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14.1
Reduction Dynamics of Iron(Oxyhydr-)Oxides as Assessed by Mediated
Electrochemical Analysis
Meret Aeppli1,2, Ashley R. Brown1, Andreas Voegelin1, Thomas B. Hofstetter1, and Michael Sander2
1
2

Eawag, Swiss Federal Institute of Aquatic Science and Technology, Dübendorf, Switzerland
Institute of Biogeochemistry and Pollutant Dynamics, Swiss Federal Institute of Technology, ETH Zürich, Switzerland

Iron (oxyhydr-)oxides are predominant redox-active geochemical phases in many natural and engineered systems. They
play key roles in the biogeochemical cycling of major and minor elements as well as in the redox transformations of organic
and inorganic pollutants by undergoing electron transfer reactions with both abiotic and biotic reaction partners. To date,
electron transfer to iron oxides has most commonly been studied in batch systems by reacting the oxides with chemical
bulk reductants or by incubating them with iron reducing bacteria, followed by quantification of the reductant consumed or
the Fe(II) formed. While electrochemical techniques have also been used to study the redox properties of oxides,
measurements were often challenged by redox disequilibrium between the oxides and the working electrodes of the
electrochemical cells.
In this contribution, we demonstrate the applicability of a novel electrochemical approach, mediated electrochemical
reduction, to assess the kinetics and thermodynamics of iron oxide reduction. Different from traditional, non-mediated
electrochemical approaches, mediated electrochemical reduction relies on the use of a dissolved electron transfer mediator
in the electrochemical cell to facilitate electron transfer (and thus redox equilibration) between the working electrode and
iron oxides added to the cell (Sander et al., 2015). Electron transfer to the oxides is monitored at a constant potential using
chronoamperometry. As such, this approach allows for a direct and highly sensitive quantification of both the rates of
electron transfer (by analysis of the shape of the reductive current peak in response to oxide addition) and the total number
of electrons transferred (by integration of the reductive current peak). The use of the electrochemical cell further allows for
an independent control of pH and potential during reduction.
Using mediated electrochemical reduction, we systematically studied the effects of potential and solution pH on the rates
and extents of electron transfer to three iron oxides, 6-line ferrihydrite, goethite and hematite. The pH was varied between
pH 5 and 8 and the applied reduction potential between -0.17 and -0.53 V (versus the standard hydrogen electrode). As
expected based on reaction thermodynamics, the rates and extents of electron transfers to all three oxides decreased when
increasing the pH from 5 to 8. While the decrease in rates and extents of reduction was relatively small for 6-line
ferrihydrite, it was significantly more pronounced for goethite and hematite, for which the decreases occurred over a
relatively narrow pH range from pH 6.5 to 8. The differences between the three tested minerals were consistent with their
different thermodynamic stabilities, as reflected by the relatively high reported standard reduction potential of 6-line
ferrihydrite as compared to the lower standard reduction potentials of goethite and hematite.
For all three oxides, the decreases in reactivity with increasing pH and reduction potential can be linked to the
concommitant decreases in the free energies of the reductions, DGr. A control on oxide reduction dynamics by the
thermodynamics of the systems was further supported by the finding that reduction rates and extents of the oxides
decreased when adding dissolved Fe(II) to the electrochemical cell prior to the oxides but increased in the presence of
phenanthroline, a strong ligand for Fe(II).
This work is the first to show that mediated electrochemistry in chronoamperometry model can be employed to study
reduction dynamics of Fe oxides. In combination with mediated potentiometric measurements (Gorski et al., 2016),
mediated electrochemical reduction lays the methodological foundation for more comprehensive investigations of
thermodynamic properties of Fe oxides and their effects on reactivity.
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Many phosphate fertilizers contain high concentrations of potentially toxic elements. These elements are applied to
agricultural soils together with the fertilizers and result in elevated trace element concentrations in soils and an increased
risk of toxic element transfer into the food chain. Besides Cadmium,
another common contaminant of P fertilizers, the uranium (U), is of high interest because of its high toxicity and possible
transfer to ground and surface waters.
We assessed the contribution of fertilizer-derived U at agricultural sites in Switzerland. We compared arable to grassland
sites and topsoil of arable sites to the corresponding subsoil. We analyzed all inputs and outputs of U at three arable sites
in Switzerland and calculated U budgets to assess main sources of U and 234/238U activity ratios and to estimate the
contribution of fertilizer-derived U. Swiss arable soils are significantly enriched in U compared to grassland sites (16%) and
arable topsoils are significantly enriched in U compared to the corresponding subsoils (6-9%). The U budgeting shows that
phosphate fertilizers are the dominant source of U in agricultural soils (Input ca. 20 g ha-1 a-1). Uptake by crops and outputs
by harvest are negligible. At our three field sites in Switzerland, U concentrations in soil solutions were low (<0.004-0.73 μg
L-1), apparently contradicting the threat of groundwater contamination. Similarly, U accumulation in the soils was small,
raising the question about the fate of the fertilizer-derived U.
To answer this question, we used 234/238U activity ratios. Generally 234/238U activity ratios in soils are < 1, depending on the
degree of weathering, while U fertilizers have distinct 234/238U activity ratios of 1.00-1.05 and might affect the U-234/U-238
ratios of soils when added to the soils. The U activity ratios in the three study soils ranged 0.90-1.05 indicating a
contribution of fertilizer-derived U. The fertilizer-derived U seems to mainly accumulate in the mobile (NaHCO3- extractable)
fraction. In summary, while low soil water concentrations of U do not indicate U leaching, there are a number of findings
suggesting a high U mobility and U loss from the soil. Possible explanations include colloidal transport and preferential flow
of U which bypassed the suction cups we used for soil solution sampling but may contribute substantially to U leaching.
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14.3
Fe(II)-catalyzed ligand-controlled dissolution of iron (hydr)oxides
Jagannath Biswakarma1$, Kyounglim Kang2, Walter D.C. Schenkeveld2, Susan C. Borowski1, Stephan M. Kraemer2, Janet
G. Hering1$, Stephan J. Hug1
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(jagannath.biswakarma@eawag.ch)
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2
University of Vienna, Dept. of Environmental Geosciences Center for Earth Sciences, Althanstrasse 14 (UZA II) 1090
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The dissolution of iron (oxyhydr)oxide minerals (FeOOH) is an essential biogeochemical process that not only influences
the mobility and bioavailability of Fe, but also of other elements such as P, S and As. An understanding of FeOOH
dissolution reactions in environmentally relevant conditions is therefore highly important for the assessment of the behavior
of Fe and other trace elements in the environment. Numerous studies have been conducted to investigate the FeOOH
dissolution at pH 3-5, and synergistic effects on ligand-controlled dissolution with two or more ligands have been shown. A
few previous studies found that a trace of Fe(II) can lead to a strongly accelerated ligand-controlled FeOOH dissolution in
anoxic conditions at low pH. The acceleration of the dissolution rate by traces of Fe(II) with simple ligands such as EDTA
has been shown to be on the order of 10-100 at low pH. Despite its possible relevance, Fe(II)-catalyzed dissolution has not
been well investigated in the pH-range 6-7, which is relevant for a wide range of terrestrial and aquatic systems. The goal
of our investigation is an improved understanding of reductive and non-reductive dissolution and of the mechanisms that
lead to accelerated dissolution of FeOOH by Fe(II) in the near-neutral pH range.
Fe(II)-accelerated FeOOH dissolution under anoxic and oxic conditions at pH 6-7 is studied with Attenuated Total
Reflectance (ATR) Fourier-Transform Infrared (FTIR) spectroscopy. ATR-FTIR is used to (a) obtain information on the
quantity and structure of adsorbed ligands, (b) follow the dissolution of FeOOH over time, and (c) observe the structural
changes in the bulk and on the surface of FeOOH during the dissolution process. Dissolution experiments using the ATRFTIR technique showed a strong catalytic effect of added Fe(II) on the overall non-reductive dissolution of lepidocrocite with
EDTA at pH 6 and 7. The catalytic effect was also observed with production of Fe(II) in photo-chemical and thermal
reactions. Introduction of O2 decreased the rate of dissolution and eventually inhibited the dissolution process.
