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Background

• March 2011 – EPA published “Benefits and Costs of the 
Clean Air Act from 1990 to 2020 (Second Prospective 
Study)”

– Benefits ($2T) outweigh costs ($65B) by 30 to 1

� TCEQ staff examined this analysis, focusing on: 

• The studies used

• The assumptions made

• The methods employed



Key = PM2.5

• According to EPA:

– Causally associated with Premature Mortality

– No Safe Level of Exposure

“Particulate matter causes premature death. It doesn’t 

make you sick. It’s directly causal to dying sooner 
than you should…. If we could reduce particulate 
matter to healthy levels, it would have the same 
impact as finding a cure for cancer in our country….
We are actually at the point in many areas of this 
country where on a hot summer day, the best advice 
you can give is don’t go outside. Don’t breathe the air. 
It may kill you.”  - Lisa P. Jackson, Former EPA 
Administrator



Key to Understanding → PM2.5 NAAQS Basis

Observational Epidemiology

• ACS (American Cancer 

Society)

– Pope et al. 2002

– Krewski et al. 2009

• HSC (Harvard Six Cities)

– Laden et al. 2006

Clinical Studies and Toxicology

• Exposure of human volunteers 
to PM, CAPS, DE

• Exposure of mice to PM
– ApoE model: susceptible to 

heart disease
• Cholesterol levels 14 times higher than 

wild type mice (Plump et al. 1992)

• The majority of human clinical 
and animal studies show no 
significant effects

• Some studies show subtle 
changes in heart rate 
variability or markers of 
inflammation

PM – particulate matter, CAPS – concentrated air particles, DE – diesel exhaust



FOIA HQ-FOI-02235-11

January 2010 – June 2011

41 Volunteers

Dose:35 – 750 µg/m3

Results:

1 individual: elevated heart rate

1 individual: irregular heart beat*

39 individuals: no clinical effects

Additional Information:

April 2010 Report to UNC IRB: 

≥6,000 volunteers exposed to 

date 

•one adverse reaction in exposure 

group 

•two adverse reactions in clean air 

control group

Exposure of Human Volunteers to PM2.5
Studies Conducted by EPA

*Case Report: 
Supraventricular Arrhythmia after 

Exposure to Concentrated Ambient 

Air Pollution Particles. Ghio et al. 

EHP. Feb. 2012. 120:275-277
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Observational Epidemiology Studies

Annual average for 
county – estimated 

from monitors

Based on 
death 
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Observational Epidemiology Studies
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expectancy by 
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Data from Harvard Six Cities Study
Laden et al. 2006

Laden et al. HSC Study 2006
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What the Curve Should Look Like

However, causality seems questionable, because neither the point estimate nor the lower confidence 
intervals are above a relevance limit of efficacy of 2.5,…  Hothorn, 1999



No Effect

Relative Risk for 
Smoking and Death 
from Cardiovascular 
Disease

Relative Risk 
for Smoking 
and Death from 
Lung Cancer

Relative Risk

Scientific & Legal Guidance 

Reference Manual  on 

Scientific Evidence
Third Edition, National 
Academies Press, 2011  

“In general, studies that find a 

relative risk less than 2.0 should 

not be sufficient for 

causation…[r]elative risks of less 

than 2.0 may readily reflect some 

unperceived bias or confounding 

factor…If the relative risk is near 

2.0, problems of bias and 

confounding in the underlying 

epidemiologic studies may be 

serious, perhaps intractable.”

Relative Risks <2 ≠ Causality



Interpreting Epidemiology 
Studies – EPA Water Program



Confounding in PM2.5 Epidemiology

Risk Factor Effect Size
Relative Risk or 

Hazard Ratio
Reference

Controlled for in
Krewski et al. 2009

High Dietary Trans Fats 1.4 RR Danaei et al. 2009
not trans fat specific, 

measured  as “dietary fat”

Low Fruit/Veg Intake 1.04 RR Danaei et al. 2009
not fruit/veg specific, 

measured  as “dietary fiber”

Low Omega 3 Intake 2.18 RR Danaei et al. 2009

Tobacco Use
M: 5.51

F:3.78
RR Danaei et al. 2009 √

High Cholesterol 2.11A RR Danaei et al. 2009

High Blood Pressure 2.04B RR Danaei et al. 2009

Overweight 1.14C RR Danaei et al. 2009 √ (as BMI)

High Blood Glucose 1.42D RR Danaei et al. 2009

Psychiatric Disorders 

(Bipolar)
5.55 HR Gale et al. 2012

Temperature >93.2°F 1.09 RR Hondula et al. 2012

Multivitamin Use 1.07E HR Park et al. 2011

Stress 1.43 HR Russ et al. 2012

Shift Work 1.24 RR Vyas et al. 2012

A – per mmol/l increase 

B – per 20 mmHg increase

C - per kg/m2 increase

D – per mmol/l increase

E - nonsignificant

Note:
Covariate data was 

from the 1982 ACS 

Enrollment 

Questionnaire

Relative Risk for 

PM2.5 exposure and 

premature 

mortality: 

1.115 (1.003–1.239)



Confounding in PM2.5 Epidemiology

•The existing body of epidemiological 

literature linking PM2.5 and premature 

mortality appears to be affected by 

confounding  
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PM 2.5 -Mortality Coefficient Estimates and 95% CI

Adapted from Franklin et al. 2007

Dallas

Birmingham

Las Vegas

Houston

Riverside

Cincinnati

Los Angeles

Seattle

Washington DC

Palm Beach

Detroit

Pittsburgh

San Diego

Fresno

Philadelphia

Sacramento

Indianapolis

Manhattan

Minneapolis

Cleveland

Boston

Tampa

Columbus

Memphis

Chicago

Phoenix

Milwaukee

Estimates of the percent Increase in all-cause mortality with a 

10 µg/m3 increase in previous day’s concentration PM 2.5

Correct Statistical Analysis?

