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15.1
Organic Matter Composition Controls Mercury Methylation in Aquatic 
Ecosystems

Andrea G. Bravo1,1, Sonia Herrero Ortega1, Sylvain Bouchet2, Julie Tolu3, Núria Catalán1, Erik Björn2, Stefan Bertilsson1

1 Department of Ecology and Genetics, Limnology, Uppsala University, SE-75236 Uppsala, Sweden.
2 Department of Chemistry, Umeå University, SE-90187 Umeå, Sweden.
3 Department of Ecology and Environmental Science, Umeå University SE-90187 Umeå, Sweden. 
 1andrea.garcia@ebc.uu.se

One major challenge in contemporary environmental science is to identify factors controlling the formation of methylmercury 
(MeHg). The formation of MeHg is biotically mediated in aquatic systems. Organic matter (OM) interacts very strongly with 
Hg, affecting its speciation, solubility, mobility, and toxicity in the aquatic environment. OM in aquatic systems consists of a 
mixture of terrestrial compounds drained from the catchment and internally produced OM mainly derived from 
phytoplankton. Even if the effect of OM concentration on Hg methylation has been the subject of numerous studies, the 
influence of the molecular composition of OM remains poorly understood. Here we show the impact of terrigenous and 
planktonic derived OM on Hg methylation in different aquatic ecosystems. Concretely, we studied Hg methylation in 
sediments of 10 lakes and 9 beaver pond ecosystems. While the selected lakes receive inputs of both terrigenous and in 
situ OM, the sediments from beaver ponds of different ages are primarily dominated by terrigenous OM with different 
degradation status. We used inorganic mercury isotope tracers to determine mercury methylation and pyrolysis–gas 
chromatography mass spectrometry to identify and quantify 110 organic compounds in lakes sediments. We used optical 
measurements (spectrometry and fluorescence) to characterize the OM in the sediment overlying water of beaver pond 
ecosystems. Hg methylation rate constants reach the highest values in lakes dominated by protein algal derived 
compounds (0.038–0.075 day-1, n=4) and are much lower in lake sediments enriched in terrigenous OM (0.0095–0.013, 
n=5) or in invertebrate chitin associated compounds (0.013, n=1). For sediments in the beaver ponds, we found a median 
of 0.026 day-1 (IQR=0.01–0.031, n=9). The characterization of OM suggests that, in lake sediments, algal-derived 
compounds primarily control Hg methylation by enhancing the activity of the whole microbial community and or Hg-
availability. In beaver ponds, chlorophyll-a also correlated with Hg methylation rate constants, confirming the role of algal 
derived OM even in systems dominated by terrestrial sources. Qualitative analysis of the sediment overlying dissolved 
organic matter with excitation-emission-matrix fluorescence spectroscopy, further suggests that unprocessed terrestrial 
organic matter also enhances Hg methylation in young pounds. We thus conclude that algal derived compounds are the 
main driver of Hg methylation, but in systems limited by autochthonous sources, fresh terrigenous OM play an important 
role on the process.
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15.2
Chromium uptake and adsorption in marine phytoplankton – 
implications for the marine chromium cycle

Samuel L. Jaccard1, David M. Semeniuk1, Maria T. Maldonado2

1 Institute of Geological Sciences and Oeschger Center for Climate Change Research, University of Bern, Baltzerstrasse 1+3,  
  CH-3012 Bern, Switzerland
2 Department of Earth, Ocean, and Atmospheric Sciences, University of British Columbia, 2207 Main Mall, Vancouver, BC,  
  Canada, V6T 1Z4

Using the radioisotope 51Cr, we investigated the controls of cellular Cr accumulation in an array of marine phytoplankton 
grown in environmentally relevant Cr concentrations (1-10 nM). Given the affinity of Cr(III) for amorphous Fe-hydroxide 
mineral surfaces, and the formation of these mineral phases on the outside of phytoplankton cells, extracellular Cr was 
monitored in a model diatom species (Thalassiosira weissflogii) as extracellular Fe concentrations varied. 

Extracellular Cr in T. weissflogii increased with increasing extracellular Fe, demonstrating that Cr may be removed from 
seawater via extracellular adsorption to phytoplankton. Short-term Cr(VI) and Cr(III) uptake experiments performed with T. 
weissflogii demonstrated that Cr(III) was the primary oxidation state adsorbing to cells and being internalized by them.

