18th International Conference on Heavy Metals in the Environment

| C H M ET 12 to 15 September 2016, Ghent, Belgium

THE IMPACTS OF NUTRIENT SUPPLY ON AQUATIC MERCURY
DYNAMICS AND PLANKTON METHYLMERCURY CONCENTRATIONS

Anne L. Soerensen?®, A.T. Schartup®, E. Gustafsson®, B. Gustafsson®, E. Undeman®*, E. Bjorn!

“ Stockholm University, Department of Environmental Science and Analytical Chemistry, Stockholm,
Sweden

b Harvard University, John A. Paulson School of Engineering and Applied Sciences, Cambridge MA,
USA

¢ Stockholm University, Baltic Sea Centre, Stockholm, Sweden

Y Umed University, Department of Chemistry, Umed, Sweden

anne.Soerensen@aces.su.se

Keywords: Eutrophication; Bioaccumulation; Biogeochemical Cycling; Modelling; Baltic Sea

Introduction

Eutrophication in coastal areas and continental seas is expanding worldwide (Diaz and Rosenberg,
2008) potentially altering mercury (Hg) dynamics. Eutrophication can change the net flux of divalent Hg
(Hg") into the more toxic monomethylmercury (MeHg) and the MeHg biological uptake and
magnification in the food web (Driscoll et al., 2012). While many studies have investigated the impact of
eutrophication on isolated aspects of the Hg cycle its overall effect at the ecosystem level is unknown. We
developed a biogeochemical model for speciated Hg cycling and phytoplankton uptake of MeHg. Here we
use the model to quantify the total effect of eutrophication on MeHg levels in plankton in the Baltic Sea.

Methods

The Baltsem model is a coupled physical-biogeochemical model that simulates eutrophication in
the Baltic Sea (Gustafsson et al., 2012; Savchuk et al., 2012). The model divides the Baltic Sea into 13
interconnected sub-basins and simulates nutrient (Nitrogen, Phosphorus, Silica) and carbon cycling in the
water column and sediment (Gustafsson et al., 2014). We add biogeochemical cycling of four Hg species
(Hg", MeHg, gaseous elemental Hg (Hg’), and gaseous dimethylmercury (Me;Hg)) and phytoplankton
uptake of MeHg to the model. We run a baseline scenario for the Baltic Sea with nutrient loads kept at
1920’s level and compare it to a scenario with 20™ century (high) nutrient loads. Results from the
comparison are from the years 2005-2014 (Soerensen et al., 2016).

Results and conclusion

Our model simulation suggests that eutrophication turns the Baltic Sea into a net sink for
atmospheric Hg by increasing the water column scavenging of Hg. Overall eutrophication results in a
decrease of the total Hg water reservoir of ~25% compared to the baseline scenario. We find that
eutrophication stimulates water column methylation by increasing organic matter remineralization. This
leads to an increase of the MeHg reservoir compared to an oligo/mesotrophic system (40% in a normoxic
system (represented by the Bothnian Sea sub-basin) and >100% in a system with anoxic bottom water
(represented by the Gotland Sea sub-basin)). While surface water MeHg concentrations also increase
(Figure 1), the very high MeHg levels in anoxic bottom water in some basins does not significantly
influence surface water concentrations as vertical exchange of MeHg is suppressed by the permanent
halocline in the Baltic Sea. Eutrophication is believed to reduce plankton MeHg levels through growth
dilution. Our model simulation indicates that while growth dilution occurs during peak biomass
production events, it has a small overall impact on plankton MeHg at the ecosystem scale (<15%
difference between baseline and high nutrient scenario). These and further results from the Baltsem model
simulations will be discussed.
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Figure 1. Predicted relative change in total mercury (Hg) and monomethylmercury (MeHg) concentrations in the
surface waters of the Baltic Sea in September 2014 (Soerensen et al., 2016).

Acknowledgements

We would like to acknowledge funding from The Danish Council of Independent Research (DFF)
and The Swedish Research Council Formas.

References

Diaz, R. J., and R. Rosenberg (2008), Spreading Dead Zones and Consequences for Marine Ecosystems, Science, 321,
926-929, doi:10.1126/science.1156401.

Driscoll, C. T., C. Y. Chen, C. R. Hammerschmidt, R. P. Mason, C. C. Gilmour, E. M. Sunderland, B. K. Greenfield,
K. L. Buckman, and C. H. Lamborg (2012), Nutrient supply and mercury dynamics in marine ecosystems: A
conceptual model, Environ. Res., 119, 118-131

Gustafsson, B. G., F. Schenk, T. Blenckner, K. Eilola, H. E. M. Meier, B. Muller-Karulis, T. Neumann, T. Ruoho-
Airola, O. P. Savchuk, and E. Zorita (2012), Reconstructing the Development of Baltic Sea Eutrophication
1850-2006, Ambio, 41, 534-548, doi:10.1007/s13280-012-0318-x.

Gustafsson, E., B. Deutsch, B. G. Gustafsson, C. Humborg, and C. M. Morth (2014), Carbon cycling in the Baltic Sea
- The fate of allochthonous organic carbon and its impact on air-sea CO2 exchange, J. Mar. Sys., 129, 289-302

Savchuk, O. P., B. G. Gustafsson, and B. Muller-Karulis (2012), BALTSEM - a marine model for decision support
within the Baltic Sea Region (Technical Report No. 7), BNI Technical Report SeriesRep.

Soerensen, A. L., A. T. Schartup, E. Gustafsson, B. G. Gustafsson, E. Undeman, and E. Bjorn (2016), The impacts of
nutrient supply on aquatic mercury dynamics and plankton methylmercury concentrations (manuscript in
preparation)

Proceedings of the 18" International Conference on Heavy Metals in the Environment, 12 to 15 September 2016, Ghent, Belgium
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

-2 -



