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Chemical Speciation of Arsenic in the Water System from Some Abandoned
Au-Ag Mines in Korea

Ji-Min YL, Jin-Soo Lee and Hyo-Taek Chon*
School of Civil, Urban and Geosystem Engineering, Seoul National University, Seoul 151-744, Korea

The objectives of this study are (1) to determine the extent and degree of As contamination of the water and sedi-
ments influenced by mining activity of the abandoned Au-Ag mines, (2) to examine As speciation in contaminated
water, (3) to monitor variation of As contamination in water system throughout the dry and wet seasons, and (4) to
investigate the As chemical form in the sediments through the sequential extraction analyses. Natural water(mine water,
surface water and groundwater) and sediments were collected in six abandoned Au-Ag mine(Au-bearing quartz veins)
areas. The contamination level of As in mine water of the Dongil(524 ug/L) is more higher than the tolerance
level(500 pug/L) for waste water of mine area in Korea. Elevated levels of As in stream water were also found in the
Dongil(range of 63.7~117.6 ug/L) and Gubong(range of 56.1~62.9 ug/L.) mine areas. Arsenic contamination levels in
groundwater used by drinking water were more significant in the Dongil(11.3~63.5 ng/L), Okdong(0.2~68.9 ug/L)) and
Gubong(2.0~101.0 pg/L) mine areas. Arsenate[As(V), H,AsO4 ] is more dominant than arsenite[As(IIl), H;AsO;] in
water system of the most mine areas. The concentration ratios of As(Ill) to As(total), however, extend to the 95% in
stream water of the Okdong mine area and 70~82% in groundwater of the Okdong and Dongjung mine areas. As a
study of seasonal variation in the water system, relatively high levels of As from the dongil mine area were found in
April rather than in September. Sequential extraction analysis showed that As was predominantly present as coprecipi-
tated with Fe hydroxides from sediment samples of the Dongjung and Gubong mine(35.9~40.5%), which indicates its
possibility of re-extraction and inducing elevated contamination of As in the reductive conditton. In sediments from the
Dongil, Okdong and Hwachon mine area, high percentage(55.2~83.4%) of As sulfide form was found.

Key words : abandoned Au-Ag mine arsenic, arsenic speciation, sequential extraction

B A7E ) d2e g4 Agelxe) Fakgge] oF (1)5AlY] BAIE 2 HHE U9 AsYl 0 =, 2) 2899
g Fo| BASS As9) TS 24}, Q) A As9) /9710 w2 AL W8l (4) AEFEEAYS 0)8F §
HEe] Ase] 318 HEAT-2 oz 3t B AFE sk S o709 dlegat X9l sl v, sk
T 2 AEg T AR PR A ES AF ST BEFA 7S] As] ko) 524 pg/ll2 =) gt v)E
2 (500 pg/LYS ZAsPoH, 34 9N SUB3.7~117.6 ug/L)yF T5(56.1~62.9 pg/l) AR oA Batslo] stk
L AFAEYA S8R ARSI e AEd HAe] ke Y, S5 pEPAlM Z7E 11.3~63.5ug/L,
02~689ug/Ls} 20~101.0pg/lLe 2 I A8 = He AE 71EX (G0 pgLyE 2335t iR FAl¢AM
arsenate[As(V), HyAsO )7} arsenite[As(III), HsAsOs)oll H18] $-418k 28 efol} S=AsgHFll 8l arsenite(e) 3F3F
HI7F 853299 314 AEoAM 3z 95%7A] EAIETL UReH SE3 TR G A 70~82%
& JERAITE AU Ase] AR ke #F Ax, BAIXGe] FAA $7109 AR vls] D714E
AHAF)l JHon Fale S JEs] Bk A B U3 d&FEEA A3 Ase B T3] A8
A 2 uAR7 FarstEs 2% R 248k YN (35.9~405%) ol AT slolAe) Ase] A £&
of 9%t ool Xag o & Stk ey, BY 4 &5 XYY sHEHES FE dEE gy S
(55.2~83.4%).
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Table 1. Mine descriptions of six abandoned Au-Ag mine sites.

