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Air pollution and health 

• Ambient air pollution 
(individual) risk is typically 
small…but large exposed 
population = large 
population risk 

• Major impacts are on chronic 
disease progression 

• Diseases impacted by air 
pollution are multifactorial… 

• …Air pollution as a 
contributing risk factor 
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What is air pollution? 
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What is air pollution? 



Examples of Particle Types and Mixtures 
Present in Combustion Plumes 

USEPA, 2012 



2013 Annual Average PM2.5 

WHO Guideline 



1990 – 2013 Change in Annual Average PM2.5 





*PRELIMINARY ESTIMATES – SUBJECT TO CHANGE* 
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What is BC? 

• Operationally defined 

• Incomplete combustion  
– diesel, household solid fuel, 

industrial, landscape fires 

• Light absorbing PM 
component 
– US urban: 4 – 11% of PM2.5 

mass 

– Delhi: 10% (auto-rickshaw: 
23%) 

– Cookstove emissions: 15 – 
100% 

BC/OC fractions of PM2.5 Emissions for 
the Highest BC Emitting Non-Mobile 
Source Categories (USA) 

75% EC 

USEPA, 2012; Apte et al., 2011; Saraswat et al., 2013; Grieshop et al., 2011 
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Mexico City Air Sample 

1 µm 



Health impacts of PM constituents 

Insufficient information to differentiate the 
health impacts of different PM constituents 

– WHO, IARC, GBD, USEPA  





BC and Health 

• BC represents one of the more health-relevant 
components of PM, especially for cardiovascular 
effects 
– Effects of BC and PM2.5 mass similar per inter-quartile 

range in pollutant levels; BC 7-8 x higher per µg/m3 

– BC effects robust to adjustment for PM2.5 mass; PM2.5 

mass effects decrease after adjustment for BC 

– Toxicological studies:  BC (measured as EC) may not be 
a major directly toxic component of PM2.5, but may be 
a carrier of a wide variety of combustion-derived 
chemical constituents. 
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Road proximity & cardiovascular death 

Gan WQ, Tamburic L, Davies HW, Demers PA, Koehoorn M, Brauer M. Changes in residential proximity to road traffic and the risk of death from 
coronary heart disease. Epidemiology. 2010 Sep;21(5):642-9. 
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Coronary heart disease (CHD) mortality: Black Carbon 

N = 450,000 adults > 45 yrs 

http://www.ncbi.nlm.nih.gov/pubmed/20585255
http://www.ncbi.nlm.nih.gov/pubmed/20585255
http://www.ncbi.nlm.nih.gov/pubmed/20585255
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Mortality 



COPD Hospitalization COPD Mortality 



www.pnas.org/cgi/doi/10.1073/pnas.1317176111 

The effect of BC on SBP was almost three times greater in women living near the highway [6.2 
mmHg; 95% confidence interval (CI), 3.6 to 8.9 vs. 2.6 mmHg; 95% CI, 0.1 to 5.2]. 
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Implications 

• BC is an indicator of combustion-derived PM2.5 
health impacts 

• Reducing PM2.5 (and BC) leads to health benefits 

• Magnitude of benefits depends also on size of 
exposed population and their disease burden 
- Controls on direct emissions may be especially 

beneficial (exposure proximity) 

• Reducing only BC will leave substantial health 
impacts from PM2.5 
– BC mitigation strategies must also lead to net 

reduction in PM2.5 





EXTRA SLIDES 

 



Absolute (1 kg/km2 yr) reduction Relative (10%) reduction 




