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Vegetation Distribution Near Abandoned Metalliferous Mines and Seed Germination
Properties of Woody Plants by the Contaminated Soils

Kyung-Won Seo, Yowhan Son’, Rae-Hyun Kim, Jin-Woo Koo, Nam-Jin Noh, Ji-Hyun Kyung, and Jeong-Gyu Kim
(Division of Environmental Science and Ecological Engineering, Korea University, Seoul 136-701, Korea)

ABSTRACT: This study was caried out to select the Eco-tree for successful phytoremediation of abandoned
metalliferous mines. We examined vegetation and heavy metal concentrations of woody plants in abandoned
mining areas, and also conducted seed germination and seedling growth experiments on contaminated soils
from Gahak and Geumjeong mines. Pinus densiflora, Robinia pseudoacacia, Lespedeza bicolor and Alnus
Jjaponica showed high frequency in the survey areas and had high heavy metal concentrations compared to
other species. Heavy metal concentrations were higher in roots than in leaves and stems. The seed germination
rate was in the order of P. densiflora, L. bicolor, R. pseudoacacia, and Alnus japonica from the incubator
and greenhouse experiments. In the incubator experiment, germination rate was highest in the control soil
for P. densiflora and A. japonica. Germination rate of P. densiflora was highest on the 100% contaminated
soil for Gahak mine while germination rate decreased with increased percentage of contaminated soil for
Geumjeong mine. In the greenhouse experiment, germination rate was lowest on the 40% contaminated soil
for Gahak mine while germination rate was lowest on the 20% contaminated soil for Geumjeong mine and
increased with increased percentage of contaminated soil. Shoot growth was highest for L bicolor while
root growth was highest for R. pseudoacacia except for 20% contaminated soil in Geumjeong mine.
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Table 1. The study abandoned metalliferous mines. (heavy metal concentration data from Kim et al.*®)

Mine Element Location Abandoned cd Cu Zn As
year (mg/keg)

Geodo Ag, Cu, Fe Gangwon Taebaek Unknown 0.2 209.9 8.4 1.0
Gunbuk Ag, Au, Cu Gyungnam Haman 1977 0.3 455 6.7 34.1
Geumjeong Ag, Au Gyungbuk Bonghwa 1988 2.8 15.0 183.7 1372.2
Dalseong W, Mo Gyungbuk Dalseong 1973 34 292 8.3 67.5
Mulgeum Ag, Au, Cu, Fe Gyungnam Yangsan 1992 0.2 16.5 6.8 24
Iligwang Ag, Au, Cu Gyungnam Yangsan 1983 0.5 5.3 10.6 4424
Jeil Ag, Ay, Cu Gyungnam Haman 1975 0.1 280.2 4.1 12.1
Yeonhwa 2 Cu, Pb, Zn Gangwon Samchok 1987 10.0 100.9 1263.5 29.1
Haman Ag, Au, Cu Gyungnam Haman 1987 0.1 1.9 21.8 0.2

Table 2. Physical and chemical characteristics of contaminated soils from Gahak and Geumjeong mines.

Mine pH EC TKN OM P,0s Soil CEC Ex. cations (cmol’/kg)
(1:5)  (dS/m) (%) (%) (mg/kg) texture (cmol'/kg) Na K Ca Mg
Gahak 626 135 0008 4159 15.6 SL 6.13 007 011 017 1.03
Geumjeong 6.4 128 0032 2554 150.9 LS 9.05 008 008 022 041
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Table 3. Soil heavy metal contentrations (mg/ kg) from literatures and Gahak and Geumjeong mines.
N Apprehensive Countermeasure .
Pollutants Normal Toxic standards standards Gabak Geun}]eong
level level - mine mine
A B A B
As - - 6 20 15 50 1.01 219.67
Cd 0.01-7 3-8 15 12 4 30 33.03 N.D*
Cu 2-100 60-125 50 200 125 500 213.81 3.67
Pb 2-200 100-400 100 400 300 1,000 4,070.71 26.02
Zn 10-300 70-400 300 800 700 2,000 3,832.10 20.00
Kabata-Pendias and .
Source Ross (1994) Pendias (1984) MOE (2005) This study
°Rice paddies, farms, orchards, pastures and forest lands.
PFields for factory, road, railroal and miscellaneous areas.
‘Not deteced.
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Table 4. Woody species in the study abandoned mine areas.
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Mine Species

