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Defining the problem:
methylmercury contamination of fish

789 waterbodies in Michigan currently exceed federal 
water quality standards for mercury and have been placed 
on the Section 303(d) list of the federal Clean Water Act

US EPA

1,813 waterbodies
exceed standard in 
LADCO member states 



A 270-year record of Hg 
deposition in glacial ice 
(Upper Fremont Glacier, 
Wyoming)

Global and regional sources 
are evident

Last century:
70% anthropogenic
30% natural

Last decade:
an apparent decline

Schuster et al. 2002



Mercury in aquatic environs

Methylation of mercury

Biomagnification of methylmercury

High HgT concentrations in fish

loer.tamug.tamu.edu



Marine Bay Wisconsin Lake

MeHg

(ng/g)

% of 

HgT

MeHg

(ng/g)

% of

HgT

Predatory fish 2,300 >95 650 >95

Prey fish 450 93 100 >90

Invertebrates 150 45 20 29

Algae 7 10 4 13

Water nd nd 0.00005 5

Biomagnification in Aquatic Food Webs

Wiener et al. 2003



Potential adverse consequences of 
methylmercury contamination of fish

Health risks to human consumers of fish

Effects of methylmercury exposure on fish and wildlife



Managing the problem:

Fish consumption advisories

GLIFWC



Potential adverse consequences of 
methylmercury contamination of fish

Health risks to human consumers of fish

Effects of methylmercury exposure on fish and wildlife

Diminished nutritional, socioeconomic, cultural, and 
recreational benefits of fishery resources

Socio-cultural damage to Aboriginal communities that 
fish for subsistence



Managing the problem:

Control releases

Lockhart et al. 2000

Clay Lake, Ontario



Neff et al. 2012



Managing the problem: statewide TMDL proposed 
to address mercury impairment in inland water-
bodies primarily due to atmospheric deposition

Requires reducing nonpoint source load by 82%

Ultimate goal is to reduce mercury concentration in a legal-
size (24-inch) northern pike – statewide – to 0.35 ppm ww



Managing the problem: statewide TMDL proposed 
to address mercury impairment in inland water-
bodies primarily due to atmospheric deposition

Reasonable solution to fulfill a federal requirement

Goals will be difficult to achieve in the near term.  Why?



1) State of MI and greater region have 
effectively managed sources*.  Reliance will 
be on national and international efforts to 
control mercury releases to atmosphere.
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Spatial and temporal patterns of mercury accumulation in sediment 
records from across the Great Lakes region; Drevnick et al. 2012



Flux of mercury in sediment cores from 

inland lakes in Great Lakes region (N=91)

Hg Flux

(µg /m2 yr)

Variation among 
lakes attributed to:

Primarily, 
relative size of 
the watershed

Secondarily, 
proximity to 
emission 
sources



We calculated net atmospheric Hg deposition 
by correcting sediment Hg flux in each lake 
for the relative size of the lake’s watershed

Net

Atmospheric

Hg flux
=

focus-corrected

sediment Hg flux

1 + (0.24 AW:AL) 

(Rearranged from Swain et al. 1992,

assuming 24% of depostion to the 

watershed is exported to the lake.)



Pre-1850      1970           Peak        Recent

Net atmospheric mercury flux reconstructed 

from inland lakes in the Great Lakes region

Hg Flux

(µg /m2 yr)

Hg flux to 

Lake Superior 

sediments



State and National regulations can be effective



State and National regulations can be effective



Strode et al. 2008

The new UN Minamata Convention on Mercury includes a ban on new mercury mines, 
the phase-out of existing ones, control measures on air emissions, and the international 
regulation of the informal sector for artisanal and small-scale gold mining.



2) watersheds:  output of “old” mercury 
(from a legacy of past deposition) and/or 
changes in the retention of “new” mercury

Shanley and Bishop 2012
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Evers et al. 2011

3) Recent increases in HgT in biota

Wang et al. 2010
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Putting recent increases in perspective

Drevnick et al. 2007
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Managing the problem: statewide TMDL proposed 
to address mercury impairment in inland water-
bodies primarily due to atmospheric deposition

A worthwhile endeavor!

Comprehensive research and monitoring, as called for in 
the statewide mercury TMDL document, is necessary to 
understand how waterbodies respond to changes in 
mercury deposition rates.



2) watersheds:  output of “old” mercury 
(from a legacy of past deposition) and/or 
changes in the retention of “new” mercury

Shanley and Bishop 2012



Test the null hypothesis that watershed retention 
rates of mercury have not changed with time

Approach 1:  paleo model (Swain et al.)

Approach 2:  small watershed study at UMBS

mercury isotopes!



In the Cheboygan River watershed:

Groundwater-dominated headwater
streams support valuable cold-water
fisheries and serve as constant sources
of clean water for lakes that are the
economic engines for northern MI
tourism.

Groundwater seepage (i.e, subsurface,
nonchannelized flow) may be more
important than streams as a renewable
water source for lakes.

Management decisions regarding land development and uses of 
groundwater must take into account the importance of groundwater 
for maintaining high water quality in streams and lakes.

DRAFT Cheboygan River Assessment 

January 2011 

128 

 
 

 

Figure 35.–Designated trout streams (bold in the above figure) of the Cheboygan River 

watershed. Designations are listed in Michigan Department of Natural Resources-DFI 101, designated 

trout streams. Map is from Michigan Department of Natural Resources Digital Water Atlas. 

MI DNR



Also in the Cheboygan River watershed:

A mercury problem!

Crooked, Pickerel, Burt, and Mullett Lakes are listed as federally 
impaired for exceeding the U.S. EPA water quality criterion for 
methylmercury in fish tissue for the protection of human health.

DRAFT Cheboygan River Assessment 

January 2011 

128 

 
 

 

Figure 35.–Designated trout streams (bold in the above figure) of the Cheboygan River 

watershed. Designations are listed in Michigan Department of Natural Resources-DFI 101, designated 

trout streams. Map is from Michigan Department of Natural Resources Digital Water Atlas. 

MI DNR
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Test the null hypothesis that watershed retention 
rates of mercury have not changed with time

Approach 1
paleo model

Vincent

Weber

Cochran

Twin

McLavey



Test the null hypothesis that watershed retention 
rates of mercury have not changed with time

Approach 2
small watershed study



Must understand hydrology before we can understand energy or 
materials exchange among air, land, and water

Define topographic and phreatic boundaries

Monitor precipitation, evapotranspiration, and stream discharge.



Must understand hydrology before we can understand energy or 
materials exchange among air, land, and water   

Because we are in violation of assumption of small watershed 
model (shallow, impermeable bedrock), we must monitor 
groundwater loss to lake and to below (glacial deposits, bedrock).

Bedrock

Clay

Sand

lake



Characterize ecosystem components, i.e., above- and belowground biomass, 
soils and parent material, and quantify mercury and carbon stocks therein



Watershed-scale study to understand 
inputs, outputs, retention of mercury

Plot-scale studies to understand processes 
that affect retention

Goals are to:
-evaluate responses to policy (controls) on 
mercury pollution
-understand forest management practices that 
maximize retention

Funding from LADCO and USDA


