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Solid-state species of heavy metals in soils play important roles in regulating the mobility and fate of heavy
metals in the environment. Therefore, accurate evaluation of metal speciations present in soils is crucial for
developing effective remediation strategies. In this study, we investigated metal speciations and their effects on
metal removal efficiencies in highly contaminated soils with heavy metals including As, Pb, Cu, and Zn from
smelting and mining. Sequential extraction was employed to evaluate solid-state speciation of metals in soils and
metal removal efficiencies were evaluated by soil washing with various washing reagents. Metal removal rates
were highly affected by metal speciation in soils. In the smelter-1 soil, metals were primarily bound to amor-
phous oxides and relatively high removal efficiencies of metals were observed by soil washing. On the other
hand, in the smelter-2 soil, metals were mainly associated with crystalline oxides and sulfides and their removal
rates by soil washing were low. In the mine soils, arsenic was primarily present as scorodite phase and other
metals were mainly present as sulfides, which resulted in low metal extraction rates by common inorganic acids.
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Table 2. Heavy metal concentrations of soil samples (unit: mg/kg)

Smelter-1 Smelter-2 Mine Korea Concerning Level*

As 118 700 82300 25

Pb 386 360 28000 200

Cd 1.83 1.79 11.8 4

Cu 154 29.7 435 150

Ni 16.2 7.53 43.2 100

Zn 92.9 90.0 2790 300

Table 3. Physical and chemical properties of soil samples
pH (1:5)  Fe (%) Al (%) S (%) Orgf%c C Sand @) St %)  Clay @)

Smelter-1 5.22 4.6 1.16 0.23 0.76 20.2 49.8 30
Smelter-2 6.21 2.67 1.25 0.056 0.64 30 40.8 29.2
Mine 2.35 18.9 0.38 119 1.05 78.9 6.92 14.2




Fig. 1. X-ray diffraction
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Fig. 2. Sequentially extracted fractions of heavy metals from (a) smelter-1, (b) smelter-2, and (c) mine soil samples.
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