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Potential Contamination of Soil and Groundwater from the Residual Mine
Tailings in the Restored Abandoned Mine Area : Shihung Mine Area

Yejin Jung' and Sanghoon Lee?*

!Division of Environmental process research, Korea Institute of Science and Technology, Seoul 130-012, Korea
Division of Life Sciences, The Catholic University of Korea, Puchon 420-743, Korea

The Shihung mine was restored in the early 90's after abandonment for 20 years since 1973. Although disposed
mine tailings were removed and the site was replaced by an incineration plant, still some residual mine tailings remain
in the places including the old mine tailing disposal area and the adjacent agricultural area. These residual mine tail-
ings are prone to impose an adverse impact on the soil and groundwater and needs investigation for the potential con-
tamination. Mine tailing samples were collected from the old tailing disposal area and the rice paddy. The porewater
from the mine tailing were extracted and analysed to investigate chemical changes along the reaction path. Batch
leaching tests were also carried out in the laboratory to find any supporting evidence found in the field anlysis. Evi-
dence of elemental leaching was confirmed both by the mine tailing and the porewater chemistry in them. The ele-
ment concentrations of Cu, Cd, Pb, Zn in the porewater exceed the standard for drinking water of Korean government
and US EPA. Leaching of heavy metals from the mine tailing seem to be responsible for the contamination. In batch
leaching test, heavy metals were either continuously released or declined rapidly. Combining the information with
porewater variation with depths and the geochemical modeling results, most of elements are controlled by dissolution
and/or precipitation processes, with some solubility controlling solid phases (Cu, Pb, Fe and Zn). Baich leaching test
conducted at fixed pH 4 showed much higher releases for the heavy metals up to 400 times (Zn) and this area is
becoming more vulnerable to soil and groundwater pollution as precipitation pH shifts to acidic condition.

Key words : mine tailings groundwater pollution, heavy metals, geochemical modelling.
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Fig. 1. Location of sampling points (no scale).
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Fig. 2. X-ray diffraction pattern of mine tailings from various depths (Ve: vermiculite, Ka: kaolinite, Ch: chlorite, Ga: galena,

Ca: calcite, Gy: gypsum).
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Table 1. Chemical analysis of the mine tailings from old disposal site of the Shihung mine.
Sample Tl T2 T3 T4 Avg.* T5 T6 T7 T8 Avg. ** SD
Depth (cm) 10 20 30 40 10-40 50 60 70 80  50-80
pH 7.01 6.95 7.09 7.01 7.02 7.03 6.46 6.6 6.24 6.58 0.27
Sio, 4717  46.13 4429 469 46.12 4566 4488  43.17 446 4459 1.1
AlLO, 11.9 1113 12.29 125 1196 1233  11.8] 1095 1136  11.61 0.48
Fe,04 12.38 12.27 12.14 12.06 12.21 12.02 11.8 12.05 11.8 11.92 0.15
CaO 13.41 13.75 14.24 14.63 14.01 15.25 1341 11.95 11.52 13.03 0.95
% MgO 2.17 2.14 2.19 22 2.18 2.16 2.17 207 2.17 2.14 0.03
K,O 1.12 0.89 0.84 0.82 0.92 0.7 0.8 0.73 0.85 0.77 0.08
Na,O 0.82 0.77 0.78 0.78 0.79 0.73 0.81 0.92 1.04 0.88 0.07
TiO, 0.72 0.76 0.79 08 0.77 0.85 0.74 0.72 0.71 0.76 0.04
P,0s 0.1 0.19 0.11 0.11 0.13 0.11 0.1 0.1 0.09 0.10 0.02
L.OL 239 2.29 2.89 23 247 2.04 2.88 3.28 331 2.88 0.42
As <l <1 <l <l <1 <l <1 22 34 28 6
Cd 61 78 73 75 72 80 79 75 80 79 4
Cr 38 28 31 28 31 28 30 34 40 33 4
ppm Cu 2700 3000 3400 3100 3050 3400 3000 3000 3100 3125 163
Mn 2800 2900 3100 2900 2925 2700 2400 2300 2700 2525 200
Ni 19 22 21 23 21 34 22 25 26 27 3
Pb 20600 27900 23800 19000 22825 19100 31900 35300 32100 29600 5588
Zn 9900 9600 9200 7800 9125 7700 7100 20900 21700 14350 4781

*average of samples from 10-40 cm, **average of samples from 50-80 cm, SD: Standard deviation
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Table 2. Chemical analysis of the mine tailings porewater extracted by immisible displacement (unit: mg/l, 1: Domestic
standard for drinking water, 2: US-EPA standard for drinking water).

