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ABSTRACT

Partitioning of hydrophobic organic compounds (HOCs) to a biosurfactant, hydroxy-
propyl- 8 -cyclodextrin (HPCD). was conducted to evaluate the feasibilitv of using
HPCD to remove HOCs from soil/groundwater. HOC partitioning to HPCD was very
fast., with over 95% of the complexation occurring within 10 min. Some influence of
solution chemistry and HOC concentration on HOC-HPCD complex formation coef-
ficients was observed. HPCD sorption on soil as quantified by both a fluorescence
technique and total organic carbon measurements was negligible, indicating no
significant affinity of HPCD for the solid phase. Although the HOC solubilization
capability of HPCD was lower than that of synthetic surfactants such as SDS and
Tween 80, HI’CD can be effective in removing sorbed HOCs from a model subsurface
environment. primarily becausc of its negligible sorption to the solid phase (i.e.. all
the HPCD added facilitates HOC elution). However. in contrast with conventional
surfactants. HPCD becomes relatively less effective for HOC partitioning with
increasing HOC size and hydrophobicity. Therefore, comparisons between HPCD and
synthetic surfactants for enhunced remediation applications must consider the
specific HOC(s) present and the potential for surfactant material losses to the solid
phase, as well as other more generally recognized considerations such as material

costs and potential toxicological effects.

Key Words @ Cyclodextrin, HOC Partitiening, HOC Solubility Enhancement. Sur-
factant-Enhanced Remediation, Distribution Coefficient
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Table 1. Physico-chemical properties of cyc-
lodextrin types

Preperty a-CD 8-CD y-CD
Molecular weight 972 1135 1297
Glucose monomers 6 7 8
I,ntemal cavity diameter 5 6 8
(angstroms)

Water solubility

(&/100mL. 25¢) 142 1 185 | 232

Melting range (C) 255~260|2565~265|240~245
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Fig. 1. Molecular structure of beta cyclod-
extrin®.
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Fig. 2. The 3~dimensional shape cyclodex-
trin represented as a cone shaped
cavity and the partitioning of organic
pollutant to hydrophobic cavity.
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Fig. 3. Phenanthrene complexation by HPCD
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Table 2. Phenanthrene and naphthalene complexation constants for HPCD

HOC C(uM) NaCl(M) Krpep(M ™) R N° Koc (L/g)

Phenanthrene 1.68 0.0 3341+274.3 0.992 21 6.77:20.56

1x10* 3217+122.4 0.994 21 6.52720.25

1x10™* 3186%97.34 0.997 21 6.46:20.19

£1%107 3383=30.54 0.999 21 6.86:0.06

1x107! 3628=129.7 0.997 21 7.3670.26

2.81 1x107 3544=104.1 0.998 21 7.19::0.21

4.49 1x10™! 3086+224.8 0.994 21 6.26::0.46

6.73 1x107 2963%94.05 0.993 18 6.01:20.19

Naphthalene 39 1x10™ 823%11 0.997 21 1.6720.02

117 1x10™" 717423 0.996 21 1.45::0.05

195 1x107 62434 0.992 21 1.267:0.07

241" 1x10° 5088 0.998 18 1.03:20.02

Kipen values
et al.

(1.8D) were obtained by nonlinear regression analysis of fluorescence data using the method of Ko
# unless otherwise noted. The pH value was 6 unless otherwise noted. "Number of data points used to

determine Kupcp values. “Calculated from Kipep values and the average carbon fraction of HPCD as determined by

total organic carbon analysis.

enhancement data

hH=4,

°pl1=10, Kupcp values determined by linear regression of solubility
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