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OVERVIEW

INTERNATIONAL COLLABORATION

Mercury, carbon monoxide, ozone, and PM2.5 are ubiquitous air pollutants with serious
consequences for both human and ecosystem health. Therefore their emission control is
imperative, which needs sound policies. To provide solid science for policy-making, the
atmospheric budgets of these trace gases need to be quantified. Our research spans the
following areas:
Atmospheric Mercury Cycling
• Developed a state-of-the-art mercury chemistry mechanism for regional modeling
• Investigate the chemical & dynamical drives of mercury spatiotemporal variability
• Understand the controlling factors of trends in mercury wet deposition
Air Quality Impacts of Emissions, Dynamics, and Chemistry
• Investigate the trends in baseline ozone and carbon monoxide and their causal mechanisms
• Characterize the multidecadal variations in surface ozone at national parks across the US
and identify the contributing factors to the variations
Syracuse Air Quality Measurements and Analysis
• Built an air quality station on the ESF campus, a perfect location to monitoring air quality
in the greater Syracuse area
• Investigate the contributions of regional versus local emission sources to ambient
concentrations of trace gases in Syracuse
• Identify undocumented mercury sources

• The Nanjing University air quality observatory was built by Dr. R. Talbot of University
of Houston and myself and has been running since Jan. 2011, including measurements of
O3, SO2, CO, CO2, TGM, NO, NOy, aerosol number density, aerosol scattering, black
carbon, &meteorology.
• Mr. Casey Hall’s in-depth study, using data from the site, suggested, among other
important findings, a 80% underestimate of the current emissions, hypothesized to be
from illegal small-scale artisanal gold-mines missing from the emission inventory. This
work was published in Atmosphere in 2014.
• Two studies led by a Nanjing University Ph.D. student Mr. J. Zhu, published in
Atmospheric Chemistry and Physics, provided an overview of atmospheric total gaseous
mercury, particulate mercury, and wet deposition in Nanjing, filling a gap in our
knowledge of mercury in Central East China.
• The summer 2015 mercury field campaign atop the highest point in Central East China,
Mt. Tai, funded by the Chinese National Science Foundation, conducted measurements
of total gaseous mercury and mercury in cloud water. Analysis and modeling work are
in progress, which will be published in the near future.

Health Impacts of PM2.5
• Quantify ambient concentrations of PM2.5 and polycyclic aromatic hydrocarbons (PAHs) in
contrasting environments (urban vs. rural)
• Determine the source regions of measured pollutant
• Estimate PM2.5 and PAHs exposures using our field data
• Examine biological effects of PM2.5 and PAHs

Left: Summer 2015 mercury field campaign atop
Mt. Tai. Ph.D student Ms. Ying Zhou (front 1st
right) spent two months at the summit monitoring
Hg. Upper: Nanjing University observatory.

Air Pollution in China: International Collaboration
• Built the first air quality monitoring station in Central East China, at Nanjing University,
Nanjing, Jiangsu, China
• Conducted studies to understand long-term ozone trends in China
• Investigated the physical and chemical mechanisms causing the smog episodes that have
been plaguing East China
• Conducted field campaigns to study mercury atop Mt. Tai in Central East China

ATMOSPHERIC MECURY CYCLING
• We developed a state-of-the-art chemical mechanism with the most up-to-date mercury
chemical reactions coupled with the chemistry of the major oxidants of gaseous elemental
mercury. This model was applied to understand the mechanisms driving the spatiotemporal
variations captured in measured gaseous oxidized mercury and showed significant
improvement in simulating gaseous oxidized mercury compared to published studies. This
work was first authored by Ph.D. student Ms. Zhuyun Ye, presented at national conferences
and was published in the journal Atmospheric Chemistry and Physics in 2016.
• Our new mechanism has been implemented in a community chemical transport model
CMAQ. Evaluation of this model suggests great improvements in simulations of mercury,
and the model has been applied to quantify the impacts of regional to national mercury
emission reductions, chemistry, transport, and meteorology on ambient mercury
concentrations and wet deposition. More publications are coming out soon.

Ms. Zhuyun Ye’s
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AIR QUALITY IMPACTS OF EMISSION
REDUCTIONS
We have conducted extensive research in this area. Two examples:
• Our study suggested no clearly defined trends in mercury concentrations at a major urban
location, Bronx, New York, despite the 78% decrease in mercury anthropogenic
emissions and hypothesized that large scale circulation could have dominated over other
factors in determining urban ambient mercury concentrations. A manuscript on this study
is under review with Atmospheric Chemistry and Physics.
• Ph.D. student Ms. Ying Zhou’s study suggested that impacts of anthropogenic and
biomass burning emissions, and meteorological conditions were important factors in
determining baseline O3 and CO in the Northeast U.S. during the 2000s. This has
important implications to EPA’s recent NAAQS of ozone. The work was presented at
international and national conferences and won the 3rd prize at the 2015 9th International
conference of acid rain. A manuscript is under review at Atmospheric Environment.

HEALTH IMPACTS OF PM2.5
• Field intensives were conducted to collect weekly samples of PM2.5 in three different
environments representing
urban regional, low income
neighborhood, and rural. The
highest PAH concentrations
were found to be in the low
income neighborhood, and in
the same environment
biological analysis suggested
the highest level of toxicity.
These results have profound
societal implications. More
research is ongoing.

SYRACUSE AIR QUALITY MEASUREMENTS AND ANALYSIS
• The ESF air quality monitoring station was built by a former graduate student
Mr. Casey Hall and has been maintained by current students. Research grade
instruments of ozone, carbon monoxide, carbon dioxide, mercury, water
vapor, JNO2, and wind have been running since 2013.
• Mr. Hall found, in multiple years of measurement data from this location, that
mixing ratios of trace gases were generally close to the Northeast US
background, CO in Syracuse has decreased by ~68% from 2000 to 2012, and
no decrease in peak O3 levels had occurred in Syracuse since 1980. More
work is being conducted to understand the mechanisms for these variations.
• Ms. Katherine McGowan, a senior student, found that the nearby
crematorium could be a significant emission source of mercury, which
currently is undocumented in the EPA National Emission Inventory. She
presented the findings at the ESF Spotlight Conference. She will make a
presentation at the 13th International Conference of Mercury as a Global
Pollutant in Rhode Island in July 2017 and is now preparing a manuscript.
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