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11.1
Arsenic contamination in the groundwater and soil and subsequent
bioaccumulation in the edible crops in Bengal Delta
Sayan Bhattacharya1
1

School of Ecology and Environment Studies, Nalanda University, Rajgir, District: Nalanda, Bihar-803116, India.

Arsenic (As) is a metalloid of great environmental concern because of its highly toxic nature and colossal abundance. The
Bengal basin is considered as one of the most acutely arsenic affected geological provinces in the world. The research
work was performed in a part of Bengal Delta [Kalinarayanpur (23°14’ N, 88°59’ E), Nadia, West Bengal, India] for exploring
the status of arsenic contamination.
Pre monsoonal and post monsoonal water samples were collected from the tube wells and the groundwater parameters
were studied in HG-AAS and spectrophotometric methods. Sediment layers were collected up to 160 ft. depth in each 5 ft.
interval and the samples were analysed for arsenic (As) in HG-AAS. Oxidizable organic carbon (OOC) and organic matter
(OM) of the soil samples were measured. Rice (Oryza sativa) and jute (Corchorus capsularis) plant samples of different age
groups were studied for arsenic bioaccumulation; different plant parts were dried, digested and analyzed in HG-AAS.
The results showed that the groundwater samples were highly contaminated with arsenic. Analysis of the sediments
showed that arsenic levels decreased from the surface (2.89 mg/kg of soil) till a depth of about 45 feet (0.3 mg/kg),
following which there was a constant concentration of arsenic along the gradient of increasing depth. Both the percentage
of oxidizable organic carbon (OOC) and organic matter (OM) in soil showed a gradual decrease with depth till
approximately 45-50 feet and constant levels at depths beyond 45-50 feet. A strong correlation was found between the
distribution of As and OOC. This was in synchrony with the fact that arsenic was co-deposited with OOC in soil, and the
correlation between them was due to arsenic retention and high OOC inputs in the vegetated zones of the Bengal basin.
There was a time-dependent decline of arsenic content in the diverse parts of Oryza sativa. The accumulation of arsenic
remained significantly high in the initial phase (i.e. 1 month age); particularly in root zones it was 149.4 mg./kg, in stem
basal part 22.5 mg./kg., in stem middle part 6.34 mg./kg., in stem apical part 2.78 mg./kg., in leaves 1.53 mg./kg and in the
early phase of grains (apical parts in tillering stage) 0.29 mg./kg. In the 3 months old plants, arsenic bioaccumulation in rice
roots was 31.4 mg./kg, in stem basal part 7.72 mg./kg., in stem middle part 0.52 mg./kg., in stem apical part 0.43 mg./kg.,
in leaves 0.12 mg./kg and in the grains 0.07 mg./kg. The possible reason behind it is the existence of oxidized zone
around the rice root zone which helps to form oxidized iron plaque (Bhattacharya et al., 2012). Iron plaque can efficiently
bind arsenic and can reduce its translocation to the above ground tissues (straw, husk and grain) of the plant (Liu et al.,
2004; Norra et al., 2005). Accumulation of arsenic showed a root> basal stem> median stem> apical stem> leaves> grains
trend in Oryza sativa. Corchorus capsularis followed a trend of arsenic bioaccumulation similar to Oryza sativa. In the initial
phase of growth (i.e. in 1 month), arsenic bioaccumulation in jute roots was 8.701 mg./kg, in stem basal part 6.08 mg./kg.,
in stem middle part 5.71 mg./kg., in stem apical part 3.92 mg./kg., in leaves 2.07 mg./kg. However, in the 3 month old
plants, arsenic accumulation level in all parts of jute plants was within the permissible limit. The overall scenario can reflect
that the contamination of arsenic in water, soil as well as in the food chain in Bengal Delta must be addressed properly to
understand the importance of arsenic exposure from food sources.
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11.2
Fe2+, H2S and Mn2+ Availability modulate the Balance between N-Removal
and N-Recycling in Lake Lugano Sediments?
Adeline Cojean1, Jakob Zopfi1, Elizabeth Robertson2, Bo Thamdrup3, Moritz F. Lehmann1
Department of Aquatic and Isotope Biogeochemistry, University of Basel, Bernoullistrasse 30, CH-4056 Basel
(adeline.cojean@unibas.ch)
2
Department of Geology, Lund University, Sölvegatan 12, SE-223 62 Lund, Sweden
3
Nordic Centre for Earth Evolution, Institute of Biology, University of Southern
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Intensive human activities have dramatically altered the natural nitrogen (N) cycle in lakes by increasing reactive-N
concentrations in surface waters. Anaerobic microbial N2-producing processes help to counteract excessive fixed-N loading,
specifically within lacustrine sediments where bacterial communities are dense. Denitrification, the stepwise NO3- reduction
to N2 is considered the most important fixed-N removal process in anoxic lake sediments. Anammox, anaerobic oxidation of
ammonium to N2 using NO2- as electron acceptor, is also a prominent benthic N-transformation pathway in certain
environments, particularly in organic-poor sediments. In contrast, dissimilatory nitrate reduction to ammonium (DNRA) fuels
eutrophication by retaining a bioavailable form of nitrogen (i.e., NH4+) within the system. During canonical denitrification and
DNRA, microorganisms use mainly organic matter as sole electron donor to reduce NO3-. But recent work has revealed the
existence of chemolithotrophic denitrification and DNRA using Fe2+ and H2S as terminal electron donor in pure culture
experiments, as well as in slurry incubation work using natural sediments. In these studies, substrate concentrations were
often very high and non-representative of in situ conditions in freshwater sediments. To our knowledge, there is no clear
evidence for NO3- reduction coupled to Mn2+ oxidation in aquatic environments. Quantifying the relative partitioning between
denitrification, anammox and DNRA in lacustrine sediments, as well as understanding the biogeochemical controls is
essential to better constrain N budgets in lakes. The main goal of this study was to assess the role of Fe2+, H2S and Mn2+ in
modulating the balance between denitrification, anammox and DNRA, using experimental substrate concentrations that are
pertinent to natural conditions. Eutrophic Lake Lugano (south basin) is an excellent study site for this purpose due to its
high, and variable, Fe2+ and Mn2+ concentrations in the sediments. Laboratory incubation experiments were conducted
using benthic microbial biomass from the sediments with additions of 15N-labeled substrates and dissolved Fe2+, H2S and
Mn2+ at two sites, Figino (Fe2+/Mn2+-rich) and Melide (Fe2+-poor/Mn2+-rich). Our experiments revealed that denitrification was
the main benthic NO3--reduction process at both locations, and DNRA contributed about 35% to the total NO3- reduction.
Anammox was negligible. The ratio of denitrification to DNRA was very similar (~1.8) at the two sites despite different
biogeochemical conditions. Fe2+ additions at relatively low level (e.g. 170-250 µM Fe2+) stimulated denitrification at the two
sites, but did not significantly affect DNRA. In contrast, higher Fe2+ concentrations (400-2500 µM) seemed to inhibit
denitrification at both sites, while stimulating DNRA in Figino. An analogous response was observed with H2S additions. So
far, we did not observe any evidence for NO3- reduction coupled to Mn2+ oxidation, but further experiments with addition of
various amounts of Mn2+ will be performed. Our results indicate that locally, chemolithotrophic denitrification and DNRA play
an important role in benthic nitrate turnover of Lake Lugano (south basin). While, it seems that the balance between
denitrification and DNRA is modulated by Fe2+ and H2S availability, the exact controls remain ambigous. The differential
microbial response to Fe2+ and H2S additions at the two sites, as well as their inhibitory effect on denitrification await further
investigation through phylogenetic analyses and additional incubation experiments.
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11.3
Tracing the atmospheric transport and fate of selenium using a
chemistry-climate model
Aryeh Feinberg1,2, Andrea Stenke1, Elke Suess1,2 Thomas Peter1, & Lenny H. E. Winkel1,2
Department of Environmental Systems Science, ETH Zürich, Universitätstrasse 16, CH-8092 Zürich
(aryeh.feinberg@env.ethz.ch)
2
Eawag, Swiss Federal Institute of Aquatic Science and Technology, Überlandstrasse 133, CH-8600 Dübendorf

