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A B S T R AC T

The solubility of solid phenanthrene (PHE) powder in aqueous solutions of surfactant and 
chitosan (CS) was evaluated by varying the composition of aqueous mixtures. Cetyltrimethyl 
ammoniumbromide (CTAB) and sodium dodecyl sulfate (SDS) were used as model cationic and 
anionic surfactants, respectively. CS at a particular concentration in the mixture especially above 
the CMC value of the anionic surfactant exhibited somewhat higher PHE solubility values than 
surfactant itself. CS (20 mg/l)-SDS (20 g/l) solution showed higher PHE solubility (422.05 mg/l) 
than that of 20 g/l SDS (377.92 mg/g). However, CS-CTAB did not show any additional 
enhancing effect on PHE solubilization, and CS (5 mg/l)-CTAB (10 g/l) solution showed almost 
similar PHE solubility (867.23 mg/l) of 10 g/l CTAB (865.25 mg/g). The maximum increase in 
absorbance value of a 20 ml CS solution (5, 20 and 100 mg/l) at 540 nm with stepwise addition 
of SDS (10 g/l) was found at a SDS concentration much less than its CMC value (2.33 g/l) in 
the mixture, indicating strong complex formation between CS and SDS because of oppositely 
charged molecules in the experimental conditions.
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1. Introduction

One of the most common types of soil, atmosphere 
and groundwater contamination arises from polycyclic 
aromatic hydrocarbons (PAHs) [1]. PAHs are released 
into the environment as a result of incomplete combus-
tion of fossil fuels, old gas manufacturing plants or from 
spills of hydrocarbon fuels [2,3]. PAHs, which consist of 
two or more fused benzene rings, often have allergenic, 
mutagenic and carcinogenic effects [4]. PAHs contami-
nated sites pose remediation diffi culties because of its 
hydrophobic nature and moreover, PAHs act as long-
term contaminant sources by continuously dissolving 
into the ground water at low concentrations or strongly 

sorbing to soil and sediments [5]. Enhancement of aque-
ous solubility of PAHs is the most important step of 
remediation for PAHs contaminated sites.

Various remediation processes such as soil wash-
ing or soil fl ushing are often performed using surfac-
tants [6,7]. Surfactants are amphiphilic molecules that 
contain a hydrophilic head and a hydrophobic tail. 
Surfactants are classifi ed as ionic (cationic or anionic) 
and non-ionic with varying chemical structures accord-
ing to their hydrophilic head group [6]. Surfactants 
increase the aqueous solubility of PAHs by partitioning 
the compounds into the hydrophobic cores of surfac-
tant micelles and soil washing process involving sur-
factants is one of the most important methods for the 
treatment of PAHs contaminated sites [8,9]. Normally, 
non-ionic surfactants are used for remediation of PAHs 




