical fractions” Geoderma., 230-231. pp 108-118.

Baker A. J. (1981) “Accumulators and excluders-strategies in the response of plants to
heavy metals” plant nutrition. 3(1-4),pp 643-654.

\YY



Baker A. J. M. and Brooks R. (1989) “Terresrial higher plants which hyper accumulate
metallic elements-a review of their distribution” Ecology and phytochemistry.
Biorecovery.1, pp 81-26.

Baker, A. J. M. McGrath, S. P. Sidoli, C. M. D. and Reeves, R. D. (1994) “The possibility
of in situ heavy metal decontamination of polluted soils using crops of metal-
accumulating plants” Resources, Conservation and Recycling, 11(1-4), 41-49.

Banerjee A. D. (2003) “Heavy metal levels and solid phase speciation in street dusts of
Delhi, India” Environmental Pollution., 123(1), pp 95-105.

Beane R.E. and Titley S.R. (1981) “Porphyry copper deposits, partll, Hydrothermal
alteration and mineralization. In: B. Skinner (Ed), Economic Geology, 75%
Anniversary Volume” Thw Economic Geology Publishing Company, New
Heaven., pp 235-269.

Bradl H. B. (2005) “Heavy metal in the Environment” University of Applicd Sciences
Trier Neubrucke. Germany. 6.

Branquinho C., Serrano, H. C., Pinto, M. J. and Martins-Lougdo, M. A. (2007) “Revisiting
the plant hyperaccumulation criteria to rare plants and earth abundant elements”
Environmental Pollution, 146(2), 437-443.

Brith G. (2003) “A scheme for assessing human impacts on coastal aquatic
environmentals using sediment” In: wood coffe, C. D., Furness, R.A., (Eds),
coastal GIS.

Bu-Olayan A. and Thomas B.V. (2009) “Translocation and Bioaccumulation of Trace
Metals in Desert Plants of Kuwait Governorates” Environmental Sciences., 5, pp
581-587.

Calagar A.A. (2003) “Concentration variations of major and minor elements across
various alteration zones in porphyry copper deposit at sungun, easd azarbaidjan,
iran” Sciences, Islamic Republic of Iran., 14, pp. 27-36.

Chabukdhara M. and Nema, A. K. (2013) “Heavy metals assessment in urban soil around
industrial clusters in Ghaziabad, India: probabilistic health risk approach”
Ecotoxicology and environmental safety. 87,pp 57-64.

Chang Y-T., Hseu Z-Y. and Zehetner F. (2014) “Evalution of phytoavailability of heavy
metals to chines cabbage (Brassica chinensis L.) in Rural soils” The Scientific
world.

Chesworth W. (2008 ) “Encyclopedia of Soil sciences” Springer-Verlog, Dordrecht, pp
860.

Cox K.G. Bell J.D and Pakhurst R.J. (1979) “The Interpretation of Igneous Rocks,
London” Allen and UnWin., 450.

Dinelli E., and Lombini A. (1996). Metal distributions in plants growing on copper mine
spoils in Northern Apennines, Italy: the evaluation of seasonal variations. Applied
Geochemistry, 11(1), 375-385.

Donald L.S. (1995) “Environmental soil chemistry” Academic Press, 267pp.

Evans, A. M. (2009). Ore geology and industrial minerals: an introduction. John Wiley
and Sons.

Favas P. J. Pratas J. Gomes M. E. P. and Cala V. (2011) “Selective chemical extraction

\YY



of heavy metals in tailings and soils contaminated by mining activity:
Environmental implications” Geochemical Exploration., 111(3), pp 160-171.
Forghani G., Mokhtari A. R., Kazemi G. A. and Fard M. D. (2015) “Total concentration,
speciation and mobility of potentially toxic elements in soils around a mining area
in central Iran” Chemie der Erde-Geochemistry, 75(3),pp 323-334.
Ghaderian S. M. and Ravandi, A. A. G. (2012) “Accumulation of copper and other heavy

metals by plants growing on Sarcheshmeh copper mining area, Iran”” Geochemical
Exploration, 123,pp 25-32

Gleyzes Ch. Tellier S. Astruc M. (2002)” Fractionation studies of trace elements in
contaminated soils and sediments: a review of sequential extraction procedures”
trends in analytical chemistry., 21, pp 451-467.