1

Humans and animals require selenium in their diet for proper physiological functioning. The optimal intake range of
selenium is rather narrow, with risks of toxicity occurring for high levels (>900 µg day-1) and deficiency for low levels (<30
µg day-1). Whereas selenium toxicity is mostly a local issue, selenium deficiency affects large-scale regions, impacting an
estimated 0.5 - 1 billion people globally. Soils low in selenium can lead to low selenium content in plant-based foods,
ultimately causing insufficient dietary intakes. Selenium deposition from the atmosphere, for example through rainfall, can
act as a source of selenium to soils. Atmospheric deposition has been suggested to be an important control of soil selenium
in several locations. However, the atmospheric selenium cycle has not been extensively studied in the literature. It is
unknown which are the dominant atmospheric selenium species, how far selenium travels in the atmosphere after being
emitted, and whether selenium is present in significant amounts in the stratosphere. We will investigate these questions by
incorporating selenium for the first time into a global chemistry-climate model, SOCOL-AER. Selenium chemistry was
implemented analogously to the existing sulfur chemistry in the model, due to the expected chemical similarities between
selenium and sulfur. In the model, selenium species (SeO2, DMSe, H2Se, OCSe, …) are emitted from the surface based on
estimates from previous field campaigns or atmospheric budgets. Low volatility selenium compounds can be taken up by
sulfate aerosols, which are explicitly described by an aerosol microphysics module. Since gas phase selenium species are
quickly oxidized to become low volatility compounds, far range transport of selenium occurs mainly on aerosols. We will
show the importance of atmospheric deep convection in spreading selenium globally. Our model will be used to fill major
research gaps on atmospheric selenium cycling, speciation, and transport. Our results can motivate future field studies, by
identifying regions where atmospheric selenium speciation and deposition should be further investigated. Furthermore, the
deposition maps derived by SOCOL-AER will be a valuable input for soil models that predict soil selenium concentrations.
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Beauty, bottlenecks and progress in the study of the environmental
behaviour of less-studied technology-critical elements
Montserrat Filella1
1

Institute F.-A. Forel, University of Geneva, Boulevard Carl-Vogt 66, CH-1205 Geneva (montserrat.filella@unige.ch)

Nature has governed biogeochemical cycles for millions of years but now humans are mining and redistributing material at
a very fast rate, probably contributing to shape the geology and biology of the Earth. This fast element turnover is
accompanied by an increasing diversity of the material used in all types of products. A number of trace elements that until
recently were only considered to be laboratory curiosities have now become essential components in a variety of
applications ranging from information to ‘green energy’ related technologies. The current strategic importance of these
elements is such that they have now been labelled as ‘energy-critical elements’ or ‘technology-critical elements’ (TCEs) and
initiatives at national levels are underway to secure their availability in the coming years. The list of elements considered as
TCEs is variable, depending on the source but it generally includes: Pt-group elements, lanthanides and Ta, Nb, Ga, In, Ge
and Te. These are, for instance, the elements considered in the EU COST action TD1407 (www.costnotice.net). This last
group of ‘less-studied’ elements are the object of this communication.
We are now in a much better position than we were in the past to tackle the environmental challenges that the increasing
use of chemical elements might create. Today, we have highly performing analytical techniques and, more importantly, a
solid theoretical background. Pitfalls, such as those derived from not taking chemical speciation into account when
performing (eco)toxicological experiments, will surely be avoided. However, difficulties encountered in the study of these
less-studied TCEs are so far many. Main bottlenecks are, on the one hand, the lack of adequate analytical methods (and
the improper use of the existing ones) and, on the other hand, the absence of adequate equilibrium and solubility constants
and of a satisfactory description of the interactions of these elements with natural organic matter and potentially binding
mineral surfaces. Progress is however fast both in the analytical front and in the improvement of the knowledge of their
behaviour in solution. Discussion of current bottlenecks and recent progress is the object of this communication.
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11.5
Spatial distribution of mercury and methylmercury in an industrially
polluted floodplain soil.
Lorenz Gfeller1, Adrien Mestrot1
1

Institute of Geography, University of Bern, Hallerstrasse 12, CH-3012 Bern (lorenz.gfeller@giub.unibe.ch)

Mercury (Hg) is a ubiquitous global pollutant cycling through all environmental compartments. Microbially formed
methylmercury (MeHg) is the most toxic and bioavailable form of Hg (Sakamoto et al. 2012). The bio-methylation of
mercury is well studied in the marine environment. However, there is still a lack of knowledge concerning MeHg formation
soils. The aim of this study is to characterize parameters potentially driving MeHg formation in agricultural soils and
terrestrial ecosystems.
From the 1930s to 1980s, the agricultural floodplain between Visp and Raron (Canton of Valais) was polluted by an
acetaldehyde producing plant. The chemical plant released an estimated 50 t of Hg into a discharge canal. During this
period, the canal was dredged multiple times. The extracted Hg-rich canal sediments were used to fertilize agricultural
fields and private gardens. To estimate the extent of the Hg pollution in the area, a screening was conducted by a geo
engineering office. Despite these efforts, little is known about the meter-scale distribution of Hg and the concentration of
MeHg in the agricultural soils in Valais.
As a first step, we aim to assess the three-dimensional distribution of Hg species in the area. Based on the previous
screening, five sites were selected for this study. Soil was sampled in a rectangular grid system to a depth of 50 cm. MeHg
is extracted with a newly developed method including a three-step selective extraction with 35% HCl, dichloromethane and
L-cysteine. The Hg species are measured with HPLC-ICP-MS, while total Hg, and a range of selected metals, are
measured by ICP-MS. Further, parameters potentially affecting MeHg formation (organic C, N, S, and pH) are measured.
Maximum Hg concentrations (59.3 mg kg-1) in the agricultural soils are almost 3 times the federal threshold value of 20 mg
kg-1.
In the terrestrial environment, future impacts on Hg cycling due to changes in climate and land-use remain unclear.
Changes in soil saturation and redox may potentially promote Hg release and biomethylation. Our future research will
include soil incubation experiments to assess the influence of flooding and agricultural practices on the mobilization and
biomethylation of Hg in soils.
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Copper and zinc stable isotopes as analytical tool to trace sources and
processes in agricultural systems
Martin Imseng1, Matthias Wiggenhauser2, E. Frossard2, Michael Müller3, Armin Keller3, Wolfgang Wilcke4 and Moritz
Bigalke1
Geographic Institute, University of Bern, Hallerstrasse 12, CH-3012 Bern
Institute of Agricultural Sciences, ETH Zürich, Eischikon 33, CH-8315 Lindau
3
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4
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1

2

In agriculture, copper (Cu) and zinc (Zn) are used as feed additives and pharmaceuticals and can accumulate with
farmyard manure in agricultural soils. Although being micronutrients, high Cu and Zn concentrations are toxic for
microorganisms and invertebrates and endanger in that way the soil fertility. Former studies revealed Cu and Zn
accumulations in Swiss agricultural soils in the past decades. However, these studies were not completely based on in-situ
measured data. The aim of this study was to fill this gap and measure Cu and Zn fluxes at selected Swiss agricultural sites.
Specifically, we aimed to trace the metals in the soil and to differentiate between anthropogenic and geogenic sources.
Additionally, we further elucidated metal redistribution in Swiss agricultural systems, based on the measurements of stable
metal isotope ratios of system fuxes and soil pools.
For that purpose, metal balances of three three grassland sites were determined by measuring the soil metal
concentrations and all inputs (atmospheric bulk deposition, manure & parent material) and outputs (seepage water and
grass harvest) during one hydrological year (May 2014 – May 2015). Furthermore, stable metal isotopes of the soil and all
inputs will be measured.
Cu and Zn mass balances showed that manure application is by far the most important Cu (146-340 g ha-1 yr-1) and Zn
(947-1’742 g ha-1 yr-1) input. Inputs with bulk deposition and through parent material weathering were by 1-2 orders of
magnitude smaller. Beside the Cu and Zn budgets, stable isotope data (not yet analysed) will be presented and discussed
to assess the biogeochemical processes and redistribution of (anthropogenic) Cu and Zn in agricultural systems.
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11.7
Arsenic pollution of Ogosta River floodplain by legacy mining:
Assessing pollution and environmental impacts at different scales
Ruben Kretzschmar1, Iso Christl1 & Tsvetan Kotsev2
Soil Chemistry Group, Institute of Biogeochemistry and Pollutant Dynamics, CHN, ETH Zurich, 8092 Zurich, Switzerland
(kretzschmar@env.ethz.ch)
2
Department of Geography, NIGGG, Bulgarian Academy of Sciences, Sofia, Bulgaria