Mine Species

Geodo Larix leptolepis

Lespedeza bicolor

Pinus densiflora
Rhododendron schlippenbachii
Salix koreensis

Gunbuk Ailanthus altissima

Cedrus deodara

Juniperus chinensis

Pinus densiflora

Robinia pseudoacacia
Zizyphus jujuba var. inermis
Geumjeong Pinus densiflora
Robinia pseudoacacia
Salix koreensis
Dalseong Alnus japonica
Amorpha fruticosa
Paulownia coreana
Pinus densiflora
Robinia pseudoacacia
Mulgeum Pueraria thunbergiana
Robinia pseudoacacia

Ulmus davidiana var. japonica

ligwang Alnus japonica
Lespedeza bicolor
Pinus rigida
Populus albaglandulosa

Pueraria thunbergiana

Jeil Alnus japonica
Amorpha fruticosa
Pueraria thunbergiana
Paulownia coreana
Robinia pseudoacacia
Yeonhwa 2 Alnus japonica
Pinus densiflora
Quercus mongolica
Quercus serrata
Rhus chinensis
Robinia pseudoacacia
Weigela subsessilis
Haman Albizig julibrissin
Lespedeza bicolor
Lespedeza maximowiczii
Paulownia coreana
Pinus densiflora
Pueraria thunbergiana

Rhus chinensis
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Table 5. Heavy metal concentrations (mg/ kg) in plant components in abandoned mine areas. Numbers in parentheses
denote the standard error. Significant differences among components at the p=0.05 level are indicated by different letters.

Mine Species Parts As Cd Cu Pb Zn
‘ Leaf N.DA N.D. 17.2(1.8)b 20022)a  2144(82.8)a
kofgel;xs i Stem 0.6(0.6)a N.D. 34.5(6.8)b 20.0(2.2)a 26.4(4.9)a
Root 24(L.1)a ND.  106.1(6.0)a 17.7(0.2)a 39.0(4.5)a
, Leaf 1.8(1.4)b N.D. 21.4(3.3)b 10.9(39)a 26.4(4.9)a
Geodo J 61; ’S’;‘l‘jm Stem  16.5(14.0)ab ND.  938(32.0)b 15.7(4.2)a 39.0(4.5)a
Root  50.4(13.7)a ND. 293.6(103.0)a 10232)a  564(18.3)a
Lespedezs Leaf 1.3(1.3)b N.D. 9.5(0.7)b 21.0(35)a 11.9(9.2)a
o Stem 0.5(0.5)b ND.  1496.0)b  285(110)a 9.4(1.3)a
Root 84.3(1.7)a ND.  627(192)a 17.5(0.0)a 22.6(4.0)a
- Leaf 44.9(5.4)a N.D. 17.7(0.7)a 245(7.0)a  5099(.1)a
" i‘;‘:}l::scm Stem 36.3(6.4)a N.D. 19.6(1.1)a 11.0(0.0)a  302.2(41.2)b
Geumjeong Root 237.1(1049)a 4.0(0.0) 20.5(1.1)a 21.0(33)a  222.7(63.6)b
, Leaf 20.7(3.7)b N.D. 84(L1b  30.6(225)a  338(117)a
p 61; ’s’;l‘jm Stem  33.7(5.2)b N.D. 11.2(1.3)b 15.03.5)a 29.2(3.0)a
Root  180.9(29.6)a N.D. 25.3(2.3)a 6.1(3.1)a 23.4(3.6)a
‘ Leaf 232 N.D. 159 19.6 205
Pinus

densifiora Stem 717 N.D. 41.0 126 2.8
Root 300.2 45 235.9 1711 63.5
Leaf 1.4(02)a 1.9(0.36)a 26.9(7.3)a 2.8(2.8)a 57.5(5.4)a
I‘;ff:gfjf“ Stem 1.90.6)a 1.8(02)a 17.93.7)a 2.7(27)a 28.0(2.3)a
Dalseong Root  64.7(25.3)a 33(08)a  100.043.8)a 161(35)a  741(17.0)a
Robinia Leaf 1.5(8.6)b 1.5(0.7)a 35.8(5.5)b 19.5(2.9)a 31.5(34)b
. Stem 1.6(0.3)b 1.1(05)a 14314 19.5(2.9)a 26.1(2.8)b

