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PM2.5 FRMs Reporting to AQS—thanks to Joann Rice for slide



Utah Valley, 1980s
Winter inversions trap local pollution
Natural test chamber

Local Steel mill contributed ~50% PM2.5
Shut down July 1986-August 1987

Natural Experiment



Local Steel Mill, Utah Valley, 1989



Utah Valley, 



Utah Valley, 1989

Thermal bubble
above smoke stack



Bad news? There are real people down there, including 
children and elderly, breathing that stuff.

Good news?  At least we are trying to monitor the air 
pollution.  This provides at least some opportunity to study 
the potential health effects.



Long-term
high-quality 
monitoring
sites. 
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PM10 concentrations Children's respiratory hospital admissions

Mean PM10

levels for
Months
Included

Mean High
PM10

levels for
Months
Included

Pneumonia
and
Pleurisy

Bronchitis
and 
Asthma

Total

Children's Respiratory Hospital Admissions
Fall and Winter Months, Utah Valley

Sources:  Pope. Am J Pub Health.1989;  Pope. Arch Environ Health. 1991







Summary of early Utah Valley epidemiological studies
Health effects

• Increased hospital admissions
• Increased respiratory

symptoms
• Reduced lung function
• Increased school absences
• Increased respiratory and

cardiovascular deaths

Study References

Pope (1989) Am. J. Public Health
Pope (1991) Arch. Environ. Health

Pope, Dockery, Spengler, Raizenne
(1991) Am. Rev. Resp. Dis.

Pope, Dockery (1992) 
Am. Rev. Resp. Dis.

Pope, Kanner (1993)
Am. Rev. Resp. Dis.

Ransom, Pope (1992)
Environ. Res

Pope, Schwartz, Ransom (1992)
Arch. Environ. Health

Pope, Kalkstein (1996)
Environ. Health Perspect.

Pope, Hill, Villegas (1999)
Environ. Health Perspect.



What was the critical aspect of this valley that allowed us
to conduct this research in Utah Valley?

•Well-defined mountain valley study area
•Well-defined very low-smoking population
•Intermittent operation of primary pollution source (natural exp.)
•Minimal occupational exposure (Univ/educ, high tech, etc)
•Large local university and excellent collaborators
•Intermountain Health Care hospitals with excellent data
• etc.

Ambient Air Monitoring.

Excellent, regular monitoring of air pollution had been 
(and continues to be) conducted along Utah’s Wasatch 
Front, including at multiple sites in Utah Valley, for many 
years.



Experimental evidence of biological effects of PM extracted from filters 
(Ghio, Kennedy, Frampton, Costa, Dye, Devlin et al. 1998-2004)

• Acute airway injury and inflammation in rats and humans

• In vitro oxidative stress and release of proinflammatory mediators by
cultured respiratory epithelial cells

• Differential toxicities of PM when the mill was operating versus when it was
not (metals content and mixtures?)
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Now daily time-series mortality studies from 100s of cities.

So, how was it decided which
cities would be included in
time-series estimates of the
effects of air pollution on
Mortality?
Simple—Cities with adequate
ambient air monitoring data.



An Association Between Air Pollution and
Mortality in Six U.S. Cities

1993

Dockery DW, Pope CA III, Xu X, Spengler JD,
Ware JH, Fay ME, Ferris BG Jr, Speizer FE.

Methods:
14-16 yr prospective follow-up of 8,111 adults living in

six U.S. cities.

Monitoring of TSP PM10, PM2.5, SO4, H+, SO2, NO2, O3 .

Data analyzed using survival analysis, including
Cox Proportional Hazards Models.

Controlled for individual differences in: age, sex, smoking,
BMI, education, occupational exposure.



Average
Polluted
cities

Highly
Polluted
cities

Clean
cities





Adjusted risk ratios (and 95% CIs) for 
cigarette smoking and PM2.5

Cause of 
Death

Current Smoker,
25 Pack years

Most vs. Least 
Polluted City

All 2.00
(1.51-2.65)

1.26
(1.08-1.47)

Lung
Cancer

8.00
(2.97-21.6)

1.37
(0.81-2.31)

Cardio-
pulmonary

2.30
(1.56-3.41)

1.37
(1.11-1.68)

All
other

1.46
(0.89-2.39)

1.01
(0.79-1.30)



Particulate Air Pollution as a Predictor of Mortality in a 
Prospective Study of U.S. Adults
Pope CA III, Thun MJ, Namboodiri MM,

Dockery DW, Evans JS, Speizer FE, Heath CW Jr.

1995
Methods:  Linked and analyzed ambient air pollution data from 
51-151 U.S. metro areas with risk factor data for over 500,000 
adults enrolled in the ACS-CPSII cohort.

Clark HeathMichael Thun



Cities studied?  Those with air monitoring data, especially
cities that were part of the U.S. EPA’s research-oriented
Inhalable Particulate Network.  



