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Investigation on Soil Contamination and Its Remediation System
in the Vicinity of Abandoned Au-Ag Mine in Korea

Myung Chae Jung*

ABSTRACT : The objectives of this study are to investigate soil contamination in the vicinity of abandoned Au-Ag
mine and to apply a remediation technique of liming to tailings. In the study area of the Imcheon Au-Ag mine, soils
were sampled in and around the mine and analyzed by Atomic Absorption Spectrometry (AAS) extracted by both 0.1N
HCI and aqua regia. Elevated levels of Cd, Cu, Pb and Zn concentrations extracted by 0.1IN HCl were found in soils
taken from tailings site. These high contents directly influenced metal concentrations in soils taken in the vicinity of the
site. This is mainly due to clastic movement by wind and effluent of mine waste water. In addition, relatively enriched
concentrations of the metals were found in soils extracted by aqua regia due to strong decomposition of the samples
compared with 0.IN HCI extraction. According to the statistical approach, metal concentrations in soils by 0.I1N HCl
had a positive correlation with those by aqua regia extraction. Mine waste waters and stream waters were also sampled
around the mine in spring and summer and analyzed by AAS for Cd, Cu, Pb and Zn, and by lIon Chromatography for
anions. Like soils developed over tailings, significant levels of metals and sulphates were found in the mine waste wat-
ers ranging of 0.2~0.3, 0.5~2.0, 0.2~2.8, 30~50 and 1,240~4,700 mg/l of Cd, Cu, Pb, Zn and SO,*", respectively.
These elevated levels influenced in the stream waters in the vicinity of the tailings site. In seasonal variation of metal
and anion contents, relatively high levels were found in waters sampled on summer due to leaching the metals and an-
ions from tailings by rain. This study also examined the possibility of lime treatment for remediation of acid mine tail-
ings and assumed to be 46 tones of pulverized lime for neutralization of the tailings.
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2 FA o g7t AYHIA T oFF = T F-2H4tl
g Eqke g2Alel e @A) vt et

agBeeg o] dFdAe F4 T HYd F23NF
A dA7AR AL BAA} APHA = YRR T
v w3 9¢do] Azeriy AdEE dH g
FAYG oz XA, JrjopE Gl o7t BT} £A 9
224 (Cd, Cu, Pb, Zn) 298¢ ZAWstaA} @k, e
3 23] 2F5S TR U E NI S o] &3 F
ez AT 4 Q& 7FsAd ds AdsEna g
t} o] Ao Adle F/HBN ELge] Bxo £t
B4, A2, LG9LEE el LHEYS B3]
7] 913 A3 7149 AR E4E 4 & Aotk

HATAA

g HdF AW A e HIFSHE (L
50,000 FAEE)L 1916 L&) o5 AFHold,
$78, 478, 7] 2 =578 F i gEeNgus o
g dzk o 1289 & Ao, 1978 F2
(198813 F7-4 )t (FAAEFAL 1979). B4
Hro) AL AlrAde] SERHAYT ol & F7]d
Y Ferpgoz 2= gich ZEHugS
sFake] dAE AT BHAEA BEH glew WAy
~FWAe w3 2y B 2gAor) ZLrsizde
ARZE AAR F5o B B2 +9F
817ete] P S Hol7|x AR g7 EXRE U
a3 gttt Bde FLmHnighn 7ehyel
L A8 FPE FFAGH RN F2 N10~
70W9] 583 35~60NES] ZAH2 300~500 m €735 o]
sleh Mgl e AFo] PN PAN g s, F&
o] FHE R3EEY g AR 3N A%
o] ZA F7t wole B zheth (FAAEFAL
1984).

