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Ex-situ Remediation of PAHs Contaminated Site by Successive Methyl-8-
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Abstract: Polycyclic aromatic hydrocarbon ( PAH) polluted sites caused by abandoned coking plants have attracted great attentions.
This study investigated the feasibility of using methyl;8-cyclodextrin ( MCD) solution to enhance ex sitw soil washing for extracting
PAHs. Treatment with elevated temperature ( 50°C) in combination with ultrasonication (35 kHz 30 min) at 100 g+ L™" was
effective. It was found that 96. 7% +2.4% of 3«ing PAH 89.7% +3.2% of 4=ing PAH 76.3% +2.2% of 5( +6) «ing PAH and
91.3% +3.1% of total PAHs were removed from soil after five successive washing cycles. The desorption kinetics of PAHs from
contaminated soil was determined before and after successive washings. The 400 h Tenax extraction of PAHs from soil was decreasing
gradually with increasing washing times. Furthermore the F, F, k_k, and k were significantly lower than those of CK ( P <0.01) .
Therefore considering the removal efficiency and potential environmental risk after soil washing successive washing three times was
selected as a reasonable parameter. These results have practical implications for site risk assessment and cleanup strategies.
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’ 2 mm 4C .
'pH 6.2 9.8% 53.5% 36.9%
B ( methyl-8-cyclodextrin 1.8% 1.1 gkg™
MCD) g 57.6 mgekg™ 0.4 gekg™' 62. 1
. mg*kg ™' 11.3 gokg™'.
( >20 ¢/100 g H,0 25%C) 15 PAHS
1.
1 3 .4 .5(+6) PAHs
X Table 1  Soil PAHs concentrations
MCD PAHs PAT € )
10~12 /mg.kg
A Naphthalene NAP 25.18 £0.99
Acenaphthene ANA 22.98 £2.40
Fluorene FLU 2.42 +£0. 46
Phenanthrene PHE 43.41 £2.90
PAHs Anthracene ANT 11.88 +0.56
3 PAHs 105.87 +2.77
13 14 Fluoranthene FLT 30.52 +0. 64
) Benzo a anthracene BaA 3.92+0.93
PAHs Chrysene CRY 65.48 +2.62
PAHs Pyrene PYR 85.58 £6.32
4 PAHs 185.50 +8. 44
Benzo b fluoranthene BbF 11.02 £2.49
PAHs Benzo k fluoranthene BkF 17.74 £2.82
“ 7 1510 . Benzo a pyrene BaP 2.21 £0.08
PAHs Dibenzo a h anthracene DBA 1.02 £0. 36
17 18 Indeno 1 2 3-ed pyrene IPY 11. 67 £0. 86
: Benzo g h i perylene BPE 2.33 £0.96
5( +6) PAHs 45.98 £1. 15
PAHs 337.34 £9.54
PAHs
1.2
MCD . B Sigma-Aldrich
Cy Hoy O, 1331.36
500 g+L°' (25) ( HPLC) = 98%:
Tenax TA Tenax TA (60 ~80 ) Sigma-—
PAHs PAHs Aldrich / ( 1:1)
75°C N
PAHs ;
EPA3630C (60 ~100 ) .
N Tedia
L o 15 PAHs Supelco
>99.5% HPLC Millipore
1.1 .
1.3
PAHs 1990 1.3.1
~ ~ 200 g PAHS 3 L
I5m 0~20 cm 2 L
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500 pgeg”! 24 h
lg
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1 mg
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(25°C) (60 remin~")
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Tenax TA 15 mL
/ (3/1 )
Tenax TA 3 1 mL
SPE (1g +1g +
1.5¢g +1g ) HPLC
Tenax TA PAHs
10 h 91% ~98%
1% ~5%
Tenax TA
PAHs
(2) Tenax TA
PAHs
Cornelissen "
N lg
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(25%C) (60
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Fig. 1 Removal of 3 4 5( +6) and total PAHs in different treatments
1 38% 33% 25%
PAHs (P< 34% . PAHs
0.01).  50°C 100 g*L~'MCD 3 .4 3 4 .5(+6) PAH
< 5( +6) PAH PAHs PAHs 58% « 53%  37% 53%
50% 43% 30% 43%; 25°C 35 kHz 30 ( 2)
min 100 g*L~' MCD 3 .4 .5 PAHs (F
( +6) PAH PAHs 449 =5339.92 > F =1768.21 F x F =
36% 28% 37% 25°C 100 g’L_] MCD 466.34 P <0.01)
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100 g*L™'  MCD
N 50°C 35 kHz 30 min
25
2 PAH
Table 2 Two-way ANOVA analysis and the effect of temperature and ultrasonication on the removal of PAHs
PAH 3 PAH 4 PAH 5( +6) PAH
F P F P F P F P
5339.92 0. 00 314. 66 0. 00 1093.22 0. 00 227.29 0.00
1768.21 0.00 121. 68 0.00 251.09 0.00 117. 14 0. 00
X 466. 34 0. 00 5.45 0.04 83.16 0. 00 24. 40 0.01
2.2 PAHs 3
PAHs .
