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Heavy Metal Contamination of Soils and
Stream Sediments at the Sanggok Mine Drainage,
Upper Chungju Lake, Korea
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£ o ASRAL grE-e2xu| A9 AN wdyE d5E ::LtﬂoP chgS 3ol A4k
HZolle A% AT Fu|r} x]s o] glow, 7Rl fEF = AU o 7gle] 3Pd-E ule) o]
FHol 479 9 5EAZE Y= Yot Bt BH g RAE 4 Alf—mﬂ wte} 24 xol7p Asht
Fe, Mn, Ca gl Nao] 2350} Ql31, 3] FulopH A Eokoll A= Fe (H T 18.58 wt.%)9F Mn (4.18 wt.%)2]
ko] ofF Euth. HujobA A BEokoll A HEH FFE5O FFEF L Ag=10, As=2278, Cd=7, Cu=206, Pb=
1372, Sb=14 g Zn=2231 ppme| ¥, ZArAl2] B Eoll= Ag=1, As=146, Cd=1, Cu=39, Pb=146, Sb=2, Zn=
259 ppmo] F5lo] Qs Ao Z Hol, SAHYAELS HolE F km 771 o] 5EHAES AL Z Bl u]
FATA HHE 2402 BEINY FH49] AT FATA 5 H E=154, Fu|opH A EF=6.84F
A £ oA E Zert A EFULS] B3R FArA] EHE=092, FrlopH A EoF-0.520]c}. 317
A A4 (As, Cd, Cu, Pb, Sb, Zn)E vl FAFA 1M &9 2402 FF3 L3xaw F454] HA
E-242, ujopA R Eok-2547 ot} EPAY 3732 ANEXE TFE BIARAFE u|PASTAH A B0,
53, A9 Bl 35184, Frlob¥ A Eok=2371 014 A g7 239 XA HARY An, FA3E
)& ok Apolrt oy BE *lioﬂ/ﬂ T4 =4 (“J*H*—i EEHME, ulzd|Abol B, A, &1,
U 9 HERE)S et T35 290 Ag E°‘=-‘)r A &S v Eelste] AR F o2 s
34, a4, dotad 4, Wkl A, AR A 9 FA3F FEE0l E%OI PEE T A2 Hol, o] FEFo| 2
dA¥ez ALslx AU&-E 2ot

Abstract : Heavy metal contamination in subsurface soils and stream sediments at the Sanggok mine area were
investigated on the basis of major, trace and rare earth elements geochemistry and mineralogy. The Sanggok mine
area is mainly composed of Cambro-Ordovician carbonate rocks. The mine had been mined for Pb-Zn-Fe and Au-
Ag, but already closed in past. For major elements, especially Fe (mean value=18.58 wt.%) and Mn (mean value=4.
18 wt.%) are enriched in soils, and the average enrichment indices of soils and sediments are 6.84 and 1.54,
respectively. The average enrichment index of rare earth elements are 0.92 of mining drainage sediments and 0.52
of subsurface soils on the tailing dam. Concentrations of minor and/or environmental toxic elements in those
samples range from 29 to 3400 for As, 1 to 11 for Cd, 35 to 292 for Cu, 50 to 1827 for Pb, 1 to 22 for Sb and
112 to 2644 for Zn. Extremely high concentrations (mean values) are found in subsurface soils on the tailing dam
(As=2278, Cd=7, Cu=206, Pb=1372, Sb=14 and Zn=2231 ppm, respectively). Average enrichment index no-
rmalized by composition of non-mining drainage sediments is 2.42 in mining drainage sediments and 25.47 in
subsurface soils on the tailing dam. Based on EPA value, enrichment index of toxic elements is 0.53 in non-
mining drainage sediments, 1.84 in mining drainage sediments and 23.71 in subsurface soils on the tailing dam.
As a results from X-ray powder diffracion method, mineral composition of soils and sediments near the mine area
varied in part, and are calcite, dolomite, magnesite, quartz, mica, chlorite and clay minerals. With the separation of
heavy minerals, soils and sediments of highly concentrated toxic elements included some pyrite, arsenopyrite,
sphalerite, galena, goethite and hydroxide minerals on the polished sections.