Weibull 
Distribution
(which cannot show 

zero or negative 

relationships)



Extrapolation of Mortality Estimates

From EPA – Regulatory  Impact Analysis of the Proposed 
Toxics Rule: Final Report – March 2011

PM 2.5 -Mortality Coefficient Estimates and 95% CI

Adapted from Franklin et al. 2007
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Name Academia Other
EPA funded at 

the time
Funding Notes

Co-author ACS 

or HSC

Doug Dockery Harvard yes center grant yes

Kaz Ito NY Univ. yes center grant yes

Daniel Krewski Univ, Ottawa yes
author of center grant-

supported paper
yes

Nino Kuenzli
Univ. Southern 

California
yes center grant no

Morton 

Lippmann
NY Univ. yes center grant no

Joe Mauderly Lovelace yes center grant no

Bart Ostro CALEPA yes grant yes

Arden Pope
Brigham Young 

Univ.
yes

author of center grant-

supported paper
yes

Richard 

Schlesinger
Pace Univ. yes center grant no

Joel Schwartz Harvard yes center grant yes

George 

Thurston
NY Univ. yes center grant yes

Mark Utell Univ. of Rochester yes center grant no

Authors of papers with 

contradictory data (19)

6/12 panel members did not include the 

following studies with contradictory data

Abbey Lebowitz Enstrom 2005

Baty Lipfert Lipfert 2000, 2003, 2006

Beeson McDonnell Abbey 1991, 1999

Breslow Miller McDonnell 2000

Carmody Nishino Chen 2005

Chen Perry

Enstrom Peterson

Ghamsary Shavlik

Kabat Wyzga

Knutsen

Expert Elicitation Study
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PM2.5 More Toxic Than Cigarette Smoke



Value of Statistical Life 

• “Lives Saved” vs. “Life-Years 
Added”

– Deaths “prevented or avoided” 
do not occur, since reducing 
PM2.5 does not confer 
immortality

• EPA estimates the median age of people 
who gain extra months of life from 
cleaner air is 79 years old.

• Adjustment of VSL for quality of life:

– EPA VSL of $8,900,000 appropriate 
for healthy young adult (≈25)

– 6:1 ratio for 25 vs. 80 year old

• Based on WTP studies, NOT economic 
valueFrom Weeks 1995



Use of PM2.5 in RIAs

From Smith, 2012 
testimony

2009 
Change in 

Methodology

• EPA uses estimates of 
benefits from reducing 
PM2.5 in its RIAs for 
rulemakings under the 
Clean Air Act
• This is called “co-benefits” 

because a PM2.5 reduction 
is expected from efforts to 
reduce other air pollutants

• Trend towards using PM2.5
as primary source of 
benefits in most RIAs 
since 1997
• Even when regulation is 

not intended to protect 
public health from 
exposures to ambient 
PM2.5



PM “Co-Benefits” in RIAs

• Same statistical lives counted in multiple rules

• Different costs – unique to each rule

PM2.5

NAAQS

Utility 
Boiler 
MACT

Mercury 
Air Toxics 
Standard

Sewage 
Sludge 

Incineration 

Units

Ferroalloy 
NESHAP Total

Costs millions 

($2006)
Estimated 
Statistical 
Deaths

15,000 11,900 2,650 25 14

Cost 6,400 10,600 9,329 17 4 26,350



Risk Attributed to Ambient PM2.5

• “These benefits are 
incremental to an air quality 
baseline that reflects 
attainment with the 2006 
PM2.5 National Ambient Air 
Quality Standards 
(NAAQS)”, in other words 
EPA assumes risk from 
background levels.

-EPA, The Benefits and Costs of the 
Clean Air Act from 1990 to 2020, 

March 2011

• ≈99% of the estimated 
mortality is due to 
concentrations less than the 
level deemed protective of 
public health.

Current 
NAAQS
12µg/m3



Risk Attributed to Ambient PM2.5

NAAQS 12µg/m3

Outcome 
depends on 

choice of 
studies



EPA rules account for 64-87% of all “benefits” across 
all federal agencies 

Report to Congress
on the Benefits and Costs
of Federal Regulations

2011

Office of Management and Budget
Office of Information and Regulatory Affairs

($ Billion) ($ Billion)



Health Effects of Poverty and Unemployment

• Poverty and unemployment have been recognized as risk factors for 
morbidity and mortality since the 1800’s (Virchow, 1848)

• As of March 2012, there are 4,850 publications on this topic

Roelfs et al. Soc Sci Med 2011; 72:840-54

Relation of real GDP per capita to age-adjusted death 
rates, US 1900–2000 (natural logarithms).

Brenner M H Int. J. Epidemiol. 2005;34:1214-1221

Unemployment and All-Cause 
Mortality


