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Heavy Metal Contamination and Process for Its Removal
in the Vicinity of the Dalsung Cu-W Mine

Kyoung-Woong Kim*, Young-Kook Hong** and Taik-Nam Kim***

ABSTRACT : The Dalsung copper-tungsten mine in the Taegu area, Korea was closed in 1975 and may be
the sources of the heavy metal contamination in the tributary system and soil-plant system due to the
mine drainage derived from the mine wastes and tailings. To examine the degree and extent of heavy me-
tal contamination in the vicinity of Dalsung mine area, stream water and soil samples were taken and
analyzed for heavy metals by ICP-AES and AAS. Highly contaminated soils are found near the Lower Tun-
nel No.0 ranging up to 1760 ug/g As, 2060 ug/g Cu, 1120 ug/g Pb and 346 ng/g Zn. From the results of
the sequential extraction methods for the metal speciation, the heavy metals in soils may be derived from
soil parent materials and acid mine drainage. With the processes for the heavy metal removal, most of the
heavy metal ions in the acid mine drainage are removed by being exchanged with Ca ions held by the ben-

tonite, hydroxyapatite and calcium hydoxide.
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FE&Pto] Bty Bdtio 2 HE BA Ugugoz
WAE¥tT T (o], 1972; o1A%, 1981), °lE
B3] FRRESA A de 4F /Al TS
o] FHAY 3, EGT 357 FACNMA FAR
2dglol E4 Ut (o] 9, 1993). EHFL <
4097 3, &, T 2 34 AsiaY Aoz 19759
F4E o] F IXHd wet fad FAETE e
frEata Ut} metA o] AHe] EYedd tigt dF
(179 9, 1993) <} 3tdFed 2 FYRAAAL A
uhokol] i3 A7) S5 o (AFS 9, 1995), oF
AR olel g 2 B& As] A FAHA AL A
AlskA] Bati Qe AFolth B dFdAae 24 Cu-
W B FHx|de] E9ke] ed4FH B4 B4, o
EQe $24949 EAFHE dolEn 2] ¢
Qo] Ha1 YE Bt A S ETtE 35 949
AAE f3td AED I, WEUCIE, A gelolE, &
Adslotutele| E B 38 A Jdolendey s
o] &g H B3} & AAletnAt gt
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Fig. 1. General Geology and sampling site of the Dalsung mine area (Won and Kim, 1966).

1. Jain Formation

2. Andesitic rocks

3. Andesite porphyry

4. Intrusive dacite breccia
5. Granite porphyry

6. Quartz monzonite

7. Felsites

g ¥ X3

9A B doflell= F2 Qb erabiieh 2 9
Aogetaterd ZhEgte] WAl X3, o]F ekt
Fe B ASoA g 2xuelER AR @
gslol i} (Fig. 1). 33L& BEXUolE9 #3jo2 v
g ke Az FA3m e oz
g Qe F FHPEL 335, FFAolL} o9
of w]ae] Mojdd, AFAA, FAAN, AN, 35
Aol ubgc} (YFH, A7, 1966). otehr] B9 4
AL BRULT G F fate F-dzEjAo] Hof
Fa%o| AAHIFZ FYHE A& AT AAE 7}
A oA st (olAYG 9, 1992), FAA o] A e ¢t
Ao e oo Bl A& I i) (o]AY 9,
1993).
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LT 0: Lower Tunnel 0 area

LT 1:Lower Tunnel 1 area

LT 2:Lower Tunnel 2 area

LT 3: Lower Tunnel 3 area

LT 4:Lower Tunnel 4 area
C :Control area

Alsth (Fig. 1). EYAEE EE (0~15cm Zo)) &
AE (156~30cm ZHoDE AFHFAH B S Eol7]
A3t 3 AAHAAN 1m A Z 92 REAEE FH3}
o] el AIRE BEAUT EXS AAS AX Rad
-80 mesh®] AR Zta} HPLAS o] 83l £dE
e ¥ Cd, Cu, Pb, Zne 9AEZEAY (Atomic Ab-
sorption Spectrometry)2 2 &3¢ om, As, Ba, Cr,
Mg, Sr, Ni, Y, Zr& fE=EZ Zgzo B3y
(Inductively Coupled Plasma Atomic Emission Spec-
trometry) 2.2 439t RE ENAFL SHAS, I
DAE 9 blankE 78l data quality control#H8-& A
A A e BAEAE dev) (Ramsey o dl., 1987).
Ech) $E&949 ZEAFHE mosr] Y8k
CH,COOH, NH0H - HCl, H0, 5% ©| 4% 9433y
< 43519t} (Davidson ef al., 1994).

