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Geochemical Study on Heavy Metal Pollution of
Plants at Dalseong Abandoned Mine

Jae Yeong Lee*, In Ho Lee* and Suk Ki Kim*

ABSTRACT : The environments in the vicinity of the Dalseong mine has been much contaminated by heavy metals related to Cu-
W ore deposit, which is of hydrothermal pipe type mineralized by quartz monzonite in the andesitic rocks. Chalcopyrite and wol-
framite are major ore minerals and sphalerite, galena and others are associated. To investigate the contamination of heavy metals in
plants, samples of plants and soils were analysed by ICP for Fe, Mn, Cu, Pb, Zn, Ni, Co, Cd and Cr. Most of ore-related heavy me-
tals are anomalously high in plants and soils, which were contaminated by the development of Tachan Tungsten Mining Company.
The mine produced 48,704 tons (M/T) of 4 wt.% Cu and 1,620 tons (S/T) of 70 wt.% of WO, during active mining activity from
1961 to 1971 but was closed in 1975. Wild plants growing at the mine area may be used to remove heavy metals form soils, which
cause contaminations of plants, stream waters and groundwaters in the vicinity of the mine.
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Fig. 1. Geological map of Dalscong Mine area. 1; Jain formation, 2; Andesitic rocks, 3; Andesite porphyry, 4; Intrusive dacite
breccia, 5; Granite porphyry, 6; Quartz monzonite, 7; Felsites, 8; Intermediate dyke, 9; Acidic dyke, 10; Alluvium, a; Fault.
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Fig. 2. Map showing sampling sites of soils and plants at
Dalseong Mine area.
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Table 1. Heavy metal contents of soils from the Dalseong mine. (unit : ppm)

HCl Site No. Fe Mn Cu Pb Zn Ni Co Cd Cr
120N A* 11.0 91.19 6.77 0.78 317 0.04 2.16 0.11 0.05

B 1 423 3243 10.65 0.35 2.11 0.032 0.944 0.045 0.004

2 69.5 9.54 3.76 0.98 0.96 0.015 0.056 0.015 0.005

3 11.0 91.19 6.77 0.78 317 0.044 2.155 0.114 0.049

av. 40.9 4439 7.06 0.70 2.08 0.030 1.052 0.058 0.019

C 1 242 29.39 793 141 1.72 0.027 0.470 0.017 0.009

2 453 41.13 2.89 1.98 121 0.043 0.535 0.021 0.012

3 374 33.69 3.89 1.64 1.14 0.031 0.627 0.018 0.018

av. 35.6 34.74 4.90 1.68 1.36 0.034 0.544 0.019 0.013

1 149 3047 14.28 1.74 191 0.041 0.591 0.287 0.014

D 2 226.1 1.99 1.76 0.12 0.50 0.016 0.144 0.025 0.013

3 582 2.94 2.67 2.05 0.31 0.015 0.033 0.004 0.008

av. 99.7 11.8 6.24 130 0.91 0.024 0.256 0.105 0.012

av. (B+C+D) 5873 3031 6.07 123 1.45 0.026 0.617 0.061 0.015
E* av. 148.0 2.08 4.0 1.10 0.29 0.03 0.06 0.01 0.01
F* av. 45.7 10.86 3.59 3.16 0.61 0.02 0.15 0.01 0.02

IN B 1 352.2 8.14 2.83 4.60 1.29 0.027 0.156 0.040 0.064

2 1692 11.88 28.15 33.01 2.30 0.041 1.105 0.408 0.144

3 1298 1229 1235 3171 4.94 0.127 1.533 0.244 0.176

4 1114.1 47.64 14.44 23.11 2.84 0.065 0.931 0.230 0.128

C 1 591.1 38.13 8.44 4.67 2.67 0.078 0.014 0.080 0.235

2 1692 29.28 16.35 80.64 6.36 0.067 2.406 0.451 0.386

3 515.3 54.07 5.01 20.99 1.39 0.436 0.346 0.102 0.056

av. 932.8 40.49 9.93 3543 347 0.193 0.922 0.211 0.226

D 1 887.8 3191 13.09 7.20 2.60 0.140 0.024 0.088 0.228

2 1685 4.98 20.69 9.66 1.98 0.027 2.237 0.849 0.138

3 603.9 4.54 38.26 26.58 123 0.023 2.027 0.290 0.072

av. 1058.9 13.81 2401 1448 1.94 0.063 1.430 0409  0.146

Total average 1035.3 33.98 16.13 2434 2.75 0.107 1.094 0.283 0.167
Extractable ratio 17.63 112 2.66 19.79 1.90 4.12 1.77 4.64 11.13