Hakanson, L. (1980) “An Ecological risk index for aquatic pollution control, a
sedimentological approach” Water Res., 14, pp 975-1001.

http://search.usa.gov/search?utf8=%E2%9C%93&affiliate=usgs&query=BIOAVAILA
BILITY+OF+METALS+&query-quote=&query-or=&query-
not=&filetype=&filter=1&commit=Advanced+Search. (1995).

https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKE
wiboPbzrgjRAhVFOR0oKHa49DgwQFggsMAI&url=https%3A%2F%2Fwww.n
rcs.usda.gov%2FInternet%2FFSE_DOCUMENTS%2Fnrcs142p2 052208.pdf&
usg=AFQJCNGz1bG3nFzgX_VgWBmMjAWNOOsrO5w&bvm=bv.142059868.d.
d2s. (1998).

Kabala C and Singh B. R. (2001) “Fractionation and Mobility of Copper, Lead, and Zinc
in Soil Profiles in the Vicinity of a Copper Smelter” Environmental Quality., 30,
pp 485 -492.

Kabata A and Pendias H. (2001) “Trace elements in soils and plants” CRC,
Washington.

Kabata — Pendias, Alina. (2011) “Trace Elements in Soils and Plants” CRC press.

Kabata-Pendias A. (1993) “Behavioural properties of trace metals in soils.
Appl.Geochem” Applied Geochemistry. 2, pp 3-9

Kabata-Pendias A. and Mukherjee, A. B. (2007) “Trace elements from soil to human”
Springer Science and Business Media.

Koz B. Cevik U. and Akbulut S. (2012) “Heavy metal analysis around Murgul (Artvin)
copper mining area of Turkey using moss and soil” Ecological Indicators, 20,pp
17-23.

Kuno, H. (1968) “Differentiation of basalt magmas. Basalts” 2(3), 623-688.

Le Bas, M.J., Le Maitre, R.W., Streckeisen, A. and Zanettin, B. (1986) “A chemical
classification of volcanic rocks based on the total alkali silica diagram” Petrology.
27, pp 745-750.

Li X. Coles B. J. Ramsey, M. H. and Thornton 1. (1995) “Sequential extraction of soils
for multielement analysis by ICP-AES” Chemical Geology., 124(1).pp 109-123.

Liang X. Zhong Y. Tan W. Zhu J. Yuan P. He, H. and Jiang, Z. (2013) “The influence of
substituting metals (Ti, V, Cr, Mn, Co and Ni) on the thermal stability of
magnetite” thermal analysis and calorimetry, 111(2), 1317-1324.

‘YWY


http://search.usa.gov/search?utf8=%E2%9C%93&affiliate=usgs&query=BIOAVAILABILITY+OF+METALS+&query-quote=&query-or=&query-not=&filetype=&filter=1&commit=Advanced+Search
http://search.usa.gov/search?utf8=%E2%9C%93&affiliate=usgs&query=BIOAVAILABILITY+OF+METALS+&query-quote=&query-or=&query-not=&filetype=&filter=1&commit=Advanced+Search
http://search.usa.gov/search?utf8=%E2%9C%93&affiliate=usgs&query=BIOAVAILABILITY+OF+METALS+&query-quote=&query-or=&query-not=&filetype=&filter=1&commit=Advanced+Search
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiboPbzrqjRAhVFORoKHa49DqwQFggsMAI&url=https%3A%2F%2Fwww.nrcs.usda.gov%2FInternet%2FFSE_DOCUMENTS%2Fnrcs142p2_052208.pdf&usg=AFQjCNGz1bG3nFzqX_VqWBmjAWNO0sr05w&bvm=bv.142059868,d.d2s
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiboPbzrqjRAhVFORoKHa49DqwQFggsMAI&url=https%3A%2F%2Fwww.nrcs.usda.gov%2FInternet%2FFSE_DOCUMENTS%2Fnrcs142p2_052208.pdf&usg=AFQjCNGz1bG3nFzqX_VqWBmjAWNO0sr05w&bvm=bv.142059868,d.d2s
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiboPbzrqjRAhVFORoKHa49DqwQFggsMAI&url=https%3A%2F%2Fwww.nrcs.usda.gov%2FInternet%2FFSE_DOCUMENTS%2Fnrcs142p2_052208.pdf&usg=AFQjCNGz1bG3nFzqX_VqWBmjAWNO0sr05w&bvm=bv.142059868,d.d2s
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiboPbzrqjRAhVFORoKHa49DqwQFggsMAI&url=https%3A%2F%2Fwww.nrcs.usda.gov%2FInternet%2FFSE_DOCUMENTS%2Fnrcs142p2_052208.pdf&usg=AFQjCNGz1bG3nFzqX_VqWBmjAWNO0sr05w&bvm=bv.142059868,d.d2s
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwiboPbzrqjRAhVFORoKHa49DqwQFggsMAI&url=https%3A%2F%2Fwww.nrcs.usda.gov%2FInternet%2FFSE_DOCUMENTS%2Fnrcs142p2_052208.pdf&usg=AFQjCNGz1bG3nFzqX_VqWBmjAWNO0sr05w&bvm=bv.142059868,d.d2s