We will present spectroscopic results on the adsorption of EDTA on lepidocrocite and results of the effect of added and
photochemically produced Fe(II) on the kinetics of dissolution. Based on the results, we will discuss possible mechanisms
and the importance of Fe(II)-catalyzed dissolution of FeOOH at the oxic-anoxic interface in various environmental systems.
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In the floodplains of the Amazon Basin high loads of Andean sediments are deposited under tropical conditions, providing
an ideal scenario for the creation of reducing conditions in the subsurface, and hence for dissolution of arsenic and other
redox sensitive elements in groundwater. However to date, the groundwater quality in the Amazon region is very poorly
known. This is of particular concern because many people in both rural and urban areas depend on groundwater as their
source of drinking water.
Here we present the results of two pilot studies on trace elements in groundwater of the Amazon region. We collected water
from 110 domestic wells during two sampling campaigns in the Peruvian Western Amazon and in the Brazilian Central
Amazon. We determined the hydrochemical characteristics including >50 parameters, such as major and minor elements,
as well as arsenic speciation. We linked the chemical analyses to environmental factors such as geology, geomorphology
and soil.
Trace element analyses revealed aquifers where aluminum, arsenic and/or manganese were elevated at concentrations
harmful for human health. Our results show that the distribution of the trace elements is not only related to the age of the
aquifer deposits but also linked to the depositional environment. We distinguish between basins drained by white water
rivers, carrying a high sediment load and resulting in pH-neutral subsurface conditions, and those drained by blackwater
rivers carrying a high organic load and resulting in acidic subsurface conditions.
Our study provides first insights on the presence and distribution of trace elements in groundwater resources of the Amazon
floodplains. Understanding the regional geochemical mechanisms triggering the enrichment of toxic elements in
groundwater forms a particularly important step to raise awareness and implement mitigation where needed.
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14.5
Vegetation uptake drives the deposition of gaseous elemental mercury
to Arctic tundra soils - Insights from stable mercury isotopes
Martin Jiskra1, Jeroen E. Sonke1, Daniel Obrist2, Yannick Agnan2, Christine Hedge2, Christopher Moore2, Dominique
Colgrove3, Jaques Huber3 & Detlev Helmig3
Géosciences Environment Toulouse, OMP, CNRS, Avenue Edouard Belin 14, F-31400 Toulouse
(martin.jiskra@get.obs-mip.fr)
2
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3
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Mercury (Hg) is a global pollutant of great concern for human and ecosystem health. The Arctic is particularly vulnerable
because of the high dietary exposure of indigenous populations to Hg in fish and mammals. The deposition of Hg from the
atmosphere to Earth surfaces and its re-emission determine Hg concentrations in Earth surface reservoirs, such as soils,
snow, and runoff into Arctic lakes and the surface Ocean and thus in the food chain. Stable Hg isotopes are a promising
new tool to identify the dominant pathways of atmospheric Hg deposition and potential re-emission processes.
In a first part we will present stable Hg isotope measurements of all major ecosystem compartments (soils, vegetation,
bedrock, snow, atmosphere) of a study conducted in the Arctic tundra of northern Alaska (Toolik Field station, AK). The
results suggest that vegetation uptake of gaseous elemental mercury from the atmosphere represent the dominant
deposition pathway to the terrestrial ecosystem, illustrated by quasi-identical isotopic signatures of organic soils with the
overlying vegetation. The deposition of oxidized atmospheric mercury species during halogen-driven atmospheric mercury
depletion events (AMDE), a well-reported phenomenon on the Arctic coast during spring, however does not represent a
significant source for Hg in the tundra soils. The Hg isotope signatures in the soils and the atmosphere show no indication
for substantial re-emission of gaseous elemental mercury from the soils.
In a second part, the findings based on stable Hg isotopes will be compared to concentration-based measurements
conducted at the same location. Both independent approaches suggest that vegetation uptake of gaseous elemental Hg
represents the dominant Hg flux between the atmosphere and Arctic tundra soils and they thus represent a net sink for
atmospheric Hg. Changes in environmental conditions, such as warming and thawing of permafrost due to climate change
or fires could however lead to a remobilization of a large Hg pool stored in Arctic tundra soils.
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Climate-soil interactions drive trace element concentrations in topsoils
Gerrad D. Jones 1, Lenny H.E. Winkel1
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Human health is directly tied to the elemental composition of soils and their uptake by plants. While the factors governing
the uptake of essential/toxic elements by plants is relatively well understood, the factors governing their broad-scale
distributions in soils are less well known. Understanding the broad-scale distribution of such trace elements could be useful
to minimize the adverse human health effects associated with under/over exposure to essential/toxic elements. While some
soil geochemical surveys have been conducted in developed countries, the distribution of such elements is unknown
throughout a vast majority of the world, and as a result, the risk of under/over exposure to these elements throughout the
world is largely unknown.
Much of the work that has been done to identify the variables/mechanisms that control soil concentrations have been
evaluated on small scales (e.g., soil column studies). Although many of these studies have found strong evidence linking
soil physicochemical properties (e.g., pH, soil organic carbon, clay) to element distributions in soils, these studies have
ignored the potential role that climate (e.g., precipitation, evapotranspiration, etc.) plays in affecting the spatial distribution
of elements in soils. In addition, as the investigative scale increases from smaller-scales to continental scales, the
relationships between predictor variables and element concentrations become increasingly complex, likely due to
interactions among predictor variables. In addition, many of the statistical tools often used to evaluate these patterns (e.g.,
linear regression) are not capable of capturing the environmental complexity driving broad-scale patterns. As a result, our
understanding of the processes governing the broad-scale distributions of essential/toxic elements in soils as well as the
risks associated with over/under exposure to these elements is limited.
Here, we will report on a robust modeling approach used to overcome these limitations, which we used to address the
following three questions: 1) what are the dominant variables driving element (e.g., As, Hg, S, Se) concentrations in top
soils on continental/global scales? 2) can element concentrations be predicted in top soils in areas where geochemical
surveys have not been conducted?, and 3) how stable are element concentrations in top soils given changes in
environmental variables? We used different machine learning tools to investigate the complex relationships between
environmental variables, interactions between environmental variables (e.g., synergistic or antagonistic), and element
distributions in top soils. Using sensitivity analyses of the machine learning models, we tested multiple hypotheses of
controlling mechanisms/ processes that have been proposed in the literature to explain element distributions. For the 4
elements analyzed (As, Hg, S, and Se) our analysis indicated that both direct and indirect effects of climate are the primary
factors driving element distributions, while soil physicochemical properties generally play a smaller role. Previously, element
concentrations in top soils have been hypothesized to be largely constant. However, given the importance of climate in
controlling element distributions, it can be expected that changes in climate could result in changes in element
concentrations in top soils, which could affect the nutritional content/quality of crops and therefore have potential human
health impacts.
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14.7
Irradiation of Ni-laden birnessite results in pH dependent Ni release.
Francesco Femi Marafatto1, Benjamin Gilbert2, Jasquelin Peña1
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Universite de Lausanne, CH-1015
2
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1

Layer type Mn oxides (birnessites), are among the most widespread metal oxides on the earth’s surface (Post, 1999).
These minerals are characterized by small particle size, high specific surface area; they are also among the strongest
oxidizants present in nature (Morgan, 2000). Because of these properties, birnessite minerals are linked to numerous
biogeochemical cycles and influence the fate of many organic and inorganic species. Furthermore, the precipitation and
dissolution of these oxides in sunlit environments can occur on diel timescales: the main formation pathway is through
microbially mediated oxidation of aqueous Mn(II) to form MnO2, whereas the (photo)reductive dissolution of MnO2 yields
aqueous Mn(II), both through the formation of intermediate Mn(III)(Sunda et al., 1983; Tebo et al., 2004).