pseudoacacia
Root 55.2(8.6)a 1.7(03)a  108.4(18.6)a 19567 743(13.1)a
Leaf 14.6(6.2)b ND.  105.018.1)b 11405b  54.6(13.3)a
].a‘:lo’zl‘,; Stem 4.0(1.0)b 3.7(14)ab 44.909.6)a 25.1(4.6)b 76.2(9.2)a
Root  167.5(315)a 65(1.1)a  369.9(71.9)a 43762)a  9.821.2)a
, Leaf 0.7(02)a 2.0(0.4)a 19.12.4)b 20.12.2)a 61.5(5.1)a
Z;";Z Stem 0.9(0.2)a N.D. 27.8(1.0)a  45.1(10.3)a 50.9(6.1)a
Root - - - - -
Leaf 40(0.3)a 1.4(0.3)a 12.0(1.3)a 22.3(2.4)a 34.0(1.3)a
L‘;Si’c’jli[ff” Stem 0.7(0.3)b 2.4(14)a 12.7(1.1)a 19.8(2.3)a 33.6(2.0)a
Root - - - - -

ligwang

Leaf 9.7(2.5)b 24(03)a  375(11.4)a 193(G4)a  533(10.0)a
].u’;lo’:g; Stem 5.1(1.5)b 41(1.7)a 31.1(8.0)a 25.2(3.2)a 65.6(7.8)a
Root  69.5(23.5)a 55(19a  82.8(32.6)a 25.8(4.1)a 48.1(8.3)a
Leaf 1.6(0.2)a 12.9(1.4)a 25.6(1.2)a 59(35)a  563.2(76.3)a
b ;; ‘;’;’:fl’flosu Stem 0.7(0.1)b 10.9(2.8)a 17.5(2.7)a 149(6.1)a  135.9(19.7)b
Root - - - - -
. Leaf 2.3(0.9)b 14.5(44)a 17637b  17.0137)a  268(13.4)a
Robinia Stem 1.7(1.0)b 11.6(4.3)a 10.4(0.4)b 135(35)a 16.9(4.8)a

pseudoacacia
el Root 111.8a 10.2a 127.1a 17.0a 16.9a
Leaf 21(0.4)b 5.1(24)a 34.5(52)b 258(45)a  45.1(4.5)ab
].a’:lo’;‘;; Stem 2.3(0.6)b 6.623)a  55.6(28.1)b 281(.1)a  59.0(10.7)a
Root  79.0(19.3)a 5524)a  206.8(28.0)a 25.4(3.5)a 29.3(3.4)b

*Not detected.
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Fig. 1. Germination rate in the incubator experiments for (a) Gahak and (b) Geumjeong mine areas in incubator. Vertical
bars represent standard errors. Same letters indicate no significant difference among treatments within a plant species

(p>0.05).
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Fig. 2. Germination rate in the greenhouse experiments for (a) Gahak and (b) Geumjeong mine areas in greenhouse.
Vertical bars represent standard errors. Same letters indicate no significant difference among treatments within a plant

species (p>0.05).
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Fig. 3. Changes in germination rate of (a) Pinus densiflora for Gahak mine with different levels soils in the incubator
experiment and (b) Lespedeza bicolor for Geumjeong mine with different levels soils in the greenhouse experiment.
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Table 6. Seedling growth (mm) and biomass (g) on contaminated soils for two mines. One standard error of the mean
is in parentheses. Values with the same letters do not differ among treatments within a species,