2.3 Tenax TA
3
5 PAHs
. 2 20 a
PAHs PAHs “
5 3 .4 .5(+6) g 7
PAH PAHs 97% - PAHs
90% « 76% 91%. 3 .
PAHs Tenax TA (1)
3 PAHs PAHs
(P>0.05). ( 3 3).
3 15% -
9% .6% 10% 3 .4 .5(+6) PAH
PAHs 400 h Tenax
1 3
” PAHs (P <0.01)
3 PAHs
100 2% (P >0.05). 3
80 -
PAHs FF,
. wl 10% 1 3
% FooOF, 1%
i 40 - 3 Fr Fs]
- (P>0.05) 3 .4 .5(+6) PAH
20 -+ 4FRPAH ( 3);
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Fig. 2 Removal of 3 4 5( +6) and total PAHs 3.93x107" 3
in soil after successive soil washing PAHs
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3 3 .4 .5(+6) PAHSs

Table 3 Parameters for each contaminant in the regression equation

CK
Ist 2nd 3rd 4th 5th
F, 0.06 0.01 0.01 0.00 0.00 0.00
Fy 0.04 0.03 0.02 0.01 0.01 0.01
PAHS F, 0.90 0.96 0.97 0.99 0.99 0.99
k/h! 0.20 0.25 0.06 0.12 0.42 0.21
ky/h™! 0.03 0.02 9.61x107°%  3.17x10°°  2.00x10°¢ 1.00x107°
ky/h~! 1.61x107°  4.18x107%  7.22x107%  3.93x10°"®  8.00x10"" 111 x10°1
F, 0.11 0.06 0.04 0.01 0.00 0.00
F, 0.04 0.01 0.05 0.03 0.02 0.02
3 PAHe Fy 0. 85 0.93 0.91 0.96 0.98 0.98
k/h7! 0.13 0.18 0.07 0.33 0.55 0.32
ky/h™! 0.03 4.31x107%  7.90x10°®  6.26x107°  3.13x107° 1.62x107°
ky/h™! 1.85x10 7% 2.72x1077  1.32x107?2  3.67x1072  1.36x10° 1.87 x10
F, 0.06 0.03 0.01 0.01 0.00 0.00
Fy 0.02 0.06 0.04 0.03 0.01 0.01
4 PALL F, 0.92 0.91 0.95 0.96 0.99 0.99
k/h! 0.20 0.31 0.03 0.14 0.23 0.17
ky/h™! 0.01 2.89x107°  6.32x10°¢ 1.03x107°%  4.32x10°° 9.42x10°°
ky/h™! 4.06x107° 1.42x107"°  6.96x107"* 3.49x10°8  7.23x107%  6.98 x1071¢
F, 0.05 0.01 0.02 0.01 0.00 0. 00
F, 0.01 0.02 0.06 0.03 0.02 0.01
S(+6)  PAHs Fy 0.94 0.97 0.92 0.96 0.98 0.99
k/h7! 0.28 0.16 0.06 0.10 0.33 0.08
ky/h~! 0.04 0.01 1.37 x107° 7.61 x1077 3.21 x10°¢ 2.87 x1077
ky/h™! 1.49 x10 % 8.61x1077  1.55x10°' 1.38x10°"7  1.09x10"" 1.44 x10°"7
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Fig. 3 Desorption curves for 3 ring 4 ring 5( +6) ring and total PAHs
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