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This report presents an overview and summary of the progress and achievements of the 
first year of funding for the Harvard University Clean Air Research Center.  The primary 
objective of the Center is to estimate health effects of air pollution mixtures, sources, and 
individual pollutants across life stages (prenatal to senescence).  The Harvard CLARC 
addresses four of the six research priorities of the EPA solicitation to establish Clean Air 
Centers. The Center: 1) investigates the effects of pollutants and mixtures through animal 
and human studies; 2) identifies sub-populations that are at increased risk through the 
investigation of the modifying effects of gender, diabetes, obesity, socioeconomic 
disparities, stress, depression, violence, smoking, and omega-3 fatty acid intake in 
children, adults, and elderly; 3) explains regional and temporal differences in air pollution 
risks; and 4) examines the shapes of exposure-response relationships for associations 
resulting from the use of multiple exposure metrics, outcomes and populations.   
 
The Harvard CLARC has assembled a multidisciplinary team with expertise in a wide 
range of fields, including epidemiology, biostatistics, air pollution, exposure assessment, 
cell biology, pathology, and toxicology.  To meet our main objective, we have developed 
five research Projects that will be supported by three technical Cores. We have developed 
a common set of hypotheses that will be tested in the different Projects using a 
synergistic and integrative approach. Importantly, as part of the proposed Center, we will 
examine the consistency of findings across different health outcomes and across 
populations at different stages of life by: 1) relying on a common set of exposure metrics; 
2) exploring the same set of susceptibility and vulnerability factors; and 3) integrating 
results from laboratory animal experiments with cohort and population based studies. 
Specifically, we plan to: 1) investigate the acute and chronic effects of short- and long-
term exposures to individual pollutants, pollution sources and multi-pollutant mixtures 
on: cognitive/neuropsychological function, cardiovascular/endothelial function, 
inflammation, birth weight/growth, and CVD-related hospitalization/mortality across life 
stages; and 2) identify susceptibility and vulnerability factors that modify these effects.  
 
In the sections that follow, each project is discussed separately.  For each project, we 
summarize the objectives, progress and achievements, publications and presentations, and 
future activities.  This report concludes with sections discussing our quality assurance 
and human subject requirements, changes to key personnel, and center collaborations.  A 
financial report is submitted separately. 
 
1. Project 1:  Relative Toxicity of Air Pollution Mixtures.  PI: John J. Godleski, HSPH. 
 
1.1 Objective of Research:  Project 1, an inhalation toxicological animal exposure study, 
investigates the relative toxicity of different component concentration combinations of air 
pollution mixtures.  These components include both particles and gases that are emitted 
directly from sources (primary species) or are formed in the atmosphere through a series 



of reactions that are predominantly photochemical (secondary species).  The project uses 
source-specific emissions as well as ambient air or concentrated ambient particles and our 
photochemical chamber technologies to generate realistic mixtures.  We are testing the 
biological responses of exposure to fresh, aged primary, and secondary pollutants (both 
gas and particle phase) formed from the photochemical oxidation of traffic emissions or 
Boston ambient air.  We will investigate whether the toxicological effects of exposure to 
aged primary or secondary particles. Toxicity will be assessed in Sprague-Dawley rats by 
changes in 1) in vivo oxidant response, 2) blood pressure, 3) measures of inflammation, 
and 4) vascular blood flow/resistance. Three concurrent exposures groups (Sham, Control 
Exposure and Exposure) will allow us to control for the variability in CAPs composition. 
With this design, there can always be a direct comparison between two exposure mixtures 
on every exposure day, making it possible to determine which mixture is more toxic. 
 

1.2 Progress Summary/Accomplishment Highlights:  During the reporting 
period, we have completed a group of 8 papers all dealing with primary and secondary 
emissions from power plant, studies that were funded by the previous Harvard EPA PM 
Center and the Electric Power Research Institute. These papers have all been accepted for 
publication and will be published in a special issue of the journal, Inhalation Toxicology.  
We have also completed similar studies on emissions derived from traffic using a 
northeastern traffic tunnel as the source of mixed vehicular emissions, and compared the 
effects of the emissions with or without simulation of atmospheric aging by 
photochemistry and formation of secondary particles.  
 
These investigations are continuing in the new CLARC, as we examine the relative 
toxicity of different components of air pollution mixtures, focusing on source-specific 
emissions and ambient particles and gases.  In the new CLARC, we are adding a rat 
model of vascular flow and resistance to our exposures, with excellent progress to report 
in preparing rats with implanted hardware for these microsphere studies.  Specifically, 
this includes catheterizing the left ventricle for perfusion and the thoracic aorta for 
sampling, and connecting these catheters to access ports implanted subcutaneously in the 
posterior intrascapular area.   
 
Exposures conducted at our tunnel site in support of the new CLARC to date have 
included primary emissions, with some preliminary secondary exposures scheduled for 
August 2011. 
 
1.3 Publications/Presentations: 
• Papapostolou V, Lawrence JE, Diaz EA, Wolfson JM, Ferguson ST, Long MS, 

Godleski JJ, Koutrakis P. Laboratory evaluation of a prototype photochemical 
chamber designed to investigate the health effects of fresh and aged vehicular exhaust 
emissions. Inhalation Toxicology. 2011; 23: 495 – 505.  

• Diaz EA, Chung YS, Long MS, Lawrence J, Papapostolou V, Lamoureux D, Mazzaro 
V, Buonfiglio H, Yoo PS, Franco F, Godleski JJ. Toxicological Evaluation Of 
Realistic Emissions Source Aerosols (TERESA): Mobile Sources - Tunnel Studies. 
Am J Respir Crit Care Med 183; 2011:A3231. 



• Lamoureux DP, Diaz EA, Chung YS, Long MS, Lawrence J, Papapostolou V, 
Nguyen PS, and Godleski JJ. Effects of traffic-related particles on blood pressure and 
DNA methylation.  J Clin Hypertens Vol. 13 Suppl. 1 April 2011:A130. 

 
1.4 Future Activities:  We will continue with our investigations as described above.  
Exposures to fresh and photochemically aged source emissions/CAPs, with and without 
ozone and other secondary gases, will be conducted.  Toxicity of exposures will be 
assessed in rats using a variety of outcomes, as described above (including changes in 
vivo chemiluminescence, blood pressure, inflammation, and vascular flow/resistance), to 
determine the contribution of different components of the exposure mixture to observed 
biological effects. 
 
1.5 Changes/problems/delays in proposed work:  There are no substantive changes, 
problems, or delays in proposed work to report at this time. 
 
2. Project 2:  Cognitive Decline, Cardiovascular Changes, and Biological Aging in 

Response to Air Pollution.  PI: Joel Schwartz, HSPH. 
 
