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Remediation of benzo[a]pyrene Contaminated Soil using Subcritical Water
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Department of Environmental and Energy Engineering, Chonnam National University

ABSTRACT

Subcritical water acts like an organic solvent at elevated temperature in terms of its physicochemical properties. Taking
into account this advantage, the remediation experiments of benzo[a]pyrene contaminated soil (8.45 mg/kg of initial
concentration) were conducted using subcritical water extraction apparatus. The effect of operating factors on the removal
efficiency was studied at the varying the conditions of the water temperature ranging 200~300°C, extraction time 30~90
min, and flow rate 0.3~2.0 mL/min. 12 g of benzo[a]pyrene contaminated soil was inserted into the extraction cell and
placed into the reactor and then the subcritical water was driven through the cell. In this study, the removal efficiency of
benzo[a]pyrene was increased from 55.1 to 98.1% when the temperature increased from 200 to 300°C. The removal
efficiency was decreased from 97.0 to 77.0% when the flow rate increased from 0.3 to 2.0 mL/min, suggesting that the
extraction is limited by intra-particle diffusion. The 30 min reaction time was determined as an effective treatment time at
250°C. Based on the results, the optimum condition for the remediation of benzo[a]pyrene contaminated soil was

suggested to be 250°C, 30 min, and 0.3 mL/min.
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Table 1. Dielectric constant (°C) of subcritical water and common
organic solvents”

.. ¢ of common organic solvent
€ at subcritical water (°C) &

at 25°C
44 (150) 1.9 (n-hexane)
35 (200) 21 (acetone)
27 (250) 24 (ethanol)
20 (300) 33 (methanol)
2 (350) 39 (acetonitrile)

*Islam et al., 2012
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Table 2. Properties of contaminated soil

Properties Values
pH 6.62
Soil organic matter, % 9.23
Particle distribution, %

Sand 38
Silt 59
Clay 3
Soil texture Silt loam

Initial concentration of benzo[a]pyrene in soil

(mg/ke) 8.45
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Fig. 1. Subcritical water extraction apparatus. (1) water tank, (2) high pressure pump, (3) pre-heater, (4) filter, (5) reactor including the
extraction cell, (6) main heater, (7) chiller, (8) solid/liquid separator, (9) back press regulator, (10) helium gas cylinder, (11) pressure safety

valve, (12) solid/liquid separator valve, and (()) temperature sensor.

Table 3. Experimental conditions for subcritical water extraction of contaminated soil

Temperature (°C) Time (min) Flow rate (mL/min) Pressure (bar)
200, 225, 250, 275, 300 30 1.0 A .
ppropriate
2 4 1.
50 30, 45, 60, 75, 90 0 (15.5-85.)
250 30 0.3, 0.5, 1.0, 1.5, 2.0
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Fig. 2. Effect of temperature on the removal of benzo[a]pyrene.
Extraction time and flow rate were maintained at 30 min and 1
mL/min, respectively.
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Fig. 3. Effect of time on the removal of benzo[a]pyrene.
Temperature and flow rate were maintained at 250°C and 1 mL/
min, respectively.
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Fig. 4. Effect of flow rate on the removal of benzo[a]pyrene.
Temperature and extraction time were maintained at 250°C and
30 min, respectively.
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