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EPA is currently reviewing the National Ambient Air Quality Standards (NAAQS) for 
particulate matter, which were last revised in 2006.  EPA’s 2006 revisions to the standards 
failed to lower the annual average standard for fine particles, despite recommendations 
from their independent science advisors to do so.  EPA also revoked the annual average 
standard for coarse particles, weakening the nation’s ability to protect public health. 
 
Several recent studies have added to the understanding of the effects of chronic exposures 
to low concentrations of particulate pollution.  These include an American and several 
European cohort studies which follow a fixed population over time, and an American case-
control study looking at effects chronic exposure to traffic pollution on heart attacks.   
 
This annotated bibliography includes research highlights from studies published between 
late 2006 to early 2008, as well as several earlier studies that were not considered in the 
2006 revisions.  It is not intended to be comprehensive.   
 
 
Respiratory Effects 
 
Long-term Improvement in Air Quality Benefits Lung Function  
 
It is normal for lung function to decline with age, but other factors, notably smoking, can 
accelerate the decline.  Research shows that cessation of smoking can reduce the decline in 
lung function, but the effect of reductions in air pollution on lung function has not been 
studied in adults.  This is the first study to explore whether a decline in air pollution over 
time can attenuate this decline.   
 
This prospective study of 9,600 Swiss adults 18 to 60 years old included measurements of 
several measures of lung function at baseline and 11 years later.  PM10 concentrations 
declined over this same period.  Researchers reported:   
 

“Our data show that improvement in air quality may slow the annual rate of decline 
in lung function in adulthood.  The finding suggests that important changes in the 
rate of decline in pulmonary function occur across the range of exposures seen in 
Switzerland, where particle concentrations are relatively low.”   

 
The strongest beneficial effects of a reduction in PM10 were in the small airways.  In its 
2006 revisions to the National Air Quality Standards, EPA revoked the annual average 
PM10 standard of 50 µg/m3.  The study authors suggest that:    
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“ further reductions in these standards are likely to improve pulmonary health.”   
 
“Our findings provide further support for a causal role of exposure to air pollution 
in respiratory health,” conclude the researchers.  “Relatively small reductions in 
exposure to PM10 have measurable benefits for lung function, suggesting that a 
decline in air pollution, even from low levels, may have positive consequences for 
public health.” 

 
In an accompanying editorial, New York University School of Medicine Professor Morton 
Lippmann, notes that the rate of lung function decline with age is a well-established 
predictor of longevity.  He finds that this study is significant because the decline in lung 
function was linear even at quite low concentrations, suggesting that the current U.S. EPA 
and World Health Organization annual average standards are not protective against such 
losses in lung function.   
 
Downs SH, Schindler C, Liu L-J S, Keidel D, Bayer-Oglesby L, Brutsche MH, Gerbase MW, Keller R, 
Künzli N, Leuenberger P, Probst-Hensch NM, Tschopp J-M, Zellweger J-P, Rochat T, Schwartz J, 
Ackermann-Liebrich U, SAPALDIA Team. Reduced Exposure to PM10 and Attenuated Age-Related Decline 
in Lung Function. N Engl J Med 2007; 357:2338-2347. 
 
Lippmann M. Health effects of airborne particulate matter. N Engl J Med 2007; 357: 2395-2397. 
 
 
Long-Term Exposure to Air Pollution Increases the Risk of Developing COPD 
 
This study involving a cohort of 4,800 55-year-old women in the Rhine-Ruhr Basin of 
Germany focused on the impact of long-term exposures of nitrogen dioxide, PM10, and 
traffic on lung function and exacerbation of chronic obstructive pulmonary disease 
(COPD).  The prevalence of COPD and lung function declines were affected most strongly 
by long-term exposure to PM10 and traffic related exposure.  A 7 µg/m3 change in five-year 
means of PM10 was associated with a 33 percent increase in the prevalence of COPD, as 
defined by lung function.   
 

“The results of this study suggest that long-term exposure to air pollution from 
PM10, NO2, and living near a major road might increase the risk of developing 
COPD and can have a detrimental effect on lung function,” conclude study authors. 

 
This German study is significant because in 2006, EPA revoked the annual average 
standard (of 50 µg/m3) for PM10.  Annual mean concentrations of PM10 in this study were 
44 µg/m3.   
 
Schikowski T, Sugiri D, Ranft U, Gehring U, Heinrich J, Wichmann H-E, Krämer U. Long-term air pollution 
exposure and living close to busy roads are associated with COPD in women. Respiratory Research 2005; 
6:152-161.   
 
 
Prolonged Exposure to Fine Particles Increases Odds of Severe Infant Bronchiolitis  
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Bronchiolitis is a serious respiratory infection that affects infants and young babies.  It 
occurs when the smallest airways in the lungs, the bronchioles, become inflamed and 
infected, leading to a build-up of mucus.  This reduces the amount of air entering the lungs 
and makes it hard for the child to breathe.  Premature babies, those born with lung or heart 
diseases and those with weakened immune systems are at greatest risk.  More severe cases 
require hospitalization.  A high percentage of infants who are hospitalized with 
bronchiolitis eventually develop chronic respiratory symptoms such as recurrent wheezing 
and asthma. 
 
This study examined the records of 18,600 infants who were hospitalized for bronchiolitis 
between 1995-2000 in the South Coast Air Basin of California .   
 
Exposures to a variety of gaseous pollutants were assessed.  Subchronic exposures were 
defined as those that occurred the month prior to hospitalization, and chronic exposures 
represented mean lifetime exposures based on ambient monitoring data near the baby’s 
homes.   
 

 
 
Mean concentrations of PM2.5 (both chronic and subchronic exposures) in this study were 
25 µg/m3, above the current annual average standard of 15 µg/m3, but below the daily 
standard of 35 µg/m3.   These exposures to fine particles were significantly associated with 
an increase risk of bronchiolitis in infants.  For each 10 µg/m3 increase in PM2.5, the risk of 
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hospitalization increased approximately 9 percent.  None of the other pollutants studied 
(including ozone, nitrogen dioxide, and carbon monoxide) demonstrated an increased risk. 
  

