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The Air Pollution/Climate Nexus 

• The scope and sources of exposure 
• The health evidence from: 

• Toxicology 
• Epidemiology 

• Estimating Public Health Impact 
• The new Global Burden of Disease 
• The UNEP Assessment of BC and CH4 



The Health Effects Institute 
Trusted Science    Cleaner Air    Better Health 

• An independent non-profit institute providing trusted science on 
the health effects of air pollution for 30 years 

• Joint core support from 
• Government (US EPA) and Industry (Worldwide Motor Vehicle) 
• Partnerships with WHO, ADB, CAI-Asia, EU, US DOE, industries, 

Hewlett foundation, others 
• Independent Board and Expert Science Committees 

• Oversee and intensively peer review all science 
• International experts (e.g. China (Tsinghua, Fudan), India, Thailand) 

• Over 270 studies, scientific reviews, reanalysis conducted 
around the world, including 
• Public Health and Air Pollution in Asia (PAPA) program  

• Understanding local impacts in a global context 



PM Air Pollution: A Problem Worldwide 
Ambient Levels of Particulate Matter Exceed Current WHO 

Air Quality Guidelines 
Especially in Some Asian Countries 

World Health Organization 2006 



Asia PM 2.5 Source Apportionment: Vehicles ~20% - 35% 

Source: Chowdhury, HEI 
 



6 



Toxicology Evidence 

• Relative few studies directly of black 
carbon (as understood by atmospheric 
chemists) 

• Two examples: 
• Ultrafine carbon particles 
• Effects of diesel emissions with a particle filter 

• i.e. the effects of the absence of carbon 



HEI Human Study of Ultrafine 
Carbon Particles (Frampton et al) 
-  Carefully control exposures of healthy young 

adults at rest and during exercise 
-  Showed effects on heart rate variability, other 

CVD markers 



Testing what happens when Technologies 
and Fuels Change 

“New Technology” Diesel  
 

• Heavy Duty Truck and Bus Engines 
• 2007 EPA Requirements 

• 15 ppm sulfur diesel fuel 
• PM control (filter and catalyst) 
• Some NOx control (primarily exhaust gas 

recirculation) 
 

• 2010 EPA Requirements 
• Above plus: 

• Advanced NOx control (selective catalytic reduction)  
• Similar changes in light duty, off road vehicles 

 
 
 
 



Key Need:  Exhaust Treatment Systems 
 —Particle Removal and NOx Elimination 

10 
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Diesel particulate filters can achieve 
dramatic emission reductions 



 The HEI Advanced Collaborative Emissions Study (ACES) 
Evaluating Emissions of Advanced Technology Diesels  

• New 2007/2010 engine/control systems and fuels designed to result in substantially 
reduced emissions.  

• Substantial public health benefits are expected from these reductions. 
• But, with any new technology it is prudent to ensure there are no adverse impacts to  

public health and welfare. 
 
ACES is moving to answer these important questions:  
 
Phase 1: 2007 Engine Emissions Characterization Completed   
  Dramatic reductions  
    
Phase 2: 2010 Engine Emissions Characterization  
  Testing Underway; report in 2013  
 
Phase 3: 2007/2010 Engine Emissions Health Effects Testing 

-Short term health biological screening complete  
 -Few to no health effects observed 
-Longer term (cancer) testing well underway 
 -Early results promising 
Final report expected 2014 
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Characteristics of New vs. Old Diesel PM 
HEI/CRC ACES Results Compared to earlier Testing: 

Dramatic Reductions 
98% reduction in mass 

90% - 99% reduction in Ultrafine Particles 
Substantial reduction in carbon particles 



Greater than 90% reduction in PAHs (including known carcinogens) 
Many PAHs now below detection limits (Khalek et al 2011) 

• Polycyclic Aromatic 
Hydrocarbons (PAHs) 
have been of major 
concern in diesel 
exhaust 

• Many known to cause 
cancer 

• Some of the most toxic 
are so low they can no 
longer be measured 

 



ACES PHASE 3B – HEALTH RESULTS  
Key Findings at LRRI 

The majority of the analyses showed no difference between diesel exhaust exposure 
and clean air control. 
 
Histopathology analysis revealed mild/minimal exposure-related hyperplasia in the 
rats after 3 months of exposure, but not in mice.  The hyperplasia increased at 12 
months, but was still considered mild/minimal severity. 
 
Statistically significant findings were noted for several  indicators of oxidative stress 
and inflammation in rats and mice at 3 months (fewer findings in mice).   
 
Pulmonary function assessments in rats showed slight differences in exposed rats 
compared with control after 3 and 12 months of exposure. 
 
Note: When designing the study, it was expected that at the high concentration (at 4.2 
ppm NO2) some NO2-related effects may be observed. Results so far are not 
inconsistent with that. 



Other analyses of reduced carbon diesel:  
Vascular inflammation with and without a filter 

(Lucking et al 2011) 



Epidemiology 

• A large number of studies of short term PM 
exposure and effects (e.g. time series 
studies) 

• A smaller but growing number of long term 
(cohort) studies 



A Challenge: Measuring Black Carbon for 
Epidemiology Studies 

• Many studies historically in Europe/UK using Black Smoke, 
an optical measure. 

