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Outline of Presentati0n 

• What is the Health Effects Institute 

• Brief introduction to ambient particulate matter 

• HEI evaluation of UFP literature (2013) 

• German evaluation of UFP literature (2018) 

• Where are we now? 

 

• Take Home Message: Scientific knowledge on human  
health effects from exposure to ambient  
UFPs is quite uncertain 
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What is the Health Effects Institute 

• Independent, non-profit institute, providing high quality, impartial 
scientific information on the health effects of air pollution, since 1980 

• Balanced Core Support:  
• US EPA and Industry (Worldwide Motor Vehicle, incl. heavy-duty manufacturers) 

• Additional Partners 

• DOE, CARB, Oil Industry (API, CONCAWE), Foundations 

• Governance 
• Independent Board of Directors 

• Expert Scientific Committees – Develop, oversee and intensively peer review all 
research 

• Hundreds of scientific reviews, reanalysis, and original research 
conducted aound the world 

• Scientific Research Organization:  HEI does not advocate policy 

• www.healtheffects.org  



HEI’s Activities 
• Targeted Research and Reanalysis 

• Over 350 Studies on a wide variety 
of air pollutants: PM, ozone, diesel, 
air toxics, Exposure, Epidemiology 
Accountability 

• Reanalysis of critical studies 

• Authoritative Literature Reviews 

• Global Health 

• Middle and Low Income 
Countries 

• NEW Energy Research Program 

• Potential Exposures and from 
 unconventional oil and gas 
 development 
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All Publications available 
for free at www. 
HealthEffects.org 



Health 
Impact of 
PM2.5: 
About 80,000 
premature 
deaths were 
attributed to 
PM2.5 in the U.S. 
in 2016 
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What are Ultrafine Particles (UFPs) 
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Challenges of Studying UFPs 

• Characterization of ambient UFP exposures continues to 
be much poorer than for other pollutants 

• No clear consensus on the ‘right’ (health-relevant) metric 
for UFP exposures 

• Number, size, surface area, composition? 

• Sources (Traffic, Cooking, Other) 

• High Spatial and Temporal Variability  

• Health Endpoints, mechanisms 
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Characterization of PM 
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The HEI UFP Panel 

• Multidisciplinary panel to review 
the science on UFPs 

• Do UFP affect health at ambient 
levels? What is the evidence 
from scientific studies? 

• In particular:  Given there is 
good evidence of effects of fine 
particles (PM2.5) on health:  

• The health effects of UFPs that 
are i ndependent  of other 
particle size fractions or of 
other components of the air 
pollution mixture? 
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HEI Panel’s Overall Conclusions (2013) 

• Motor vehicles have been important sources of emissions 
and exposures to ambient UFPs. 

• UFPs differ from larger particles in their lung deposition, 
clearance and potential for translocation. 

• Experimental and epidemiologic studies provide suggestive, 
but not consistent, evidence of adverse effects of short-term 
exposures to ambient UFP. 

• Long-term studies on the effects of UFPs do not exist. 
• Therefore: “The current evidence does not support a 

conclusion that “exposure to UFPs alone can account in 
substantial ways for the adverse effects … of PM2.5” 

• The lack of support for a substantial, independent effect 
“does not mean that such effects, as one part  
of the broader effects attributable to PM2.5  
can be entirely ruled out.” 
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GOALS 

• Investigate health effects of ultrafine 
particles, independent of other pollutants 

• Systematic literature review 

• Focus on Epidemiological studies 
published from 2011 to 2017 

• Start with the HEI review (2013) 

• Two publications 
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Effects of Short-Term Exposure 
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IHD: Ischemic heart disease, 0 indicates no association. (+) and (-) indicates primarily non-significant 
associations, + and - indicate significant associations. Nc: not conducted. 



Overall Conclusions – German Review (2018) 

A rapidly increasing field of research and substantial 
developments, but the overall conclusions have not changed 
substantially since publication of the HEI review  

1. Exposure assessment in the population remains difficult, 
due to the specific characteristics of UFPs  

2. The evidence on health effects remains inconclusive or 
insufficient for most of the studied outcomes 

3. The independence of UFPs cannot be evaluated at the 
moment, due to the low number of studies with adjustment 
and other limitations to exposure assessment  

4. There continues to be an urgent need for long-term studies 
on health effects of UFPs 
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Where does this leave us? 
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US Heavy Duty Vehicle Emissions Regulations 



Gasoline Direct Injection LDV Engines 

• ~ 50% of LDVs sold in the US  
have GDI 

• More fuel efficient  

• Higher UFP (and PM) emissions 

• Evolving technology 

• Impact on ambient 
concentrations? 

 

 European PN standard (not based 
on health studies) 

Use of gasoline particle filter for 
compliance 
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Where does this  
leave us, cont. 

 

 

• DRAFT ISA  --Changes in 
evaluation of UFPs 

• Based on  
• Six animal studies [very high doses] 

• One epidemiology study [did not 
adjust for co-pollutants] 

• Many comments on this point 

• Will EPA re-consider this 
designation for UFPs ? 

• Not a driver for the NAAQS 
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DIGRESSION: A New Challenge -- PM2.5 Effects at Low Levels 

• Crouse et al. (2012) paper on 
effects at low levels in the 
Canadian Census Cohort 

• Are they real? Questions include 

•  Exposure Estimates 

•  Confounders 

•  Analytical methods 

• HEI is funding three excellent 
teams for this research 

• Goal: rigorous testing of low-level 
associations 
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PM associations below 8 µg/m3 



Geographical areas 

Estimating the Effects of Exposure to Low Levels of Air 
Pollution – HEI studies 

PI: Michael Brauer, U British 
Columbia 
(~ 10 million) 

PI: Francesca Dominici, 
Harvard 
    (~ 60 million) 

PI: Bert Brunekreef, Utrecht 
University 

(~35 million) 
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Early Results from the U.S. Medicare Cohort 

• First results in 61 million Medicare enrollees 
• Analyzed for PM and Ozone effects 
• Traditional “Cox Proportional Hazard” Models 

• Controlled for possible confounders 
• But did not have data on smoking, some others confounders 

 



Conclusions from Dominici et al  

• Medicare enrollees (~65 million) 
[limited confounder information] 

• Exposure – Satellite + ground, 
neural network 

• Concentration– Response: 

o PM: HR 1.073;  no threshold? 

o Ozone:  HR 1.011, to at least 30 ppb 

• Additional analyses underway 

• Medicare data are public & 
Dominici will make all statistical 
codes and data available 
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PM2.5: Continuing Challenges … 
• If low exposure effects are confirmed by other studies 
• Scientific challenges – Reducing uncertainties 

• Exposure assessment – error assessment 
• Health ascertainment and characteristics 
• Analytical challenges – Big Data; causal inference 

• Policy Challenges – Reducing exposures/doses 
• Further reductions in exposures  -- What would work best? 
• Averages vs “hot spots” and population and individual 

vulnerabilities 

• Role of PM2.5 characteristics: size, source, composition, etc. 
• Other … 
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Thank you 
 

Rashid Shaikh 
rshaikh@healtheffects.org  

www.healtheffects.org 
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