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Mercury Species
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Hg(0): elemental

Hg(II): divalent / ionic / oxidized

Hg(P): particulate

MeHg: methylmercury 

Selin 2011 Science and strategies to reduce mercury risks: A 
critical review. J. Environmental Monitoring 13(9):2389-99



Mercury State of the Knowledge | 2019

2009 Mercury TMDL Implementation Plan

4

Under “Other Recommended 
Actions”:

Support for Regional, National and 
International Mercury-reduction 
Policies and Initiatives 



5http://nadp.slh.wisc.edu/MDN/annualmdnmaps.aspx

http://nadp.slh.wisc.edu/MDN/annualmdnmaps.aspx
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Wet Deposition: 1997 – 2018
No significant trends (p < 0.05)
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Minamata Convention on Mercury

• Adopted in 2013 and “entered in to force” August 2017
• 128 Countries; 113 ratifications (74 in 2017)
• Conference of the Parties (COP) 3rd meeting: November 2019
• COP3 Topics: 

• Guidance for inventories and contaminated sites 
• Effectiveness evaluations 
• Technical support and technology transfer
• Review excluded products and manufacturing
• Waste thresholds

• www.mercuryconvention.org
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http://www.mercuryconvention.org/


Global Mercury Assessment 2018

• Released March 2019

• Mercury emissions inventory for 2015

• Total global primary anthropogenic emissions:
2,200 tonnes (4.85 million pounds)

• New to inventory: biomass combustion for energy, secondary steel 
production, and emissions from vinyl chloride monomer production

• New chapters: mercury in biota and trends in humans

• GMA: 62 pages; Key Findings: 6 p; Technical Background Report: 430 p; 
Methodology Annex: 226 p.
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(https://www.unenvironment.org/resources/publication/global-mercury-assessment-2018 )

https://www.unenvironment.org/resources/publication/global-mercury-assessment-2018


2015 Global Mercury Budget

10
1 tonne = 1 Mg = 1000 kilograms = 2204.6 lb



Budget Summarized in GMA 2018

• Total Annual Hg Emissions

• 30% anthropogenic

• 60% re-emissions (gas evasion, biomass 
burning, soil & vegetation)

• 10% natural sources (geogenic)

• Sectors not yet quantified may add 
10 – 100s tonnes

• = 2,500 ± 500 t

Anthropogenic

(quantified)

Re-emissions

(legacy)

Natural

(geogenic)

Mercury Emissions
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Global 
Anthropogenic 
Emission 
Distribution

12Steenhuisen and Wilson 2019 Atmos Environ 211: 138-150



Chemistry – A European Journal, Volume: 24, Issue: 27, Pages: 6905-6916, First published: 03 January 2018, DOI: (10.1002/chem.201704840) 

The Mercury Problem in Artisanal and Small-Scale Gold Mining (ASGM)

• Individual miners or small enterprises with 
limited capital investment and production

• 10-19 million people in 70 countries



GMA 2018
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2015 Global Mercury Releases to Water, excluding ASGM
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Wastewater Treatment: 42%

Ore mining & processing: 41%

Energy sectors: 16%



Global Mercury Assessment 2018: Key Findings

1. Global Hg emission inventory for 2015 from 17 sectors: ~ 2,200 tonnes
2. ~ 20% higher than in 2010
3. Pattern similar to 2010 - 49% from Asia, 18% from South America, and 16% from 

Africa
4. Burning fossil fuels and biomass ~ 24% of global emissions, primarily coal (21%)
5. Human activities have increased total atmospheric Hg concentrations by ~450% above 

natural levels
6. Gold mining (ASGM*) ~ 1,220 tonnes of Hg into terrestrial and freshwater 

environments in 2015
7. Natural production of methylmercury is no longer limited by input of inorganic 

mercury
8. Reductions in Hg emissions and resulting declines in atmospheric concentrations may 

take time to show up as reductions of mercury concentrations in biota
9. Mercury loads in some aquatic food webs are at levels of concern for ecological and 

human health
10. All people are exposed to some amount of mercury
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*ASGM: artisanal and 
small-scale gold mining