“This study adds to the evidence of adverse effects of fine particulate matter, even 
at levels below current regulatory limits,” conclude the authors.  “ Infants who are 
exposed to relatively higher levels of particulate matter over a period of weeks to 
months are more likely to develop bronchiolitis severe enough to warrant 
hospitalization.”  
 
“Our study suggests that infant bronchiolitis may be added to the list of adverse 
effects of ambient air pollution and that reducing exposure to fine particulate 
matter may be a viable strategy for reducing the burden of this disease.”     

 
 Karr C, Lumley T, Schreuder A, Davis R, Larson T, Ritz B, Kaufman J. Effects of Subchronic and Chronic 
Exposure to Ambient Air Pollutants on Infant Bronchiolitis. Am J Epidem 2007; 165:553-556.  
 
 
Chronic Exposure to Air Pollution from Traffic Impairs Lung Function in Adults  
 
The largest U.S. study to date of chronic exposure to traffic reports that women living close 
to busy roads have impaired lung function.  This cross-sectional investigation of over 
15,000 middle-aged men and women enrolled in the “At herosclerosis Risk in 
Communities” study collected standard pulmonary function measurements and used 
distance to major roads and traffic density as measures of traffic.   
 
The four communities studied were:  Forsyth County, NC, Jackson MS, northwest 
suburbs of Minneapolis, MN, and Washington County, MD.  The study controlled for 
potential confounders such as socioeconomic factors and smoking.  Women living within 
150 meters of major roads, a simple index of long-term exposure to air pollution, had 
modestly reduced lung capacity compared to those living further away.  The magnitude of 
the observed association was similar to reported effects of outdoor air pollution and smaller 
than effects of smoking or secondhand smoke.  There was no significant effect of traffic 
density or distance to major roads on lung function in men.   
 

“These results add to growing evidence that chronic exposure to traffic related air 
pollution may adversely affect respiratory health,” conclude the researchers. 

 
Kan H, Heiss G, Rose KM, Whitsel E, Lurmann F, London SJ. Traffic exposure and lung function in adults: 
the Atherosclerosis Risk in Communities study. Thorax 2007; 62:873-879.   
 
 
Kids Who Live Near Busy Streets May Have More Asthma and Allergies 
 
A prospective birth cohort study in Munich, Germany has reported that long-term 
exposure to traffic-related air pollutants is associated with increased risk of asthmatic 
bronchitis, hay fever, eczema, and allergic sensitization.  Children were assessed at 4 and 6 
years of age.   
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Various measures of long-term exposure to air pollutants including PM2.5 and nitrogen 
dioxide were included in the analysis, as was distance to nearest main road.   
 
Investigators reported increased risk of allergic disease in children living closer than 50 
meters to a busy road, with effects declining in children that lived further away.  The 
findings suggest, according to the authors, that this proximity to traffic increases the risk 
for sensitization to pollen and could provide evidence for the impact of pollen interacting 
with air pollution on the human immune response. 
 

“This study provides strong evidence for increased risk of atopic diseases and 
allergic sensitization when children are exposed to ambient particulate matter,” 
conclude the researchers.   

 
Morgenstern V, Zutavern A, Cyrus J, Brokow I, Koletzko S, Krämer U, Behrendt H, Herbarth O, von Berg 
A, Bauer CP, Wichmaqnn H-E, Heinrich J, for the GINI Study Group and the LISA Study Group. Atopic 
Diseases, Allergic Sensitization, and Exposure to Traffic-related Air Pollution in Children. Am J Respir Crit 
Care Med 2008; 177: 1331-1337. 
 
 
Air Pollution Exacerbates Cystic Fibrosis 
 
This is the first study to investigate the impact of air pollutants on cystic fibrosis patients.   
Cystic fibrosis is an lifelong, hereditary disease that is the second most common inherited 
disorder occurring in childhood in the United States, behind sickle cell anemia. As the 
disease progresses, it is characterized by chronic and recurrent lung infections, 
inflammation, and a loss of lung function over time.  Cystic fibrosis results in shortened 
life expectancy.   
 
Investigators at the University of Washington followed a cohort of more than 11,000 
patients older than 6 years of age enrolled in the Cystic Fibrosis Foundation National 
Patient Registry for which medical information was available.  Exposures were assessed 
based on air quality monitors correlated with the patients’ home zip codes.  After 
controlling for confounders, annual average exposure to PM10, PM2.5 and ozone was 
associated with an increased risk of pulmonary exacerbations.  The association was most 
pronounced for patients who experienced two or more exacerbations per year.  PM2.5 was 
also associated with a significant loss in lung function.  Researchers speculate that the 
decline in lung function may be due to chronic exposure to air pollutants, which may be 
part of the causal pathway in the worsening prognosis of cystic fibrosis. 
 
Researchers concluded:  
 

“Exposure to ambient PM10, PM2.5 and ozone may increase the risk for pulmonary 
exacerbations and increase the rate of change in lung function in the CF [cystic 
fibrosis] population.  Ambient air pollution may also impact survival.” 
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Goss, C.H., Newsom, S.A., Schildcrout, J.S., Sheppard, L., and Kaufman, J.D. Effect of Ambient Air 
Pollution on Pulmonary Exacerbations and Lung Function in Cystic Fibrosis. Am J Respir Crit Care Med. 
2004: 169: 816-821. 
 
 
Chronic Exposure to Urban Particles Affects Mouse Lung Development 
 
Epidemiologic studies have shown that chronic exposure to traffic-related particulate 
matter has adverse effects on children’s lung growth.  This toxicology study examined the 
effects of urban particulate matter on lung development in laboratory mice. 
 