(1 N HC1/0.05 N HCI)

* data from Lee et al. (1996)
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Table 2. Heavy metal contents of plants (M. sinensis, R. multiflora) from the Dalseong mine. (unit : ppm)
Season Site Plants Pats Fe Mn Cu Pb 7Zn Ni Co Cd Cr Remarks
- inensi contents of elements in
Spring B M. sinensis  Leaves 1509 1029 111 103 476 065 0057 004 038 e cont Ni Cp)
Stem 1191 642 088 044 915 090 0058 0.10 014 1>s (except Ni)
Root 1146 7276 1849 543 1961 037 149 030 022 L?;l(eé‘égl)" Zn, Ni, Cd)
Comp s pl>s pl>s ri>s s>l s>br 8] >8>l br>s  general trend: r>l>s
R multfiora Leaves 134 5668 302 1261152 050 010 001 .17 contents of clements in
4 2363 464 1321197 502 014 002 054 ) (Except M, P, 7o, M)
Stem  119. . . . . . . . . s>r (except Fe, Cu, Co, Cd)
Root 1405 874 556 107 563 036 017 003 029 | (except Fe, Mn)
Comp s Ibs>r s>l s>bbr s>br ssbr s>l s>l s>l general trend: s>
D M sinensis Leaves 4029 980 211 169 425 120 006 004 048 contents of clements in
Sem 4196 2455 156 097 764 032 004 007 028 ©) &P M)
cm . 3 . . B .. .| . . s (except MIl, )
Root 97185 1672 25.75 20.89 1095 099 025 051 0.66 Ios (except Fe, Mn, Zn, Cd)
Comp s3] s>l s s pl>s s s s>l l>s  general trend: >b>s
. contents of elements in
R multiflora Leaves 1949 19.36 798 182 1461 037 013 0.09 029 I>r (except Cr)
Stem 9276 620 354 076 40 022 0.050039 030 I>s (except Cr)
r>s (except Fe)
Root 1146 656 412 088 434 025 0.060.038 035 s=r (Cd), s=1 (Co)
Comp I>s>r Dr>s Dr>s I>r>s br>s br>s  I>r>s I>sgr sl general trend: I>r>s
Comparison  Leves R>M R>M R>M R>M R>M M>R R>M R>M M>R contents of elements in
. I R>M (except Ni, Cr)
between species Stem R>M M>R R>M R>M M>R R>M R>M M>R R>M ¢ poMm (except Mn, Zn, Cd)
Root M>R M>R M>R M>R M>R M>R M>R M>R M>R r M>R
Autumn C M. sinensis Leaves 1992 1578 168 039 396 047 033 013 017 contents of elemetns in
Sem 5589 3982 052 047 990 215 007 003 266 =) (Except C0) .
r>s (except Mn, Zn, Ni)
Root 1351 322 2203 3019 918 179 009 172 31 g (excopt Cu, Co, Cd)
Comp s>l s>l l>s s>l s>rol s>l s I>s r>s>] general trend: r>s>1
R multifiora Leaves 403 3098 111 088 1641 208 0039 0.034 224 contents of elements in
Sem 4547 1463 118 102 706 027 00130021 03g LT (o exception)
I>s (except Cu, Pb)
Root 2834 182 027 026 218 035 00080006 052 ssr (except Mn, Ni, Cr)
Comp s>b>r br>s s>b>r s>bsr I>s>r I>r>s  Iss>r Iss>r I>r>s  general trend: I>s>r
Comparison  Leaves R>M R>M M>R R>M R>M R>M M>R M>R R>M ;‘ﬁltﬁts of eleng;“scg‘ cd
between species Sttm M>R M>R R>M R>M M>R M>R  M>R M>R M>R s':M>>R ((Z))((cc?;)tt Cu’, Pb’) )
Root M>R M>R M>R M>R M>R M>R M>R M>R M>R ©M>R

Abbreviation: Comp; comparison of contents between leaves(1), stem(s) and root(r)
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Table 3. Textures of soils from the Dalseong mine.

