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Environmental Contamination and Bioavailability Assessment of Heavy
Metals in the Vicinity of the Dogok Au-Ag-Cu Mine

Sung-Eun Lee!, Jin-soo Lee'* and Hyo-Taek Chon'
School of Civil, Urban & Geosystem Engineering, Seoul National University, Seoul 151-744, Korea

In order to investigate the contamination level and seasonal variation of heavy metals and evaluate the bioavail-
ability of toxic elements, environmental geochemical survey was undertaken at the Dogok Au-Ag-Cu mine area.
The main pollution sources in the area were suggested as tailings, mine waste materials and mine water. Elevated
levels of 140 mg/kg As, 107 mg/kg Cd, 3017 mg/kg Cu, 12926 mg/kg Pb, 9094 mg/kg Zn(before rainy season) were
found in mine tailings. Concentrations of heavy metals in farmland soils exceeded normal level in nature soil
(Bowen, 1979). The highest level of heavy metals was found in water samples near the mine tailing dumps
regarded as a main pollution source of toxic elements in the area. These concentrations decreased to downstream
due to the effect of dilution. From the results of sequential extraction analyses for tailings and soils, non-residual
forms of heavy metals were found, which indicate the contamination to be progressing by continuing weathering
and oxidation. Cadmium and Zn would be of the highest mobility in all samples. The bioavailability of Cd, Cu, Zn
and As using SBET analysis from paddy soils was 53.3%, 46.5%, 41.0% and 37.0%, respectively. The farmland
soil sample(S3) showed the highest total concentration and bioavailability of heavy metals.

Key words : Dogok mine, As, Heavy metals, Sequential extraction, SBET

E3gS FHAY 255 9459 09 5AE EolEi, olF d4AEY AAFFEEE Hrke] HdiM B A
5 TRt A7 i AGY FogHe 4 € HAEn 28y AUiS Fo8 FAHE Fo) o Asol
140 mg/kg, Cdel 107 mg/kg, Cu’t 3017 mg/kg, Pb7l 12926 mg/kg, Znte 9094 mg/kg($7] A AR)E =& 3
& Ui gt BES WY 554 945 $9e ANEY Y HFHFBowen, 1979)H Tt EA el oL],
FrF R ] Fulo)] vlEiA @B TS vehdoh AW F24 S9E 54 dAEY FoddoE A7EHE B
73] FuHAG Tl S-F ARAA 7P 2 $EE UERILL, FE 7FA 4 23 oA o gk
A} 7rase A JepaL St Brlsh B4 diges ASSFERAS & A, vAFE due EAvg]
=7 vepged ol AL Fee Al o3 2¥E At 2w Cdot Zne o AY diRRdA 5
olFEE Yehl Stk WESS oz SBET B4 93 34 9459 AAFSE ¥yt 43, Cd(53.3%),
Cu(46.5%), Zn(41.0%), As(37.0%)= VIEIT), HEXSI) NEE 345 9289 2 3 AAESEs 2% 7
=2 ke e
F20] : = vAh, 534 9h, AE4F284], SBET
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B AQF NEE FEEEE o83l T oE 8
o4 0.45 um membrane filter® sl RREA
S AAG F Fol ALY ol FAHEeE U
ol BAsITh gol £AE Alse Akl A%
of uj} A847] HHe Felo]l FAHE AL
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v} ool AHFEAL AAS, ICP-AES ¥ ICP-MS
55 ol83lH, S0l ATEHL ICE o83l &
Aslhen, HCOy & Ao R 434t

B ATolA ul, B, Akde AR tig siekE
A Ase 24349 320 Quality control
systeme o] £-3fe] H7iE o] o n(Ramsey et dl,
1987), $EAS9} FAIAIEE o] &3l By Adx
o} HET = 87%2 10% VRl|BR F88Ie A5t
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Fig. 1. Sampling location map in the Dogok Au-Ag-Cu
mine area.
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Zn7} 18024 mg/kg, 9094 mg/kg® £4) = A rH(Table
1. a8 v FXFoRFE "olzl g e
2 AT e wEge] TE4 A4 ¥ 14,
2218] A EAF A7PEE vl EAETHFg. 2).
7}7tel RAE 2FEA 4L B W HFE FF
(Bowen, 1979)= vl glgw, As, Cd& BE E¥
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kgo 2 UEhdth z'lw Cde) A$E Slo] &85
%1(3.0 mgket A} 2.8 mgkgs HERARL, Zne
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WEY Y Fo4 445 T F¥e JdF =29
7P 7k 3ol 7P Al ek, S2eliE vt
F e AJEY U oldke] gkg vEpiRich

Table 1. Ranges and mean concentrations of heavy metals in tailings by aqua regia digestion from the Dogok mine area(unit

in mg/kg).
Sampling period As Cd Cu Pb Zn
October 2002 range 37.0-996.4 4.4-192.0 168-4224 1168-10240 1140-38000
(After rainy season) mean 254 98 2553 4199 18024
May 2003 range 6.0-514.9 11.9-214.4 368-4720 370-31264 1708-14360
(Before rainy season) mean 140 107 3017 12926 9094
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Fig. 2. Variations of heavy metals in soils with sampling season. Dotted line indicates the world's average soil reported by

Bowen(1979). S1, 82, S3: farmland soil sample.
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Tabié 2. Physical properties and element contents of water samples from the Dogok mine area(unit in mg/L except As(ppb)).

