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Evaluation of Heavy Metal Pollution and Plant Survey around Inactive and Abandoned Mining Areas for
Phytoremedation of Heavy Metal Contaminated Soils
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ABSTRACT : This study was carried out to assess heavy metal potlution at 16 abandoned mining areas and to get basic data for
phytoremediation. In most of surveyed area, there was no vegetation cover and soil reaction shows in low to moderate pH. Low CEC,
low organic matter content were the general properties of these so:ls. Heavy metals content of these soils were exceed background level
of unpolluted soil in Korea, especially Cu content was 2,634mg/ky at Jeil site, 3,415 mg/kg Zn, 8.03mg/kg Cd at Yonhwa 2 site. This is
far above tolerance limit. In plant survey, very often observed plarts were Pinus densiflora, and Robinia psuedo-acacia in woody plant,
Artemisia princeps, and Dianthus sinensis in herbs. Artemisia princeps had higher concentration of Zn, Cd and Dianthus sinensis had
higher concentration than other plants. From the results, heavy metal concentration in plants and plant” s ecotype properties, could be
said that Artemisia princeps and Miscanthus sinensis have a potential of soil remediation plant.

More studies are demanded to find the heavy metal tolerance species and to understand physiology property of tolerance plants, soil

condition, climate etc., for successful soil remediation by plants
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Table 1. The outline of surveyed mini‘ngarea

Mine Element Ste AbandonYear p'aeg"f stucy sS:t;Zez
Keudo Cu Kangwon Taebaek 0 soil contamination and plant survey
Okdong Coal Kangwon Young-Wol 1982 X ”
Tehung Au Chungbuk No-Eun 1960 o] ”
Asia w Kyungbuk UChin X ”
Jeil Au,Ag,Cu Kyungnam Ham-An 1975 o] soil contamination
Ehung Au,Ag Kyungnam Ham-An 1977 o] soil contamination and plant survey
Jangsung Coal Kangwon X soil contamination
Yonhwa Zn,Pb,Cu Kangwon Sam-Chuk X soil contamination and plant survey
Yonhwa2 Zn,Pb,Cu Kangwon Sam-Chok 1987 o} ”
llkwang Au,Ag,Cu Kyungnam Yang-San 1983 o] ”
Hambak Coal Kangwon 1986 X ”
Mulkum Fe Kyungnam Yang-San 1991 o soil contamination
Sangdong W, Mo Kangwon Young-Wol 1392 o] plant survey
Daduk Au Kyungbuk Bong-Hwa 1950 o] ”
Darak Au Kyungbuk Sang-Ju 1950 o ”
Sihung Pb,Zn Kyunggi Kwang-Myung 1950 0 "
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Table 2. Physicochemical properties of the soils from the mining area

“Sie Soll texture PH “OM TRN AV.P CEC _ Lme requirement

(USDA) (1:5) % mgkg cmol(+ykg CaCO, kg/ha

Keudo 1 SiC 6.33 0.79 0.03 6.05 16.80 88
Keudo 2 SL 7.35 0.36 0.09 312 5.56 70
Keudo 3 LS 6.68 0.50 0.12 1.47 1.50 88
Okdong 1 SCL 510 10.79 1.53 1.19 7.22 245
Okdong 2 SCL 276 8.27 0.07 4.14 9.27 350
Tehung 1 SC 7.48 5.40 1.32 330 225 35
Teheung? SCL 392 0.36 0N 743 701 193
Asea 1 S 6.43 0.58 0.07 27.42 213 70
Asea 2 St 584 0.72 0.09 66.03 2.09 53
Jeil 1 SCL 743 7.19 0.60 5.30 13.98 70
Jeil 2 SCL 6.35 11.15 125 6.44 13.68 140
Ehung SCL 6.76 1.80 0.14 36.46 11.68 105
Jangsung SiCL 3.72 9.35 0.57 433 7.76 298
Yonhwa SL 7.26 0.86 0.03 406 2.04 88
Yonhwa 2 S 7.86 8.32 0.17 6.85 5.90 88
llkwang LS 3.76 0.29 0.13 9.18 347 158
Hambek SCL 6.68 11.51 0.96 20.83 7.55 88
Mulkum SL 6.72 0.94 0.10 8.65 10.65 105
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Table 3. Heavy metal contents in abandonded mining area

Stte Al Fe Mn n u Cd
mgkg

Keudo 1 2.68 1.75 236 1487 32899 111

Keudo 2 0.89 7.00 1.61 3028 26454 114

Keudo 3 1.03 854 161 6624 53121 123
Okdong1  74.59 836 432 854 526 097
Okdong2 10639 3976 129 450 453 1.09
Tehung 1 2.62 2141 014 57.31 1.50 1.09
Teheung2 18123 938 4122 10642 1977 1.07
Asea 1 2.86 571 075 239 3861 177

