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Al ad 8 s o oleadsd) sl asli awlxe jo (Normalizing Element) coisS iy,

iy 4 asdllas 590 dihin S SL o cow 0gill jolie clale (Sl b -F Jouxr 4 axgi L
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andllas 3 )90 S sladiges 1o (MYIKY) jobie clale aog Ll -F Joox

Element Min. Max. Mean Median S.D. C.V. Skewness Kurtosis
Ag 0.1 8.2 0.9 0.3 1.8 21 3.7 14.8
Al 4778 41738 23280 21856 10348 0.4 05 -0.8
As 10.8 1187 2152 1405 2791 1.2 2.8 9.0
Cd 0.5 110.5 14 4 26.4 1.8 3.2 11.3
Ce 9 47 27.9 32 11.6 04 -04 -1.1
Co 8 51 22.9 23.5 12.7 0.5 0.5 -0.5
Cr 13 507  161.3 59 1777 11 0.9 -0.8
Cu 11 112 41.8 39 25.9 0.6 1.2 1.8
Fe 11003 50035 29837 33655 13277 0.4 -0.2 -1.3
Li ) 48 20.5 17.5 12.8 0.6 11 0.2
Mo - 7.1 14 0.9 15 11 3.6 145
Ni 17 380 140.8 69.5 1282 0.9 0.6 -1.1
Pb 51 18173 1846 518.5 4171 2.2 3.9 16.0
Sb 0.9 76.1 11.7 1.6 22.1 19 2.2 4.1
Sc 6.8 52.5 25.3 24.6 14.8 0.6 0.3 -1.0
V 16 130 68.4 61.5 38.6 0.6 0.1 -14
Yb 0.7 1.7 11 1.2 0.3 0.3 0.2 -1.0
Zn 140 15939 2787 797.5 4452 1.6 2.3 4.8

¢



151 4
3
10
fy z
c c
e a
3 3
g i
= 2
w w
5
| — 1 I
o T T [4) T
o 2.00 400 .00 8.00 10.00 0o 10000.00 20000.00 30000 .00 40000.00 50000.00
Ag Al
124 57
104
o] 10
==
g g
H a
E] 3
E o
o g4 @
2 2
w _\ w
N / o L—
2
o T T T T o T T T T T
200,00 400,00 600.00 800.00 100000 120000 a0 2000 2000 60.00 80.00 100,00 12000
As cd
10 “ ] 1 !
'
o
2 — —
—
=
T 6 3
c c
: s
o T o —
o .
4 L
w [’
4
1 —
2
o U T T T T T T T
10000 20000 30000 40000  S00.00 60000 fil] 1000 2000 3000 4000 5000 60.00
Cr Co

alllan 3 50 sladiges )3 (ow 05ills yolic (B @i (St slaloges i AT -F KA

70




6| 104
5|
5
a-]
Iy 3 e
= =
@ @
E] 3
g g
= = N
1
2|
2|
14
. \_ o : i |
oo 2000 4000 60.00 80.00 100,00 12000 0o 200 4.00 6.00 8.00
Cu Mo
8 20
61 15+
g z
= =
a @
g s
g g 10
w w
2 s
e
=
o T 1 T o T T T 1
00 100.00 200,00 300.00 400 00 oo s000.00 10000.00 15000 00 20000.00
Ni Pb
125+ 125+
10.0 1004
=z =
&
= 2
L s 8 75
= o
= @
[l [y
5.0 50
| —
2.5 25+
0.0 T T T T 0.0 T T T
o 20.00 40.00 60.00 80.00 o 5000.00 10000.00 15000.00 20000.00
Sb Zn

dxlas Sy90 Lgl.bd;yo.: ° ‘5:)-»-! 093.”.: J.oLc (57-)4 cj)y ‘5:5.“4.: Lgl.(b)‘bj..o.) H) AY-¥F J&w

polie clale a5 ol o)V Sogll a0 pnd lp o 05ill yolic 4 ooyl sladiges axdllae o
by e glao llivl aus oo S yuilgd mog 0ed awslae o lailinl Jade G L o 0sll
2 o g oateie SB (Sogll s lp 6ilae Gl (0 &5 |z il oo o2l g 008