The the photoreduction of Mn oxides has important implications regarding contaminant realease (e.g., mining impacted
streams) and nutrient availability (e.g., water column in marine systems). However, few studies have been carried out to
date to investigate the impact of MnO2 photoreduction on the fate of adsorbed metals. Furthermore, only recently was the
mechanism and rate of birnessite photoreduction decoupled from that of organic compounds and microorganisms
(Marafatto et al., 2015). The proposed mechanism of photoreduction, whereby irradiation of MnO2 results in accumulation of
Mn(III) in the interlayer region of the nanosheets, provides a framework with which to investigate the effect of sunlight on
the mobility of trace elements associated with birnessite.
This work investigates the effect of visible light irradiation on the uptake and release of Ni from birnessite minerals as a
function of pH. Specifically, dilute mineral suspensions were prepared with a Ni surface loading of 5% (mol Ni / mol Mn) at
pH 4 and pH 8 and irradiated in a flow through system under 400 nm LED irradiation for 96 hours. The pH was kept
constant with the use of automatic pH STAT titrators, and dark control experiments were run in parallel. The amount of
solid-phase Mn(III) produced through photoreduction and changes in Ni surface loading were monitored for the duration of
the experiment. Both dark-control and irradiated samples were collected for extended X-ray absorption fine structure
(EXAFS) spectroscopy after 96 hours to investigate any changes in Ni surface speciation caused by irradiation.
Our results show that irradiation of mineral suspensions at pH 4 results in about 50% desorption of Ni, whereas no change
in surface loading occurs at pH 8. However, both at pH 4 and pH 8 irradiation led to changes in the Ni bonding
environment, as evidenced by Ni K-edge EXAFS spectra. In particular, the release of Ni from the mineral surface at pH 4
was accompanied by a decrease in the intensity of the coordination shell that corresponds to Ni sorbed as a corner sharing
complex, suggesting a release of Ni from vacancy sites. We interpret the Ni release and change in surface coordination at
pH 4 to changes in the Mn(III) content of the mineral upon photoreduction, which alters the surface coordination of Ni and
induces its release to solution. At pH 8, no change in the Ni surface loading was observed, but there was a small change in
the surface coordination of Ni. We interpret these results as a modification of the Ni from triple corner sharing complex site
to an incorporated species on the edge sites.
The results from this study have important implications on predicting the mobility of trace elements in multiple
environmental settings. In particular, birnessites in acidic environments characterized by elevated trace metal
concentrations such as acid mine drainage-affected wetlands may not only be less efficient in scavenging such elements
under irradiated conditions, but also release them without dissolution of the mineral. The results at pH 8, on the other hand,
provide additional information on the controls of the Ni sorption mechanism in Mn oxides in seawater.
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Antimony (Sb) is a toxic trace element that is often compared to arsenic (As) due to similar properties. However, very little
is known about the behaviour, the speciation and the biogeochemistry of this element. In Switzerland, Sb can be found at
very high concentrations in soils due to shooting activities and the associated weathering of Sb-containing ammunitions.
Furthermore, this Sb can be transformed into methylated Sb species through biomethylation, a biological mechanisms that
is not well understood. Additionally, this mechanism can fundamentally change the mobility, availability and toxicity of Sb,
especially under reduced or flooded conditions. This lack of understanding mostly stems form an absence of simple
extractions and analytical methods to measure Sb and methylated Sb species such as trimethylantimony (TMSb).
In this study, we use a novel analysis method, using high pressure liquid chromatography – inductively coupled plasma
mass spectrometer (HPLC-ICP-MS), to validate a soil extraction procedure that keeps the Sb speciation intact prior to
analysis.
With this technique, we screened three water-influenced shooting ranges for TMSb and found concentrations of up to 1.34
mg/kg Sb in the soil, near the targets. This is the first time that TMSb is found in shooting ranges soils and furthermore, the
concentrations measured are very high compared to concentrations of methylated As or even methylated mercury (Hg)
usually found in polluted areas.
Finally, we incubated soils of these three shooting ranges under flooded conditions for 15 days. Our results show that after
only a few days, the concentration of dissolved Sb in the porewater reaches between 0.3 and 3.5 mg/L Sb depending on
the site. This represents almost 1% of the total Sb in the soil (380 mg/kg Sb). These values are very high and show that Sb
is being released from polluted soils at a very high rate as opposed to previous studies. Furthermore, our HPLC-ICP-MS
technique allowed us to show that after 4 to 10 days, TMSb was also formed and released in the porewater where it
represented up to 8 % of the dissolved Sb.
Our results demonstrate that Sb is very mobile in water-influenced shooting ranges with high quantities being released in
the porewater and therefore made available to microorganisms, plants and animals. Finally, we could also show that
biomethylation plays an important role in Sb contaminated soils with high concentrations of TMSb found directly in the soils
and in the porewater of incubated soils.
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Marine volatile organic sulfur and bromine compounds are important players in climatic processes. 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. Indirectly, these reactions are also
important for stratospheric chemistry, as the volatile bromine species can photolyze to Br atoms, which are known to
degrade ozone (see figure below). However, apart from reacting with DOM, bromine potentially also reacts with biogenic
marine organic sulfur compounds (e.g. dimethylsulfoniopropionate, dimethylsulfide, dimethylsulfoxide) 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 study the competition between reactions of HOBr with organic sulfur compounds and DOM in marine waters
by determining second order rate constants for their reactions. Furthermore, experiments with a diffusion-reaction chamber
model, simulating transport through membranes, as well as biotic experiments with algae and bacteria are planned. Our
results will give a first answer to the question to what extent the presence and concentrations of organic sulfur species may
influence the formation of brominated volatile organic compounds and thereby affect the concentrations of these and
organic sulfur compounds in the marine environment.

The possible role of DMS in the bromine cycle. DMS might react fast with HOBr and reduces therefore the availability of HOBr for the
production of volatile bromine species (indicated by thin arrows). The reaction between HOBr and DMS might also represent the major
DMS removal process (indicated by thick arrow). Note that the volatile bromine species (i.e. Br2, CHBr3, CH2Br2, BrCl) are produced in the
water before they enter the atmosphere via air-sea gas exchange. For a better overview of the main reaction processes these transport
processes between marine waters and the atmosphere are not shown.
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Dynamics of Zn in urban wetland soil-plant systems: coupling EXAFS
and isotopic approaches
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The present study is focused on zinc, a metal contaminant present at high to toxic concentrations in mining, urban and
industrial environments. The study of Zn speciation in soils had shed light on Zn sequestration mechanisms and the
formation of stable Zn phases (Jacquat et al., 2009 and Refs. therein). On the other hand, only a few studies have been
conducted on Zn speciation in wetland soils (Bostick et al., 2001; Peltier et al., 2003). Although some studies have
evaluated the transfer and mass balance between the soil and plant compartments, little is known about the dynamics of
transfer between and within the soil, litter, porewater and plant compartments. This dynamic aspect is crucial in a system
subject to the continuous input of metals and fast biomass turnover.
This study focused on Zn speciation and dynamics in soil-plant systems of an urban wetland receiving stormwater. A
combination of EXAFS spectroscopy and Zn stable isotope measurements was applied for soil, plant organs and decaying
biomass in the flooded Typha latifolia and alternating wet-dry Phalaris arundinacea zones. EXAFS spectroscopy provides a
snapshot of the final form of Zn accumulated in the various compartments whereas Zn isotopic composition is the result of
diffusion and cross-membrane transport all along the Zn uptake and translocation pathway and it also depends on the
quantity of Zn transferred.