Asea 2 13.60 510 069 6886 189.18 125
Jeil 1 1.18 008 022 072 0.89 0.96
Jeil 2 1.76 20.18 7872 153.76 2634.10 324
Ehung 183 968 305 6191 81193 165

Jangsung 7264 867 126 859 621 101
Yonhwa 249 018 1343 38268 4128 589
Yonhwa2 397 3977 476 341512 19.09 8.03
lkwang 14160 979 201 1250 2456 1.33
Hambek 197 227 050 34440 26295 1.36
Mukum 154 968 546 358 7699 340
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Table 4. Endemic Plants in Abandoned Mining Area

montana, Plantago asiatica, Miscanthus sinensis, Commelina

“Ste Herbs Trees
Keudo Urtica thunbergiana, Erigeron annuus, Oenothera odorata,  Pinus densifiora, Alnus hirsuta , Prunus serrulata, Lonicera
Setaria vindis, Persicaria hydropiper, Bidens frondosa japonica
Okdong 1 Ranunculus japonicus, Miscanthus sinensis Pinus gensiflora, Robinia pseudo-acacia
Okdong 2 Miscanthus sinensis, Artemisia montana Pinus densiflora, Robinia pseudo-acacia
Teheung Miscanthus sinensis, Artemisia montana, Erigeron annuus,  Pinus densifiora, Lespedeza bicolor
Humulus japonicus
Asia Typha orientalis, Artemnisia princeps, Pedicularis resupinata Pinus densiflora
Ehung Dianthus sinensis Pinus densiflora, Robinia pseudo-acacia, Paulownia coreana
Yonhwa 1 Artemisia princeps, Oenothera odorala Pinus densifiora, Robinia psedo-acacia
Yonhwa 2 Artermisia princeps, Oenothera odorala, Kummerowia striata Pinus densifiora, Taxodium distichum, Betula platyphylia
Ilkwang Artemisia princeps, Miscanthus sinensis Pinus densiflora, Alnus japonica
Hambek Ranunculus japonicus, Artemisia princeps, Oenothera  Pinus densiflora, Acer ginnale, Lespedeza bicolor
odorala, Chenopodium album, Phalaris arundinacea
Sangdong Erigeron canadensis, Artemisia princeps, Chenopodium  Pinus densifiora, Taxodium distichum
album, Oenothera odorata
Daduk Heteropappus hispidus, Chrysanthemum zawadskii, Artemisia  Pinus densiflora, Lespedeza bicolor, Robinia pseudo-acacia,

Paulownia coreana, Quercus serrata

communis

3 Yelz A Aow o FHS HE d¥
#AEx t2A dedd FEHCE 0¥9d E¥E Y
L #83to Rz ¥ A4 EFF T35 EA
Yust 4%L dA F deE EFFY Fdu HER
Axs #EE 343 A9t dgeol ¥ Rog 4%
g

AREIY

ZAb F - AZAGANN SHEE ARHL Ae HEF
£ & table 49 7t} 2E & T3 AEQY &3 3 4
B9 A7 28VEs M %3 FEE AURe o}
FANGESL ME7 Ut o) AEEL AFHog 3
2A FI3y Az EYAN F HYge HdHy 5y
o) Atk A Fo| olAHA Uthe NEFFH A EMY
FTES ¥FE 2AE A3 33 4EA £6AY 9y
A7t 282 ¥ YU ¥ Brs 9A4ANA B o,
233 489 AE FI%H dEHAM WS AT de
AoZ WweEn 2U4FY Hex o] AR F - WRA
o ZAMNA F - A% AN 28 U7 23 AN F
& BFE ¥ o) R1dE v o

2R AuFs A, 93 Mg Y3+
FURe JAYEFL£02 AFYAE Ro2 2AGA A
£4%e BFSY. 9Bty A9 BE® £ Go$
# AFGFE ALY BEY ZHolrt ¥ AN
E 2559 335 9ol HE W Ao HolT £F
9 A$ EYY pH7} A& W3 U BEYF TS
o $&st £73%7 AEA EXF FF59 ¥F A

B EA IUROE #HE vizedsd 4ged ¥4 o
3o} oM LHESS Aol Qo] ZEE Fode A

°] LYEAY ¢£¥E AU ge HAME §F3HA
b 2oz AR AYE AL BEE FYAIE
Ael A3 Sdst ¥ F Aokal FF{doh 2uF g4
X FEHd B WAL kil FEoZE YUY, vE
H#Holol Fol M= Th”?