*Z2udlslw x)A8t3(Department of Geology, Chungnam National
University, Taejon 305-764, Korea)
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Luoma, 1991; Fuge et al., 1989). J A Z o A= ofn] 3753
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I'igure 1. Dressing plant and tailing dam (A), white and/or yel-
low boy and white precipitates along the stream (B) of
the Sanggok mine area.
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Figure 2. Geologic map of the Sanggok mine area (modified after Kim et al., 1967). The area in box is the same as in Figure 3.
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el7) gt de AFAHe) dAFe} #8 55 600
m Aol AFEZ daEn, Y A YA FHNE B
Aok FMF ARG ofv] Tkl G HIw
Aol (71 9, 1967), T4F-9| spadFe of A7l A
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o2 1cm ZE2] A7

1

dolot.

B AEEY HIUEE BYeE 3 drudgde
24 §F37= AY(chimney)?] FEE o]Ett. FAle NSOW
ZFgo] 80°SWE AFAL3ttl. = FollM = aik(gossan) o 2 2F&
sm Adotdd, WA, 54, AFAEA, fFulEY,
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EgAe w5l mite] FE2 Jelde s7eEnAE
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olw, £ (plunge)t= S30~55°'We] &3t A9 F2df 7}
W AAME et FAFER2E A, Holdd, a4y,
AFEA Fo| FutEth o|F HoldAa} WA Mg
FHRANA ENE FABH, stoH TN RElE A B
th AHotdAo] ghape] ok #A 9 EHE Au=0.0-51g/t,
Ag=tr-60.8 g/t, Pb=tr-38.2%, Zn=tr-13.6% ©]t}.

AEFAE dWAFAAEFTAY 1988EE EEAAD
EAE o]FUE AlFsld A& Zolth. o] BAE M3
sete) HE2EE wel dad AewA A, HopdH,
WA fujEAe] FurE W, oF 6.6 met 1.1 me] S1E S 7
=t} o] 59 E9 ¥ Au-tr, Ag=127-191 g/t, Pb=4.05-5.63
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"able 1. Sample description in the study area

No. descriptions

SG-1 subsurface soils of tailing dam

$G-2 subsurface soils of tailing dam

$G-3 subsurface soils of tailing dam

SG-4 subsurface soils of tailing dam

§G-5 stream sediments of confluent drainage
SG-6 stream sediments of confluent drainage
SG-7 stream sediments of confluent drainage
SG-8 stream sediments of confluent drainage
SG-9 stream sediments of non-mining drainage
SG-10  host carbonate rock near the main adit

(e

.

Sangweongokri

AN

Tigure 3. Sampling locations of soils, sediments and carbonate
rock from the Sanggok mine area. Sample numbers are
the same as those in Table 1.
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Figure 4. X-ray diffraction pattern of representative soils and sed-
iments of the Sanggok mine area. mi=mica (muscovite
and/or biotite), g=quartz, c=calcite, mg=magnesite, ch=
chlorite, d=dolomite, s=smectite group minerals.



o A BoFe] THREL A, WA, B2ololE, o 1ula}
o= B vize] £2oh RUA Solu, SAEHEL Ay, 1
A, 2, 5443} AuElo] E (smectite) 7+2] HEZE o] 4t
24t olg 2T Aol me TABES) FPE ha
o7k Yo, RE ARolA Ag FUT BEZHE 2
22 ®Hoh gy FE5 eddez A&
AEHA &

