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ABSTRACT

Several mines including Namil, Solim and Jungbong which are located in the Gyeonggi and Kangwon province have been
abandoned and closed since 1980 due to "The promotion policy of mining industry". An enormous amount of mining
wastes was disposed without proper treatment, which caused soil pollution in tailing dam and ore-dressing plant areas.
However, any quantitative assessment was not performed about soil and water pollution by transporting mining wastes
such as acid mine drainage, mine tailing, and rocky waste. In this research, heavy metals in mining wastes were analyzed
according to leaching method which used 0.1 N HCI and total solution method which used Aqua-regia to recognize the
ecological effect of distance from hot spot. We sampled tailings, rocky wastes and soils around the abandoned mine.
Chemical and physical parameters such as pH, electrical conductivity (EC), total organic carbon (TOC), soil texture and
heavy metal concentration were analyzed. The range of soil's pH is between 4.3 and 6.4 in the tailing dam and ore-
dressing plant area due to mining activity. Total concentrations of As, Cu, and Pb in soil near ore dressing plant area are
250.9, 249.3 and 117.2 mg/kg respectively, which are higher than any other ones near tailing dam area. Arsenic
concentration in tailing dams is 31.0 mg/kg, which is also considered as heavily polluted condition comparing with the
remediation required level(RRL) in "Soil environment conservation Act".

Key words : Abandoned mine, Acid mine drainage, Mine tailing, Rocky waste, Heavy metals, Tailing dam, Ore-dress-
ing plant
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Fig. 1. Location of sampling sites of mining wastes.
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Table 1. Description of abandoned mine site characteristics
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Site Mine Location

Site characteristics

GW-NamWa (NW)
GW- SoLim (SL)
GW-JungBong (JB)

Gapyoung area
Hongcheon area
Samcheok area

Abandoned Gold mine
Abandoned Gold mine
Abandoned Gold mine waste soil
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Table 2. The pH, TOC, EC and soil textures
Components
Sample 1.D. pH TOC EC Soil texture
Clay Silt Sand
Unit % wt% / USDA

500 22.0 65.2 12.8 5.5 0.7 401 Silt loam
1000 20.9 65.4 13.7 5.9 1.3 397 Silt loam

NW 2000 10.8 65.0 242 6.4 0.6 268 Sandy loam
2500 23.0 62.9 14.1 5.0 1.1 504 Silt loam
3000 152 64.7 20.1 6.2 1.5 244 Silty loam
500 25.0 65.6 94 5.4 1.3 382 Silty clay loam
1000 20.9 63.7 154 5.1 1.6 571 Silt loam

SL 2000 19.7 60.1 20.2 5.8 0.9 347 Silt loam
2500 21.1 59.4 19.5 5.8 0.9 422 Silt loam
3000 20.7 60.1 19.2 5.3 1.0 428 Silt loam
500 243 60.5 152 4.9 1.6 607 Silt loam
1000 23.7 59.5 16.8 5.0 1.0 542 Silt loam

B 2000 212 60.7 18.1 5.8 0.8 427 Silt loam
2500 252 64.5 10.2 43 1.7 653 Silt loam
3000 23.6 66.9 9.5 5.6 0.7 541 Silt loam

EC : Electric Conductivity, TOC : Total Organic Carbon

o guslE 2gslel, Bgel 57190 Ee B @

& 549 2t gep] arAdgel Bl A F
N8 gl $74 B e Fct sto} o]x|o
A% BRI} oiS- S Uehte Z3S Hola glo]
7359 4 Aol WS ek,

AFAY Bl H71HE% (Electrical Conductivity)y=
244~653 psiem=X FHAZT7F EAShs A3} gl
EAsh= AYeld & Aolg B 53] 4878 @
ngo] EAERE A3 JB 2,500m AFNA = FhS
UehEh(Table 2). o) eABETo] 2 A-olt Po]
ol 23] e LHEHY] e TEEHeE U
ERE, APHIG ARl o5 298] 5 AT E
FolA A=l s WE Faldt TEEHS EYlA
F3l| o feled dsadE ayeE Jepd 4