2.1 Objective of Research:  In this Project we investigate the acute and chronic effects 
of air pollution on cognitive and neurological impairments, systemic inflammation, and 
vascular dysfunction. We will determine how these effects differ depending on the 
composition of multi-pollutant mixtures and the source contributions to PM composition.  
We will then ascertain the level of increased effects in susceptible and vulnerable 
subpopulations by examining modifying factors of obesity, diabetes, diet, socioeconomic 
position, and psychosocial stress.   
 
2.2 Progress Summary/Accomplishment Highlights:  While the project has only 
recently begun, we have a number of accomplishments to report. We have developed a 
spatio-temporal model to predict daily PM2.5 concentrations in New England using land 
use regression terms and satellite remote sensing.  A manuscript describing this model is 
currently in review.  In addition, manuscripts are in preparation using this model to 
examine the association of PM2.5 with birthweight and mortality. A poster on this work 
will be presented at the International Society for Environmental Epidemiology meeting in 
Barcelona in September. 
 
We have several papers published or in press.  A paper examining the association of long 
term exposure to black carbon particles at residence and cognitive function in the 
Normative Aging Study finds that traffic particles are associated with lower cognitive 
function, similar to a few years of aging, in an elderly cohort. (Power et al., 2011 see 
below).  We also report association between long term lead exposure and psychosocial 
stress in a paper that will serve as a template for further examination of other air 
pollutants (Peters et al., 2011 see below).   In addition, we use a novel approach to within 
city survival analysis to examine the association of ozone in survival in four cohorts of 
potentially susceptible individuals and find significant associations with long term 
survival, only the second paper to report such results. (Zanobetti and Schwartz 2011, see 
below.) 



 
We will present results from several analyses at the ISEE meeting in Barcelona in 
September 2011.  These include: preliminary results of an analysis of long term exposure 
to black carbon and Intima-media thickness of the carotid artery; results of a genome 
wide DNA methylation analysis to identify genes whose methylation is significantly 
perturbed by air pollution; and results of a further follow-up of the Harvard Six City 
Study that addresses the linearity of the dose-response curve and sensitivity to modeling 
assumptions. 
 
2.3 Publications/Presentations: 
• Power, MC, Weisskopf MG, Alexeef SE, Coull BA, Spiro A III, Schwartz J. Traffic-

related air pollution and cognitive function in a cohort of older men. Environmental 
Health Perspectives, on line. 

• Peters JL, Kubzansky LD, Ikeda A, Spiro III A, Wright RO, Weisskopf MG, Kim D, 
Sparrow D, Nie H, Hu H, Schwartz J. Childhood and Adult Socioeconomic Position, 
Cumulative Lead Levels, and Pessimism in Later Life: the VA Normative Aging 
Study. American J Epidemiol, in press. 

• Zanobetti A, Schwartz J. Ozone and survival in four cohorts with potentially 
predisposing diseases. Am J RespCrit Care Med, in press. 

 
2.4 Future Activities:  We will continue to work on the activities proposed in our grant 
application. In addition, we expect to receive a grant from NIEHS to look at epigenomic 
effects of environmental exposures that will allow us to continue to examine exposure 
and epigenetic effects in the Normative Aging Study. We expect the ISEE presentations 
to become published papers in the next year.   
 
2.5 Changes/problems/delays in proposed work:  There are no substantive changes, 
problems, or delays in proposed work to report at this time. 
 
3. Project 3:  Identifying the cognitive and vascular effects of air pollution sources 

and mixtures in the Framingham Offspring and Third Generation Cohorts.  
PI: Murray Mittleman, HSPH. 

 
3.1 Objective of Research: Long- and short-term exposures to ambient air pollution are 
associated with adverse acute and chronic cardiovascular and perhaps cognitive function, 
but these effects are poorly understood.  Using data from the Framingham Offspring and 
Third Generation Cohorts, well-characterized populations that have not been previously 
investigated in association with ambient environmental exposures, we will: 
(1) determine whether long-term exposures to ambient pollutants and mixtures are 
associated with cognitive impairment and cognitive interference; (2) test whether short-
term and long-term exposures to pollutants, mixtures and sources are associated with 
acute and chronic vascular and endothelial function; and (3) consider whether markers of 
biological susceptibility and vulnerability differentially influence these associations, 
allowing us to identify subpopulations at increased risk for harmful effects of air 
pollution. 
 



3.2 Progress Summary/Accomplishment Highlights:  Since funding began, we have 
worked closely with the Framingham data coordinators on geocoding for all participants 
from the Framingham Offspring Cohort Cycles 6-8 (complete) and Third Generation 
Cycles 1-2 (expected completion July 2011),. 
 
Preliminary analyses evaluating the impact of short term exposure to air pollution on 
vascular function were presented at the Annual Meeting of the American Heart 
Association Council on Cardiovascular Disease Epidemiology and Prevention in March 
2011 in Atlanta, GA.  In the Framingham Offspring Cohort (Cycle 7) we observed 
significant inverse associations between pollutant exposures (5 and 7 day PM2.5, and 1 
day NO2) and flow mediated dilation of the brachial artery.  Models restricted to 
individuals with diabetes suggested a larger magnitude of association, but wider 
confidence intervals. No statistically significant associations were observed for baseline 
diameter.  
 
In analysis of repeated blood pressure measurement in the Offspring Cohort (Cycles 6-8), 
no significant associations were observed between ambient pollution levels and systolic, 
diastolic, or mean arterial pressure.  These results will be presented at the International 
Society for Environmental Epidemiology meeting in Barcelona, Spain in September 
2011.   
 
As an extension of the aims of this project, we evaluated the impact of long-term near-
roadway exposure on renal dysfunction in a susceptible population.  In this study we 
found that living closer to a major roadway was associated with a significantly lower 
estimated glomerular filtration rate compared with living farther away. 
 
3.3 Publications/Presentations: 
• Wilker EH, Schwartz J, Gold DR, Koutrakis P, Coull BA, Vita JA, Benjamin EJ, 

Mittleman MA, Hamburg NM. Exposure to Ambient Air Pollution and Flow 
Mediated Dilation:  Susceptibility of Individuals with Diabetes in the Framingham 
Offspring Study. Annual Meeting of the American Heart Association Council on 
Cardiovascular Disease Epidemiology and Prevention, 2011. 

• Rosenbloom JI, Wilker EH, Mitchell GF, Coull BA, Hamburg NA, Schwartz J, 
Benjamin EJ, Gold DR, Ramachandran VS, Koutrakis P, Vita JA, Mittleman MA, 
Levy DE. Short-Term Exposure to Ambient Air Pollution and Blood Pressure in the 
Framingham Heart Study.  International Society of Environmental Epidemiology, 
2011. 