Site No. clay (%) Silt (%) Sand (%) Texture
A 1 31 29 40 Clay loam
2 18 21 61 Sandy loam
B 1 27 29 44 Clay loam
2 27 26 47 Loam
C 1 11 13 76 Sandy loam
2 12 15 73 Sandy loam
D 1 25 27 48 Loam
2 30 32 38 Clay loam
E 1 12 13 75 Sandy loam
2 29 30 41 Clay loam
F 1 27 28 45 Loam
2 26 27 47 Loam
Average 23 24 53 Sandy~clay
loam

Two soil samples were collected at each site
(No. 1 near R. multiflora and No. 2 near M. sinensis)
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Fig. 3. Textural classification diagram of soils from the
Dalseong mine.
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Fig. 4. Variation of 0.05 N HCl-extracted heavy metals against clay and Fe-/Mn-oxides. This figure was drawn with the data

from Table 1 and 3.
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Table 4. Ratios of heavy metal contents between plants (roots) and roots and soils from the Dalseong mine. (unit : ppm)
M. R Sols Roots/soils
Element Sinensis multiflora Cov/Cor Com/ G Cw/C,
Com Cer Ca Ce Ca/Ca Co/Cq Cm/Ca GCum/Ca Cwr/Ca Cw/Ce
Fe 1204.96 77.95 15.5 5873 10353 0.06 17.6 20.5 12 1.3 0.08
Mn 38.47 12.93 3.0 30.31 33.98 0.89 1.1 1.3 1.1 0.4 0.4
Cu 22.08 2.56 8.6 6.07 16.13 0.38 2.7 3.6 14 0.4 0.16
Pb 21.68 0.62 35 1.23 24.34 0.05 19.8 17.6 09 05 0.03
Zn 12.23 3.58 34 1.45 2.75 0.53 1.9 8.4 4.4 25 1.3
Co 0.48 0.062 74 0.617 1.094 0.56 1.8 0.8 04 0.1 0.06
Cd 1.06 0.02 53 0.061 0.283 0.22 4.6 17.4 37 03 0.07
Ni 1.24 0.33 3.8 0.026 0.107 0.24 4.1 47.7 11.6 12.7 3.1
Cr 1.77 042 . 4.2 0.015 0.167 0.09 11.1 118 10.6 28 25

Abbreivations: C;; 1/20 N HCl-extractable content, Co; 1 N HCl-extractable content
Covs Gox; calculated with contents in Table 2 as annual averages = [(B+D)2+C]/2

o o] ©=A (Kihiri, Nissinen, 1978)Q1A]& ¢ 4=
ot AdAle o] ol Ege] &gy} v
HHe2 F5% & da BaE mH g glo] 24
9 F4E AR A2 JdEy] g dAje Bk,
el A% 4%¢ o Zo] LS oz BuH,
5, Bdle 238 F 5 e Aol do R ko] o
FEe] low BEo AN I s odw
EFME A& F glong Eoke] oato] Ay R}
Bo] wdE Aoz yzE. 590 Astete g
ol oju] &9 Rsje] Aalo] Yol Hm 1094 Hstat
< A 7Hel 29 £929) A o] 2o} 2= Ao
Z Algdgrh

