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Pollution Property of Heavy Metal in Goseong Cu Mine Area,
Kyungsangnam-do, Korea

Chul Hyun Jung', Hyun Ju Park?, 1l Hyun Chung? and Choon Ki Na?*

Domestic Mineral Development Team, Korea Resources Corporation
Department of Environmental Engineering, Mokpo National University

In order to evaluate the degree and extent of heavy metal pollution and the environmental impacts of abandoned
Cu mines in Goseong-gun, soils and paddies were collected from the mine area and have been analysed for heavy
metal contents. The heavy metal contents were much higher in mountain soils than in paddy soils. Total content of
heavy metals decreased in order of Cu>Zn>Pb>As>Cr>Cd in mountain soils whereas Zn>Pb>Cu>Cr>As>Cd in
paddy soils. The extractable amount of heavy metals by 0.1/1IN HCI decreased in order of Cu>Pb>Zn>As>Cd>Cr
in mountain soils whereas Pb>Cu>Zn>As>Cd>Cr in paddy soils. Although the extraction ratios were highly vari-
ous depending on the sampling site, their average values were in order of Cd(16%)>Pb(10%)>Cu(9%)>As(4.5%)
>7n-Cr(<2.5%). The soils investigated were enriched in heavy metals relative to the averages of earth crust as in
order of As>Cd>Pb>Zn>Cu>Cr. Pollution index calculated from total or extractable heavy metals of soils indicated
that the heavy metal pollution was restricted to mountain soils around abandoned Cu mines, especially the Samsan
I mine. The metal contents of brown rice showed no significantly contaminated level as follows; As nd~0.87 mg/
kg, Cd 0.02~0.34 mg/kg, Cu 1.01~6.25 mg/kg, Mn 13.4~43.2 mg/kg, Pb 0.09~2.83 mg/kg, and Zn 16.5~79.1 mg/kg.
From the extraction and dispersion properties of heavy metal with the soil pH (4.5~7.8), it can be deduced the con-
clusion that the heavy metal pollution is spreading in the study area mainly by the detrital migration of waste ore
and gangue minerals rather than the dissolution and circulation of heavy metal.

Key words : Goseong Cu mine, Soil, Brown rice, Heavy metal, EF, PI
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IR A B FIE oPUNE A
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Ao gkt =] Aso TS ATF
BA3l 1 W99 BFg Table 19 WeERHIT
Eoro] 224 HIFL Cd nd~224mgkg, Cr
17.2~78.7mg/kg, Cu 10~11,468 mg/kg, Pb 10~
2,075 mg/kg, Zn 51~184 mgkge® vi¢ W W
9= pgon, H#g 71 Cu>Zn>Pb>Cr>Cd &
oZ =9t EEYY T4 dgHe Cd 06~838
mgkg, Cr 17.6~1188mgkg, Pb 21~203 mgkg,
Zn 104~224 mgkgl® AEG] Hjs) R R F
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02 &7 45 BAHL Ho AEYH O FIE
BaENe Ueidth Ase AT A HEGS] 7
© nd~607 mg/kg(52.3+109 mghkgL 2 =EY 1.0~
107 mg/kg(17.7£15.9 mg/kg)el Elsl B 3w ]
zo zke R A7AY EY 39 F945 AgH
& Bowen(1979)0] AA1gH Edgagtl vidl =Y

e

2 o

Table 1. Total heavy metals in mountain and paddy soils (mg/kg).

Pb Zn Cu Cd Cr As
min 10.22 51.23 10.00 0.00 17.20 0.00
Mountain max 2075.49 1843.76 11467.65 22.37 7871 606.60
Soil mean 205.00 229.54 598.33 3.06 37.64 52.28
stdev 412.56 238.15 1797.53 4.26 11.33 109.65
min 20.90 103.82 26.48 0.60 17.56 1.00
Paddy max 202.91 223.80 213.21 8.78 118.82 107.12
Soil - mean 72.37 172.28 64.42 2.10 37.71 17.74
stdev 27.50 27.10 36.33 1.65 18.10 15.93
Tolerable value* 100 300 100 3, 100 20
Normal value** 35 90 30 0.35 - 6

* Kloke(1979), ** Bowen(1979)
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Fig. 3. Correlation between total Cu and the other heavy metals in the soil of Goseong Cu mine area.