Lindsay, W. L. (1979) “Chemical equilibria in soils” John Wiley and Sons Ltd.

Loska K. Chebual J. Pleczar J. Wiechla D. and Kwapulinski J. (1995) “Use of
environment and contamination factors togheder with geoaccmulation indexes to
elevate the content of Cd, Cu and Ni in the Rybink water reservoir in Poland”
Water, Air and Soil pollution. Vol. 93, pp. 347-365.

Lowell j.d. and Guilbert j. m. (1970) “Lateral and vertival alteration zoning in porphyry
ore deposits” Econ.Geol. 65, pp. 373-408.

Luo W. Wang T. Lu Y. Giesy J. Shi Y. Zheng Y. Xing,Y. and Zheng,Y. (2007)
“Landscape Ecology of the Guanting reservoir, Beijing china: Multivaraite and
geostatistics analysis of metals in soils”. Environmental Pollution., VVol. 146, pp.
567- 576.

Mani D., Sharma B., Kumar C. (2007) “Natural speciation of Ni, Zn, Ba, and As in
ferromanganese coating from Helianthus annuus L. (Sunflwer)” Bull. Environ.
Contam. Toxical. 7, pp 71-79.

Mason B. and Moore C. B. (1982) “Principles of geochemistry” John Wiley and Sons,
344 pp.

Middlemost E. A. (1994) “Naming materials in the magma/igneous rock system” Earth-
Science Reviews., 37(3), 215-224.

Moore F. Dehghani Sh. Keshavarzi B. Eslami A. and Ramazani, M. R. (2010) “Trace
element concentration and bioavailability in soils and plants in the vicinity of
Miduk Copper mine, Kerman, Iran” International Applied Geological Congress,
Department of Geology, Islamic Azad University Mashad Branch, Iran., 26- 28,
pp 223-228.

Miiller G. (1969) “Index of geoaccumulation in the sediments of the Rhine River”
Geojournal.2, pp 108-118.

Oze C. J. P. (2003) “Chromium geochemistry of serpentinites and serpentine soils”
(Doctoral dissertation, Stanford University).

Peccrillo A. and Taylor S.A. (1976) “Geochemistry of Eocene calc-alkaline volcanic
rocks from the Kastamonu area, Northern Turkey” Contribution to Mineralogy
and Petrology, 58, pp 63-81.

Phillips W. R. (1964) “A numerical system of classification for chlorites and
septechlorites” Mineral. Mag, 33,pp 1114-1124.

Qishlaqi A. Moore F. and Forghani G. (2009) “Characterization of metal pollution in soils
under two landuse patterns in the Angouran region, NW Iran; a study based on
multivariate data analysis” hazardous materials, 172(1),pp 374-384.

Ramirez M. Massolo S. Frache, R. and Correa, J. A. (2005) “Metal speciation and
environmental impact on sandy beaches due to El Salvador copper mine, Chile”
Marine Pollution Bulletin., 50(1),pp 62-72.

Rao C. R. M. Sahuquillo A. and Lopez Sanchez J. F. (2008) “A Review of the Different
Methods Applied in  Environmental Geochemistry For Single and
Sequential Extraction of Trace Elements in Soils and Related Materials” Water
Air Soil Pollut., 189, pp291-333.

Rodriguez L. Ruiz E. Aloso-Azcarate J. (2009) “Heavy metal distribution and chemical

YO



speciation in tailings and sils around a Pb-Zn mine in Spain” Environmental
Management. 90, pp 1106-1116.

