Journal of the Korean Society of Groundwater Environment, Vol. 4, No. 1, pp. 20~26, March, 1997

RN Eoke] FIEYTF B4 F7}

Evaluation of Analytical Results of Heavy Metal Concentrations
in Soils from the Dalsung Mine Area, Korea

7173 %-(Kyoung — Woong Kim)*

2 o HdgEo] FuAY 2kFel FIEWA vl E G 24T detel T 24 TF
A AR FHLZ AR 24T Soisto] EES} AEXNEE A Ede) 20I4EE =
Ashe ASOE o2 SR ¥ as FUESRRII ] FAHE Tk fzhel 01N A4,
A4 QLT SEE ol Eolo] EFRAS AW FUE FulY ¥ YAFLEHYLE Cd, Cu, Pbs}
Zng AU B8 B S350 EAREES shokelr] Sele] A4F2 S FUS 4Tl
A4 ol §8 Bl oJoinl 24P Fulxd o) Eodol] 23 28 ug/g Cd, 5000 pg/g Cu, 2390 g/
g Pbe} 930 pg/g Zno| ZAlsH o0, 3 S8HAX ZRE AEIo1N EE9} AEe) 2dAFA BAEA
2 o184 e AER B Yehgeh 22 S0 $Resd THAYUAY 01N A4S ol gt A
t EdUR ARG Yo EdedsRsIERe YAl eh) Tl R AF % Bl e A
7} Ae g ARolch A&F2Y A% EFU  Cu, Posh Znd e AA-HALA U FFE o §3 £A
Astol] oo Ao v, o] Y Z EANGHE FS 0.1 N 3 4He o] 88 Aoz ekl & ghek.

Abstract : This paper examines the influences of mining activities on the concentratons of heavy metals in
soils in the vicinity of the Dalsung Cu-W mine, Korea. Geochemical surveys were undertaken in the Dalsung
mine area and sampling of surface and subsurface soils was carried out. Samples were prepared using 0.1 N
HCIl, HNO,;-HCIO, and aqua regia, and analyzed for Cd, Cu, Pb and Zn by Atomic Absorption Spectrometry.
In addition, soil samples were sequentially extracted to investigate the chemical speciation of heavy metals in
soils. Heavy metals are highly contaminated in soils in the vicinity of mining area ranging up to 28 ug/g Cd,
5000 pug/g Cu, 2390 ng/g Pb and 930 ug/g Zn by the method using HNO;-HCIO,. The pollution indices
calculated with the permissible levels are up to 49 in surface and subsurface soils, which are considered
sufficient to raise environmental problems. However, the heavy metal levels by the method using 0.1 N HCI
are not higher than Korean standard for soil contamination. It suggests that analytical methods and soil
standard should be re-examined. From the results of the sequential extraction methods for metal speciation,
total Cu, Pb and Zn concentrations may be determined by analytical methods using HNO;-HClO, or aqua
regia, and exchangeable phase of those metals by the method using 0.1 N HCL
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Figure 2. Flow chart of whole experimental procedure.
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Figure 1. Sampling locations in 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 mon-
zonite, 7. Felsites, LT 0 : Lower Tunnel 0 area, LT 1 : Lower Tunne! 1 area, LT 2 : Lower Tunnel 2 area, LT 3 : Lower Tun-
nel 3 area, LT 4 : Lower Tunnel 4 area, C : Control area.
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Figure 3. Heavy metal concentrations in soils by sequential extraction method in the Dalsung mine area [T: top soil & S: subsurface soil]
(Exchangeable metal concentrations are given in pg,/g on top of each column).
M: Residual, §: Oxidizable, B: Reducible, [J: Exchangeable
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Table 1. Concentrations of Cd, Cu, Pb and Zn in soils attacked by 0.1 N HCl, HNO;-HCIO, and aqua regia

Sample 0.1 N HCI (ug/g) HNO;-HCIO, (ug/g) Aqua Regia (ug/g)
1L.D. Cd Cu Pb Zn Cd Cu Pb Zn Cd Cu Pb Zn
T*0-1 0.39 95 48 31 95 5000 2390 930 10 5050 2785 965
T*0-2 1.10 57 4.5 6.3 3.6 2750 957 234 - - -
S$**0-2 0.32 40 2.5 4.8 2.0 1340 2410 110 - - - -
T*0-3 0.20 132 11 16 29 1810 1010 313 2.8 1850 1145 311
$**0-3 0.18 94 7.0 13 3.1 1870 2920 124 25 1920 3195 140
T*0-4 0.05 43 21 6.1 28 776 801 173 2.2 775 785 132
$**0-4 0.07 40 27 5.7 2.0 956 1140 105 3.0 920 1200 82
T*0-6 0.50 43 19 4.9 4.3 1230 785 272 - - -
$**0-6 0.14 55 14 4.8 2.8 880 821 237 - - - -
T*1-2 12.0 84 47 105 12 496 61 333 16 535 44 336
S**1-2 9.25 134 4.1 118 16 868 61 371 17 875 42 450
T* : top soil, $** : subsurface soil
(a) Surface soil {b) Subsurface soit
128'39'S0"E 128°40'S0"E 128°39'50"E 128°40°'S0"E
3574730°N 35°4730°'N
N
w ¢> |
s
Sangwon-Dong Sangwon-Dong
0 0
e ————]
35"46'00"N 35%46'00"N
Pollution Index
— Stream : <05
. 0.51 ~ 1.00
LT Lower Tunnel
[ 1.01 ~ 5.00
C Control area ® > 5.01