1

In many industrialized regions, riverine floodplains have accumulated legacies of toxic trace metals and metalloids. These
contaminations often arise from past or present mining and ore processing, releasing dissolved metal(loid)s and their
mineral host phases into downstream floodplains by mine waste discharge or tailings dam failures. Since river floodplains
cover extensive areas and are commonly used for settlements and agriculture, they can pose greater risks with respect to
human exposure than the tailings themselves. Even moderate concentrations of toxic metal(loid)s in soils may threaten soil
fertility and ecosystem health if the contaminants are bioavailable to soil organisms and plants. Contaminated floodplains
may also represent a persisting source for polluting surface and groundwater even long after mining and metallurgical
activities have ended.
One such example is Ogosta River, which is one of the largest tributaries to the river Danube in Bulgaria. Ogosta originates
in the Balkan Mountains and joins the Danube approximately 140 km northeast. Soils and sediments in the Ogosta
floodplain are heavily contaminated with As resulting from historic mining and a large tailing dam failure in 1964. This
presentation will give an overview of past and ongoing research on soil contamination and environmental impact
assessment at different spatial scales in the upper Ogosta floodplain.
Soil contamination with As is investigated at various spatial scales (Figure 1). At the floodplain scale, our goal is to identify
contamination “hotspots” and to develop improved contamination maps for the entire floodplain based on the analysis of
soil samples (to date 1352) in combination with LIDAR-derived mapping of geomorphographic units, flood modeling, and
geostatistical methods. For detailed process studies, transects perpendicular to the floodplain were selected and
characterized at the (lateral) transect scale to the (vertical) soil profile scale. Within soil profiles, detailed studies were
conducted to investigate As speciation at the microscopic to molecular scale using X-ray diffraction, fluorescence, and
absorption spectroscopy (Mandaliev et al., 2014). Environmental impact assessment of the As pollution of the Ogosta
floodplain includes studies on human bioaccessibility of As in soils studied by in-vitro extraction tests (Mikutta et al., 2014),
plant uptake of As along a contamination gradient (Simmler et al., 2016), As release during simulated soil flooding by
microbial reduction (Simmler et al., 2017), influence of the soil contamination on As in Ogosta river and groundwater, and
the effects of soil contamination on microbial communities. Selected results of these studies will be highlighted and
discussed.
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Figure 1. Investigating As contamination on various spatial scales: (a) Upper Ogosta river valley with soil and
groundwater sampling locations, (b) LIDAR derived image for a section of Ogosta valley showing flatness and
depressions vulnerable to flooding, (c) transect across Ogosta valley used for studies on processes along contamination
gradients, (d) soil profile investigated within the transect showing Mn enriched layers, and (e) µ-X-ray fluorescence
maps of As (red), Fe (green), and S (blue) around a soil macropore.
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11.8
New insights into the oxidation of marine organic sulfur compounds by
reactive bromine species
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Department of Environment Systems (D-USYS), Rämistrasse 101, 8092 Zürich
3
EPFL, École polytechnique fédérale de Lausanne, Route Cantonale, 1015 Lausanne

1

Volatile marine organic sulfur and bromine compounds are important players in climatic processes.1, 2 A key compound in
the production of volatile bromine compounds (e.g., bromoform, dibromomethane) is enzymatically produced bromine (e.g.,
Br2, HOBr, OBr-), via reactions with dissolved organic matter (DOM) in marine waters.2, 3 Indirectly, these reactions are also
important for atmospheric chemistry, as the volatile bromine species can photolyze to Br atoms, which are known to
degrade ozone.4 However, apart from reacting with DOM, in marine waters, bromine potentially also reacts with biogenic
marine organic sulfur compounds (e.g., dimethylsulfoniopropionate (DMSP), dimethylsulfide (DMS), dimethylsulfoxide
(DMSO)) and could thus play an additional role in controlling concentrations of these species in marine waters.
Nevertheless, the reactivity of bromine towards these species is largely unknown.
Therefore, we studied the reactions between HOBr and organic sulfur compounds in marine waters by determining second
order rate constants for their reactions, and analyzing reaction products via HPLC/ICP-MS. We observed a high reactivity
between HOBr and DMS, with an apparent second order rate constant of 3∙109 M-1 s-1 at pH 8. In contrast, reactions of
HOBr with other studied organic sulfur compounds are slow (DMSO: 8 M-1 s-1; DMSP: < 1 M-1 s-1; dimethylsulfone (DMSO2):
< 0.1 M-1 s-1; methanesulfonicacid (MSA): < 0.1 M-1 s-1). Furthermore, we found that DMS is oxidized to DMSO. With an
excess of HOBr relative to DMS, DMSO is further slowly oxidized to the stable compound DMSO2. Also low amounts of
MSA and sulfate (SO42-) were detected after long reaction time.
Further experiments are planned to study reactions between marine bromine and sulfur species as well as DOM, using
diffusion reactors in which transport of DMS and HOBr through biological membranes is simulated. These experiments will
show to what extent concentrations of marine organic sulfur species may influence the formation of volatile bromo-organic
compounds, and thus the concentrations of both volatile organic sulfur and bromine compounds in marine waters and
ultimately in the atmosphere.
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Trace elemental analysis of arsenic-contaminated groundwater in the
lowlands of Nepal suggest the initial source of arsenic in the High
Himalayas
Barbara Müller
Horbenstrasse 4 8356 Ettenhausen (Switzerland)