• Lue S-H, Wellenius GA, Wilker EH, Mittleman MA. Chronic Exposure to Traffic 
Pollution is Associated with Reduced Glomerular Filtration Rate. International 
Society of Environmental Epidemiology, 2011. 

 
3.4 Future Activities:  Future work will include integrating novel exposure assessment 
approaches and additional geocoding of Framingham participants into our modeling. We 
will complete the work we have begun on the vascular component of our project aims, 
and plan to begin work on examining associations between air pollution and cognitive 
function in the coming year. In addition, we have begun preliminary work extending the 



aims of our project to evaluate chronic effects of long-term exposure on atherosclerosis in 
the aorta based on MRI data collected on the Framingham Offspring Cohort from 2002 – 
2006. 
 
3.5 Changes/problems/delays in proposed work:  There are no substantive changes, 
problems, or delays in proposed work to report at this time. 
 
4. Project 4:  Longitudinal Effects of Multiple Pollutants on Child Growth, Blood 

Pressure and Cognition.  PI:  Diane Gold, HSPH 
 
4.1 Objective of Research:  The main aim of this project is to determine the health 
effects of prenatal and postnatal exposures to individual pollutants, sources, and pollutant 
mixtures on somatic growth, cardiovascular risk (blood pressure, exercise tolerance) and 
cognition in children.  The strength of chronic and acute effects of individual pollutants 
will vary by source and mixture, as well as the timing of prenatal and postnatal 
exposures. Increased vulnerability or susceptibility to pollution effects on these adverse 
health outcomes will also result from socioeconomic disparities, stress and violence, 
environmental tobacco smoke, and reduced maternal and child omega-3 fatty acid intake 
measured in the prenatal as well as postnatal periods.  
 
4.2 Progress Summary/Accomplishment Highlights:  We have abstracted all pre-birth, 
post-natal and childhood addresses for all children. Growth, cardiovascular and cognitive 
outcomes have been measured and are available for analytic purposes. We have geocoded 
all addresses, estimated cumulative traffic and other GIS-based exposures, and created a 
data set with all variables needed to estimate BC and PM2.5 for the prenatal period and 
lifetime of each of the children.  Pending pollution estimates we have evaluated the 
associations of residence location during pregnancy with a series of health outcomes. 
 
Fetal growth is reduced with increased cumulative traffic, urban-ness and population 
density.   Overweight at 6 months is increased with increased cumulative traffic density. 
On-verbal and verbal cognition appeared to be reduced, and behavior difficulties 
appeared to be greater in children whose mothers lived in more urban areas with more 
traffic during their pregnancy. However, all associations were attenuated after adjusting 
for confounders.  Other health outcomes were explored in preliminary analyses. Sleep-
disordered breathing was more prevalent in urban, disadvantaged populations. Adjusting 
for potential confounders, increased traffic was a risk factor for bronchitis or croup at age 
3. Living further from major roadways at birth was protective against active asthma at 
ages 3 and 7. Living in a more densely populated, urban area of Boston was a risk factor 
for asthma incidence.  
 
4.3 Publications/Presentations:  
• Rifas-Shiman SL, Oken E, Gillman MW, Gold DR, Bottino C, Kleinman KP, Taveras 

EM. The Influence of the built environment on fetal growth and infant weight gain.  
Oral Presentation: The Obesity Society Annual Meeting 2011.  



• Bottino CJ, Rifas-Shiman SL, Oken E, Redline S, Gold D, Gillman MW, and Taveras 
EM. The influence of the built environment on infant sleep duration. Pediatric 
Academic Societies' Meeting 2011.  

 
4.4 Future Activities:  Continuing analysis of exposure and outcome data.  Within the 
next 2 months our goals are (1) to complete BC and PM2.5 estimates that will be used for 
estimation of spatiotemporal variability of exposures, and (2) to link health outcome data 
to central site measures of pollution, for analyses dependent on temporal variability of 
pollution.   For future analyses, we await spatially and temporally-resolved estimates of 
pollution exposures during fetal life and during childhood. 
 
4.5 Changes/problems/delays in proposed work:  There are no substantive changes, 
problems, or delays in proposed work to report at this time. 
 
5. Project 5:  A National Study to Assess Susceptibility, Vulnerability, and Effect 

Modification of Air Pollution Health Risks.  PI: Francesca Dominici, HSPH. 
 
5.1 Objective of Research:  This National study is aimed at identifying factors that 
explain the heterogeneity of health risks associated with air pollution exposure. We 
hypothesize that such factors include medical and social conditions, conditions that 
modify exposure, and differences in pollution composition that modify exposure toxicity. 
Moreover, we hypothesize that the relevant factors vary among different health 
outcomes.  We will conduct national studies of short- and long-term exposures to 
individual pollutants, sources, and mixtures. We will establish a cohort of 2.3 million 
Medicare enrollees residing in Massachusetts and surrounding states and follow its 
members prospectively for cause-specific hospital admissions and mortality for the 
period 2000-2014, and also study all live births in Eastern MA, geo-coded to exact 
address and followed for adverse birth outcomes.     
 
5.2 Progress Summary/Accomplishment Highlights:  We are completing a manuscript 
in which we review recent literature to summarize the state of scientific evidence on 
effect modification and identify consistencies across studies. We focus on time series and 
case-crossover studies of the effects of short-term exposure to PM or ozone on mortality 
and morbidity.  In a second nearly completed manuscript, we extend state-of-the-art 
Bayesian statistical models to identify specific combinations of constituent pollutants 
most harmful to a Medicare population aged 65 and older in each of 118 individual U.S. 
counties; we interpret the full results within the emerging context of multi-pollutant 
regulation, and highlight the potential for these findings to power regulatory efforts that 
focus on specific sources within individual counties. 
 
We have submitted a manuscript in which we introduce a potential-outcomes framework 
for accountability research that uses a Bayesian MCMC computational strategy. The 
approach stratifies areas based upon the estimated causal effect of an air quality 
regulation on ambient air pollution and assesses the causal effect of the regulation on 
health outcomes within these strata. We apply our method to examine whether the 1990 
Clean Air Act Amendments causally affected Medicare mortality through affecting 



ambient concentrations of particulate matter and ozone.  This work will be presented at 
the ISEE Conference in Barcelona in September 2011 (see below). 
 
In support of our third aim, a cohort study of Medicare enrollees in Massachusetts and 
surrounding states, we are currently developing the data set and conducting exploratory 
analyses to estimate the long term effects of PM2.5 on lung cancer hospital admissions. 
 
5.3 Publications/Presentations: 
International Society for Environmental Epidemiology Conference, September, 2011, 
Barcelona, Spain. “An Approach to Multipollutant Accountability Research using 
Principal Stratification” by Corwin Zigler and Francesca Dominici. 
 