P 4E Fig. 19 87 (AdiH 2 76 & A
oA Fhol2Er (PHE AT F ARE AF 3t
YARAG T 157Y oo APHAAN T34 AA A

& $P3AT. o1 8 sl dFZAANA A3t o] 2w
#58S /I HEA 94, BV E, Al geolE, ¥
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Table 1. Average and standard deviation of trace element concentations in surface and subsurface soils in the

Dalsung mine area (ug/g).

Sl LT* Oarea LT* 1area LT* 2area LT* 3area LT* 4area Control area
type Sur. Sub. Sur. Sub. Sur. Sub. Sur. Sub. Sur. Sub. Sur. Sub.
N** 6 5 4 4 2 2 2 2 4 4 2 2
As 1760 3060 31 93 68 165 55 183 17 107 8.2 7.5
+747 +809 +24 +39 +32 +35 +8 +13 +19 +116 +0.9 +0.0
Ba 581 593 324 453 626 663 634 731 284 348 422 476
+111 +51 +150 +84 +84 107 +52 +79 +263 +357 +71 +31
Cd 8.4 2.0 4.2 5.7 24 1.8 0.8 1.3 1.6 18 0.7 1.5
+9.9 *1.1 +5.1 +7.1 +1.0 +0.2 +0.7 +0.7 04 +1.1 +0.8 +0.6
Cr 1.1 1.0 5.1 6.7 2.7 4.8 4.8 6.0 3.3 6.4 15 16
+04 +0.0 +4.8 +4.9 +2.3 +5.4 +5.4 +6.3 +2.7 +7.0 +6 +0
Cu 2060 1170 299 262 22 19 28 25 481 682 33 28
+1620 442 +275 1405 +0 +1 +11 *11 +522 +767 +10 +4
Mg 5170 5540 7080 8530 10150 11200 8600 10500 5080 6050 9500 10250
+230 *+152 £2622 +574 +495 £566 1270 707 12820 4060 1980 +778
Ni 2.0 49 18 2.6 2.0 2.0 2.0 2.2 25 38 2.0 9.3
+0.0 +5.8 +30 +1.2 +0.0 +0.0 +0.0 +0.3 +28 +43 +0.0 =*10.3
Pb 1120 1620 49 56 57 60 57 53 51 47 41 43
+635 1982 +17 +4 +29 +36 +23 +17 +26 +13 +8 +2
Sr 58 61 88 96 174 167 170 167 77 87 152 132
+11 +18 +33 +9 +31 +21 +4 +21 +61 +81 +75 +65
Y 8.6 7.1 17 17 28 25 25 26 9.8 13 16 15
+15 +0.9 +9 +6 +4 +2 +1 +4 +9.0 +14 +4 +3
Zn 346 143 166 183 175 135 193 188 98 104 80 80
+292 +54 +112 +126 +77 +53 +35 +13 +58 +66 +6 +12
Zr 49 39 35 24 56 35 50 42 30 34 34 15
+10 +5 +7 +3 +9 +9 +6 +8 +20 +26 +8 +1
pH 5.72 - 5.15 - 5.80 - 5.60 - 4.40 - 5.80 -
+1.24 +1.21 +0.00 +0.42 +1.04 +0.00
LT* : Lower Tunnel
N** : Number of samples

[Sur. : Surface soil (0~15 cm depth), Sub. : Subsurface soil (15~30 cm depth)]

48 4223 (Calcium hydroxide) 2 FAtslolnlelo] E
(Hydroxyapatite)7} ©]- &= At (Suzuki ef al., 1993).
HEA ¢4 (PH-2), IEYC]E (DH-2) % A &olE
(BI-2)& XA GAA AF 3t A8 o] &HY A (I
7%, AEY, 1990), A3 AlFolA Fe= FEE 24
3 & P8t AMRSIG A FAtslolatElo| B A EH A
A Ca(OH), ¢ H:POZ HHSAIHA Az (Kim o
., 1995). EAAE A AT 2 99 €3 71
g FAHA S 10 miE A8 ol ¥o] mechanical shak-
er2 6%, 128, 30%, 1AL, 2A1%%, 5717, 10A113

2403 Bt £ ¥HgAIFIY #HeW Cd, Cu & Zn &
el Wsls sttt
At ¥ =9
FAUFHX A EA0 EXfsls SIS #HE

Table 18] @43 AR 9] EQd EAlste 55
&9 g o B3Ye] A Ble] ol
(Bowen, 1979), =l &34t EAldls EYSS Hd
3391 0.549 pg/g Cd, 11.3 pg/g Cu, 18.7 pg/g Pb, 20.6
ug/g Zn Bote EA Jebgnh (3735, 1992). 53] 8t
078 A9 (LT Oarea)d BEo EA3k= 1760 ug/g
As, 2060 pg/g Cu, 1120 pg/g Pb, 346 ug/g Zno w2
e ST (1992)7F A 593 dAsE 15
ug/g As, 125 pg/g Cu, 450 pg/g Pb, 325 pg/g Zns &
31008 7HA) Z38tm glof o] A Fel BAE
oA JgL v)AS e Ao vEgTh Cd 9 A%
AL SAEES 25 pug/g ok A Jehted ol
Fute] @Aszst UF wA A% E 7] wfolct.
& o AR G 1HBR G DA FAke] Aol Bl
e Bt REHE ARoR S Ad TR 9
3 dgfo 9ol = Fol] Y EdedoR AT F 9]

