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Abstract : Ethanol washing with distillation as a cleanup process of polycyclic aromatic
hydrocarbon(PAH)-contaminated soil was investigated in this study. A multistage ethanol
washing with distillation process was applied to three different types of soil, ie., sandy
soil, alluvial soil, and clay with the initial concentration of benzo(a)pyrene 10 mg/kg,
benz(a)anthracene 250 mg/kg, and pyrene 100 mg/kg soil. Ethanol was selected as washing
solvent because of its high PAH removal efficiency, low cost, and non-toxicity comparing
to the other solvent such as isopropyl alcohol and sodium dodecyl sulfate. The satisfactory
results (ie. lower than benzo(a)pyrene 1 mg/kg, pyrene 10 mg/kg, benz(a)anthracene 25
mg/kg, which are the Canada or the Netherlands soil standard) for three types of soils
were obtained by at most five-six times washing. It was suggested that organic content in
soil decreased the removal efficiency by ethanol washing.

Keywords : benz(a)anthracene, benzo(a)pyrene, pyrene, contaminated soil, solvent
washing, soil remediation.
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Table 1. Properties of Soils Used
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. . Organic content Water content
Soil Type Mesh size(No.) pH (%) %)
Sandy soil 10-20 69 05 1.3
Alluvial soil 10-20 73 34 19
Clay 10-20 64 13.2 2.5
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Table 2. Chemical and Physical Properties of PAHs[9]

Vapor
Molecular | Boiling pressure at |Carcinogenicity
PAHs Structure weight | point(C) Log Kow 25T (mouse skin)
{(mmHg)
@ "
Benz(a)anthracene |1 1) 228.3 5.61 5.00x10 18 mg/kg
Pyrene O‘O‘ 202.3 518 | 658x107 10 g/kg
Benzo(a)pyrene OO‘O‘ 252.3 5.99 5.49x107° 25 ng/kg

Table 3. Soil Standard of Netherlands and Canada

PAH Soil standards Count

s oun
(mg/kg soil) 4

Benz(a)anthracene 25 The Netherlands

Pyrene 10 Canada

Benzo(a)pyrene 1 The Netherlands
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Fig. 1. Schematic processes of ethanol washing with distillation.
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Fig. 2. Effect of various solvents on benzo

(a)pyrene removal Error bars
indicate a 95% confidence interval
(n=10).
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Fig. 3. Profile of average benzo(a)pyrene
removal by multistage washing (Co
and C; are benzola)pyrene conc. at
initial and  t  times washing,
respectively). Error bars indicate a
95% confidence interval (n=10).
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Fig. 4. Profile of average benz(a)anthracene
removal by multistage washing (Co
and C, are benz(a)anthracene conc. at
initial and t times  washing,
respectively). Error bars indicate a
95% confidence interval (n=10).

i zo ol otE Al o] 7, Fig. 49 vEhd A
A8 AHEE 43, §HEE 53], AEE 63
Aol o8 EYEY F=rt ZH2 225 mg/ke,

gg M o I gETANrL: QHEY AH 5

23.0 mg/kg, 150 mg/kgl 2 YEIG YEF|=
o] E% gA371FA] 25 mg/kg ©l3t2 A3 7}
39 ARRFSe ARAFRYE AAH
°2 094-098 A E YEIRTH

Ao A9, AAEE 43, HYEY HE:
53] AAel 9 EIFY = A 71
mg/kg, 6.3 mg/kg, 8.2 mg/kgo 2 e} Ay
o] B #371FEA 10 mgke I3tz A3t
7Vt th(Fig. 5). AAZ o] @Ay
HH g JEZ 097, 0932 ZAHUA O, AL
AE9 79 08E Yeht ddlo) 134 usS
o wet Ego2RE AAY HA dE ¢
T AN

Number of washings
2 3 4 5

Initial pyrene Conc. : 100 mg/kg

In(Ci/Co}

10 mgkg

& Sandy soil
W Alluvial soil
AClay

-4

Fig. 5. Profile of average pyrene removal by
multistage washing (Cy and C; are
pyrene conc. at initial and t times

washing, respectively). Error bars
indicate a 95% confidence interval
(n=10).
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Fig. 6. Comparison of PAH removal in ignited
clay(Co and C; are PAH conc. at
initial and t times washing,
respectively). Error bars indicate a
95% confidence interval (n=10).
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