Cellular Cr:C ratios (<0.5 µmol Cr mol C-1) of the eight phytoplankton species surveyed were significantly lower than 
previously reported Cr:C ratios in marine particles with a high biogenic component (10 to 300 µmol Cr mol C-1). This 
indicates that Cr(III) likely accumulates in marine particles due to uptake and/or adsorption. Mass balance calculations 
demonstrate that surface water Cr deficits can be explained via loss of Cr(III) to exported particles, thereby providing a 
mechanism to account for the nutrient depth profile for Cr in modern seawater. 

Given the large fractionation of stable Cr isotopes during Cr(VI) reduction, Cr(III) associated with exported organic carbon is 
likely enriched in lighter isotopes. 

Most sedimentary Cr isotope studies have thus far neglected internal fractionating processes in the marine Cr cycle, but our 
data indicate that loss of Cr to exported particles may be traced in the sedimentary d53Cr record.
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15.3
Silver nanoparticles fate in lake water depends on the natural organic 
matter origin 

Javier Jiménez-Lamana1,2 and Vera I. Slaveykova1 

1 Environmental Biogeochemistry and Ecotoxicology, Institute F.-A. Forel, Faculty of Sciences, University of Geneva, Uni  
  Carl Vogt, 66 Bvd. Carl Vogt, CH-1211 Geneva, Switzerland (vera.slaveykova@unige.ch).
2 Present address: Laboratory of Bioinorganic Analytical and Environmental Chemistry (LCABIE), UMR5254, CNRS-UPPA,  
  Hélioparc, 2 Av. President Angot 64053 Pau Cedex 09, France (j.jimenez-lamana@univ-pau.fr). 

 
The growing use and concomitant release of a variety of silver nanoparticles (AgNPs) with different sizes and surface 
coatings into aquatic systems is raising concerns about their environmental fate and impacts. The understanding of the 
AgNPs fate in the aquatic environment and the role of different modifying factors such as particle size and coating, medium 
composition on NPs stability and persistence is necessary to be able to evaluate their potential impacts. Natural organic 
matter (NOM) is considered to play a significant role in nanoparticles stability and transformations. Nevertheless, the 
interactions of NOM of different nature with the AgNPs are overlooked in particularly at low environmentlly relevant 
nanoparticle concentrations (e.g. ng L-1). In addition, the role of the nanoparticle surface coatings in the NP interactions with 
the NOM present in freshwater is still to explore.  

Given the low concentrations of engineered nanomaterials in the natural water the studies of their fate requires the use of 
the most sensitive analytical techniques. In the present work, we use a combination of an asymmetric flow field-flow 
fractionation (AsFlFFF), Surface plasmon resonance and single particle inductively coupled plasma mass spectrometry 
(SP-ICP-MS) to characterize the behaviors of AgNPs in lake water. The stability of AgNPs of three different coatings – 
citrate (CIT), polyvinyl pyrrolidone (PVP) and lipoic acid (LIP) and size of 20 and 50nm in lake water over time at low 
environmentally relevant concentrations.  Well-characterized, standard aquatic humic acid (SRHA), isolated from the 
Suwannee River in Georgia was used as a model of NOM of pedogenic origine, while the extracellular polymetic 
substances produced by cyanobacterium Synechocystis sp.  (EPS) were used as representatives of aquagenic NOM.   

The results demonstrated that AgNPs stability results form a complex interplay between the surface coating characteristics 
and the nature of NOM rather the initial AgNP size. PVP coated AgNPs agglomerate to a lesser extent as compared with 
the CIT- and LIP-AgNPs. Both NOM of pedogenic and aquagenic origin increased the stability of the AgNPs (LW+EPS > 
LW+SRHA > LW). Moreover, the nature of NOM is an important factor as well: EPS (aquagenic origin) stabilizes lipoic acid-
coated AgNPs more effectively than SRHA (pedogenic origin). The obtained results will help to the understanding of the 
persistence of different AgNPs in aquatic systems, when present at low environmentally relevant concentrations.
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15.4
Binding behavior of trace metals with fully purified and alkaline 
extracted soil humic acid

José Paulo Pinheiro1,Wander G. Botero2, Noémie Janot1, Rute F. Domingos3, Luciana S. Rocha4, Jan E. Groenenberg1, 
Marc F. Benedetti3

1 LIEC (UMR 7360), University de Lorraine/CNRS, 15 Avenue du Charmois, 54500 Vandoeuvre-les-Nancy, France  
  (jose-paulo.pinheiro@univ-lorraine.fr)
2 Federal University of Alagoas (UFAL), Campus Arapiraca, 57309-005-, Arapiraca, AL, Brazil
3 Institut de Physique du Globe de Paris, Sorbonne Paris Cité, Université Paris Diderot, UMR CNRS 7154, 75205 Paris  
  Cedex 05, France 
4 DQF/FCT, Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal

The solid solution partitioning and speciation of trace metals in terrestrial and aquatic environments is key to the 
understanding of their mobility, fate and bioavailability.  During the last decades, large progress has been made in the 
development of ion binding models for modeling of metal binding to the most important adsorbing constituents in natural 
systems (organic matter, Al/Fe/Mn-(hydr)oxides, clays and their assemblages (Groenenberg & Lofts 2014).

