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Presentations

Joanna Houska
Water Resources and Drinking Water| EAWAG and EPFL

Non-target screening reveals the identity of carbonous and
nitrogenous carbonyl- containing oxidation byproducts during
ozonation of lake water and wastewater

The application of ozone for disinfection or abatement of micropollutants during
treatment of drinking water and wastewater is accompanied by ozone reactions
with matrix components such as dissolved organic matter (DOM) which leads to
the formation of undesired oxidation by-products (OBPs) such as low molecular
weight aldehydes and ketones. To date, the identification of unknown carbonyl
compounds in complex water types remains a bottleneck in analytical chemistry.
By applying a recently developed non-target workflow and combining the
findings with kinetic and mechanistic information, the following three objectives
were met: (1) evaluating the formation of carbonyl compounds at varying specific
ozone doses across a wide range of water types revealed around 180 carbonous
and nitrogenous carbonyl compounds with a significantly higher share of N-
containing carbonyl compounds in wastewater compared to lakewater, (2)
providing a link between carbonyl compounds and their precursors by
combination with electron-donating capacity (EDC) and ozonation of model
compounds proved successful and (3) identifying a set of relevant carbonyl
compounds by non-target screening including mechanistic information, revealed
the identity of many carbonyl compounds with confidence level 1 and 2 including
a nitrogenous carbonyl compound.
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Emanuele Fara
Environmental Microbiology| EAWAG and ETH

The role of lambda prophage in a cross-feeding bacterial community

Microbes are present in almost every habitat on Earth and can form spatially
structured communities. Often, each individual cell of a community cannot
produce everything it needs but it relies on taking up metabolites produced by
other organisms. Hence, microbial cells engage in metabolic interactions with
surrounding cells of the same or another species. Such interactions change over
time and are strongly influenced by biotic and abiotic factors like viruses and
temperature. My research focuses on how bacterial viruses, or phages,
influence metabolic interactions in microbial communities through induction and
lysis. In fact, some phages can integrate their DNA into the host genome and
become prophages. Depending on several factors, prophages can be induced
and will ultimately lyse the host cell. | study the function of lambda prophage in
a community composed by two amino acid auxotrophs derived from E. coli. The
two strains need to exchange the two amino acids in order to grow in an
environment deprived of such metabolites. The presence of a temperature-
sensitive lambda prophage allows me to study the effect of prophage induction
in this community, thus shining light on the role of prophages from an ecological
perspective.

AT = temperature-sensitive lambda phage

THE SYSTEM: Bacterial community where one strain (M) is auxotroph for
methionine (Met) and the other one (l) for isoleucine (lle). When amino acids are not
externally available, the two strains need to exchange Met and lle in order to grow.
Lysis by phage (LJT) can release amino acids in the environment and benefit the
establishment of interactions between the two auxotrophic strains.



Anish Kirtane
Environmental DNA| ETH

A Matter of State: Evaluation of Methods for Sorting States of
Environmental DNA

Environmental DNA analysis has the potential to revolutionalize biodiversity
assessment aiding in conservation and management decisions. eDNA once
shed can exist in numerous states with varying behaviors including degradation
rates and transport potential. In this study we consider three states of eDNA: 1)
DNA enveloped in a cellular or organellar membrane, 2) dissolved extracellular
DNA molecule without any interaction with other particles, and 3) extracellular
DNA adsorbed to a particle surface in the environment. Capturing, isolating and
analyzing a particular state of eDNA provides utility towards better interpretation
of eDNA data. While methods for separating different states of DNA have been
developed, they remain poorly evaluated due to the lack of state-controlled
experimentation. We evaluate the methods for separating states of eDNA by
using DNA from three different species to represent the three states of eDNA as
state-specific controls. We use chicken DNA to represent the dissolved state,
salmon DNA adsorbed to clay particles as the adsorbed state, and mouse cells
grown in liquid culture for the membrane-bound state. We perform the
separation in three water matrices, two environmental and one synthetic, spiked
with the three eDNA states. The success of isolation and recovery of each state
are evaluated.
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Andrew Grigg
Soil Chemistry| ETH

