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What are we breathing?
Pure Air--nitrogen (78%),Oxygen (21%), Argon, CO2. . . 

+
Various gaseous pollutants including:
– SO2, NO2, CO, O3 . . .

+
Particulate matter:
– Course particles (> 2.5 μm in diameter) 
– Fine particles (< 2.5 μm in diameter)

+
Other air toxics



How small are fine particles?   

Human Hair
(60 μm diameter)

PM10
(10 μm)

PM2.5
(2.5 μm)



Magnified ambient particles  (www.nasa.gov/vision/earth/environment)



Electron 
Microscope 
images of soot 
particles

From:
Park K, Cao F, Kittelson DB, McMurry PH.  
Environ Sci Technol 2003



Air pollution 
over SLC, UT



Donora, PA 1948 From, Public Health Service,
Bulletin No. 306, 1949



Danora, PA. Noon, Oct 29, 1948.



London Fog Episode, Dec. 1952

From: Brimblecombe P. The Big Smoke, Methuen 1987



Utah Valley

•Winter inversions
trap local pollution

•Natural test chamber



Local Steel Mill, Utah Valley, 1989 (PM10 = 150 μg/m3)



Utah Valley, 1989, (PM10 = 50 μg/m3)



Utah Valley, 1989, (PM10 = 220 μg/m3)

Thermal bubble
above smoke stack



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



Series of panel and related  
studies

Basic Questions asked: Are day-to-day changes 
in air pollution in Utah’s Wasatch Front 
associated with changes in lung function, 
respiratory symptoms, medication use and/or 
school absences?

Sources:
Pope, et al. Am Rev Resp Dis.1991
Pope and Dockery. Am Rev Resp Dis.1992
Pope and Kanner. Am Rev Resp Dis. 1993
Ransom and Pope. Environ Research. 1992

Collaborators:
Dockery DW et al. (Harvard)
Kanner RE (UofU)
Ransom MR (BYU)



Panel studies of asthmatics and non-asthmatics

















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.



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

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

New England Journal of Medicine 1993

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.

Am J Respir Crit Care Med 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 Heath



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)



25 July 1997





Legal uncertainty largely 
resolved with 2001 
unanimous ruling by the 
U.S. Supreme Court.







Miller et al. Long-Term exposure to Air 
Pollution and Incidence of Cardiovascular 
Events in Women. NEJM 2007



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?



Lungs
•Pulmonary Inflammation
• Reduced lung function
• Increased respiratory 

symptoms
•Accelerated progression

and exacerbation of COPD

Effects of fine PM on the 



Southern California Children’s Health Study

Effects of air pollution on 
children’s health, especially 
lung function growth.

David Bates, Advisor

W. James Gauderman John Peters



Gauderman et al. The effect of air pollution on lung development 
from 10 to 18 years of age. New England Journal of Medicine 2004



Gauderman et al. Effect of exposure to traffic on lung development 
from 10 to 18 years of age: a cohort study.  Lancet 2007



Blood Markers of
Systemic Inflammation and

Oxidative Stress

•Increased CRP
•Proinflammatory mediators

•Leukocyte & platelet activation
•Increased blood coagulability

Effects of fine PM on



Effects of fine PM on

Cardiac Autonomic function 
and Cardiac Arrythmia



Heart
Increased

Ischemic Heart Disease
(including MIs or

heart attacks)

Blood Vessels (vasculature)

• Endothelial dysfunction
• Atherosclerosis

(accelerated progression and
destabilization of plaques)

Effects of fine 
PM on 

Brain
Increased

Cerebrovascular ischemia
(including ischemic strokes)



Blood
• Altered rheology

• Increased coagulability
• Translocated particles
• Peripheral thrombosis

• Reduced oxygen saturation

Systemic Inflammation
Oxidative Stress

• Increased CRP
• Proinflammatory mediators

• Leukocyte & platelet activation

PM Inhalation

Brain
• Increased cerebrovascular

ischemia

Heart
• Altered cardiac

autonomic function
• Increased dysrhythmic

susceptibility
• Altered cardiac 

repolarization
•Increased myocardial

ischemia

Vasculature
• Atherosclerosis,

accelerated progression of and 
destabilization of plaques
• Endothelial dysfunction

• Vasoconstriction and Hypertension

Lungs
• Inflammation

• Oxidative stress
• Accelerated progression

and exacerbation of COPD
• Increased respiratory symptoms

• Effected pulmonary reflexes
• Reduced lung function

Pope and Dockery,
JAWMA 2006.





So what does this have to do with air pollution?

Fine Particulate 
exposure

↓
Pulmonary and 

systemic 
inflammation

and oxidative stress
(along with blood lipids)

↓
Progression and
destabilization of
atherosclerotic 

plaques



A series of studies (1997-2002) by 
Stephan van Eeden, James Hogg, and 
others found that in rabbits naturally 
prone to develop atherosclerosis,

Fine particulate exposure
↓↓

Accelerated progression of 
atherosclerotic plaques

with greater vulnerability to 
plaque rupture

Stephan van Eeden

James Hogg



Sun et al. (JAMA 2005)
Representative Photomicrographs of Aortic Arch Sections

Normal Chow High-Fat Chow
Clean

Filtered Air
Clean

Filtered Air
PM Polluted Air PM Polluted Air



Example 1.  Souza, Saldiva, Pope, Luiza. Chest 1998

Paulo Saldiva



Circulation. 2004;109:71-77.
Example 2.  Pope, et al. Circulation 2004
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Example 3: Kunzli et al. EHP 2005

Ursula Ackermann-Liebrich and Nino Kunzli



Circulation. 2006;114-2443-2448.

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.

Example 4.

Jeffrey Anderson



Using cardiac 
angiography, 
cardiologists can 
obtain images of the 
arteries of the heart.



From at least one perspective, these results 
are good news—
Air pollution is just one of many risk factors for 
cardiopulmonary disease, but it is a risk factor 
that can be modified and controlled.

NEJM 2004



Six Cities Cohort Follow-up
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Mortality Effects of a Copper Smelter Strike and
Reduced Ambient Sulfate Particulate Matter Air Pollution
Pope et al. EHP 2007
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Beijing commuters, Dec. 14, 2004.  (Reuters/ReinhardKrause files, Science News, Jan. 25,2007)
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