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Column Leaching of Phenanthrene in Sandy Soil by Anionic and Nonionic Surfactants
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Abstract Polycyclic aromatic hydrocarbons PAHs contamination in soil media has received increasing attention. To resolve such problems,
effective remediation methods are urgently required. In this paper, laboratory column experiments were conducted to investigate performance
of leaching phenanthrene in sandy soil by an anionic surfactant, sodium dodecylbenzyl sulfonate SDBS , a nonionic surfactant Tween 80 and
the mixed surfactants SDBS—Tween 80 with 1 000, 2 000, 3 000 and 4 000 mg- L™ of surfactant concentrations and 1:1, 1:2 and 1:4 mass
ratios of SDBS to Tween 80, which aims to provide reference for surfactant—leaching remediation technology. It was shown that the elution
curves by SDBS were sawtooth shape with phenanthrene concentration going up and down at large, while those by Tween 80 and SDBS—
Tween 80 were regular ones in which the phenanthrene concentrations in elutant increase, achieve maximum and then decrease with the
porous volume numbers of eluting solutions. After leaching finished, the total removal efficiencies by Tween 80 and SDBS—Tween 80 were
more than 90.5% while that by SDBS at 4 000 mg - L™ was only 76.4%. Moreover, the maximum phenanthrene concentrations increased and
the porous volume numbers corresponding to the initial phenanthrene eluting, maximum phenanthrene concentration and final phenanthrene
eluting decreased with Tween 80 or SDBS—Tween 80 concentration increasing. The maximum phenanthrene concentrations and the total
porous volume numbers were positively and negatively related to surfactant concentrations, respectively. Given a surfactant and a porous vol—
ume number, the removal efficiencies of phenanthrene were positively related to surfactant concentrations.
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Table 1 Physical and chemical parameters of reagents

/ CMC
gmol” 25 C /mg-L”
Tween 80 C;H;CO0Ss OCH,CH, ,OH 1 309 73.76
SDBS C,H,5C6H,SOsNa 348.48 963.2
CiHyo 178.17 —
Se —CeH 104
0.12% pH =2.5:1 7.28,
100 mg- kg™,
1.3
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Figure 1 Relationship between concentrations of phenanthrene in eluting solution and accumulated porous

volume numbers of single surfactant solutions
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Figure 3 Relationship between removal efficiencies of phenanthrene and accumulated porous volume numbers
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Table 2 Comparison among the results of column flushing for
phenanthrene by various surfactants 3
/
/mg- 1! % /mg- 1" °
Tween 80 1 000 90.5 349 15
2 000 95.7 64.3 10
3 000 96.7 91.4 9 °
4000 99.7 119 6.5
SDBS 1 000 11.3 8.37 15.5
2 000 40.3 21.7 14.5
3000 483 433 145 :
4 000 76.4 46.2 14 3
ST =14 1 000 96.7 30.8 18
2 000 97.4 61.9 11 1 SDBS-Tween 80
3 000 97.0 88.2 8.5
4 000 95.3 104 6.5 Tween80
ST =12 1 000 98.8 41.5 16.5 SDBS
2 000 98.7 522 11.5
3 000 96.8 734 8.5
4 000 935 101 75 °
ST =1:1 1 000 98.2 37.0 21 2 SDBS-Tween 80
2 000 99.0 459 115 Tween80
3000 92.5 68.5 95 90.5%
4000 99.9 87.3 7.0
SDBS,
° 3
o Tween 80
2.4 )
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