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Removal of Volatile Organic Contaminant(toluene) from Specific Depth in
Aquifer Using Selective Surfactant-Enhanced Air Sparging

Young-Su Song, Han-Joon Kwon, Sukyeong Yang and Heonki Kim*

Dept. of Environmental Sciences and Biotechnology, Hallym University
Institute of Energy and Environment, Hallym University

An innovative application of surfactant-enhanced air sparging(SEAS) technique was developed in this study.
Using a laboratory-scale physical model packed with water-saturated sand, air sparging was implemented to remove
water-dissolved toluene that was introduced into a specific depth of the system with finite vertical width prior to
sparging. An anionic surfactant(Sodium dodecylbenzene sulfonate) was introduced into the contaminated layer as in
dissolved form in the toluene-contaminated solution for SEAS, whereas no surfactant was applied in the control
experiment. Due to the suppressed surface tension of water in the surfactant(and toluene)-containing region, the tol-
uene removal rate increased significantly compared to those without surfactant. More than 70% of the dissolved tol-
uene was removed from the contaminated layer for SEAS application while less than 20% of toluene was removed
for the experiment without surfactant. Air intrusion into the contaminated layer during sparging was found to be
more effective than that without surfactant, enhancing air contact with toluene-contaminated water, which resulted in
improved volatilization of contaminant. This new method is expected to open a new option for remediation of
VOC(volatile organic compound)-contaminated aquifer.

Key words : aquifer remediation, surfactant, groundwater air sparging, surface tension
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Fig. 1. Experimental set up used in this study.
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Fig. 2. Formation of horizontal layer of low surface tension
for selective sparging.
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Table 1. Experimental conditions used in this study

FHE 2HEZ 4899 FEAEL wgd 3
¥ FHAHEZR7)(Surface Tensiomat, Model 21,
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Fde GC(Yonglin Co., M600D, 10% OV-101 CW-
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200°C, oven 250°C, FID detecter 250°C)S o3}
o 9] FEE 02N AAY 749 2
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EFq9] FFg A3 st RAURTY] 78
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o GCRAMZAR T3t 2702 B3t

3. &% 3 1

B @rollX AME 2704 2l el ez
LHEAS $HFol FHUT(Fig. 2). AARgA
ol dEgle] L WY 2gFe] IH= A
o] AL vIE & Atdxe LHEHLERA)
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exp. volume of height of height of surfa.lce conc. of . total mass of sparging gas

number water saturated zone  water level tension toluene solution  toluene introduced ﬂov;' @te
(L) (cm) (cm) (dyne/cm) (mg/L) (mg) (cm”/min)

1 2.31 44.8 28.5 525 203.2 58.2 109

2 232 453 28.6 53.2 198.4 62.5 193

3 224 45.5 27.5 525 216.5 64.9 400

4 2.18 444 325 72.2 177.2 52.1 103

5 228 451 320 72.4 211.8 67.0 198

6 2.33 449 327 72.7 200.9 63.6 402
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(b)

Fig. 3. Sparging influence zone; (a) sparging with SDBS
applied, i, ii, iii, represent sparging zone with different gas
flow rates, 109 ml/min, 193 ml/min, 400 ml/min, respectively,
(b) sparging without SDBS applied, gas flowrate 402 ml/
min: horizontal dotted lines represent the initial depth of
surfactant solution layer.
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Fig. 4. Changes in height of water table during air
sparging: AS stands for air sparging without SDBS applied.
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Fig. 5. Concentration of toluene in the gas effluent from
the box model during air sparging.
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Fig. 6. Cumulative mass of toluene removed from the box
model during air sparging.
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