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Mercury Sources in the Environment
Hg has a complex biogeochemical cycle and can enter the environment through multiple sources
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How do we determine which Hg sources are bioaccumulating? 



Using Isotopes to Resolve Sources
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Using Isotopes to Resolve Sources

Isotope fractionation: the process leading to a change in the abundance of individual 

isotopes (before and after a reaction, phase change, etc.…)

Environmental Pool of Hg Isotopes

Chemical, physical, or 

biological reaction

Product Pool

Reactant 
(residual) Pool

Mercury exhibits two types of fractionation: 

• Mass-dependent fractionation (MDF)
• Mass-independent fractionation (MIF)



m  = mass scaling factor 

Using Isotopes to Resolve Sources
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Janssen et al. 2019. Environ. Sci. Technol. https://doi.org/10.1021/acs.est.9b03394



Mercury Sources in the Environment
Hg can enter the environment through multiple sources and in many cases, it is unclear which source is 

entering the food web
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Applications at Contaminated Sites

While these tools have been leveraged at contaminated sites, systematic application to inform remedial 
and restoration plans has been limited due to: 

1. Small sample counts unable to assess natural variability in larger studies 

2. Lack of proper reference site data to ascertain non-industrial Hg endmembers 

3. Limited matrices focusing on strongly on sediments



Applications at Contaminated Sites
As more contaminated sites are examined, we gain new information that helps us better design studies. This 
allows us to assess the best matrices to target, the size of the sample set, and locations of appropriate 
reference sites. 

Stauffer Midstream
Hackensack River, NJ

Hannibal Pool, WV

South River, VA

Poplar Creek (ORNL), TN

Mobile River, AL
Tombigbee, AL

Sauget, IL

Fox River, WI
St. Louis River, MN

Black Butte Mine, OR

Sulphur Bank Mine, CA

New Almaden Mine , CA 

Study sites undertaken by the USGS MRL and partners Other published study sites in the literature

*

*

*
*

*

* Findings published/accepted for publication 

Gruber’s Grove Bay, WI 

Preliminary Information-Subject to Revision. Not for Citation or Distribution.



Mobile River Basin, AL Case Study 

The Mobile River Basin contains two 
superfund chlor alkali sites, which have led 
to anomalously high Hg concentrations in 
fish at the sites, but the extent of 
contamination within the Mobile and 
Tombigbee Rivers is unknown

Objective: Determine if contamination at 
the Olin and Stauffer sites extends into the 
main branch of the river and 
bioaccumulates

Janssen et al. 2021, J. Haz. Mat. https://doi.org/10.1016/j.jhazmat.2020.124097



1/HgT

Contaminated sediments were easily identifiable in comparison to sediments collected in the main stem sites 

Legacy Hg 
signature

Background 
Hg signature

Janssen et al. 2021, J. Haz. Mat. https://doi.org/10.1016/j.jhazmat.2020.124097

Mobile River Basin- Assessing Sediment Sources
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High Hg concentrations in surface water 
particulates (both total Hg and MeHg) correspond 
to higher industrial input

There is also indication that industrial Hg sources 
influence water column particulates within the 
Mobile River (site MR-WHB) 

Legacy Hg transport via suspended particulates or 
the dissolved phase can be an important vector in 
systems prone to high water and flooding

Mobile River Basin- Transport of Legacy Hg

GEM-gaseous elemental Hg (dry deposition)
IND-industrially derived Hg 
PRECIP- precipitation Hg 

Janssen et al. 2021, J. Haz. Mat. https://doi.org/10.1016/j.jhazmat.2020.124097

Suspended Particulate Matter



Mobile River Basin- Legacy Hg Bioaccumulation

Janssen et al. 2021, J. Haz. Mat. https://doi.org/10.1016/j.jhazmat.2020.124097
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Largemouth Bass are also easily 
disguisable between contaminated and 
main river sites

Confirms that elevated fish Hg 
concentrations (10x higher than 
background) are related to chlor alkali Hg 
not depositional or other industrial sources



Mobile River Basin-Conclusions

 Sediment isotope values indicate a distinct difference between legacy Hg and watershed sources within 
the Tombigbee and Mobile Rivers, demonstrating minimal transfer of legacy Hg to sediments in the 
main branch of the river

 Waters from contaminated zones show little influence of precipitation sources and under flood 
conditions these could represent a vector for legacy Hg to enter and travel through the Mobile River 
Basin 

 Fish isotope values site directly adjacent to Stauffer indicate the accumulation of legacy contamination, 
though it is not widespread in the larger river basin

Follow-up work for waters under high flow conditions was 
planned in 2020, but has been delayed due to COVID

Janssen et al. 2021, J. Haz. Mat. https://doi.org/10.1016/j.jhazmat.2020.124097

Funding: NRDAR Program 



Applications at Contaminated Sites
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62 km of the lower St. Louis River 
estuary (SLRE) is designated in the 
area of concern as well as two 
upstream reservoirs

• Historic contamination  from point 
sources, superfund sites, landfill 
discharge, and wastewater 
discharge

• High fish Hg concentrations with 
no spatial or temporal patterns

Objective: Determine how much 
legacy contamination is still present 
in SLRE sediments and determine if 
it bioaccumulates in the food web