=

rlr

frosy
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4g\- OE'\__

FHE W ERAUL

o] ATolM= AlE
Puojor Aol Bk, 7|l

Z5o) ma} Bk, wBake) 2
Vot o) 47lX 2 ARelw, 247 &
45} HFXE TEhh(Table 2). 7]Mebe A9E FHRAL
o] FaH(wek)T TAWEE TheR} 2ol, Al=2.23-7.27, Fe-
3.42-24.70, Mn=0.08-499, Mg=0.54-3.00, Ca=0.61-14.03,
Na=0.02-0.60, K=0.69-2.71, Ti=0.03-0.28, P=0.03-0.13¢|t}.

ol Ale) starol wal W ARe AES A (Figure 5),

Table 2. Contents of selected major elements (wt.%) in soils and
sediments from the Sanggok mine area

o] 03]

Ale] gaFo] Z7}5kel whel Mg, Ca, Na, Ti, P& 4] Aas
AE o Ale] gFustst Fe gl Mn2 79| #AE 71X
b, K 528 43¢ 24 25 @9 Al Ca 2 Nao) 33
< HAEAM W2y 53, 9_"*5‘ EgellM 53] s}, Fest
Mng SHEdA o odd EYelA ofF &3, Kot
Mgt b} 2po]7} girt.

S EFUa9 242 Table 33} 22t} o} & Alg ﬂ%*ﬂr o5
JEFYLY FBBAR EAE] B A3}, A ZE
& Al9] o] FytE] whEl wlokgt FAAES
(Figure 5). 95 AlgolAE o5 Axe] To] 4
AHHoz BFAslH, 3 LREEdA BFRAS
ot 22y S ERY4(La, Ce, Nd 3 Lu)Ee] tii-Ee
d EFABAA A AEHE APl At

o2t U EMUL

o] AFolA BAE ARES VUL FHFE Table 49} 2

Table 3. Contents of selected rare earth elements (ppm) in soils
and sediments from the Sanggok mine area

No. Al Fe Mn Mg Ca Na K Ti P No. La Ce Nd Sm Eu Tb Yb Lu
SG-1 585 1400 499 1.03 3.84 003 271 0.08 0.03 SG-1 30 37 14 31 0.8 0.5 15 024
SG-2 282 1620 436 074 442 002 118 0.03 0.03 $G-2 26 32 12 28 06 05 1.1 021
SG-3 223 2470 395 054 0.61 0.09 069 0.03 0.03 SG-3 31 40 9 34 0.9 0.5 23 063
SG4 249 1940 343 101 324 017 074 0.03 0.04 S$G-4 28 44 18 35 08 0.5 1.8 047
mean 3.35 18.58 4.18 083 3.03 0.08 1.33 0.04 0.04 mean 29 38 11 32 08 05 17  0.39
$SG-5 727 560 054 3.00 541 028 222 028 0.07 SG-5 58 80 40 7.5 1.7 1.1 37 067
SG-6 500 384 030 1.67 1081 036 121 022 0.11 S$G-6 47 62 36 52 1.1 08 24 042
SG-7 493 300 019 167 14.03 0.32 116 022 013 SG-7 42 58 29 47 10 05 23 042
SG-8 6.35 403 018 183 413 047 179 021 0.07 SG-8 59 79 48 6.6 14 1.0 27 057
mean 589 412 030 2.04 860 036 160 0.23 0.10 mean 52 70 38 6.0 1.3 09 28 052
SG9 592 342 008 131 392 060 124 021 0.07 SG-9 52 72 42 6.1 14 1.2 30 055
SG-10 0.43 029 0.01 9.09 19.84 0.03 0.32 0.01 0.01 SG-10 6 8 5 07 02 05 04 0.06
Sample numbers are equivalent as Table 1. Sample numbers are equivalent as Table 1.
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Figure 5. Selected scatter plots of major (wt.%) and rare earth elements (ppm) against Al in soils and sediments of the Sanggok mine area.

black circles=subsurface soils, black triangles=sediments of confluent drainage and white triangles=sediments of non-mining

drainage.
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Table 4. Contents of selected trace elements (ppm) in soils and sediments from the Sanggok mine area

