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Heavy Metal Contamination and the Roles of Retention Pond and
Hydrologic Mixing for Removal of Heavy Metals in Mine Drainage,
Kwangyang Au-Ag Mine Area
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Physicochemical properties of acid mine water of the Chonam-ri Creek and the Sagok-ri Creek in
the Kwangyang Au-Ag mine area were determined using geochemical approaches. Metal contamination
(Cd, Cu, Pb. Zn) is more serious in the Chonam-ri Creek than in the Sagok-ri Creek. However, the
contents of Al and Fe is higher in the Sagok-ri Creek. Such differences between the two creeks
probably reflect the abundance and composition of ore minerals.

The attenuation processes for acid mine water in both creeks were investigated. In the Chonam-ri
Creek, a small retention pond which contains limestone plays an important role in the removal of
heavy metals by adsorption or coprecipitation due to increase of pH. The capacity of metal scavenging
in this pond depends on the seasonal variation of inflow volume. Reddish yellow precipitates sampled in
the Chonam-ri Creek were analyzed by XRD, SEM-EDS. EPMA, and chemical decomposition. The
precipitates mainly consist of goethite and are also enriched in Al. Mn, Cu and Zn. This indicates that
precipitation of goethite is important for scavenging those trace elements. possibly due to adsorption or
coprecipitation. In the Sagok-ri Creek, on the other hand, hydrologic mixing of uncontaminated
tributaries results in removal of heavy metals with iron hydroxides precipitation due to the pH
increase. The mechanisms proposed for metal attenuation at the confluence between contaminated mine
water and uncontaminated tributary water are also explained by the property-property plots.
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Fig. 1. Geologic map of the Kwangyang mine area.
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Fig. 2. Sampling localities in the Chonam-ri creek drainage.
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Fig. 3. Sampling localities in the Sagok-ri creek drainage.
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Table 4. Chemical analyses of trace elements and physical parameters for the Sagok-ri Creek.
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Fig. 5. Spatial variation of dissolved metal

concentrations in the Sagok-ri creek drainage
(Sampling: May 1998). The distance scale of
X—axis is not linear.
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Fig. 6. Diagrams showing seasonal variation of pH and dissolved metal concentrations in drainage waters
sampled near a retention pond (440 m downstream from a waste dump) in the Chonam-ri creek. O =

May 1998, < = July 1997, [ = October 1997.

A% F7H B4 k=E, 7o d ok
o) FEE W 42YE T 4+ 9ok

oft =

-
A

9

= 1.
6w

41

a9 delAe) Qi 9% AF F4S %
°}3}7] $3le] 1997 7€ 109 I3 1998



A Fshed ohofat B
A Az B4, 4 pHe 37°lD4<1997 10%4)
4 4(CN-10)el w3l FES(CN-12)01A 1=
ofd ] w7} Zbz} 14, 24, 14, 12¥)
A= e (Fig. 6). |bd,
FT_]-‘_} =1 ;@]-A]-o:l Zra_g_ "é—“\i‘
o Hla] 4FA el 23]
ehgdsd. 1 oo)g2E (1)

AAs wzd o AR

o]

=

o

£
oy ol
e

d
-

o o
"~
(- l~>"

ey

N 0}{‘
bt

o
rlr

do (T e o b ot Al ot
5

22 92 g9 27E S g+ Ao 3
A el Wakel 1 7)4E HEsfe] wRl o
=} 2},
2R A A vehlbs £F A skl
wxi sdzd] wEY H@A 2o #H}FE(E
3] M) Alsle)] 7] Aoz HodHoh 4
A2 oAl sEMe AR dd §F A9
% 2719 olEe] pHE %}i 1705}, 2 wke-2
FeSs + 7/20. + H:0 — Fe*” + 2804 + 2H'¢]

o ol whgelA £E Feo) H*94 FE Z7He
TDSS Z7ksh el ol A= 2715 ofv)sin,
Y WES FHAIIA ghowd pHel A4t
29w, ou ARl FE8 2AH ]
glom, oheke] A(I) ol && Fe™ + 1/40; +
H® — Fe" + 1/2H.0 uhgol 9j3te] Zulz A
(11D eol&oz A3sEn), pH7} 23-35¢1 7%l
ol@A AR A ol Fe" + 3H0
— Fe(OH); + 3H' uhgol 9sted Fe(OH)3E
AAshda £ o) A o2 ¥EF
3l 899 pHE ztadid vopr) oy
B AAGA @3 g (D o] &2 FAXME
=ohA ARHZ FeS; + 14Fe” + 8H.0 —
15Fe®* + 280 + 6HHAZR 4 U=k 23y
z=32A 492 YoM pH F7iel wet diF-
2o £& Ho| HpAE ez IAFH] A
A=z gled, weld H(IIDe] 23 32
A&2q) ArE ubS-2 3 dohvbA] o3 *&—‘4 wt

°]

A

AT AAHE Aoz Bods od7M 2
gzl vl &5 434 (CaCOs) 2 CaCOz + H'
— Ca” + HCOy 8ol wheh kg o] &8 %

AANNAN AEE FaATled £33 9%

mlo

42

e i“/—%loﬂﬂ Aotz AUE
e AMska Qe Az
JEE EEEIRE R RELIRINC EINES
M3 Mo g F3tgoz 2ok & e o
o W&t Williams(1982)% 4FeS; + 8CaCO3; +
150, + 6H:0 — 4Fe(OH); + 85047 + 8Ca™
8C0: 2 Algtabgirh sharde] o8 F3pAE
v 2% wE uhgolm ©r)zhe) Abel ‘H‘J
g okx=e AFslr] Wi, SEAMe

oa] AYAE H ojEL Tulx AAHE W
Aty o] Hk-gAlo] o} AAHA il %
of 71 ¥x7} ZtelA Aok oFsiw, AElR]
oA AFEEA E3 i wksg dodle
HMo] &2 Az FAPe FEE FIHIE
29lojm, wbHel| Az WA Zhep, wh1d
ealed o] 29 Fx Z7b= A3Me| S8

Roz #HAF.