Adjusted mortality risk ratios (and 95% CIs) for cigarette 
smoking the range of sulfates and fine particles

Cause of 
Death

Current 
Smoker

Sulfates Fine 
Particles

All 2.07
(1.75-2.43)

1.15
(1.09-1.22)

1.17
(1.09-1.26)

Lung
Cancer

9.73
(5.96-15.9)

1.36
(1.11-1.66)

1.03
(0.80-1.33)

Cardio-
Pulmonary

2.28
(1.79-2.91)

1.26
(1.16-1.37)

1.31
(1.17-1.46)

All other 1.54
(1.19-1.99)

1.01
(0.92-1.11)

1.07
(0.92-1.24)



Dan Krewski
Rick Burnett
Mark Goldberg
and 28 others 









Spatial analysis of air pollution and mortality in Los Angeles. 
(Jerrett, Burnett, Ma, Pope, et al. Epidemiology 2005)

This research was facilitated
by the substantial intra-metro
air pollution monitoring
network available in the
greater LA metro area.
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Miller et al. Long-Term exposure to Air 
Pollution and Incidence of Cardiovascular 
Events in Women. 2007 Joel Kaufman



Can this really be true?—is it 
biologically plausible?

If so, how?—what are the 
pathopysiological pathways that 
link breathing air pollution and 
cardiovascular deaths?



Ambient Air Pollution and Atherosclerosis in 
Los Angeles.   Kunzli et al. EHP 2005. 

Nino Kunzli

Carotid
intima-media
thickness



Sun et al. (JAMA 2005)

Representative Photomicrographs
of Aortic Arch SectionsNormal Chow High-Fat Chow

Clean
Filtered Air

Clean
Filtered Air

PM Polluted Air PM Polluted Air

apoE-/- mouseSun QH Lippmann M





PM2.5 FRMs Reporting to AQS—thanks to Joann Rice for slide



Methods:
Case-crossover study of acute 

ischemic coronary events (heart 
attacks and unstable angina) in 
12,865 well-defined and followed up 
cardiac patients who lived on Utah’s 
Wasatch Front

…and who underwent coronary 
angiography 

Jeffrey Anderson

2006;114:2443-48



%
 

0.00

5.00

10.00

15.00

Figure 1.  Percent increase in risk (and 95% CI) of acute coronary
                  events associated with 10 g/m3 of PM2.5, or PM10 for
                  different lag structures.
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Figure 2.  Percent increase in risk (and 95% CI) of acute coronary events associated with
                 10 g/m3 of PM2.5, stratified by various characteristics.
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Methods:
Case-crossover study of 2,628 heart failure 

hospitalizations.
Conclusions:
Pollution appears to play a role in precipitating acute 

cardiac decompensation in otherwise well-managed 
patients with HF, perhaps through effects of PM on 
myocardial ischemia, cardiac autonomic function, 
and/or arrhythmic effects.

Pope, Renlund, Kfoury, May, Horne. 2008. 
Relation of Heart Failure Hospitalization to 
Exposure to Fine Particulate Air Pollution.

Benjamin Horne



Figure 1. Percent increase in risk and 95% CIs of HF admissions and
readmissions, associated with a 10 g/m3 of PM2.5 for selected lagged
moving average (MA) exposures 0 to 28 days.



Do reductions in ambient air pollution result in
reduced mortality risk/increased life expectancy?

Another job for Air Monitoring and Epidemiology.



Reduction in fine particulate air pollution:
Extended follow-up of the Harvard Six Cities Study
(Laden, Schwartz, Speizer, Dockery. AJRCCM 2006)

0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4

0 5 10 15 20 25 30 35

PM2.5 (g/m3)

M
or

ta
lit

y 
R

is
k 

R
at

io

Steubenville
Topeka

Watertown

Kingston

St. Louis
Portage

Francine Laden Joel Schwartz



Pope  2000

Age
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Baseline survival curve, life expect.=76.4
1.25 RR from Pollut, ages < 45 unaffected; life expect.=73.9
1.25 RR from Pollut., infants unaffected; life expect.=73.5
1.25 RR from Pollut., infants affected; life expect. = 73.4 
2.00 RR from Smoking from age 20; life expect.=67.9

Survival curves based on projected U.S life tables
and alternative excess risk assumptions

Note:  1.15 RR from Polut., infants uneffected; life expect=74.6
           (curve not shown)



Fine-Particulate Air Pollution and Life Expectancy in the United States

C. Arden Pope, III, Ph.D., Majid Ezzati, Ph.D., and Douglas W. Dockery, Sc.D. 
January 22, 2009

Majid Ezzati

Want to guess why we
used these 51 metro areas?

Doug Dockery









10 g/m3 decrease in PM2.5 associated with
~ 0.61 (± 0.20) years increase in life 

expectancy
Not sensitive to controlling for socio-economic,

demographic, or smoking variables



Conclusions
Epidemiologists, including myself, are 

indebted to our partners and colleagues 
that provide critical air monitoring data.

I am convinced that future epidemiology 
research (and even clinical-based and 
some toxicology) will be greatly enhanced 
by improved air quality monitoring, 
including more sites with daily speciation 
data, etc.