5.4 Future Activities:  We will continue analysis of national short- and long-term 
exposures to individual pollutants, sources, and mixtures.  We will also continue 
development and analysis of a cohort of Medicare enrollees in Massachusetts and 
surrounding states for cause-specific hospital admissions and mortality; studying all live 
births in Eastern MA, geo-coded to exact address and followed for adverse birth 
outcomes.    
 
5.5 Changes/problems/delays in proposed work:  There are no substantive changes, 
problems, or delays in proposed work to report at this time. 
 
6.  Quality Assurance Activities.  A Quality Management Plan (QMP) was prepared by 
Jose Vallarino, Quality Assurance Officer.  This plan was reviewed by all five project 
leaders and three core leaders.  The document listed the required quality assurance 
activities of the overall center, and the specific quality assurance activities of each of the 
five research projects.  The final approved document was submitted to Mel Peffers, EPA 
Project Officer on March 15, 2011.  The QMP was approved by Lisa Doucet, EPA 
Quality Assurance Manager on March 23, 2011.  This satisfied the contract requirement 
of submission of a QMP within three months of the award date.  The main component of 
the QMP is the annual internal audit of the five research projects for compliance with the 
requirements of the QMP.   Year one audits are scheduled for the fall of 2011.    
 
7.  Human Subjects Approval.  Jose Vallarino, the Quality Assurance Officer, compiled 
a submission to the EPA of all the research projects with human subjects (4 of the 5 
research projects; Project 1 is an animal toxicology project) consisting of IRB 
applications and IRB approvals from HSPH and co-investigator institutions.  This 
submission was forwarded to Mel Peffers, EPA Project Officer on January 25, 2011.  
Warren Lux, the EPA Human Subjects Review Official approved the submission on 
February 2, 2011.  This satisfied the contract requirement that no human subjects work 
begin prior to receiving approval of IRB related documentation by the EPA Human 
Subjects Review Officer.  Dr. Lux approved all four projects, though he had a difference 
in interpretation in whether Project 5 should have been deemed exempt under Category 4 
rather than non-human subject research, as determined by the HSPH IRB.  Dr. Lux noted 
that this difference of interpretation was not required to be reconciled and approved the 
project to proceed. 



 
We took Dr. Lux’s suggestions under advisement and although HSPH had previously 
determined that the work of Project 5 Aim 3.1 is exempt (use of live births obtained from 
the Massachusetts Birth Registry for the period between January 1, 1996 and December 
31, 2007, geo-coded by the DPH), we filed an IRB application and received approval for 
this work.  Due to the changing nature of what is considered identifiable data, as Dr. Lux 
pointed out in his email of 2/2/2011, we agreed it would be prudent to have IRB review 
for our birth cohort.  The application and approval was submitted to Mel Peffers, EPA 
Project Officer on March 8, 2011 for her records. 
 
8.  Changes to key Center Personnel.  The key personnel on all five Projects and Cores 
have remained the same since the original grant was funded during winter 2010.   
 
9.  Changes in proposed work.  There are no substantive changes in proposed work to 
report at this time.   
 
10.  Collaborations.  The Harvard CLARC is structured to maximize collaboration 
between Projects and investigators.  This is done in several ways.  First, the Projects are 
designed to be complementary.  We have developed a common set of hypotheses that 
will be tested in the Projects using a synergistic and integrative approach. Importantly, 
the Harvard CLARC will examine the consistency of findings across different health 
outcomes and across populations at different stages of life by: 1) relying on a common set 
of exposure metrics; 2) exploring the same set of susceptibility and vulnerability factors; 
and 3) integrating results from laboratory animal experiments with cohort and population 
based studies.  Second, many Center Investigators serve more than one study.  Project PIs 
are supported by co-Investigators from other studies to strengthen links between studies.  
Third, bi-weekly meetings are held to update Center investigators on progress on Center 
activities.  These meetings serve as a forum for communication and discussion, as well as 
to educate doctoral students and post doctoral fellows. 
 
In addition to the intra-Center collaboration above, the Harvard CLARC interacts with 
other CLARCs.  In particular, in collaboration with our Project 1 and the GLACIER and 
University of Washington CLARCs, we are planning to study animals with diet-induced 
cardiovascular disease using our exposure system differentiating primary and secondary 
particles from traffic sources. Protocols for these studies are being developed and 
finalized.  An additional collaboration in the planning stages is with EPA and the 
Southeastern Center for Air Pollution and Epidemiology on using MODIS and GOES 
satellite data in PM exposure assessments for epidemiological studies. 
 
11.  First Scientific Advisory Committee Meeting.  In early June 2011, the Harvard 
CLARC had its first SAC meeting.  At this meeting, results relevant to Harvard CLARC 
research were presented and discussed.  Feedback from this meeting with the SAC is not 
yet available.  An addendum to this report, summarizing the SAC findings and HSPH 
response, will be submitted once the SAC report has been received and reviewed by 
HSPH. 



2011 ANNUAL REPORT 
  
Date of Report: July 29, 2011 
EPA Agreement Number: EPA-RC2009-STAR-C1 
Center Name & Internal Number: Harvard University Clean Air Research Center: Air 
Pollution Mixtures: Health Effects Across Life Stages.  EPA grant number 83479801. 
Project Title: Relative Toxicity of Air Pollution Mixtures 
Investigator(s):   Institution(s) of PI(s):  
(PI) John Godleski   Harvard School of Public Health, Boston, MA 
(Co-PI) Petros Koutrakis  Harvard School of Public Health, Boston, MA 
Joy Lawrence    Harvard School of Public Health, Boston, MA 
Mike Wolfson    Harvard School of Public Health, Boston, MA 
Edgar Diaz    Harvard School of Public Health, Boston, MA 
Research Category:  Air Quality and Air Toxics 
Project Period: January 1, 2011 – June 30, 2011 
Objective of Research:  Project 1, an inhalation toxicological animal exposure study, 
investigates the relative toxicity of different component concentration combinations of air 
pollution mixtures.  These components include both particles and gases that are emitted 
directly from sources (primary species) or are formed in the atmosphere through a series 
of reactions that are predominantly photochemical (secondary species).  The project uses 
source specific emissions as well as ambient air or concentrated ambient particulate and 
our photochemical chamber technologies to generate realistic mixtures.  We are testing 
these specific hypotheses: (i) secondary gaseous pollutants formed from the 
photochemical oxidation of traffic emissions or Boston ambient gases can induce 
biological responses; (ii) aging Boston concentrated ambient particles (CAPs)  or source 
specific primary particles in the photochemical chamber enhances their toxicity; (iii) 
toxicological effects of photochemically aged source emissions, ambient air, or CAPs are 
exacerbated by co-exposure to ozone and other secondary gases; and (iv) mixture 
composition and toxicity exhibit inter- and intra-seasonal variability due to changes in 
source emissions and weather conditions.  Toxicity will be assessed in Sprague-Dawley 
rats by changes in 1) in vivo oxidant response, 2) blood pressure, 3) measures of 
inflammation, and 4) vascular blood flow/resistance. Three concurrent exposures groups 
(Sham, Control Exposure and Exposure) will allow us to control for the variability in 
CAPs composition. With this design, there can always be a direct comparison between 
two exposure mixtures on every exposure day, making it possible to determine which 
mixture is more toxic. 
Progress Summary/Accomplishments:  During the reporting period, we have 
completed a group of 8 papers all dealing with primary and secondary emissions from 
power plant, studies that were funded by the previous Harvard EPA PM Center and the 
Electric Power Research Institute. These papers have all been accepted for publication 
and will be published in a special issue of the journal, Inhalation Toxicology.  We have 
also completed similar studies on emissions derived from traffic using a northeastern 
traffic tunnel as the source of mixed vehicular emissions, and compared the effects of the 
emissions with or without simulation of atmospheric aging by photochemistry and 
formation of secondary particles.  