el (S o uliul 90 5 ond oy ilitee azlye aigd Ll oylsd daasls ol Ll

11



e g ooV 5l Lol glgil 5l eolatul aliwe opl clde ailools 18 axg5 5,90 |, S 5,18
sl )5 cpl 5l Soym 0 S Syl Jlnl lopas 5 S L ules 0 slaoi S ol> g5
ogilly yolis JS Calé (o Kiloo P-F Jpiz 53 ()5S S L ciliz IS lojl)anily oo S1
Consy dames cbili> LuilsT slas Jusbisl L (2N Sb Pb Ni (Cu Co Cd AS) aslllas 5,90  oms
codS o lastusl 9 (USEPA, 2015 )(United States Environmental Protection Agency) (S .l
!y (CCME, 2007)(Canadian Council of Ministres of the Environment) lsblS" ,525 Sl>
o bl b aslas 0,90 polie (Sl cdale anslas .ol 0uls auslin (industrial) cxs s,
9 Pb Ni As ole cdale walllas 0,90 LS 10 a5 doo o Hlis ( dizio 5,5 sl » CCME
O dmlie el 5l Jlade 5l 2eS Sb 5 CULCO Cd Lolic cilalé g s lsbeul e 51 YL ZN
cbale oS aes e lis o 6,5 6l USEPA s luliul b adlhas o 50 jolic nSiloe il
e o> 5l S Zn 3 Sb LCu Ni Co Cd pole clale ¢ o lailiwl o> 5l i Pb g As Lole

ol x5, (gl USEPA Lasgs o 4|

Sl oo Julinl b adllas 5,50 S sladiges ;o o 05all jolic clale Sl auolio # -F Jgox

Element USEPA (industrial) CCME (industrial)
As 3 12
Cd 98 22
Co 35 300
Cu 4700 91
Ni 2200 50
Pb 800 600
Sb 47 40
Zn 35000 360
bl Julxs -0 -F

i b g 5y Judxi Y -0 -F

44



Ag Al As Cd Ce Co Cr Cu Fe Li Mo Ni Pb Sb Sc \Y Yb Zn
Ag 1
Al  -052 1
As  959*  -270 1
Cd .984* -185 967 ** 1
Ce -359  -146 -230 -379 1
Co 529*  502* = 472% 434 -324 1
Cr 387 .714** 229 282 -485% 855 ** 1
Cu .123 409 142 .040 .008 829** 587 * 1
Fe -011  .838*  -119 -151 -.059 T63%% 737 %% 779 ** 1
Li -101  .889*  -276 -.207 -.254 579%  B24**  494* 800 ** 1
'\él 978** 074  .958** 954 -.207 498 * 329 128 -010  -.140 1
Ni 199  .686+** 075 092 -447 859 **  g53%x  gOg**  811**  BI8** 141 1
Pb 988** -017  .940**  958%** -318 515* 408 .087 .007 -082  .982** 214 1
Sh 866** -304  .910*  903** -.383 467 * 195 239 -139  -260 .820** 078  .796** 1
Sc 022 854* 102 -103 -.049 T50**  737%%  8OL** 956** 826** 012  .772** 016 -075 1
V o -052  .882*%*  -245 -.168 -.145 407 A491* 397 773** 648**  -075  480*  -044  -205 789 % 1
Yb -295  599** 318 -401 484 * 343 205 .604**  753** 464 -.236 290 -290  -364  769** 642 ** 1
ZNn  .889**  -361  .922%* 049 ** -.386 326 129 -021  -291  -321  837** -035  .834** 925*%  .236  -306  -.480 1

TA



yolie 5l 29,5 .Conl ool &l)] adlllas 050 jolic Hgwym (St olpo polie V -F Joom o
i /o) Glaebl mlaw j0 ax g BB i S ¢l )l Ag As L£d (Mo Pb Sb Zn sl
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Jol> gl o aw jlogad 530 VF -F S Lailoads o)ls Jais 45 55 (6,000 odled) oLl

MER P uLw.a |) ol C‘ JC W | L;Libd.o.]}o [NE )‘ ol

axllas 8,40 polic (PCA) Lol ailie Julow A ¥ Joox
Initial Eigenvalues

Component Total % of Variance Cumulative %
1 9.217 35.450 35.450
2 8.535 32.825 68.275
3 3.573 13.742 82.017
4 1.697 6.528 88.545