= AR AdHEn. ey i S5l o &
HE BEY pHowRY EHe $E50] FEUY ARt
FEETE AslrE LHAE 7o) &

=1

EQR] e QHAE9 EAFsA & 9HE 71X
T Y} giAE ARte] =7t clay®] 79 Hl 3£
AAo] sile} sand Bk FAR= 1,0008] BAR= 100,000
Hj o] 2polE 7Rl o, ol2fd Alole LHE

Ao

pu

J. Soil & Groundwater Env. Vol. 15(6), p. 29~36, 2010

o] Ixe] BN we} E¥ske Axel JEFs
Act.

AR Ee] digt BA #4947 sand o]
9.4%~20.2%= UEPROM, silts 59.4%~66.9%, clay=
10.8%~25.2%= YERNSITE Wb vl=k HF3(USDA,
1993)°] EANEF] 7I1Fe] w2 difEo] silt loamel
AF=H IHE A|E7} sandy loam¥} silty clay loamell
xgtew, P g A ZAGelA] clay} silt o]
=S BYE YeRQITHTable 2). ol&3F Avke= Jo)g
= Ao BEY dA =77t iR silte} clay= F)
737 2 HANGA] U] EYRG vAe JRERE A
o], QAEZ9] FE}l 64 um a8t FA Alelel] HH

7HAL Sl AR mlFo] B uf {ixt
7)o oJgt FFAYGY] EYel LAEd Tt =5

H|X]|3L

L.
aJaE=

33. 23 el CIE 2= ! o|SM WL

3.3.1. 787 EXshs A

AT o A B T UGRE e Ha gEE
ATEEHZE 7L e tiEAQ Fe} HEas gt
2 AR FE5 i FEE ez I B
A 5545 292 H7IBIItHFig. 2).

AN B U] FaE dat vk, J=E, T,
3 ghdez 2A1ERth



SHAGel| SIXF FgL Fe] e FEA o)Fd Bt 33

Metal Conc.(mg/kg)
10

8

Pit & Mine
waste Area

o

2 D_\T/‘)—%»
0
500 1000 1500 2000 2500 3000

Distance (m)

-C-As -=-Cd —-Cu —*-Pb

(a) 0.IN HCI leaching test

Metal Conc.(mg/kg)

40

30 Pit& Mine
waste Area

i N

500 1000 1500 2000 2500 3000

Distance (m)

~~As -m-Cd —o-Cu —e—Pb
(b) Total contents test

Fig. 2. Average concentration of heavy metals at distance in
abandoned mine pit.
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Fig. 3. Average concentration of heavy metals at distance in the
nine area are mixed abandoned mine pit and waste pile.

T 309 mghkgl® BN Al 1Y VIEAE A3Jsh=
s HERAT

HAYA] = Aoz FOHEYUSZRE 1,000m F
H EQe] A9 deo w5t AT FoA9X Y] et
FE(39.8 mgkg)H Tt oF Tl o] T FE(198.6
mgkgys WHOH (Fig. 3), A4 F9| Blises Hd
1.8 mgkg AEZ Elv} =ES AR o B
0.56 mg/kg(7Fe-)# Uut EFo] HE FES 3~10
mg/kghth ¥ 3hs BATh.(ER83), 1994,) S50l
S FE HAY FEE 1020 mgkgClE 7FsA dH)
07 dHA ATH(http://airlab.wkhc.ac kr).

wEhr] H73T 2 FAe &) 290 A9 d
W0 g FH<: dao] =8 Ao Adse B A9
o] HAHRA] B} Fa4 T HIAE AR d FE50]
= JEiTE BAlE A4 SE X S ulRE %
ZbllA a7de] tPdRES 7IAIA ERS Bak]
7} FLS 979 YsRLS A7 S HyFow ALS-
He o, B A9 A dAt 2 FAE
o] TRl Ao} A Al FEs FaL Aok 2+
< SPPE AAE A e EYe] S A =27
o ofgt Yo E e HA gAY FAROE A

J. Soil & Groundwater Env. Vol. 15(6), p. 29~36, 2010



34 oS5 - ZEE

48 O 395 el #A Jea oo

o] A4

o] 7% 2eiglo] AT FNVFL thoz AW
Aol Fa4 o] BA YEhis Aee mad
(Fig. 3).

