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ABSTRACT

Although various methods have been investigated for treatment of crude oil contaminated soil, more researches are still
required to preserve soil environment. This study investigated the potential utility of subcritical water in remediation of
crude oil contaminated soil under various experimental conditions including temperature (150-300°C), flow rate (1.0-2.0
mL/min) and extraction time (60-120 min). The removal rate of crude oil gradually increased with increasing temperature
and time. After treatment at 200°C and 300°C for 60 min, the remaining concentration of crude oil met the Kuwait
standard clean-up level (10,000 mg/kg) and the Korean standard level (2,000 mg/kg), respectively. The removal efficiency
of crude oil increased from 77.8% to 88.4% with increasing extraction time from 60 to 120 min at 250°C. A decreasing
rate of oil removal was observed as flow rate increased, possibly due to channeling flow occurred within the soil body at
higher flow rate condition. Overall, the results revealed that subcritical water extraction process could be feasible for
remediation of crude oil contaminated soil, and the relative effect of parameters on the oil removal was in the order of
temperature > time > flow rate.
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Fig. 1. Schematic of subcritical water extraction system. 1. Water
tank, 2. High pressure pump, 3. Pre-heating coil, 4. Reactor filter,
5. Soil, 6. Reactor, 7. Chiller, 8. Pressure regulator, 9. Gas tank
(He).
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Table 1. Condition of subcritical extraction

Temperature (°C) Extraction time (min) Flow rate (mL/min)

150
200
60 1.0
250
300
90
250 1.0
120
1.5
250 60
2.0
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Table 2. Properties of crude-oil contaminated Kuwait soil

Properties value
pH 7.83
Partic] Sand (%) 90.7
disribution Silt (%) 7.0
Clay (%) 33
Soil texture Loamy Sand

TPH concentration (mg/kg) 19,800
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Fig. 2. Chromatogram of the TPH of crude oil contaminated soil.
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Fig. 4. Chromatogram of the TPH of extracted soil at different extraction temperature. Experimental condition: extraction time of 60 min,

flow rate of 1.0 mL/min.
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