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Concentration of Zn, Cu, and Pb in Soils and Accumulation of Its in Plants around Abandoned
Mine Vicinity. Sang-Woo Seo, Sung-Gi Moon'*, Chul-Mann Choi’ and Yeon-Kyu Park. Department of
Environmental Engineering, Miryang National University, Miryang 627-702, Korea, 'Department of Biology,
Kyungsung University, Busan 608-736, Korea, *Basic Science Research Center, Kyungsung University, Busan
608-736, Korea — This study was conducted to inform basic data for management of abandoned mine
that was based on soil heavy metal concentration of the non-rearing and the rearing sites in Guundong
Mine which had been completed of improve contamination soils, and examined into standard plant
which had tolerances about pollution that analyzed into its accumulated heavy metals contents in the
wild plant of naked soil. Consider form the result of contents by depth of soils heavy metals in the
non-rearing sites, S1 point judged by contaminated to heavy metals of tailing leach after weathering
caused by rainfall and permeate in S1 point soils when restored rest of tailing in 1996 restoration project.
Lead of S2 point was not contaminated seriously by restoration and S3 point considered that heavy
metals which leach by rainfall in the contaminated soils in mine vicinity accumulated in the abandoned
paddy through river. When heavy metals of rearing sites soils were examined from the view point
of upside of mine point (SP1, SP2, and SP3) of same above the sea level, zinc (537.5 mg/kg) content
of SP1 point was highest, and copper (535 mg/kg) and lead (141.5 mg/kg) in the SP3 point were high.
To considered as orderly plenty of heavy metals in the plant were respectively in order, Perilla frutescens
var. acuta KUDO (SP1 and SP4) > Artemisia princeps PAMPAN (SP2) > Miscanthus sinensis ANDERSSON
(SP5) > Vicia angustifolia var. segetilis (THUILL.) K. KOCH. (SP2). Especially, there were plenty of heavy
metals in P. frutescens var. acuta, so it judged as a standard plant which have tolerances about heavy
metals pollution sites. Therefore, we need more study about the heavy metals accumulate ability of

P. frutescens var. acuta in future.
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Fig. 1. Map showing the sampling sites of soil and plant in Guundong mine.

35°28'00"

35°28'30"

35°29'00"

O A el 3l

= T

e Ao B A7) ©®
Ed A 50 cm Z o)A 10
S Z 4 AN A 2079 BA



828 BB UXZX| 2005, Vol. 15. No. 5

ofx O
ol ol
P
fe MHI

X Jx
oo OO
S

ol g
o
Hdo
{0
il
e
ofy
1
1
o
W
b
X

o 18
o
2
=N£
o o
oL
pats
o
&
1=
it
o

i > o

o o

O

5 X d
g
1
o
=
(=]
Hu
™
o
~

=

'lol' ﬂ}{U F\O

A 4

i
N
ox
ﬂ
Ry
&2
k1

kO
ol

ol
-
a2
2

—_

P
aQ
ox

i Hm
2 02
>, |—°.
o
ol
b
HI
=

O,

18e A3 EFS S48t 1FFAZ 48 &

Zydgd & EHAL

Z AEEEL T 2S¢ EYE ¥
[24]) F3td EAsAL Z

}33-3 % A (Perkin Elmer 3300DV)E A&t ©
2E #A4 2 blankE H7}3le} QC (Quality Control) 373 -&

Az o BAA 9d8 HAsE7) 93] deionized waterE
Aga9m 33 98 2aseth

>
15
rE fUo o

o3
=3
He
v
E
ir
o
b1
iin

K

N
LDt

NII

o

;‘io#r-{z:'\’

_.u

BRIl F34 24
ARAF AL Ay
AE YA 2o} &

t}. o] AlIEE #(20 mm
Qe JFate} 44

e o
1:'1_:']-.
mm)

o

AN A, AZ105T)FF F A& A
ZgE g A ANER
o FHAIZ] £ 10 g& AAZ7H 9
2o & 332 (600T)0l A 6417 71
det & A9 Zepa3d o 05 g¥ Yol EF &3 A(HNO;
:H:S04: HCIOs = 10:1:4) 10 mlE F¢)5to] Eaj o] w4
ol d wj7tA] 2 & 6}%15} 239 A8+ Toyo 5C o2&
AHAA §718¢ AAG T 100 m2 Z 3 AL ICP-OES
(Perkin Elmer 3300DV)& 7} A&& 2435 HTH25]. o =
E #A 2 blankE #4718t QC AL AReH 44 &
dS Haslety] 93 deionized waterE AHESHRL =9
g A8 E 33 whE ZASA

k-4
05

2
X
N

i
i

(g/ha) o 20 em’o A )3 Bk
(mg/kg)OH haw@ 7}81% 14 g/em’S Faleo]
Fo AutHQ suiFe At 06~08 g/em’, FHE
09~11 g/em’, AFAEFL 12~16 g/em Q8] B ZAA Y
o NAEFO T Zo] 0~20 cme] 7}HIE(L4g/cm)) o2 3}
Atk A2 I3 EY FF49 A7 AALE A9 2[31]
ol st

