
•

 

Inform federal policymakers of the importance of domestic 
emissions of mercury on deposition to sensitive ecosystems 
(e.g., CAMR analysis)

•

 

Inform federal/state/local policymakers of the industrial 
sources responsible for deposition to specific ecosystems

•

 

Provide to the research community indications of critical 
knowledge gaps (e.g., emissions, chemistry) 
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Using CMAQ in Managing Mercury Deposition to Sensitive Ecosystems
Russell Bullock and Jesse Bash

Modeling Approach Results and Discussion Conclusions

Future Directions

Impact

Mercury is a highly toxic element that is found both naturally 
and as an introduced contaminant in the environment. 
Although its potential for toxicity in highly contaminated areas

 

is well documented, research has shown that mercury can be 
a threat to the health of people and wildlife in many 
environments that are not obviously polluted. The primary 
human health effects of mercury exposure involve 
neurological impairment, but cardiovascular effects have also 
been documented. The risk is determined by the degree of 
exposure, the chemical form of mercury present, and the 
geochemical and ecological factors that influence how 
mercury moves and changes form in the environment. 

Inhalation of mercury at the concentrations normally found in 
outdoor air (ppqv) is not a concern. Human exposure to 
mercury is primarily from consumption of contaminated fish. 
Mercury cycles naturally through atmospheric, terrestrial and 
aquatic systems.  Research has shown the global mercury 
flux through the air pathway is now approximately three times 
the pre-industrial level due to anthropogenic releases to the 
environment. With the widespread cessation of the disposal of 
mercury to water since the 1960’s, atmospheric deposition is 
now the primary source of mercury in most cases of serious 
risk. Many aquatic ecosystems can take mercury deposited 
from the atmosphere and convert it to chemical forms that 
accumulate to hazardous concentrations in fish (ppmw). 

Atmospheric mercury is known to exist in various physical and 
chemical forms which have widely differing behaviors.  
Deployable ambient air sampling technology does not yet 
provide speciation in terms of individual mercury compounds 
for gases or aerosols.  We also rely on industrial emission 
inventories for mercury that do not provide this type of 
speciation. As more precise information on ambient 
concentrations and sources of mercury become available, 
along with better information about chemical kinetics in air 
and in cloud water, we strive to keep CMAQ up to date and 
perform model evaluations similar to those done for other 
pollutants. Our specific objectives include the following: 

•

 

Develop atmospheric mercury simulation capabilities in 
CMAQ that can be used to attribute the sources of mercury 
depositing to sensitive ecosystems

•

 

Continue to address mercury using an expandable multi-

 

pollutant modeling approach with feedback effects on 
gas/aerosol chemistry

•

 

Develop multi-media modeling capabilities to address the 
uptake and release of mercury by water and vegetation

•

 

Characterize episodic events such as forest fires and 
mechanical disturbances that cause rapid releases of mercury 
from soils

•

 

Continue to guide field and laboratory research by 
highlighting the scientific uncertainties most responsible for 
variations in model simulations

Environmental Issue

Research Objectives

Current CMAQ Mercury Chemistry Reactions

The table below shows the reactions and kinetic rate 
constants currently used to simulate mercury in CMAQ. For 
some of these reactions, a variety of rate constants have been 
published in the scientific literature.  It has also been 
suggested that some additional substances may react with 
atmospheric mercury (e.g., bromine).  Further research and 
development will likely bring changes to this reaction table.

Bi-Directional Mercury Exchange

•

 

Mercury emissions from natural sources are parameterized 
as reduction of existing and recently deposited Hg2+

 

and 
subsequent evasion of Hg0.

•

 

Air surface flux is dependent on the atmospheric and near 
surface concentration gradient.

•

 

Air-surface water fluxes are modeled using a two film 
resistance model and a surface water photo-redox

 

scheme.

•

 

Air-terrestrial fluxes modeled using air-vegetation partitioning 
parameters and air-soil partitioning and reduction processes

Linking Global to Regional

•

 

Mercury is known as a “global pollutant”, but emissions of 
oxidized forms have been shown to have regional effects.

•

 

Hg0

 

gas has an atmospheric lifetime of months, while Hg+2

 

gas has an atmospheric lifetime of hours or days, thus 
regional modeling is necessary.

•

 

Separate Global/Hemispheric models are currently used to 
define boundary conditions, but recent research (NAMMIS) 
has shown downscaling problems.

•

 

Future development of hemispheric CMAQ will allow 
consistent representation of Hg on all spatial scales.

•

 

Industrial emissions of atmospheric mercury can influence 
deposition on local and regional scales due to the rapid 
deposition of their oxidized component.

•

 

Long range transport of oxidized mercury can occur on an 
episodic basis.

•

 

The fraction of mercury deposited to the U.S. from domestic 
industrial sources varies greatly (<1 –

 

70%) depending on 
proximity to oxidized Hg emission sources.

•

 

The majority of the U.S. gets most of its mercury deposition 
from the atmospheric oxidation of Hg0

 

from non-U.S. sources.

•

 

Much of the Hg0

 

that is oxidizing and depositing is emitted 
from terrestrial and aquatic systems.

•

 

Because of the cycling nature of mercury in the biosphere, 
most of the Hg0

 

emitted through terrestrial and aquatic 
processes is anthropogenic in origin.
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CMAQ Mercury Model Testing

European Monitoring and Evaluation Program (EMEP) model 
intercomparison

 

(2000-2005)

North American Mercury Model Intercomparison

 

Study 
(NAMMIS) (2004-2008)

Clean Air Mercury Rule Analysis

Contributors/Collaborators

• Further development of bi-directional mercury exchange

• Hemispheric scale CMAQ with grid nesting

• Keep mercury reactions up to date with evolving science

• Support EPA Office of Water modeling assessments
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