Mice were placed in two open-top chambers (filtered and unfiltered) placed 20 meters from 
a heavily trafficked street in São Paulo, Brazil for a period of 8 months.  The filtered 
chamber and significantly lower concentrations of PM2.5.  The lungs were analyzed for 
surface to volume ratio, a measure of the alveolization, and tested for the volume of air 
breathed in and out.  The study found that mice exposed to traffic-related particulate matter 
in the pre- and postnatal period develop significant alterations of the alveolar structure and 
lung elastic properties, reinforcing the hypothesis that traffic-related pollution adversely 
impacts lung growth.   
 

“Our findings that mice develop significant alterations of alveolar structure and 
elastic properties reinforce the hypothesis that urban levels of pollution may 
adversely impact lung growth.  In addition, our results suggest that at ambient 
levels, intrauterine and postnatal exposures have synergic adverse effects on lung 
growth.”  

 
The study is the first to focus on the effect of chronic exposure to PM on mouse lung 
development, giving biologic plausibility to earlier epidemiologic studies showing adverse 
effects of PM on lung growth of children.   
 
Mauad T, Rodriguez Ferreira Rivero DH, Carvalho de Oliveira R, et al. Chronic Exposure to Ambient Levels 
of Urban Particles Affects Mouse Lung Development. Am J Respir Crit Care Med 2008; 178: 721-728. 
 
 
 
Cardiovascular Impacts 
 
Risk of Fatal and Nonfatal Cardiovascular Events in Women Increases at Annual 
Average Concentrations Below Current Standard 
 
Using data from the Women’s Health Initiative (WHI), an observational study of 
cardiovascular disease in 66,000 women in 36 U.S. cities, researchers demonstrated that 
female residents of cities and neighborhoods with higher levels of fine particulate matter 
experience higher rates of death and infirmity from heart disease and strokes than residents 
of cleaner cities.   
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Medical records were reviewed for indications of death from coronary heart disease or 
stroke, and for bypass surgery, heart attack and non-fatal strokes.  The women were ages 
50 to 79 when enrolled in the study and had no prior history of heart disease.  They were 
followed for six years.  Air pollution concentrations were based on the monitor nearest 
each woman’s residence.   
 
This study is significant because it is one of the first to rely on direct measurements of fine 
particle concentrations.  Annual average PM2.5 concentrations varied from 3.4 to 28.3 
µg/m3, with a mean concentration of 13.4 µg/m3.  Increased exposure to PM2.5 was 
associated with increased risk of stroke, heart problems, and death from heart disease.  
Adjustment for other pollutants did not alter the findings for PM2.5.   
 
The figure below illustrates how the risk of death rose  as the concentrations of the 
pollutant  increased, relative to a reference value of 11 µg/m3.  The current annual average 
standard for PM2.5 is 15 µg/m3.   
 
 

 
 
 
Researchers concluded that:  
 

 “Our study provides evidence of the association between long-term exposure to air 
pollution and the incidence of cardiovascular disease.  Our study confirms previous 
reports and indicates that the magnitude of health effects may be larger than 
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previously recognized.  These results suggest that efforts to limit long-term 
exposure to fine particulate pollution are warranted.” 

 
Writing in an accompanying editorial, Dr. Douglas W. Dockery of the Harvard School of 
Public Health and Dr. Peter H. Stone of the Harvard Medical School note that this study 
established a stronger statistical association between fine particulate air pollution and death 
from coronary heart disease than found in earlier studies.  The WHI study reported a 76 
percent increased risk of death from cardiovascular disease for every increase of 10 µg/m3 
in the mean PM2.5 concentration, as compared to a 12 percent increase reported in the 
American Cancer Society cohort study.  Referring to EPA’s last review of the NAA QS for 
particulate matter, they note:   

 
“Unfortunately for public health, the EPA failed to follow the recommendation of 
its science advisors and reduce the long-term standard for fine particles.  The 
findings of the WHI study strongly support the recommendation for tighter 
standards for long-term fine particulate air pollution.”   

 
Miller KA, Siscovick DS, Sheppard L, Shepherd K, Sullivan JH, Anderson GL, Kaufman JD. Long-term 
exposure to air pollution and incidence of cardiovascular events in women. N Engl J Med 2007; 356:447-458. 
 
Dockery DW and Stone PH. Cardiovascular Risks from Fine Particulate Air Pollution. N Engl J Med 2007; 
356:511-513. 
 
 
Long-term Exposure to Particle Pollution and Measures of Atherosclerosis 
 
Earlier studies that looked only at hospitalizations or deaths from cardiovascular causes 
could not indicate whether particulate pollution is related to the development of 
atherosclerosis, commonly known as hardening of the arteries.   
 
To explore that question, this study examined the effect of 20-year exposures to PM10 and 
PM2.5 in a cohort of 6,800 residents of Baltimore, Chicago, Forsyth County, North 
Carolina, Los Angeles, New York and St. Paul. These individuals ranged in age from 44 
to 84 and were free of heart disease at enrollment.   
 
Researchers found some evidence of associations between particulate matter exposure and 
“carotid intimal-medial thickness,” an ultrasound measurement of the carotid artery 
commonly used to assess risk for atherosclerosis.  No associations were reported for two 
other measures of subclinical atherosclerosis.  There was no evidence that associations 
were stronger in subgroups such as women, older people, or diabetics. 
  

“Results are compatible with some effect of particulate matter exposures on 
development of carotid atherosclerosis,” conclude the researchers.   

 
They note due to possible limitations of the study, that null results for some outcomes do 
not rule out a possible effect of particulate matter exposures.   
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Diez Roux AV, Auchincloss AH, Green Franklin T, Raghunathan T, Barr RG, Kaufman J, Astor B, Keeler J. 
Long-term exposure to ambient particulate matter and prevalence of subclinical atherosclerosis in the multi-
ethnic study of atherosclerosis. Am J Epidemiology 2008; 167: 667-675. 
 
