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Abstract

This study was aimed at determining the changes in heavy meta removal efficiency at different acid concentrations in a
micro-nanobubble soil washing system and pickling process that is used to dispose of heavy metals. For this purpose, the
initia and final heavy metal concentrations were measured to caculate the heavy metal removal efficiency 5, 10, 20, 30, 60,
and 120 min into the experiment. Soil contaminated by heavy metals and extracted from 0~15 cm below the surface of a
vehicle junkyard in the city of U was used in the experiment. The extracted soil was air-dried for 24 h, after which aNo. 10 (2
mm) was used as afilter to remove large particles and other substances from the soil as well as to even out the samples. Asfor
the operating conditions, the air inflow rate in the micro-nano bubble soil washing system was fixed at 2 L/min,; with the
concentration of hydrogen peroxide being adjusted to 5%, 10%, or 15%. The treatment lasted 120 min. The results showed that
when the concentration of hydrogen peroxide was 5%, the efficiency of Zn remova was 27.4%, whereas those of Ni and Pb
were 28.7% and 22.8%, respectively. When the concentration of hydrogen peroxide was 10%, the efficiency of Zn remova
was 38.7%, whereas those of Ni and Pb were 42.6% and 28.6%, respectively. When the concentration of hydrogen peroxide
was 15%, the efficiency of Zn removal was 49.7%, whereas those of Ni and Pb were 57.1% and 42.6%, respectively. Therefore,
the efficiency of removal of dl three heavy metals was the highest when the hydrogen peroxide concentration was 15%.
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Table 1. Physical and chemical properties of contaminated soil
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Items

Contaminated soil

Texture

Sand (2~0.05 mm)
Silt (0.05~0.002 mm)
Clay (<0.002 mm)
Moisture content (%)

Field capacity (%)
pH

Sandy loam
60.2%
22.7%
17.1%

15

40
94
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Table 2. Characteristics of TPH and heavy metals of contaminated soil

Items TPH Zn Ni o
Heavy metal (average) 4,914~5,998 1,850~2,283 60.8~68.9 34.0~48.3
= % (5/456) (1,967) (64.1) (41.2)
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Micro-nano Bubble Soil Washing System

Fig. 1. Photographs of micro-nano bubbles soil washing Fig. 2. A Schematic diagram of micro-nano bubbles soil

system.

Table 3. The operating conditions

washing system.

Items Units Conditions
L ) 0,5, 10, 20,
Sampling time min 30, 60, 120
Contaminated-soil kg 10
Air flow L/min 1,23
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Table4. Analysis method of heavy metals
Items Analysis method
Zn ES 07406.1b
Ni ES 07403.1b
Pb ES07402.1b
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Fig. 3. Zn concentration vs. time.
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Fig. 5. Ni concentration vs. time.
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Fig. 6. Removal efficiency vs. time.
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Fig. 7. Pb concentration vs. time.
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