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Abstract

Several metalliferous and coal mines, including Seojin and Okdong located at the Kangwon

province, were abandoned or closed since 1989 due to the mining industry promotion
policy and thus disposed an enormous amount of mining wastes without a proper treatment
facilities, resulting in water and soil pollution in the downstream areas. However, no
quantitative assessment was made on soil and water pollution by the transport of mining
wastes such as acid mine drainage, mine tailing, and rocky waste. In this research, total
and fractional concentrations of heavy metals in mining wastes were analyzed and
accordingly the degree of water and soil pollutions in the stream area were quantitatively
assessed employing the several pollution indices. '

Concentrations of Ni, Cd, and Pb in soils near the abandoned coal-mine areas were
1,246.0, 25.0 and 1,093.0 mg/kg, respectively, and these concentrations were higher than
those in soils near the closed metalliferous mine areas. Also Cu concentrations in soils
near the tailing dams were about 1967 mg/kg, which is considered as very polluted level.
Results demonstrated that soil at the abandoned mine areas were highly contaminated by
AMD, tailing, and effluents of the mining wastes. Therefore, a prompt countermeasure on
the mining waste treatment and remediation of the codntaminated water and soil should be
made to the abandoned or closed metalliferous and coal mines located at the abandoned
mine area.
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Fig. 1. A map showing the location of study area
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® &3%(Cd, Cu, Pb, Zn) &
H mMelst AlE %8 ICP(Perkin Eimer XL3100)2 =& 3t
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@ pH % L0I2X| &2 (Cation Exchange Capacity : CEC)

A& 5g0l S84 26mE JIal 1:59 HIEZ2 &6l pHS HIIXMEETE =FEIUL. pH:=E
Orion pH meter& AI23&tALCEH
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EUS Na'2 HsAIZI & BUC Na'E 80% ethanol2 HIESE & Al NH4OAc(pH 7.0)2
Na'8 XI& HEAIH BAEE Na'2 %IEE&E‘%E@JI(AAS)E Na'Z8 =HaI0H.
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Fig. 2. Fractionation scheme of sequential extraction sediment and soil samples.
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#E UERCOH MBI 1 ZEX £ SHAL(D-3UHAH 02%2 HE <2 U2
LIEHHCH Oleist & EA2 FEE 19934 #FR(0.08%)2% MESZEAN0.2%)0HAH XioHst
EIRNE ZMLIEN HWSHE A XNANAM JIES ZMsts U422 LEHD. S8 19734

Federal Water Quality Administration(0.2%)0lA EIEE2 RHXS HlRsH 2 M HXIE0HA
QAEE ENMIEUET =H LEGCH

A2 S22 1.3~15.5%2 HEBH0 2ol U= FE SI-10A HE =2 US
LIEH D, RZTES AFXQ FF OT-200M JHE 2 UAS UERC LEZE g2
19938 #FR(7.0%)2 AESSZAI(10.0%)HAH HMets ERE ZLI|ZE0 Hluoh 2% U2

NEUHA 0l248 JIZS Z=Udts RO 2 LHEHRCH

EUo UL BEAM2 HEM(sieving)t A2 A (pipette method)E H&EIH A AISHHRLCH. 64um
Ol&tol gHE A= = HEAMES o6t 64um 01512 UFEES 2L UXE A
AAISHATH EIXE9 XXNEFE Shepard[65]2 2F LU AStA20 1 2= Table 201
LYEFSUCEH.

Table 2. Chemical characteristic of soil in study areas.