Arsenic contamination of groundwater used ubiquitously as potable water in South Asia remains a serious health issue to
the inhabitants living on alluvial plains of the Himalayan foreland in countries like Bangladesh, India, Nepal, Myanmar,
China, Vietnam and Cambodia. Even the geological and geochemical conditions favoring the release of the highly
poisonous contaminant from the sediments hosting the groundwater are fairly well understood, there is still am ongoing
debate about the origin of arsenic. All the sediments forming a huge proportion of the Terai (lowlands of Nepal) aquifers are
derived from two main sources, (i) sediments deposited by large rivers that erode the upper Himalayan crystalline rocks, (ii)
weathered meta-sediments carried by smaller rivers originating in the Siwalik forehills adjacent to the Terai. But a sor far
underestimated source of As will be presented here: The peraluminous leucogranites found ubiquitously in the Nepal
Himalaya. The relationship between the trace elements analyzed in the groundwater in the Terai and trace elements found
in this peculiar felsic rocks reflect the origin of the arsenic in the high Himalayas of Nepal. A striking feature besides the
high concentration of As is the presence of the lithophile trace elements like Li, B, P, Mn, Br, Sr and U in the groundwater.
Preliminary results concerning the mentioned elements point to a felsic initial source like metapelites or leucogranites – all
rocks showing a high abundance of especially B, P and As along with Cd and Pb.
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11.10
Metal availability to invertebrate community: integrating field
experimentation and modelling
Dorothea Hug Peter1,2, Emmanuel Castella1,2, Vera I. Slaveykova1,2
Department F.-A. Forel for Environmental and Aquatic Sciences, Earth and Environmental Science Section, University of
Geneva, Uni Carl Vogt, Boulevard Carl-Vogt 66, CH-1205 Genève
2
Institute for Environmental Sciences (ISE), University of Geneva, Uni Carl Vogt, Boulevard Carl-Vogt 66, CH-1205
Genève
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Bioavailability is a key concept allowing to integrate the environmental metal concentrations and speciation with the effects
induced in the biota, e.g. macroinvertebrates. Bioavailability is increasingly included in regulatory frameworks. While such
refinements of regulatory dispositions are currently based on laboratory experiments, evidence from the field of such
mechanisms would improve their relevance. Among different modelling approaches, biodynamic model combining the
uptake from water and food with elimination, provides a mechanistic basis for predicting of the bioaccumulation of trace
metals in aquatic organisms (Luoma and Rainbow, 2005). Nonetheless, extrapolation based on the lab-based research with
model species to the field as well as the transferability of uptake and loss parameters to phylogenetically close taxa and
even for the same species under different ambient conditions is still to explore. What is more such approach do not allow to
model whole-body concentrations for an entire community, where the link between exposure conditions to uptake or toxicity
is explore by multiple regression models (Esbaugh et al. 2012).
The present study aims to determine the metal availability to invertebrate community and to test the applicability of the
existing bioavailability models in field situation, as well as to explore the avanue for their improvement.Twelve floodplain
sites from the two extremes of the lateral connectivity gradient (permanent connection upstream and downstream vs.
disconnected at base flow) of Rhône River were studied. They were chosen because of their diverse invertebrate
community and a variety of physico-chemical conditions. Metal bioavailability to invertebrates was characteized by
measurement of the whole- body concentrations of Al, Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd, Pb and U (Hug Peter et al. 2017). In
paralel the concentrations of these metals were determined in different environmental compartments including, water,
suspended particulate matter (SPM), sediments. For selected metals, bioanalogical diffusive gradients in thin films (DGT)
were used to evaluate the bioaccessible metal fractions in water and sediments. Conductivity and pH, dissolved organic
carbon, major ion concentrations were also analyzed. All the above mentioned parameters were used to evaluate the
concentration in food and water input parameters into the tested models.
Results showed no significant differences of the concentrations in invertebrates between site types. Concentrations in
invertebrates differed significantly between macroinvertebrate taxa. For a given taxa, the whole body metal concentrtaions
decreased in the order Zn, Al, Cu, Ni, Pb, Cr, Cd, U. Contrasting trends for metal concentrations in water, sediment, SPM
and macroinvertebrates were found, suggesting that more than one environmental compartment should be considered in
the evaluation whole-body metal concentrations. No direct link with a single environmental compartments, confirming the
necessity of an approach integrating the potential contribution of different environmental compartments.
The application of the biodynamic model to the field showed that the choice of input parameters was crucial for the
accuracy of the model prediction. Sediment and SPM concentrations as input lead to a strong overestimation of whole-body
concentrations. DGT-labile trace metal concentrations in water and sediments, for water and food exposure provided better
results. Transferability of uptake and loss rate constants from model to non-model taxa was possible with very good
acuracy for gastropoda than for amphipoda.
In a novel approach to model whole-body concentrations for an entire community, functional traits were used as input
parameters of a statistical model. The possibility to include the traits is very important since aquatic invertebrates in the
natural environment are diverse concerning their biological and ecological traits (e.g. feeding, life history, locomotion)
leading to different interactions and exposure pathways towards trace metals in the field. Indeed the inclusion of functional
traits of the taxa reduced the bias of the model to predict whole-body metal concentrations in the field sampled
invertabrates. For large scale risk assessment, trait based models could be a valuable tool to improve the estimation of
potential exposure. As macroinvertebrate traits are increasingly available, the model can be applied in large scale studies,
risk assessment and for the determination of water quality guidelines.
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11.11
Limitation of anaerobic oxidation of methane in sulfate-rich lake
sediments.
Guangyi Su, Helge Niemann, Jakob Zopfi & Moritz F. Lehmann
Department of Environmental Sciences, University of Basel, Bernoullistrasse 30, CH-4056 Basel (guangyi.su@unibas.ch)

Sulfate reduction coupled to anaerobic oxidation of methane (AOM) has been recognized as an important sink in marine
environments. This microbial process is mediated by anaerobic methanotrophic archaea (ANME-1, 2 and 3) probably in
syntrophy with sulfate-reducing bacteria (SRB). However, in anoxic lake sediments, AOM is likely to be limited by relatively
low sulfate concentrations, and alternative electron acceptors (e.g., Fe and Mn oxides) may be involved.
We assessed methane oxidation rates in the anoxic sediments of a sulfate-rich lake in Switzerland: Lake Cadagno. Our
data provide clear geochemical evidence for AOM in the sediments. The highest rate occurred at the zone where sulfate
became exhausted, which suggests sulfate-linked AOM. However, different from most diffusive marine settings, a welldefined sulfate-methane transition zone that corresponds to peak AOM rates was not developed and we did not find typical
sequences of ANME that couple AOM to sulfate reduction. The involvement of electron acceptors other than sulfate
remains uncertain. Yet, geochemical porewater profiles indicate the reduction of iron and manganese at and below the
AOM zone, including depths where we detected abundant sequences of Candidatus Methanoperedens, which was reported
to be closely related to archaea that perform Fe/Mn‐dependent methane oxidation. Our observation raised the question as
to whether AOM in Lake Cadagno may be partly modulated by the availability of Fe/Mn oxides. We will also present data
on lipid biomarkers in the sediments, possibly providing information on methanotrophic organisms responsible for AOM and,
hence, on the pathways involved. Ongoing 13CH4 incubation experiments with amorphous manganese and iron oxides will
provide further constraints on the controls on AOM limitation in Lake Cadagno sediments.
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Solubility of thallium in soils: role of Tl uptake by illite
Silvan Wick1, Marlene Fischer1, Numa Pfenninger1 & Andreas Voegelin1
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Thallium (Tl) is a highly toxic trace element. In the environment, Tl commonly occurs as monovalent TlI. The clay mineral illite
has long been assumed to be a key sorbent for Tl in soils and sediments. This hypothesis was based on the similarity of the
ionic radius and hydration energy of the cations Tl+ and Cs+. For the latter, highly specific adsorption at the frayed edges of
illite and fixation in the illite interlayer is the well-documented. In a study on geogenically Tl-rich soils from the Erzmatt in the
Swiss Jura mountains, first spectroscopic evidence for the sequestration of Tl by illite was presented (Voegelin et al., 2015).
In a recent laboratory study, we confirmed the high affinity of Tl+ for adsorption onto illite and showed that K+ and NH4+ are
important competing cations (Wick et al., in preparation). To further constrain the role of Tl+ adsorption and fixation by illite in
soils, we examined the solubility of geogenic Tl and freshly spiked Tl+ in soils from the Erzmatt.
In four soils with geogenic Tl contents of 10 to 300 mg/kg, adsorption isotherms were recorded for ~3 to 1000 mg/kg spiked
Tl. Using our model for Tl adsorption by illite (Wick et al., in preparation), the adsorption isotherms could be reasonably
reproduced. Extraction of the spiked soil samples with 10 mM CaCl2 and 1 M NH4-acetate showed that these extracts were
suitable to determine soluble Tl (CaCl2) and the pool of exchangeable Tl (NH4-acetate), with a recovery of about 80% of the
adsorbed Tl by 1 M NH4-acetate. The extraction of 36 Erzmatt topsoil samples with ~3 to 1000 mg/kg geogenic Tl revealed
nearly the same relationship between soluble Tl (CaCl2) and the exchangeable Tl pool (NH4-acetate) as observed for the Tlspiked soils. On average, however, only 3.5±1.8% of the geogenic Tl was NH4-exchangeable, whereas Tl LIII-edge X-ray
absorption spectra of 12 soils suggested that most geogenic Tl was associated with illite. These findings suggest that most
geogenic Tl had become fixed in the interlayers of illite (and maybe other phyllosilicate minerals like muscovite) over the timescales of soil formation.
In combination, our results gained on soils with spiked and geogenic Tl confirmed that illite affected Tl solubility in two
important ways: (i) as an adsorbent of exchangeable Tl and (ii) as a host for structural Tl fixation.
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11.13
The fate of P fertilizer derived Cd in soil-wheat systems
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Applications of phosphorus (P) mineral fertilizer can lead to Cd accumulation in soils and potentially increase Cd
concentrations in edible crop parts. A Cd source-tracing experiment was conducted in three soil-fertilizer-wheat systems by
using a 109Cd radioisotope labeled P mineral fertilizer in order to determine the fate of freshly applied Cd. Additionally, it was
tested whether Cd can be traced by using stable Cd isotopes ratios at natural abundance (δ114/110Cd). The 109Cd radiotracer
results revealed that 5 to 11 % of the Cd in the shoot derived from the fertilizer. With regard to the total amount of 109Cd
introduced, a maximum of 2 % reached the shoots while 98% stayed in the roots and soils. Source-tracing using stable
isotope at natural abundance led to inadequate results since the differences in isotope ratios in the Cd sources were too
small (max. = δ114/110Cd 0.02 to 0.62 ‰). The low recoveries of Cd applied with fertilizer suggest that continuous P mineral
fertilizer application in the past decades might have led to a build-up of a residual Cd pool in arable soils.
In a follow up study we investigate the hypothesized residual Cd pool from past P fertilization in more detail by applying a
stable 111Cd tracer. A P mineral fertilizer is isotopically labeled with an enriched 111Cd spike and applied to soils from longterm field trials. Soils with distinct P fertilizer application histories were selected and wheat is grown on them in a pot trial.
By using an isotope mass balance approach based on altered 111/110Cd ratios due to the presence of the tracer, the share
and recovery of fertilizer derived Cd in 3 plant parts of wheat (roots, straw, grains) and 3 operationally defined soil fractions
(using a 3-step sequential extraction procedure) can be calculated. The use of soils with a distinct fertilization history should
allow us to assess the contributions of a hypothesized residual Cd pool and freshly introduced Cd to the total Cd
concentration in plant parts and soil fractions. We will present the first results on the fate of freshly applied fertilizer and the
influence of past P fertilizer applications on Cd fluxes in soil-fertilizer-wheat systems.
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Geochemical tracing of sedimentary organic matter and associated clay
minerals in the South China Sea
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ETH Zurich, Zurich, Switzerland (correspondence: thomas.blattmann@erdw.ethz.ch)
State Key Laboratory of Marine Geology, Tongji University, Shanghai, China