Jasas g, vF F55 2
J_E—M HMIH HA3) zhastx
Ak Lo ddez: (1) A3IAMe Lo 3
pH =7HAA =, 714 %‘"‘éf’ﬂ Vg 7R

2T A

2715, (2) ApastE 5 ARES ZHAA
dolupe= EF 5 A4 £ Uk =3 7713
FEo I FIAE FIFEHE AAse 7z
A7tg 4 9dvh (Machemer and Wilderman,
1992).

g, 1997 793 1099 =AF AHE 9w}
o 3, 2349 AHAZ) AEE AR
A4 el whHEE & 5 U (Fig
6). Z. w2 A (A7)0 o s &
Az 20 §ake] g W FFE A7 gl

Z7}sk 9lt}. Paulson(1997)2 ool #sled 3
AEe F3 715 AAe vls U ool A
fAoz z7] W Foll FEfo] FFAIE ] wiel

gt A% vt ek & 2EA WA FeE
Abze] AAEE %%*oﬂ 4611 APHl AFE
wecha @& 4 v el sEA AlxRe
HNe && F559 zgiw}wm%% Fragel
FHarql woll b A vebgtew, ol Azhit
ol A AA Lxo uls F el 3 Fd
&=7F ¥ 37) delw



24

TuH

o

SRR

o

% 3

n].l
rle

o

2 A

fid

255

7349 AR Qo] 29As AF

£ o %7}

Table 5. Chemistry determinated by weak acid (0.1N HCI) extraction of stream sediment in the

Chonam-ri Creek.

Sample Sampling Sediment Cd Cu Ca Mg Fe(total)
Date pH mg/kg
CN-5 October-97 3.4 0.7 55.3 49.4 16.0 510.4
CN-10 October-97 ND 1.1 123.9 186.0 53.1 301.0
CN-11 October-97 5.1 0.9 129.1 591.2 153.4 621.1

ND = Not Determined

Table 6. Chemistry determined by strong acid (HF+HNOs+HCIQ4) extraction of core sediment in the

retention pond of the Chonam-ri Creek.

Sample Al Ca Cd Co Cr Cu Fe Mg Mn Ni Pb S Zn
me/kg
UPPER 90024 2404 0 52 147 170 103249 10146 1975 80 99 3513 295
LOWER 81143 3047 20 30 93 1449 80237 6959 980 30 303 1283 1515
7
UPPER =from surface to 15 ¢cm depth: LOWER =from 15 to 30 cm depth
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Fig. 8. Dissolved sulfate versus trace metals plots, showing the mixing effect between SG-11-3 and

SG-11-4 in the Sagok-ri creek drainage.

T 9UEd, o FAHEAMY AAErl vaH
7] @ Fo|}, SEM-EDS % EPMA ¥4 #3
X (Tables 7, 8), A3 HAAFol= A 2o
dFuE, 7, oldd e F& dast s

bome Nl X

45

N34 P27t FekHel Ued o
£420) B¢ AP 4
& 47 A4

99 A5}

o
[&2]
o
a =



1.4 40
1.2 Cd Cu
1 30
S o0s E
g g 20
= 0.6 =
O 0
0.4 10
0.2
0 —r 0
0 1 2 3 0 1 2 3
SO, (mM) SO, (mM)
25 100
Fe
20 go | Mno
s 15 = 60
£ g
=
e 10 § 40
5 20
0 0
0 1 2 3 0 1 2 3
SO, (mM) SO, (mM)
0.15 300
Zn
012 Pb 250
. 200 |
= 0.09 =
g % 150
2 0.06 =
R N 100
0.03 50
0 0
0 1 2 3 0 1 2 3
SO, (mM) SO, (mM)

Fig. 9. Dissolved sulfate versus trace metals plots, showing the mixing effect between CN-3 and CN-5 in
the Chonam-ri creek drainage.
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W oz AN TEHFe I vpebde(Gerth
et al., 1993). Deer et al.(1962)2 ZAlgn| LM &
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FHEe deE 2y

Table 7. SEM-EDS and EPMA analyses (unit:
wt %) of ochre samples in the Chonam-ri
Creek .

243 FEE9 AA el 2R A F

SEM-EDS (May 1998)
CN-5 CN-11-2 CN-12 CN-5 CN-12

EPMA (July 1997)

Fe:03 55.7  60.2 69.8 |Fe0s 81.0 80.7
Si0. 177 186 13.4 | 8i0; 2.0 8.2
AlLOs; 154 88 45 | Ca0 0.3

MgO 4.2 1.0 35 |MgO 55 L5
Cu0 4.1 6.1 35 |NaO 4.3 8.2
Zn0 3.0 0.4 31 | 804« 7.3 1.1

Ca0 0.6
MnO 1.6
Table 8. Chemistry of mine drainage

precipitates sampled at the site CN-11-2 in the
Chonam-ri Creek (unit: mg/kg).

Element Red precipitate
Al 60212
Ca 3931
Cd 43
Co 18
Cr 24
Cu 4918
Fe 447687
Mg 2900
Mn 665
Ni 8
Pb 357

S 7304
Zn 619
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