The most advanced models for metal binding to organic matter, especially the alkaline extract or “humic fraction” thereof, 
are the Humic Ion Binding Models VI and VII, the Stockholm Humic Model (SHM) and the Non Ideal Competitive Adsorption 
- Donnan (NICA-Donnan) model.  Model parameters for these models have been derived from proton- and metal binding 
experiments with purified humic- and fulvic acids which have been isolated from soils and surface waters according to 
various protocols. 

There are, however questions with respect to the representativeness of purified humic substances for organic matter in 
natural systems.  It has been suggested that the harsh chemical conditions of the humic substance isolation and purification 
may cause artifacts that influence the binding properties of the humics and Lehman and Kleber question the reality of what 
is called humics and suggest the adoption of a soil continuum model stating that the alkaline extraction is not representative 
of the soil organic matter (Lehman & Kleber 2015).

Another interesting trend is the growing interest in using alkaline soil organic matter extracts, especially those obtained from 
peat soils, as natural fertilizers to replace the commercially used inorganic fertilizers.   The commercial version of the 
“natural fertilizers” is obtained using a purification similar to the IHSS procedure without the last step which consist in the 
attack with HCl/HF and dyalisis using a 8 kD membrane. 

The environmental impact of these fertilizer is thus difficult to model since the extraction and purification procedures are 
different from the ones used in the scientific studies to obtain the model parameters
.

Thus in this work we study proton and metal binding to terrestrial organic matter in fully purified (FPHA) following the IHSS 
procedure and the material obtained without the last step named alkaline extracted soil humic acid (AEHA) isolated from a 
peat soil from the Mogi river region of Ribeirão Preto, São Paulo State, Brasil.

Both materials were characterized by NMR, elemental composition and metal content by ICP-MS. Proton titrations were 
performed using potentiometry and metal (cadmium, lead and zinc) titrations were performed using AGNES, an 
electroanalytical technique which provides the free metal concentration in the sample. 

The FPHA results were fitted using the NICA-Donnan model yielding the specific proton and metal binding parameters for 
Cd, Pb and Zn. 

On the other hand the proton titrations of the AEHA were irreproductible which is imputed to the presence of clay minerals 
as observed by DRX and probalby amorphous iron oxi/hydroxides due to the amount of iron detected by ICP-MS in that 
sample.

It was observed that for the same amount of sample the binding hability of the FPHA is generally one order of magnitude 
higher than the AEHA. This is probably due to the smaller carbon content of the AEHA (36% vs 50% for the FPHA) and the 
presence of an important mineral phase in the AEHA (7% ash content vs less than 1% for the FPHA).
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The differences observed in the metal binding between FP and AE humic acids indicates that the use of the FP NICA-
Donnan parameters, i.e., the “generic parameters”, will most probably underestimate the free metal present in soils treated 
with “natural” fertilizers. Therefore, further studies are necessary to understand the differences between these two materials 
and to model the AE metal binding interaction.

REFERENCES  
Groenenberg, J.E.& Lofts, S. 2014: The Use of Assemblage Models to Describe Trace Element Partitioning, Speciation and 

Fate: A review, Environ. Toxicol. Chem. 33, 2181–2196.
Lehman, J.& Kleber, M. 2015: The contentious nature of soil organic matter, Nature, 528, 60-68.

15.5
Kinetics and thermodynamics of metal partitioning at the cell-solution 
interface :  impacts of intracellular speciation dynamics

Elise Rotureau1, Romain Présent,1 Patrick Billard1, Christophe Pagnout1, Jérôme F.L. Duval1 

1 LIEC (Laboratoire Interdisciplinaire des Environnements Continentaux) UMR7360 CNRS, Université de Lorraine,  
  Vandoeuvre-lès-Nancy F-54501, France.