Sediment traps deployed in the South China Sea (SCS) were used to collect a one-year time series of sinking particles in
order to study sediment provenance and organic matter (OM)-mineral interactions from source-to-sink. The traps were
deployed at water depths ranging from 500 to nearly 4000m across three mooring sites with a sediment trap time collection
window of 18 days yielding intraseasonal resolution. The SCS, one of the largest marginal seas bordering the Pacific
Ocean, is influenced by widespread sediment dispersal processes (Zhang et al., 2014). It is also characterized by strong
spatial gradients in phyllosilicate mineralogy that lends itself to constraining sediment provenance based on smectite,
kaolinite, chlorite, and illite abundances (Liu et al., 2010).
The stable and radiocarbon isotopic compositions of bulk OM from the time series samples has been measured to gain
insight into the provenance and type of OM discharged from land and carried into the deep ocean. Measurements of
mineral-specific surface area, cation exchange capacity, and quantitative mineralogial composition yield exciting new
insights into the stabilization effect of different phyllsilicates on OM in the ocean. The radiocarbon isotopic composition
exhibits significant variability over the time series, reflecting changes in the source material. During time windows with
elevated sediment flux, radiocarbon concentrations of bulk OM are lower, indicating the export of aged terrestrial OM. This
aged material reflects contributions of bedrock-derived OM emanating from Taiwan (Hilton et al., 2011). The SCS sediments
reveal trends in OM-mineral associations as a function of phyllosilicate mineralogy with smectite and illite/chlorite enriched
fractions showing strongly contrasting behavior.
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P 11.2
Trapping of volatile antimony (Sb): current work and future
developments
Jaime Caplette1 and Adrien Mestrot1
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Antimony (Sb) in the environment is ubiquitous, ranging from 0.3 – 8.4 mg kg-1 in the soil environment (Filella et al. 2002)
biological and geochemical samples. Antimony and its compounds are considered to be priority pollutants interest by the
USEPA and the EU. In this first review paper on antimony occurrence in natural waters, 420 papers on freshwaters, marine
waters, estuaries, soils, and sediments have been reviewed. All data are quoted from the original sources. Typical
concentrations of total dissolved antimony are usually less than 1.0 \u03bcg/l in non-polluted waters. When redox
speciation determinations are performed, most studies report the dominance of Sb(V. Antimony concentrations can be
elevated due to anthropogenic actitivies such as: mining and smelting, industrial, and shooting range activities. The United
States Environmental Protection Agency and European Union consider Sb a priority pollutant of interest (Filella et al. 2002;
Wilson et al. 2010)biological and geochemical samples. Antimony and its compounds are considered to be priority
pollutants interest by the USEPA and the EU. In this first review paper on antimony occurrence in natural waters, 420
papers on freshwaters, marine waters, estuaries, soils, and sediments have been reviewed. All data are quoted from the
original sources.
Typical concentrations of total dissolved antimony are usually less than 1.0 \u03bcg/l in non-polluted waters. When redox
speciation determinations are performed, most studies report the dominance of Sb(V. Volatile Sb, stibine (SbH3),
monomethylstibine (MeSb), dimethylstibine (Me2Sb), and trimethylstibine (Me3Sb), can be produced at low temperatures
from inorganic substrates under aerobic and anaerobic conditions and represent an understudied portion of the
biogeochemical cycle of Sb. Volatile antimony has been detected as a product of sewage sludge fermentation and
hydrothermal vents, landfills, produced in headspace gases from fungi (S. brevicaulis) and methanogenic Archaea bacteria
(Feldmann et al. 1994; Filella et al. 2007; Jenkins et al. 1998; Smith et al. 2002; Wehmeier and Feldmann. 2005) bismuth,
mercury, arsenic, antimony and tellurium could be found by boiling point calibration, respectively. Some technical and
methodical concepts towards quantification of the results are indicated. “Direct analysis of the volatile antimony compounds
stibine (SbH3. Volatile species also have different residence times in the environment, ranging from 1 hour to 42 days in the
light and dark, respectively, indicating potential long term dispersal in the environment (Feldmann et al. 1994).
Common techniques used for trapping volatile compounds include cryotrapping and liquid trapping in HNO3 (Feldmann et
al. 1994; Pecheyran et al. 1998; Vriens et al. 2014). Though these methods are successful, they are not convenient for field
measurements. This work focuses on the development of a method for trapping volatile antimony applying a successful
method for arsine (Mestrot and Uroic. 2009). Hydride generation is used to produce volatile trimethylstibine and stibine from
trimethylantimony and antimony (III) standards, respectively. The gaseous products are collected in inert Teldar bags and
chemo-trapped using AgNO3 impregnated silica gel tubes and subsequently digested for total Sb concentration on the
traps. Results indicate ≥ 99.1% efficiency of hydride generation and yields of approximately 30% SbH3, and 50% Me3Sb
trapped on the gel tubes. Future developments and potential uses of the method will be discussed.
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P 11.3
Inorganic mercury adsorption and internalization kinetics and the role of
dissolved organic matter
Teofana Chonova1, Vera I. Slaveykova1
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Mercury (Hg) is a priority contaminant of global concern, because of its toxicity and biomagnification in aquatic food webs.
However, mercury interactions with phytoplankton, central for its incorporation in the food web, as well as the role of
environmental modifying factors are still not well elucidated and quantified (Le Faucheur et al., 2014).
The present work aims to characterize Hg uptake dynamics and explore the influence of the dissolved organic matter
(DOM) ubiquitous for surface waters, as a modifying factor. DOM is key environmental parameter that is expected to reduce
toxic metal bioavailability (e.g. Ravichandran et al., 2004); however, in the case of Hg there are rather few controversial
studies.
The uptake dynamics were characterized in terms of adsorbed and intercellular contents, and as uptake and efflux rate
constants. Adsorbed and intercellular Hg in Chlamydomonas reinhardtii was followed over period of 2h at three different,
environmentally relevant concentrations (10-8 M, 10-9 M and 10-10 M). To that aim, cells grown in 4 × diluted Tris-AcetatePhosphate medium were resuspended in simplified medium (Beauvais-Flueck et al., 2017) and exposed to the respective
Hg concentration. Subsequently, one part was washed with Hg free exposure medium in order to obtain the total (adsorbed
and intercellular) Hg content, and the second part was washed with 10-3 M cysteine (Sigma-Aldrich, Buchs, Switzerland) to
determine the intracellular Hg concentration. To get insights into the role of DOM in Hg uptake dynamics, Chlamydomonas
reinhardtii was exposed to Hg in natural waters rich in dissolved organic matter from Onego Lake, Russia.
Results showed, that at Hg exposure at 10-10 M, adsorbed and intracellular concentrations were similar. With increasing Hg
exposure concentration, the ratio between intracellular and adsorbed mercury increased. A plateau of adsorbed mercury
over time was reached faster with increasing Hg exposure concentrations. Inversely, plateau of intracellular concentration
over time was attended faster when Hg exposure concentrations decreased. The latter may result from protection
mechanisms of Chlamydomonas which were activated faster when concentrations were increasing. Indeed, calculated
uptake and efflux constants evidence decelerating of influx, and acceleration of efflux rates with increasing Hg exposure
concentrations.
The uptake of Hg decreased by approximately 50% when exposure experiments were performed in organic matter rich
waters (6.4 - 16.6 mg.L-1). This may result from the strong binding ability of Hg to DOM that affects speciation, solubility,