Stability of jarosite in an acid sulfate soil from Central Thailand

Jarosite is an iron hydroxysulfate mineral that is prominent in acid sulfate soils,
where it regulates the cycling of trace elements, iron, and acidity. In controlled
laboratory experiments, Fe(ll) catalyses jarosite transformation to crystalline iron
(oxyhydr)oxides. However, the rates and products of jarosite transformation in
complex geochemical conditions remain unclear. We compared the
transformation of synthetic jarosite in a mixed-suspension system with
transformation in Thai rice paddy soil. Jarosite suspended in 50mM MOPS buffer
(pH 7.1) and 0.5 or 5 mM Fe(ll) transformed into ferrihydrite, lepidocrocite, and
goethite within eight hours. In contrast, complete transformation of jarosite to
goethite, with minor ferrihydrite, occurred within twelve to sixteen weeks when
jarosite was reacted with pore-water by burying jarosite-filled mesh bags in rice
paddy topsoil. Transformation was not observed in subsoils, which did not
become reducing following flooding. When contact between jarosite and soil was
maximised by burying mesh bags containing soil with 57Fe-labelled jarosite
enrichment, jarosite was no longer observed by 57Fe Mdssbauer spectroscopy
after sixteen weeks in topsoil. However, crystalline products such as ferrihydrite,
goethite and lepidocrocite were not formed. The differing behaviour of jarosite in
these experiments demonstrates the importance of the media in mineral
transformation experiments.
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Barbora Pinlova
Environmental Risk Assessment and I\/Ianagement| EMPA

Microplastics; what happens to weathered textiles?

We live surrounded by textiles. Many of these textiles are made of synthetic
fibers, in 2021 almost 60 metric tons of polyester were produced. We already
know that textiles are one of the prime sources of microplastics in the
environment, often released into waste water during laundry washing. However,
what happens, when the textiles are left to weather, either as outdoor textiles,
or a lost piece of clothing during hiking, or disposed at a landfill? Do they
contribute to the microplastics found in the environment? We aimed to answer
those questions by selecting a range of polyester textiles and exposing them to
artificial weathering by UV light for 2 months.

Our findings show that the fibers in the textiles experience structural damage
from the UV exposure over time, forming pits and cracks on the surface. Once
an additional mechanical force is introduced, such as during washing, the cracks
propagate and produce microplastics. This results in increased release of
microplastic fibers, from hundreds of fibers per gram of textile at the beginning
of the experiment, to hundred thousands fibers per gram of textile after 2 months
of weathering. In addition, we found different forms of microplastic fibers, which
have not been previously differentiated in literature.

Weathered microplastic fiber splitting into two shorter pieces



Mattia Cerri

Environmental Chemistry| ETH

Assessing biodegradation of commercial plastic mulches in Swiss
soils

Modern agriculture relies heavily on the use of plastic mulch films to increase
crop yields while lowering use of water and herbicides. However, repeated
application of films composed of non-biodegradable plastics - primarily
polyethylene - leads to accumulation of plastic residues in soils, raising concerns
on long-term negative effects. A possible strategy to avoid plastic pollution is to
employ biodegradable mulch films designed to be degraded in situ by native soil
microorganisms. While such products are already available on the market, the
environmental chemistry of these films and our understanding of the factors that
drive their biodegradation in soils remains poorly understood. To overcome this
knowledge gap, we are performing long-term incubations of commercially
available mulch films - composed of polybutylene adipate-co-terephthalate
(PBAT) and poly lactic acid (PLA) - in three Swiss agricultural soils at three
scales — laboratory, greenhouse mesocosm and field. In this contribution, we will
discuss the experimental setup and show results of film biodegradation over the
first year of the incubation, as determined by quantification of the residual
polymer using Soxhlet extraction of the soil followed by quantitative TH-NMR.
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Incubation setup at the greenhouse scale