Understanding the toxic and essential trace compounds uptake by microorganisms under conditions relevant to natural 
environment is a major trigger of concern in environmental risk assessments. While toxicity assays are well documented in 
numerous studies where exposed ambient concentrations of metals are related to toxicology endpoints such as mortality or 
growth rate, predicting metal toxicity with clear account of the dynamic interplay between cell growth and metal 
biointerfacial partitioning is still very scarce. We recently proposed an integrative theory where metal transport, adsorption, 
excretion, internalisation and depletion processes are rigorously accounted for. In this presentation, the theory is briefly 
presented together with supporting experimental data collected on bacteria suspensions exposed to Cd(II) solutions. It is 
shown how a critical examination of these data with help of theory can be valuable in deciphering the mechanisms 
governing the partitioning of metal at biointerfaces over time. Then, the profound effects of intracellular speciation dynamics 
on (i) the kinetics of M depletion from outer bulk solution, (ii) the limitation of M biouptake by diffusive transport, or (iii) the 
nature of the equilibrium M interfacial partitioning, are demonstrated on the basis of illustrative computational examples. 

REFERENCES
Duval JFL. 2013: Dynamics of metal uptake by charged biointerphases: bioavailability and bulk depletion. Physical 

Chemistry Chemical Physics 15, 7873. 
Duval JFL, Rotureau E. 2014:  Dynamics of metal uptake by charged soft biointerphases: impacts of depletion, 

internalisation, adsorption and excretion. Physical Chemistry Chemical Physics 16, 7401.
Rotureau E., Billard P., Duval JFL. 2015 :  Evaluation of metal biouptake from the analysis of bulk metal depletion kinetics at 

various cell concentrations: theory and application. Environmental Science & Technology, 49, 990.
Duval, JFL.; Présent, RM. and Rotureau, E: Kinetic and thermodynamic determinants of trace metal partitioning at 

biointerfaces: contributions from intracellular speciation dynamics. Submitted.
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15.6
The role of the Antarctic Ocean in influencing the distribution of Cd 
isotopes at lower latitudes in the South West Pacific

Matthias Sieber*, Tim M. Conway*, Shotaro Takano**, Yoshiki Sohrin** & Derek Vance*

1 Institute Geochemisty and Petrology, ETH Zürich, Clausiusstrasse 25, Zurich, 8092, Switzerland  
  (matthias.sieber@erdw.ethz.ch)
2 Institute Chemical Research, Kyoto University, Uji, Kyoto 611-011, Japan

Cadmium (Cd) is a trace metal that exhibits a nutrient-type dissolved distribution in the global oceans, with a close linear 
correlation to dissolved phosphate [1]. Under Fe limiting conditions, this relationship changes as Cd is apparently taken up 
by phytoplankton preferentially to phosphate, resulting in a ‘kink’ in the Cd:P relationship. Previous studies have highlighted 
the influence of biogeochemical processes in the Southern Antarctic Ocean on basin-wide distributions of Cd throughout 
the lower-latitude oceans [2, 3]. Dissolved Cd stable isotope ratios (δ114Cd) can inform understanding of these source 
processes, which impart the distinctive δ114Cd and Cd:P signatures to southern-sourced water masses that are then 
transported northwards. Although the deep oceans are relatively homogeneous for δ114Cd (~+0.2 to +0.3‰), Antarctic 
Intermediate Water carries a depleted δ114Cd signal (+0.45‰) into the far North Atlantic, whilst such a signal is seemingly 
absent at 30°N in the Pacific [4, 5]. Here, we present new seawater dissolved Cd stable isotope data for the South Pacific. 
Our method uses Nobias PA-1 chelating resin to extract metals from seawater, purification by anion exchange 
chromatography, and analysis by 111Cd-113Cd  double-spike Neptune MC-ICPMS [6]. We present further method 
development as well as the first water-column profiles of dissolved δ114Cd from the SW Pacific Ocean, using samples 
collected during a recent Japanese GEOTRACES GP19 North-South transect along 170°W. These new data show that 
surface processes in the Antarctic Ocean (namely removal of light Cd into biological material) result in a fractionated 
surface δ114Cd signal being transported northward to intermediate depths further north. We use our new data to investigate 
how the Southern Ocean influences Cd cycling in the Equatorial Oceans, comparing the Pacific to the Atlantic.

REFERENCES
[1] de Baar, H. et al. Mar. Chem. 46, 261–281 (1994).
[2] Abouchami, W. et al. GCA 127, 348–367 (2014).
[3] Baars, O. et al. Limnol. Ocean. 59, 385–399 (2014).
[4] Conway, T. M. & John, S. G. GCA 164, 262–283 (2015).
[5] Conway, T. M. & John, S. G.GCA 148, 269–283 (2015).
[6] Xue, Z. et al. Anal. Bioanal. Chem. 402, 883–893 (2012).
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15.7
Southern Ocean biology and physical oceanography the key control on 
global ocean trace metal distributions

Derek Vance1, Susan Little2 & Gregory de Souza1 

1 Institute for Geochemistry and Petrology, Department of Earth Sciences, ETH Zürich, Clausiusstrasse 25, 8092 Zürich  
  (derek.vance@erdw.ethz.ch)
2 Department of Earth Science and  Engineering, Imperial College London, London SW7 2BP, UK.