TEE JAF (IAD 5, 1997)2 A= Wz >
S, AdE d>%a)9] FFS Holr) uksle] B o]
3 2 (C1AY 5, 1996)L AR Ba) > 9 > Zv)o]
W Ro we} He Aol 2L 9 >¥ele) AR wo)
ot Al Hale Ba) B Yo) 234 WA o] A
w20 Hlsle] 27} %2 2717} A9 = (Table 5).
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Table 5. Comparison of contents between different parts of plants from the Dalseong mine. (unit : ppm)
Season Plants Pais Fe Mn Cu Pb Zn Ni Co Cd G Remarks
Autumn C M. Leaves 1992 1578 168 039 396 047 033 013 017 coiltents of Eéeoments in
sinensis Stem 5580 3082 052 047 990 215 007 003 266 :;((ee’)‘;?}’)‘t M, 7o, N
lézf" 1351 322 2203 3019 918 179 009 172 31 g : (except Cu, Co, Cd)
mp. ) sl plss mssl s>l s>l s s s>l general trend : r>s>1
R, Leaves 403 3098 111 088 1641 208 0039 0.034 224 lconttzms of elimel)lts in
. >1: (N0 exception
multifioraStem 4547 14.63 118 1.02 7.06 027 0013 0021 038 I>s : (except Cu, Pb)
Root 2834 182 027 026 218 035 0.008 0.006 052 gr:(except Mn, Ni, Cr)
Comp. s>br br>s s>br s>lb>r I>s>r I>r>s I>s>r I>s>r I>r>s  general trend : I>s>r
D" P, Tleaves 1814 161 924 067 2343 040 0.10 0193 0.106 contents of elements in
lobata Stem 8738 1207 398 172 1707 140 038 0.190 055 S>:(except Cu, Zn)
Root 1056 078 025 005 005 002 0002 0.004 0.026 1S>>rr((:§ SEESPSSE))
Comp. s>>r s>br bs>r s>br s>t s>br s>br Le>r s>br . s (Cd) P
general trend : s>I>1
A.  Leves 941 6336 122 034 348 027 024 0075 0.057 contents of elements in
princeps Stem 1176 2663 841 11 4681 113 057 018 108 s>1.: (except Mn, Cr)
Root 102 600 450 623 250 039 002 0036 070 X ((ee:c":?t“"ﬁnl’bz)n Co. Ca
Comp. s>l bs>r s>l s>l s>br s>l s>t s>br s>l 1= s (© d)P » Zn, Co, Cd)
general trend : s>I>r
comparison” Leves R>M> A>R> P>M> R>P> P>R> R>M>M>A> P>M> R>M> Nos of top contents
of contents P>A P>M A>R M>A M>A P>A P>R A>R P>A 1:R(9), P(3)
beween species  Stem  P>M> P>M> A>P> P>A> A>P> M>P> A>P> P>A> M>A>  s:M(4), P(3)
R>A A>R R>M R>M M>R A>R M>R M>R P>R  r:M(9, all elements)
Root M>A> M>R> M>A> M>A> M>A> M>A> M>A> M>A> M>A>

R>P A>P R>P R>P R>P R>P R>P R>P R>P

Abbreviations: comp : comparison of contents between leaves(l), stem(s) and root(r).

" data from Lee et al. (1996)

2 M : M. sinensis, R : R. multiflora, P : P. lobata, A : A. princeps

AAH D 3R B9 o|Fo| dAHE Ho| ohd7t AL
29t} A9 dals A (Pueraria lobata Ohwi)F %
(Artemisia princeps Pampanin) A3 $elvieke} 7159
Edon T A28 2EFE (44, &2, 1989 &
A%, 1990)0| 22 A H B B o} Syt B
Ao odd EFAM FFEE AAzR= o188
F & Aoz Almdnt

or2AlZ2 MufX|2A2] 08 -dAE olk, AE, A=,
A7), o] mzAs § aa dE ok, A Sl
dEvl JE k&AE (2734, A&, 1989 4T,
1990)0122 ofd FF&o] fjsirtdr] = foF
3% 1 4y 889 FF59 F5E AXEE 4
4 (Kabata-Pendias, Pendias, 1984)cl] th3t &7} 43
2 ) 33 AYS B2 E Zo] ol 82 E
AR 2 48 F sich

xgjetofle] ol - AU A 5 A& FRutt 2
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Z g2To] Y FEME A& JAHE vFda

]

ES5E 4239 vHE BAE fA A3
ZZo|Fo 2 BEFSF Fo &0 9o FAA A7
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o A 5E #j &2} & (exclusion mechanism)s 3 &5
A% Beld oz JANA AF R o]FS AT
t}. ¥bHd)] o]zle] e} o] Fg Walate AES] FY
A 7o A eglel ¥7)x g} (Peterson, 1971). E
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At} (Brooks, 1972).
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zowg AX 318 &} (biogeochemical prospecting)©l
A F A58 $EuE Ao Ho] BEHo] &
2Bolng H®/|E (Equistum arvense Linne)Z 23}
(Metha sacharinensis Kudo)9) 7-5- (1A, 352, 1971)
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