Joel Ruthi
Forest Soils and Biogeochemistry | WSL

Metagenome mining of the alpine plastisphere for novel plastic
degrading esterases

Plastic pollution is a global issue affecting even the most remote ecosystems
such as high alpine soils. Whereas biodegradable plastics like PLA and PBAT
are easily mineralized in favorable environments like industrial compost, it has
barely been studied whether cold-adapted microorganisms are able to degrade
bioplastics in soils by producing plastic degrading enzymes. A major challenge
in the discovery of novel enzymes is the fact that only a small fraction of
microorganisms are cultivable in the laboratory. Here, we identified genes
coding for potential novel plastic-degrading enzymes from plastisphere
metagenomes of alpine soils. Twelve esterase and protease encoding genes,
which were highly abundant in the metagenomes, were synthesized, cloned and
heterologously expressed using the pMAL-p5g vector in E. coli BL21 (DE3). For
five of the produced enzymes we detected esterase activity and two of these
five also showed activity against the polyurethane dispersion impranil® as a
proof-of-concept. These novel enzymes reveal the potential of uncultivated
alpine soil microorganisms to degrade biodegradable polyesters and might
represent a valuable biotechnological approach of bioplastics for a circular
economy at low temperature.
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Hyunjoo Hong

Environmental Risk Assessment and I\/Ianagement| EMPA

Prospective dynamic and probabilistic material flow analysis of
graphene-based materials in Europe from 2004 to 2030

Attention to the potential environmental risks of graphene-based materials
(GBM) has grown with the positive expectation of a higher demand for GBM in
research and industry. We present a first study on the possible environmental
exposure of GBM. The model considers production volume and use-scenarios
of GBM in various consumer products, spanning the years from 2004 to 2030.
The transfer coefficients of the model were estimated based on physico-
chemical properties of GBM and their behavior during release and in technical
compartments. Although the production volume of GBM is expected to increase
strongly in the next years, the annual release of GBM shows only a slight positive
trend due to the delay of some applications entering end-of-life processes where
release of GBM can occur. Of all the GBM that will have been released until
2030 in Europe, more than half will be eliminated in waste incineration plants
and 12 % will be exported out of the Europe. The results of the study
characterize the release concentration of GBM in various environmental
compartments such as surface water (1.4 ng/L) and natural and urban soil (16
ng/kg). Therefore, the results can be used for further environmental risk
assessment.
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Benedikt Lauper
Environmental Chemistry| EAWAG

Systematic Underestimation of Pesticide Burden for Invertebrates
under Field Conditions: Comparing the Influence of Dietary Uptake
and Aquatic Exposure Dynamics

Bioaccumulation and biotransformation of organic micropollutants in aquatic
organisms have been investigated extensively for risk assessment using
laboratory experiments. But for several pesticides the measured internal
concentrations in gammarids in field trials exceeded the predictions based on
the laboratory data, sometimes by orders of magnitude. To investigate this
discrepancy, we conducted a field bioaccumulation study in a stream known to
receive pollutant loadings from agriculture. Our work incorporated
measurements of stream pesticide concentrations at high temporal resolution
(every 20 min), as well as sediment, leaves, and caged gammarid analyses
(every 2-24 h) over several weeks. The internal concentration of gammarids
was subsequently modelled using a one-compartment toxicokinetic model using
the measured field data as well as toxicokinetic parameters taken from
accompanying lab studies and feeding rates from literature. This showed that
the pesticide burden on gammarids remains underestimated by a factor of 1.9 +
0.1 to 31 = 3.0, with the highest underestimations occurring after rain events.
Including dietary uptake from polluted detritus leaves and sediment in the model
explained this underestimation only to a minor proportion. However, suspended
solids analyzed during rain events had high pesticide concentrations, and
uptake from them could partially explain the underestimation after rain.
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Zoé Le Bras
Inorganic Environmental Geochemistry|ETH

Seasonal variability and production mechanisms of volatile selenium
species at a coastal site in the Mediterranean Sea