 
Long-Term Exposure to Traffic Pollution Increases the Risk of Heart Attacks 
 
Cohort studies such as the Harvard Six Cities Study and the American Cancer Society 
Cohort Study have reported relationships between particulate air pollution and increased 
mortality from cardiopulmonary disease.  The estimated impacts of long term exposure to 
fine particles indicate that air pollution is a significant threat for premature death on the 
same order as traffic accidents and obesity.  However, the design or available data of some 
of these cohort studies limits using them to identify particular diseases at higher risk from 
exposure to air pollution.  The size of some studies, the lack of specificity in the coding on 
death certificates in these studies, and the lack of studies that have evaluated cardiovascular 
health endpoints other than premature death are potential limitations.  Case-control studies, 
in contrast, allow investigators to examine a large number of cases of a specific disease.  A 
2004 study by Peters, et al with the case-crossover design found that reported that exposure 
to motor vehicle traffic was associated with a nearly three-fold increase in the risk of heart 
attack within one hour of exposure.   
 
This case-control study investigated the relationship between long-term exposure to traffic 
pollution and the occurrence of heart attacks in Worcester, Massachusetts.  Over 5,000 
confirmed cases of heart attacks between 1995 and 2003 were evaluated relative to distance 
from major roadways and cumulative traffic within 100 meters of subjects’ residences.  
Adjustments were made for potential confounders such as age, sex, point source emissions, 
area wide socioeconomics factors, etc.  However, the study did not account for the 
potential impacts of traffic-related noise and individual socioeconomic factors.   
 
The study reported that an increase in cumulative traffic near the home was associated with 
a 4 percent increase in the risk of heart attack, while living near a major road increased 
risks by 5 percent.  The study authors concluded that: 
 

 “ these results provide support for an association between long-term exposure to 
traffic and the risk of heart attack.”   

 
They caution, however, that the exposure indices in this study were proxies for actual 
exposure, and that various factors such as time spent at work, air conditioning use, 
commute times, wind direction and topography are not accounted for by these exposure 
measures.   
 
Tonne C, Melly S, Mittleman M, Coull B, Goldberg R, Schwartz J.  A case-control analysis of exposure to 
traffic and acute myocardial infarction.  Environ Health Perspect 2007; 115:53-57. 
 
Peters A, von Klot S, Heier M, Trentinaglia I, Hörmann A, Wichmann HE, Löwel H.  Exposure to traffic and 
the onset of myocardial infarction. N Engl J Med 2004; 351: 1721-1730.   
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Long Term Exposure to Traffic Emissions May be Risk Factor for Heart Disease 
 
This prospective cohort study in the highly urbanized and industrialized Rhine-Ruhr 
region in Germany examined data on 3,400 people in two cities, comparing the 
prevalence of coronary heart disease in residents living within 150 meters of major roads 
with those living further away.  After accounting for background air pollution and 
individual risk factors, there was an 85 percent increased prevalence of heart disease in the 
people with high traffic exposures.  This study provides important epidemiological 
evidence that people living near busy roads may be more likely to suffer from coronary 
heart disease.   
 
Hoffmann B, Moebus S, Stang A, Beck E-M, Dragano N, Möhlenkamp S, Schmermund A, Memmesheimer 
M, Mann K, Erbel R, Jöckel K-H, on behalf of the Heinz Nixdorf RECALL Study Investigative Group. 
Residence close to high traffic and prevalence of coronary heart disease. European Heart Journal 2006; 27: 
2696-2702. 
 
Brunekreef B. Traffic and the Heart. European Heart Journal 2006; 27: 2621-2622. 
 
 
Chronic Exposure to Urban Air Pollution Promotes Thickening of the Arteries in Test 
Animals 
 
Epidemiological studies have shown that air pollution increases cardiovascular morbidity 
and mortality.  Researchers at the University of São Paulo in Brazil designed a novel 
experiment to test whether prolonged exposure to ambient air pollution could induce 
structural changes in pulmonary and cardiac vessels.  Mice were maintained in outdoor 
exposure chambers in downtown São Paulo near streets of high traffic density, 24 hours per 
day, 7 days per week, during a 4 month period.  A control group was exposed to filtered 
air.  Ambient air concentrations of various pollutants including carbon monoxide, sulfur 
dioxide, nitrogen dioxide and PM10 were continuously measured nearby.  24-hour mean 
concentrations for PM10 were 35.5 ± 12.8 µg/m3, well below the U.S. standard of 150 
µg/m3. 
 

“Our results indicate that animals chronically exposed to ambient air pollution 
develop a significant thickening of the arterial wall in the coronary and pulmonary 
circulation,” conclude the study authors.  “This study includes exposure during 
infancy and childhood, which may also be a time of increased vulnerability to the 
eventual development of long-term effects.”   

 
Lemos M, Mohallen SV, Macchione M, Dolhnikoff M, Assunção JV, Godleski JJ, Saldiva PHN. Chronic 
exposure to urban air pollution induces structural alterations in murine pulmonary and coronary arteries. 
Inhalation Toxicology 2006; 18:247-253. 
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Air Pollution from Traffic Increases the Risk of Dying After Hospitalization for Heart 
Failure  
 
A large study of patients with acute heart failure suggests an increased risk of dying 
associated with exposure to traffic-related air pollution near the patient’s residence.   
 
Researchers tracked survival rates of some 1,400 patients hospitalized with heart failure in 
Worcester, MA  during 2000 for about 4 years.  Daily traffic within 100 and 300 meters of 
the residence and distance to major roadways and to bus routes were used to gauge 
residential exposure to traffic-related pollutants.  The study found increased mortality risk 
associated with daily traffic within 100 meters of home.   
 
The authors estimate the risks of premature death from heart failure following 
hospitalization from long-term exposures to air pollution to be two to three times larger 
than those found in studies investigating acute exposure to air pollution in heart failure 
patients.   
 

“This suggests an important contribution of sustained long-term exposure to traffic 
to the underlying mechanisms related to mortality in heart failure patients,” 
conclude the authors.   