cﬂ ZU]
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Table 2. Cadmium concentrations obtained by sequential extraction and pseudo-total digestion (1g/g).

Sample 1. D. Step 1 Step 2 Step 3 Residue Sum Digest Recovery

LT 0-1  0.64 1.28 2.70 6.50 11.12 10.10 110%

, LT 0-3 112 0.28 0.75 1.05 3.20 2.80 114%

Surface soil LT 0-4 052 0.48 0.75 1.90 3.65 2.20 166%
LT 1-2 1432 3.00 0.00 115 18.47 1555 119%

LT 0-3  0.64 0.00 0.60 2.30 3.54 2.45 144%

Subsurface sl LT 0-4 016 0.64 0.85 1.40 3.05 3.00 102%
LT 1-2 17.56 1.84 2.65 0.55 22.60 17.25 131%

Table 3. Copper concentrations obtained by squential extraction and pseudo-total digestion (1.g/g).

Sample I. D. Step 1 Step 2 Step 3 Residue Sum Digest Recovery

LT 0-1 149 161 1065 2640 4015 5050 80%

. LT 0-3 266 192 595 735 1789 1850 97%

Surface soil LT 0-4 56 54 93 520 723 775 93%
LT 1-2 123 121 25 194 462 535 86%

LT 0-3 188 138 355 1145 1826 1920 95%

Subsurface LT 0-4 51 50 90 675 865 920 94%
soil LT 1-2 316 230 46 188 779 875 89%

Table 4. Lead concentrations obtained by sequential extraction and pseudo-total digestion (ng/g).

Sample. 1. D. Step 1 Step 2 Step 3 Residue Sum Digest Recovery

LT 0-1 40.0 266 7.5 1970 2283 2785 82%

) LT 0-3 15.2 270 4.0 730 1019 1145 89%

Surface soi LT 0-4 16.8 118 0.0 640 775 785 99%
LT 1-2 7.2 16 11.0 11 44 44 100%

LT 0-3 12.8 359 45 2325 2702 3195 85%

Subsurface LT 0-4 180 148 3.0 950 1119 1200 93%
soil LT 1-2 6.4 19 0.0 12 37 42 87%

Table 5. Zinc concentrations obtained by sequential extraction and pseudo-total digestion (ug/g).

Sample. I. D. Step 1 Step 2 Step 3 Residue Sum Digest Recovery

LT 0-1 332 424 264 595 934 965 97%

, LT 0-3 29.2 48.0 110 160 347 311 111%

Surface soil T g-4 6.4 14.0 17 87 124 132 94%
LT 1-2 174 34.8 22 103 333 336 99%

LT 0-3 22.8 13.2 48 86 170 140 122%

Subsurface LT 0-4 7.2 6.4 9.5 54 77 82 95%
soil LT 1-2 228 40.0 29 112 408 450 91%

o} (FF= 9, 1995). 3 31 29178 A9 (LT 2 area),
3t 3HAY (LT 3area) ¥ 3} 447 A9 (LT 4
area) E4F 9234 vwA|9 (control area)z} H|
wal &9, Cd, Cu, Pb, Zn2] %2 24 Ba, Cr, Mg,
Ni, Sr, Y, Zr 528 o]/} §le A2 Yelytth ol
G4 Cu-W F4t T 9] Eoko] 314 7)ukele] o gkg ub
o} A B3lgAdelA Cust Futsle d4v) AAH oz
Hslslo] 9l8-S EodFET} (Plant, Raiswell, 1983). 8%

A F3E 2Fe] pHe ST Boo] v mA]
o B Bop o @ oY) ghe RaFn ey
2 553 EA G EY pHAAY 4.5~7.49 RAE gk
= BojErh (Table 1).
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e A AAEF EY EAsle o] 89
840]7]1 i, olBths A Eo) 4A olEHo A4
Ae FHZE Ak 449 dol HS 788 Ege
Ao HR7F D5 Aok (Alloway ef al., 1988). =3 &
Foge A& AWEY] Yste] Davidson e dl.
(1994)0] AAIg A&FEHE olgdld] EFF Cd,
Cu, Pb, Zn®] ZAFHE AT, Ad A0 A3
A< Y= 348 (Recovery)S A &) Cu, Pb,
Zn® AS FHF 91%, 91%, 101% & F&& A} U
EP5tTh (Table 3~5). 1&8{uk Cd9] A% 3580 B
127%9] W13 ¥ #%g 2ol (Table 2), o] B
M%7 F w174 F 2 (background absorption)sl] 23] o}
719 33 %3 (translational bias)e] A3}z A3t