Species Gahak Geumjeong
ecle
P Shoot Root S/R ratio  Biomass Trt. Shoot Root S/R ratio Biomass
46.8 47.4 1.00 0.29 0 52.9 419 127 020
(1.7)a (2.0)a (0.06)a (0.08)a (5.4)a (2.6)a (0.20)b (0.04)a
485 37.8 1.40 0.16 20 404 32.6 1.33 0.10
(2.2)a (6.4)ab (0.35)a  (0.04)abe (14)b (6.0)ab  (022)ab  (0.02)a
238 23.1 1.00 0.03 0 34.3 284 1.23 0.11
Pinus (6.4)c (4.7)c (0.10)a (0.01)c (2.9)bc (4.6)b (0.13)b (0.05)a
densiflora 28.4 20.7 143 0.10 €0 29.2 21.8 1.33 0.14
(3.9)bc (L3)c (0.30)a (0.02)bc (42)c (1.0)b (0.18)ab  (0.02)a
38.4 27.5 147 0.19 80 29.0 27.0 1.07 0.16
(2.0)ab (3.6)bc (0.23)a  (0.03)ab (4.2)c (3.3)b (0.09)b (0.01)a
38.1 25.4 147 0.19 100 436 24.0 1.87 0.18
(5.4)ab (2.0)c (0.09)a (0.03)ab (1.2)ab (1.5)b (0.18)a (0.02)a
56.6 63.9 093 0.11 51.0 63.2 0.83 0.08
(2.7)a (11.4)a (0.15)b (0.02)bc 0 (1.2)ab (85)a (0.12)a (0.01)b
482 67.3 0.73 0.09 20 79.2 64.7 1.50 0.28
(7.8)a (0.9)a (012b  (0.05)be (18.8)a (12.8)a (0.70)a (0.03)a
39.0 36.7 1.15 0.04 20 52.5 47.3 1.10 0.13
Robinia (19.6)a  (20.3)ab  (0.25)ab (0.02)c (3.0)ab (29)a (0.06)a  (0.02)ab
pseudoacacia 56.7 485 1.20 0.17 €0 294 32.2 0.95 0.10
(5.6)a (49)ab  (0.20)ab  (0.02)ab (16.0)b (19.5)a (0.155a  (0.06)ab
51.4 44.8 1.13 0.24 80 37.5 441 0.80 0.20
(1.4)a (17)ab  (0.07)ab  (0.02)a (13.4)b (11.8)a (0.26)a  (0.09)ab
46.3 27.6 1.67 0.10 100 402 442 0.90 0.21
(7.3)a (L6)b (0.24)a (0.05)bc (9.9)ab (10.8)a (0.06)a  (0.08)ab
71.9 282 2,57 0.25 77.2 265 2.90 0.23
(10.4)ab (3.8)a (0.18)ab  (0.07)a 0 (5.1)ab (1.7)a (0.12)a (0.01)a
60.4 289 2.10 0.17 20 69.6 26.7 2.60 0.23
(6.1)abc (1.2)a (0.10)b (0.04)a (5.4)ab (0.2)a (0.21)a (0.05)a
80.2 32.8 2.50 0.26 40 79.0 248 3.27 0.26
Lespedeza (6.4)a (3.3)a (0.10)ab  (0.05)a (6.0)ab (1.9)a (0.43)a (0.06)a
bicolor 57.2 243 2.40 0.19 €0 55.3 23.6 2.40 0.14
(6.3)bc (31)ab  (0.20)ab  (0.02)a (10.7)b (5.6)a (0.12)a (0.02)a
67.6 23.7 2.87 0.26 80 55.7 239 243 0.17
(79)abc  (2.4)ab (0.12)a (0.07)a (5.0b (2.5)a (0.38)a (0.05)a
46.6 15.7 3.03 0.17 100 71.2 28.1 2.50 0.16
(39)c (1.5)b (0.41)a (0.03)a (4.8)ab (2.3)a (0.06)a (0.0D)a
10.3 5.7 1.85 0.13
(5.2)a @0a  (©15a  (©0a © - - -
- - - - 20 - - - -
) i i i 20 8.0 10.7 0.85 0.01
Alns 6.0 4.0 0.00 (t.?a (287)21 o (%(gga
Japorce (6.0)a (4.0)a 130a g0 0 @43 (4.7)a 0902 500)a
9.0 6.0 0.01
- - - - 8  ©oa  (60a 1502 (o 01)a
7.3 4.3 0.00
7.3)a 43)a 1702 (0o0)a 100 - - - -
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o2 oJAtER?, wolge] 9 Fuelht A B4 18
T 7 5ol g #2o] WolzAn DAHF AATL Qo
Hohge] xjo|E F o AFskA A s Bt ek
3 xRN Hopddo] Pad Aog W,

IE T A7l W dlelg widke] A9 AUFE incu-
batortt 2AoA] T5 240 AFof WolE wojow, A=
AP FEAI] Wolgo] 753 FIshs AL ¢ 5 gtk
(Figure 3). H&-5 o845t 09 EoF HA] 2ol ] 4
Aoz Wokgo] W Al 59 A9 dolgg ol A
8} A REE $7 A T FEsior & Aog welrk

88 MY

T B B wigh vl WE AU, oAU, A
g, Qe fRY AE, At AR F AFHE
Table 6° HeRAATE S4F4re) 20% Al $5& A28}
A5 B B BE AETelA fEY AR AR
AL 7P 9k, A AL oL A B
Ao YePgth 713t Edelr M2l AR ke
40% A8 FFo0A 802 mmE 7FF ¥ H 60%, 100%
el FEIE SAHLE fA% 2Jolg Ktk oAy
= T55 350 1E AP ARl xo)7)l 9= Ao
VERETE gt Bkl oAU Rleit ARk
20% AT 67.3 mmE 71 2oy ATl E
AFCE Fod AolE HolA] ASith FHHAF EYlA
OPRAIIR-2] AP AL 20% ] 5204 79.2 mm,
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