In both soils, Zn was present as Zn-layered double hydroxide and tetrahedral and octahedral sorbed Zn species. In
addition, T. latifolia soil contained ZnS. An iron plaque was found on T. latifolia rhizome and roots. Light isotope enrichment
for Zn sorbed on the plaque suggested dissolution of ZnS in the rhizosphere with subsequent sorption. For both species,
light isotope enrichment from soil to plant (D66Znplant-soil of -0.5 to -0.6‰) suggested Zn uptake via low-affinity transport
systems. In the organs of both plants, a mixture of octahedral and tetrahedral Zn attributed to symplastic Zn-organic acid
and apoplasmic Zn-cell wall complexes, respectively, was observed (Aucour et al., 2005). In addition, Zn-thiol species were
detected in the roots, rhizome and stem of T. latifolia. The d66Zn values measured in the plant organs suggested that Zn
was sequestrated in the stem after transit through leaves. In conclusion, this study provided a complete overview of Zn
cycling in urban wetland soil–plant systems, and described several changes in Zn speciation with Zn isotopic fractionation
processes in a complex system. Although the two soil-plant systems showed common trends in Zn isotopic fractionation
and speciation, marked differences were observed due to waterlogging and also to plant species, with a prominent role of
sulfur in the waterlogged system.
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Iron-rich organic flocs are commonly identified in freshwater wetlands and tend to show high affinities for trace metal(loid)s
(Elliot et al., 2012, ThomasArrigo et al., 2014 & 2016). The Fe mineral phases existing within flocs play a dominant role in
trace metal(loid) sorption, with higher trace metal(loid) concentrations associated with poorly crystalline Fe(III)-(oxyhydr)
oxides (Elliot et al., 2012, ThomasArrigo et al., 2014 & 2016), and lower trace metal(loid) concentrations linked to
increasing Fe(III)-(oxyhydr)oxide crystallinity and organic/sulfide-associated Fe(II) (Elliot and Warren, 2014, ThomasArrigo
et al., 2016). Recently, we characterized organic flocs from freshwater streambeds of the As-enriched peatland Gola di
Lago (canton Ticino, Switzerland) using 57Fe Mössbauer spectroscopy and synchrotron X-ray techniques and found up to
2620 mg/kg As (arsenate and arsenite) bound in monodentate-binuclear (‘bridging’) surface complexes to ferrihydrite (e.g.,
~Fe5HO8•4H2O) and disordered nano-lepidocrocite (g-FeOOH) (ThomasArrigo et al., 2014).
Gola di Lago flocs tend to settle in the low-flow streams and may eventually become buried and exposed to sulfatereducing conditions. Both ferrihydrite and lepidocrocite are relatively unstable Fe(III)-(oxyhydr)oxides which readily oxidize
sulfide. Transformations of floc-Fe mineral phases as well as speciation changes in floc-As induced by sulfate-reducing
conditions may either inhibit or enhance the mobility of As through the formation of, for example, As sulfides or thioarsenic
species. For this reason, we spiked As-rich organic freshwater flocs containing ≤35 wt.% Corg and ≤22 wt.% Fe with 5 mM
bisulfide (molar S(-II)/As and S(-II)/Fe ratios = 290-720 and 0.73-1.55, respectively) at pH 7. Using a combination of X-ray
absorption spectroscopy, electron microscopy, as well as HPLC-UV and IC-ICP-MS analyses, we investigated changes in
the solid- and aqueous-phase speciation of As, Fe, and S over one week.
Our results show that after reaction with bisulfide, solid-phase Fe mineral transformations were dominated by mackinawite
(FeS) formation (52-81% of Fesolid at day 7), with a preferential transformation of ferrihydrite over lepidocrocite, although the
neoformation of lepidocrocite could not be excluded. Sulfur speciation analyses revealed that S(0) and polysulfides were
almost exclusively associated with the solid phase. Arsenic released from the solid phase was dependent on the molar S(II)/Fe ratio, with highest As releases (up to 73% of total As) found at the highest molar S(-II)/Fe ratios. Up to 33% of
dissolved As was present as thioarsenates. Solid-phase As, primarily present as arsenate (47-72%), was found
preferentially adsorbed to Fe(III)-(oxyhydr)oxides, despite abundant mackinawite precipitation. At higher S(-II)/Fe molar
ratios (≥1.0), the formation of an orpiment-like As sulfide mineral accounted for up to 35% of solid-phase As. Despite Fe
and As sulfide precipitation and the presence of residual Fe(III)-(oxyhydr)oxides, mobilization of As was recorded in all
samples (Asaq = 0.5-7.0 µM at 7 days). Our findings show that organic freshwater flocs from the Gola di Lago peatland may
become a source of As under sulfate-reducing conditions, and thus likely play a pivotal role in trace metal(loid) cycling in
S-rich wetlands characterized by oscillating redox conditions.
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Mn(II) oxidation coupled to Fe(II) oxidation in Fenton-type reactions
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The oxidation of Fe(II) by O2/H2O2 initiates a cascade of reactions that leads to the formation of strong, short-lived oxidants
(*O2-, *OH, Fe(IV)). These reactive intermediates are critical players in the oxidation of chemical species including As(III),
Sb(III), organic pollutants, and soil organic matter. Recent studies provide indirect evidence that Mn(II) is also susceptible to
homogeneous oxidation by reactive oxidants species, such as extracellular superoxide radicals produced by bacteria and
superoxide and singlet oxygen radicals generated from photochemical excitation of humic substances.
This presentation will focus on characterizing the reaction products of Fe(II)-mediated Mn(II) oxidation and will describe the
factors that control the Mn(II) oxidation efficiency in Fenton-type systems. An Fe(0) electrocoagulation (EC) system, which
permits precise control of the rate of Fe(II) production, was used to investigate the co-oxidation of Fe(II) and Mn(II) as a
function of the rate at which iron was dosed into solution, the Fe(II) oxidant (O2 or H2O2), and solution pH. Our experimental
approach combines i) time-dependent Mn(II) removal experiments, ii) pyrophosphate (PP) extractions for measurements of
Mn(III), and iii) Mn and Fe K-edge EXAFS spectroscopy.
The results presented in this work uncover an undocumented pathway of Mn(II) oxidation and will help form the basis of
Mn(II) oxidation kinetic models in Fenton-type systems. This information is critical for accurate predicitions of target
compound oxidation in systems containing Mn(II), such as groundwater contaminated with As(III) and Mn(II).
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Environmental manganese (Mn) oxides typically occur as layered-type birnessites, which contain varying amounts of
Mn(II,III) and vacant Mn(IV) sites in the MnO2 sheets. Due to the high sorptive and oxidative capacities, Mn oxides are
among the most reactive soil minerals and control the mobility and bioavailability of organic and inorganic contaminants,
e.g. pesticides, flame retardants, Cr, As, Se, Co etc. However, the relationship between the oxidative power of Mn oxides
and their chemistry and mineralogy is still under debate in the literature.
Recently, we showed that different sites on the surface of δ-MnO2 nanoparticles display distinct adsorption and capacity,
which is controlled both by the valence (Mn(III) or Mn(IV)) and location (i.e., layer edges, layer interior vacancies, interlayer)
of the site (Simanova et al., 2015a). These findings suggest that information about the kinetics of interfacial processes, as
well as time-dependent speciation of surface species, is critical to understand the redox reactivity of Mn oxides. Specifically,
,there are two open questions: 1) at which reactive sites (vacancy sites vs. edge sites) does electron transfer occur
between Mn oxides and adsorbed reductants; 2) what conditions favor Mn(III) versus Mn(IV) surface sites as a major
oxidant. Our previous quick X-ray absorption spectroscopy (QXAS) study (Simanova et al., 2015b) using Co(II) to probe the
redox reactivity of Mn(III)-rich δ-MnO2 (referred to as “δ-MnIII,IVO2” hereafter) showed that at pH 6.6 Co(II) was first oxidized
by Mn(III) sites at the particle edges, while the vacancy sites capped by interlayer Mn(III) atoms were largely unreactive.
The limited redox reactivity of interlayer Mn(III) atoms in δ-MnIII,IVO2 can be explained by the slow electron transfer of outersphere complexes and the passivation of the vacancies by adsorbed Mn(III). However, the kinetics of Co(II) oxidation may
be enhanced significantly if pure Mn(IV) oxide (referred to as “δ-MnIVO2” hereafter) was used, as it possesses abundant free
vacancy sites (11%).