 
“The public health impact of traffic-related air pollution on heart failure patients 
can be considerable,” state the authors.  “Reducing exposure to traffic-related 
emissions may improve the long-term prognosis of heart failure patients,” they 
conclude. 

 
Medina-Ramón M, Goldberg R, Melly S, Mittleman MA, Schwartz J. Residential Exposure to Traffic-
Related Air Pollution and Survival after Heart Failure. Environ Health Perspect 2008; 116:481-485. 
 
 
Inflammatory Responses Involved in Cardiovascular Disease Linked to Long-Term 
PM Exposure  
 
Annual average exposures to PM10 have been linked to white blood cell count, a marker of 
inflammation, in a long term cross-sectional study of healthy adults using the NHANES III 
cohort.  The association was observed after adjusting for demographics, socioeconomic 
factors, lifestyles, and residential characteristics.  The study is of interest because of the 
potential role of inflammation in the development and progression of atherosclerosis and 
coronary heart disease.  One-year average PM10 exposures in the study were 36.8 µg/m3.   
 

“This study provides the first epidemiological data linking inflammatory 
biomarkers to long-term PM exposure and supports the hypothesized involvement 
of inflammation in the PM-mediated chronic cardiovascular effects,” conclude the 
researchers.   
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Metabolic syndrome is a combination of disorders that increase the risk of developing 
cardiovascular disease and diabetes.  The study observed differential inflammatory 
responses across individuals with different degrees of metabolic abnormalities, supporting 
the hypothesis that metabolic syndrome may impart greater susceptibility to PM 
cardiovascular effects.   
 
Chen J-C, Schwartz J. Metabolic Syndrome and Inflammatory Responses to Long-term Particulate Air 
Pollutants. Environ Health Perspect 2008; 116:612–617.   
 
 
Particle Pollution May Increase the Risk of Blood Clots in the Legs 
 
A novel study finds an association between PM10 pollution and enhanced risk of deep vein 
thrombosis, blood clots in the thighs or legs.  This is the same condition that can result 
from immobility during long airplane flights.   
 
Researchers assessed exposure to PM10 among 80 patients who had been diagnosed with 
deep vein thrombosis in Lombardy, Italy  between 1995 and 2005.  These patients, along 
with 1,210 control subjects who did not have deep vein thrombosis, were assigned to one 
of nine geographic regions based on their residence.  Researchers used average 
concentration of particulate matter from 53 monitors to estimate the level of exposure over 
the year before the diagnosis.   
 
Those with the blood clot condition had a higher exposure to PM than the controls.  After 
adjusting for other environmental and health factors, an increase of 10 µg/m3 increased the 
risk of blood clots in the legs by 70 percent.   
 
In addition, a clinical test of those exposed to higher levels of particulate matter found that 
their blood took less time to clot.   
 

“Given the magnitude of the observed effects and the widespread diffusion of 
particulate pollutants, our findings introduce a novel and common risk factor into 
the pathogenesis of DVT [Deep Vein Thrombosis] and, at the same time, give 
further substance to the call for tighter standards and continued efforts aimed at 
reducing the impact of urban air pollutants on human health.”   

 
In a commentary, Dr. Robert Brook of the University of Michigan said if the findings are 
proven by additional research, it may turn out that:   
 

“ the actual totality of the health burden posed by air pollution, already known to be 
tremendous, may be even greater than ever anticipated.” 

 
Baccarelli A, Martinelli I, Zanobetti A, Grillo P, Hou L-F, Bertazzi PA, Mannucci PM, Schwartz J. Exposure 
to Particulate Air Pollution and Risk of Deep Vein Thrombosis. Arch Intern Med 2008; 168: 920-927.   
 
Brook, RD. What is Bad for the Arteries Might be Bad for the Veins. Arch Intern Med 2008; 168: 909-911.   
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Mortality  
 
Diesel Emissions Place Truckers, Railroad Workers at Increased Risk 
 
Diesel emissions are an important component of the overall particulate matter mix.  Several 
recent occupational studies point to increased risk of lung cancer and death from chronic 
obstructive pulmonary disease (COPD) in workers exposed diesel emissions over the long-
term.   
 
The risk of dying from lung cancer and heart disease is markedly higher in truck drivers 
than the in the general population in the U.S., according to a study by Harvard University 
researchers.  This study of over 50,000 members of the Teamsters Union employed from 
1985 to 2000 looked at the cause of death of workers classified by job category. Truckers 
are exposed to traffic pollution and diesel engine emissions, while dockworkers are 
exposed exhaust from forklifts and trucks in the shipyard.  The smoking rates were similar 
to the general population for drivers and non-drivers in the study.  The workers had a lower 
overall rate of mortality than the general population, due to the healthy worker effect.  But 
the study found that death rates for heart disease were 49 percent higher among truck 
drivers, and 32 percent higher among dockworkers than in the general U.S. population.  
Lung cancer death rates were 10 percent higher in the both the drivers and the 
dockworkers.  The study is important because it points to the occupational risk of exposure 
to diesel and automotive exhaust.  Moreover, it implies that people who live near highways 
or commute in heavy diesel traffic, or who live near truck stops, ports and bus depots face 
higher risk from diesel pollution as well.   
 
Similarly, Harvard researchers examining historical data found U.S. rail workers employed 
on diesel locomotives between 1959 and 1986 faced an elevated risk of dying of lung 
cancer, even after controlling for smoking and other potential confounders..  Further, 
looking at a case-control study using 1981-1982 data, these researchers found engineers or 
conductors on diesel-powered trains had an increased risk of death from COPD, after 
controlling for age, race, smoking, years of work, and other factors.  The risk of death from 
COPD, but not lung cancer, increased with years of work on the job.   
 
Laden F, Hart JE, Smith TJ, Davis ME, Garshick E. Cause-Specific Mortality in the Unionized U.S. Trucking 
Industry. Environ Health Perspect 2007; 115: 1192-1196.  
 
