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Science Meeting

Five Sessions:
1) Major Carbon Aerosol Sources

Recent research results A

2) Advances in Carbon Aerosol Measurement
3) Major Sources: focus Transportation Sector
4) Major Carbon Aerosol Sources

Recent research results B

5) Regional Modeling
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NESCAUM Report

• Assessment of Carbonaceous Fine Particles for New 
York and the Region : Project Overview and 
Structure 
– Project Goals
– Focus areas (atmospheric sci., health, control technologies)

• Assessment report 
– structured around five central policy-relevant questions 

• Two-year NESCAUM effort with multi disciplinary 
team (Amar, Cooper, Graham, Johnson, Skelton) and 
outside experts and consultants (Demerjian, 
Lippmann)

• Input from Program Advisory Committee
• Coordination with New York DEC
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Project Goals

• Produce a policy-relevant assessment of scientific 
and technical understanding of behavior and control 
of carbonaceous PM2.5 for the State of New York
– Two equally important perspectives for assessment

• Attainment of NAAQS for PM2.5 (and ozone) for the New York 
Metro area (three-state area, NY, Conn., NJ) : urban focus

• Public health and human exposure to PM2.5 (across the state 
including rural areas) : human exposure focus

• Provide recommendations to decision makers on how 
to move forward (science, technology, controls, need 
for future work)

• Report written for broad audience  
– Executive summary and synthesis
– In depth chapters
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Five Policy-Relevant Questions

• Patterned after the February 2003 NARSTO 
Assessment, “ PM Science for Policy Makers”

• Five questions used to guide our overall research 
and assessment effort:
– Do carbonaceous aerosols contribute significantly to high 

levels of ambient PM2.5 in NY State?
– What proportion of carbonaceous PM2.5 present in NY is 

derived from in-state sources?
– Does carbonaceous PM2.5 present a public health concern?
– What are the technical options for reducing emissions of 

carbonaceous aerosols from sources ?
– What are the near-term strategies for reducing emissions of 

carbonaceous PM for New York and the region ? 
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1 : Do carbonaceous aerosols contribute 
significantly to high levels of ambient PM2.5 in the 

New York State ?

• Conceptual model based on ambient 
measurements

• Temporal variation (seasonal, daily, sub-
daily); spatial variation 

• Chemical composition (EC, OC)
• Sources (local, transported) 
• Comparison of PM2.5 values to the NAAQS, 

focus on contribution of C aerosol
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2: What proportion of carbonaceous PM2.5 present 
in NY is derived from in-state sources?

• Start with measurements to bound the problem 
• Apportion carbon PM2.5 into various 

classifications (biogenic-anthropogenic; primary-
secondary, local-transported) 

• Relative contributions for the classifications vary 
by season and by location (sources and 
chemistry vary in time and space)

• Useful to estimate the role of in-state sources, 
that in turn gives an estimate of the potential 
benefit of in-state controls
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3: Does carbonaceous PM2.5 present 
a public health concern?

• Exposure and health considerations characterized in 
physical, chemical, and spatial/temporal terms

• Fine PM can easily bypass conductive airways and 
deposit organics into the deep lung

• Adverse health effects of PM found in urban areas across 
the world despite different PM chemistry 

• May be no single agent
• Source apportionment/factor analysis provides better 

understanding of harmful PM components (space/time 
factors that may influence population exposures)

• Increased understanding of demography of exposure 
helps design appropriate  regulatory control strategies 
that reduce exposure and improve human health   
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Seven Source Categories Chosen

• Seven emission areas emphasized (chosen 
based on their contribution to EC and OC 
fraction of PM2.5 emissions) 
– commercial meat cooking
– residential fuel combustion
– light-duty vehicles
– heavy-duty trucks and buses 
– nonroad engines
– airports and 
– marine ports
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4 :What are the technical options for reducing 
emissions of carbonaceous aerosols from sources ?