In the present study, we carried out time-resolved QXAS analyses on the oxidation of Co(II) by δ-MnIVO2 at pH 8, 6 and 4
maintained using pH STAT and with Co(II)/Mn(IV) molar ratio from 0.1 to 0.4. The results show that Co(II) was quickly
immobilized on the surface of δ-MnIVO2 through adsorption followed by gradual oxidation. More specifically, at pH 8 all initial
soluble Co(II) was transferred to δ-MnIVO2 in less than 10 min, whereas at pH 6 and 4 less than 70% of the initial Co(II) was
sorbed after 24-hr. These findings show slowed adsorption of Co(II) on δ-MnIVO2 in experiments at pH 6 and 4. Moreover,
δ-MnIVO2 is mainly reduced to δ-MnIII,IVO2 by Co(II) at all the three pH values and only up to 2% of initial Mn(IV) is converted
to soluble Mn(II). This suggests that Mn(IV) is significantly more redox reactive than Mn(III) in δ-MnIII,IVO2 under the
conditions of the present study. The outcome of the study helps to fill the knowledge gap in identifying the type of Mn
valence and sites in δ-MnO2 that most effectively oxidize contaminants, and it provides valuable information for predicting
the mobility and bioavailability of contaminants in Mn-containing surface environements.
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Thallium sorption on illite and its importance in soils
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Thallium (Tl) is a highly toxic trace metal. In the environment, Tl occurs as monovalent TlI and trivalent TlIII. TlI exhibits both
chalcophilic and lithophilic character. Because Tl+ has a similar ionic radius as K+, it can substitute K+ in a wide range of
K-bearing minerals. In soils and sediments, TlI uptake by the clay mineral illite has long been considered to be a key
retention mechanism. Direct evidence for Tl uptake by illite in soils was provided by a recent spectroscopic study on
geogenically Tl-rich soils (Voegelin et al. 2015). To date, however, data on Tl sorption by illite and its effect on Tl solubility in
soils are lacking.
We currently investigate the sorption of TlI by pure illite (Illite du Puy) in batch experiments. First results confirm that TlI
uptake by illite is highly specific and exhibits similar trends as known for Cs+ (Poinssot et al., 1999; Fuller et al., 2015):
Limited pH dependence, marked sorption competition with Na+, and slow sorption/desorption kinetics. The new sorption
data for Tl+ on illite will be quantitatively described in the framework of a generalized model of K+, Rb+, Cs+ and NH4+ uptake
by argillaceous rocks (Bradbury and Baeyens, 2000).
To gain direct insight into the effect of Tl sorption by illite in soils, we examine the solubility and extractability of Tl in
geogenically Tl-rich soils from the Swiss Jura mountains (Voegelin et al., 2015) covering a wide range in Tl contents.
Qualitatively, the results from extracts targeting soluble (10 mM CaCl2) and exchangeable cations (1 M NH4-acetate) are in
line with Tl uptake by illite as solubility-controlling process. Additional time-resolved extracts reveal slow Tl release kinetics,
probably from high-affinity sorption sites.
In continuing work, further insight into Tl uptake by illite and Tl speciation in soils will be obtained using synchrotron-based
X-ray absorption spectroscopy. Our mechanistic sorption results in combination with our quantitative data will lead to an
improved understanding of the uptake of Tl by illite and its impact on the mobility and bioavailability in soils.
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Zinc (Zn) is an essential element for plants and humans. There are different strategies how plants satisfy their Zn needs
which are well studied. However, there is a paucity of information on how Zn is redistributed between the various plant parts
(e.g., from leaves to grain). Furthermore, uptake and redistribution processes of Zn also control plant tissue concentrations
of the chemically similar and toxic element Cadmium (Cd). To better understand translocation of Zn in plants, we used Zn
stable isotope ratios to elucidate biochemical processes that drive Zn translocation in the plant.
Wheat (Triticum aestivum L.) was grown on two agricultural soils with different pH and organic matter content under
controlled conditions. Wheat plants were harvested at two different stages of growth, flowering stage and at full maturity,
and were then systematically dissected for isotopic analysis into the following parts that play a distinct role in Zn
redistribution processes (overview in Figure 1). Until the SGM 2016, Zn isotopes will be also analyzed in n = 3 individually
grown plants, in xylem sap, bulk soil and in 0.1M HCl soil extracts as proxy for plant- available Zn.
Preliminary results revealed that Zn concentrations in straw strongly decreased during grain filling (strawflowering 28 μg g-1,
strawfullmaturity 13 μg g-1, n = 1). Thus, approximately 75% of the Zn in the shoot was translocated to the grains between
flowering and full maturity (grainfullmaturity 39 μg g-1). There was a slight difference in the Zn isotope composition in the shoots
at flowering (δ66/64ZnJMC = 0.21‰, Figure 1) and at full maturity (0.27‰). However, at full maturity, there was an enrichment
of light isotopes in the grains (0.18‰) and a corresponding enrichment of heavy isotopes in the straw (0.49‰). The Zn
isotope ratios of the straw parts ranged from 0.25-0.76‰ and showed distinct apparent isotope fractionation comparing the
two growth stages (e.g. Δfullmaturity-flowering: peduncle 0.57‰, flag leave 0.23‰). These values indicate that different plant parts
did not release Zn to the grain in an equally efficient manner.
The preliminary data show that Zn isotopes are markedly fractionated during the grain filling period of wheat and potentially
provide information about Zn fluxes and biogeochemical processes within wheat. At the conference, the complete data set
will be discussed regarding (i) Zn fluxes in the plant during grain filling using mass balances and Zn isotope ratios, (ii)
processes causing Zn isotope fractionation during translocation in wheat, and (iii) a comparison of Zn isotope fractionation
with that of Cd isotopes in soil-wheat systems.
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Figure 1: Zinc isotope ratios of wheat grown on arable soils under controlled conditions. Plants were harvested at flowering stage (left) and
at full maturity (right). Preliminary results show δ66/64ZnJMC ratios in ‰ for n = 1 fully analyzed wheat plant per growth period. Question
marks indicate that these compartments have not been measured yet.
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Macrophytes are aquatic plants that play a key role in primary production and nutrients biogeochemical cycles of shallow
waters (e.g. lakes, ponds). Fitness of macrophytes in these environments is likely to be affected by the increase of UVradiation occuring during severe hydrological alterations (e.g. drougth) that may become more frequent and intense due to
climate change. Higher UV radiation is thought to affect the growth and development of aquatic plants and also their
sensitivity to metal pollution.
Mercury (Hg) is one priority contaminant of global importance. In aquatic ecosystems, the mercury problem has received
special attention because of the toxicity to aquatic organisms and the accumulation in aquatic food webs. Primary
producers, including aquatic macrophytes accumulate Hg directly from water and sediments.
The aim of this study was to determine how the predicted environmental changes of the 21st century will affect
macrophytes. To this end, the effects of increased UV radiation, combined with Hg pollution in natural waters on both Hg
bioaccumulation and its effects at the physiological and transcriptomic level were investigated in Elodea nuttallii. We
hypothesize that organic matter present in natural waters will reduce Hg bioaccumulation and that UV and heavy metal
stress have interacting effects on the macrophytes and might induce a phenomenon termed cross-tolerance.
The results demonstrated that the increasing concentrations of organic matter (1-10 mg/L Suwannee River humic acid
(SRHA)) decreased Hg bioaccumulation at 10-9 M inorganic Hg (IHg) and methyl Hg (MeHg), but not 10-7 M IHg. In IHg +
MeHg mixture exposure, bioaccumulation of Hg was reduced by SRHA. At the transcriptomic level, the intensity of genes
signals clearly decreased with increasing SRHA, supporting that the response of those genes correlated to Hg
bioavailability. In sum, the gene signatures are specific for a given chemical and linked to its bioavailability. Our data
support that transcriptomic is suitable to measure bioavailability of metals.