Trace metals play an important role in the metabolism of phytoplanton. One prominent expression of this role is their 
nutrient-like depth profiles: extreme depletion of many metals in the dissolved pool of the photic zone due to phytoplankton 
uptake, and enrichments in the deep ocean through regeneration -  bacterial respiration of photosynthetic carbon exported 
from the photic zone to depth. For transition metals like cadmium (Cd) and zinc (Zn) surface depletion factors of several 
hundred are common. A feature of the depth profiles of Zn in the ocean is that they very closely resemble those of silica 
(Si), another nutrient-like element by virtue of its importance to the most important phytoplankton group for export 
productivity in the oceans, the diatoms. However, this close correspondence of Zn and Si represents a long-standing 
puzzle. If one-dimensional vertical cycling between the  photic zone and the deep ocean, at every point in the ocean, were 
to control Zn distributions they should not look like Si. Diatoms do take up large amounts of Zn. But virtually none of it is in 
the diatom opal, but is co-located with phosphate in the soft-parts of cells, and regenerated in the upper water column with 
the organic parts of those cells, not at the greater depths where Si is regenerated from opal dissolution.

Here, we put forward a new view of the oceanic Zn cycle, informed by recent abundance and isotopic data from the 
GEOTRACES programme, and building on ideas concerning the main controls on the Si cycle that emphasise key physical 
oceanographic and biological processes in the Southern Ocean. These ideas focus on the remarkable physiology of 
Southern Ocean diatoms, which have Zn/PO4 ratios that are an order of magnitude greater than other oceanic 
phytoplankton. The uptake of both Zn and Si in this unique biogeochemical regime sets the Zn characteristics of surface 
and deep water bodies that are then exported to the deep and intermediate global ocean by advection. These processes 
split the ocean into two, an upper ocean from which Zn, and Si, has been largely stripped by focussed upwelling and 
biological processing in the Southern Ocean, and a deep ocean where Zn, like Si, is trapped. 
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P 15.1
Salp fecal pellets interaction with iron biogeochemsitry
Damien Cabanes1, Louiza Norman2, Juan Santos-Echeandía3, Morten Iversen4,5, Scarlett Trimborn4,6, Luis Laglera7 & 
Christel Hassler1

1 Institute F.- A. Forel, Earth and Environmental Sciences, University of Geneva, 66 rue Carl-Vogt, 1211 Geneva 4,  
 Switzerland (Damien.Cabanes@unige.ch)
2 Department of Plant Sciences, University of Cambridge, Downing Street, Cambridge, CB2 3EA, UK
3 CSIC Instituto de Investigaciones Marinas, Eduardo Cabello 6, 36208 Vigo, Spain
4 Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Am Handelshafen 12, 27570 Bremerhaven,  
 Germany
5 MARUM, University of Bremen, Leobener Strasse, 28359 Bremen, Germany
6 Marine Botany, University of Bremen, Leobener Strasse NW2, 28359 Bremen, Germany
7 FI-TRACE, Universitat de les Illes Balears, Chemistry department, Balearic Islands 07122, Spain

Planktonic grazers such as salps may have a dominant role in iron (Fe) cycling in surface waters of the Southern Ocean 
(SO). Salps, have high ingestion rates and egest large, fast sinking fecal pellets (FPs) that potentially contribute to the 
vertical flux of carbon. In this study, we studied the impact of FPs from the most abundant salp in the SO (Salpa thompsoni) 
on Fe chemistry. During the Polarstern expedition ANT-XXVII/3, salps were incubated in 200 μm screened seawater and 
their FPs were collected fur further experiments. To investigate whether the FPs release Fe and Fe-binding ligands to the 
filtered seawater (FSW), under different experimental conditions, they were either exposed in the dark or under full sunlight 
at in situ temperatures for 24h, or placed into the dark after a freeze/thaw treatment. We observed that none of the 
treatments caused release of dissolved Fe (dFe) or strong Fe ligands from the salp FPs. However, humic-substance like 
(HS-like) compounds, weak Fe ligands, were released at a rate of 8.22 ± 4.72 μg HS-like.FP-1.d-1. The Fe content per salp 
FP was 0.33 ± 0.02 nmol dFe FP-1, which resulted in an estimated dFe export flux of 21 nmol Fe m-2 d-1 at 300 m. 
Overall, our results suggest that salp FPs are important for Fe export while there barely contribute to Fe recycling in SO 
surface waters.
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P 15.2
Systematics of biogeochemical controls on the oceanic distribution of 
zinc 

