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Cadmium, Cu, Pb and Zn Contamination of Stream Sediments and
Waters in a Stream Around the Dalsung Cu-W Mine, Korea

Myung Chae Jung*

ABSTRACT : In order to investigate the extent and degree of Cd, Cu, Pb and Zn contamination affected by
mining activities of the Dalsung Cu-W mine, sampling of stream sediments and waters has been un-
dertaken up to 1.5 km downstream from the mine at 50~150 meter intervals. Analysis of the samples was
carried out using ICP-AES for Cd, Cu, Pb and Zn. Physical and chemical properties of sediments (pH, or-
ganic matter contents, cation exchange capacity) and waters (pH, Eh and temperature) were also measur-
ed. The properties of the sediment samples were characterized by low pH (3.0~5.5), low organic matter
contents (2~5%) and a moderate degree of cation exchange capacity (7~15 meq/100 g) with a high pro-
portion of sand fraction. The pH values of water samples ranged from 3.0 to 5.0 and the Eh levels were
in the range of 350~530 mV. Concentrations of Cd, Cu, Pb and Zn in the sediments averaged 3.2 mg/kg,
1,390 mg/kg, 451 mg/kg and 262 mg/kg with the range of 0.6~11.4 mg/kg, 15~3,800 mg/kg, 14~1,330 mg/
kg and 63~1,060 mg/kg, respectively. Significant levels of the heavy metals were also found in the water
samples with the range of 10~170 pgCd/l, 300~41,600 ugCu/l, 10~80 ugPb/! and 700~15,400 pgZn/I.
These elevated concentrations in the sediments and waters may be caused by the weathering of mine
waste materials and their high solubilities under acidic and/or oxidizing conditions. Although metal con-
centrations in the samples decrease with the distance from the mine, heavy metal contamination of sed-
iments and waters were also found at the 1.5 km downstream due to the mobile conditions of the heavy
metals, with particular reference to Cd and Zn in stream waters.
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Fig. 1. Geological map of the Dalsung Cu-W mine area.

Boult et al., 1994). Nriagu, Pacyna (1988)& 1983d-&
NEog 19 AR BEE FEEEFTAAN Fg
Fo] Ao 2% Zlo] Cde 100~300%, Cue 100~
9,000%, Pbt 250~2,500%, Zn 20~6,000% Fx==2 A
A el 1~5%0] Zdla ivka RasigHch

PAEF At FEE] FALH UEd At =
9)ollA] gaalA YT FA A7 FHE
HE 2 A5 FFELE A AEAY 25y
FAb A 2 SEEAES] 345 29 (Cheong,
Thornton, 1994). AE A-old-FH A J4t 74 HEE
HEAM e $34 2F A7 (28, AR, 1993), A
oo} Pb-Zn-Fe 34t AXx Cu-Fe F4t F3 E9, s
HAE 2 s 3345 29 (A8A 5, 1995), A&
Cu-Pb-Zn 34t A0 FFEALEY B 2 EA
gepo} FHAA (B3, 1EH, 1995) Fo] AUt =
AFYIAEN G4 Cu-W it T A9 $3E L
g A7E o)A 5 (1989)°] &) 8 vl lon, J
ol o)X Hel| gk FaPEAAA AX] et A AT
(N33R DA, 1995)71 o] FolA Tt FeoA =
EEAEY FFHedd Ut FFAJ Em
(Warren, 1981), 99 A 2ol gt 23 (Bryan,
Langston, 1992)7} & ¥ 5 on, Fite] BHH J= &

5 Wales A9 (Fuge e al., 1989)3 Cornwall A
(Aston, Thornton, 1977)¢] P38 A 83 AAFe] o
AT So] o]FojHen, Fergusson (1990)3% Jung
(1995)2 18t da] Il 2A1E AAE Fiedd
IR =

o] Al E 24 Cu-W e ddoz sPIEF
29 AAFE AFsi 0|59 Ei, 3Eta ML 4
Alsle] 3aggo] 23 Cd, Cu, Pb 2 Zn 59 3%
293 =S adsly oY LAEAEC] FAE 53
olF Fitsle ¥ElE XARtuAl sttt olEd A7
A Fulol A e F4 T dF3RGelA &
AH e e 34 odd 3 LAEAT YL &
Hal7) A3 N2ARE 42 F Uk

