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NANARSTORSTO
 

� A multi-stakeholder entity: 
government, private sector, academia 

� A multi-national entity: 
Canada, Mexico, U.S. 

� Carries out periodic policy-relevant science
 as sessments on air pollutants including 
particulate matter (PM) and ozone 
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Purposes ofPurposes of this PMthis PM
 
AsAssessessmesmenntt
 

� To interpret complex and new atmospheric 
science so that it is useful for the 
management of particulate air pollutants 

� To inform exposure and health scientists 
as they continue to investigate causal 
hypotheses 



 

 

 
 

 
 

  

ApproaApproacchh
 

� Survey science needs of policy makers 
� Prepare PM Assessment 

¾ Executive Summary (4 pages) 
¾ Synthesis for Policy Makers (50 pages) 
¾ 11 science chapters: implications for policy makers (600 pages) 

9 Effects context; human health, visibility, and climate 
9 Factors that influence atmospheric concentrations 
9 Modeling tools to manage PM 
9 Conceptual models of 9 regions 
9 Recommended research to fill key information gaps 

� Peer review by NARSTO community 
� External tri-national relevancy review 

¾ NAS (US), Royal Society (Canada), FUMEC (Mexico) 
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ChaChapptersters   and Leaand Leadd Auuthorthorss
 A
y1. Perspectives M. Shepherd 
y2. Health Context R. McClellan, B. Jessiman 
y3. Atmospheric Processes S. Pandis 
y4. Emissions G. Hidy, D. Niemi, T. Pace
 
y5. Measurements F. Fehsenfeld, D. Hastie, 

P. Solomon, J. Chow 
y6. Spatial & Temporal PM C. Blanchard 
y7. Receptor Methods J. Brook, E. Vega, J. Watson
 
y8. Chemical Transport Models C. Seigneur, M.Moran 
y9. Visibility I. Tombach, K. McDonald 
y10. Conceptual Models J. Vickery 
y11. Recommended Research P. McMurry 
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Conceptual modelsConceptual models for ninefor nine 
representative areasrepresentative areas 

Los Angeles 

San Joaquin Valley 

Lower Fraser Valley 

Canadian Southern 
Prairies / US 
Northern Plains 

Mexico City 

Southeastern 
United States 

Northeastern 
United States 

Windsor -Quebec 
City corridor 

Upper Mid West -
Great Lakes 
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Simplified Conceptual Model

for the Northeast United States
 

The Analysis & Atmospheric Policy ImplicationsEnvironment 

Emissions 
Manmade/

Natural 
Gas/Particle 

Atmospheric Concentration 
(Of typical peak PM) 

PM10PM2. 5 

Composition 
Peak 
SO4 ≈ 60-80% 
Average. 
SO4 ≈ 55-65% 
OC ≈ 25-30% 
Rural (Summer) 
SO4 ≈ 60-75% 
OC ≈ 20-30% 
NO3+BC+Soil ≈ 10% 
Urban (Winter) 
OC ≈ 30-35% 
SO4 ≈ 25-35% 
NO3 ≈ 15-25% 
BC+Soil ≈ 5-15% 

Concentration 
Annual 
• 30-50 µg/m3 at 
large urban 
areas  
24 hr: 
• 80-150 µg/m3 

at large urban 
areas 

Downward trend 
1999 15-18% 
lower than 1990l 

Concentration 
Annual: 
• Rural 5-10 µg/m3 

• Corridors of Ohio River 
Valley and Coastal Ozone 
Plain near and just over 15 
µg/m3. NYC >15 µg/m3 

24hr 
• Seldom above 65 µg/m3 

except for Pittsburgh area. 
Seasonality 
• Summer > winter by factor 
of ≈ 1.5-2.5 across region, 
but reverse for Phil. & NYC 
(Summer = 0.9 Winter) 

• Summer sulfate driven by gas-phase 
production 
•  Aqueous production of sulfate is 
oxidant limited and non-linear 
•  The small level of NO3 is ammonia 
limited and controlled by SO4 availability. 
Lots of HNO3 available 
•  Little information, but majority of OC is 
estimated to be secondary in origin 

Atmospheric Processing
of PM2. 5 

(Key drivers of peak PM) 

PM2. 5 

Meteorology 
(Conditions common to peak PM) 

• Strong seasonal (rural to urban) gradient 
noted 
• Gas phase SO4 favored by stagnant summer 
periods with high oxidant production 
• Year-to-year variability in wet deposition 
cleansing. 