3.3.3. #8T, HATR] 2 Adgide] Ex1E A<

T A Yo e AFAY B 7R 78
2l By JHHLHJ S =3} _144]11- 2 M3go] "—ZHO]"}iE']
2 F AL AT ok A BPE 500 mollA] A
*ﬂﬁﬂﬁli 015 7Fsst FEe] HlAT7} 232 mgkeE H
S vEen, F eddos RE oF 2,000 m~2,500
m A B} Puge] 9| A HellA 313 mg/
kgC & A7} Fo| HlAEEE H 1.8 mygkgd Blwshd
oF 11ellA] 158) ol dsfsle whe UERHE ©olF 7t
& Fo] HIA] g fEluE =EY AR Q)
Bt 0.56 mgkg(ZFA)(EFEEE, 1994,)9] oF 408 o)Ak
ABPBlE jhs BAlom, w2El s T HIAY F
TE 10~20 mgkg(©lEs 7V FE)OE 500 m A3}
g7 Brgol éﬂﬂﬂ Z9¢l 2,500 m A F AH
oA oF 2-3u = kS YERACKFig. 4).

T2l A7t Hit F% 50.0 mg/kg(Aswathanarayana,
1995y} EoFo] HH%% 30.0 mgkg(H$] 2.0-250.0 mg/
kg)(Kabata-Pendias & Pendias, 1984)(, 2.0~100.0 mg/kg,
15.0 mg/kg, 2.0~100.0 mg/kg(Rose, 1979), it shale2]
2] &8F 45 mg/kg(Levinsion, 1974y} B3] B &
g T o3 T2 16.8~249.3 me/kgo & HYT
7F IS e AR 500m A} Fw dgugol
EA4E A9 AA 2,500m EFNA =& ks el
ok Gukro g Feje AsiehA] f70lA BlaE olF
7} Gof Ao o8t T FEARL o]Fo] Al
o] glow, oM Fox EAE 7B FslgelA Al
B3lE]o] o] FEHIE FHe PR o)FslE SAS
Rt w3 FslpollM MAEE FE A 2 H A

Kl
o
tH

H%N >H

323 Wz AslERe e $34S et
FV=H9] 749 shale®] B 7M=F ¥ 0.3 myked}

HlsPH Aol A oF 0.3~158] A& w9
S YeEl W (Jung, 1995), Kloke(1979)°] A8 EF
oll42] tolerable level(3. Omg/kg)i‘:]’ B d3g7gol
EAE A EYe] oF 1L} =& FAE YERITE A
zto] Hi F%E 0.11 mgkg, EXY HiFgk 035 mgke,
0.11~3.0 mg/kg, 0.1~0.5 mg/kg?t Hludle] Holw HH
2,500 m A EgM =2 & JUeRIth Allowayol
ofshd HIL A EYelM 7l=F 5 | mgkg o}

o g

J. Soil & Groundwater Env. Vol. 15(6), p. 29~36, 2010

Metal Conc.(mg/kg)
300

150
100
Pit& Mlne
waste Are:
50

500 1000 2000 2500 3000

Ore-dressing Plant & Tailing Dam area

Distance (m)

-O-As -#-Cd —O-Cu —e—Pb

(a) 0.IN HCI leaching test

Metal Conc.(mg/kg)

35
Ore -dressing Plant & Tailing Dam area
30
25

20

15 § Pit& Mine
waste Area

0 \
5

o

—~

500 1000 2000 2500 3000
Distance (m)

~~As -@-Cd -O-Cu -e~Pb
(b) Total contents test
Fig. 4. Average concentration of heavy metals at distance in the

nine area are mixed abandoned mine pit, tailing dam and ore-
dressing plant.
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