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1. Introduction – Heavy metal contamination in soil and groundwater is mostly caused by artificial

industrial activities and main pollutants comes from such as steel producing, smelting of nonferrous metal

and plating processes etc. The contaminated soil was taken from the site where have been used as a metal

waste storage site for last 50 years in Korea. The soil was seriously contaminated by Zn and TPH (total

petroleum hydrocarbon), of which concentrations were 1743.3 mg/kg and 3558.9 mg/kg, respectively.

The initial concentrations of Zn, Pb, and Cu were higher than the SPWL (Soil Pollution Warning Limit:

remediation goal in Korea). Because of high heavy metal concentration and high contents of metal wastes

in soil, it was suggested that a conventional soil washing process is not enough to remove heavy metals

from the soil and the additional treatment process to separate metals from the soil is an essential part for

the successful soil remediation. Batch experiments for the soil washing coupled with the magnetic

separation process were performed to remediate the soil contaminated with heavy metals.

2. Experimental –  The soil washing experiments with HCl (hydrochloric acid) for the heavy metal

contaminated soil was performed and the removal efficiencies of Zn, Pb, and Cu for the HCl solution

washing process were compared with those for only water washing. Various washing conditions such as

washing solution types, solution:soil ratio, and washing time were applied to determine the optimal

removal efficiency for heavy metals. The physical separation for the small particles (< silts) and the

magnetic separation process for metals from the soil before the soil washing was conducted to increase

the removal efficiency of metals from the soil. Dry magnetic separation process was carried out to

separate heavy metals from the soil and the small particle separation and the soil washing processes were

sequentially followed. The heavy metal removal efficiency for each process was calculated and was

compared with that for soil without any treatment.

3. Results and Discussion – The soil washing with HCl solution was performed to remove heavy metals

from the soil, but Pb and Zn concentration of the soil maintained higher than the SPWL even after the soil

washing. The small particle separation from the soil was conducted to decrease the initial concentration of

heavy metals and to increase the washing effectiveness before the soil washing and 4.1 % of the soil were

separated as small particles (< 0.075 mm in diameter). The small particle separation lowered down Zn

and Pb concentrations of soil to 1256.3 mg/kg (27.9 % decrease) and 325.8 mg/kg (56.3 % decrease). By

the magnetic separation process, 16.4 % of soil mass was removed from the soil, because the soil

contamination was originated from unreasonable dumping of metal wastes. The Zn and Pb concentrations

of soil were lowered down to 637.2 mg/kg (63.4 % decrease) and 139.6 mg/kg (81.5 % decrease) by only

the magnetic separation, which were much higher than the removal efficiency of the soil washing and the

small particle separation.

4. Conclusions – The soil washing after the magnetic separation lowered concentration of heavy metals

to below the SPWL, suggesting that the soil washing conjugated with the magnetic separation can be

applied for the contaminated soil including high content of metal wastes.
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