AMEXNZE 3% g

A AYYE F 1258 AdEod Y 32 F
238 ZAde table 59 2 AEAYY FF F
EQH F849 PN 9% weg ¢ 5 A &8
AHE A3l opMiol, A%, He A EYF Zno §F
& dzhge)olM e d R olfed oe & Znd
A AJM = 72 AYo|YRZ Cu, CdY 7 $ 3o
ME FANG Aot A A EBAF 4PFE Kabana
V0l AA G NEM ZA¥FHUAA Cd 3-8, Cu 25-
50, Zn 700-4,000, Cr 75-100mg/kgg Z33te AW ¥:
& Hojx SI%id

7] & AFAM MAs e 4EAY A 33
& 3L Ao uRPde RE FYst YA Cd
o A% AFAre] &o| YR} Ay z+z 26.85,
18.00 mg/kgE &3t U 74 MW Fx7t & R
22 YRy AP hu§y £o3 ey
a2y AR/ FRHEA FEE 3HFE ¥yl
HE o iy g 4259 A4S Asry wxt ¥
A e g £ Cdo d&l Q4R Fx7h 23 =
AW 13 FAE e Boli 3o Cdol g 2%
S48 Aoz wdddy A%y ERNY AS ES F
Cdel #%o] Img/kgB TR v EFY o333 &
A FARAT G4 A4 g FFAeN Ay PFol

#
#

fo tio

E~
=

&
=



32 A3t

9% -

o4 -

A% - AR

Table 5. Heavy metal concentration of herbs plant at abandonded mining area

Site Plant

Plant part

Metal contentimg/kg)

Zn Cu Cd
Keudo Persicaria hydropiper (< #) leaf, stem 50.36 40.88 1.53
root 50.67 13.21 4.60
Yonhwa 1 Artemisia princeps (%) leaf, stem 77.68 34.01 17.15
root 374.11 37.66 22.86
Yonhwa 2 Artemisia princeps (%) ieaf, stem 1192.00 103.36 26.85
root 2853.00 134.39 18.00
Plantago asiatica (3 7] o) leaf, stem 54.73 88.51 12.93
root 86.05 146.38 25.19
Asea Artemisia princeps (%) leaf, stem 38.90 42.33 533
root 46.30 80.95 592
Okdong Amaranthus magostanus (¥ &) leaf, stem 105.75 26.48 2.37
root 208.75 40.03 3.556
Raununculus japonicus (7] \2] o} A v]) leaf,stem 58.43 61.28 3.55
likwang Artemisia princeps (%) leaf,stem 63.40 2794 762
Micanthus sinensis (& A}) leaf,stem 88.13 23.08 1.19
Ehung Dianthus sinensis (3 2 o] &) leaf, stem 65.14 405.73 5.72
Teheung Micanthus sinensis (2] }) leaf,stem 169.85 20.18 8.29
Hambaek Artemisia princeps (%) leaf, stem 118.85 30.83 3.07
root 140.67 74.42 230
Oenothera odorata (& 2o &) leaf, stem 83.53 32.49 3.07
root 170.76 51.36 3.83
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Table 6. Ecotype Characteristics of Herb Plants

T & ZAME ol HBEEC EFHA &} EY
Hol HZe ¥ # AU

Baker ¥™& hyperaccumulator@ XA4% H&F Cd
001, Cu 0.1, Zn 1.0%°13& ##3te Y&l F3AA
U £ At e A8 FohA Baker Fol MAF v
oA 9] hyperaccumulator(2 )& €A ¥t

2 A MM e AW 3459 FEEMT 3345 AP

Plant Family Habtation Life Cycle Height
Artemisia pinceps(£) Compositae Hills & moors perennial 60-120cm
Artemisia montana(At &) Compositae Hills & moors perennial 152m
Chrysanthemum zawadskif72%)  Compositae Hills & moors perennial 30cm
Aster ciliosus(7]] %3 A ¢]) Compositae Hills & moors biennial 30-100cm
Erigeron annuus(7l| % &) Compositae Hills & moors(naturalized plant) annual, biennial  50-130cm
Erigeron canadensis(% %) Compositae Hills & moors(naturalized plant) annual, biennial ~ 50-100cm
Humulus japonicus(#3t 4 2) Moraceae Level gorund annual vine
Ranunculus japonicus(e) 2] o} A 4]}  Ranunculaceae  Sunny place perennial 30-70cm
Oenothera odorata('g @o| &) Onagraceae Hills & moors(naturalized pinat) biennial 30-100cm
Urtica thunbergiana(®) 71 &) Urticaceae shaded gorund and forest edge at Hills & moors,  perennial 50-80cm
Dianthus sinensis(3] 2§ o] %) Caryophyliaceae Level ground, marsh perennial 30-40cm
Miscanthus sinensis(® Aj) Gramineae sunny place at Hill, high lands perennial 1-2m
Commelina communis(% 2} 4 &) Commelinaceae Hilis & moors annual 30-50cm
Typha onentalis(%-2 Typhaceae ponds & streams perennial 80-150
Pedicularis resupinata($: o} &) Scrophulariaceae Hilis perennial 30-70
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