AFIA e WMZE Foje =270 4 B (150
mx100 mx3 m)ol oF& =] glon, 11 FHdE A3
Z, AL, AAFa 5o HAZE] WX Ho] gich. =
gt F) Aol A < 200 m BolA AHeAolE 5 mX5 mX
60 me] =7} AP Stk 53] B|opA G =
ue] Fnle} A Mo AL AdEEEo] v
g Ho} glon, Fu|opR A 2% A&t 2
Hol Q1 sl Szl FHpilsiEe] A€t
EF Fo)7t i) YAY A&t = TEA
T Rl on, QT nhge] o= A4413E, A
G223 3 Fo)rt EA k.

ol

A
Al2dS ¥ BEES

FA FHe) EFAE A 918t 1998 3¢
2899 0~15 cm A= FREY (F], =EY, TED,
REY, THEENS BAoE AFEA e @QTh), %
Agtes B wd #Ho] 2L B aA gz THE A
30} (Fig. 1). 24 A& DEAS 37 A5k 97 o
A9 RARE & 7l EFAaz dFuct. AMHE
AgaE APAdN AAAZE F, - 1094 ZEGAE
ol g3l AAT T, 473l ~80HAIR ThA] AAsH
AN EET 2 Basigch FHNEHL JZES
10 gl 0.1N HCl 50 miZ 7}slo] 1402 B¢k A3 %
e AAEBHEA (AAS)E 0|43 Cd, Cu, Pb,
Zn & BAETH (B4, 1996). 231 45E o8
& F22 05 g9 AZEYH 4 1.8 migk 24 06
miZ 9ol 70°CAA 1M7E §&3tn FF/FE AY 10
miE BE §4g FHANEET go] dAFFEEAZ
A3t (Ure, 1990). B3 E%3 AeE 2437
st —100A) EST o] 2&4E 2119 HIEE 4o
‘paste pHE &8l om, Fnls} 2 M edEd e
Zalsled g M3l g 23] k] 43
Al&% (lime requirement) A¥S A3 (Sobek
et al., 1978).
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Fig. 1. Sampling locations of soils and waters in the vi-
cinity of the Imcheon Au-Ag mine.
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gt A EE
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NP BAY FHES Cd, Cu, Pb B Zn
S Table 10 Bl sttt EolA B viel o], 3
qFe)A A LR AgdA Hol 1.35 mg/kg Cd,
26.4 mg/kg Cu, 70.3 mg/kg Pb & 410 mg/kg Zno| &
2=t} 281 o8 LFEAL uld o T E ¢

Table 1. The paste pH, lime requirement and Cd, Cu, Pb and Zn concentrations (mg/kg) in surface soils.

Paste Lime req.

Extracted by 0.IN HCl

Extracted by aqua regia

b Type pH (ton) cd Cu Pb Zn cd Cu Pb Zn
S01 M 4.6 0.59 0.05 3.3 93 5.6 0.8 162 36 54
S02 M 4.7 0.46 0.05 14 9.1 14 0.4 54 30 24
S03 M 54 0.35 0.05 39 11.8 5.5 0.4 18.0 39 47
S04 M 4.3 0.69 0.05 2.5 6.4 25 02 252 41 59
S05 T 22 0.99 040 225 503 557 5.4 102 5,040 1,160
S06 T 19 129 135 26.4 703 410 94 229 6,160 1,640
S07 T 7.4 0.02 0.45 24.4 659 453 22 117 331 381
S08 M 58 0.26 0.10 5.1 29.6 13.1 0.6 29.0 392 169
S09 \' 47 0.56 0.05 11 239 14 0.4 230 100 104
S10 M 6.0 0.21 0.10 4.7 67 103 1.0 222 48 101
S11 T 24 0.83 0.15 122 544 319 0.6 952 5340 1,280
Si2 T 7.0 0.03 0.55 16.0 25.1 671 34 418 8500 536
S13 T 6.7 0.12 0.30 127 148 334 20 26.6 142 283
S14 A 6.9 0.10 0.10 3.4 8.4 152 0.8 214 54 94
S15 P 49 0.50 0.55 16.0 136 323 16 572 51 222
S16 P 74 0.00 0.85 5.7 148 132 26 194 132 465
s17 P 7.8 0.00 0.60 57 438 617 24 23.0 225 322
S18 |4 5.8 0.20 0.25 77 473 231 14 30.8 166 299
S19 P 4.1 0.73 0.05 6.1 9.1 53 0.6 27.8 32 31
$20 F 52 0.50 0.05 15 2.7 26 0.6 178 2 n
s21 P 50 0.31 025 5.4 656 257 1.0 170 158 153
S22 P 5.9 0.20 0.35 6.4 209 282 12 19.6 87 181
$23 M 4.1 0.84 0.05 17 103 15 0.4 102 37 41
S24 P 54 0.24 0.10 37 28.6 1238 0.8 128 79 116
S25 P 73 0.03 0.45 7.0 46 382 16 252 164 215
S26 P 55 0.29 0.05 2.0 114 51 04 92 51 68
S27 v 7.0 0.08 0.05 25 8.7 22 02 9.8 20 20
$28 M 45 0.72 0.10 1.9 15.7 2.3 02 194 51 43
$29 P 4.8 0.44 0.05 2.4 6.1 6.3 0.6 7.0 29 39
S30 P 4.7 041 0.05 29 13.1 8.0 0.4 9.0 36 47
$31 M 59 0.10 0.05 5.1 24 69 0.4 82 26 108
S32 M 53 0.43 0.10 17 57 71 0.8 334 44 9
$33 P 4.7 0.46 0.15 3.6 204 17 0.8 120 50 96
S34 M 4.6 0.78 0.05 15 82 4.0 0.4 14.0 30 51