Table 2. Soil pH and 0.1N/IN HCI extractable heavy metal concentration from mountain and paddy soils (mg/kg).

pH Pb Zn Cu Cd Cr As

min 405 1.14 0.20 0.33 0.10 0.00 0.00

Mountain ~ max 736 176 273 1463 337 0.66 12.89
soil mean 5.34 1545 10.99 74.0 033 0.01 0.61
stdev 0.75 36.57 48.58 294 0.58 0.12 241

min 490 191 1.20 181 0.11 0.00 0.03

Paddy max 7.35 11.92 10.32 18.20 0.45 0.11 443
soil mean 5.73 6.32 3.49 6.09 0.26 0.00 0.48
stdev 0.65 230 176 3.54 0.07 0.02 0.65

mean of paddy soil*  6.12 6.37 78.17 422 0.09 0.00 023
mean of mine area* 6.09 978 1125 13.78 0.23 0.03 1.62

*Korea Ministry of Environment(2005)
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Fig. 4. Correlation between extractable Cu and the other heavy metals from the soil of Goseong Cu mine area.
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Aolxe] Suel EXeY /EXE 2 E
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U AL Byrh

43.2. 334 (Enrichment factor, EF)

RalAge B9 HHE pAFE oM FE
FEo] AU S FHs] FFEH] §FE ATt
uho|ch(Zollar ef al., 1974). DEZES] H|EHF
o2 FadREe vg Ahdom ¥, 974
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Fig. 7. Distribution of pollution index calculated from (a) total and (b) 0.1/1.0N HCl-extractable heavy metals in soils of

Goseong Cu mine area.

Table 3. Calculated enrichment factor for total heavy metal in soils.

Pb Zn Cu Cr Cd As

min 1.44 2.36 0.34 0.13 0.00 0.00
mountain max 65.45 51.04 110.72 2.01 64.91 270.00
Soil mean 11.42 7.14 7.10 0.52 18.08 21.64
stdev 13.49 6.63 17.37 0.26 11.71 37.39

min 1.07 2.05 0.37 0.21 10.58 0.38

Paddy max 10.52 12.94 3.06 1.50 38.50 41.67
Soil mean 6.71 6.10 1.55 0.51 16.53 12.19

stdev 2.17 1.86 0.61 0.20 573 7.78

Earth crust* 15 40 55 100 0.15 2

*Average crustal abundance data from Matsui and Okazaki(1993)

Fol2g FHZR= wHo| v Hold 2otk &,
B BHET MERES] PRl S §
249 ol Ao BolAA dot. IER T
BE 29 W W), dutHoR o]E HEFE
AHQ HIZE Wl $8E EE B oF
Ag gadct, e AELES PveS A
Hoz ks Yol glong, R HEFE
S HEY F e BEY 948 Al T2 Fed] AF
o2 ol BAS she 7401 gutolrt.

ATAY EFe FF& FINFENE SAEANY
7 B AT AEH dol F2& YA
Fe 332 o83t 4 el s 23R

(C,/Fe)g

EF= m V)]

7 (Cffese 2 AES) 3% B3 Fe B3

vl goid, (C/Fe)ye BN 534 s 4 Fe 3
7] ngol, EY] *‘5&%}—‘1 A el wa} =)
theksly] wEe] 2 QoM shdgsgel o

4 F5aol jsliAl= Matsui and Okazaki(1993)
of o) MAE Nz T FEE HaTFS, BEYL
GZANEH o3 SFS L& diEsiMe ¢
guel E%e] 3% PoeF(Korea Ministry of
Environment, 2005) z}zb AR8-3190t.

Azt e d7AG B FFE FIAFE
Table 3¢] AR FEFY FFE FIATE
As>Cd>Pb>Zn>Cu>Cr £02, Crg A8 2E
40} BAZko) 1 oPdoIth o) ARG AR
oFe] & Fapo] Xzl vish —,—:@}QOA %82
gt} AEPohN 71 HEAFTE B2 B4 As
2 3 2164, A 2709 23kt Cael —r§}7~]—r

= W 18.08% 0~64.91¢ WHE BPew SS 7

_O{N -10
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AL AAFL BF 4 ool Phe] FEAT=
144~6545= BT 1142 JoH, Zne 2.36~51.04
o] wifge} 7149 FHFEE BHTh Cusl F-AIFE
Bt 713} 034~1100] HAE Hom AN
HFZhe 2Fs8 MS 35 A-A 11002 713
=Tk AR} 5 7H 22 FEAeE Ve G2
0.13~2.01¢] H9let 0529 FFEHE Bk