Mercury Emissions in China
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gold 
smelting

Hg 
mining

Huang et al 2017 Anthropogenic 
mercury emissions from 1980 to 2012 
in China Environ. Pollution 226



Hg & GHG 
connected by 

emissions
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http://www.unenvironment.org/emissionsgap
UNEP Emissions Gap Report 2018
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Elemental Hg decreased 30% from 1990 to 
2010

Global emission inventories have “three major 
flaws”:

1. Didn’t account for decrease from 
commercial products

2. Estimate for ASGM emissions too high
3. Didn’t properly account for change in Hg 

speciation of emissions from coal-fired PP 
after SO2 and NOX controls

Revised global emissions inventory: 20% 
decrease in total Hg and 30% decrease in Hg0



Dry deposition of elemental Hg dominates on vegetated landscapes

• Zheng et al. 2016. GBC 30, 1475-1492 (U.S. Forests)

• Jiskra et al. 2017. ESPI 19, 1235-1248 (Sweden)

• Obrist et al. 2017. Nature 547, 201-204 (Arctic)

• Woerndle et al. 2018. EST 52 1854-1861 (MN)  

• Wang et al. 2019 EST 53, 10665-10675 (Global)



Tree leaves absorb elemental Hg from air
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Marcell

Blaine

Ma et al. 2019. BECT 102, 650-656
Risch et al. 2017. Env Polltn 228, 8-18



GMA 2018 Policy-Relevant Findings: Climate Change

“Climate change and changes in terrestrial and aquatic ecosystem 
processes are playing increasingly important roles in the mercury cycle, 
affecting the distribution, chemical interactions and biological uptake of 
Hg in the environment.”
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Big increase in publications on Hg and Climate Change
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The Big Picture

• Divergence between Hg in 
emissions and fish is due 
to legacy Hg and changing 
biogeochemical processes

• Globally climate change 
has become the most 
prevalent contributor to 
the divergence

24



Climate Change Effects
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Schartrup et al. 2019. Climate change and overfishing increase neurotoxicant in marine predators. NATURE 29 August 2019.



Methylmercury Load to St. Louis River
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Results from MPCA Mercury 
Loading Study 2013 
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Total ditched peatlands in 
St. Louis River Watershed: 
~ 144,000 ac

Gernes, M. 2013. “Peatland_ditch_decoupling.docx”. Figure 1.  Approximate coverage of peatland wetland systems in northeastern and north central 
Minnesota and associated ditches.  Peatland extent derived from Agroecoregion GIS coverage for MN developed by D. Mulla at the Univ. of MN. Included are 
“Peatlands”; “Poorly-drained lake”; “Somewhat poorly drained lake”; “Poorly drained lake sediments”; and Red Lake loams” landforms.  The ditch system 
layer originates from a MNDOT coverage. 
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“Ecosystem Investment Partners, or EIP, the Baltimore-based 
for-profit company that has acquired 23,223 acres, 36 square 
miles of the Sax-Zim bog area to restore as naturally 
functioning wetlands.”



Water Levels in Superior Wetland Bank

SLR Load Monitoring | Evaluating Impact of Ditching 29



Mercury Load Monitoring Study 2019-2020

• Project Manager: Mark Brigham, USGS

• Funded by Great Lakes Restoration Initiative

• Sampling 18 sites for Hg, MeHg, TOC, flow, etc.

• 4 ditched peatlands

• 3 natural peatlands

• 3 restored (plugged) peatlands

• 8 river/tributary sites

• Technical Advice and Field Support:

• Fond du Lac (Nancy Schuldt)

• MPCA (Jesse Martus, Kevin Stroom, Bruce Monson, & Stacia Grayson)

• MNDNR (Michele Walker) 

• NRRI (Kurt Johnson) 
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Thank you!
bruce.monson@state.mn.us

651-757-2579
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http://mercuryconvention.org/Portals/11/documents/
meetings/COP3/Effectiveness/DraftINF_Doc_FOR_PUB
LIC_COMMENT_01Aug2019.pdf 




