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Topic 1: Assessing the biodegrada-
tion of hexachlorocyclohexane iso-
mers in contaminated soil

Hexachlorocyclohexanes (HCH), such as
the insecticidal γ-HCH isomer, belong to
the class of largely banned persistent or-
ganic pollutants (POP). Because HCHs
only degrade over time-scales of decades
and more, they are still found to contam-
inate soils at former production sites.1
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Figure 1 Initial steps of lindane (γ-HCH) bio-
transformation to a pentachloro-cyclohexene iso-
mer (γ-PCCH). LinA catalyzes further dehy-
drochlorination, which can lead to the formation
of equally problematic trichlorobenzene (TCB).

In our research, we develop new ap-
proaches to track biodegradation pro-
cesses based on the stable isotope frac-
tionation that can be measured in the
remaining pollutant.2 In this project, we
aim at understanding the C and H isotope
effects pertinent to the different enzy-
matic dechlorination mechanisms of sev-
eral HCH isomers. An example of the
most frequent reaction pathway is shown

in Scheme 1 for lindane (γ-HCH). The ini-
tial steps of for aerobic transformation
is the HCl-elimination (β-elimination) and
LinA stands for a dehydrochlorinase en-
zyme.

Students will learn (1) how to purify
and work with LinA and LinB enzymes
that are capable of transforming HCH iso-
mers into less chlorinated compounds as
well as (2) how to carry out compound-
specific stable isotope analysis of H and
C using gas chromatographs coupled to
isotope ratio mass spectrometers.

Collaboration with Eawag Dept of Environmental
Microbiology, Dr. Hans-Peter Kohler

Topic 2: Tracking the degradation
of insecticides and industrial chem-
icals in contaminated groundwaters

In collaboration with environmental con-
sultants and the chemical industry, we
evaluate efforts to mitigate the pollution
of groundwaters with organic chemicals.
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Figure 2 Unknown chemical transformation
routes of the insecticide chlorodimeform to
chloromethylaniline

In this project, we study the abi-
otic transformation of an insecticide
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chlorodimeform to a toxic products such
as substituted anilines as well as the bi-
ological degradation of the latter3 (Figure
2). Recent evidence from laboratory ex-
periments, however, suggest a reversible
first reaction, which implies that the orig-
inal insecticide may be formed (!) in the
environment. This study in environmen-
tal forensics involves the elucidation of
reaction mechanisms with laboratory ex-
periments as well as the use of modern
stable isotope tools to track such pro-
cesses in contaminated groundwaters.

Topic 3: Bioavailability of struc-
tural iron in smectites

Iron-bearing clay minerals are important
redox buffers in the subsurface that can
affect the biogeochemical cycling of ele-
ments and the fate, transport, and tox-
icity of pollutants. To assess the role
that structural Fe in clay minerals plays
in redox reactions in pristine and con-
taminated environments, we have re-
cently developed electrochemistry-based

approaches to derive thermodynamic pa-
rameters of such mineral phases.4–6
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Figure 3 Mediated electrochemical analysis offers
new avenues to quantify thermodynamics proper-
ties of redox active Fe in clay minerals.5

In this work, we explore whether the
activity of iron-reducing bacteria (She-
wanella and Geobacter species) is con-
trolled by the thermodynamic properties
of the mineral specimen. Students will
have the opportunity to combine their
knowledge on biogeochemistry and ther-
modynamics with new experience in elec-
trochemical analyses.

Collaboration with Environmental Chemistry ETH
Zürich, Dr. Michael Sander
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