Figure 4. Pollution index of soils in the Dalsung mine area.
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Table 3. Correlation coefficients between heavy metal con-
centrations in soils by sequental extraction method and
total analysis (Ex: exchangeable, Red: reducible, Ox: ox-
idizable & Res: residual)

(Davies, 1986), 2 13 EE Cdet Cu, Pb3te Alo)oll=
frelgh 49 AaEAE 2o 243N X9 8 FABE
EAHE A9 dago] EFL e Ul HASE HAST
Eg FES AEW Cuol Pb ko] Apololl = Fo% <ol A4t
BAZE EAste] &9 AE FFE2Y0| 2o JAHAS
£ Jepdth FEA G Bk de] Y1 FAtu 4o 2%
R 71gieke] Fako] o Ao FEE 4 glovi(Davies,
1983), & A q FEW9] o] AEW) FFET H& HoR
vl Ao gk 2 o] A Ao R ol4dE oz
E¢ol EAste 3459450 FAFETOE 25 44 of
THARE = Y= R EAshs ) FFo] 1 B
A3AE e FAEWNY dagHFE st 6oL 88 FRro}
€= 9lti(ohn er al., 1972). Davidson et al.(1994)°] A A3+ A
EFEHE o83t Al EYF Cd, Cu, Pb, Zne] &Y
He olzidt Aoz EFede] Uik Hids d& A
oltt. A¥ZA] NFAHE UehlE 35&(Recovery)2 Cu,
Pb, Zn¢] A% A 91%, 91%, 101%<] %58 A7} veb
21} Cde] AS ZAHFAR A3 AATFRG = SAF]

Table 2. Correlation coefficients between log transformed Cd,
Cu, Pb and Zn concentrations in soils

(a) Surface soil (Number of samples = 17)

Cd Cu Pb Zn
Zn 0.37 0.04 0.53 1.00
Pb 0.50* 0.61* 1.00
Cu 0.51* 1.00
Cd 1.00

(b) Subsurface soil (Number of samples = 17)

Cd Cu Pb Zn
Zn 0.09 -0.26 0.08 1.00
Pb -0.04 0.63* 1.00
Cu 0.30 1.00
Cd 1.00

*Significant at P = 0.05, **Significant at P = 0.01

24

(a) Cadmium (Number of samples = 7)

Aqua Regia HNO,+HCIO, 0.1 N HCl
Ex 0.91** 027 0.96**
Ex+Red 0.93** 0.27 0.97**
Ex+Red+Ox 0.95%* 0.28 0.95**
Ex+Red+Ox+Res 0.99** 0.28 0.90**
0.1 N HCl 0.89** 0.23 1.00
HNO;+HClO, 0.22 1.00
Aqua Regia 1.00

(b) Copper (Number of samples = 7)

Aqua Regia HNO;+HCIO, 0.1 N HCl
Ex 0.09 0.08 0.97**
Ex+Red 0.16 0.16 0.98%*
Ex+Red+Ox 0.88** 0.87* 0.62
Ex+Red+Ox+Res 1.00** 0.99** 0.25
0.1 N HCl 0.22 021 1.00
HNO;+HCIO, 1.00 1.00
Aqua Regia 1.00

(c¢) Lead (Number of samples = 7)

Aqua Regia HNO;+HCIO, 0.1 N HCI
Ex 0.63 0.60 0.96**
Ex+Red 0.92** 0.92*+* 0.37
Ex+Red+Ox 0.93** 0.92** 0.38
Ex+Red+Ox+Res 1.00** 1.00** 0.48
0.1 N HCl 0.48 0.45 1.00
HNO;+HCIO, 1.00 1.00
Aqua Regia 1.00

(d) Zinc (Number of samples = 7)

Aqua Regia HNO,+HCIO, 0.1 N HCI
Ex 0.21 0.12 0.99**
Ex+Red 0.30 0.22 0.99**
Ex+Red+Ox 0.88** 0.83* 0.65
Ex+Red+Ox+Res 1.00** 0.99** 0.24
0.1 N HCl 0.28 021 1.00
HNO;+HCIO, 0.99** 1.00
Aqua Regia 1.00

*Significant at P = 0.05, **Significant at P = 0.01
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Figure
Red: reducible, Ox: oxidizable & Res: residual).
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5. Relationshiops between heavy metal concentrations in soils by sequential extraction method and total analysis (Ex: exchangeable,
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