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Extended Abstract

At about one third of severely contaminated sites in Europe chlorinated ethenes like perchloroethene (PCE) can be
found. Due to its high persistency, it leads to long lasting pollutions and forms long groundwater plumes. PCE reaches the
environment through anthropogenic sources, such as dry-cleanings and metal-working industries. Therefore PCE
contaminations can mainly be found in urban regions and consequently in many cases only in-situ ground water remediation
methods can be used for clean-up.

This study aims to combine chemical and biological in-situ remediation methods to increase their efficiency by
eliminating their shortcomings. In the chemical degradation process zero-valent iron (ZV1) is used to reductively dechlorinate
PCE-molecules. But ZVI is also consumed by anaerobic corrosion producing hydrogen [1]-[3]. Thus, an excess of ZVI
particles has to be used to accomplish a successful clean-up, which increases the costs of the remediation drastically. To
achieve biological degradation strictly anaerobic strains of the bacteria Dehalococcoides are used, which are able to
completely dechlorinate PCE to ethene by utilizing hydrogen as an electron donor [4]-[6]. These bacteria can occur naturally
at contaminated sites or can also be injected into the groundwater. The dehalogenating bacteria compete for the existing
hydrogen with other anaerobic bacteria, which are often more successful in receiving electrons from the donor [7], [8]. A
depletion in hydrogen often leads to an incomplete microbial degradation and an accumulation of even more hazardous
metabolites, such as vinyl chloride. By combining the two processes the hydrogen, produced during the anaerobic corrosion
of ZV1, could be used by the bacteria for further PCE degradation. This way the remediation time, the amount of ZVI and
consequently also the remediation costs could be reduced.

In a first step PCE degradation experiments in microcosms were conducted. The degradation with different ZVI particles
(nano- and micro-scaled), dechlorinating cultures and their combinations were compared. The microcosms were prepared in
an anaerobic chamber to ensure optimal conditions for the strictly anaerobic bacteria. HEPES and Na,S were used to ensure
stable pH and redox conditions. Molasses was added as an economic carbon source. PCE, its metabolites and end products
were measured with GC-FID and hydrogen with GC-TCD. pH and redox conditions were checked over the course of the
experiments.

The two cultures investigated showed different behaviours: one could completely degrade PCE to ethene (culture A),
while the other led to an intermediate accumulation of cis-DCE and a slower development of ethene (culture B).
Correspondingly also the combination with the different iron particles showed different results. We could achieve a
stimulation of the complete microbial dehalogenation with culture B with the used iron particles. In both cases the nano-
scaled ZV1 even slowed down the conversion of PCE to TCE. The addition of ZVI could reduce the accumulation of
unwanted metabolites in the microcosms with both cultures. The hydrogen produced by the iron particles was used by both
cultures, but not only for dechlorination.
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