mobility and toxicity of Hg in aquatic environments (Ravichandran et al., 2004). However, the variation of DOC between
sites did not result in significantly different Hg bioaccumulation, except for the site with highest DOC concentration (16.6
mg.L-1), where total Hg was lower compared to other sites. Nonetheless, the importance of other environmental factors (e.g.
trace metals) has to be taken into account and evaluated as well. Laboratory experiments under controlled conditions are
necessary in order to comprehend better the effect of DOM on Hg bioaccumulation excluding the potential influence of
competitors or other environmental factors.
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Mercury and methylmercury quantification in floodplain soils, canal
sediments, and plants in the Upper Valais
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From 1930 to 1976, Hg was utilized as a catalyst for acetaldehyde production by an industrial plant in Visp. The Hgcontaining wastewater was discharged into a canal which flows along an agricultural floodplain and then converges with the
Rhone River. The canal sediments were later dredged and re-distributed as soil conditioner for agricultural fields and private
gardens, resulting in widespread Hg contamination within the floodplain. To better understand the distribution and fate of
this Hg, soils and sediments from agricultural fields, tree groves within the floodplain, and the impacted canal were
collected and analyzed for total Hg, methylmercury (MeHg), total carbon (C)-nitrogen (N)-sulfur (S), organic-CNS, loss on
ignition, and major and minor elements (e.g., iron (Fe), manganese (Mn)). Plant material (roots and leaves/shoots) from
agricultural fields were also collected for total Hg quantification.
Our data indicated that there was low Total Hg and MeHg in the canal sediments and agricultural field soils. In the canal,
Total Hg concentrations (0.2-1.5 mg/kg) were lower than the guideline of 2 mg/kg for areas that are considered
contaminated. MeHg concentrations were generally ≤ 1 µg/kg, with %MeHg ≤ 0.8%. In the agricultural fields, Total Hg (≤
1.34 mg/kg) and MeHg concentrations (≤ 1 µg/kg) were also low, with two exceptions: 3.7 and 5.7 µg/kg MeHg (%MeHg
= 0.3 and 2.4%, respectively) were observed at two field sites downstream of the plant. Total Hg was positively correlated
with organic-C (Rs = 0.54, p < 0.05) and organic-N content (Rs = 0.78, p < 0.01). Lg(Total Hg/C) was negatively correlated
with C/N ratio (Rs = -0.58, p < 0.05), suggesting that Hg methylation was associated with increased humification of
organic-C. In soils collected from tree groves, low Total Hg (≤ 0.4 mg/kg) and elevated MeHg concentrations (≤ 29.6 µg/
kg; %MeHg = 17.7%) were observed. In these soils, MeHg was negatively correlated with Fe (Rs = -0.94, p < 0.01) and
Mn (Rs = -0.83, p < 0.05), suggesting that lower occurrence of Fe and Mn oxides in these areas may increase Hg
availability for methylation. In plants, Total Hg concentrations in roots and leaves/shoots were ≤ 0.13 mg/kg, and
roots:leaves/shoots concentration factors were ≤ 1.33.
Future work involves performing sequential extractions and quantification of acid volatile sulfide to further investigate the
biogeochemical parameters which control Hg methylation in the tree grove soils.
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Depth profile of ∂15N indicates drainage effects on peat
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Peatlands are powerful sinks for carbon dioxide (CO2) and large stores of organic carbon. During the last centuries a
substantial fraction of peatlands degraded for different reasons, reducing their sink function and turning them in long-term
sources of CO2. In view of climate change and the need to reduce emission of greenhouse gases, it becomes increasingly
important to restore the natural state of degraded peatlands in order to reduce CO2 emissions and to re-establish CO2 sink
activity.
Evaluation of the state of peatlands and the success of restoration projects calls for cost-efficient and reliable methods that
indicate the current state of a peatland. Changes in the natural abundance of stable isotopes (15N, 13C) during degradation
and restoration provide a promising opportunity (Krüger et al. 2015; Krüger et al. 2017). This project extends the former
work of our group with a focus on ∂15N depth trends and their value in interpreting the current state and recent history of
peatlands. We investigated five peatlands in Southern Germany, central Sweden and Southern Finland. At all locations
cores were taken from drained and natural sites in parallel to identify trends that could indicate changes due to drainage.
Changes in ∂15N with depth were compared to those in ∂13C, bulk density (BD) and the carbon to nitrogen ratio (C:N).
In general we found that there are specific changes in all investigated parameters connected with drainage. In addition
there are strong correlations between the different parameters. A negative correlation between ∂15N and C:N (r: -0.89) was
found at all locations (similar to Conen et al. 2008). There were distinct positive correlations between BD and the value of
∂15N (r: 0.70). A consistent trend in ∂15N with depth was detectable at all drained sites, similar to what Hobbie & Ouimette
(2009) and Krull & Skjemstad (2003) found in other soils. At our locations the ∂15N value first increased from the surface to
a shallow depth, similar to other locations (e.g. Nadelhoffer et al., 1996; Högberg, 1995). However, at mid-depth in the
drained profile there was a distinct peak in ∂15N values at all our locations, before the ∂15N values sharply decreased again
close to the greatest depth to which the drainage had been effective. In deeper, always water saturated layers, there was a
monotone depth trend similar to that in natural (undisturbed) peatlands. The feature of a peak in ∂15N at mid-depth in the
drained profile contrasts with a more frequently observed steady increase in ∂15N with depth (Fig. 1). We hypothesise the
peak in ∂15N could be caused (1) by microbial activity and a depth-depending ratio of mineralization and leaching of N to N
immobilization (e.g. Dijkstra et al. 2008), or by (2) by a shift from bacterial to fungal communities dominating activity (e.g.
Hobbie 2012).
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Figure 1. Depth trends in drained and natural locations of (a) ∂15N, (b) ∂13C, (c) CN and (d) BD in Lakkasuo
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Mercury is one of the most potent toxic trace metal of global concern. In surface waters it will undergo transformations,
those transformations are a key factor of mercury toxicity, especially its methylation, enabling its biomagnification through
the food chain (Dranguet et al. 2014).
Various forms of mercury possess different rates of absorption, metabolism, excretion and consequently toxicity.
Interaction of Hg compounds and phytoplankton are important because it consists in the entrance point of the trophic chain
(Gre and Poulain 2014).
The cyanobacterium Synechocystis pcc6803 has been chosen as it is a widely used model for phototrophs and
photosynthesis understandings. Cyanobacteria are early ubiquitous phototrophic organisms reponsible for more than half of
the global oxygen production, on the other hand they can bloom and alter their environment characteristics dramatically.
This work focuses on the Hg bioauptake to a cyanobacterium Synechocystis pcc6803, an entrance point of aquatic food
chains in order to get a better understanding of the mechanistic insight of the phytoplankton’s role in the mercury cycle.
The aim of the present study is to determine and compare the kinetics of uptake of inorganic and methylmercury as well as
their toxicity.
Uptake experiments were conducted as followed : anexic cultures of the cyanobacterium were exposed to increasing
concentrations of mercury and methylmercury from 10-7 to 10-10 M.
An aliquot of the exposed culture was sampled after 10, 20, 30, 45, 60 and 120 min. Intracelluar and adsorbed mercury
quantities were measured after a cysteine wash with a direct mercury analyzer (DMA)
In parallel, the toxicity of both Hg species on Synechocystis pcc6803 was assessed under the same mercury
concentrations during 5 days.