HTFXIH| X|&

FH Loz FFdA ST M AdEel
AAshe B4 Cu-W 34t (59 35°47 317, 57 128°
38 08")2 193410 BAIE 9} 1938 A% B4Vt T,
&, % Aoz F3E SEINY (53WF Al
166443, <3219 291) /MEg A2 2 19549
aEA BG4l BYAL A5 o|F 19753 KBS



24 Cu-W 34 39

T T T T T
0 200 400 600 800 1000 1200 1400

e STREA
S ] MINE
F DUMP
| s | AREn /(@)
=R MINE
RESIDENTIAL

AREA

1 T T T T T T
0 200 400 600 800 1000 1200 1400

8
= |
S : sediment samples only
§ 4 W : sediment and water samples
2 g v
s W W 588
w s
8- W s¥w

awwv

T T T T U T T
0 200 400 600 800 1000 1200 1400

METERS

Fig. 2. Topography, site description and locations of
sediment and water samples taken in the study area.
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Fig. 3. Scatter diagrams for the physical and chemical properties of sediment and water samples taken in the
study area.
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Table 1. Physical and chemical properties of stream sediments and waters in the vicinity of the Dalsung Cu-W

mine.

N Mean Median Range Std. 25% 75%

Stream sediments
pH 31 41 4.0 3.0~6.7 0.7 3.7 4.2
LOI(%) 31 3.7 3.8 1.9~6.9 0.9 31 4.1
CEC(meq/100 g) 31 11.8 12.0 6.9~16.0 2.1 10.0 13.0
Stream waters
pH 17 38 3.8 3.2~5.5 0.5 3.7 3.9
Eh(mV) 17 451 455 354~527 41 430 467
Temp.(°C) 17 22 23 13~28 3 20 24
N=numbers of sample
Mean=arithmetic mean value
Std.=standard deviation
25%=a quarter in ascending order of all the data measured
75%=three-quarters in ascending order of all the data measured
LOI=loss-on-ignition
CEC=cation exchange capacity
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24718 ol48le] 47} 180 um ol HES vl @ ANl FuISo] o F, B Aoz B A
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Hotd LS FeiS Sgtzn 4x BE 2%
2715 o] &3l 24 Cd, Cu, Pb 2 Zn 32S 233

g m\m

Ao
T Oz
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A= 5 (1989)¢] 243 pHak (3.41)7 %A}ékc}
At o 2 SPIEH B AVIESHES R0 =¥
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Table 2. Concentrations of Cd, Cu, Pb and Zn in stream sediments and waters in the vicinity of the Dalsung Cu-W

mine.

N Mean Median Range Std. 25% 75%
Stream sediments (mg/kg, dry weight)
Cadmium 31 3.2 2.6 0.6~11.4 2.1 2.0 4.0
Copper 31 1,390 1,250 15~3,800 886 960 1,580
Lead 31 451 420 14~1,330 258 359 539
Zinc 31 262 203 63~1,060 196 170 234
Stream waters (ug/l)
Cadmium 17 60 50 10~170 40 40 70
Copper 17 12,700 10,800  300~41,600 10,200 6,700 15,500
Lead 17 40 30 10~80 20 20 50
Zinc 17 4,890 3,900 700~15,400 3,590 2,550 5,600

See Table 1 for explanation of abbreviation

meq/100 g A =2 FH ATt (Table 1). o]21& AF=
ol A Hef HMrluA] HH 3 FFEYF (0~15 cmil =)
9] ol2udesE g 243 Jung (1995)9] 23} (-
11.5meq/100 g, ¥ 3~18 meq/100 )9+ FAKE A
2 Ko} FAAsle] sMEAEL Bt A o] ahte
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AleAF Gl A SHE AAF AEES]
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HAAEn & At zpd59) pHE 3.0~4.022 Yozt
(Fig. 3). ol 3VEEAE A} dX3}0 2859
Fgoz waHn), vlad gt 21 Fito ZRE
400718l 8H+-& A 249 pHE M2 7FHA tha
Z7FIA T 1.5 km A HAME A3 2 45 A%
o] pH#E B oA He A7} FAke] HMtiu]d ¢
8 dake A% wa dSES BAFET o8d A of
A= 5 (1989)9] A Ao} UX|3hct,

