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ABSTRACT

The groundwater pollution due to volatile organochlorines like trichloroethylene and tetrachloroethylene has
been a great environmental issue in Japan. The nation wide survey revealed on the basis of up to fifty-nine
thousand samples collected until 1995 that 1.5% for trichloroethylene and 2.3% for tetrachloroethylene
cannot meet the drinking water standard. In order to repair subsurface pollution and to establish the
integrated procedure for cost-benefit remediation measure, physical remediation technologies of soil vapor
extraction and groundwater extraction were applied to a study site contaminated with trichloroethylene. The
results showed that the trichloroethylene amounts of 472 kg by soil vapor extraction and 1764 kg by
groundwater extraction were removed during three-year operation. In addition experience with both
technologies has demonstrated that the soil vapor extraction has been successful in removing | kg hr-! of
trichloroethylene at the initial stage of remediation, which shows one order as high as the groundwater
extraction. However, the removal rate duc to soil vapor extraction declines much earlier than groundwater
extraction, and consequently the removal rates of both technologies develop inversely with the progress of
remediation. Such remediation behavior of technologies raised the relative cost for soil vapor extraction 15
times as high as groundwater extraction. © 1998 IAWQ. Published by Elsevier Science Ltd
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INTRODUCTION

Large-scale groundwater pollution due to hazardous chemicals was first discovered in a study by the Japan

Environment Agency in (982 which traced the poliution to the organochiorines such as trichloroethyfene

and tetrachloroethylene. The survey was triggered by the discovery of groundwater poliution with volatile

organochlorines in developed nations throughout the world and the detection of volatile organochlorines in

lapan, when general main supply water was analyzed for trihalomethanes. The survey was conducted to
161



162 T. HIRATA et al.

explore the groundwater pollution situation with regard to 18 substances in 1360 well waters sampled in 15
cities across the country. The results showed that trichloroethylene and tetrachloroethylene were detected at
a rate of one in three well waters, and three percent of groundwater samples overshot the drinking water
standards of 0.03 mg I"! for trichloroethylene and 0.01 mg I} for tetrachloroethylene (Hirata et al., 1992).

Following the results of the nationwide survey, a large number of local authorities carried out their own
investigations on the state of groundwater pollution with regard to three substances, the above two chemicals
plus 1,1,I-trichloroethane. Until 1995 fifty-nine thousand groundwater samples were collected, and the
results showed the temporal trends of excess rates for the three substances over drinking water standards as
illustrated in Fig. 1. Data are coming from a general situation survey to investigate the state of pollution by
dividing the survey area in a mesh grid, and investigation sites are not duplicated at all. Since 1989, the
statistical incidence of excess rate for standards has reduced to be 0.3-0.6 % at present; however, this may be
totally attributed to the fact that at the initial stage the nationwide surveys focused on areas with a high risk
of pollution such as those surrounding industrial-commercial users of the chemicals and now are extending
to residential areas and the countryside with a lesser potential for pollution.

The groundwater pollution due to volatile organochlorines is confirmed to exist on a nationwide scale, and
in addition the organochlorines like trichloroethylene are strongly resistant to biodegradation in subsurface
environment (Vogel and McCarty, 1985); therefore, such pollutant removal from subsurface environment is
inevitable for groundwater quality to meet drinking water standard. In this context various sorts of physical,
chemical and biological remediation technologies have been developed and tested in polluted sites of Japan.
However, each of them is highly costly. The success of the remediation operation totally depends on picking
up suitable technologies to reduce the volume of polluted soil, water and gas to be treated, corresponding to
the pollutant existing form in the subsurface environment. In order to establish the cost-benefit relationship
in remediation design a full scale remediation using soil vapor extraction and groundwater extraction has
been conducted in a volcano-ash soil region contaminated with trichloroethylene. The paper describes the
remediation operation and cost-benefit of both technologies, based on the temporal variations of
concentration and removal rate of the pollutant.
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Figure 1. Temporal trends of excess rates for trichlorocthylene, tetrachlorocthylene and 1,1,1- trichloroethane over
drinking watcr standards.

STUDY SITE DESCRIPTION

Site investigation

During the general monitoring of groundwater pollution, trichloroethylene above the drinking water standard
was detected from a domestic water supply well. At first surface soil gas reconnaissance was conducted to
identify pollutant source and highly residual area of trichloroethylene (Yoshioka et al., 1992), and resulted
in revealing the trichloroethylene soil gas concentration of up to 330ppmv in a car park of a firm which