Effective concentrations (EC) 50, 20 and 10 values were calculating using the absorbance and fluorescence relative to the
chlorophyll a and the phycocianin.
Toxicity results show EC 50 values for MeHg at 10-8 M, whereas it is 10-7 M for inorganic Hg. MeHg being 10 times more
toxic than inorganic Hg for Synechocystis pcc6803. It shows also an increase of EC 50 values over time for both
compounds.
Preliminary uptake results show a faster uptake for MeHg than for inorganic Hg. A plateau is usually reached between 1
and 2 hours depending on the concentration of exposition.
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Trace metals can be enriched in natural environments either naturally or anthropogenically. In redox-dynamic environments
(e.g., river floodplains, wetlands) that are subject to periods of prolonged waterlogging, anoxic conditions can establish
within a few days as a consequence of microbial respiration. The absence of O2 favors the use of alternative electron
acceptors (e.g., FeIII, MnIII/IV, and SVI) in biotic and abiotic reactions. With the onset of sulfate reduction, readily generated
bisulfides form sparingly soluble nanoscale precipitates with chalcophile trace metals (e.g., CuxS, CdS). Depending on soil
pore water composition, these natural metal sulfide nanoparticles (MS NPs) may have a crucial impact on trace metal
mobility in natural environments. In highly contaminated soils, pore water concentration of trace metals can be in excess
with respect to sulfide, or in deficit in sulfur-rich environments. In this regard, reaction stoichiometry has been shown to
influence particle size and surface site composition of CdS NPs formed in the presence of cysteine (Mullaugh and Luther
III, 2010). However, effects of various reaction stoichiometries on formation of CuxS and CdS in the presence of natural
organic matter (NOM) are still unknown. The relevance of NOM as key modulator for particle growth and stability has been
shown for other metal sulfides, e.g., HgS (Deonarine and Hsu-Kim, 2009).
Up to now, respective knowledge of NOM effects on CuxS and CdS NPs is lacking. As in waterlogged soils, microbial
respiration leads to the reductive dissolution of MnIII/IV-oxides and the resulting elevated Mn2+ concentrations in the pore
water may influence particle formation of metal sulfides. Though several divalent cations are known to induce aggregation,
to our knowledge the impact of Mn2+ ions on formation and aggregation of MS NPs has not been addressed, yet. Given the
lack of information on MS NP formation processes relevant in redox-variable environments, our objective was to investigate
the effects of initial metal-to-sulfide ratio, NOM type and concentration, and Mn2+ concentration on particle size, particle
morphology and colloidal stability.
We performed experiments on CuxS and CdS nanoparticle formation from anoxic solutions with low metal and sulfide
concentrations (50-100 µM) at different metal-to-sulfide ratios (1:2, 1:1, 2:1), absence and presence of different NOM types
and concentrations (humic and fulvic acid, 0–50 mg C/L), and varying Mn2+ concentrations (0.1–1 mM). All experiments
were conducted at pH 7.5 (1 mM MOPS) in a 10 mM NaCl electrolyte. Dynamic light scattering (DLS), electrophorectic
mobility measurements, and transmission electron microscopy (TEM) were used to investigate the properties of the CuxS
and CdS nanoparticles after 24h equilibration time.
The influence of the metal-to-sulfide ratio on particle size and surface charge of CdS NPs in the absence and presence of
fulvic acid is shown in Figure 1A. The excess of the metal over sulfide favored aggregation when fulvic acid was absent.
With increasing Cd concentration, the hydrodynamic diameter of the precipitates increased and the zeta potential became
less negative (~-15 mV). The presence of fulvic acid counteracted this effect and substantially reduced the tendency of CdS
NPs to aggregate as indicated by the smaller hydrodynamic diameters. Moreover, in the presence of 5 mg C/L fulvic acid,
CuxS NPs occurred as well-dispersed, single particles (dmedian ≈ 10nm) whereas CdS NPs (dmedian ≈ 43nm) were mostly
present as small aggregates (Figure 1B and C).
Our results suggest that the metal-to-sulfide ratio of the solution is critical for the stability of the precipitating MS NPs when
NOM is absent. Even rather low NOM concentrations can stabilize MS NPs against aggregation by adding negative
charges to the particles. We further demonstrated that the extent of stabilization was dependent on the MS species (CuxS
vs. CdS). As a consequence, the mobility of some MS NP species may be enhanced in NOM-rich natural waters.
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Figure 1. (A) Influence of cadmium-to-sulfide ratio on median hydrodynamic diameters (dh) and zeta potentials of CdS NPs at pH 7.5 and
10 mM NaCl electrolyte after 24h equilibration time in the absence and presence of fulvic acid (FA). Due to bimodal size distributions of the
NPs, two size classes were considered for size evaluation using the multi narrow mode algorithm in the DLS software. Electrophoretic
mobility measurements were converted into zeta potential values using the Smolouchowski assumption. All values were compiled from at
least two sample replicates (n = 2–5) and multiple measurement replicates. The dashed line at -30 mV indicates the colloidal stability
threshold. (B, C) TEM images of selected samples at different magnifications for direct comparison of CuxS and CdS morphology and
aggregation state. Note the different magnifications when comparing the particle sizes.
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The mobility and toxicity of trace elements in environmental systems largely depends on their speciation, including their
redox state. Therefore, information on the (redox) speciation of trace elements is crucial for an improved process-based
understanding of the environmental fate and impact of micronutrients and contaminants. Synchrotron based X-ray
absorption spectroscopy (XAS) provides information on the redox state and speciation of trace elements, with a spatial
resolution down to the micro-meter scale when using a micro-focused X-ray beam.
However, the high brilliance and photon flux density of third-generation synchrotron facilities such as the Swiss Light
Source (SLS) have raised concerns about beam-induced transformations in some systems. In particular, a micro-focused
X-ray beam may damage the sample either by ablating the atoms on the surface (physical radiation damage) (Teng and
Moffat, 2000) or by promoting chemical changes due to the breaking of chemical bonds and/or promoting the formation of
radical species (chemical radiation damage) (Weik et al., 2000)). A number of studies have shown that the rate of radiation
damage induced by high photon flux densities in certain systems can be slowed down at low (cryogenic) temperatures.
Ideally, effective sample cooling thus offers a means to obtain spatially-resolved speciation information on dilute samples
with minimal instrumental artifacts.
The current study was undertaken in the framework of a project aimed at setting up a stage at the micro-XAS beamline at
the SLS that enables spatially resolved speciation studies on radiation-sensitive (environmental) samples with at the
micrometer scale. As a scientific test-case, we aim to examine the nature of Tl-rich minerals formed in geogenically Tl-rich
soils (Voegelin et al., 2015). Apart from the importance of Tl as highly toxic but poorly studied trace element, this test case
is ideally suited for our purposes as Tl occurs as Tl(I) and Tl(III) in environmental samples and is often associated with
radiation-sensitive solids such as Mn-oxides.
In this study, as a baseline for the future evaluation of system performance, we systematically evaluated changes in Tl
redox state in two Tl reference materials (TlNO3 in BN matrix and Tl2O3 in cellulose or BN matrix) as a function of sample
temperature, photon flux density, and exposure time using an N2(g) cryo-blower for temperature control. Experiments were
run at the microXAS beamline at the SLS by irradiating the sample with 3 different photon flux densities (different beam
sizes) at three different temperatures.
Our results confirm that X-ray irradiation of the pellets results in changes in the Tl redox state by promoting Tl(III) reduction