CX2 ool ool 2

w O ofy £E oly mE IR
VS B ol i
fm off ofn mok f

A2 HIMRX|] EYQ| ZO0IH Zn,

Hgak EYY FF 3
Cu, Pbe] §F& =AMG 23 Zn T2 nﬂz:,L(c s)g}
g2 AHI7} o] Fo)7 AH(S3)E Lolvt HojdFE
oA AAAY WIFEE Hol= HJ“& HLDW Hj~o1]
/‘1~ 1o} o} ?EWJH *o“’a“ < A

Ab>
off H
bt
e M
B
ox
ﬂL
i
Hdo
S
N
o
1123
it
N
P

0

E

v}

T

o 1o

S o

S K

!
aded ol OI% %%QO] H & Aigy Asted 9
o] 53l7]E stAT 1 o]F st BluA wol[l] RES F
of AN H&elet AzhEchTable 1).

Zn9l 52 AHEE By dz7HCS)dMe w7
A fAE oz AEHYR SINYAN HF 432
mg/kgo g 713 & §F& 2Pl o & Kloke[15]7} A
g EF g S g dAA 300 mg/kgE 2FA3}HE *11

QA 7he G EFFA ol AHPL BAE

ol 2 Iy 4R

Table 1. Vertical distribution concentration of zinc, copper, and lead in 0.IN HCI extraction of non-rearing site soil (meanSD, n=3)

(mg/kg)

Sites Soil Depth 910 em  10~20cm  20~30cm  30~40 em  40~50 cm Mean
Zn 594128 59.445.2 39.3:3.6 157415 115:08 371

s Cu 313405 313105 3.32:08 378105 35105 34
Pb 191:03 191202 3.23:04 9.92:03 121:04 58

Zn 511:16.8 628+14.2 747+15.6 714157 59.2:24 4434

s1 Cu 125:108 153+10.2 753:28 10516 512105 738
Pb 104298 97953 12747.7 843456 1234128 1072

Zn 50.7:3.6 618:5.8 117:6.7 316156 107:5.7 1323

52 Cu 852458 78.6:4.4 127:7.6 149:8.2 531418 98.6
Pb 835:3.1 401428 703:45 149:6.2 108:7.6 90.2

Zn 265+7.5 268+4.9 257:0.7 198+0.5 145+3.6 2266

S3 Cu 842432 83828 68916 125408 528405 509
Pb 544156 56.1+3.2 45+28 24.7:08 181105 39.7
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Fig. 2. Vertical distribution of zinc concentration in 0.IN HCl

extraction of non-rearing site soil.
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Fig. 3. Vertical distribution of copper concentration in 0.IN
HCI extraction of non-rearing site soil.
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"~ Table 2. Concentration of zinc, copper, and lead in 0.IN HCl
extraction of rearing site soil (meantSD, n=3) (mg/kg)

Heavy metal

ame Zn Cu Pb
Site
C-sP 31.9+2.8 1.8+0.2 1.1:0.2
SP1 537.5£9.6 61.3x2.5 58.2+5.5
SP2 58.5:5.4 5.5+0.3 36.9£3.5
SP3 94501106  535.0:9.8 141.5£3.6
SP4 342.8+13.2 72.7£5.6 289.5+8.2
SP5 100.0+7.8 34025 21.3+1.8
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Ao o] AL HEFHCSP)9 227 HotkE 354, 3
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i A AR Azrle WR2T A2

FARe e MY £33 242

EE
27 =93
M edt &
Ho} of 318 A
Ae dz7Eg 4t =2
233y Qe Age] A=
koA A3 2ol
A% zolzt YA T FF&el td A& AH 9
olgtx A=A

Pb SP4x) A o) 2}27)(227 mg/kg)7t 7HE ¥ 9T SP5A]
Ao} (208 mg/kg)7t 7+ 2L ch(Fig. 6).