Both Primary (P) and secondary particles derived from the tunnel resulted in 
adverse respiratory, inflammatory and cardiovascular responses. A pattern of adaptation 
to the exposure was found with sub-chronic exposures. Irradiation of the primary 
particles and gases enhanced the toxicity of the traffic emissions producing inflammatory 
changes in BAL, decreasing flows and volumes in breathing pattern and increasing 
diastolic blood pressure.  Respiratory changes were augmented with repeated exposure to 
the SOA (secondary particles only) and P+SOA (aged primary plus secondary particles) 
scenarios, suggesting a cumulative effect and a central response to the pollutants 
manifested by a decrease in tidal volume. P+SOA had a greater overall response than 
SOA only; suggesting that the particles and the more complex agglomerates formed in 
this multipollutant scenario greatly enhanced the toxicity of primary traffic derived 
particles.   

Blood Pressure data showed an increase in systolic, diastolic and mean pressure 
for P, increased diastolic and decreased pulse pressure for P+SOA and increases in 
systolic, diastolic and pulse pressure for SOA. These changes decreased with repeated 
exposures overtime. Sham exposures after the last test exposure showed a sharp decrease 
in systolic and diastolic blood pressure in those animals previously exposed to SOA.  
This pattern of decreasing changes in blood pressure during repeated exposures indicates 
development of a compensatory response.  We also examined how exposure to primary 
and secondary traffic-related particles affect DNA methylation of the promoter of 
endothelial nitric oxide synthase (eNOS), a gene implicated in vasoconstriction. Overall 
trends indicate a decrease in DNA methylation with exposure; though the data is a cross-
sectional sample, the decrease in DNA methylation in the eNOS promoter suggests 
activation of the gene, which may result in a more rapid vasodilatory effect supports the 
development of a compensatory response.  Several manuscripts from this study are 
currently in preparation. 

These investigations are continuing in the new CLARC, as we examine the 
relative toxicity of different components of air pollution mixtures, focusing on source-
specific emissions and ambient particles and gases.  In the new CLARC, we are adding a 
rat model of vascular flow and resistance to our exposures, with excellent progress to 
report in techniques to prepare rats with implanted hardware for these microsphere 
studies.  Specifically, this includes catheterizing the left ventricle for perfusion and the 
thoracic aorta for sampling, and connecting these catheters to access ports implanted 
subcutaneously in the posterior intrascapular area. 
Exposures conducted at our tunnel site in support of the new CLARC to date have 
included primary emissions, with some preliminary secondary exposures scheduled for 
August 2011. 
Publications/Presentations:   
• Papapostolou V, Lawrence JE, Diaz EA, Wolfson JM, Ferguson ST, Long MS, 

Godleski JJ, Koutrakis P. Laboratory evaluation of a prototype photochemical 
chamber designed to investigate the health effects of fresh and aged vehicular exhaust 
emissions. Inhalation Toxicology. 2011;23: 495 – 505.  

• Diaz EA, Chung YS, Long MS, Lawrence J, Papapostolou V, Lamoureux D, Mazzaro 
V, Buonfiglio H, Yoo PS, Franco F, Godleski JJ. Toxicological Evaluation Of 
Realistic Emissions Source Aerosols (TERESA): Mobile Sources - Tunnel Studies. 
Am J Respir Crit Care Med 183; 2011:A3231. 



• Lamoureux DP, Diaz EA, Chung YS, Long MS, Lawrence J, Papapostolou V, 
Nguyen PS, and Godleski JJ. Effects of traffic-related particles on blood pressure and 
DNA methylation.  J Clin Hypertens Vol. 13 Suppl. 1 April 2011:A130. 

Future Activities:  We will continue with our investigations as described above.  
Exposures to fresh and photochemically aged source emissions/CAPs, with and without 
ozone and other secondary gases, will be conducted.    Toxicity of exposures will be 
assessed in rats using a variety of outcomes, as described above (including changes in 
vivo chemiluminescence, blood pressure, inflammation, and vascular flow/resistance), to 
determine the contribution of different components of the exposure mixture to observed 
biological effects. 
Supplemental Keywords:  pollution, particles, mixtures, oxidative stress, inflammation, 
vascular flow, blood pressure, epigenetics, pulmonary inflammation, vehicular emissions, 
secondary aerosols 
Relevant Web Sites: 
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Date of Report: July 29, 2011 
EPA Agreement Number: EPA-RC2009-STAR-C1. 
Center Name & Internal Number: Harvard University Clean Air Research Center: Air 
Pollution Mixtures: Health Effects Across Life Stages.  EPA grant number 83479801. 
Project Title:   Cognitive Decline, Cardiovascular Changes, and Biological Aging in 
Response to Air Pollution 
Investigator(s):   Institution(s) of PI(s):  
Joel Schwartz    Harvard School of Public Health, Boston, MA 
Murray Mittleman   Harvard School of Public Health, Boston, MA  
Research Category: Air Quality and Air Toxics 
Project Period: January 1, 2011 – June 30, 2011 
Objective of Research: 
In this Project we investigate the acute and chronic effects of air pollution on cognitive 
and neurological impairments, systemic inflammation, and vascular dysfunction. We will 
determine how these effects differ depending on the composition of multi-pollutant 
mixtures and the source contributions to PM composition.  We will then ascertain the 
level of increased effects in susceptible and vulnerable subpopulations by examining 
modifying factors of obesity, diabetes, diet, socioeconomic position, and psychosocial 
stress.   
Progress Summary/Accomplishments:  While the project has only recently begun, we 
have a number of accomplishments to report.  
• A key part of this project and of all the cohort studies is development of a spatio-
temporal model predicting daily PM2.5 concentrations in New England using land use 
regression terms and satellite remote sensing. We have developed that model, and have a 
paper in review describing it. We have papers in progress using it to examine the 
association of PM2.5 with birthweight and mortality. A poster on this work will be 
presented at the International Society for Environmental Epidemiology meeting in 
Barcelona in September. 
• We have published a paper examining the association of long term exposure to black 
carbon particles at residence and cognitive function in the Normative Aging Study. This 
paper shows that traffic particles are associated with lower cognitive function, similar to a 
few years of aging, in an elderly cohort. (Power et al., 2011 see below). 
• We have a paper in press (Peters et al., 2011 see below) reporting an association 
between long term lead exposure and psychosocial stress. This will serve as a template 
for further examination of other air pollutants.  
• We have a paper in press using our novel approach to within city survival analysis to 
examine the association of ozone in survival in four cohorts of potentially susceptible 
individuals. We find significant associations with long term survival, only the second 
paper to report such results. (Zanobetti and Schwartz 2011, see below.) 
• We will present preliminary results of an analysis of long term exposure to black 
carbon and Intima-media thickness of the carotid artery at the ISEE meeting in 
September.  