Selenium (Se) is an essential trace element for humans and animals mainly
acquired through consumption of terrestrial food products. The atmosphere is
an important reservoir of Se and a source of Se to terrestrial ecosystems. Marine
biogenic emissions of volatile organic Se, e.g., dimethyl selenide (DMSe), are
the main source of atmospheric Se. However, the spatial distribution and
temporal variability as well as the mechanisms of formation of these Se species
in marine environments are poorly constrained due to a lack of efficient methods
to detect these species present in trace levels (fM-pM) in seawater. We
developed a new high throughput and sensitive method combining thermal
desorption with gas chromatography inductively coupled plasma mass
spectrometry to quantify concentrations of volatile Se species in seawater and
implemented it in six two-week time periods between March 2021-2022 at the
coastal station of Endoume in the Mediterranean Sea to study the daily and
seasonal cycling of volatile Se species. In the same time periods, incubation
experiments with natural seawater were carried out under various conditions,
(dark/light, size fractions, biological inhibitors) to give insights into (a)biotic
processes involved in the production of volatile Se species, for which the results
will also be presented here.

Volatile Se trapped onto sorbent tubes
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Esther Breuninger
Inorganic Environmental Geochemistry| ETH and EAWAG

Insights into the atmospheric cycle of selenium and arsenic: Linking
elemental speciation with atmospheric transport in a 5-year aerosol
series

The atmosphere is an important reservoir of the essential metalloid selenium but
also the toxic metalloid arsenic. Atmospheric deposition is a source of these
elements to marine and terrestrial ecosystems, including agricultural soils,
impacting environmental and human health. However, atmospheric cycling of
these trace elements is still rather unknown, i.e., open questions are: i) what are
seasonal inputs of anthropogenic and biogenic sources, ii) what are
(bio)geochemical transformations in the atmosphere and iii) what is the fate of
these elements deposited to surface environments? Knowing the chemical
speciation of these elements in atmospheric samples is of key importance to
answer these questions.

In this study, we applied new ICP-MS/MS based methods to investigate
concentrations and speciation of selenium and arsenic in aerosol samples
collected weekly from 2015-2020 at Pic du Midi Observatory (French Pyrenees).
This high-altitude site enables the investigation of local and long-range
elemental transport from both marine and continental environments. In addition
to trace elements, speciation of sulfur and organic composition (using pyrolysis-
GC/MS) of aerosols was studied and air parcel backward trajectories were
calculated. The combination of these analyses gives new insights into the
seasonal variability of atmospheric sources and cycling of selenium and arsenic.

Pic du Midi Observatory
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Sarah Partanen
Environmental Chemistry| ETH

Satellite-based non-clear-sky correction factors for clear-sky
incident irradiance spectra

Photochemical transformation can be an important removal process for some
organic contaminants in surface waters such as lakes and rivers, as well as in
oceans. An important environmental variable affecting photochemical processes
in surface waters and oceans is the incoming solar irradiance, as this is the
energy source required for these processes to occur. However, clear-sky
incident irradiance spectra are often used when evaluating the fate of aquatic
contaminants, leading to an underestimation of contaminant half-lives due to
photochemical transformation. In this work incident irradiance satellite data were
used to develop global scale non-clear-sky correction factors for commonly used
reference irradiance spectra. Non-clear-sky conditions can decrease incident
irradiance by over 90% depending on geographic location and time of year, with
latitudes above 40°N being most heavily affected by season. The impact of non-
clear-sky conditions on contaminant half-lives has been highlighted in a case
study of triclosan in Lake Greifensee, which show a 33% increase in triclosan
half-life over the course of a year. The correction factors developed in this work
are available at daily, monthly, and seasonal resolutions for every point on the
globe, and can be used by researchers and practitioners who need accurate
estimates of incident irradiance.
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Amy Macfarlane

Evolution of micro and macro-structural changes of melting
sea ice and influence on reflectance
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Ocean
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