Garshick E, Laden F, Hart JE, Rosner B, Smith TJ, Dockery DW, Speizer FW. Lung Cancer in Railroad 
Workers Exposed to Diesel Exhaust. Environ Health Perspect 2004: 112: 1539-1543. 
 
Laden F, Hart JE, Eschenroeder A, Smith TJ, Garshick E. Historical Estimation of Diesel Exhaust Exposure 
in a Cohort Study of U.S. Railroad Workers and Lung Cancer. Cancer Causes Control 2006; 17: 911-919.   
 
Hart JE, Laden F, Schenker MB, Garshick E. Chronic Obstructive Pulmonary Disease Mortality in Diesel-
Exposed Railroad Workers. Environ Health Perspect 2006; 114: 1013-1017. 
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Chronic Exposure to Particle Pollution  Increases Deaths from Cardiopulmonary 
Causes in German Cohort Study 
 
Researchers followed 4,800 women living in industrial and nonindustrial areas of the Ruhr 
area of Germany who had been included in earlier studies to determine their cause of 
death relative to long term exposures to air pollution.  Living within a 50-meter radius of a 
major road was associated with an increased risk of death from cardiopulmonary causes.  
Exposure to elevated levels of nitrogen dioxide and PM10 (estimated from total suspended 
particulates) increased the risk of total morality and mortality due to cardiopulmonary 
causes.  This study provides additional evidence that long-term exposure to air pollution 
increases the risk of early death, a finding previously reported in U.S. cohort studies. 
 
Gehring U, Heinrich J, Krämer U, Grote V, Hochadel M, Sugiri D, Kraft M, Rauchfuss K, Eberwein HG, 
Wichmann H-E. Long-term exposure to ambient air pollution and cardiopulmonary mortality in women. 
Epidemiology 2006;17:545-551. 
 
 
Dutch Study Confirms that Long-Term Exposure to Air Pollution is Deadly 
 
This long-term cohort study used data from 121,000 individuals enrolled in a Dutch study 
on diet and cancer, who were followed from 1987 to 1996.  Exposure to various air 
pollutants including black smoke, nitrogen dioxide, sulfur dioxide and PM2.5, as well as 
exposure to traffic were estimated.  The study found that traffic-related air pollution was 
associated with mortality in the full cohort.  Positive, statistically significant associations 
between natural-cause mortality and respiratory mortality were reported for nitrogen 
dioxide and black smoke.   
 

“Although the relative risks were small, the public health impact of exposure to air 
pollution may be substantial because the exposed population is large,” concluded 
the authors.   

 
Beelen R, Hoek G, van den Brandt PA, Goldbohm RA, Fischer P, Schouten LJ, Jerrett M, Hughes E, 
Armstrong B, Brunekreef B. Long-term effects of traffic-related air pollution on mortality in a Dutch cohort 
(NLCS-AIR Study). Environ Health Perspect 2008; 116:196-202. 
 
 
British Study Corroborates that Steady Exposure to Air Pollution Shortens Lives 
 
This study assessed data for black smoke and sulfur dioxide (SO2) from a dense national 
network of air monitoring sites in Great Britain  operating from 1966 to 1994.  Four-year 
exposure windows were derived to correspond with local mortality data.  
 
Significant associations were found between long-term black smoke and SO2 
concentrations and mortality, with stronger effects found for respiratory causes.  Larger 
effects were seen at lower pollutant concentrations.   
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“Our findings from the extensive British data add to the evidence that air pollution 
has long-term effects on mortality, and point to continuing public health risks even 
at the relatively lower levels of BS [black smoke] and SO2 that now occur,” 
conclude the authors. 

 
Elliott P, Shaddick G, Wakefield JC, de Hoogh C, Briggs DJ. Long-term associations of outdoor air pollution 
with mortality in Great Britain.  Thorax 2007; 62:1088-1094.   
 
 
Chronic Exposures to Fine Particles Have Larger,  Cumulative Effects on Mortality  
 
This review article examines PM-mortality associations reported in short-term and longer-
term epidemiological studies.  The short-term studies look at the effect of day to day 
changes in ambient PM.  Long-term studies look at spatial variability in longer-term 
cumulative or average exposures between cities.  Effect estimates are generally much 
larger with long-term exposures.   
 
The figure below integrates evidence from different time scales of exposure, illustrating 
increased estimates of PM effects with increasing lengths of exposure.  

 
 

“ Short-term exposure studies appear to be observing more than just short-term 
mortality displacement because there is little evidence of short-term compensatory 
reduction in deaths and there are generally large estimated PM effects for 
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intermediate and longer-term time scales of exposure.  The evidence suggests that 
the short-term exposure studies capture only a small amount of the overall health 
effects of long-term repeated PM exposure.  Adverse health effects are dependent 
on both exposure concentrations and length of exposure, and long-term exposures 
have larger and more persistent cumulative effects than short-term exposures,” 
concludes the author.   

 
Pope, C. Arden III.  Mortality effects of longer term exposures to fine particulate air pollution: review of 
recent epidemiological evidence. Inhalation Toxicology 2007; 19 (Suppl. 1): 33-38.   
 
 
New Analysis Confirms PM-Mortality Findings of Landmark Cohort Studies 
 
This study used Medicare (Med) data to assess the association between fine particulate air 
pollution (PM2.5) on morality for the same geographic locations included in two  landmark 
cohort studies and recent extensions of them: the Harvard Six Cities Study (SCS) 
(Dockery, et al 1993; Laden et al, 2006) and the American Cancer Society Study (ACS) 
(Pope et al. 1995, 2002).  The analysis considered individual data on only age and sex, and 
was not adjusted for other individual risk factors.  Mortality data and PM2.5 data were 
collected for the period 2000-2002.   
 
Risk estimates were comparable to the original studies.   
 