Combined exposure to UV + Hg enhanced the stress response at the transcriptomic level in comparison with single
treatments, affecting the expression level of genes involved in energy metabolism, lipid metabolism, nutrition, and redox
homeostasis. Single and combined UV and Hg treatments dysregulated different genes, but with similar functions,
suggesting a fine regulation of the plant to stresses triggered by Hg, UV and their combination but the lack of co-tolerance.
At the physiological level, UV + Hg treatment reduced chlorophyll content and depleted antioxidant compounds such as
anthocyanin and GSH/GSSG, in E. nuttallii. Nonetheless, combined exposure to UV + Hg resulted in about 30% reduction
in Hg accumulation in shoots vs. exposure to Hg alone, which was congruent with the level of expression of several
transporters’ genes, as well as the UV effect on Hg bioavailability in water.
In conclusion, both organic matter and light affected bioaccumulation and stress responses in the plant: fine and contrasted
interactions were evidenced at the physiological level by the different endpoints for pigments and oxidative stress affected
in additive, antagonistic or synergistic manner suggesting a multilevel interaction between organic matter, Hg and UV
exposure.
The findings of the present work underlined the importance of performing experimentation under environmentally realistic
conditions and to consider the interplay between contaminants and environmental variables, such as light that might have
confounding effects, to better understand and anticipate the effects of multiple stressors in the aquatic environment. In the
context of global climate changes even lower bioaccumulation of Hg might results in higher stress level for organisms.
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Manganese oxide minerals are critical players in a number of biogeochemical processes and have the potential to be used
in environmental remediation and materials science applications. These minerals are powerful oxidants of inorganic and
organic species and have remarkably high adsorption capacities for trace and contaminant metals. The reactivity of layertype manganese oxides (birnessite) is controlled by their structure and composition, including particle size, presence of
structural defects in the form of vacancy sites, and the presence of adsorbed or structural Mn(III) (Simanova & Peña 2015;
van Genuchten & Peña 2016).
The goal of this project was to investigate the redox properties for a suite of birnessite minerals that varied in terms of their
structure (nm – mm sizes) and composition (0 – 20 % Mn(III): c-disordered birnessite (c-dis Bi), nanocrystalline δ-MnO2
(δ-MnO2), crystalline potassium birnessite (K Bi) and microcrystalline triclinic birnessite (Tc Bi). We hypothesized that both
particle size as well as the crystallographic location and amount of Mn(III) in the mineral govern the mineral redox
properties and thus reactivity. To test this hypothesis we developed analytical methods that are easily applicable to asses
the redox state of these minerals. We then used mediated potentiometry (Sander et al. 2015; Gorski et al. 2016) to
determine the reduction potentials (EH) of the minerals at different pH values and concentrations of Mn2+. The combination
of results from solid-phase characterization and electrochemical measurements will allow us to link the structure and
composition of the birnessites to their oxidative capacity.
Thus far, we established two methods for the quantification of Mn(III) and the determination of the Average Manganese
Oxidation Number (AMON) for a given manganese oxide. In the first method, sodium pyrophosphate (PP) is used to extract
surface-bound/incorporated Mn(III) from Mn(III)-bearing MnO2 to form Mn(III)-PP complexes. The concentration of these
complexes can be quantified spectrophotometrically. In the second method, the AMON was determined by potentiometric
titrations (Simanova et al. 2015): after using Mohr’s salt to achieve complete reductive dissolution of the mineral to Mn2+,
permanganate is used to back titrate the Mn2+ solution to Mn(III) using excess PP. While both methods are quite accurate,
the PP extraction method slightly underestimates the Mn(III) content, compared to the AMON titratation method (about 5%
less Mn(III)), of the minerals with a low specific surface area.
To measure the reduction potential (EH) as a function of suspension pH we used mediated potentiometry in which the
electron transfer mediator 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) was used to facilitate redox
equilibration between the mineral and the working electrode (Pt). Initial observations suggest that the four minerals present
different potentials, for the same conditions of pH and total Mn concentration, that depend on Mn(III) contents and -to a
lesser extent- on parameters like specific surface area. A deeper investigation of the redox properties, especially focusing
on potential equilibrium conditions and covering a broad range of environmental pH values will improve our ability to
understand the role of manganese oxides in biogeochemical processes and pollutant dynamics. A more fundamental
understanding of the relationship between mineral structure and redox properties will further allow for control and design of
manganese oxides with specific redox properties.
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Lake Cadagno is a 21 m deep alpine meromictic lake that is permanently stratified. It has two chemically distinct water
layers; an oxic mixolimnion and an anoxic monimolimnion with a narrow chemocline separating the two. The chemocline is
located across a narrow band between 10 to 13 m with a large chemical gradient in dissolved oxygen, redox potential,
nutrients (nitrate, ammonia), dissolved and particulate trace elements (iron, manganese, vanadium, chromium, copper etc),
and sulfur species. The reaction series for changes in nutrient and trace metal concentrations associated with the tansition
from oxic to anoxic conditions follow the “classical” sequence seen for meromictic lakes and sediment porewaters.
Iron isotope analysis of both dissolved (d56DFe) and particulate (d56PFe) iron revealed at very sharp transition between 11.5
and 12 m with heavier d56DFe values above (~0.75 ‰) and lighter d56DFe values below the ferrocline (-0.61 ‰). The
isotope composition of d56PFe was opposite with lighter d56PFe values (relative to d56DFe) above and heavier d56PFe values
below the ferrocline. Our results indicate that d56DFe fractionation is under kinetic control with the rate of reduced iron
diffusion across the chemocline, and its subsequent oxidation, being the key steps in setting d56DFe.
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In addition to their use in the fields of catalysis, electronics and energy, copper oxide nanoparticles (CuO NP) are
increasingly used in a variety of biocide applications, such as wood preservation, anti-fouling coatings and agricultural
pesticides (Tegenaw et al., 2015). From some applications, CuO NP are directly released into the wastewater stream and
reach a wastewater treatment plant (WWTP). Due to the elevated concentration of bisulfide (HS-) in wastewater systems,
reactions with bisulfide strongly influence the speciation and bioavailability of chalcophile elements such as Cu and Ag in
(treated) wastewater (Kaegi et al., 2011).
In this study, we investigated the sulfidation of CuO NP (3-13 µM) by HS- (14-170 µM) in oxic solutions at pH 8.0. Reacted
CuO NP were collected at selected time points and characterized using scanning transmission electron microscopy (STEM)
in combination with energy dispersive X-ray (EDX) analysis. The kinetics of the reaction were determined over a range of
CuO NP and HS- concentrations using AgNO3 for the selective dissolution of CuxS and Zincon for the spectrophotometric
quantification of the released Cu2+.
The STEM analyses revealed a rapid transformation of crystalline CuO into amorphous CuxS upon reaction with bisulfide.
Over time, amorphous CuxS recrystallized into hexagonal platelets, pointing to the formation of covellite. The formation of
CuxS seemed to proceed in two stages: Fast initial CuO sulfidation to CuxS followed by a considerably slower reaction that
led to a further increase of the CuxS fraction. Although the mechanistic details of the sulfidation of CuO still need to be fully
resolved, our kinetic results clearly show that at most a few minutes are required for the transformation of half of the CuO
into CuxS under conditions relevant for wastewater systems. Thus, CuO NP released from consumer products into
wastewater are expected to be rapidly transformed into CuxS. With the treated effluent, part of this CuxS may be released
into surface waters downstream of wastewater treatment plants.
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Layer-type manganese oxides (MnO2) are soil minerals that sequester metal cations on their surfaces, which makes them
key players in the distribution and bioavailability of natural and anthropogenic inorganic contaminants in soils. Their
remarkable sorption properties are mainly explained by a high content of vacancy sites, in which Mn(IV) are absent from
octahedral sites, and the influence of edges due to the particles’ small sizes. Both characteristics lead to local oxygen
unsaturation and high reactivity towards metal cations.
