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ABSTRACT

Total extraction method and environmental standards for heavy metals in soils were revised in regulation recently. In case
of Area 3, as the law amended, the soil pollution level has gone up to 4 to 13 times higher depending on the type of heavy
metal. In this study, it compares the properties of heavy metals of soil by sequential extraction and total extraction methods
depending on the analysis method, using the soil around mine. In case of arsenic, the soil pollution level has gone up to 4
times higher, but 6 to 10 times in the sample soil. Also, according to the results of portability evaluation depending on the
type of existence form of heavy metal it exists as residual form in mine waste rock, which is less likely to move, while it
exists as migrated form in tailing. Therefore, it should be considered to evaluate the soil pollution and decide the
contaminated bounds depending on the existence form of heavy metals on soil to restore the polluted soil.
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Table 1. Description of abandoned-mine site characteristics
Site Mine Location Site characteristics
N-1 Pit & mine waste area soil
NamWa (NW) N-2 Gapyoung Abandoned Gold mine area mine waste area soil
N-3 Soil
S-1 Pit & mine waste area soil
SoLim (SL) S-2 Hongcheon Abandoned Gold mine area mine waste area soil
S-3 Soil
J-1 Pit & mine waste area soil
JungBong (JB) J-2 Samcheok Abandoned Gold mi mine waste area soill
geong J-3 ameheo andoned Lioid mifie atea Ore-dressing plant & tailing dam area soil
J-4 Soil
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Table 2. Sequential extraction scheme for soil samples (Tessier, et al., 1979)

Fraction

procedure

Exchangeable
(Adsorbed form)

Extracted at room temperature for 1h with 8 ml of 1 M MgCl,, pH 7.0 with continuous agitation.

Bound to carbonates

(Carbonate form) agitation

The residue was extracted at room temperature with 8 ml of 1 M NaOAc (pH 5.0) in HOAc while continuous

Bound to Fe-Mn oxides
(Reducible form)

The residue was extracted with 20 ml 0.04 M NH,OH - HCl in 25% (v/v) HOAc at 96 = 3°C.

The residue was added 3 ml of 0.02 M HNO; and 5 ml of 30% H,O,_ adjusted to pH 2 with HNOs and the

Bound to organic matter
(Organic form)

mixture was heated 85+ 2°C for 2h with occasional agitation.
A second 3 ml aliquot of 30% H,O, (pH 2 with HNO;) was then added and the sample was heated again to
85 £ 2°C for 3 h with intermittent agitation. After cooling, 5 ml of 3.2 M NH4OAc in 20% (v/v) HNO; was

added and the sample was diluted to 20 ml.

Residual

The residue sample was digested with a HF-HCIO,.
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Table 3. Chemicophysical characteristics of soil

Components AVG.

Sample 1.D. pH AVG. TOC AVG. EC AVG Soil texture
Clay Silt Sand
Unit % wt% ps/cm USDA
N-1 22.0 65.2 12.8 5.5 0.7 401.0 Silt loam
N&“\Qf){a N-2 18.2 64.4 173 5.8 1.0 389.7 Silt loam
N-3 152 64.7 20.1 6.2 1.5 244.0 Silty loam
) S-1 25.0 65.6 94 5.4 1.3 382.0 Silty clay loam
S("Slﬁgn S-2 20.6 61.1 184 56 1.1 446.7 Silt loam
S-3 20.7 60.1 19.2 5.3 1.0 428.0 Silt loam
J-1 243 60.5 152 49 1.6 607.0 Silt loam
JungBong J2 234 61.6 15.0 5.0 1.2 540.7 Silt loam
(IB) 13 252 64.5 102 43 1.7 653.0 Silt loam
J-4 23.6 66.9 9.5 5.6 0.7 541.0 Silt loam
EC : Electric Conductivity, TOC : Total Organic Carbon, AVG. : Average
Table 4. Analysis method compared to the concentration of heavy metals in abandoned mining areas
Analysis Item
AS Cd Cu Pb
Sample 1D, Analysis method 0.1 N HCl Total 0.1N HCI Total 0.IN HClI Total 0.1N HCl Total
Area 1 6 25 1.5 4 50 150 100 200
Area 2 50 10 500 400
Area 3 15 200 4.0 60 125 2,000 300 700
Unit Concentration (mg/kg)
N-1 1.1 11.9 02 0.5 2.9 23.4 4.8 25.7
NamWa (NW) N-2 1.0 8.9 0.3 0.7 2.9 22.5 5.8 29.9
N-3 0.2 1.2 0.8 1.6 0.0 10.2 5.9 30.1
S-1 4.0 35.1 02 1.1 2.3 15.7 4.0 24.0
SoLim (SL) S-2 1.0 13.0 02 1.7 5.0 36.3 15.6 97.0
S-3 0.8 13.7 02 1.6 3.4 29.2 9.5 83.1
J-1 232 162.2 0.3 1.5 10.7 110.5 2.1 15.9
J2 5.4 922 0.0 0.6 24 26.0 2.1 19.2
JungBong (JB)
J-3 31.0 250.9 2.1 5.7 24.4 249.3 16.8 117.2
J-4 1.1 10.2 0.0 0.1 3.1 359 3.1 25.1
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Fig. 5. The results of sequentially extracted heavy metal concentrations in abandoned mine areas.
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Fig. 6. Analysis method compared to the concentration of arsenic in abandoned mining areas.
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