No. Ag As Ba Cd Co Cr Cu Ni Pb Rb Sb Sc Sr Th \% Y Zn
65G-1 7 910 200 11 3 64 291 3 1479 200 7 7 83 10 24 13 2437
5G-2 13 2000 100 10 4 41 292 6 1827 86 11 4 81 6 14 8 2644
5G-3 13 3400 260 5 5 27 150 8 1716 4 22 5 27 5 10 20 2132
5G-4 8 2800 100 3 8 22 92 6 466 47 15 5 47 6 10 14 1712
mean 10 2278 165 7 5 39 206 6 1372 94 14 5 60 7 58 14 2231
5G-5 2 290 360 1 15 69 50 33 352 130 3 15 96 18 82 32 681
5G-6 1 130 320 1 12 51 36 20 65 80 1 10 150 12 58 19 226
5G-7 1 84 330 1 10 54 35 20 52 79 1 10 181 11 55 19 202
5G-8 1 80 280 1 14 64 36 27 116 110 1 12 63 15 65 23 195
mean 1 146 323 1 13 60 39 25 146 100 2 12 123 14 65 23 326
5G-9 <1 29 290 <1 13 59 35 28 50 90 1 12 62 12 64 25 112
5G-10 <1 1 <50 <1 1 88 4 2 7 8 <1 1 50 1 6 4 5

ample numbers are equivalent as Table 1.

4. Aozt 4
25 (Goyer and Mehlman, 1977; Thornton, 1983; Davies and
3allinger, 1990)9] & (ppm) & Ag=1-13, As=29-3400,
Cd=1-11, Cu=35-292, Pb=50-1827, Sb=1-22 4 Zn=112-2644
A We ZANAES 2Tk Mo, U B Wel e 2gd
Al(1 ppm) wlRke] Aol - o]l o}, FArAle B2 Eol
M= 24z U=1-2, W=1-6 ppm A =7} A&F A}
3+H Ba(100-360), Co(3-15), Cr(22-69), Ni(3-33), Rb(44-
0), Sc(4-15), Sr(27-181), Th(5-18), V(10-82) 2 Y(8-32)%
Nl A 24 (ppm)9) WalEo] At} 124 Be, Bi, Br, Hg,
r'R Tas BE ARAA HETA vetolot. vl g4
Fe Al 7|02 WA S HES B, AlY] ko] F
hgtol e} B Z7heke Aeke 2 24t g e Al
7}t wpet Ag, As, Cd, Cu, Pb, Sb & Zn9] 2 743
78] selate).
ol& FAlol whe} vhro] BW, FulopH g Ecke] P

fppm)< Ag=10, As=2278, Cd=7, Cu=206, Pb=1372, Sb=14

= x 3 [e] ]
=3 B4R & 54S 2T Ax

=)
g

20
==,

3}
i

1O, 7 =
=
R

nr olN

2500 210

1250 120

1500 2300

750 1200

100 +
1 2 3 4 1 2 4 1 3 4
Figure 6. Histograms of environmental toxic element concentr-
ations (ppm) in soils and sediments of the Sanggok
mine area. l1=subsurface soils, 2=sediments of confluent
drainage, 3=sediments of non-mining drainage, 4=mean
value of tolerable level in EPA (Kabata-Pendias and Pen-
dias, 1984).
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9l Zn=2231224] n]= EPA(U.S. Environmental Protection
Agency)?] E%o] SA]EF 7]F(Baudo and Muntau, 1990)S
SN A 2RHE ofF B ke 2 vBY
A HAEY Fage Ag=<l, As=29, Cd=<1, Cu=35, Pb=
50, Sb=1, Zn=112 ppmo| 1, Y27} &Fal= FANME Ag=
1, As=146, Cd=1, Cu=39, Pb=146, Sb=2, Zn=259 ppmZ t}
Al 433 wobRrH(Figure 6). meba o] A o] FAEF S F
37 9 X]:rlﬂﬂx* Heddog Zaee AAgke ZolH,

