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Influence Factor on Remediation of PAHs-Contaminated Soil
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ABSTRACT

Subcritical water which acts as organic solvent with increasing temperature and pressure because dielectric constant and
viscosity decrease can be used to remediate PAHs-contaminated soil. Factors influencing on extraction were studied with
varying the water temperature 200~275°C, extraction time 0~90 min, flow rate 10~100 mL/min and pressure 3.9~10 MPa.
300 g of soil sample which was contaminated with PAHs(naphthalene, phenanthrene, fluoranthene and pyrene; 423, 420,
539 and 428 mg/kg of initial concentration) was packed into the cell and placed to reactor and then the subcritical water
was pumped through the cell for PAHs extraction. Naphthalene was removed almost 100% at relatively low temperature
(200°C). The removal rate of phenanthrene, fluoranthene, and pyrene increased by 8, 26, and 23% when the temperature
increased from 200 to 275°C; and it was gradually increased as extraction time increased from 0 to 90 min. Decreasing
removal rate when water flow rate increased from 10 to 30 mL/min, but there was no significant change after 30 mL/min.
This is supposed due to channeling phenomenon. The pressure was not an effective factor for extraction of PAHs in this
study. Based on the results, the importance of effective factor was in following sequence: temperature >> time > flow rate.
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Table 1. Dielectric constant (g) of subcritical water and organic
solvents

Subcritical water (Temp.) Organic solvent (at 25°C)

39 (ACN)

;3 gggog 33 (Methanol)
2 GOC) 24 (Ethanol))

g 21 (Acetone)
2 (350°C)

1.9 (n-Hexane)
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Fig. 1. Schematic of 300 g-scale subcritical water extraction
system. (1) preheater and preheat coil; (2) reactor; (3) soil and
extraction cell; (P) pressure gauge and safety valve; (PR)
pressure regulator; (T) Temperature sensor; (FM) flow meter.
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Table 2. Design of influence factors for subcritical water extraction

£ o}QlA4E 0|83 PAHs ©UEY A3} FIIA 3

Temperature (°C) Time (min) Flow (mL/min) Pressure (MPa)
200, 250, 275 30 60 6
275 0, 15, 30, 45, 60, 75, 90 60 6
250 30 10, 20, 30, 60, 80, 100 6

250 30 60 39,5, 75, 10

Table 3. Properties of 4 representative PAHs investigated in this study (KOSHA, 1995)

. Molecular Melting Boiling Solubility in water e
Contaminant weight point (°C) point (°C) (25°C) Kov  Volatility
Naphthalene 128.2 80.26 218 30.0 mg/L 3.37 Semi-
Phenanthrene 178.2 99.15 340 1.15 mg/LL 4.46
Flouranthene 202.3 110.8 375 0.20 mg/L 522 Non-

Pyrene 202.1 145~148 404 0.10 mg/L 5.18
Table 4. Properties of contaminated soil
Location Texture Contaminant Concentration (mg/kg) SOM (%)
Naphthalene 423
Sandy Phenanthrene 420
Hwa-soon loam Flouranthene 539 93
Pyrene 428
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Fig. 2. The effect of temperature on subcritical water extraction
of PAHs contaminated soil. Experimental conditions: water flow
rate of 60 ml/min, extraction time of 30 min, pressure of 6 MPa.
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Fig. 3. The effect of extraction time on subcritical water
extraction of PAHs contaminated soil. Experimental conditions :
water temperature of 275°C, water flow rate of 60 ml/min, and
pressure of 6 MPa.
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Fig 4. The effect of flow rate on subcritical water extraction of Z7kehH B8 ZidA}t Aleld o] & 3= AJHE=

PAHs contaminated soil. Experimental conditions : water
temperature of 250°C, extraction time of 30 min , and pressure of
6 MPa.
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Fig 5. The effect of pressure on subcritical water extraction of
PAHs contaminated soil. Experimental conditions : water
temperature of 250°C, extraction time of 30 min, flow rate of 60
ml/min.
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