PM2. 5 (% mass) 
• Coastal Urban Corridor 

Local SO4 ≈ 10% 
Regional SO4 ≈ 50% 
Motor Vehicles ≈ 25-30% 
Residual oil burning 4-8% 
Soil  6-7% 
Biogenic OC’s (included in Motor Vehicles) 

• Rural 
Summer SO4  = 2-4 times Winter SO4 
Summer OC = 2 times Winter OC

 • Urban 
Summer SO4 ≈  Regional SO4 
Winter SO4 =   2 times regional SO4 
Winter OC  =  4-5 times regional OC 

Sources (Estimates of contribution from 
source apportionment) 

• Median SO4 continues to drop from 1990 levels due to 
acid rain controls, but peaks remain. 
•  Summer sulfate not neutralized, but is in winter so 
greater nitrate response to winter sulfate drop. 
• Regional transport in summer from Ohio River Valley 
important. Reduction in regional and local SO2 beneficial. 
• Local SO4, OC and NO3 in coastal urban areas 
important in winter. Need to consider how to reduce OC. 
• Winter nitrate increase will partially offset sulfate 
decreases, and is ammonia limited. 

Policy Implications  for PM2.5 

(Simple Summary Insights) 



Atmospheric Concentration
(Of typical peak PM)

PM10PM2. 5

Composition 
Peak 
SO4                       ≈ 60-80% 
Average.
SO4                      ≈ 55-65%  
OC                ≈ 25-30%  
Rural (Summer)
SO4                     ≈ 60-75%  
OC                ≈ 20-30%
NO3+BC+Soil    ≈ 10%
Urban (Winter)
OC               ≈ 30-35%
SO4                      ≈ 25-35%
NO3                     ≈ 15-25%
BC+Soil        ≈ 5-15%

Concentration
Annual
• 30-50 µg/m3 at 
large urban 
areas  
24 hr: 
• 80-150 µg/m3

at large urban 
areas 

Downward trend 
1999 15-18% 
lower than 1990l

Concentration
Annual:
• Rural 5-10 µg/m3

• Corridors of Ohio River 
Valley and Coastal Ozone 
Plain near and just over 15 
µg/m3. NYC >15 µg/m3

24hr 
• Seldom above 65 µg/m3

except for Pittsburgh area.
Seasonality 
• Summer > winter by factor 
of ≈ 1.5-2.5 across region, 
but reverse for Phil. &  NYC 
(Summer = 0.9 Winter)

 

                        

                        
                  

                       
                

               
                      

                     
        

 
 

  
 

 

 
 

 

 

  
 

 
 

 
 

  
    

 

Atmospheric Concentration 
(Of typical peak PM) 

PM2. 5 PM10 

Concentration Concentration 
Annual: Annual 
• Rural 5-10 µg/m3 • 30-50 µg/m3 at 
• Corridors of Ohio River large urban 
Valley and Coastal Ozone areas 
Plain near and just over 15 24 hr: 
µg/m3. NYC >15 µg/m3 

24hr 
• 80-150 µg/m3 

at large urban 
• Seldom above 65 µg/m3 areas 
except for Pittsburgh area. 
Seasonality Downward trend 
• Summer > winter by factor 
of ≈ 1.5-2.5 across region, 
but reverse for Phil. & NYC 

1999 15-18% 
lower than 1990l 

(Summer = 0.9 Winter) 

Composition 
Peak 
SO4 ≈ 60-80% 
Average. 
SO4 ≈ 55-65% 
OC ≈ 25-30% 
Rural (Summer) 
SO4 ≈ 60-75% 
OC ≈ 20-30% 
NO3+BC+Soil    ≈ 10% 
Urban (Winter) 
OC ≈ 30-35% 
SO4 ≈ 25-35% 
NO3 ≈ 15-25% 
BC+Soil ≈ 5-15% 



 

• Summer sulfate driven by gas-phase 
production
• Aqueous production of sulfate is 
oxidant limited and non-linear
• The small level of NO3 is ammonia 
limited and controlled by SO4 availability.  
Lots of HNO3 available
• Little information, but majority of OC is 
estimated to be secondary in origin

Atmospheric Processing 
of PM2. 5

(Key drivers of peak PM)
  

 
 

  

  
 

 
 

PM2. 5

Meteorology  
(Conditions common to peak PM)

• Strong seasonal (rural to urban) gradient 
noted
• Gas phase SO4  favored by stagnant summer 
periods with high oxidant production
• Year-to-year variability in wet deposition 
cleansing.  