A#3 AAAF) Ehghe B 451 mVels], FAGE

oA iAoz W (350~400 mV), HA GRS At
F 3343 78l o) F (1989)°] £33 510 mV
o} FARRE 450~500 mVE Holtz} Azl wheh ghag

o} (Fig. 3). Q4] L5 Bk A 28 A5
(13°0)8 A& AZEBNA 21~28CE EAHHYLH
ol AlZANF AI7IQ) AEe U7k dFE w2 %
3ot

AT AAS A 8ES] 3 (S) FFS =AIS A2
B3 (Fig. 3), NS YR & AIRE (289
SEZ AR)E AuFH oz Fe a3 (70~100 pg/l)

S Holy wha BAe] AT FW (13 Q8 1Y)
3} H A 9] FEkE Wk 4000 E SEolA &2 (300~700
ug/l) FFE Holo 3R ZA5E 1 ol M ga
3 gtk o]g Ak AEd viel Zo] HAjrnd
A DA E gelEo] e Al ¢S WX YLS
s Fut.

SIMEINEN X2 &

8

LE9] gle AFdM AHT HIEHEY FFF
FFe Aol wet thad zpelw YA 1FQL Had
ATNEL £ 29 0.1~0.5meCd/kg® Cd, 10~70
mgCu/kg®} Cu, 10~50 mgPb/kg?l Pb 2 50~100
mgZn/kg?] Zn< 33 3loH, eFER ¥ A
Fol e 0.01~0.50 peCd/l, 1.0~10 pgCu/l, 0.1~5.0
ngPb/l 2 1.0~20 ugZn/l Ax=7F d¥rdeltt (Jung,
1995). Z12fut theket od el ool d3e w2 st
gt A= ol gt AFAu A ghell wE] FAJoA] Sullnl
olde] Fadol Fasol slon, 53 FIAH, FAit
2 AL o] It Q9] FANA AT HA
Ao M ] o) FaEEol AEHn Utk
(Aston, Thornton, 1977; Fergusson, 1990).
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Fig. 4. Classified diagrams for Cd, Cu, Pb and Zn concentrations in sediments and waters sampled in the study area.

(A) Cadmium, (B) Copper, (C) Lead and (D) Zinc.
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Cadmium

FAAN S BHEA] &L ARE (299 o822 4
)9 SHIEAEL 1 mg/kg e, A= 10 ug/l 3
o] CdE Fsta glom, Bike) A% T (239
LEZE M)A AH T B A B A FFoAE v)
BA & CdFFE Bk 1283 FAHNYu|E £
g A (g F3F RE)L Blud durd AAs
o] 31 glo] o]XolA Hue) Cd FFe vehlz glo
o, AL e H 1 170 pg/IZ F43tn ok o] 1S
A Azl wpe} Cdel ko] Zagm glen, o)
& HAEH e DS A BEA 2 Ughva Ytk ®

@ SEAZY ool Ha Adsels Cal FFol
¥ AL W2 pHl gt g8l Zolo e Ao
2 Aok

Copper

o4 1,000 mg/kg ©14¢9] Cug hatm U} x| 73het
2 g7 oA Cus Cdo} Znoll H]&) &) =7} @Ak A
Aol Me AdTe] CustdFo] w$- L8 (>6,000
ng/h) ol %32 Ea guu F oddoz PAknA
A &2€ o AU, 3] 251Ed| 9§ A4
7o) dgks F Ao g Aud 4 9ok