Recently, studies of Ni sorption on a Mn(III)-enriched synthetic MnO2 demonstrated that Mn(III) capping of vacancies could
prevent Ni accessing these reactive sites, thus encouraging sorption on edges and diminishing the sorption capacity of the
mineral (1). This finding is particularly relevant in natural systems, where the local presence of organic matter can induce
partial reduction of Mn(IV) to Mn(III), thus increasing the Mn(III) content of natural Mn oxides. Furthermore, because the
precipitation of MnO2 in natural systems is microbially mediated, MnO2 typically occurs admixed with microbial biomass.
While the mineral is expected to control the sorption process, the biomass fraction also influences metal sorption by
contributing directly to the sorption capacity of the composite, or by passivating reactive surface sites on the particle edges.
This study aims to further our mechanistic understanding of metal sorption on an environmentally relevant biogenic MnO2
that contains both a significant Mn(III) content and an extracellular organic fraction, through batch sorption experiments and
EXAFS spectroscopy. Biogenic MnO2 was precipitated by the model bacterium Pseudomonas putida GB-1. Lead(II) and
Zn(II) were chosen as probe ions because they are found on both sides of Mn(III) on the affinity sequence for MnO2
surfaces (2-5). Sorption isotherms of Pb and Zn were measured on bio-mineral composites at pH 5.2 (+/- 0.3). Samples
were prepared for EXAFS analysis at the Mn and Zn K–edges and Pb L3 edge, at pH 5.5 (+/- 0.2) to identify the
partitioning between different sorption sites as a function of the affinity of the metal ions for the MnO2 surface.
Both ions show high affinity for the mineral, but maximum loading of Pb was significantly higher than that for Zn (q = 0.55
mol Pb/ mol Mn and q= 0.12 mol Zn/ mol Mn respectively). Sorption of Pb(II), but not of Zn(II), was associated with the
accumulation of Mn(II) in solution. This difference was explained by the ability of Pb(II), but not Zn(II), to displace Mn(II/III)
from sorption sites, in accordance with the affinity sequence Zn(II) < Mn(II/III) < Pb(II) for MnO2 (2, 3, 5). The 0.6 (R2 =
0.95) ratio between Mn released and sorbed Pb suggest that Pb sorption induces disproportionation of surface bound
Mn(III), with associated release of Mn(II) and crystal growth from newly formed Mn(IV). The amount of Mn(II) accumulated
in solution as a function of Pb loading was used to estimate the initial Mn(II,III) found on the mineral surface. The good
agreements between our estimated Mn(III) content and independent measurements of Mn(III) in biogenic MnO2, further
substantiate the mechanism conclusions.
This study investigates how the access to the different sorption sites of an environmentally relevant MnO2 mineral varies for
different incoming metal cations. Our findings demonstrate that their respective capacities to displace any previously sorbed
metal ions ultimately determines the effective capacity of MnO2 to influence the fate of different, often co-occuring,
contaminants in natural systems.
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The trace element selenium (Se) which acts as a component of major metabolic pathways is essential for animals and
humans health. However there are broad Se deficiencies worldwide and millions of people may be affected by the
accompanying endemic diseases (Fairweather-Tait et al., 2011). Methylation and subsequent volatilization is an important
Se cycle process in natural environments which may lessen available Se in soils limiting its entry into the food chain
(Winkel et al., 2012). Se methylation is mostly regarded as a detoxification process for organisms since volatilization
decreases the Se intracellular content. Hence most studies of Se volatilization were performed using Se concentrations 103
- 106 fold higher (mg / L) than those commonly found in the environment. A recent study revealed efficient volatilization from
a natural wetland with very low Se concentrations (ng / L) (Vriens et al., 2014). It seems implausible that these
concentrations may induce any specific enzymes for Se detoxification. As a consequence, Se volatilization fluxes based on
laboratory experiments using high Se concentrations may have limited relevance for cycling outside of Se contaminated
environments.
Here, we conducted a Se methylation study using a Pseudomonas strain at low µg / L range of Se oxyanions. Methylated
Se compounds were quantified by headspace SPME-GC-MS and the speciation and concentrations of Se oxyanions were
measured by IC-ICP-MS. Transcriptional profiles of this strain responding to Se oxyanions exposure were analyzed by
RNA-seq. Methylated Se species were detected in the culture headspace from selenite treatment but not from selenate. In
the higher selenite treatment, more than half of the original Se methylated, whereas the methylation efficiency was less
than one percent in lower selenite treatment.
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The ratio of the two major uranium (U) isotopes, 238U and 235U, varies in natural environments depending on biogeochemical
conditions [1]. This isotopic signature has been proposed as a tool to distinguish between abiotic and biotic U reduction in paleo
and modern redox processes [2]. However, further research is required to fully develop this tool as a marker for reduction
processes. Recent experimental findings indicate that strong U isotope fractionation (with high 238U/235U in the product) occurs
during biotic U reduction, while fractionation is either negligible or opposite in direction during abiotic reduction [2].
This study aims to tackle the abiotic reduction mediated by magnetite (Fe3O4) which is a Fe(II)-bearing mineral frequently
occurring in the subsurface. Here, we systematically monitor the isotope fractionation during reduction in batch configuration. In
particular, we investigate how isotopic fractionation is affected by variable U(VI) loading and variable kinetics of reduction, by
the crystallinity of the U(IV) products, and by adsorption prior to reduction.
We capture the reduction progress over time by quantifying the fraction of unreacted U(VI) with inductively coupled mass
spectrometry (ICP-MS) after bicarbonate extraction as described by Alessi et al [3]. The isotopic fractionation is probed via
multi-collector ICP-MS (MC ICP-MS) both in the U(IV) products and in the unreacted U(VI) fraction. U(IV) and U(VI) are
separated via an anion exchange method as described by Wang et al. [4]. Ultimately, the U(IV) products in the solid phase are
characterized with X-ray absorption spectroscopy to verify the extent of reduction.
Our preliminary results confirmed what was observed in a previous study [2]. U(VI) reduction by magnetite occurs in two distinct
phases. During the initial short phase, most of dissolved U(VI) is reduced at a high rate, while the kinetics of reduction are
slower during the second longer phase. We also observed that no isotope fractionation occurs in the first phase of reduction,
while 235U is preferentially reduced in the second phase, resulting in positive d238U of the U(VI) that remains in solution (Fig. 1).
The strongest fractionation is observed in the case with the highest U(VI) loading (Fig. 1A).
In order to explore how the final speciation of U(IV) affects the isotopic fractionation, we set up an experiment where U(VI) was
reduced by magnetite that was pre-sorbed with phosphate. It is known that pre-sorption of phosphate onto the surface of
magnetite promotes the formation of less crystalline U(IV) products at the end of reduction [5]. Even though pre-sorbed
magnetite maintains its reactivity, it reduces U(VI) at a slower rate. Independently from the slower reduction, 235U is still
preferentially reduced yielding a similar enrichment factor (Fig.1B) and suggesting that U(IV) speciation does not affect isotopic
fractionation. Further experiments are required to confirm this observation.
Finally, we assessed the contribution of adsorption to isotopic fractionation by examining U(VI) adsorption on maghemite
(Fe2O3) as an Fe(II)-free proxy for magnetite. In fact, maghemite shares the same structure and magnetic properties with
magnetite, but, because it does not harbor Fe(II), U(VI) is not reduced. Even in this case, the lighter isotope is preferentially
absorbed but the extent of fractionation is lower that during reduction (Fig. 1C).Figure 1. Uranium isotope fractionation (d238U)
for the U(VI) aqueous fraction plotted against the fraction of unreacted U(VI) (C/C0). A: d238U during reduction by magnetite, B:
d238U during U(VI) reduction by magnetite pre-sorbed with phosphate, C: 238U during U(VI) adsorption onto maghemite.
These data confirm previous findings on the direction of fractionation during abiotic reduction of U(VI) by magnetite and further
evidences the role of U(VI) loading on the extent of fractionation. It also confirms previous results on uranium fractionation
during adsorption to birnessite [6]. The impact of U(IV) speciation will require additional work.