ENALEL Q02 RE HR & km 3HE7HA] G3ES 1)
& Ao) odE th(Figure 7).
n

B4t AS

FE% 4258 ANH o2 A3 54 23 9lo] AHA
o] 2de B S 7|3 o) AT Fale FAHA
71Z=]e] wa) =93h= AE L), EYxe x| 1glsk
7 oL AAY AAA RS xS rFor aiEE
AL FL Wyole} Aardt). o] Ao E EA YA A&
388 As, Cd, Cu, Pb, Sb & Znol| @3}, AFX S v|Fak

A HRED 7)o 24 2 TAH dH A LS
Al 2 ALt st

A7Ae] vkt a v FAbeA e HA B EiE Qe
Ase] 31 E 29 ppm)S Yot T} FAEAY EHET}
FulopA Feo] Eokel| FFHo UE Ase] HF FH2(146 ¢
2278 ppm)2 Rose et al(1979), Levinson(1974) 2 Kabata-
Pendias and Pendias(1984)7} AA|3 EY 2 E|HE9] $7 0
¥ 38 AR B} 453 Erh. 53] Frjopx o] E%“ﬂ—
7)9kebell Hlate] F3z 20000] o} te] Aso] F3F o] 9l H|F
At Ae BHgrd 78u)7t B =S ok i‘ﬁ—ﬂﬂ«] HAE
ol & Bl e dA EAE vgte] P suje] Asyt HH =
Qo o]52 Cust FYH AF5EAE 2=th(Figure 8).

o] AFelAl £A4€ 7wet 2 vlstsA EHHEe Cd ¥
Fe 2% AETA (<] ppm) wiRko| U} FAalAle] HAHE
di= 1ppm¢ Cd7} ZAE=HUoY, Fujokrad EYAe
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TH(Figure 8).

ESFe] Ha Pb 32 17 ppm o] HRose et al., 1979),
HAEe 87409 7]FXE 40 ppmo]th(Anon, 1977). AT
A 71gete] I FHFE 7 ppmolt, FAkrA 52 8] H)
FFe ZIwketell wldte] 5067} 21, vlEAEA Y] HEER
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v 37 A 2R Ja 276 ) Porl 3] gle], Aut

Moz ge ol4AE v,
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(Anon, 1977), 4749 715kee) HEYFE 50 ppmolt}.
A7 BHEIAE Tleke) GFur BF 65u) ol4ke] Zn
o ¥UE A% glom, vigasilel Bz vt A 3v) ol
4w PE AT BelokAY BN B} v
A H2ge BF Gl vlshe] 6.89 2L 208 FEe] Zno] 5
CEERICS

AR Hitse] Mol Aulso] AT, Buopd
FE BT BYAEF 74 29 SUSE Ju
Fol PUHRAL R(AE, B © H0) oA, B $2)o)
43 9184 53] kb mak BAFANNE Huy =
£ Y YAEEe) Basn, A&se wEHately 3

16



AR, AT

14 10000
[ [ As
1000 .
7 e [ ] A
100
A
o T L Al 101 S T 1
12 10000
Cd g Pb
1000 * o
6 A
¢ 100
™
07 L] T Ll 10"7 A T )
10000
22 Sb ® Zn
* 000 ¢ ¢ ¢
1 Y 1 N
™
A
0 L LS 1 100# A L} 1
30 120 210 300 30 120 210 300
Cu Cu

Figure 8. Selected scatter plots of environmental toxic elements
against Cu (ppm) in soils and sediments of the Sang-
gok mine area. black circles=subsurface soils, black tri-
angles=sediments of confluent drainage and white trian-
gles=sediments of non-mining drainage.

g sbstel ot YA FgE Tol FAHD. o=
Fe, Mn, Al9] 82, #4182 2 INFEE T2 vhake]
22 9131 o]EAlZ <4 ltH(Nordstrom,
1982; Nordstrom and Ball, 1986; Bigham et al., 1996). u}=}
A o) BAsh SR 2 ARt BIAE A5 A7

7} Q1ojof & Fol}.