 

   

 

 
  

Emissions 
Manmade/

Natural 
Gas/Particle 

• Summer sulfate driven by gas-phase 
production 
• Aqueous production of sulfate is 
oxidant limited and non-linear 
• The small level of NO3 is ammonia 
limited and controlled by SO4 availability. 
Lots of HNO3 available 
• Little information, but majority of OC is 
estimated to be secondary in origin 

Atmospheric Processing
of PM2. 5 

(Key drivers of peak PM) 

PM2. 5 

Meteorology  
(Conditions common to peak PM) 

• Strong seasonal (rural to urban) gradient 
noted 
• Gas phase SO4 favored by stagnant summer 
periods with high oxidant production 
• Year-to-year variability in wet deposition 
cleansing. 



PM2. 5 (% mass)
• Coastal Urban Corridor

Local SO4 ≈ 10% 
Regional SO4 ≈ 50%    
Motor Vehicles      ≈ 25-30% 
Residual oil burning     4-8% 
Soil                                    6 -7% 
Biogenic OC’s     (included in Motor Vehicles)  

• Rural
Summer SO4 =   2-4 times Winter SO4
Summer OC    =    2 times Winter OC

• Urban
Summer SO4 ≈ Regional SO4
Winter SO4 =    2 times regional SO4
Winter OC       =    4-5 times regional OC

Sources  (Estimates of contribution from 
source apportionment)  

 
    

       
     

                                     
       

    
        

     
         

  

• Median SO4 continues to drop from 1990 levels due to 
acid rain controls, but peaks remain.
• Summer sulfate not neutralized, but is in winter so 
greater nitrate response to winter sulfate drop.
• Regional transport in summer from Ohio River Valley 
important.  Reduction in regional and local SO2 beneficial. 
• Local SO4, OC and NO3 in coastal urban areas 
important in winter.  Need to consider how to reduce OC.
• Winter nitrate increase will partially offset sulfate 
decreases, and is ammonia limited.

Policy Implications  for PM2.5

(Simple Summary Insights)

   
  

  
 

   
   

 
    

 

PM2. 5 (% mass) 
• Coastal Urban Corridor 

Local SO4 ≈ 10% 
Regional SO4 ≈ 50% 
Motor Vehicles ≈ 25-30% 
Residual oil burning 4-8% 
Soil 6 -7% 
Biogenic OC’s   (included in Motor Vehicles) 

• Rural  
Summer SO4 =  2-4 times Winter SO4 
Summer OC =  2 times Winter OC 

• Urban  
Summer SO4 ≈ Regional SO4 
Winter SO4 = 2 times regional SO4 
Winter OC =  4-5 times regional OC 

Sources (Estimates of contribution from 
source apportionment)  

• Median SO4 continues to drop from 1990 levels due to 
acid rain controls, but peaks remain. 
• Summer sulfate not neutralized, but is in winter so 
greater nitrate response to winter sulfate drop. 
• Regional transport in summer from Ohio River Valley 
important. Reduction in regional and local SO2 beneficial. 
• Local SO4, OC and NO3 in coastal urban areas 
important in winter.  Need to consider how to reduce OC. 
• Winter nitrate increase will partially offset sulfate 
decreases, and is ammonia limited. 

Policy Implications  for PM2.5 

(Simple Summary Insights) 
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Policy QPolicy Quuestions Frame Synthesisestions Frame Synthesis 
yPQ1. Is there a significant PM problem and how confident are we? 
yPQ2. Where there is a PM problem, what is its composition and what factors 

contribute to elevated concentrations? 
yPQ3. What broad, pollutant based, approaches might be taken to fix the 

problem? 
yPQ4. What source specific options are there for fixing the problem given the 

broad control approaches above? 
yPQ5. What is the relationship between PM, its components, and other air 

pollution problems on which the atmospheric science community is working?
 - - - - - - - - - - - - - - - - - - - - - -
yPQ6. How can progress be measured? H ow can we determine the 

effectiveness of our actions in bringing about emissions reductions and air 
quality improvements, with their corresponding exposure reductions and 
health improvements? 
yPQ7. When and how should implementation programs be reassessed and 

updated to adjust for any weaknesses, and to take advantage of advances in 
science and technology? 
yPQ8. What further atmospheric sciences information will be needed in the 

periodic reviews of national standards? 