_ pH CEC TKN Loss on Soil
Site s
(1:5) cmol{+)fkg (o) Ignition(%) Texture
D-1 53 1.3 1.2 59 sandy loam
D.2 63 29 23 87 silty loam
D-3 43 23 0.2 153 silty loam
D-4 59 29 1.4 132 silty loam
S-1 5.4 10.5 1.5 135 clay loam
s-2 6.7 2.1 1.4 68 siltyr loam
5-3 38 13.5 16 83 clay loam
S-4 ag 112 1.3 72 silty loam
SJ-1 36 82 03 155 siltyr clayr
53-2 6.8 53 1.2 10.7 sandy loam
5J-3 6.7 2.5 24 84 sandy silt
S51-4 7.6 5.7 1 4.5 sandyr silt
KD-1 2 6.4 a5 81 sandy silt
KD-2 39 8.1 1.1 102 clay loam
KD-3 71 6.3 1.5 82 silty clay loam
KD-4 71 6.1 1.4 78 siltyr clayr
NT-1 g 6.7 as 7.2 siltyr clay loam
NT-2 56 16.4 21 1.5 siltsr clay
NT-3 58 63 0.2 e ivi sandxr clay loam
NT-4 7.2 32 0.3 7.6 loam
OT-1 58 59 - 1.6 14 sandy silt
oT-2 8 6.9 0.2 13 sandyr silt
OT.3 7.4 2.7 24 6 silty loam
oT-4 7.7 32 22 53 sandyr loam
OK-1 7 2.4 2 57 loam
OK-2 51 7.6 2.4 59 loam
OK-3 7.4 3.4 2.1 52 sand
OK-4 77 BB 21 6.2 sandyr silt
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Hegz AMZE

E20 gRe QST ske EY 27 Y A0z U RIS S0 st 2=
FRI B2 A2 2HH UM, AL N2 QHEE T 538 s& Y ENEHY =28
eiltZ HEgE A2 AZEN

- 3.2 S35 ENEH

FoiLictel 38 EALFISITAEELYES 0.1M HCI U2 FEOIH =46t W20
FET 352 £ FHOE SFGH EL. 0lci® 24 HWHE EL0ILE HOIS2EH g8
=52 0E SED BEEXNE 2 + s A30IH =342 ZNEHE 24ddls 20 0SS
788 EA2H FEE 22 £ AU 216D UL

ES U S35 ZHEHE 248 Z0= U3 20

il 0l

e
B2 P FMHYS ZE EA0HAM 286
mg/kglz & &8 =T E UEH o & S-10lAd 1.9 mg/kge 2
& I U2: UESCH

IR @2 Hlw EL(Reference)= 8.0 mg/kgS LIEIHLHO M4 AFTAHE ME
& EY0 H EY STHELO =2 42 LB

Fel S22 53.0~2135.6 mg/kgl. 2 AMA eFo] At AAs] A= AA SI-3A AR
< FEE YEWon, FHEIN AF FE D-10lM 53.0 mg/kglZ IE X2 U=
LtEFSHCH.

LI U2 HIW EZ(Reference) 215.8 mg/kgES LIEHHN SHZA AFIXNHEES HIAS
H EA0 H EY sTLEC0H 52 22 UEHDH ,

d XY ELN & g2 ZNME8EH= adsorbed fraction 0.4~85.6 mg/kgle & &
ZaSds Eal HEZQ HIMIE AeH U= EAXR0UO= 22 2O BIZHIOE MIHE X!
ST ESZ0A IE =2 22 UEIHOH, PENY AR FAXE & EL0 OT-10A
& 22 a2 UEHKCH

HEtZ XNEo 20 2, 2 FAXNEL S ¢ HSTAOA HXO BEE EQ9 &=
Hlw E22 =% 0.7 mg/kg2C UEES XA0AM = LIEHL A 2o 25K
EAL2H0 LME H2E ASELCH . : :

EZ0 BF7E 0P ZEMBE= adsorbed fraction 0.6~55.9 mg/kg, carbonate fraction2
0.5~1,524.3 mg/kg, reducible fraction 3.8~2,475.3 mg/kg. organic fraction®
12.0~2,008.1 mg/kg, residual fraction2 114.1~3,114.1 mg/kg2 & LIEICHFig. 3). EX2
ETHEEN E4& residual fraction® MUt Z=MEEN = organic fraction0l =2 =2
LIEtHWH D UASLE H EZOl &AWl U= AT HEHZ XHo SAUA & A2 L w2t
G320 ZES EEHE LIEHLE reducible fraction0l &2 HIEE XXIGIH &II1® AEHMA
S 2 M MEHZ 01S0l U 228 MBECHFig. 3).