Sample T1 T2 T3 T4 T5 T6 T7 T8 average 1 2
Al 5.52 5.54 4.5 4.78 53 5.06 4.96 5.14 5.1 - -
Cd 0.09 0.07 0.24 0.31 0.4 043 0.35 0.13 0.25 0.01 0.01
Cu 0.44 0.36 0.42 0.38 0.71 0.37 0.34 0.43 043 1 1.3
Mn 0.12 0.09 0.13 0.12 0.22 0.15 1.58 0.33 0.34 - -
Pb 1.92 0.96 0.46 0.55 0.67 0.44 1.5 0.69 09 0.05 0.015
Zn 49.8 56 51.2 564 64.6 62.4 71.2 56 58.45 i 5
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Pb in porewater Cain porewater Mn in porewater Fe in porewater
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Ag. 3. Concentration variation of mine tailings porewater with depths (Ml : rice paddy, (] : tailings).

73S Kol g4 HrU) gAFeg BrkFig. 3). Table 3. Chemical composition of groundwater from the
o]t =¥ A BujojMe] Yo ErE DI Ay Shihung mine area (unit: mg/l).

Aol el TCES] AMgoiRo] whe F24hy o) Sample S Gwi1  GW2  GW3

I

area
= ElzxFu oA R} Fualzie] Z22BEler 3lo] =
= :2;%/\}?9_%40 ¥ ];iwi;zt ] ¥ pH 6.95 6.88 6.52 6.53
é o= T /\la }\O]q' Ty \-oﬂ E‘];]\_ "é’u]"] Conductivity
FET}Eo] 6~8%2 P 2~3% Bl W = (unit: pS/cm)

o

364.0 172.5 635.0 450.0

Ao
e
L gErs Hoj & R0 3 FgHaHrt o K 1.79 0.88 3.15 2,07
g2 nze Jo= Azbdc Na 25.99 9.96 49.73 24.33
Ca 4173 1723 5993 4032
. Mg 421 4.26 11.94 12.77
4.4, X8t si&t As ND ND ND ND
| I BAARE B3l BRgrleN 58 cd 0.01 ND ND ND
o] &Aoo GEHT S-S I T & ATk Cr ND ND ND ND
Cu 0.02 0.01 0.02 0.0t
= =0 3 O = ) 1 H 2] =12~
¥ LSS FHH0E FH B SRAse Fe 0.18 070 046 009
2 o3 Ao WehErh HlI Fx|He] R|sle Mn 0.02 0.03 0.01 ND
BAMZ B3l Fu|E Q13 FHH-E Iz} Ni ND ND 0.02 0.01
SErkTable 3). ] Ao} e W7lNE FUE iy oA o
& FFE A% ARASNS B4 o188T ok — o
| 2 ) AEARS oy et 1) ' : ’ :
Agat Aol AR AekeAM Cd, P R - 3637 694 9679 5283
Zn¢] F=7t EPAS} ) &84 7|EAE 2943 NO;~ 4.41 1.84 11084  79.23
2} S xGA AN E A3 Fak A ) Noa 39.01 13.86 16.31 26.71

7he Aol e GWI1e] 7% Fe, Pb, Znol thsl HCO;5~ 103.79 72.51 84.04 51.98
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Table 4. Leachate chemistry from batch leaching test with mine tailings from the Shihung mine (unit: mg/0).

Sample Ti T8
achin 24hrs 24hrs 4hrs 24hrs 24hrs 24hrs
Letifne ¢ st -2nd 2-3'd 72hrs 8hrs “Ist 2nd 3rd 72hrs 8hrs

pH 6.97 750 753 129 e 7.00 7.48 7.46 7.54 (ﬁ;‘gj)
Conductivity 55,6 1685 1301 3800 85800 1678 1394 1824 2350 129200
(uS/cm)