F; farmland soils, M; mountainous soils, P; paddy soils, T; tailings and V; village soils
lime req.; amount (tones) of pluverized limestone per 1,000 tones of waste materials.
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EE A vl oF) v)il=o] Fujopay AsjRe]
ZAA A 0.5 mg/kg ©14+2] Cd, 5 mg/kg ]2 Cu, 40
mg/kg ©]4¢] Pb 28] 2 50 mg/kg ©]49] Zno] B&H
it 934 5 (1997) SJ5HH, FAANEHLE F2
3 B A golA 69 mg/kg As, 1.0 mg/kg Cd, 15.7 mg/
kg Cu, 107 mg/kg Pb, 173 mg/kg Al1¢to] AEHYoH,
Ase EUE74 o4 dAr|EE 203k 5 2%
o] Bl ich & o] A7) Aol o, EYEA
BAH AANE EFeE $7EE 2% 554
2 UAA T Fojo| A= ko] FE&o] AEE EY
o] 2AHNEE AT F UKTh T Fake I
< v w3 WA g Ao ANH T NEGH =B
% (S28~S3p)l e durdoz B FE4¢] HEH
Aek

2 558 EY9

35 83

$r2 23 EYY Cd Cu Pb 2 Zne F
(Table 1)2 3 A @R A& F&27 Wa) 23
oz gtk ole PFE AP AEe TP 2
g AT 70~90%F 32T & JonZ (Ure,
1990), 0.IN HClel 9%t ofatFZ2y ol vj&) F349 &
Fol B2 AL AT AH= FaAh

P2 323 EFAREY Cd, Cuy, Pb 2 ZnFHad o)
3 AsBE oL 2, ez v egA Y B
A& 0.35 mg/kg®] Cdol A&=A7+ (Bowen, 1979), &
FAGe] FojFa AHT A8} FHe) FAA NN
£ 53R 1.0 mg/kg 1739 Cde] HEHAH. Alloway
(1990) <&t ] e dAd ] EkL BE 1 mg/kg ©]
819} Cdg a3t 23 ne d7A9e L9 H3e
Hold, E3| BuloXe B3 9.4 mg/kgd Cdol A&
o], Ayl Fakol 2k JYTY B3P (o
oA Bt 496 mg/kg) T TEFA (GFuiAdA Ha
49.0 mg/kg)ell BlsiF = A oz WA £5 AT
9] 2434 (HugoiM BE 0.8 mg/kg) Bt £
ko] HEHAG (FE™ 5, 1997). M| RLFEFIA
AT Ego] Cud#FHe 30 mg/kgl® A Ut
(Bowen, 1979). 28|\ A3RHe] o ¥ Cud
ke tiEE 100 mg/kg o132 AFFN, 5%
ate] Ao} fAlekm, G4t Hl& 5u) o] 4 H-5hE
o itk (A&EY 5, 1997). 23U Cue A7y
ZellA ¥ 13 o] gErt Yol Ao & FHe] A
29| o]Fe] A|gHo] FH| =ELAAE 30~50 mg/
kg A= v ARG HEHe +F (20~30 mg/