L,3.1..;:‘ 6&03‘& )\ 0 C‘)M‘ 6L¢59§5L§ 4 -¥f Jj\.\?
Rotated Component Matrix®

Component
1 2 3 4
Ag 0.084 0.976 -0.160 -0.010
Al 0.967 -0.132 0.060 -0.079
As -0.128 0.967 -0.087 0.138
Cd -0.047 0.974 -0.212 -0.017
Ce -0.246 -0.207 0.920 0.051
Co 0.649 0.456 -0.121 0.561
Cr 0.814 0.247 -0.332 0.243
Cu 0.524 0.119 0.151 0.792
Fe 0.871 -0.074 0.140 0.041
Li 0.887 -.0209 -0.155 0.162
Mn 0.438 -0.002 0.438 -0.006
Ni 0.788 0.056 -0.329 0.401
Pb 0.106 0.952 -0.131 -0.067
Sb -0.155 0.881 -0.253 0.288
Sc 0.900 -0.014 0.180 0.376
\ 0.855 -0.085 0.121 -0.087
Yb 0.583 -0.227 0.670 0.286

Zn -0.224 0.903 -0.275 0.072
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Component 2
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SL sladiges ;5 polie Sub oé culpd deogs bl Ve -F oo

el Sl Jolo robs
AFIY YVE/Y /¥ Ag
| ) \ Al
Y- fIA Yaav VY As
YYE/A Al ). Cd
/4 f-/f A} Co
/4 VEIY - 10 Cr
\As Y/ VY Cu
YIY O/ VY Fe
AN Uy VO Mn
VY YA/ - Mo
YY/A \fZAt \ii2 Ni
\ild o/f VY Li
Yas/a AVA/Y Vo Pb
YVE/¥ AY4/$ VY/0 Sb
Yo YAIO £IY Sc
VY ¥ -IA \
YOV/Y ASAIY \Ai Zn

olie Fad 28 cuys xSl ((Y-F Jsaz) (SU et al., 2007) o Kan g s g0, Lwlul
Gl yolie ol 4 G adlhas 550 oS by g cel ¥ B Y n V5 Mo Fe Al
ol B LY o Li g M CU Cr yolie Sas é cuyd nSbe aiil o Swl Sas &
el s lagie (Sab 28 Gl polie fal ar Cund 56K (Gase 03g0e Sl nbe
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Gl yolie ol a4y s 3,6l dilare S lnly g sl 0+ 51 5YLZN 5 Sb P .Cd As Ag
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(Sone Slge S5 5 Je ezl 6,5 pome lacled b adhie ) oad Cudls, sladiges aS
So41Sh 5 Zn Pb Cd AS AG jolic 4 Cons il oo (opf 5 Some dlgo (iuld,5 03game
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Co Cd Cu Cr Ni Pb Zn As g3 0 yloud
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Cd (12.9 %) > Pb (9 %) > Zn (5.8 %)> Cu (2.5 %) > Co (1.9 %)> Ni (0.6 %) > Cr (0.01 %)

Je gl vaxe Sldlas Al oo peedlS yaie @ by (6w wd o) iy ool ol

30 peodlS a5 wilosls ylis 3.0 (Hanc et al., 2009; Tuzen et al. 2016; Andrei and Tarca, 2013
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ABSTRACT

The purpose of this study was to evaluate the total and bioavailable concentraions of
potential toxic elements in soil around the Anguran Pb-Zn mine. For this purpose, 18
topsoil (0-30 cm) samples were collected. The total concentrations of major and trace
elements were measured using ICP-OES. The physico-chemical properties of the soil
samples were determined using standard methods. In order to assess the bioavailability of
potentially toxic elements, the soil samples were digested by single extraction method.
Based on the results, the soil samples were sandy-loam and sandy-clay-loam. The average
values of pH, organic matter, and carbonate contents in the soil samples were 7.8, 3.4%,
184.2 us/cm and 22.08%, respectively. The highest concentration of Pb, Zn, Cd, As, Cr
and Ni were recorded in the mining area. On the basis of enrichment factor and
geoaccumulation index values, the soils of the mining district are highly polluted with Pb,
Zn, Cd, As, Cr and Ni. The single extraction analysis indicated that Cd is the most
bioavailable elements in the studied soils. High intensity of soil contamination and high
biodegradability of Cadmium element indicate the necessity of environmental management

of mining activities in the area of Anguran lead and zinc mines.

Keywords: potentially toxic elements, Bioavailability, Geochemical Index, Angouan Lead

and Zinc Mine
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