A
HAEF LA Md4EX= OlHE2 20t9 20IRe2 0S40l B2
I
2

134

H 2HZH, EL2
Ol EUS £40/122 STI 2AELE FE 22 ¥ RISH 2L6tH E=ESCH 0112
BT L 0lHO B4 J=AS Call S9 ATUTAHN Y= Ao H Aed, 2500
SEI 52 A3AXNWY AR ZLEL 0N HIS ZI2 AZ20 =245Hs 0109 sCe
2AEICH

EQ0 EBE 01de £ =& E 0S40l 2 2492 AMB&EE adsorbed fractiondt
carbonate fraction2 &0l labiledt £22 0.2~17.9%2 AMZX HEZS B &AMl U=
E20 SU-40IA 0ISH0l IHE S UEIGON, SHADL ST ASTARMAM 0S40
IR e ZDE /UL 0SE 4 Y= ZUOR MHES B THE MI HED
EAMA 1,580.2 mg/kgl2 JI&E £ 0Is22 UEHHTHFIg. 3).
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Fig. 38 Fractional composition of cadmium, copper, lead zinc in soil.
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2t AL QAXEE ME 2 KA QHI4LE ol HIRUS QLETE AFEIRUCH 2B%
= Kloke[50]0F at®EH B2 H JIZEXI(Tolerance levels in soil)& 0ISal¥on, EL0
E8E Z3=(Cd, Cu, Pb, Ni, Zn) & STOl st QEEI Xa= Fig. 400 FAUCH

2 =359 QEN4S 0% 07-306 72 05-214, Y 17369, LY 3.0-97,
ACB 0.6~9.52 LIEHACHFig. ). B0 8t 2 5359 2¥X4E= Cu >Pb >Cd >Zn
>Ni 202 LIEHGO0, AR HIEZS Bt AT U= XY So0l SJ20IM HE =o
2AS LIEHHCHFIG. 4). |
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WS 2002 AREN BNE S2HS EMIFEN 0GE A
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O
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OlR0iMOF & A THHEDH
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éso%
.

10 ~

Fig. 4. Pollution index for soil quality evaluation in study area.

4, 2. 4= 2T HIH(Sequential Extraction Dangerous Index : S.E.D.L.).

HE QHEEINKLMAH HAS S£=22 reducible fraction@2 0l Bl IS &SEN
ZEE HEZ EY BFO0 HIIM HHE 2 O 8B£0 20 £ U= Is40 AU
AR XS 0ILE 229 EYsFUHAE EIIE HEIF LHAEI OHAHAE A2Z MZEHO

HEIMME MAAMRUCH

organic fraction RIJIS0IL} bacteriall Z&E 22 E2 RIS 2d(2AER)H ok
KIASZE ZMols HEH2 BEH 22 residual fraction®t 20| XTHEQ FUAH= HEY
ESEHOZ AILHH 2E EHI JIE0A HMAAZLC

Ol218t SAM 2ol LMEE QART 5 S350 ol QLYTE HIIH S0
Hel AHNEg ol EMMEHSY HHE QETE EIISHACH

E20 HLesE =2=(Cd, Cu, Ni, Pb, Zn) EHEHE S0 Qi &™E
adsorbed fraction, carbonate fractiondt 22X Z reducible fraction2

HE™WI X4== Fig. 500 SACH
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Fig. 5. Dangerous index for soil quality evaluation in study area.