Kabata-Pendias$} Pendias[10]& A& 42 X3 A%
£ Cu 20~100 mg/kg, Zn 700~1,000 mg/kg, Pb 30~300
mg/kgo & AAsHed ¥ ZAld e SP1y} SP4x|H o]
227X Zn, Cu, Pb7} 2% E43FARS YT, SP2A A
9] &2 Cu, SP3AHY Az Cust Pbrl 5434 H
Qo SP5RH e AAE S4RAHYET %%E}.

g asn, 43 *@fﬂﬂ

Table 3. Concentration of zinc, copper, and lead in plants (meanz

SD, n=3) (mg/kg)
eavy metal
. ame Zn Cu Pb
Site

C-SP 97+5.6 21+1.5 35.8+1.4
SP1 3430£31.6 65652105 161+7.6
SP2 331+20.5 26.3t1.6 21£1.2
SP3 2941106 31.8+2.5 40£21
SP4 1992+256  152.4%74 227475
SP5 571£23.2 16.7£1.2 25+0.8
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Fig. 6. Concentration of zinc, copper, and lead in plants.
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A9 Azl 27 obdd 343 kg, T2 65.65 kg, 1t 1607 kg
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%3484 "ot Thornton[33]e] Ao} dAstFon EY
TE5 TF A AW 5% FEFS vud &
AEAYWY F5& T2 A=V>E>AAN>LEF 2
2 25 UoFig. 7).

P AS0 o8 EYL Fa89 A2 HAS

A g oA Zn Pbe] EY FFE AT AALL A
Z7](1.68%, 0.34%)7} 7} =% GA(1.58%, 033%), &
(157%, 0.16%), 22#(0.09%, 0.08%) <otk Cud) H7r
AAE L A2 170%2 748 ot 2(1.33%), 9A
(0.14%), 2 27(0.03%) 2.8 2AL¥ o] Zn, Pbe| A A&
€ G2A ZAFE I tH(Table 4).
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Fig. 7. Relationship of heavy metal concentration between soils
and plants in the sampling sites.
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Table 4. An annual exclusion ratio by plants (mean+SD, n=3) (%)
H 1
Scientific name cavy mefa Zn Cu Pb
Artemisia princeps 1.57+0.04 1.33+0.07 0.16+0.01
Vicia angustifolia var. segetilis 0.09£0.01 0.03£0.01 0.08:0.01
Miscanthus sinensis 1.58+0.03 0.1420.01 0.33£0.01
Perilla frutescens var. acuta 1.68+0.02 1.70+0.06 0.34:0.01
E }27)% Zn, Cu, Pb So| ol FH5 0] glu Gge 2340 4500 93 £3% 09 A0 WA
AALSE 2L 702 Hol 234 QUEGS By o}—— ge NFFoE 449 & lod B 489 34 £
A8 3 (phytoremediation)ol 4 d8] o] &F 74N7k  Heo) B o e AT ARHojor ¥ Ao AztEn.
e 4oz g
A7 AR F9 B ol BR 78 A7) 9 #1788
FEHE, ES 5o dF F55 288 = A, LHFES
S 2 249 52 FHsted FHI g1 o|AE 1. Bowen, H. J. M. 1979. Environmental chemistry of the elements.
& F2 g7 BN EYRS gudel Fed Ao PP Acdemic Bress, Tew Yo
2 AAZ AuZs JEE Bt 4t gioh gepy go. 2 oy M K and Mo T Chiang, 2005, Physiological an
Vato Lo 1< - biochemial responses, and heavy metal accumulation of
29 A7 ¥FE £ A7 22 712 AFE MROE Artemisia princeps and Helianthus annuus in the abandoned
NEEA S o5 thokgl uhlo] dFHojof & A Zinc mine area for phytoremediation. Kor. J. Hort. Sci.
oz Hzten B3 Eo $AL A wyoz Ba 3 Technol. 21, 451-456.
. - 5 3. Grill, E, W. Gekeler, E. L. Winnacker and H. H. Zenk
tﬂ LA AI B E.OS o 3k @Zeﬂzﬂ,ﬂ o 20 = + 1 ’ .
o oF 3 €58 ol8en . 19 182 32 A% 1986. Homo-phytochelations are heavy metal-binding pep-

42 W47 £ Qo8 3% FFe SIX

IRiES Vd«l
21996 LEEYG MAAF LR SIAA vl Yot}
Fuo|g BEFOZH Fv| Z:": o] &gl sf %%ﬂ*ﬂ
Ego] £AH7] i LFH v AR #eEHn
S2AH & QHEY 7H*W°u Ei’qli A RE A Zn3} Pb
7t EFLE +RUIE S 2HEA &

50 cmo| M E¥LE 87
ol Tl Aee Bk x
stk 487 EFe) 34 FFe 2 Rugel 94
g FAF 9] xH(SP1, SP2, SP3)eljA &

o] 3lako| 537.5 mg/kgZ 7} w3k

o Pbo] FFol 7Hg Eed ole HPFl HE AYE
drels ofd Bk o] 4A3] o|Fo]R A o} A
3ol 93t Fule] FFYE Ao AZEH SP2A A&
oe AYuc Azt wot olg dge A e e
47an. AZAYY 35 Yo =7

Z

334 ¢ 1> 2> o> 2
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