 
 
The authors suggest that Medicare data may be useful in tracking the risk of air pollution 
on an ongoing basis, as a complement to the more detailed data available in prospective 
cohort studies.   
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Eftim SE, Samet JM, Janes H, McDermott A, Dominici F. Fine Particulate Matter and Mortality: A 
Comparison of the Six Cities and American Cancer Society Cohorts with a Medicare Cohort. Epidemiology 
2008; 19:209-216. 
 
 
Reduction in Particle Concentrations Below U.S. EPA Standards Would Increase Life 
Expectancy 
 
This extended follow-up of the Harvard Six Cities Study explored the effect of dose and 
timing of dose on the association between PM2.5 and survival.   
 
The study found that the association between exposure to fine particles and increased risk 
of death continues well below the U.S. EPA standard of 15 µg/m3.  The researchers 
reported finding little evidence for a threshold.  While earlier time-series studies have 
found a similar association of daily particle levels with increased mortality, this is the fi rst 
detailed examination of the question in a cohort study examining annual exposures.  
Additionally, the study reported that the deaths associated with exposure to fine particles 
occur primarily within two years of exposure.  This implies that reductions in air pollution 
can be expected to produce rapid improvements in public health.   
 
Schwartz J, Coull B, Laden F, Ryan L. The Effect of Dose and Timing of Dose on the Association between 
Airborne Particles and Survival. Environ Health Perspect 2008; 116:64-69.     
 
 
Risk Estimates Increase with Better Exposure Estimates 
 
A 2005 study used interpolation to more closely model the exposure of over 22,900 
individuals participating in the American Cancer Society cohort in the Los Angeles area.  
Forty-four potential confounding variables were included in this very thorough analysis.  
This study had a dose-response estimate for cardiovascular mortality that was three times 
greater than the estimate from the extended American Cancer Society study (Pope et al 
2002).  The study shows that people living in more polluted neighborhoods are at much 
greater risk than previously believed.  An increase in effect estimate with more accurate 
exposure assessment is strong evidence in support of a causal association, and also 
increases the probability of significant underestimate of the true health benefits of lowering 
exposure when using the 2002 coefficients for risk assessments.  The greater effect 
estimate in the face of more rigorous control of confounding also further demonstrates the 
invalidity of concerns about confounders relied upon by the agency to retain the current 
standard. 
 
Jerrett M, Burnett RT, Ma R, Pope III CA, Kerewski D, Newbold KB, Thurston G, Shi Y, Finkelstein N, 
Calle EE, Thun MJ. Spatial Analysis of Air Pollution and Mortality in Los Angeles. Epidemiology 2005; 
16:727-736. 
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Increased Risk of Premature Death Evident at Low Concentrations 
 
Further analysis of the American Cancer Society data set demonstrates that the dose 
response relationship between long-term PM exposure and premature death continues 
below levels of 15 µg/m3 -- and is in fact strongest in that range.  This study, which used a 
flexible regression spline model to more accurately examine the nature of the dose 
response relationship at different levels of exposure, concluded that most of the increase in 
mortality risk from PM2.5 exposure occurs between the low end of the range (around 9.5 
µg/m3 in this study) and 16 µg/m3.   
 
AbrahamowiczM, Schopflocher T, Leffondre K, du Berger R, Krewski D. Flexible Modeling of Exposure-
Response Relationship Between Long-Term Average Levels of Particulate Air Pollution and Mortality in the 
American Cancer Society Study. J Toxicol Environ Health 2003; Part A 66: 1625-1654. 
 
 
Mortality Effect Persists at Exposure Levels Below Current Standard 
 
An extension of the Harvard Six Cities Study provides evidence of increased risk of 
cardiopulmonary mortality at annual exposure levels well below the current standard of 15 
µg/m3.  Average PM2.5 concentrations during the 1990-1998 follow-up period ranged from 
10.2 µg/m3 in Portage, WI  to 22 µg/m3 in Steubenville, OH.  Long-term average 
concentrations were at or below 13.4 µg/m3 in four of the six cities, lower in all cities than 
those that had existed during the original study period.  Yet the linear dose-response 
association between PM2.5 concentrations and total mortality persisted even at the lower 
concentrations.  Mean concentrations across the six cities in the second period of the study, 
from 1990 to 1998, were 14.8 µg/m3, with a standard deviation ± 4.2, suggesting a range of 
10.6 to 19.0 where most effects occurred.  The study reported that an average of three 
percent fewer people died for every one µg/m3 reduction in the annual average levels of 
PM2.5.    
 
Laden F, Schwartz J, Speizer FE, Dockery DW. Reduction in Fine Particulate Air Pollution and Mortality: 
Extended Follow-up of the Harvard Six Cities Study. Am J Respir Crit Care Med 2006; 173: 667-672 
 
 
California Report Bumps Up Estimates of Premature Deaths from Particle Pollution  
 
A draft report by the California Air Resources Board (CARB) has estimated that 14,000 to 
24,000 premature deaths each year are attributable to long-term exposure to fine particle air 
pollution (PM2.5).   
 
The report reevaluated all the relevant scientific literature to develop an updated relative 
risk factor for PM2.5 exposures.  Earlier CARB and U.S. EPA estimates had relied on the 
results from the American Cancer Society cohort studies (Pope et al. 1995, 2002) to 
estimate premature deaths.  New epidemiological studies have reported a stronger 
relationship between PM2.5 and premature death.  These include the analysis by Jerrett et al. 
(2005) of the Los Angeles region, and the extended follow up of the Harvard Six Cities 
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study by Laden et al. (2006).  In addition, the report considered the perspectives of twelve 
experts characterizing the range and the uncertainty of the concentration-response function 
of PM in ambient air, perspectives the U.S. EPA had requested.  The concentration-
response function relates changes in exposure to changes in PM concentrations to specific 
adverse effects, in this case, mortality.  Based on this review, the report recommends a new 
relative risk factor of a 10 percent increase in premature death per 10 µg/m3 increase in 
PM2.5 exposures, with an uncertainty interval of 3 percent to 20 percent. 
 