Gregory de Souza1, Samar Khatiwala2, Susan Little3 and Derek Vance1

1 Institute of Geochemistry and Petrology, ETH Zurich, Clausiusstrasse 25, CH-8092 Zurich (desouza@erdw.ethz.ch)
2 Department of Earth Sciences, University of Oxford, Oxford OX1 3AN, UK
3 Department of Earth Science and Engineering, Imperial College London, London SW7 2BP, UK

Zinc (Zn) is a vital micronutrient for marine phytoplankton, most importantly due to its role as cofactor in the metalloenzyme 
carbonic anhydrase, which is fundamental for photosynthesis. It is thus actively cycled by biota in the sea, and exhibits the 
typical distribution – with low concentrations in the near-surface ocean and elevated concentrations at depth – of other 
biogeochemically-cycled elements in the ocean. A peculiarity of the Zn distribution that has been known since the first 
reliable measurements of its oceanic abundance were made (Bruland, 1980) is its close correspondence to that of silicon 
(Si), an element that is dominantly cycled via the opaline hard parts of marine diatoms. This similarity in large-scale 
distributions is surprising, since there is no a priori reason to expect it: Zn is required by all photosynthesizing algae, not 
diatoms alone; it is taken up overwhelmingly (>97%) into the soft organic tissue of phytoplankton (including diatoms) rather 
than into their hard parts; and upon export and remineralisation it is regenerated rapidly together with the labile major 
nutrients P and N, rather than with Si during dissolution of opaline hard parts. 

Recently, Vance et al. (2014 & this volume) have proposed that the striking similarity between the large-scale distributions 
of Zn and Si comes about due to the interplay between physical ocean circulation and diatom physiology in the Southern 
Ocean surrounding Antarctica. This ocean region plays an inordinately important role in determining ocean tracer properties 
due to its importance as a region of deep-water upwelling and intermediate-/upper-ocean ventilation; and it bears diatom 
communities whose cellular Zn quotas, normalised to phosphorus, are 5-8 times greater than average oceanic 
phytoplankton. Vance et al. (2014) suggest that the remarkably high Zn:P ratio of export driven by diatom-dominated 
Southern Ocean floral assemblages combines with the circulation of the Southern Ocean to set the Zn (and Si) 
characteristics of the upper and deep ocean at the global scale.

Here, we use the transport-matrix method of Khatiwala et al. (2005) to test this hypothesis in the context of a ocean global 
circulation model coupled to a simple biogeochemical model of PO4, Zn and Si cycling. The computational efficiency of this 
method allows us to conduct a swathe of sensitivity simulations in order to determine the factors that result in a large-scale 
Zn distribution that mimics that of Si even though the biogeochemical models governing these elements’ cycling are entirely 
independent. This analysis shows that elevated Zn:P of uptake in the surface Southern Ocean is the first-order control on 
this similarity, as postulated by Vance et al. (2014).

REFERENCES
Bruland, K. W. 1980: Oceanographic distributions of cadmium, zinc, nickel and copper in the North Pacific, Earth and 
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Relevance of iron speciation with respect to the distribution of humics 
and phytoplankton in Lake Geneva

Dineshkumar Krishnamoorthy1,2, Sophie Moisset1, Damien Cabanes1, Christel Hassler1.

1 Marine and Lake Biogeochemistry, Institute F.-A. Forel, University of Geneva, Switzerland (sophie.moisset@unige.ch).
2  Department of Plant Science, Central University of Kerala, Kerala, India.