Wi Wil w2 W2* W3 W3* W4 W4* W5 W5* W6 wo6*

As(ppb) 9.0 0.3 2.0 0.3 0.2 0.3 1.0 0.5 1.0 1.2 1.0 0.5
Al 0.017 0.017 0037 0.015 0018 0.007 0013 0.015 0008 0.036 0010 0011
Ca 56.0 58.5 54.7 51.1 51.6 515 46.2 31.7 49.8 279 40.8 36.4
Cd 0.261 0418 0268 0333 0234 0340 0.048 0.136 0.178 0.098 0.075 0.032
Cu 0.075 0.059 0069 0.041 0.016 0034 0.038 0016 0010 0.012 0005 0.005
K 1.346  1.150 1325 1060 1307 1.050 1.162 0.700 1.180 0.630 2260 0.750
Mg 1439 7.880 19.816 7270 18854 7260 6211 4910 8780 4500 1343 4610
Mn 0.007 0.043 0.007 0.030 0.003 0030 0132 0.005 0009 0.004 0018 0.057
Na 14.2 12.5 13.0 1.6 132 114 12.0 99 13.4 10.0 157 10.1
Pb 0.038 0.032 0.034 0024 0.013 0021 0.002 0.008 0005 0.005 0.001 0.002
Si 4.6 6.4 4.6 59 4.5 5.8 79 5.2 4.7 51 52 5.0
Sr 0.187 0.145 0.18 0.123 0.166 0.126 0126 0.072 0.156 0.063 0.117 0.076
Zn 6347 3.734 5955 5035 4316 5047 0614 3201 3.018 2378 0.196 0438
F 0.129 nd. 0.123  0.064 0.156 nd. 0.099 n.d. 0.104 n.d. 1.396  0.184
Ci 13.66 1000 13.43 13.10 13.86 10.04 1427 1151 1428 1220 13.87 12.67
NO5 1.182 n.d. 1.194 1231 1.083 nd. 0533 1919 0834 1.182 nd. 1.254
S0, 99.0 48.4 95.2 86.4 85.0 66.1 41.5 33.1 733 25.5 36.3 17.0
HCOy 107.7 976 106.9 2880 1006 854 119.2 653 99.8 61.0 101.7 1019
pH 8.0 74 7.9 7.2 8.0 7.4 6.9 6.9 8.0 7.0 6.6 7.0
EC(uS/cm) 395 321 398 289 369 290 305 191 420 252 329 189

n.d. : not detected, * : water samples collected after rainy season.
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Fig. 3. Variations of heavy metal concentration in water
samples from Dogok mine area. W1-1~W6-1: stream
water sample.
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Table 3. Heavy metal concentrations in ground water used for drinking water from Dogok mine area(unit in mg/L except

As(ppb))-
As(ppb) Cd Cu Pb Mn Zn
W6 (After rainy season) 1.000 0.075 0.005 0.001 0.018 0.196
W6 (Before rainy season) 0.466 0.032 0.005 0.002 0.057 0.438
W6-1 (Before rainy season) 0433 0.030 0.010 0.002 0.001 0.106
Tolerable value of drinking water* 0.05 0.005 1.0 0.05 0.3 1.0

*from Korean Ministry of Environment (www.me.go.kr)
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Fig. 4. Partitionings of sequential extracted metal concentrations in taifings and soils from the Dogok mine area. T1, T3:
tailing, MS1, MS2: mountain soil, FS1, FS3: farmland soil. EXCH: Exchangeable fraction, REDU: Reducible fraction,

OXI: Oxidizable fraction and RESI: Residual fraction.
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Table 4. Bioavailabilities of heavy metals by SBET in farmland soils from the Dogok mine area(unit in mg/kg).
Sample As Cd Cu Pb Zn
No. SBET % Bio* SBET % Bio SBET % Bio SBET % Bio SBET % Bio
Sl 3.2 26.4 1.1 389 10.0 35.8 13 30.2 33 26.7
S3 6.0 47.5 3.0 67.7 40.0 57.1 34 344 134 55.2
mean 4.6 370 20 533 250 46.5 23.5 323 83.5 41.0
* : % of bioavailability.
ele] ZAM)go] 27-44%= A e T 540l 2 Ao® diddrt ek o] A

Ine CdxE tE Y4S0 e st sskee]
Hel2 SRS Aok 53 a#y Felo] EAHlE
o] 1526%= YRt Zno] REHH FFEIF &
o2 qhrt. to] Znd FFe) 7P & A
02 JJehd FS3& w&4 Yeo] EAge] 7
& 26%% JER, Zn 4 A Oi@g Aol
g Aow wtH,
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