3 =EYY] F3% ¥ Cd>As>Pb>Zn
>Cu>Cr £ 8 Yeiton e w8 w2 718
BA%. EERINE 7P 58 BEASE Mok
Cde ¢ 18.082 AHES] H[3| wWtort = W97t
10.58~38500.8 HE Eofo] 10 oo FUTH Pb
o R e 6179 HaEH 1.07~10518 HEE,
AsE BT 12,199} 0.38~41.79) 9= BATh Cud
HaA 5= (037~3.060.2 AHE Hls] o) e
HIATE BT Zne] FERATE 2.05~12.949] H
Ao}t FE 6.12 AES v=E 7S el =8
ol R 7T Bt fae AEYH vkt
A2 Crollor o Wejet A= 0.21~ 159 051
2 ARG A FEFHICH

EG TGS A4l F28 Id7AY E
%ol 5 IS Felvet EYY FAEE div]

BEE - vRF - AYE - U

AlA RIRGFE &l I AAE Table 49 A
39Tt Phe) B3A e AEYOIA 1.12~8169] H
9} 9372 HRE, =EYIA 1.26~7.469] H9e}
4.049) HHE Ho AEYe] =EgHD 20 o ¥
o B3x4$E vepith Cud A AEGME
1.18~11959] H99l 6989 HF FAASFE RIS
o, EEYdME 229~17.09 B9 2 6329 HF ¥
A2 el AEYge] =gkt 1M =3t Cd
o] BXpE AEYS =EY] B 0.799) 0.07=2
B5 1 o2 JeRdot. As®) HaRge RS 7
% 0~6332] W9} 18659 HFS HIoH, =EY
oA 0.56~69.72¢] HLSH 10999 HFS vehrh
Z, =EdolXE Ase] 3Rt AEdelA e Cudl
B3R 7t 7S A vERt B we AR e
E£4L B2k

o] FF4 &FES Table 59 eI EA 2yt
g B 85 VI8 $ A ag S5 e
Cd(0.2 mgkg)ell that 71E3t A= sle Aotk

Table 4. Calculated enrichment factor for 0.1 and 1.0N HCI extractable heavy metal from soils.

Pb Zn Cu Cd As
min 1.12 0.03 1.18 0.00 0.00
mountain max 81.64 13.30 1195.87 38.99 633.12
Soil mean 9.37 0.66 69.82 0.79 18.65
stdev 13.76 1.77 215.48 5.17 33.83
min 1.26 0.05 2.29 0.00 0.56
Paddy max 7.46 045 17.09 3.37 69.72
Soil mean 4.04 0.19 6.32 0.07 10.99
stdev 1.38 0.10 3.35 0.50 11.02
Korea soil* 6.16 77.32 377 0.08 0.17

*Average extractable concentration data from Korea Ministry of Environment(2005)

Table 5. Heavy metal concentrations in the brown rice from Goseong Cu mine area.

Pb Zn Cu Mn Cd As Cr
min 0.017 1650 1.01 13.37 0.020 0.000 0.039
Goseong max 0.109 79.12 6.25 43.15 0.339 0.870 2.899
mean  0.059 24.36 3.39 30.33 0.094 0.130 0.640
average® 0.12 6.59 0.92 4.59 0.019 0.09 -
average® 0.064 - 2.408 - 0.019 0.142 -
Gubong mine® 0.01 0.18 0.14 - 0.24 0.005 -
Kyungbuk, Daegud 0.067 19.44 3.71 19.61 0.33 0.098 0.17

3Kim et al.(2000), PKorea Minstry of Environment (2004)
“Ahn et al.(1999), Kim et al. (2004)
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(Korea Ministry of Agriculture et al., 2006). °l°ll
et 7RG He FEE T FET] AR #
5 o] <& F(Kim ef al, 2000) E LE
N =AY FHY FFE T vZE%TH
ZAR Gl A W@ Cd e 0.02~
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E(Pharmaceuical Society of Japan, 1995)ef4] B4l
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0.46 mg/kg# v]5% TFoIA

Hel Cu e 339mgkg Ba B2 1.01~625
mgkgd] HHS e A 4% Cu B &F 24
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Fig. 8. Correlation of heavy metals between brown rice and its growing soil of Goseong Cu mine area.
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Fig. 9. Trend surface distributions of total Cu, Cd, Pb and As in soil and brown rice collected from Goseong Cu mine area.
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