
Energy and Environment Research; Vol. 4, No. 2; 2014 
ISSN 1927-0569   E-ISSN 1927-0577 

Published by Canadian Center of Science and Education 

90 
 

In-situ Decomposition of Trichloroethylene Using Electrochemical 
Treatment Method 

Takuya Ito1, Kazuyuki Yamada1, Sigeru Kato1, Hideki Suganuma1, Akihiro Yamasaki1, Seiichi Suzuki1 & 
Toshinori Kojima1 

1 Department of Materials and Life Science, Seikei University, Tokyo, Japan 

Correspondence: Takuya Ito, Department of Materials and Life Science, Seikei University, 3-3-1 
Kichijoji-kitamachi, Musashino-shi, Tokyo, Japan. Tel: 81-422-37-3733. E-mail: takuya.ito@st.seikei.ac.jp 

 

Received: November 30, 2013   Accepted: March 20, 2014   Online Published: April 30, 2014 

doi:10.5539/eer.v4n2p90          URL: http://dx.doi.org/10.5539/eer.v4n2p90 

 

Abstract 
Trichloroethylene (TCE) has an excellent degreasing capacity, so it is often used as a solvent for dry cleaning, 
and is still used for removing grease from metallic parts and so on. However, its inappropriate handling caused 
contamination of soil. Recently, its toxicity and carcinogenicity to humans have been concerned. By these 
reasons, it is highly required to remediate the contaminated soils. In the present study, the possibility of 
application of electrochemical treatment method to the in-situ decomposition of TCE is examined because in-situ 
remediation is expected to be simple and inexpensive. The experiment in the aqueous systems was conducted as 
a basic examination. As a result of comparing experimental values under various stirring speeds with the 
theoretical value calculated from mass transfer coefficient, it turned out that TCE transferring from bulk to the 
electrode surface is accelerated by the radicals in the boundary film near the electrode surface. Hence the TCE 
decomposition rate is affected by the radical formation rate or radical concentration in the boundary film. In the 
experiment with the soils, the TCE decomposition rate was much smaller than that in the aqueous systems. 
Moreover, the influence of the voltage was not observed. Therefore, it turned out that the movement of TCE in 
the aqueous phase near the electrode surface was the rate-controlling step in the soils. Under the condition, the 
TCE decomposition rate was not affected by the particle size. Consequently, it turned out TCE is not transported 
by bulk flow but is mostly transfered by molecular diffusion in the soil. 

Keywords: trichloroethylene, electrochemical treatment, in-situ decomposition, contamination of soil, 
electroosmosis 

1. Introduction 

Trichloroethylene (TCE) has an excellent decreasing capacity, so it is often used as a solvent for dry cleaning, 
and is still used for removing grease from metallic parts and so on. However, its inappropriate handling caused 
contamination of soil and ground water (Fan, 1988). Recently, its toxicity and carcinogenicity to humans have 
been concerned. By these reasons, it is highly required to clean contaminated soils and ground water (Chemicals 
Evaluation and Research Institute, Japan, 2006). Though the aeration method has often been used up to now for 
cleaning contaminated soils, its high remediation cost is one of the serious problems (Komatsu, 2005). In the 
present study, the possibility of application of electrochemical treatment method to the in-situ decomposition of 
TCE is examined because in-situ remediation is expected to be simple and inexpensive. Electroosmotic flow is 
the motion of liquid induced by an applied potential across porous materials, capillary tubes, membranes, 
microchannels, and any other fluid conduits. Because electroosmosis method has the following advantages, it is 
expected to be used for in-situ cleaning of the contaminated soil. Especially, it can be applied to the soils with 
low water permeability such as clay and silt. Furthermore, the combination of this method with other purification 
ones is easy (Ninae et al., 2001, 2005; Athmer et al., 1994). Moreover, the decomposition of the pollutant using 
radicals from various electrochemical reactions produced at the electrode surface is reported (Wang & Lemley, 
2002). When water is electrically decomposed by using the stable electrode, oxygen and radical compound are 
generated in the anode. Although the life time of this radical compound is very short, its strong oxidizing power 
is expected to be strong enough to decompose persistent substances. 

The authors have reported that TCE is decomposed by the electro degradation simultaneously with the 
electroosmosis (Matsumura et al., 2001). The experiment was conducted in the solution as a basic examination 
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