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The Partitioning Characteristics of Heavy Metals in Soils of Ulsan by
Sequential Extraction Procedures
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ABSTRACT : This study analyzed total concentrations and existing forms of heavy metals in soils of Ulsan using a sequential extraction
method. Soil samples were collected from 6 categorized areas including green, residential, heavy traffic, petrochemical industrial complex
(IC), mechanical and shipbuilding IC, and non-ferrous metal IC areas. which represent different emission characteristics. The highest total
concentrations of heavy metals by a sequential extraction analysis were observed in the soils collected from the non-ferrous metal 1C
area, followed by the mechanical and shipbuilding IC and heavy traffic areas. Dominant (> 50%) existing forms of Cd, Cr and Ni were
residual forms followed by Fe and Mn oxides in almost areas. Residual fractions in the non-ferrous metal IC areas were relatively lower
than those in other areas. However, the fractions of organic and sulphides in the IC areas were higher. The dominant forms of Cu were
much different with the investigated areas. In most areas, the dominant forms of Pb and Zn were Fe and Mn oxides, followed by
residual fraction for Pb. The exchangeable and carbonate fractions represent mobility of metallic elements in soils. They are also
significantly affected by the environmental conditions, such as pHs of soil and rainfall. In this study the exchangeable and carbonate
fractions were lower than other fractions. Because the total concentrations of heavy metals in the soils of the non-ferrous metal IC arca
were extremely high, however, the mobile fractions of heavy metals in the IC area would be significant. Thus a large amount of heavy
metals can be released into plants, water bodies, and soils. Therefore, urgent measures, such as source control for soil remediation of
heavy metals, in the non-ferrous metal IC areas are essentially required. Analysis results obtained from the sequential extraction and the

aqua regia extraction showed a high correlation, whose determination coefficients (R2) of heavy metals except Cd approximately ranged
from 0.7 to 0.9.
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Fig. 2. Schematic diagram of the used sequential extraction
method.
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Fig. 3. Total concentrations of heavy metals extracted by the sequential method in soils.
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Fig. 4. Relative proportion of the existing forms of heavy metals extracted by a sequential method in Ulsan soils.
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Table 1. Relative fraction of the existing forms of the heavy
metals at each step of the sequential extraction

Geometric mean fraction, %
Cd|Cr | Cu| Ni | Pb|Zn
Exchangeable 7012008 3314113

Bound to Carbonates or
Specially adsorbed

Bound to Fe-Mn Oxides 18.8121.4] 193 | 21.2 |32.1|35.8
Bound to Organic and Sulphides| 5.2 | 5.7 | 24.6| 1.9 [ 8.0 |7.3
Residual 51.1|162.9] 21.5 | 68.7 |28.4|19.5

Existing Forms of Heavy Metals

1221141129 0.0 |15.1|17.0
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Fig. 5. Correlations between the total concentrations of heavy metals obtained by the sequential extraction and the aqua regia

extraction (n: sample number, P: significant level).
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