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ABSTRACT

In this study, the mechanisms on ultrasonication enhanced metals extraction were investigated compared with the
conventional washing technique. We hypothesized the mechanisms on enhanced extraction of ultrasonication:
ultrasonication increased the temperature of soil slurry and decreased average particle size of soil due to breakdown of soil
aggregate. Actually, the ultrasonication increased the temperature of soil slurry to 60°C in this study, and the increase in
the temperature enhanced the metal extraction to 15-20% even in the conventional simple mixing. The conventional
washing technique decreased average size of soil particles because of breakdown of soil aggregate, and the ultrasonication
decreased the size more than that of washing. The breakdown of soil aggregate improved the contact between metals and
washing agent, which enhanced the extraction of metals in the ultrasonication. Therefore, we concluded that the main
mechanisms of ultrasonication are increase in the temperature and breakdown of the soil aggregate. Finally, the
ultrasonicaiton increased the extractability of metals upto 40% compared to conventional washing technique.
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Table 1. A, B soil properties and mean, standard deviation, minimum, maximum value of concentrations in soil

Properties Value (A) Value (B)
Soil texture Loamy sand Sandy loam
Sand (%) 77.3 444
Silt (%) 22.7 48.8
Clay (%) 0.0 6.8
Soil pH 8.5 6.4
Soil moisture (%) 9.5 21.1
Organic matter (%) 3.1 42
As 13.3+3.8 (5.1-18.5) 261.5+8.9 (246.7-280.4)
Heavy metal concentration Cu 4875158 (4751-4964) 299.6 £4.0 (294.1-306.2)
(mg/kg) Pb 708.9 £13.1 (683.8-731.0) 562.7£6.3 (550.9-572.2)
Zn 366.3 £5.3 (350.9-375.4) 191.3 £3.5 (185.3-200.1)
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Table 2. SM&T sequential extraction procedure (Rauret at al.,
1999)

Soluble, exchangeable cation and carbonate

Fl 0.11 M Acetic acid 20 mL
P Fe-Mn oxyhydroxides
0.5 M Hydroxylamine hydrochloride 20 mL
F3 Organic matter and sulfides
1M Ammonium acetate 25 mL, 8.8 M H,0, 20 mL
Faa Residual

Aqua regia (HCl: HNO;=3:1)

Fig. 1. Schematic diagram for soil washing and ultrasonication.
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