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1996/97 PM NAAQS Review

• First to focus on epidemiology to infer a causal PM-mortality relationship
• Previous NAAQS reviews relied mostly on controlled human exposures and 

toxicology to establish NAAQS
• Previously epidemiology studies were only considered secondarily if they 

supported human exposure and toxicology evidence because epidemiology 
cannot establish causality

• 1996/97 review weighed epidemiology more than toxicology or human 
exposure because toxicology and human exposure studies could not 
provide plausible biological mechanisms to explain EPA’s PM-mortality 
conclusion

• Despite the lack of plausibility, EPA established stringent annual PM2.5 and 
24-hour NAAQS



When Setting the PM2.5 NAAQS, EPA 
Acknowledge Many Uncertainties in 1996

• 1996 Staff Paper- “Staff  believes it is important to emphasize the 
unusually large uncertainties associated with establishing standards 
for PM relative to other single component pollutants for which 
NAAQS have been set.” 

• 1996 Staff Paper went on to identify 9 key uncertainties that needed 
to be resolved before the next review



Key Uncertainties Identified in 1996

1. Lack of biological mechanism
2. Uncertainties and biases introduced by measurement error
3. Confounding by copollutants
4. Uncertainty of attribution to size range or chemical constituent(s)
5. Uncertainty of shape of concentration-response (C-R) relationships
6. Unaddressed confounders and methodological uncertainties
7. Extent to which life is being shortened
8. Uncertainty of background concentrations
9. Lack of health studies on coarse fraction 



Uncertainties Spawned Two Decades 
of Public and Private Research

• Blue Ribbon National Research Council Panel
• EPA established 5 PM Research Centers
• EPRI’s PM Research Program
• Health Effects Institute (HEI) PM Research Program

• Reanalysis Project
• NMAAPS
• APHENA
• NPACT
• Numerous other smaller studies



After Two Decades of Research:  Remaining 
Uncertainties

Significant Uncertainties Remain
1. Lack of biological mechanism
2. Uncertainties and bias introduced by measurement error
3. Confounding by copollutants
4. Uncertainty of attribution to size range or chemical constituent(s)
5. Uncertainty of shape of C-R relationship
6. Unaddressed confounders and methodological uncertainties
7. Extent to which life is being shortened



Epidemiological Uncertainties Have Not 
Deterred EPA

• Two more stringent PM2.5 NAAQS adopted
• 2006 24-hr NAAQS lowered to 35 µg/m3

• 2012 annual NAAQS lowered to 12 µg/m3

• Ozone NAAQS lowered 2 times (2008 & 2015)  based on 
epidemiology

• NO2 and SO2 NAAQS lowered in 2010 based on epidemiology
• EPA’s estimated benefits from various adopted and proposed 

regulations are dominated by PM benefits



Areas of Draft PM ISA Deficiencies

• Dosimetry
• Toxicology
• Epidemiology

• Confounding
• Methodological Uncertainties



PM ISA Still Wedded to Assumption that Reported 
PM-Mortality Statistical Associations are Causal

This ignores the Evidence that:
• The choice of the statistical model determines the strength (and 

sometimes the sign) of the relationships.  This is not consistent with a 
causal relationship

• Dosimetry and Toxicology cannot explain how such minute quantities 
of known species in PM2.5 could be causing the effects claimed by the 
epidemiological studies
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