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Understanding the Present and Future Global 
Biogeochemical Cycle of Mercury 

[Selin, Ann. Rev. Env. Res., 2009] 
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[Selin et al., GBC 2008] 
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Present vs. Historical Sources 

•  Factor of 3 enrichment on average since pre-industrial 
times (constrained by sediment core records), but spatial 
variation 

•  Historical legacy continues to affect ecosystems through 
deposition 



North American Contribution to Mercury Deposition 

[Selin & Jacob, Atmos. Env. 2008] 

Up to 60% of deposition 
in Midwest/Northeast 
U.S. is from domestic 
sources 

Southeast has highest wet 
deposition in the U.S., but 
mostly from non-US 
sources: this is due to 
rainout of mercury from 
higher altitudes in 
summertime 

Policy implications: 
Reducing deposition in 
both Midwest and 
Southeast will require 
policy actions on multiple 
political scales (national 
and global) 



From Deposition to Fish Methylmercury 

[Engstrom, 2007] 



Freshwater Deposition and Source Attribution 

24.21 µg m-2 y-1 34.08 µg m-2 y-1 
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Lake, River, Watershed, and Aquatic food web models  
[Knightes et al., 2009] 

Policy and Timescale Analysis 

How do sources affect fish methylmercury, and on what timescales? 

[Selin et al., Environ. Health Persp., 2010] 



Freshwater Timescale Analysis 
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Same deposition,but 
different ecosystem 
dynamics lead to very 
different source 
attributions (and 
concentrations) over 
time (watershed role) 

Regional differences in deposition sources lead to different 
attributions in similar ecosystems 

Note difference in 
scale! 

Each ecosystem driven by present-day deposition for 40 years  
Policy experiment: All Hg is “historical” at t=0. How is anthropogenic signal 
reflected in fish, and on what timescale?  
 

[Selin et al., EHP, 2010] 
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Local Exposure from Freshwater Fish 
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Ecosystem A Ecosystem A Ecosystem B Ecosystem B 

2 x 100 g fish meals/week (60 kg person) @ t=40 y 

[Selin et al., EHP, 2010] 



Population-Wide Exposure from Marine Fish 

No mechanistic link (yet) from 
oceanic Hg concentration to fish 
methylmercury 

Historical exposure could continue 
to increase, complicating policy 
decision-making  

Different challenges on different 
scales (local to global) 

“current emissions” scenario 
14-box ocean model: Sunderland 
and Mason, 2007 [Selin et al., EHP, 2010] 

Adaptation and mitigation 
necessary? (Learning lessons from 
other issue areas) 



Mercury as a cross-scale science-policy problem 

[Selin, in review] 



Interested in linking science to policy? 
Introducing the “Mercury Game”! 

Negotiations for global mercury 
treaty began June 2010 

Simulate using science in 
developing global policy: 
q  Play the role of a country, a non-

governmental organization, or a 
scientific organization 

q  Use scientific data to argue your 
positions! 

Use the “Mercury Game” in your courses:   
q  Collaboration with MIT graduate student Leah Stokes and Prof. 

Lawrence Susskind (Department of Urban Studies and Planning) 
q Designed to teach scientists and engineers about the process and 

how to participate   
q Will be freely available on the web in summer 2011  

Play the Mercury game in Halifax at Mercury 
2011: Short course on Sunday, July 24th 

Funding for game development: NSF Atmospheric Chemistry Program 