• We will also present results of a genome wide DNA methylation analysis to identify 
genes whose methylation is significantly perturbed by air pollution at the ISEE meeting 
in September. 
• We will present results of a further follow-up of the Harvard Six City Study at the 
ISEE meeting in September that examines more years of follow-up, and addresses the 
linearity of the dose-response curve and sensitivity to modeling assumptions. 
Publications/Presentations: 
• Power, MC, Weisskopf MG, Alexeef SE, Coull BA, Spiro A III, Schwartz J. Traffic-

related air pollution and cognitive function in a cohort of older men. Environmental 
Health Perspectives, on line. 

• Peters JL, Kubzansky LD, Ikeda A, Spiro III A, Wright RO, Weisskopf MG, Kim D, 
Sparrow D, Nie H, Hu H, Schwartz J. Childhood and Adult Socioeconomic Position, 
Cumulative Lead Levels, and Pessimism in Later Life: the VA Normative Aging 
Study. American J Epidemiol, in press. 

• Zanobetti A, Schwartz J. Ozone and survival in four cohorts with potentially 
predisposing diseases. Am J RespCrit Care Med, in press. 

Future Activities:  We will continue to work on the activities proposed in our grant 
application. In addition, we expect to receive a grant from NIEHS to look at epigenomic 
effects of environmental exposures that will allow us to continue to examine exposure 
and epigenetic effects in the Normative Aging Study. We expect the ISEE presentations 
to become published papers in the next year.   
Supplemental Keywords:  Air pollution, ambient particles, multi-pollutants, cognitive 
effects, vascular function, inflammation, neurological impairment, susceptibility, 
susceptibility and vulnerability  
Relevant Web Sites: 
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Date of Report: July 29, 2011 
EPA Agreement Number:  EPA-RC2009-STAR-C1 
Center Name & Internal Number: Harvard University Clean Air Research Center: Air 
Pollution Mixtures: Health Effects Across Life Stages.  EPA grant number 83479801. 
Project Title: Identifying the cognitive and vascular effects of air pollution sources and 
mixtures in the Framingham Offspring and Third Generation Cohorts. 
Investigator(s):   Institution(s) of PI(s):  
(PI) Murray Mittleman  Harvard School of Public Health, Boston, MA 
(Co-) Joel Schwartz   Harvard School of Public Health, Boston, MA  
Diane Gold    Harvard School of Public Health, Boston, MA 
Research Category: Air Quality and Air Toxics 
Project Period: January 1, 2011 – June 30, 2011 
Objective of Research: Long- and short-term exposures to ambient air pollution are 
associated with adverse acute and chronic cardiovascular and perhaps cognitive function, 
but these effects are poorly understood.  Using data from the Framingham Offspring and 
Third Generation Cohorts, well-characterized populations that have not been previously 
investigated in association with ambient environmental exposures, we will: 
(1) determine whether long-term exposures to ambient pollutants and mixtures are 
associated with cognitive impairment and cognitive interference; (2) test whether short-
term and long-term exposures to pollutants, mixtures and sources are associated with 
acute and chronic vascular and endothelial function; and (3) consider whether markers of 
biological susceptibility and vulnerability differentially influence these associations, 
allowing us to identify subpopulations at increased risk for harmful effects of air 
pollution.  
Progress Summary/Accomplishments:  Since funding began, we have worked closely 
with the Framingham data coordinators to complete the geocoding of all participants 
from the Framingham Offspring Cohort Cycles 6-8 and Third Generation Cycles 1-2.  
Geocoding of the Offspring Cohort is complete and we anticipate completing geocoding 
of the Third Generation Cohort by the end of July 2011. 

Preliminary analyses have evaluated the impact of short term exposure to air 
pollution on vascular function as assessed by flow mediated dilation (FMD) of the 
brachial artery and baseline brachial artery diameter in the Framingham Offspring Cohort 
(Cycle 7).  We have also examined the association between short-term exposures to air 
pollution and repeated measures of blood pressure in this population (Cycles 6-8). We 
observed inverse associations between pollutant exposures (PM2.5, BC, and NO2) and 
flow mediated dilation (%) which achieved statistical significance for PM2.5   five and 
seven day moving averages, and one day averages of NO2.  Models restricted to 
individuals with diabetes suggested a larger magnitude of association, but wider 
confidence intervals. No statistically significant associations were observed for baseline 
diameter. These initial results were presented at the Annual Meeting of the American 
Heart Association Council on Cardiovascular Disease Epidemiology and Prevention in 
March 2011 in Atlanta, GA.  In our recent blood pressure analyses, no significant 
associations were observed between ambient pollution levels and systolic, diastolic, or 
mean arterial pressure.  These results will be presented at the International Society for 



Environmental Epidemiology meeting in Barcelona, Spain in September 2011.  Further 
analyses of both blood pressure and FMD will incorporate data from the Third 
Generation when it becomes available. 
 As an extension of the aims of this project, we evaluated the impact of long-term 
near-roadway exposure on renal dysfunction in a susceptible population.  In this study we 
evaluated the impact of living near a major roadway (A1/A2) on estimated glomerular 
filtration rate (eGFR) in 1120 subjects hospitalized with acute ischemic stroke.  After 
adjusting for potential confounders, including clinical and socioeconomic indicators, we 
found that living closer to a major roadway was associated with a statistically 
significantly lower eGFR compared with living farther away (p-trend=0.03). When 
considering distance to roadway as a continuous variable, we found that living <=100 m 
versus >500 m from a major roadway was significantly (p=0.007) associated with a 2.08 
mL/min/1.73 m2 (95CI: 0.56- 3.60) lower eGFR. 
Publications/Presentations:   
• Wilker EH, Schwartz J, Gold DR, Koutrakis P, Coull BA, Vita JA, Benjamin EJ, 

Mittleman MA, Hamburg NM. Exposure to Ambient Air Pollution and Flow 
Mediated Dilation:  Susceptibility of Individuals with Diabetes in the Framingham 
Offspring Study. Annual Meeting of the American Heart Association Council on 
Cardiovascular Disease Epidemiology and Prevention, 2011. 

