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Effects of Sorbed Surfactant on the Surfactant-Enhanced Removal of
Hydrophobic Organic Contaminants

Seok-Oh Ko, Hee-Chan Yoo

Dacwoo Institute of Construction Technology. Environmental Engineering Research Team

ABSTRACT

Partitioning of two hydrophobic organic compounds (HOCs), phenanthrene and
naphthalene, to kaolinite and sorbed surfactants was studied to evaluate the feasibility of
surfactant-enhanced remediation (SER) of contaminated subsurface systems. Sorbed
surfactant partition coefficients, K. showed a strong dependence on the surfactant
sorption isotherms : at low sorbed surfactant levels K¢ values were at their highest and
then decreased with increasing surfactant sorption densities. K, values for SDS were
always larger than corresponding K., values. For Tween 80, however, K values K, were
higher than K, values only at the lower sorbed surfactant densities. HOC distribution
between immobile and mobile phases varied with surfactant dose : distribution coefficients
increased initially with increasing surfactant concentrations and then decreased at higher
doses. This observation shows directly the competition between sorbed and micellar
surfactants for HOC partitioning. Overall results of this study demonstrate that
surfactant sorption to the solid phase can lead to increases in HOC retardation in some
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SER applications. Therefore, before an SER process is selected, appropriate consideration
of surfactant sorption and HOC partitioning to immobile versus mobile phases pertinent to
a specific subsurface system must be contemplated.

Key words : Surfactant sorption, HOC partitioning to sorbed surfactants, HOC
distribution coefficient
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Table 1. Selected properties of the HOCs and surfactants used in this study *.

Compound Formula MW Solubility LogK CMC*
in distilled water s
Phenanthrene C,Hy 178.23 7.2 (UM) 4.57 —
Naphthalene CoHg 128.17 240 (uM) 3.36 -
SDS C,,H,;SO,Na 288.38 Complete - 1.5 mM
Tween 80 CsSeEx 1310 Complete — 9.92uM

* Surfactant data from supplier unless noted.
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Fig. 2. HOC sorption isotherms on kaolinite with varying amounts of sorbed surfactant (units of

mmol/g-kaolinite). (a) Phenanthrene - SDS. (b) Naphthalene - SDS. (¢) Phenanthrene -
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Table 2. Parameters of the HOC Sorption Isotherms for Sorbed Surfactants °.
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(umol/gy| N~ K,.(M-1) n R’ K.(M") R-
SDS | 00 18  0002+2E-4  0996+0.107 0994 | 021+£577E3"  0.986
0459 | 21 5150342540 097240067 0995 | S51111+641 0.991
132 | 18 1314941134 0.99240.029 0.999 134974584  0.999
278 1 15 1148041229 0.992+0.026 0.992 119344231 0.999
Tween80 | 03563 | 15 12302743844 1.083+0035 0994 | 162885+7994 0992
129 | 15 8511342201 093240011 0995 | 6522841477  0.994
Naphthalene
SDS 0.0 15 3.04E-4+83E-6° 1.091+0.111 0996 |364E-2+60E-4' 0.992
0.31 15 23194229 1.121+0.096 0992 29324338 0.985
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“From experiments using varying HOC concentrations and fixed sorbed surfactant concentrations (S,,)-.
Values for K, and n are ( SD. Ionic strength = 0.1M NaCl and pH = 4.6. " Maximum sorption plateau for
SDS and Tween 80 of about 40 (umol/g and 29 (umol/g. respectively. < Model parameters determined from

nonlinear regression analysis of Qe = K Choc” -

analysis of gy = K Cpac-

 N. number of data points.'

 Model parameters determined from linear regression

Values are K, (L/g-kaolinite).
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