in cellulose pellets or Tl(I) oxidation (from Tl(I)-nitrate), with greater effects at higher photon flux density and exposure time.
Importantly, the changes were dependent on the matrix, as evidenced by experiments showing a greater reduction of Tl(III)
in a cellulose matrix than in a BN matrix. We also observed that lower temperature reduced the rate of chemical changes
induced by the X-ray photons (Figure 1).
These results have strong implications on the design of experiments where information on both the spatial distribution and
the speciation of elements in natural samples is desired. Furthermore, the upgrade to diffraction limited storage rings in
many synchrotron facilities with multi-bend achromat lattice magnets (Einfeld, 2014) will result in an even greater photon
flux density (reduction in beam size). Solutions to avoid beam damage will need to be developed either through technical
upgrades (i.e. cryostats) or methodological strategies (i.e. chemical maps at selected energies around the absorption
edge). The future part of this project aims to test both these solutions on a pilot study to evaluate the speciation (and
therefore potential mobility) of Tl in a Tl-rich soil from the Erzmatt site in the Swiss Jura mountains, in particular through
chemical imaging at low temperature (Voegelin et al., 2015).
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Figure 1.A – left) Temperature-dependent reduction of Tl(III) in Tl2O3 with a 70 µm2 spot size as a function of number of photons delivered
per square micron. The decrease in the ratio between the normalized absorbance at 12656 eV and that at 12666 eV indicates a reduction
of Tl; B – right) Tl L3-edge XANES for the first scan at 105K (blue) and the last scan at 273K (red) of which the derivative ratio is shown in
A.
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Concentration data series in natural waters have mostly been used to determine whether the corresponding element or
compound was accumulating or being depleted in a given system. However, time data series analysis can provide much
more information. A time series can be expressed as a sum of a deterministic trend and a stochastic component. In
concentration data series, the deterministic component is the cause of the above mentioned accumulation or depletion and
the stochastic part is the final result of the physical and chemical processes that affect solute concentrations and have an
apparently random output. The study of this non-deterministic component can give information on those processes.
The application of time series analysis pervades many areas of knowledge from financial predictions to signal processing
but has been much less applied to concentration data. It includes a wide variety of approaches, ranging from probabilistic
methods based in time series autocorrelation functions (ACF) (e.g., moving average (MA), autoregressive (AR) and ARMA
models) to spectrum calculations (e.g., periodograms). Unfortunately, most of these methods require data to be stationary
but as clearly stated by Thomson 1994: “Experience with real-world data soon convinces one that both stationarity and
Gaussianity are fairy tales invented for the amusement of undergraduates”. This adds a further difficulty to the analysis.
Exploration of the advantages and weaknesses of the existing methods will be discussed in this communication through
their application to Swiss freshwater data. Preliminary results show that there are clear differences between time series
stochastic properties of different solutes and also between the solutes at the surface and bottom of Lake Geneva and
between the lake and River Rhône data.
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Redox variable environments such as riparian floodplain soils, wetlands, and rice paddies are of great importance in the
mobilization of trace elements from terrestrial environments into aquatic systems. Elevated dissolved concentrations of
trace elements in terrestrial and aquatic systems are of concern since they can cause detrimental effects on the biosphere
due to toxic responses in plants (e.g. Mn, Zn, Cu) as well as in animals and humans (e.g. Cd, Pb). Both natural sources
(e.g., presence of trace metal-enriched minerals) and anthropogenic sources (e.g., agriculture, industrial and mining
activities) can lead to local enrichments of trace elements in the environment. During periods of water-saturation, high
concentrations of dissolved Mn2+ are observed in redox variable environments as a result of the reductive dissolution of
Mn(IV,III)-(oxyhydr)oxides. Consequently, the high concentrations of Mn2+ are expected to compete with trace elements
cations (e.g. Ca2+, Zn2+, Cd2+) for adsorption to mineral surfaces and therefore influence their fate in the environment.
Herein, the mobility and the bioavailability of trace elements in soils is mainly controlled by surface adsorption to soil solids
including clay minerals, oxides of iron, manganese and aluminium, as well as natural organic matter. Clay minerals are
widespread in soils and are among the most important sorbents for trace elements due to their large specific surface area,
negative surface charge and reactive surface hydroxyl groups.
To date, it is not well known how and to which extent the sorption of Mn2+ to clay minerals surfaces influences the retention
of other trace elements under reducing conditions. To investigate this, we first performed single metal sorption experiments
under anoxic conditions (O2 < 0.1 ppm) using a synthetic iron-free montmorillonite (Syn-1) to elucidate the sorption of Mn2+
and Cd2+ at the clay mineral-water interface as function of pH (4-10), total metal concentration (0.001-1 mM) and CaCl2
background electrolyte concentration (0.1-30 mM).
The sorption of Mn2+ and Cd2+ to Syn-1 as function of the dissolved metal concentration (sorption isotherm) and pH
(sorption edge) are shown in Figure 1. An increase of Mn2+ and Cd2+ sorption was observed with increasing metal
concentration in solution (1a, c) and pH (1b, d) due to proton-metal cation competition for binding sites. In the sorption
isotherm data (1a, c), a sorption maximum was not observed for either cation indicating that the sorption sites had not been
saturated with respect to Mn2+ and Cd2+, respectively. This also applies to the data on pH-dependent sorption (1b, d)
considering the chosen total metal concentrations. However, noted that the amount Mn2+ and Cd2+ sorbed at pH 7.8 and 7.4
respectively, clearly exceed the CEC of Syn-1 (~0.07 mol/kg), indicating an additional sorption mechanism through surface
complexation. The pronounced effect of Ca on Mn and Cd sorption at pH ≤ 5.5 and the virtual absence of a pHdependence at pH below 5 and [Ca] ≥ 1 mM indicate the binding to permanently negatively charged surfaces sites
dominated the sorption of Mn and Cd under these conditions (Fig 1b, d). The clear influence of Ca on the pH-dependent
sorption of Mn and Cd at pH 6–9 (Fig 1b, d) further suggests that outer-sphere surface complexation to negatively charged
edge surfaces sites of Syn-1 significantly contributed to Mn and Cd sorption at circumneutral to alkaline conditions. The
absence of Ca-independence in Mn and Cd sorption data at trace levels of dissolved Mn and Cd implies that inner-sphere
surface complexation to edge surface sites is marginal even at low concentrations. The quantitative similarity of Mn and Cd
sorption at 0.1 mM Ca in both sorption isotherm data (Fig 1a, c) and pH-dependent data (Fig 1b, d) indicates that elevated
levels of dissolved Mn, as observed in water-saturated terrestrial environments, may very effectively compete with Cd
bound to clay minerals. As a consequence, increased Mn concentrations may trigger Cd release from clay surfaces and
increase Cd mobility and bioavailability.
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Figure 1. Sorption of Mn2+ (a, b) and Cd2+ (c, d) on Syn-1 smectite (~1 g/L) as function of dissolved metal concentration (10-3 to 10-8 M) (a, c)
and pH (b, d), at different CaCl2 concentrations. Sorption isotherms were recorded at fixed pH 7.8±0.1 for (Mn2+) and for pH 7.4±0.1 for Cd2+.
Total metal concentrations of 1 µM were used to investigate pH-dependence of sorption (b, d). All samples were equilibrated for 1 day.
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