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" EDTA and biosurfactant both improved the removal efficacy of the combined treatment.
" Biosurfactant addition increased microbial respiration and dehydrogenase activity.
" Similar removal of PCBs was achieved after a 42-d combined treatment with either H2O2 or CaO2.
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a b s t r a c t

The contamination of soil with polychlorinated biphenyl-containing industrial fluids is a worldwide envi-
ronmental problem due to their high persistence. The present study aimed to elaborate a new strategy of
process integration by the joint application of biosurfactant and combined chemical–biological treatment
for soil decontamination. The addition of a microbial surfactant from Pseudomonas sp. PS-17 to the com-
bined chemical–biological treatment, utilizing liquid hydrogen peroxide or calcium peroxide and a nat-
ural consortium of microorganisms-destructors, resulted in process modification that increased the
treatment efficacy of soil contaminated with polychlorinated biphenyl-containing electrical insulating
oil. A 42-d combined chemical–biological treatment supplemented by biosurfactant addition resulted
in an average 47–50% of polychlorinated biphenyls removal – independent of the hydrogen peroxide car-
rier used. Changes in the soil pH during the combined treatment application with oxidizing chemicals in
moderate dosages were unsubstantial. Joint application of the biosurfactant, microorganisms and oxidiz-
ing chemicals in moderate dosages increased soil respiration and dehydrogenase activity compared to
that obtained by application of the microbial consortium alone, indicating stimulation of microflora by
the process integration. The application of the higher calcium peroxide doses (soil/CaO2 = 1/0.005, g/g)
substantially increased the soil pH and diminished soil microbial respiration compared to that for
untreated incubated soil. Ethylenediaminetetraacetic acid addition in the experiments with the solid
hydrogen peroxide did not affect the treatment efficacy even after the prolongation of the treatment time
from 1 to 42 d. Joint addition of both the biosurfactant and the chelating agent to the combined chemi-
cal–biological treatment was not effective.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

The contamination of soil by some organic compounds is a great
threat to the environment and human health due to disruption of
soil structure and inhibition of flora, fauna and microflora. Poly-
chlorinated biphenyls (PCBs) are one of the most dangerous persis-
tent contaminants due to its high bioaccumulation potential [1],
high toxicity and carcinogenicity [2] as well as possible endocrine
disruptiveness [3]. PCBs were the main component of insulating oil
used in electric equipment from the start of their commercial

production in 1929 until their banning in many of countries
including the USA, the UK and Japan in the 1970s. The widespread
use of these compounds led to their substantial release into envi-
ronments, and effective treatment methods are required.

Various types of remediation procedures including bioremedia-
tion [4], chemical oxidation [5], phytoremediation [6] and inciner-
ation [7] have been utilized on PCB-contaminated soils with
differing degrees of success. There is some evidence that bioreme-
diation can be helpful for decontamination of PCB-contaminated
soil. For instance, bioremediation with commercial mixtures of
microorganisms [8], separate strains of microorganisms-destruc-
tors of hydrocarbons [9] and a lignin-degrading white rot fungus
[10] was successfully used to degrade some PCB congeners in soil

1385-8947/$ - see front matter � 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.cej.2013.01.041

⇑ Corresponding author. Tel.: +372 6204341; fax: +372 6202856.
E-mail address: marika.viisimaa@ttu.ee (M. Viisimaa).

Chemical Engineering Journal 220 (2013) 352–359

Contents lists available at SciVerse ScienceDirect

Chemical Engineering Journal

journal homepage: www.elsevier .com/locate /ce j

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.cej.2013.01.041&domain=pdf
http://dx.doi.org/10.1016/j.cej.2013.01.041
mailto:marika.viisimaa@ttu.ee
http://dx.doi.org/10.1016/j.cej.2013.01.041
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej

