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Motivation

ÅMercury is a bioaccumulative neurotoxin

ÅGreat Lakeõs area fish advisories

ÅAtmosphere transport primary 

distribution of mercury.

ÅPrecipitation: thought to be the major 

pathway of deposition to surface

ÅForms of Hg is atmospheric deposition 

readily methylated in aquatic ecosystems.



More Recent Motivation

ÅAtmospheric Mercury Model Development and 
Validation

ÅDevelopment and implementation of regulations 
which require monitoring data and scientific 
understanding.

ÅQuantify Deposition Impacts from Specific Sources

Åe.g.  TMDLs

ÅEmission Reduction Accountability

ÅPost CAMR
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Determining the the sources of Hg 
deposition is a moving target!

ñBummer of a birthmark, Hal.ò



Overview of Source Apportionment

ÅSource apportionment relates sources and 
environmental concentrations

ÅApproaches to source apportionment

ÅDeterministic modeling (e.g., CMAQ)

ÅRequires emission inventory, chemistry, and 
meteorology

ÅModels emission source impacts on predicted 
concentrations

ÅReceptor modeling

ÅRequires comprehensive environmental measurements

ÅStatistically identifies sources impacting measured 
concentrations

ÅApproaches are independent and complementary



Mercury Modeling Limitations

Current Deterministic Models

ÅGlobal speciated emission inventories

ÅData improving but incomplete

ÅIncomplete understanding of Hg kinetics

ÅPrecipitation prediction often problematic

ÅWet and dry deposition parameterizations

ÅInsufficient handling of air-surface 

coupling, e.g. Hg0 uptake by vegetation.



Receptor-Oriented Modeling

ÅSource Apportionment can be perfomred on 
Local, Regional and National Scales

ÅModeling Requires Comprehensive 
Monitoring including:

ÅAutomated Ambient Speciation Measurements

ÅEvent Precipitation

ÅQuantification of full-suite of tracer species

ÅCoordinated Monitoring Strategy



Multivariate Receptor Modeling

ÅIdentify major ñfactorsò by statistical analysis of an 
element measurement matrix

ÅRelate ñfactorsò to source type using tracer 
compounds

ÅExample tracer compounds

ÅCoal Combustion ïS, Se

ÅOil Combustion ïNi, V

ÅRequires many samples (150 +)

ÅOhio Study

ÅApplied both positive matrix factorization (PMF) and 
UNMIX models

ÅEstimated source contributors to measured wet Hg 
deposition



UMAQL Clean Laboratory



Automated Speciation Instrumentation



Landis and Keeler Environ. Sci. Technol., 1997, 31, 2610-2615

Wet-Only Precipitation Collector



Sampling Trains

Freshly Acid-cleaned sampling trains installed after each rain event



Pinch Valves

1 L sample bottles

Temperature Controlled Storage Module



Objective

Determine the impact 

of local/regional coal 

combustion sources 

on Hg deposition in 

the Ohio River Valley

Steubenville

Ohio Mercury Measurement and Receptor 

Modeling  Study



Underhill site ïSince 1992
Dexter site ïSince 1993
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UMAQL EVENT SAMPLING SITES



Ohio Mercury Study

ÅSate-of-the-art measurement & 
analyses

ÅAerosols - Integrated and Continuous

ÅWet Deposition - Daily Event

ÅCriteria Gases - Continuous

ÅMeteorology - Continuous

ÅReceptor Modeling

ÅUNMIX, and PMF

ÅHybrid Modeling (Regional Transport)



Steubenville EPA PMF 

Apportionment Results 2003-2004
Analyte Factor 1 

(Iron/Steel) 

Factor 2 

(P Source) 

Factor 3 

(Coal) 

Factor 4 

(Crustal) 

Factor 5 

(Metals) 

Factor 6 

(Oil/Incineration)  

Mg 187.14 95.11 *  539.31 29.58 *  

Al  49.19 *  75.71 346.68 34.67 52.20 

P *  64.36 *  *  *  *  

S *  172.33 11187.00 363.19 *  *  

Cl 257.26 *  602.59 186.41 647.79 1745.00 

V 2.82 *  *  *  *  1.26 

Cr 2.40 *  *  *  *  0.62 

Mn 53.93 14.02 *  33.01 *  *  

Fe 337.11 15.32 22.52 12.40 *  136.26 

Ni *  0.53 *  *  *  3.93 

Cu *  2.29 19.90 *  8.23 14.38 

Zn 3.31 4.20 *  *  13.78 44.79 

As *  0.04 0.70 0.09 0.27 0.60 

Se *  *  2.39 *  1.25 0.26 

Rb *  0.26 0.23 0.14 0.08 0.20 

Sr 0.51 1.53 1.77 5.54 *  2.19 

Mo *  *  *  *  3.60 *  

Cd 0.09 *  0.33 *  0.25 0.25 

La *  *  *  0.61 0.01 0.07 

Ce 0.02 *  *  1.19 *  *  

Hg 0.011 0.003 0.136 *  *  *  

Pb 0.91 *  3.83 *  *  6.26 

NO3 *  216.00 5993.80 1325.70 *  5296.70 

% Hg 4 ± 3 2 ± 1 67 ± 14 *  *  *  

*  = Not Significant at 95% confidence interval 

 



Source Apportionment Results

Steubenville, Ohio



Estimated versus Measured
Mercury Deposition

Event Time Series
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Steubenville Site



HY-SPLIT Back Trajectories



ÅHg wet deposition at Steubenville

Å~ 80% attributable to local/regional anthropogenic sources

Å~ 70% is attributable to coal combustion

Å~ 20% from reemission/global background

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

ÅIn 2004, >8% of Hg wet deposition occurred during 1 event

ÅHybrid -receptor Modeling results being completed.

Summary of Ohio Receptor Modeling

2003-2004