Lead

Bke] A3 Ar e EHBAE AgA
22 A& Pb (10~400 mg/kg)7} ASH YA T F4b
HAEe ¢} o] 5 sPto & ¥4 E& Pb (400~1,000
mg/kg) & RSt Qi 53] FAbelA] 400mE st
A AFHE A5AME 1,330 mg/kgd] Pb7t AEHQ
o} w3t bl A "ol WA 1 gtke] st A
< Rl B 7} A A 500 mg/kg ©14e] PbE 3
F& A Eo] el ol FAitHHo] o)F EAE A
2 wddnh Aol s AR o whah zjole 1R
g Ak FRHAME 50~80 pg/l, 1 8- A oM
10~50 pg/l =9 PhE gastn glon Azd wat
T A S Holm Ut} dubdo g Ph xid
7oA LB st olS- 27) mEo] ZAIXHo] Ao
=t & A8 A A e B8l CdF} Znol vl&l
AA ] Pb Fago] Hlwa vre AL voly Uk

Zinc

AAY HIH AR Zn) $% PEE e 945
FAFER), A3 Y (1,060 me/kg) Q4] ANT) 5
oA AEEAh. WBHNA ST} %7 BBl
HEHBANE AANAGR 50~100 mg/kgel H8)
108 B% gA% o) A5 ARSS AR
2l 1.0~20 pg/l BTk S o] 4] 2,000 ug/l o4 A%
Ak oleie A ATHRA Ago] fA1e ColA
= Felggr.

g B

A &L FAEE o) F HF" A Cu-W B =
He] Al tldt 34 04 A BAEAS 133
Ay g3 22 8L 99

1. 334 99 Al ¥e pH (3~5)9) %2 Ehgt
(350~530 mV)& zte 4 Azgd oz ik A 1.5
km EojZl s FAHAME o2 BAo] &3 9]
on, SMIEAEL B 4718 I 2~7%), ZNFE
9] Fol 2w s (7~16 meq/100 g)S 2tx v]w3 9
=7 & A FAH0 o, B3] Bake] Zgli
A 400m|E17LA] FatE M o] o)F, BAlE o] glu},

2. 3% Fe A A SFEH BN 24 T
< B 3.2mgCd/kg, 1,390 mgCu/kg, 451 mgPh/kgst
262 mgZn/kge 2 A on, FAHAL BiE 3
AellA 259 Fg40] A2HYT AAF A aEY F
% S H 60 ugCd/l, 12,700 ugCu/l, 40 ugCd/ish
4,890 pgZn/I 2 ZAIEIR on 4E R ET} o] H1
T2 FakellA 40078 slRe] ghutal AAb 2 HofA]
AA T A BolM BE2HA

3. ZAMY 33421 Cd, Cu, Ph, Zn9] Az EAM
= i fARIA o, FAE A E NS Auy] A §
HAEH AAFoME dhdoz de FFg Hol
W, HAHe]E g x| dolA 1 3ekse] F29]
7btn 1 o] ¥ FAollA HolAHA ZhasE B4
HE Bolx vk 23y 2 7)) XA A s
HE A RAA HwA gL o FaSo] HEHAL
, ol AXHu)e] Ralge] o]F BAMY Ao ww
ot AdS A5 B4 Fele HAER AR
Exsta glon, Agld nE Ziad4e] g4 o 98
A B2t

4. AT7A G F AU FabH Ao a5k Cudl
ola) AL e EAH B 2AArd e o1 Feko] 2

Zal}

W oo o fAr ox

n)
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24 Cu-W

o

A 39 59

WA gkel vlal g ol AEHU 2n daER
nEs BE, ZAR G5 o] A AN Sl
7} =1 o] %o] £o]d Cd# Zno] §3l=st F2 Phel
8] ApA el %ol sl o] AT

Al AL

o] =R & wgRo] FufE XY ol Y7 U
thal @ Imperial Collegeoll X &3 WAL =& AT
o] @2 ot A xs|F4 I Thorntonw 44 ZHAL=E]
v, A gAFd & F4 Agtidta FHRE AL T
stale] Aag wad REYPSAT Al FT
o] A aFFHAG A ALHFEALATAEAA
AR 2 HA QL ol FFHEHJFUTH
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