ol

A

kg)ell Blal 3t 3kt

dukA o 2 FPAE-Z W] gL A9 Bk H
35 mg/kge] Pb7} Ef=o] A%t (Bowen, 1979), €
TFAGe] Fujoprge] EgA s 5,000 mgkg °]dol
AZHA) 0|52 A, T8 L F4gAte] Hwlof| i
€ Phell H]8] 2~108] o]/do]n, 2 £ & o] B FA]
el Moule) g WAA (PES)F Uy A
Jgoz HetAT) ol neFY Pl AEHUL
T B78m B Asle] A ARolA vad 2
3 (100~300 mg/kg)ol HEH A% Aejshd g
Al8ol)A] 100 mg/kg €13k BlA W& Ph Fke] AEH
At} ol Pbel A7 o] Fmrt ¥ B HiEos
I (Alloway, 1990), AEBd)ME fALSE 278

& uh Slok (FEA), AEY, 1998). T, v]mA| F oA
A g Y= AN ART FAKE 30~50 mg/kge]
Pb7l AZ&E o] Fatd] 93 o @z A gl Aoz I
Hotk v edxge] B HiT 90 mg/ke?) Zno|
BZEEAT (Bowen, 1979), E7AIF 9] Pojopd e E
FA 2ol ME 300 mg/kg ©1’de] AEHUT 53] 4%
HUABE AR FERA A ZANE Ao} §A}
& 1,000 mg/kg ©1/30] AEHAT (489 F, 1997). 2
231 Zn& Cus} Phol W3] A 7eeky o|g=rt £7] o
Fol) 34t el 9 mg/kg ©1739] Znel AEHN
th 2y b e 4453 2o, vmz|de] Egde &
QA BT FALR FFo] AEHAT

FHEdol o2 Hin
B4 3% %S FH] 4T AREATEe
kb, S, EFAFEY o] o] &HTh of AT
e g5t THANERE o83 FE5EEE 2
o, ol g9 F5AAE 2ABIAY (Fig. 2). 2 2
o, Aol AaY (1998)9] AR A-oldBAr Fwo)
Efo] tigk 29 2ol 7ol #R1E uhe} o] &
3 o] ABHAE AU o159 FIAAE BAG
Hoz A2 Hdl HAFIAAEHE o &I
Table 1o AA1E AAFIAM Cd, Cu Y Zno] FFL 15
AHEEtE oM, Phe] ASolE 452 328 9% A8
o] L ol AAY AN we JgE FrI
5,000 mg/kg ©|’e] PbE RS 419 FANEE (S
05, S06, S11, S12¥ Al&)& A5l Aalslgt. 1
IAEN 3, AN AYE P2 F2F AREY F
F45EF Aol BAHcE {oit 20E Ueie
o, 1 3 Ay Lt g}
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Fig. 2. Relationships between 0.1N HCI extraction and aqua regia extraction of Cd, Cu, Pb and Zn in soils.

Cadmium

Copper

Lead

Zinc

94714 Y& 0.1N HCIZ F&3

Y=0.0438+0.1404 X
R?=0.77, p<0.001, n=34
Y=2.1467+0.1352 X
R*=0.74, p<0.001, n=34
Y=6.3528+0.1432 X
R’=0.56, p<0.001, n=30
Y=-11.87+0.2087 X
R*=0.81, p<0.001, n=34

A9 % (mg/

kg)oltl, X& 42 323 949 3% (mg/kg)olth
Ao B uis} o] ZF 4ol 4F AV BAHCS
2 g3 o2 AN 9, 0.1IN HCIZ &
2% 929 FF (V) 442 328 949 F
(X)& o]&3ld 28 (Y-XX100%)E A 2o
(Table 1 #&=z), 94 wel thi Zole AT &
10~30%% Ve R B4 (5~20%) &l i &
gtr}. ol AR A FHo] B9k HlE] JdFat
Eohlle] &0 AdAeR 44 828 ¢ I
AAVe FTt,

Table 2. Physical and chemical characteristics and cation and anion concentrations in stream water sampled in spring.