7:“141_,] AS,] g}s]—x—] ___'Jd

Mine Type of ore deposit Major metals Main geology Production Working period
. . . Au, Ag, sedimentary and
Dongil fissure filling deposit Cu, Zn volcanac. rock - 1975-1992
. . Cu, Pb, Zn sedimentary rock
Okdong  fissure filling deposit (Au, Ag) (shale, sandstone) - 1936-1988
. , . Au, Ag sedimentary rock Au ore 105 ton
Dongjung _ fissure filling deposit (Cu, Pb, Zn) and biotitie granite (1975-1976) 1933-1976
T . . Au, Ag, Cu, sedimentary rock
Dogok fissure filling deposit Pb. Zn and quartz. porphry - 1933-1977
. . Au, Ag, sedimentraty
Hwachon fissure filling deposit Pb, Zn rock 1936-1980
Gubong  fissure/hydrothermal vein  Au, Ag metaser‘(i)‘:;e“tary Au 13ton, Ag 4 ton 19261977
Table 2. The number of water and sediment samples in the six abandoned Au-Ag mine sites.
Dongil =~ Okdong Dongjung Dogok  Hwachon Gubong
Mine water 1* 3 - 1 - -
contaminated area 7 8 4 3 5 2
Stream water
control area 3 - 1 - 1 1
contaminated area 4 12 3 2 3 4
Groundwater
control area 2 - - - - 2
Sediment 2 2 1 3 1 2

*number of samples
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Table 5. Arsenic concentration of mine, stream and groundwater from six abandoned mine sites(unit in pug/L).

Okdong

Dongil (base metal) Dongjung  Dogok  Hwachon  Gubong
Mine range 524.0 0.3-33.0 - 22
water mean 174 -
contaminated range 63.7-117.6 <0.1-28.0 2.0-108 <0.1-60 <0.1-8.0 56.1-62.9
Stream area mean 86.3 8.0 5.2 29 22 59.5
water control range 0.9-492 - T 02 - <0.1 36
area mean 17.1
contaminated range 11.3-635 0.2-689 3.0-154 0.7-0.8 2.3-69 2.0-101.0
Ground area mean 35.1 272 7.6 0.8 39 309
water  conrol  range  0.9-15 - - - R 0.5-1.0
area mean 1.2 0.8
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Fig. 1. Arsenic concentration(ug/L) of stream(a) and
groundwater(b) samples from the six abandoned Au-Ag
mine sites. (DI: Dongil, OD:Okdong, DJ: Dongjung, DG:
Dogok, HC: Hwachon, GB: Gubong).
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Fig. 2. Seasonal variation of As conentration(ug/L) in
stream water samples from Dongil mine site.
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Table 6. The chemical extracts of sequencial extraction for As.

Step Chemical form of As Extractant References
Step 1 Ionically bound As IM MgCl,(pH 8) Keon et al.(2001)
Step 2 Strongly absorbed As IM NaH,PO,(pH 5) Keon et al.(2001)
Step 3 As coprecipitated with carbonates 1M NaOAc(pH 5) Tessier er al.(1979)

As coprecipitated with 0.175M (NH,),C,0,
Step 4 amorphous Fe oxyhydroxides 0.1IM H,C,0, Keon et al.(2001)
0.3 M Sodium citrate, L t and Insk
Siep 5 As coprecipitated with crystalline Fe oxyhydroxides 1M sodium bicarbonate, oeppert and Inskeep
. e (1996)
Sodium dithionite
Step 6  sulfides and remaining recalcitrant As minerals aqua regia Ure(1995)

Table 7. Arsenic content, As(III) ratio and other contaminants of water samples from six abandoned Au-Ag mine sites.

Dongil Okdong(base metal)  Dongjung Dogok Hwachon Gubong
Mine water(ug/L) 524.0 0.3-33.0 - 22 - -
Stream water(ig/L)  63.7-117.6 <0.1-28.0 2.0-10.8 <0.1-6.0 <0.1-8.0 56.1-62.9
Ground water(ug/L)  11.3-63.5 0.2-68.9 3.0-154 0.7-0.8 2.3-6.9 2.0-101.0
7 (MW)
As(Ill) ratio(%)  4-9 (SW) 95 (SW) 16-46 (SW) - 15(SW) 16-26(SW)
11-70 (GW) 82 (GW) 2-39(GW)
Other 50, NO,N, SO,
contaminants Pb, Cd, Al Mn, Zn Mn - -

MW(mine water), SW(stream water), GW(Ground water)
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