• Rosenbloom JI, Wilker EH, Mitchell GF, Coull BA, Hamburg NA, Schwartz J, 
Benjamin EJ, Gold DR, Ramachandran VS, Koutrakis P, Vita JA, Mittleman MA, 
Levy DE. Short-Term Exposure to Ambient Air Pollution and Blood Pressure in the 
Framingham Heart Study.  International Society of Environmental Epidemiology, 
2011. 

• Lue S-H, Wellenius GA, Wilker EH, Mittleman MA. Chronic Exposure to Traffic 
Pollution is Associated with Reduced Glomerular Filtration Rate. International 
Society of Environmental Epidemiology, 2011. 

Future Activities:  Future work will include integrating novel exposure assessment 
approaches and additional geocoding of Framingham participants into our modeling. We 
will complete the work we have begun on the vascular component of our project aims, 
and plan to begin work on examining associations between air pollution and cognitive 
function in the coming year. In addition, we have begun preliminary work extending the 
aims of our project to evaluate chronic effects of long-term exposure on atherosclerosis in 
the aorta based on MRI data collected on the Framingham Offspring Cohort from 2002 – 
2006. 
Supplemental Keywords:  Air pollution, ambient particles, multi-pollutant mixtures, 
cognitive function, vascular function, inflammation, susceptibility, vulnerability  
Relevant Web Sites: 
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Date of Report: July 29, 2011 
EPA Agreement Number: EPA-RC2009-STAR-C1 
Center Name & Internal Number: Harvard University Clean Air Research Center: Air 
Pollution Mixtures: Health Effects Across Life Stages.  EPA grant number 83479801. 
Project Title:   Longitudinal Effects of Multiple Pollutants on Child Growth, Blood 
Pressure and Cognition 
Investigator(s):   Institution(s) of PI(s):  
(PI) Diane Gold   Harvard School of Public Health, Boston, MA 
(Co-PI) Matthew Gillman  Harvard Vanguard, Boston, MA 
Emily Oken     Harvard School of Public Health, Boston, MA 
Joel Schwartz    Harvard School of Public Health, Boston, MA 
Research Category: Air Quality and Air Toxics 
Project Period: January 1, 2011 – June 30, 2011 
Objective of Research:  The main aim of this project is to determine, in a pre-birth 
cohort originating in the Greater Boston area, the health effects of prenatal and postnatal 
exposures to individual pollutants, sources, and pollutant mixtures on somatic growth, 
cardiovascular risk (blood pressure, exercise tolerance) and cognition.  Elevated blood 
pressure, reduced cognition, behavioral problems, and abnormal somatic growth are 
significant burdens on individuals, their families and society. We hypothesize that 
prenatal and postnatal pollution exposures (individual pollutants, sources, or mixtures) 
will lead to adverse changes in somatic growth, increased blood pressure, reduced 
cardiovascular fitness, and reduced cognition in children. The strength of the chronic and 
acute effects of individual pollutants on our outcomes will vary by source and mixture, as 
well as the timing of prenatal and postnatal exposures. Increased vulnerability or 
susceptibility to pollution effects on these adverse health outcomes will also result from 
socioeconomic disparities, stress and violence, environmental tobacco smoke, and 
reduced maternal and child omega-3 fatty acid intake measured in the prenatal as well as 
postnatal periods.  
Progress Summary/Accomplishments: The Viva cohort consists of mothers and 
their offspring: 2128 live births, 1701 at 6 months, 1401 at 3 years, 1276 at 7 years.   
With the goal of estimating trimester-specific, post-natal and childhood pollutant 
exposures, we have abstracted all pre-birth, post-natal and childhood addresses for all 
children. Growth, cardiovascular and cognitive outcomes have been measured and are 
available for analytic purposes. We have geocoded all addresses;  have estimated 
cumulative traffic and other GIS-based exposures;  and have created a data set with all 
GIS land use and weather variables needed to estimate black carbon and PM2.5 for the 
prenatal period and lifetime of each of the children.  Pending pollution estimates we have 
evaluated the associations of residence location during pregnancy with a series of health 
outcomes. Fetal growth is reduced with increased cumulative traffic, urban-ness and 
population density.   Overweight at 6 months is increased with increased cumulative 
traffic density. Children in more urban areas are more obese. On-verbal and verbal 
cognition appeared to be reduced, and behavior difficulties appeared to be greater in 
children whose mothers lived in more urban areas with more traffic during their 
pregnancy. However, all associations were attenuated after adjusting for maternal r/e, 



age, maternal and paternal education, married, household income, parity, smoking during 
pregnancy, fetal growth, gestational age at birth, bf duration, maternal Peabody Picture 
Vocabulary Test (3 y), HOME (Home Observation for Measurement of the Environment) 
score and Maternal Kaufman Brief Intelligence Test (7 y).  Other health outcomes were 
explored in preliminary analyses. Sleep-disordered breathing was more prevalent in 
urban, disadvantaged populations. Adjusting for potential confounders, increased traffic 
was a risk factor for bronchitis or croup at age 3 (OR=1.19; 95% CI 1.04, 1.35). Living 
further from major roadways at birth was protective against active asthma at ages 3 and 7 
(OR=0.89 for increased distance [95% CI: 0.80, 0.99]). Living in a more densely 
populated, urban area of Boston was a risk factor for asthma incidence.  
Publications/Presentations:  
• Rifas-Shiman SL, Oken E, Gillman MW, Gold DR, Bottino C, Kleinman KP, Taveras 

EM. The Influence of the built environment on fetal growth and infant weight gain.  
Oral Presentation: The Obesity Society Annual Meeting 2011.  

• Bottino CJ, Rifas-Shiman SL, Oken E, Redline S, Gold D, Gillman MW, and Taveras 
EM. The influence of the built environment on infant sleep duration. Pediatric 
Academic Societies' Meeting 2011.  