FEG w4 FHEA] 9EY Aoz HyzEg
(Thompson, 1983).
{a) Cadmium
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Table 2, 3, 4 2 59 Yehd Step 12 o] La s e
(exchangeable, water & acid soluble phase)® Z|31=
FEFS ouista, Step 28 /R AEE Fy
(reducible phase), Step 32 F71E7 a2
(oxidizable phase), 18 1 residue= ZF& e (residual
phase) 2 EAIsl= RE ov)dt}t (Davidson ef dl,
1994). Ath=Q] S vindn s 197y Qe B
ol Cd¢t Zno] o] emBge) 2 ER)ste o] Bol T 9
DAel7L ABUA TSR ohe} fA1 Feylz 248
2 85E ¢ 4 Atk (Table 2 & 5). =8 Cuo] A% 3}
078 Ae] Eddo] RFHEYR EAGHe Fo] LS
&5 9121 (Table 3), Pbe] 9= tistie] dejoA
3t 078 A He] EF gHgo] o 197 AQrc} w}
(Table 4). $1] Table 2~5¢] Uehdt gkg A= Ql vz
Fig. 2o vrebd ol Cd 9} Zn9] A% AE=2 o]Fo] &

{b) Copper
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Fig. 2. Partitionings of sequential extracted metal concentrations of soils in the Dalsung mine area (Total metal con-

centrations are given in {g/g on top of each column).
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Fig. 3. Removal of Cd, Cu and Zn as a function of shaking times of argillaceous rock, bentonite, zeolite, hy-
droxyapatite and calcium hydroxide with acid mine drainage.

o|g o] 2mBF N} FIEFHZ EAeh= Fo] L
40%E dol F A2t B el ogF o] An, of
A EFlME 480l A4 glezler €.
Cust Pbe] 7= 7¥ike 2 REj9| ggoletn o35
€ HRIHE EQserle] grAes fAdie Cue
#*71E3 332, Pbe 2/43 AsEe] FEw A
& HoEnt (Fig. 2). 99) 292 EFeddezAe
A TE 2w FAEFU ke $EES A
st et g A7 B8 g Aol

A LHS| S5 40| Btk 0]2] M7 ot

1995 790l Adit A1 elA AHE BAHTE £4
& A3 (Fig. 1), 0.287 mg/! Cd, 3.56 mg/! Cu, 0.15
mg/l Ph, 11.8 mg/l ZnS X3 e A2 eyt
t}. o] & Wi 47159 0.1 mg/l Cd, 5mg/! Cu, 1
mg/l Pb, 5 mg/l Zn¥} v]m ¥ (34 F, 1993), Cd 2
Zno] o] 71&& dol EolA EAlshe 3 R
o] P 7t EGe Y] A9Ye U Bty
gl EA81a e FEEUAE AALSF e Wt

(b) Copper
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2 ol usted g 0] 83 FFL0) 29 AAE Y3}
o (47, 1995), TIA Q9] HEFE, F2tslolutel
OE & UL AN o] 8E £ 3t (HA L, AR
=, 1990; Suzuki ef al., 1993). F4tstolalelo] E 9} |
Z (Kim e al., 1995) 2 AZFH o] &2 8t= n) gk
FE4 AA B3 AT (o] 74 9, 1995) 5 &%
Hol qelEd e wgAdd dx ¥R WEY
o|E, 4k3) olujelo] 9} TP & A7} wkgKe] F
2 F34% AA AR Jepgrh (Fig. 3). $3o] £33
| o3}l PhE A|9)& 84 Cd, Cu, Zn¥47) o

o} BAE o] TEA 68T AA 75T dol A
ol AALARCH TR G AYHED G} A Lato]

e 4 vg) vl X g Aoz U
wrh £3] 2YPA Y BV Ex AR Cadl ER
U2 jo|ER FAlslolulelol E 9 {4 A3 9
£ Caol 9EL dild 24 de S22 95 243
£ Cu 9 Zn2] 95% ©143} Cd9) 85% o] ¢S A Ase
Aoz vegth (Fig. 3). 919 238 wgoz A
HF FoelM 48 e Tddgo] AgHer
4849 o gelu},
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g Cu, 1120 pg/g Pb, 346 pg/g Znoll o122 H{3 s &t
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2. 9% FEYd gl Bl 35949 =AY
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