Next, the report used a systematic approach for deriving a cutpoint, that is, the lowest level 
of PM2.5 that can be assumed to be associated with premature death in risk or benefits 
analyses.  There is no evidence for a threshold (the level below which no increased risk 
occurs) in the current scientific studies, so various assumptions are often made about 
cutpoints.  This report examines several possible cutpoint levels.  CARB finds 2.5 µg/m3 is 
the natural background level of fine particles in California.  The lowest concentration 
observed in the American Cancer Society cohort studies is 7 µg/m3.  The report 
recommends that estimates for a threshold should be based on a range of cutpoints from 2.5 
to 7 µg/m3.   
 
Using this approach, CARB concluded that PM2.5 air pollution is associated with about 
14,000 to 24,000 premature deaths annually in California.  Taking into account the 
uncertainty interval, CARB calculates that estimates could range from 4,300 to 41,000 
deaths.   
 
California Environmental Protection Agency, Air Resources Board.  Methodology for Estimating Premature 
Deaths Associated with Long-term Exposures to Fine Airborne Particulate Matter in California.  Draft Staff 
Report May 22, 2008.   
 
 
Experts Judge Long-Term PM-Mortality Risk to be Greater than Assumed in EPA 
Benefits Analyses 
 
U.S. EPA conducted a formal “expert elicitation” of 12 of the world’s leading experts on 
air pollution health effects to better quantify the association between PM2.5 pollution and 
premature death, and to estimate the uncertainty of this relationship.   The experts were 
selected by a peer nomination process.  Each expert was individually interviewed to elicit 
their judgment on the existence of a causal relationship between fine particle exposure and 
premature mortality, the shape of a concentration-response function, and the evidence for a 
threshold for effects.   
 
The experts’ responses exhibited substantial agreement regarding the nature and cause of 
mortality associated with PM2.5, the likelihood of a causal connection between exposure 
and premature death, the shape of the concentration-response function, and the central 
estimate of the mortality impact.  There were difference in the experts’  opinions of the 
relative importance and size of potential sources of uncertainty.   
 
Ten of the 12 experts believed that most of the mortality resulted from long-term 
exposures, citing potential cumulative chronic cardiovascular and respiratory damage from 
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PM exposure leading to increased risk of death.  The experts thought these deaths from 
chronic exposures would be primarily cardiovascular, with lesser amounts due to 
respiratory disease and lung cancer.  All of the experts relied on the results from long-term 
studies when developing their effect estimates.  The central estimates from most of the 
experts exceeded the estimates contained in the 2002 extension of the American Cancer 
Society (ACS) study, reflecting new research results.  However, the experts predicted 
broader statistical confidence intervals than in the original 1996 ACS study, reflecting 
uncertainty around the central estimate.   
 
Roman HA, Walker KD, Walsh TL, Conner L, Richmond HM, Hubbell BJ, Kinney PL. Expert Judgment 
Assessment of the Mortality Impact of Changes in Ambient Fine Particulate Matter in the U.S. Environ Sci & 
Tech 2008; 42: 2268-2274.   
 
 
Chronic Health Effects of Particulate Exposure Confirmed by Nurses’ Health Study 
 
The Nurses’ Health Study is an ongoing prospective cohort initiated in 1976, which follows 
120,000 female registered nurses with biennial questionnaires on behavioral and lifestyle 
exposures and health outcomes.  
 
A new analysis of a subset of 66,000 of the nurses currently residing in 13 Northeastern 
metropolitan areas examined the association of chronic particulate exposures with death 
from all causes, heart attacks, and fatal coronary heart disease.   
 
The study used a geographic information system (GIS) to estimate particulate matter 
concentrations at every residential address for each nurse based on monitoring data and 
factors that affect air pollution such as population density, distance to roadways, elevation, 
urban land use, point-source emissions, precipitation, and wind speed.  Information on 
lifestyle and behavioral risk factors were considered in the analysis.   
 
Mean PM10 values (12-month moving average) were 21.6 µg/m3, with a standard deviation 
of 4.3.  Increases in 12-month average exposures to PM10 were associated with both all-
cause mortality and fatal coronary heart disease.   
 
Overweight women who have never smoked were found to be at greatest risk of fatal 
coronary heart disease associated with PM10.  The study concluded:   
 

“Our findings add to a growing coherence of the literature across multiple time 
scales indicating that the public health benefits of reducing particle concentrations 
will be realized within years, not decades of the reduction.  This study also suggests 
that measures taken to limit particulate air pollution should benefit population 
health over extended periods of time.” 

 
Puett, RC, Schwartz J, Hart JE, Yanosky JD, Speizer FE, Suh H, Paciorek CJ, Neas LM, Laden F. Chronic 
Particulate Exposure, Mortality, and Coronary Heart Disease in the Nurses’ Health Study. Am J Epidem 
2008; Doi: 1093/aje/kwn233 published online Oct. 3, 2008.   
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Particle Exposure Influences Survival Rates in People with COPD 
 
Long-term exposure to particulate matter elevates the risk of mortality in people with 
chronic obstructive pulmonary disease (COPD) according to a new study of Medicare 
patients in 34 U.S. cities.   
 
This study used hospital data to construct a cohort of people aged 65 and older that were 
discharged from a hospital with COPD, between 1985 and 1999.  The study focused on 
residents of 34 cities with daily monitoring of PM10, and examined temporal changes in 
pollution concentrations within the cities.  The study found a relatively large effect of 
PM10, compared to general population cohorts in early studies.  The study also found that 
the effect was evident for exposure in the previous year, and higher when looking at effects 
over the previous 4 years.   
 
According to the study authors, the study “indicates that reductions in air pollution should 
be followed quickly by improvements in public health.” 
 
Zanobetti A, Bind M-A C, Schwartz J. Particulate Air Pollution and Survival in a COPD Cohort. Environ 
Health 2008; 7: 48. doi: 10.1186/1476-069X-7-48. 
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