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The characteristics of As and heavy metals depend on the oxidation/reduction condition of the soil environment. The most
heavy metals are immobilized by the reduction condition whereas As, Fe and Mn become more soluble. Therefore this
study estimated the stabilization efficiency of the agricultural paddy soil in the vicinity of the abandoned mine using a
flooded column test including analysis of the soil solution, contaminants fractionation and rice grain. Limestone and
steelmaking slag were used as amendments for stabilization of the contaminated soil. In an analysis of the soil solution, the
mobile characteristics of Fe and Mn, which were used as electron acceptors of the microorganisms, were controlled by
increasing the pH by adding alkali amendments. This means that the contaminants combined with Fe and Mn can be stable
under flooded reduction condition. However, the concentrations of cationic heavy metals (Cd, Pb, and Zn) were also
decreased without amendments because the carbonates produced from microbial respiration increased the pH of the soil
solution. In the amended soil, the specific sorbed fraction of As and carbonates fraction of heavy metals were increased
when compared to the control soil at the end of the column test. Especially in heavy metals, the increase of carbonates
fraction seems to be influenced by alkali amendments rather than microbial respiration. Because of the stabilization effect in
the flooded paddy soil, the contents of As and Zn in rice grain from amended soil were lower than that of the control soil.
But additional research is needed because of the relatively higher Pb content identified in the rice grain from the amended.
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Table 1. Arsenic and Heavy metal concentration of studied soil (mg/kg)
pH As Cd Pb Zn
Standard® Concern - 25 4 200 300
near Countermeasure - 75 12 600 900
Soil deoth GL~20cm 5.46 17.91 427 181.87 410.54
o e 20 cm ~ 40 cm 523 7.80 322 68.71 218.10
Table 2. Chemical properties of studied soil
OM TN P,0s CEC CaO MgO K,O
(%0) (%) (mg/kg)  (cmolc/kg) (mg/kg) (mg/kg) (mg/kg)
Soil GL~20cm 1.60 0.118 22.80 17.13 1,463.11 480.73 178.36
depth 20 cm ~ 40 cm 1.29 0.071 5.36 15.63 1,901.14 931.74 191.92
Table 3. Chemical properties of amendments used in this experiment (%)
Amendment SiO, CaO MgO Fe,03 AL O3
Limestone 3.00 50.5 227 0.64 1.66
Steelmaking Slag 15.5 359 6.91 31.2 5.45
Remark) Analyzed by Korea Testing & Research Institute(KTR)
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ol3}BREA AT} AR08 ARZo] Eokl|x] X3 ok Fig. 1. The schematic diagram of flooded column test.
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Table 4. Sequential extraction procedure for As
Step Phase Extraction condition Note

1 Non-specifically sorbed
Specifically sorbed

0.05M (NH,),SO, 4 h shaking, 20°C
0.05M (NH,),H,PO,, 16 h shaking, 20°C

Wenzel et al.
3 Amorphous hydrous oxides of Fe & Al 0.2 M NHgy-oxalate buffer, pH 3.25, 4 h shaking in the dark, 20°C (2001)
. . 0.2 M NHjy-oxalate buffer + 0.1 M ascorbic acid, pH 3.25, 30 min in a
4  Crystallized hydrous oxides of Fe & Al water basin, 96+ 3°C in the light
5 Residual Aqua regia KME (2013)
Table 5. Sequential extraction procedure for Cd, Pb and Zn

Step Phase Extraction condition Note

1 Exchangeable 0.5M MgCl,, pH 7, 10 min shaking, room temp

2 Bound to carbonate 1 M CH3;COONa, pH 5, 5h shaking, room temp Li et al. (1995)

3 Bound to Fe & Mn oxides 0.04 M NH,OH-HCI in HOAc 25%, 3 h heating, 96°C

4 Residual Aqua regia KME (2013)
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Fig. 2. The variation of pH and ORP of soil solution.
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Fig. 3. The variation of Fe and Mn concentrations of soil solution.
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Fig. 4. The variation of Cd and Zn concentrations of soil solution.
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Fig. 5. The fractionation of As and Heavy metals in stabilized flooded paddy soil.
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Fig. 6. As and Heavy metal concentration of rice grain as a function of amendment addition (vertical bar means data range).
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