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Today’s Presentation
•• BackgroundBackground
•• Global Emissions Estimates for HgGlobal Emissions Estimates for Hg
•• Modeling the sources of Hg to the atmosphereModeling the sources of Hg to the atmosphere
•• Steubenville, OH StudySteubenville, OH Study

•• Levels and sources of wet depositionLevels and sources of wet deposition
•• Is this a deposition Is this a deposition ““Hot SpotHot Spot””

•• Dry DepositionDry Deposition
•• What best predicts wet deposition of Hg?What best predicts wet deposition of Hg?
•• Summary Summary 



What have I done since the last time I 
spoke at the Endicott House Symposium



Mercury Emissions Contribute to Exposure to Mercury

• The primary pathway of human exposure to mercury in the U.S. is through eating contaminated fish.
• Power plants emit approximately 48 tons of mercury and are the largest source of mercury 

emissions in the U.S. (approximately 41%).
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Worldwide Emissions
Total Hg Emissions = 2300 tonnes
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Speciation of mercury emissions the most important factor!
Form of mercury emitted varies greatly by source type.



Modified from cartoon by Charles Driscoll, Syracuse University
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Source Apportionment Modeling
• Relates sources and environmental 

concentrations
• Approaches to source apportionment

Deterministic modeling (e.g., CMAQ)
– Requires emission inventory, chemistry, and meteorology
– Models emission source impacts on predicted concentrations

Receptor modeling
– Requires comprehensive environmental measurements
– Statistically identifies sources impacting measured 

concentrations

• Approaches are independent and complementary



Mercury Modeling Limitations

Current Deterministic Models
• Global speciated emission inventories

–Data improving but incomplete
• Incomplete understanding of Hg kinetics
• Precipitation prediction often problematic
• Wet and dry deposition parameterizations

– Insufficient handling of air-surface 
coupling, e.g. Hg0 uptake by vegetation.



Multivariate Receptor Modeling

• Identify major “factors” by statistical analysis 
of an element measurement matrix

• Relate “factors” to source types using tracer 
compounds

• Example tracers
– Coal Combustion – S, Se; Oil Combustion –

Ni, V
• Requires many samples (150 +)



Ohio Mercury Measurement
and Receptor Modeling  Study

Applied both positive matrix factorization 
(PMF) and UNMIX models
– Estimated source contributors to 

measured event wet Hg deposition
Uncertainty AnalysisUncertainty Analysis
•• Both PMF & Unmix incorporate Bootstrap Both PMF & Unmix incorporate Bootstrap 

Uncertainty Analysis and provide the total Uncertainty Analysis and provide the total 
uncertainty with the mean:uncertainty with the mean:

–– Fits the 5Fits the 5thth & 95& 95thth Percentile in distribution of Percentile in distribution of 
profiles.profiles.



Primary Objective of Study

Determine the 
impact of 
local/regional 
coal combustion 
sources on Hg 
deposition in the 
ORV.



Ohio Mercury Study

• Cooperative Research with EPA ORD
• Sate-of-the-art measurement/analyses

• Aerosols - Integrated and Continuous

• Wet Deposition - Daily Event

• Criteria Gases - Continuous

• Meteorology - Continuous

• Receptor Modeling
• UNMIX and PMF

• Hybrid Modeling (Regional Transport)



Steubenville PMF Results
2003 & 2004
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Source Apportionment Results
Steubenville, Ohio

Mean = 13.1 Mean = 13.1 
(5(5--95% CI95% CIΩΩ) = (9.3 ) = (9.3 –– 21.4)21.4)

Mean = 9.1 Mean = 9.1 
(5(5--95% CI95% CIΩΩ) = (6.4 ) = (6.4 –– 14.7)14.7)

PMF Estimated CFUB* PMF Estimated CFUB* 
ContributionContribution

Mean = 15.5 Mean = 15.5 
(5(5--95% CI95% CIΩΩ) = (9.1 ) = (9.1 –– 23.1)23.1)

19.719.720042004

Mean = 9.9Mean = 9.9
(5(5--95% CI95% CIΩΩ) = (5.9 ) = (5.9 –– 15.1)15.1)
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Modeling Used for Clean Air Mercury Rule

CMAQ Simulations performed by CSC for OAQPS (6FEB04)



2003 – 2005 Great Lakes 
Deposition Comparison
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Dry Deposition of Hg
August 10-11, 2006



Comparison of USEPA CMAQ Results 
and Measured Mercury Wet Deposition 

at Steubenville

CMAQ Simulations performed by CSC for EPA (6FEB04)
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CMAQ Modeled versus UMAQL Measured 
Hg Wet Deposition

All 2001 Results

8.64.4Underhill, VT
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CMAQ Results provided by Russ Bullock., USEPA



UMAQL EVENT SAMPLING SITES
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What Best Predicts Hg Deposition?



• Hg wet deposition at Steubenville

• ~ 80% attributable to local/regional anthropogenic sources

• ~ 70% is attributable to coal combustion

• ~ 20% from reemission/global background

• A significant portion of total Hg wet deposition is driven by a 
few local coal combustion dominated precipitation events

•• In 2004, >8% of Hg wet deposition occurred during 1 event In 2004, >8% of Hg wet deposition occurred during 1 event 
and understanding the and understanding the source(ssource(s) contributing important.) contributing important.

•• Dry deposition even more local in origin and due to the biDry deposition even more local in origin and due to the bi--
directional flux of Hg these measurements must be done on a directional flux of Hg these measurements must be done on a 
high frequency.high frequency.

Summary
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