• Works well as an indicator of health risk 
• But relation to mass varies by location, season, and over time 
• Elemental carbon of growing interest and now measured 

widely in US ambient monitoring networks 
• Not a fully specific method – based on a thermo-optical  

procedure that is not as yet standardized 
• At similar size distributions, however, EC seems to link better 

to the measures of black carbon mass used by the climate 
community 
 



European Daily Time-series studies 
PM2.5 and Black Smoke 

Source: WHO 2012 



HEI Study of effects in 
a Dutch Cohort 

(Brunekreef et al) 

• Large population 
in a diet and 
nutrition study 

• Measures of 
Black Smoke, 
other pollutants, 
and indicators of 
traffic 





374: 2091-2103, 2009 (Dec). 

Smith KR, Jerrett M, Anderson H, Burnett R, Stone V, Derwent R, Atkinson R,  
Cohen A, Shonkoff S, Krewski D, Pope III CA, Thun M, Thurston G 

Part of a series of 6 papers on 
health and climate co-benefits 



New Results Comparing Effects of Ozone, 
Sulfate, and EC with PM2.5 

• Data from the American Cancer Society Cancer 
Prevention II cohort (n=352 242) with follow-up 
from 1982 to 2000.  

• Spatial survival model included random effects in the 
66 metropolitan statistical areas that had all pollutants 
recorded for the national cohort. 

• Survival model stratified by age, sex, and race.  
• Pollution effects adjusted for 44 covariates measured 

at the individual level and seven covariates measured 
at the ecological level for the zip code area of 
residence and for the zip code area deviated from the 
metropolitan area average.  



 



Smith, et al., Lancet, 2009 

Relative risks presented in the first row for each cause of death are  
from single-pollutant models, whereas those in subsequent rows  
indicate pollutants simultaneously included in survival models.    



Relatively Consistent Long-term results 
EC risks consistently higher than PM 

(WHO 2012) 



Air Pollution and Public Health 
• Several global efforts to estimate public health impact of air 

pollution 
• New Global Burden of Disease (2012) 
• UNEP Assessment (2011) 

• Estimate impact for all pollution from all sources 
• i.e. PM2.5, Ozone 

• To date, have not estimated specific effects of black carbon 
• Which is one, though not the largest, component 
• Key challenge: characterizing what among the indoor and outdoor 

carbon emissions are black carbon 



The Global Burden of Disease (GBD) 

• GBD is a systematic worldwide effort to estimate risks 
from all major risk factors  
• E.g. smoking, diet, road traffic, outdoor and indoor air 

pollution 
• Disability Adjusted Life Years (DALYs) and mortality 

• Last completed for Year 2000 (Published 2002) 
• Most recent update by WHO: 1.34 million deaths worldwide 

• Newest version to be published in The Lancet in 
December 
• HEI led outdoor air pollution analysis, contributed to 

household pollution analysis 



Global Burden of Disease 2010 

• Extensive new analysis across multiple 
“risk factors” 
• 800 global scientists from Universities, WHO, 

Governments 
• Major Changes for outdoor air pollution 

• Substantially enhanced exposure estimates 
• New refined estimate of the “concentration-

response” relationship 



New, More Extensive Global Estimates Based on 
Measurements, Remote Sensing 

(Brauer, et al, 2011) 



A New “Concentration – Response” Graph  
for PM 2.5, and active and passive smoking 

Big Question: Smoking exposures much higher, but “relative risks” are lower 
Key new finding: Risk goes up with PM2.5 inhaled dose regardless of source 
• Change in risk is steepest at lowest levels – from PM and Second-hand smoke 
Intervention to reduce exposure at at lower levels will gain greatest health 
improvement 

Circle: Active Smoking 
Diamond: Passive Smoking 
Square: PM2.5 

Pope, et al 2011 



Preliminary estimates of deaths, DALYs attributable to PM2.5 

- There is expected be a substantial increase in estimated 
premature deaths related to air pollution (compared to 2000) 
• Largely attributable to cardiovascular disease – IHD and stroke 

- Air Pollution is expected to rise among other risk factors 
- Also, a significant increase in Disability Adjusted Life Years 

(DALYs) 
• Key new evidence on Acute Lower Respiratory Disease in 

Children 
• The top cause of child mortality worldwide 



UNEP Assessment 2011 

• Substantial 
warming benefits 
from series of 
CH4 and BC 
Measures 

• ~2.4 million 
premature deaths 
avoided in 2030 
from PM2.5 
reductions 
resulting from the 
measures (i.e. BC 
plus other PM 
reductions) 

• Also, significant 
crop benefits 



UNEP Assessment 2011 
Largest regional benefits in Asia 



Concluding Thoughts 
• Black carbon is an important, though not the only, 

component of PM 
• Large portions of the globe face significantly elevated PM levels 
• Accurate understanding of source emissions and their contributions to black 

carbon is critical to health assessments 
• There is significant toxicological and epidemiological 

evidence of black carbon effects 
• New estimates of global public health impact are 

applying enhanced exposure assessment and health 
knowledge 
• Resulting in substantially increased estimates of PM health impact 
• And of black carbon as one component (though much more needs to be 

understood on the BC contribution) 



Thank You 

Dan Greenbaum 
dgreenbaum@healtheffects.org 
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