Na 272 345 3.86 213 19.06 3.63 547 3.59 6.62 15.11

K 6.52 630 1497 846  10.15 7.22 7.56 826 1800 5.46

Ca 5646 2817 2161 5451  969.60 1613 1052 824 1293 146895

Mg 6.08 487 403 1149 3.57 127 1.16 1.93 7.55 7.17

cd 0.04 0.04 0.04 0.05 4.12 0.05 0.06 0.08 0.10 456

Cu 0.08 0.08 0.07 0.07 6.25 024 0.49 093 1.85 1.22

Fe 0.62 0.64 0.66 069 2260 1107 1882 6100 7199 2231

Mn ND ND ND ND 1530 ND ND ND ND 25.20

Pb ND ND ND ND 30572 ND 2.19 634 1473 65.39

Zn 033 0.14 0.18 034 48855 0.86 2.44 600  10.16 470585

F 1.02 0.32 0.04 0.29 1.98 037 5.82 0.28

cr 0.74 022 0.18 1.23 1.02 071 5.94 3.8

NO;y~ 0.28 0.12 0.22 0.20 5.77 248 2.66 6.99

SO 10001 19.82 886  104.88 19.76 1605 1916 3356
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27387 T89 F71e FelldlEe] £20 % Ao
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Z Uehdth ARAIRAMN FF45 §50l ¥ B2 A
o BHAIR V3l Aidoz Eale] gHol A2
olfE B & vk it A1EFat Fme) A4S Fe
w7t T19 0.62~0.71mg/l Aor} TR A%
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3|9} B]%=3) F%(Ca, Cd, Cu, Fe, NO;), oF7He] =
7HNa, K, Mg, CI") 28]a sk A9HEF)E B
Ak, 3uiuk HEAIZRE STPIASCIE FEIF Bl
ALY DolA= AL Bol 0|5 dhEo] BY HY
FEO TEd Aoz Azt o8] FxE F43
E 2¥Ede] EA Aoz AgHEr). T8 94| Ca

ol
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2 Zn 59 Y480l 1~-38] 82 A8 vskd ¥
& FEE B ol59] B¢ of Edbgio] mdst
A Ak Aoz AzheErk
pH 42 ZAT 39 FFRTE AT Ag ¥
P Sus 4

it F3%9 £E5=r 343 F7H5tH(Table
4). 7t 9282 2y Cd=308, Cu=24], Pb=100
il 2 Zn=4000] AX ¢ FL& TEE 7IE3T
ol FTEE9 S3=rt pHatel A 24=E7 o
Foln pHrL Ao R o] F3lH 5349 SdlEe
Z71d Aolt). pHY &3x7t pH7t 5.6 ©)3lYd
7S AR T AlEe) AMSSH ZE*A pH
HH= 6.5~7ARlolt). ulelA] o] X9 A

7t AaTFE SFEE L2 Fo] F43) Zﬂsﬁﬂ a
Aoz FH A3, EY 2H7Fsge] A 27t
& 7ot}

46, X758t nrg

E-gu7ke) vhgagg AEH0E <)ds] H5)
o I BAAHAS IR ANPARL §F o83t
o] PHREEQC(Parkhurst$} Appelo, 1999)2 o]&
sl YAE<] 3}8lE(speciation) FHI 5 JE
Aol thet E3}X)<F(saturation index, SDE T3
tH(Table 5).

L 72X7 o] % A9} 24X7F 85 A|ES} & R} £ §E2AEY A5 Hd JF ATk 7247
£ Ho)x &9te} Na, K, Mg, Cd, Cu, Fe, Pb U dutd oz fofola E-QHANEEE WhEA|Zko]
Table 5. Saturation indices for leachates from batch leaching tests.
Tl T8

24hr 24hrs 24hrs 24hr 24hrs 24hrs

st 2nd 3rd 72hrs st “2nd 3rd 72hrs
Anhydrite -1.58 -247 -291 -1.59 -2.68 -2.94 -3.03 -2.65
Aragonite -1.01 -0.59 -0.64 -0.53 -1.59 -1.10 -1.01 -0.60
Calcite -0.87 -0.45 -0.50 -0.39 -1.45 -0.96 -0.88 -0.47
Cu(OH), -1.42 -1.09 -1.14 -1.29 -0.84 -0.28 -0.11 0.15
Cuprite -0.52 -0.90 -1.07 -0.90 0.59 0.75 1.13 1.50
Dolomite -2.43 -1.40 -1.46 -1.19 -3.73 -2.61 -2.12 -0.89
Fes(OH)g 1.93 4,96 5.10 4.10 6.07 9.33 10.76 11.19
Ferrihydrite 1.81 2.99 3.05 2.63 3.20 4.44 491 5.08
Gypsum -1.37 -2.26 -2.70 -1.38 -2.47 -2.73 -2.82 -2.44
Jarosite-H -2.06 -1.92 -2.55 -0.84 0.73 2.39 3.97 4.58
Jarosite-K 3.79 4.46 4.24 5.45 6.67 8.83 10.43 11.45
Jarosite-Na 0.04 0.83 0.28 1.77 3.01 532 6.70 7.65
Malachite -0.64 -0.37 -0.48 -0.52 0.36 1.18 1.79 2.40
Siderite -0.95 -0.69 -0.67 -0.58 0.25 0.72 1.47 1.64
Tenorite -0.40 -0.07 -0.12 -0.27 0.18 0.74 0.91 1.17
ZnCO5:H,0 -1.60 -1.37 -1.21 -1.16 -1.21 -0.18 0.33 0.68
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