It has been suggested that iron (Fe) is a potential limiting factor of phytoplanktonic cell growth in lake waters due to its 
really low concentration. Although the availability of Fe for phytoplankton depends significantly on its speciation, little is 
known about Fe speciation in natural lake water. Here, we investigated the horizontal distribution (0-270 m) and temporal 
variation of dissolved Fe and its chemical speciation in Lake Geneva, at two reference stations (GE3 and SHL2) from 
January to October 2014. Monthly sampling showed low dissolved Fe concentrations (3.94-39.40 nM and 1.43-68.23 nM at 
GE3 and SHL2, respectively), likely to impair with phytoplankton growth. Lake Geneva, as other warm meso-oligotrophic 
lake, has a marked seasonal succession of phytoplankton, resulting in important variation in in-vivo chlorophyll a (Chl a) 
levels (1.9-17.2 µg/L and 1.2-22.2 µg/L at GE3 and SHL2, respectively). Temporal evolution of the phytoplankton can be 
summarized in four main phases: winter (with very low levels of Chl a but high nutrient concentrations), spring bloom (with 
high levels of Chl a and high nutrient concentrations), clear water phase (with low levels of Chl a and active 
remineralization of nutrients) and autumnal bloom (with intermediate levels of Chl a and medium nutrient concentrations).  
Significant amount of colored dissolved organic matter (CDOM) were reported (0.4-3.7 and 0.3-1.6 mg/L at GE3 and SHL2, 
respectively) which are likely to impact Fe chemical speciation and affect its bioavailability to support phytoplankton growth. 
Indeed, humics able to bind Fe were electrochemically detected at concentrations from 6.5 to 953.3 µg/L SRFA equivalent. 
Marine electrochemical technique to measure Fe chemical speciation using the competitive ligand exchange adsorptive 
cathodic stripping voltammetry with salicylaldoxime, as the exchange ligand, was tuned to be used in freshwater. In order to 
unravel Fe chemical speciation under contrasted levels of Chl a, dissolved trace metals and humic substances, five vertical 
profiles per station were analyzed. Data showed that strong Fe-binding organic ligands were present, representing 2.7 to 
42.7 nM organic ligands for GE3 and 2.8 to 70 nM for SHL2 with a conditional stability constant (KFe’L) of 1011.17 to 1012.74 

for GE3 and 1011.19 to 1013.58 for SHL2, resulting in an inorganic Fe concentration from 0.30 pM to 8.7 pM for GE3 and 0.83 
pM to 227 pM for SHL2 respectively. Results allow us to study, for the first time, the link between dissolved Fe (total and 
inorganic), its chemical speciation (stability constant and total organic ligands concentrations) with humics and Chl a in 
Lake Geneva. 
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Short-term carbon allocation within the root system of the tropical tree 
species Ceiba pentandra 

Neringa Mannerheim1, Carola Blessing2, Israel Oren3, Jose Gruenzweig3, Nina Buchmann1 

1 Institute of Agricultural Sciences, Grassland Group, ETH Zurich, neringa.mannerheim@usys.ethz.ch
2 Faculty of Agriculture and Environment, University of Sydney
3 Institute of Plant Sciences, Faculty of Agriculture, Food and Environment, Hebrew University of Jerusalem

Tropical forests are responsible for the largest fraction of global biospheric CO2 uptake from the atmosphere. They store up 
to 285 ± 64 Pg C in above-ground biomass, which is estimated to be >30% of Earth`s terrestrial carbon stock. Large carbon 
sinks of tropical forests are the balance between photosynthetic CO2 uptake and ecosystem respiration that releases CO2 
back to the atmosphere. Tree roots greatly contribute to this respiratory flux, but the extent of total root respiration and its 
regulation by either the environment and/or allocation of photoassimilates from the canopy to the below-ground are still 
largely unknown. This knowledge gap is mainly a result of the inaccessibility of the complex root systems of trees.

Here we report about a 13CO2 pulse-chase experiment with Ceiba pentandra, also called Kapok or silk-cotton tree, grown in 
a unique large-scale aeroponic facility that can host trees up to 4m height and more than 6m long root systems. Here, we 
were able to fully access and manipulate tree shoots and roots and therefore study the short-term allocation of 
photoassimilates to the root system. The 13CO2 pulse-labeling was applied to the top of the tree canopies and recovery of 
13C in different plant tissues and compounds were investigated during a 118 hour chase period. At harvest, different root 
classes from the 3 depth categories (0-1m, 1-2m, 2-3m) were separated and 13C excess was estimated.

Our findings suggest that proportionally more C was allocated to the upper part of the root system, indicating the strongest 
sink of below-ground system. Upper woody roots (0-1m depth) contained the highest quantities of newly assimilated C and 
therefore indicate a good measure for C below-ground storage, while non-woody root tips indicate growing sink strength 
with the depth of the root system, linking to the fastest growing non-woody root tissue and the highest need of newly 
assimilated C for growth and respiration.
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Early-diagenesis carbonate precipitation: from nodules to cone-in-cone 
structures

Nicolas Tribovillard1, Anélia Petit1, Melesio Quijada1, Armelle Riboulleau1, Pierre Sans-Jofre2, Christophe Thomazo3 & Daniel 
Birgel4  

