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Abstract : Removal characteristics of lead-contaminated soil at the military shooting range located in the Changwon city were
studied experimentally using soil washing process. As a washing solution, hydrogen chloride (HCI) concentrations of 0.001, 0.01,
0.1 and 0.2 N were used, and soil : solution ratios were 1 : 2, 1: 3, 1:4,and 1 : 5. Particle diameter of contaminated soil of 4- 0.075
mm, and washing period of 5, 10, 15, 20, 30, 60, and 120 min were used as operating parameters. The optimum concentration
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of HCI solution was 0.1 N (56.3% of Pb removal efficiency) with 15 minutes operation period in views of economics, and the
optimum soil : solution ratio was determined as 1 g : 3 mL for 69.7% of Pb removal efficiency with 0.1 N HCI and 15 minutes
washing period. As washing period increased, removal efficiency was increased until 20 min of the removal efficiency of 75.3%,
and then almost stable. Pb removal efficiency in soil particle diameters of 0.075 mm or more was ranged from 77.0% to 82.0%,
but it was decreased to 52.8% in diameter of less than 0.075 mm. Therefore, the optimum cut-off size of the soil particle diameter
was found less than 0.075 mm. Combined HCI solution and ultrasonic washing method showed better removal efficiency
compared to only water or HCI washing method for particle sizes above 0.075 mm.

Keywords : Pb contaminated soil, Military shooting range, Soil washing, HCI solution, Ultrasonic washing
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Table 1. Characteristics of the lead-contaminated soil

Properties Units Values
Soil pH - 5.6
Moisture content % 14.2
Organic content % 5.6
Conductivity dS/m 26.1
Pb mg/kg 3,081.1

Cu mg/kg 460.7
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Table 2. Particle diameter distribution of the lead-contaminated soil

Mesh Size Mass Mass Pass
#) (mm) (2 fraction (%) | fraction (%)
5 Above 4 68.94 13.79 86.21
7 2.8-4 43.49 8.70 77.51
10 2-2.8 55.03 11.01 66.51
18 1-2 91.07 18.21 48.29
30 0.6-1 58.08 11.62 36.68
70 0.212-0.6 105.21 21.04 15.64
100 0.15-0.212 27.97 5.59 10.04
140 0.106-0.15 18.20 3.64 6.40
200 0.075-0.106 11.49 2.30 4.10
>200 | Below 0.075 19.73 3.95 0.16
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Figure 1. Point of the soil texture classification.
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Figure 2. Schematic diagram of the batch soil washing reactor.

Table 3. Operating conditions for selection of washing solvent

Conditions

Below 2

Parameters Units

Particle diameter of soil mm

Kind of washing solvent - Distilled water, HCI

Washing solution concentration N 0.001, 0.01, 0.1, 0.2
Soil : solution ratio g:mL 1:5
Soil washing period min 15




Table 4. Operating conditions for the selection of soil : solution ratio
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Table 6. Operating conditions for the cut-off size selection

Parameters Units Conditions Parameters Units Conditions
Particle diameter of soil mm Below 2 Particle diameters of soil mm Above 4, 4-2,2-0.075,
below 0.075
Kind of washing solvent - HCI - -
Kind of washing solvent - HCI
Washing solution concentration N 0.1 Washing solution concentration| N 0.1
Soil : solution ratio g:mL |[1:2,1:3,1:4,1:5 Soil : solution ratio g:mL 1:3
Soil washing period min 15 Soil washing period min 15
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Table 5. Operating conditions for the selection of soil washing period

Parameters Units Conditions
Particle diameter of soil mm Below 2
Kind of washing solvent - HCl
Washing solution concentration| N 0.1
Soil washing period min |5, 10, 15, 20, 30, 60, 120
Soil : solution ratio g:mL 1:5

R —

Washing
solution

— O

Figure 3. Schematic diagram of the batch ultrasonic washing reactor.

Table 7. Experimental conditions of the ultrasonic washing process

Parameters Units Conditions
. . . 1-0.15, 0.15-0.
Particle diameters of soil mm ObeSIZ)\?V 05'0(7) 5075’
Kind of washing solvent - HCl
Washing solution concentration N 0.1
Soil : solution ratio g:mL 1:3(50:150)
Soil washing period min 30
Ultrasonic frequency kHz 20
Sonication period min 30
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Figure 4. Effect of HCI concentration on Pb removal efficiency and
pH to soil washing.
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Figure 5. Effect of soil : water ratio on Pb removal efficiency and pH
to soil washing.
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