 

ConcConclulusisionsons- - 11 

� PM2.5 levels persistently greater than existing 
standards have been observed in urban 
areas throughout North America 

¾  On  average, greater than 2/3 of PM2.5 is traceable back
 to an thropogenic sources 

� PM10 levels greater than existing standards 
are observed in specific parts of North 
America 

¾  S trong influence of fugitive and open source
 e missions 







  

ConcConclulusisionsons- - 22
 

� Origins and properties of PM vary with time-
of-year and by region 

¾ Management strategies will likely vary with region 

¾ Strategies will likely address both local and regional 
contributions 



  
                        

  
  

 

ConcConclulusisions ons  - 2 co- 2 continntinueued:d:
 

� PM2.5 includes a complex mixture of chemicals
 
Min. Max. Avg. 

Sulfate  7% 47% 24% 
Nitrates  4% 37% 13% 
Ammonium  3% 20% 13% 
Black Carbon  2% 22% 10% 
Organic Carbon 11% 41% 27% 
Soil  2% 25% 7% 
Other  0% 23% 6% 

¾ Of these, organic carbon is the most complex, and our 
understanding of its origins (manmade and biogenic), 
atmospheric behavior, and composition is the most poorly 
understood 









 

ConcConclulusisionsons- - 33 

� Receptor models and chemical transport
models are useful mathematical tools for 
identifying PM management strategies 

¾  P art of a corroborative analysis 

¾  T he power and accuracy of such models is likely to
 i mprove significantly in the future, as our understanding
 of atm ospheric aerosols improves 











 

ConcConclulusisionsons- - 44 

� There is an interrelationship between PM and 
other air pollution problems 

• Ozone 
• Visibility impairment and climate change 
• Acid deposition 

¾  M anagement strategies should consider these
 i nterrelationships 









ConcConclulusisionsons- - 55
 

� There is a need for collaboration across 
disciplines 

• Atmospheric Sciences 
9 Measurement & Modeling 
9 Climate Change 

• Exposure 
• Heath Effects 



  
 
 
 

 

 
 

 

  

AMBIENT AIR 
INDICATOR 
(e.g.: mass 
concentration) 

SOURCES OF 
AIRBORNE PM 
OR GASEOUS 
PRECURSOR 
EMISSIONS 

Mechanisms determining 
emissions, chemical 
transformation (including 
formation of secondary 
particles from gaseous 
precursors) and 
atmospheric transport. 

Figure 1.4.  Pollutant source to receptor response paradigm (NRC, 1998). 

PERSONAL
 
EXPOSURE
 

DOSE TO HUMAN 
TARGET HEALTH 

Human time 
activity, indoor (or 
microenvironment) 
sources and sinks 
of PM). 

Deposition, 
clearance, retention 
and disposition of 
PM presented to an 
individual. 

RESPONSE TISSUES 

Mechanisms of 
damage and repair. 





 

ConcConclulusisionsons- - 66 

� More systematic approaches are needed for 
integrating diverse types of knowledge on 
origins, properties, and effects of atmospheric 
PM to assist with the development of 
management strategies and the 
measurement of the progress towards 
protecting health. 



 
Iterative communication for managing air quality 
to reduce health and environmental impacts 



 
 

 

 
 

 

RecRecoommendatiommendationnss 
y1. Better understanding of carbonaceous aerosols 
y2. Long term (multi-decade) monitoring of PM mass, 
composition, and gas/particle distributions, and gas phase 
precursors and co-pollutants in parallel with health impacts 
studies. 
y3. Evaluating and further developing the performance of 
chemical transport models. 
y4. Improve emissions inventories and emission models 
y5. Commitment to the analysis, synthesis and archiving of 
ambient data and fostering interactions between atmospheric, 
climate, and health science communities 
y6. More systematic approaches for integrating diverse types of 

knowledge on sources, properties, and effects of PM to assist 
with the development of management practices and tracking 
their progress towards protecting health. 
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