• Availability of control technologies
• Developing new technologies 
• Technical feasibility; economic feasibility; 

operational considerations/restrictions
• Operational aspects/restrictions : Does the 

technology really work at all times ?  ( e.g., 
temperature , sulfur content); retrofittability 
issue
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5: What are the near-term strategies for reducing emissions 
of carbonaceous PM for New York and the region ?

• Strategies are not technologies 
• Policy considerations (need for regulations or 

legislation or major program initiatives)
• Tied strongly to financial (federal, state, and 

local funding sources)  and policy instruments 
(SIPs, State Rules)

• Technical, economic, and social feasibility in 
the near-term
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Atmospheric Chemistry and Aerosol Processes:
Gas-Particle Partitioning

• Key Concepts:
– Adsorption and absorption important

• temperature, vapor pressure, solute-solvent interactions 
(both aqueous and organic), activity coefficient, surface 
area

– Dynamic!
– Partitioning Constant (Kp = condensed / gas phase)

• Needs: further studies required to provide 
better estimates for use in modeling 
applications
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Atmospheric Chemistry and Aerosol Processes:
Gas-Phase Chemistry

• Chamber Studies
– Primary Oxidants (ozone, OH, nitrate radical)
– Limited reactant species

• Toluene (anthropogenic) and α-Pinene (biogenic)
– Important factors:

• molecular size 
• structure (degree of unsaturation; location of bonds, functional 

groups)
• Hydrocarbon to NOx ratio
• Environmental factors (temperature, humidity)
• Aerosol acidity

• Needs: improved sampling and analytical methods, 
calibration standards, more realistic study conditions
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Atmospheric Chemistry and Aerosol Processes:
Chemical Transport Models

• Predictive models coupling spatially and temporally-
resolved emissions, meteorology and chemistry-
sophisticated tool for air quality planning

• However, substantial improvements are needed for 
modeling of organics (SOA)
– Better parameterization for gas-particle dynamics (e.g., heat 

of vaporization, activity coefficients), allow for both reversible 
and irreversible processes as appropriate

– Improved mechanistic representation of second-order 
species

– More representative precursor species
– Enhanced emission inventory information (e.g. better spatial 

and temporal allocation, model species mapping)
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Atmospheric Chemistry and Aerosol Processes:
Receptor Models

• Multivariate mathematical models
– Chemical Mass Balance (CMB)

• Requires known, time-invariant, independent source profiles 
– Positive Matrix Factorization (PMF)

• Determines source factors, subjective interpretation
– Both models have trouble with secondary formation or 

aerosol aging processes

• Ensemble backtrajectory techniques
– Cluster analysis
– Potential source contribution function
– Residence time analysis
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Sampling and Analytical Methods: 
Filter-based

• Thermo-optical Methods
– Important sampler properties: filter media, flow 

rate, configuration (e.g., denuders, back-up filters)
– Operationally defined OC and EC

• Isotopic Methods
– Accelerator MS used to determine ratio of 14C to 

12C to distinguish modern and fossil carbon
• Chromotographic Methods

– GC-MS: Determines  molecular scale composition, 
which can be very useful as source tracers
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Sampling and Analytical Methods: 
On-line Methods

• Aerosol Mass Spectrometry (AMS)
– Many configurations -provide highly time-resolved 

results for a variety of species (sulfate, nitrate, OC, 
sometimes EC or metals); particle size information

• Aethalometer
– Continuous measurement of light attenuation due 

primarily to EC absorption
• Semicontinuous Thermal-optical Methods

– Similar to traditional filter-based method; useful in 
tracking short-term changes in OC:EC
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Emission Inventory and Source 
Characterization

• Emission Inventories for OC and EC are poor 
in quality and should be a primary focus in 
future work.  

• Generally, inventories require better 
documentation and consistency
– Must agree on what species should be quantified, 

what methods are appropriate for sampling 
(sampling temperature, dilution, filter media or 
absorbent) and analysis

– Characterize emission variability and uncertainties
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Final Thoughts

• Despite limitations of existing data and 
approaches, when combined, sufficient 
certainty for action available

• Resources for emission inventory and model 
development are most important

• Ambient measurement methodologies and 
chamber studies beneficial
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