Temp. . TS EC G G Pb Zn  HCO,” F CI°  NOs SO

P P (mgl) (@S/em) (mgh) (mgh) (mgh) (mgh) (mgh) (mgh) (mgh) (mgl) (mgl)
wol 189 57 80 165 nd 001 nd 019 122 nd 187 132 223
woz 175 74 128 272 001 002 nd 009 130 033 66 nd 9.5
W03 205 63 39 8 nd 002 004 009 73 nd 42  nd 232
wo4 180 60 58 121 002 001 004 012 98 nd 103 61 230
W05 211 26 982 2080 023 054 020 292 00 044 56 94 1240
woe 113 74 113 239 001 002 002 02 366 025 26 24 838
w07 140 61 85 179 nd 002 nd 013 98 nd 108 39 536
wos 118 65 250 531 nd 002 nd 028 269 003 129 nd 216
W09 165 68 247 524 nd 002 nd 032 440 003 176  nd 217
w0 120 71 255 540 nd 002 nd 011 635 006 192 06 212
wil 121 71 188 399 nd 002 010 029 464 005 202 nd 150
wi2 140 77 213 449 nd 002 nd 011 757 008 219 nd 141
wi3 149 82 225 476 001 002 nd 006 684 029 201 005 163

nd; not detected (lower instrumental detection limit).
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Table 3. Physical and chemical characteristics and cation and anion concentrations in stream water samp.ed on summer.

D Temp. H TDS EC Cd Cu Pb Zn  HCOs~ F~ cr NO;~ SO
(o P (mgh) (uS/cm) (mgh) (mgh) (mgh) (mgh) (wgh) (mgh) (mgh) (mgl) (mgl)

w01 24.7 6.7 66 135 0034 002 nd 011 195 002 124 10.7 228
w02 281 7.5 133 270 0.030 012 nd 043 149 0.11 6.0 02 10.3
w03 28.0 6.4 34 69.7 0028 0.03 nd 005 146 0.03 3.9 0.8 13.9
w04 273 6.0 47 9.3 0025 0.02 nd 003 220 0.03 50 44 15.6
W05 333 22 1,845 3820 0270 19 2.80 534 0.0 120 125 44 4,700
W06 336 2.7 850 1,768 0.170 049 0.30 332 0.0 240 4.0 39 1,246
w07 239 53 116 235 0026 0.03 nd 0.93 7.3 0.04 54 2.5 125
w08 249 44 154 311 0.025 0.04 nd 1.07 7.3 0.04 5.6 21 180
w09 245 59 257 518 0.032 002 nd 095 342 0.05 6.6 1.7 329
W10 250 6.3 274 553 0.027 002 nd 056 488 0.10 6.6 25 336
Wil 24.7 6.2 142 287 0.025 0.02 nd 012 439 0.10 9.6 38 117
w13 24.7 6.6 144 284 0.025 0.02 nd 010 415 0.01 9.0 3.7 115

nd; not detected (lower intrumental detection linit).

sl Eal5Ety Y

o] Aol gt 1A T (1997)8] Aol <J3ld, 3
HlopRZdlA &5 A& pH=2.2, Eh=467 mV,
TDS=3,230 mg/l, EC=19,300 nS/cm, 4E=11%% &3
Hol AFHRI HdFdse] BEAS Bk d3AGq
A B o gl AFT A& o] 2%, pH, T8
£33 8% (TDS), A7IAEE (EC), © Fo] 23} Lo| 2
3}3E Table 29} Table 39 ZHzt A elsiel (&2
T 129 NRE A5E & glo] AYEUD). FollM Be
upel o], 22 AAd o7 71 2A} oJ Bl 12~
CAE, d8dde 25~34°Ce ¥E Holm 9ot
pHEtE tF-& 6~83 %9 FAFolATt F7)3ge] 19l
B o IiE AN, Ady ol 35lEolA
429 EAEd 93 2~39) 2 FE By tiEEe
AT E FEERYHEFC] 300 mg/! ol 23
AR, Fa oA 5 AlSelME 1,000-2,000 mg/i
Azl & gol 2= ol Aik= o]E H
thEe] o] 2Eo] T I-3S & & 3len, gL A
A== (2,000~4,000 uS/cm)Z= g 4= gie}. 12
I Po|ge] a9l B AL gk A5 &3
A oldte] dE (<0.1%)5 BAAE Brige 1 &
dME 1~2%9 =7t SR EAt. 1) EE4AFS
A&} AF BF 4~5 mg/le] HYAT)