Map courtesy of Minnesota Pollution Control Agency: https://www.pca.state.mn.us/waste/st-louis-river-area-concern-resources

St. Louis River, MN Case Study 



Two distinct mercury-source site 
conditions were identified with Hg 

isotopes:

1. Legacy hotspots 

2. Watershed runoff originating from 
atmospheric Hg deposition 

Legacy Hg 
signature

Background 
Hg signature

Janssen et al. 2021 Sci. Total. Environ. https://doi.org/10.1016/j.scitotenv.2021.146284

St. Louis River-Assessing Sediment Sources



Results from binary 
and tertiary mixing  

models suggest that 
industrial Hg is 

widespread within 
SLRE even outside 
regions of remedial 

activity  

Janssen et al. 2021 Sci. Total. Environ. https://doi.org/10.1016/j.scitotenv.2021.146284

St. Louis River-Assessing Sediment Sources



The isotope distinction seen in 
sediments between legacy Hg and 
watershed Hg is also reflected in the 
lower food web

Prey fish suggest the accumulation of 
legacy Hg within SLRE

This was also observed in dragonflies 
and mayflies in the system!

Legacy Hg 
signature

Background 
Hg signature

Janssen et al. 2021 Sci. Total. Environ. https://doi.org/10.1016/j.scitotenv.2021.146284

St. Louis River- Legacy Hg Bioaccumulation



Janssen et al. 2021 Sci. Total. Environ. https://doi.org/10.1016/j.scitotenv.2021.146284

St. Louis River- Legacy Hg Bioaccumulation

Mercury isotopes reveal that 
concentration trends observed in 
walleye are a function of source

A subset of fish captured in SLRE are 
feeding in Lake Superior (as denoted 
by C/N/Hg isotopes)

Walleye that were caught in the SLRE 
but mostly feed offshore in Lake 
Superior have lower mercury 
concentrations than those feeding in 
the estuary 
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St. Louis River-Conclusions

 Within the SLR AOC industrial Hg was found to be well distributed within estuary sediments and was 
shown to be accumulating into prey fish of the system 

 Results suggest that industrial Hg contributes to biological burdens in SLRE and that remedial action 
may mitigate the bioaccumulation of this source 
 Note watershed and precipitation sources are still present in the river

Follow-up work in SLRE is planned to assess remedy 
effectiveness in dredged and amended areas. Hg isotopes 
will be used to ensure legacy Hg contamination has been 

removed from the sediments and lower food web
Janssen et al. 2021 Sci. Total. Environ. https://doi.org/10.1016/j.scitotenv.2021.146284



New Frontiers for Hg Isotopes 

 Transfer to terrestrial food webs

 Determining source contributions to fish via methylmercury isotopes

 Tracking contemporary sources (e.g., air emissions)

Hg isotopes are powerful tools for site assessment, but these methods 
can extend beyond standard surveys



Utilizing different matrices, like 
spiders, allow us to assess aquatic to 
terrestrial transfer of legacy 
contaminants 

In this example, spiders were 
collected alongside aquatic dragonfly 
nymphs to examine potential source 
differences. These values matched 
1:1 and tracked with legacy sediment 
contamination

Legacy Hg 
signature

Background 
Hg signature

fIND Hg in Sediment

Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Terrestrial Transfer of Hg Sources  

Photo by Ryan Otter (Walters et al. 2008)



Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Terrestrial Transfer of Hg Sources  

These tools can also be utilized in 
mammals and avian species. 

In this example, feathers were used to 
assess the contribution of legacy 
sediment to catbirds showing a mixing 
line between the background estuary 
source and the contaminated site. 

These applications need special care 
in selecting the correct species, age 
groups, and matrix (e.g., tissue, eggs, 
feathers)
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Methylmercury Isotopes

While Hg isotopes are powerful tools in 
sediments and biota that are 
predominantly one species of Hg, it is 
difficult to apply these tracers to matrices 
that are a mix of MeHg and inorganic Hg 
(e.g., benthic invertebrates, plankton) 

This allows us to connect sites of Hg 
methylation directly to fish Hg burdens, in 
this examine we traced MeHg produced 
in sediment (blue color) into seston, 
benthic invertebrates, and prey fish

Rosera et al. 2022 accepted ES&T Waters (in press) 



Defining Atmospheric Sources

Data from an atmospheric Hg isotope 
network has demonstrated that 
background Hg can be distinguished 
from regional or local sources in the 
Northeastern US

Re-emissions from contaminated sites 
like Oak Ridge National Lab* can be 
distinguished from background 

Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Industrial 
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Background 
Global 
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*



Conclusions 

• When Hg isotope measurements are paired with traditional mercury science, previous questions that were 
very difficult to address regarding sources, pathways, and processes are now answerable

• These can be effective tools to ascertain source contributions of “old” and “new” Hg in the water column, 
sediments, and food web 

• Each site has unique controls on Hg cycling and transport that dictate the affect of legacy contamination

• Even though we have made great progress in the development and application of these tools at 
contaminated sites, there is still more in development! 

• Larger scale applications of Hg isotopes in waters
• Examination of contemporary atmospheric contributions to sites 
• Measurement of the MeHg pools in complex matrices



Questions?

Contact:
Sarah Janssen (sjanssen@usgs.gov) 

USGS Mercury Research Lab (mercury@usgs.gov)
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