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ABSTRACT

Soybean oil was used as a biodegradable extracting agent for the removal of sorbed phenan-
threne (PHE) in sandy soil. In this study, several methods of forming emulsions using soy-
bean oil and their extraction properties were investigated. The stable and homogeneous oil
emulsions were formed more effectively by ultrasonication (U1) than by homogenization
(H1). Moreover, homogenization before ultrasonication (HU1) established more stable emul-
sions than U1 alone. The mean diameter of oil droplets in U1 or HU1 was reduced to the
nanometer range (approximately 70 nm) by U1 with 750W using a high-power sonic tip
operated at 33% amplitude and 20 kHz frequency for 5min. The extraction efficiency of
sorbed PHE from soil by oil emulsions increased with decreasing size of droplets of oil
emulsions; the maximum extraction of PHE was achieved with HU1. Thus, nano-emulsions
of vegetable oil made by U1 could be an environmentally benign alternative for effectively
washing soil.
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1. Introduction

Remediation of soil contaminated with hazardous
hydrophobic organic compounds (HOCs), such as
polycyclic aromatic hydrocarbons (PAHs), is a major
environmental concern because of the toxic and carcin-
ogenic properties of these compounds [1–3]. Due to
their hydrophobicity, PAHs have low water solubility
and are strongly adsorbed to soils and sediments.
Therefore, biodegradation of PAHs is very slow, result-
ing in their persistence in environments over long peri-
ods of time. In this way, soil and sediments

progressively become rich sources of PAHs like benz
(a)pyrene [4]. A potential technology for rapid removal
of sorbed PAHs from soils involves washing with a
surfactant solution [5,6]. The use of a surfactant
enhances the solubility of HOCs significantly by parti-
tioning them into the hydrophobic cores of surfactant
micelles [7–9]. While the use of surfactants significantly
enhances the performance of soil washing, operation
costs increase as surfactant dosages increase; addition-
ally, surfactant recovery can be required [10,11].

Edible oils are relatively inexpensive, innocuous,
and biodegradable materials that have been used for
soil and groundwater remediations. The oils can be*Corresponding author.

Desalination and Water Treatment
www.deswater.com

doi: 10.1080/19443994.2012.749031

51 (2013) 3207–3214

April

1944-3994/1944-3986 � 2013 Balaban Desalination Publications. All rights reserved.