stesol E34 &Y

dusos o@ux Fe Hasel 8 234 5
TE 0.01~3.0 pg/l Cd, 0.2~30 pg/l Cu, 0.06~120 pg/!

Pb 2 0.02~100 pg/l Zn 59 HAE 7AW, HgHe=
0.1, 3.0, 3.0 2 15 pg/19] Cd, Cu, Pb 2 ZnS gH3lz )
t} (Bowen, 1979). 28U 298 A9l shddXE
o} Aol viE]l oA 3] o) e FF45S F
fata o, $REAT Y49 o|FxE ] ulel Wity
F3& Bt} (Alloway, 1990; Jung, 1995). AT7AI G
g 712e] Aol osia, Fujoa| L5E AE4dA
4.2 mg/I As, 0.93 mg/I Cd, 0.03 mg/! Cr*, 2.96 mg/! Cu,
2,640 mg/! Fe, 9.2 mg/l Mn, 0.23 mg/! Pb, 155 mg/l Zn
Bol AEHo] AR RAY ) W £AVRS 23
At (UFA 5, 1997). o] ATAME Fu|ge) 19l
EMe 0.2~0.3 mg/l Cd, 05~2.0 mg/l Cu, 0.2-2.8
mg/l Pb 2 30~50 mg/l Zno] HEHATt (Table 29
Table 3 #x). 2elx FuF F| e AE5]
2y FEgS wol v A £ Fe Ho|x|Tt Y3} B
2 7MA 1 o] A %S B

<o J0|=2 gt

Table 2 (¥)¢} Table 3 (48)14 Ex uie} o] v}
<9 2% #x= (29 A|8)A 130--150 mg/l HCO;
ZFE BolX ¢ tI-& AlSoA 100 mg/ o|3tE &35
Atk F e 4% 3oy A24dA 1.0 mg/l ol
et QAR o 9j9 shEgEe Wwd v &3
Fodel] o3 e PR AGso FFS e C7 9
NO;™ & Al g0 w2 Wy} viesigich. 22y g
ol FhE B3lEol galol 23 1,000 mg/l o143
SO/ 0] A&, 1A & (1997)0] &4 A&
7,422 mg/l SOL™ Hrhe Bxgt v $- 2o it} &




F/0% 338 39 EFogzAd E7Aag 47 79

#, Fu|golA Y5 A BN 1.2 mg/ie] Broe] AZE

¥ A& Agstn 2 A 8M BrT, NO,, PO 52

HEHA F3ioh.
stael AIFFQ! Hat

e Bellety 549 ol 29 FHFe AF B
9] EXd| ge} Wgslng Add we $£4E ZARPI
95le] B3} ool LI AFeAA Algs AHH
AR Gl 19983 38l At fle AR
or, 794E o7 A ¥Zh Ut 22ng o] AT
e B2 A27|2, 5% 7|2 7R3 AEA B4
< AW Bgict 19989 393 78 A5 AR E3)
814 Ao ARA W3E Fig. 30 =AEATE a0
B ulg} Zo| s34 pHte BHT A5 @e 73
2 B9} ol2ld A3ks, 2719 Bolle Bv|s et
o AL e &L K& AAT, $7IA A5
£ vl o8] §&59 Aol LEo] FW9 Ao {4
S ool Pol AiF oz Fe pHIE Bole o=
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