4. 3. Labile{(adsorbed + carbonate fraction)8t BEiS QL X4 \
AR XNSEAN ZMTE MdZAU2 Xols £ NS S8 83 Hes MY U @2
Aoz 0E5= adsorbed fractionit carbonate fraction2 &2l labiledt AEHSl =S ENYE =R

EAE UYR QET HIIXLS &2 HE0IS0| & =2 QEXLE LEHHCE
Labiledt AEjC ZWHEIE2 BAS Y 2 E2£9 QAHINKL= Cd > Ni > Zn >
Cu > PbSl 298 LIEHRCH '
HIXHS HEZXSE L HOYge E
SMED U MU EE4 Y X
fraction®t carbonate fraction® &0l labile8t @AWIIXILI It
FHXAEO MEHHO &0 2 A2 MBI & CHfig. 6).

30 s E218 FEOoIL FHXHUMA
' of 2 TN 9 adsorbed
=2 =020 2ot:

20 -

164.

el 3 A

R |
IN/ASPNYN
]

—a— A+C P.l. —8—P.I,

Squentid Bxradtion Dangaraus Index

L J ® L J
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T L} L} M T v T v LI T hd L T T
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Fig. 6 Sguential extraction dangerous index in study area.

4. 4. P. 1.2 S. E D 1.9 H 24
g

EMNEEUAM 248 SSH2 0O SISSAINEINE Uz R 82 24/L 22 Us
#E2 HAE 2EXN£Y 0 A L 28 UE A0 Hol 22X Jgg gg AS=R
Hasl= ZMEES 2 222 2FAN+E UEH 220 dUHR2Z EE:HU UE H=z2
Ols2z Qs HEHHO 28 2&e 55 &2 X2 |KRHE FH € X222 MEEHE s&20H
= EOtelld UCH 0l28 EIt 0142 £XE 2EE NS SHE A LHA 2o S|/ Lol
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EA0 223 29 A FXT(ELY MoHOILE EAS pH & S(precipitation) £ Q1A
So ME=X S S350 OI%SPE HEREMNZ2 0I2 8 EAWHUEO ol ELLU
ZEE =282 2¢ 9wl ZMEON 28 KH(washing)2t MEstE ol =288
HEINOZ ZE25l= A29 08 (Phytoremednatlon)u =g ESSN ggol BEAY (20l
Z220IE oiM S8 FIEE ), UE(QLSE = B0 MEIR 822 HEe 2), HIE(*EE
=82 M didle ), IE, HE S 22 LY HEs =S/ 24or2 HAIGHI HHEHUL
AUE =2 28X MAIZ 26t Z24g= ZHE SHU 8A3E 22X 2R oaez

LIEHLIH € N2 2 MIZEICH

E2o & =Z0l 8 Pollution Index(P.l.)= Sequential Extraction Dangerous
Index(S.E.D.NI 24P 0.8637(A+C)2 UIEIHOM S.E.D.I.S] adsorbed $ carbonate@
gt adsorbed, carbonate, reducible fraction &2 242 0.92892 UEHHN S.E.D.I. 2t9
A0l SH UEHLCHFig. 8).

TotalD.L
TotatD L

Fig. 6. Correlation between _ total pollution index and S.E.D.I.(Sequential Extraction
Dangerous Index : A+C) in soils of study area.

1. 288 E29 & 55 Hil= 9= XY S& 22 MAISH HEgn AU 52 ¥
=X HAIZ 5t 2ME= ZHE SHUL &FE SHIF BQ 0492 UEHUN & ez
Ol&t=Ch M@etMd S. D. L(Soil Dangerous Index) AIR0l E 2% HIIM &e2RY 2002
THEHEICEH

2. SAE HA U O =Y ELMAH =08 B 0S40l 2 Adsorbed?t Carbonate
fraction HIE0I 10 ~20% LHQIZ2 LIEIL} =9 &ZF O S350l 2Ash AN GHE0IL =H g0
0ls 2 = US Az HOETL),
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