=240 T AT
FEH5e T2

S8l 9 x5

TE45 294

AE, o, R A
747} o] Foj Ao} gt 17
ALo2A @AFdae] Fao] vl yrol, He
AT E A& RFHEE HFA ¥t
webx ARG vlFat FA EAE sdEAE
E ZIEUoE P EGH HAE ZE ol #s5td
B3l A4 (enrichment factor; EFYE T3t B3x|4¢
‘enrichement index; EI)= A (B @i g7 9%
g (Nimick and Moore, 1991)2.2 2 & AR 9] BIAFE
Fdx, vFdL, BHAFHLL, AEFALRE i A
BHEAZ T3 cHTable 5). uhzha] 1 o}d<) 39+ F3i=l

245

17

Al EX3e BEYH sMEAES] FF& o4

Table 5. The pH and EC (uS/cm) of water and enrichment in-
dex of soils and sediments normalized by composition of sediment
from non-mining drainage at the Sanggok mine area

No. pH EC  major REE minor toxic  toxic*
8G-1 733 1337 803 048 925 1817 1273
SG-2 596 1218 7.00 041 1523 2641 2259
SG-3 662 2050 654 061 1976 33.65 33.64
SG-4 642 1399 580 057 1369 2363 2588
mean 658 1501 684 052 1448 2547 2371
SG-5 782 1518 199 112 290 476  3.62
SG-6 805 337 155 081 161 1.80 147
SG-7 826 353 147 072 135 1.46 1.16
SG-8 843 317 124 103 146 le4 112
mean  8.14 631 154 092 1383 242 1.84
§G-9 834 267 100 100 100 100 0.53

*Normalized by EPA value (Kabata-Pendias and Pendias, 1984).
Sample numbers are equivalent as Table 1.
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AR A9 S EHRERN EFY FLoM = b
7l § & &} v]8te] Fe, Mn, Mg ¥ Caro] §-3}50] gl1,
5] Feol Mn2 EolA] 333] 235} sith(Figure 9). o]
AT OEYL L ATLAS N L FFAE TR HE
& A8 E AT B A I B 202 FFIT
FTU4Y R FASA EAHE=154, FujopHa E4=
6.842X E£& oA E ZHETH(Table 5). 7)o x 289 A
T2 393 4 9le 24 E Feol Mnoly, E & B9 n)dlg &
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Figure 9. Diagrams showing enrichment factor of major and rare
earth elements in soils and sediments normalizing by
composition of non-mining sediment near the Sanggok
mine area. black circles=subsurface soils, black triangles=
sediments of confluent drainage and white triangles=
sediments of non-mining drainage.
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Figure 10. Diagram showing enrichment factor of minor elements
in soils and sediments normalizing by composition of
non-mining sediment near the Sanggok mine area.
black circles=subsurface soils, black triangles=sediments
of confluent drainage and white iriangles=sediments
of non-mining drainage.
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and sediments of the Sanggok mine area. Sample

numbers are equivalent as Table 1 and Figure 1.
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w7} A Eow gRie] HES dxte] A AL

2 w8A i 4asHol A FEshsle] YUrk(Figure 13B)
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Figure 12. Selected scatter plots of As, Cu, Pb and Zn (ppm) against pH and EC in soils and sediments of Sanggok mine area. black
circles=subsurface soils, black triangles=sediments of confluent drainage and white triangles=sediments of non-mining drainage.

Microphotographs of ore minerals from soils and sed-
iments of the Sanggok mine area. A=pyrite (py), B=
gocethite (goc), C=sphalerite (sl), D=arsenopyrite (asp),
coexisting galena (gn) and sphalerite assemblage, E=
coexistng sphalerite and galena. Bar scales are 100 m.
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