1 Laboratoire LOG, Univ-Lille & CNRS, F-59655 Villeneuve d’Ascq cedex  (nicolas.tribovillard@univ-lille1.fr)
2 Laboratoire Domaines océaniques, Université Bretagne Occidentale & CNRS
3 Laboratoire Biogéosciences, Université Bourgogne & CNRS
4 Institute of Earth Sciences, University of Hamburg

The Boulonnais area (alongshore the English Channel; North of France) displays Late Jurassic, clastic-dominated, 
sedimentary rocks, deposited in an embayment that was undergoing tectonic extension, in relation to the rifting of the 
Atlantic Ocean. The stratigraphic succession is largely made of an alternation of siltstones, (black) shales and sandstones, 
representing sea-level conditions oscillating from lower offshore to upper shoreface. Through the succession of rocks 
dominated by terrigenous facies, some fine-grained carbonate beds are intercalated. The beds are continuous or nodulous. 
They are interpreted as being of early diagenetic origin, resulting from bacterial activity at or closest to the sediment-water 
interface. The bacterial activity was stimulated by the seepage of fluids rich in dissolved organic carbon. The fluid expulsion 
itself was induced by synsedimentary fault movements (Tribovillard et al., 2012, 2015; Hatem et al., 2014, 2016). 

Only one level of nodular authigenic carbonates also yielding cone-in-cone structures (CiC) at the nodule base has been 
observed. The centimetric-scale CiC grew from the base of the nodule downward.

The thin-section observations at various scales (photonic and electronic microscopes coupled to cathodoluminescence) 
indicate that the growth of the carbonate of the nodules as well as of the CiC occurred in one continuous phase. The 
chemical analyses show that the carbonate precipitated under reducing conditions. The C, O and S stable isotope 
signatures indicate that the precipitation of the authigenic carbonate began during earliest diagenesis, i.e., very close to the 
sediment water interface. The carbon of the authigenic carbonate is of organic origin. The role of sulfate-reduction reactions 
is evidenced with our data; however we could not detect organic molecules diagnostic of bacteria/archeae responsible for 
anoxic methane oxidation. Consequently, the authigenic carbonate precipitation was fueled by fluids rich in dissolved 
organic carbon (the presence of methane cannot be ruled out). 

The fluid pressure necessary to account for the formation of CiC may be associated with the ascending movements of 
organic-rich fluids, induced by synsedimentary tectonics. 

Our model suggests that methane seepages could be involved in the formation of CiC in many other situations. 
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High levels of toxic metals detected in sub-saharian rivers receiving 
hospital effluents: Case of Democratic Republic of Congo. 

Amandine Laffite1, Naresh Devarajan1, Crispin K. Mulaji2, Vera I. Slaveykova1 & John Poté1,2

1 Faculty of Science, Earth and Environmental Science Section, F.-A. Forel Institute and Institute of Environmental  
  Sciences, University of Geneva, Geneva, Switzerland
2 Department of Chemistry, Faculty of Science, University of Kinshasa, Kinshasa, Democratic Republic of the Congo

The contamination of freshwater resources with various organic and inorganic contaminants including toxic metals, 
persistent organic pollutants, pathogenic organisms, antibiotic resistant bacteria and their resistant genes is still a major 
problem in many parts of the world. This situation is particularly alarming in developing countries in which the poor water 
quality continues to pose a serious threat to human health. The deterioration of freshwater resources is essentially due to 
the important discharge of untreated industrial effluents, agricultural and urban runoffs, mining wastewaters, uncontrolled 
urban landfills, improperly processed hospital effluents and domestic wastewaters which in turn pose tremendous effects 
and health risk to populations and environment consumers. 

The aim of this research is to assess the role of untreated hospital and urban wastewaters on the contamination of urban 
rivers receiving systems in the city of Kinshasa Democratic Republic of Congo. Sediment samples were collected and 
analyzed for organic matter and toxic metals. The results highlight high concentration of toxic metals reaching the values of 
47 (Cr), 4.97 (Co), 21.20 (Ni), 213.59 (Cu), 1434.78 (Zn), 2.65 (Cd), 274.19 (Pb) and 13.60 (Hg) ppm. We observed that 
contamination of wastewater receiving system by metal is highly linked with organic matter contamination (0.74 < R < 0.89, 
p < 0.05), thus suggesting a common origin of these contaminants. Interestingly, high values were also observed upstream 
hospital wastewater discharge (up to (Cu) 107, (Zn) 884, (Cd) 1.79 and (Hg) 1.43 ppm), indicating that hospital effluents 
are only one of several sources of contamination. 

These high level of toxic metals in sediment indicate the human and environmental potential risks. Indeed, rivers network 
are currently used for domestic purposes, irrigation and recreational bathing. 
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