Future Activities: Continuing analysis of exposure and outcome data.  Within the 
next 2 months our goals are (1) to complete BC and PM2.5 estimates that will be used for 
estimation of spatiotemporal variability of exposures, and (2) to link health outcome data 
to central site measures of pollution, for analyses dependent on temporal variability of 
pollution.   For future analyses, we await spatially and temporally-resolved estimates of 
pollution exposures during fetal life and during childhood. 
Supplemental Keywords:  Air pollution; child health; pregnancy; growth; blood 
pressure; cognition; inflammation; environmental justice; vulnerability; susceptibility 
Relevant Web Sites: 
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EPA Agreement Number: EPA-RC2009-STAR-C1 
Center Name & Internal Number:  Harvard University Clean Air Research Center: Air 
Pollution Mixtures: Health Effects Across Life Stages.  EPA grant number 83479801. 
Project Title:  A National Study to Assess Susceptibility, Vulnerability, and Effect 
Modification of Air Pollution Health Risks 
Investigator(s):  Institution(s) of PI(s):  
(PI) Francesca Dominici Harvard School of Public Health, Boston, MA 
(Co-PI) Joel Schwartz  Harvard School of Public Health, Boston, MA 
(Co-PI) Michelle Bell  Yale University, School of Forestry, New Haven, CT 
Antonella Zanobetti  Harvard School of Public Health, Boston, MA 
Research Category: Air Quality and Air Toxics 
Project Period: January 1, 2011 – June 30, 2011 
Objective of Research:  This National study is aimed at identifying factors that explain 
the heterogeneity of health risks associated with air pollution exposure. We hypothesize 
that such factors include medical and social conditions, conditions that modify exposure, 
and differences in pollution composition that modify exposure toxicity. Moreover, we 
hypothesize that the relevant factors vary among different health outcomes.  Our research 
will be fully interactive with the other Center projects. Our previous results (e.g. diabetic 
susceptibility) have guided their analyses, and their results have generated specific 
hypotheses that we will test.  We have 3 objectives. In Aims 1 and 2, we will conduct 
national studies of short- and long-term exposures to individual pollutants, sources, and 
mixtures. A main focus of our Center is to study established cohorts (NAS, Framingham, 
and Viva) in Massachusetts and surrounding states using novel, validated approaches to 
assess exposure. In Aim 3, we will complement those cohort studies, by establishing a 
cohort of 2.3 million Medicare enrollees residing in the same region and following its 
members prospectively for cause-specific hospital admissions and mortality for the 
period 2000-2014, and also by studying all live births in Eastern MA, geo-coded to exact 
address and followed for adverse birth outcomes.     
Progress Summary/Accomplishments:  Project 5 has three aims; progress is reported 
for each aim. 
Aim 1. Develop statistical methods and conduct national studies to estimate mortality and 
hospitalization risks associated with short-term exposures to individual pollutants, source 
types and air pollution mixtures.  
• We have almost completed a manuscript entitled “Effect modifiers of health effect 
estimates for short-term exposure to ozone and particulate matter: A Review” by 
Antonella Zanobetti, Michelle L. Bell, and Francesca Dominici. In this manuscript, we 
review recent literature to summarize the state of scientific evidence on effect 
modification and identify consistencies across studies. We focus on time series and case-
crossover studies of the effects of short-term exposure to PM or ozone on mortality and 
morbidity.  
• We have almost completed a manuscript entitled “Identifying the most harmful 
chemical components of fine particulate air pollution in 118 U.S. counties: 2000 to 
2008” by Christopher Barr, David Diez, Yun Wang and Francesca Dominici. In this 



manuscript we extend state-of-the-art Bayesian statistical models to identify specific 
combinations of constituent pollutants most harmful to a Medicare population aged 65 
and older in each of 118 individual U.S. counties. Our stochastic search variable selection 
(SSVS) method allows us to accurately and flexibly evaluate many possible regression 
models in each county. We consider for inclusion the 6 most common pollution 
components (sulfate, nitrate, silicon, elemental carbon, organic carbon, and sodium ion), 
to identify the combination of pollutants most supported by the data. We interpret the full 
results within the emerging context of multi-pollutant regulation, and highlight the 
potential for these findings to power regulatory efforts that focus on specific sources 
within individual counties. Complete results and extensive tools for evaluation of 
reproducibility are made freely available online. 
 
Aim 2. Develop statistical methods and conduct national studies to estimate mortality and 
hospitalization risks associated with long-term exposures to individual pollutants, source 
types and air pollution mixtures. The following manuscript has just been We have 
submitted a manuscript, titled “An Approach to Multipollutant Accountability 
Research using Principal Stratification.” We will present this work at the September, 
2011 ISEE conference in Barcelona (see reference below).  In this manuscript, we 
introduce a potential-outcomes framework for accountability research that uses a 
Bayesian MCMC computational strategy. The approach stratifies areas based upon the 
estimated causal effect of an air quality regulation on ambient air pollution and assesses 
the causal effect of the regulation on health outcomes within these strata. As regulations 
may affect concentrations of many interrelated pollutants, we extend the use of principal 
stratification to a multi-pollutant approach that accommodates a multivariate intermediate 
response vector. Furthermore, we make use of recent advancements in hierarchical 
modeling for point-referenced spatial data to capitalize on information contained in the 
geographic locations of the pollution measurement sites. Insofar as these methods rely on 
unobserved potential outcomes, they rely on assumptions regarding associations not 
identified based on observed data, indicating the importance of sensitivity analyses. We 
apply our method to examine whether the 1990 Clean Air Act Amendments causally 
affected Medicare mortality through affecting ambient concentrations of particulate 
matter and ozone. 
 
Aim 3. Conduct two cohort studies in Massachusetts and surrounding states to estimate 
health risks associated with long-term exposures to individual pollutants, sources, and 
air pollution mixtures. We are currently developing the data set and conducting 
exploratory analyses to estimate the long term effects of PM2.5 on lung cancer hospital 
admissions. 
 
Publications/Presentations: 
 
International Society for Environmental Epidemiology Conference, September, 2011, 
Barcelona, Spain. “An Approach to Multipollutant Accountability Research using 
Principal Stratification” by Corwin Zigler and Francesca Dominici. 
 



Future Activities:  Aims 1 and 2: continue analysis of national short- and long-term 
exposures to individual pollutants, sources, and mixtures.  Aim 3: continue development 
and analysis of a cohort of Medicare enrollees in Massachusetts and surrounding states 
for cause-specific hospital admissions and mortality; studying all live births in Eastern 
MA, geo-coded to exact address and followed for adverse birth outcomes.    
Supplemental Keywords:  National studies, air pollution, heterogeneity, vulnerability, 
susceptibility 
Relevant Web Sites: 
 