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Arsenic is ubiquitous in the environment, with its sources being of natural and anthropogenic origin. It is classified as a
group 1 human carcinogen by the International Agency for Research on Cancer (IARC Monographs, 1980), which makes
monitoring the environmental levels of arsenic very important. The concentrations of arsenic in freshwater range from 1 to
130 nM and in seawater from 1 to 30 nM, and can be up to µM level in contaminated groundwater. Threshold values for
arsenic in drinking water, proposed by the World Health Organisation, are around 130 nM (1µg/L).
Arsenic in the aquatic systems is present mainly in the form of inorganic trivalent arsenite species and pentavalent arsenate
oxyanions. As(III) species are considered 60 times more toxic then the pentavalent species. There are reported
voltammetric techniques for As(III) environmental sensing (Touilloux et al., 2015). Voltammetry enables the development of
robust low cost sensors that can be adapted for in-situ measurements, making them especially attractive for environmental
monitoring. Voltammetric detection of As(V) is limited to working at pH values below 2 (Gibbon-Walsh et al., 2010). An
acidification step significantly complicates the development of an electrochemical sensor probe for in situ monitoring, and
makes such tools difficult to use in arsenic speciation analysis.
In the work by Zhang et al. (2009), a polymer composed of aniline and o-aminophenol (PANOA), has been shown to
electrocatalyze the reduction of As(V) in the process of arsenate removal. PANOA was shown to be electroactive in the pH
range from 5.6 to 7. This idea was implemented into development of a PANOA modified gold microelectrode for As(V)
detection. By using square wave anodic stripping voltammetry, As(V) can be measured after it has been reduced to As(III)
at the PANOA-sensor surface vicinity. This work presents the preliminary research conducted on voltammetric detection of
As(V) at pH 6. The ultimate aim is to obtain a sensor enabling direct As(V) monitoring at (sub-) nanomolar concentrations
in close-to-neutral pH aquatic systems.
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The oxidation of dissolved Fe(II) in oxygenated water leads to the formation of amorphous to poorly-crystalline Fe(III)precipitates that profoundly impact the fate of nutrients and contaminants in natural and engineered aquatic systems.
Dissolved phosphate (P), silicate (Si) and Ca strongly influence the structure of Fe(III)-precipitates (Voegelin et al., 2010). In
this study, we quantified the interdependent effects of these solutes on the composition, structure and arsenate (As(V))
uptake of fresh and aged Fe(III)-precipitates. The precipitates were formed by oxidation of 0.5 mM Fe(II) at 12 P/Fe ratios
from 0 to 2 in aerated 8 mM bicarbonate-buffered (pH 7.0) electrolyte containing 7 µM As(V), with 8 mM Na, 4 mM Ca,
4 mM Mg or 7 mM Na + 0.5 mM Ca as electrolyte cations. Additional experiments in Na and Ca electrolyte were performed
in the presence of 0.5 mM Si. After Fe oxidation and precipitation (4 h), solution and precipitates were samples for ICP-MS
and Fe K-edge XAS analysis. To assess the effects of aging, precipitate suspensions reacted for 30 d at 40°C before
sampling were examined as well (Senn et al., 2015, Senn et al., submitted).
The evaluation of the Fe XAS spectra of 144 precipitate samples revealed gradual variations in precipitate structure
between several endmembers: (i) poorly crystalline lepidocrocite (pcLp*), (ii) hydrous ferric oxide (HFO) or silicatecontaining ferrihydrite (Fh-Si*) and (iii) amorphous (Ca-)Fe(III)-phosphate ((Ca)FeP*). These variations depended on P/Fe
ratio, electrolyte cation and presence of Si. Enhanced co-precipitation of P in Ca-containing electrolytes could be attributed
to electrostatic effects as well as to the formation of mixed Ca-Fe(III)-phosphate in which the Fe(III)-octahedra exhibited
enhanced mitridatite-like corner- and edge-sharing linkage. By combining ICP-MS and LCF results, the oxyanion uptake
capacity of the different precipitate types could be derived. Depending on initial P/Fe ratios, the presence of Si, and the
type of electrolyte cation (and thus precipitate type), dissolved As(V) concentrations varied by up to 3 orders of magnitude.
During aging, Si and Ca slowed down Fe(III) polymerization and therby sustantially reduced P and As(V) remobilization at
low P/Fe ratios compared to Si- and Ca-free suspensions. The results further emphasized that the combined effects of Ca
and Si were required for most effective P and As(V) retention during precipitate aging.
The results from this study provide insight into the link between water chemistry and the structure and composition of fresh
and aged Fe(III)-precipitates as well as into their As retention capacity. This knowledge is essential to assess the dynamics
of As and other trace elements in natural aquatic systems and water treatment.
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P 14.10
Arsenic biomethylation efficiency across microbial phyla
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Arsenic (As), a toxic metalloid and potent carcinogen, is ubiquitous in the environment and is released from geogenic as well
as anthropogenic sources. As biomethylation, which consists of the catalyzed transfer of methyl groups to the metalloid
generating both volatile and non-volatile As methyl derivatives, is also widespread. It is observed in bacteria, archaea, fungi,
algae, plants and animals, including humans. The attachment of a methyl group changes the chemical and physical properties
of As, influencing its biogeochemical cycling and toxicity. Nonetheless, biomethylation is far from universal and the main
biological systems responsible for the biosynthesis of arsenic organocompounds remain microorganisms (Bentley & Chasteen
2002).
The reaction is catalyzed by the methyltransferase ArsM. Several specific pathways have been proposed for As methylation,
but the exact mechanism remains under debate. In the classic biomethylation pathway (Challenger,1945), sequential steps
of reduction and oxidative methylation were described, with S-adenosylmethionine (SAM) serving as the methyl donor. Since,
the transfer of the methyl group with no formal change in the oxidation state has been proposed and methylcobalamin has
been hypothesized to be the methyl donor (Wuerfel et al. 2012).
A cornerstone of the research path to unravel the mechanism of As methylation is to identify an efficient biomethylator for
detailed study. Here, we present an evaluation of the ability of six bacterial strains, pertaining to three bacterial phyla
(Proteobacteria, Firmicutes, and Bacteroidetes), to synthesize methylated As compounds. We considered two
Deltaproteobacteria: an iron reducer (Geobacter metallireducens), and a sulfate reducer (Desulfovibrio vulgaris). Further, we
evaluated three Firmicutes: a dehalogenator (Desulfitobacterium hafniense), a saccharolytic fermenter (Clostridium
pasteuranium), and a proteolytic fermenter (Clostridium collagenovorans). Finally, the only aerobic bacterium we studied is a
member of the Cytophagaceae family and is heterotrophic (Arsenicibacter rosenii) (Huang et al. 2016),.
Some of these organisms (Clostridium collagenovorans, Desulfovibrio vulgaris and Arsenicibacter rosenii) are proven As
methylators (Michalke et al. 2000; Huang et al. 2016), while the others possess genes encoding for homologues of the As(III)
methyltransferase gene (ArsM), identifying them as possible As methylators.
The As methylation ability of G. metallireducens strain GS-15 was tested in a time-course experiment. The pure culture was
inoculated into medium contaning As(III) in varying concentrations (2, 5, 10 and 50 μM). As speciation analysis was performed
using high performance liquid chromatography-inductively coupled plasma mass spectrometry (HPLC-ICP-MS). The presence
of As(III) in the medium did not hinder the growth of the inoculated bacteria (Fig. 1). However, only inorganic As species (As(V)
+ As(III)) were detected in the medium to date (inset in Fig. 1).
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Figure 1. Cell growth measured as quantification of total protein (Thermo Scientific™ Pierce™BCA Protein Assay). Inset: total As vs total
inorganic As after 48h in the medium. The data are means ± SD (n=2).

Ongoing work will be presented that evaluates the methylation efficiency of the other strains considered.
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