Salomons W. (1995) “Environmental impact of metals derived from mining activities:
processes, predictions, prevention” Geochemicd Exploration., 52, pp 5-23.
Selinus OL. Alloway Br. Centeno Ro. Fuge R. Lindh U. and Smedley Pa. (2005) “Medical

Geology” Elsevier Acodemic Press.

Sherene T. (2010) “Mobility and transport of heavy metals in polluted soil environment”
Biological Forum., 2, pp 112-121.

Sielaff K. and Einax J.W. (2007) “The application of multivariate statistical methods for
the evalution of soil profiles” Soil Sediments, 7. pp 45-52.

Sillitoe, R. H. (2010) “Porphyry copper systems” Economic geology, 105(1),pp 3-41.

Takac P. Szabova T. Kozakova L. and Benkova, M. (2009) “Heavy Metals and their
Bioavability from soils in the loving-term polluted central Spis region of SR”
Plant soil environ, 55, pp 167-172.

Tessier A. Campbell P. G. C. and Bisson, M. (1997) “Sequential Extraction Procedure for
the Speciation of Particulate Trace Metals” Analytical chemistry, 51, pp 844-851.

USDA. (1987) “Soils mechanics level 1, Module 3; USDA textural soil classification
study guide. National Employee Development Staff, Soil Conservation Service”
United States Department of Agriculture. Washington, D.C.

USEPA. (2004) “Test methods for evaluating solid waste. In: Method 9045D,
Washington, D.C”.

Wedepohl K.H. (1972) “Handbook of Geolochemistry” Springer.

Winant A. R. (2010) “Sericitic and advanced argillic mineral assemblages and their
relationship to copper mineralization, Resolution Porphyry Cu-(Mo) Deposit,
Superior District, Pinal County” Arizona (Doctoral dissertation, University of
Arizona).

Yaclin M.G., Narin 1., Soylak M. (2008) “Multivariate analysis of heavy metal contents
of sediments from Gumusler creek, Nigde, Turkey” Environ. Geol. 54, pp 1155-
1163.

Yoon J. Cao X. Zhou Q. Ma L.Q. (2006) “Accumulation of Pb, Cu, and Zn in native
plants growing on a contaminated Florida site” Science of the Total Environment.,
368, p. 456-664.

Zimmerman A. and Weindorf, D.C. (2010) “Heavy Metal and Trace Metal Analysisin
Soil by Sequential Extraction: A Review of Procedure” Analytical Chemistry.
387803, pp 1-7.

\Y#






Abstract

One of most important source of heavy metals in environment, particularity in soils, is
mineralization and its related alteration zones. The present study generally aims to
investigate the heavy metal concentration and distribution, with emphasizing the role of
alteration zones, in soils of ljo porphyry copper mine area. In addition to total metal
concentrations, bioavailability contents and chemical forms of heavy metals in soils are also
determined by single and sequential extraction methods. Results of whole rock analysis indicated
that Cu in potassic alteration zone (on average 1674 mg/kg) and Pb (283 mg/kg), As (45 mg/kg)
and Zn (419 mg/kg) in argillic zone, Cr (15 mg/kg) and Ni (19 mg/kg) in propylitic zone are
greatly enriched. The patterns of heavy metals distribution in soil also showed that As, Pb and Zn
in the argillic alteration zone (with mean values of 47.06, 137 and 580.06 mg/kg, respectively)
and Cu (457.25 mg/kg) in the potassic zone, have the highest concentrations. The results of
sequential extraction method also indicated that, all the studied elements, were mainly retained in
residual fraction. Exchangeable fraction was the least abundant fraction for metals studied.
Mobility factor of studied element indicated that Ni and Cu in the soils have restively higher
mobility whereas Cr and Zn are typically characterized by low mobility factors (% 1.42 and %
2.62). Elemental concentration in Artemisia samples indicted that, high enrichment factors
belongs to Cu which have highest Bio-concentration factor (0.16 and 0.15, respectively). This is
also confirmed by the results of single extraction method indicating again that Cu have the most
mobility factor among the the heavy metals studied. Finally, this study concludes that even though
source of heavy meals in soils of the study area is manly geogenic, further exploitation and mining
would lead to extensive soil contamination which can be considered in future environmental

assessments in the study area.

Keywords: Heavy metals, Alteration zones, Bioavailability, Soil, Ijo porphyry copper mine.
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