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Six Cities Adult Mortality Study
 Random sample of 

8411 adults in six 
cities
 Dirty: Steubenville, 

OH & St. Louis, MI
 Moderate: Watertown, 

MA & Harriman, TN
 Clean: Topeka, KS & 

Portage, WI
 Enrolled 1974-77
 14-16 years of 

mortality follow-up

Dockery et al, NEJM 1993;329:1753
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PM2.5PM10



Dzubay and Stevens, Environ. Sci. Technol., 1975: 9; 663

Why PM2.5?
 Measuring composition by size range
 EPA Dichotomous Sampler
 Virtual impactor
 <2.5 m
 2.5 to 10 m

 Separate filter samples
 Elemental Analysis by XRF

 Dzubay and Stevens, Ambient air analysis with 
dichotomous sampler and x-ray fluorescence 
spectrometer. Environ. Sci. Technol., 1975: 9; 663



Hoek et al, Environmental Health 2013, 12:43 

Long-term air pollution exposure and cardio-
respiratory mortality: a review

Relative risk per 10 μg/m3 PM2.5

1.06 (1.04, 1.08)
1.14 (1.07, 1.22)

1.06 (0.97, 1.16)

Overall
Six Cities

NLCS AIR



NLCS-AIR Study 
Long-Term Effects of Traffic-Related Air 
Pollution on Mortality in a Dutch Cohort

 Long-term exposure (1976-1996) at 
home address of 120,852 study subjects
 Black Smoke, NO2, SO2, and PM2.5

 Based on regional, urban, and local 
components

 Indicators of traffic-related air pollution
 traffic intensity on the nearest road,
 living near a major road, and 
 sum of traffic intensity in a surrounding 

100-m buffer
Beelen et al, Environ Health Perspect. 2008; 116: 196



NLCS-AIR Study 
Long-Term Effects of Traffic-Related Air 
Pollution on Mortality in a Dutch Cohort

 For a 10 μg/m3 increase in PM2.5 concentration, 
the RR for natural-cause mortality
 1.06 (95% CI, 0.97–1.16)

 Traffic intensity on the nearest road was 
independently associated with mortality.
 Independent near road air pollution 

exposure?

Beelen et al, Environ Health Perspect. 2008; 116: 196



Triggering of myocardial 
infarctions

 Myocardial infarction survivors age 25 
and  74 years based on the KORA 
Myocardial Infarction Registry, Augsburg, 
Germany

 Bed-side interview of 1466 cases 
between 1999 and 2003

 Detailed information on activities 
4 days before symptom onset

Peters et al. EJPC 2012



Times Spent in Traffic in the Hours before 
a Heart Attack (N=1466)

Hours before MI
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Times spent in traffic and the triggering of 
myocardial infarction one hour later

All Cars Bus/Tram Bicycle

Odds 
Ratio* 3.2 3.3 2.9 2.6

95% 
Confidence-

interval
2.7 – 3.9 2.7 – 4.1 1.7 – 5.1 1.6 – 4.1

*adjusted for getting up, being outdoors and strenuous exercise

Peters et al. EJPC 2012



Health Outcome Classification of Causal 
Associations

Mortality and Morbidity
All‐cause and cardiovascular mortality 2
Cardiovascular morbidity 2

Asthma and Respiratory‐Symptom Outcomes in Children
Asthma incidence and prevalence 3 4Sufficient
Exacerbations of symptoms 2Suggestive but not sufficient

With asthma 4 1 Inadequate and insufficient
Without asthma 1

Health‐care utilization 1
Asthma and Respiratory‐Symptom Outcomes in Adults

Adult‐onset asthma 1
Respiratory symptoms 2

Respiratory‐Symptom Outcomes
Pulmonary function (all ages) 2
COPD 1
Allergy 1

Other Health Outcomes
Birth outcomes 1
Cancer 1
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Are these epidemiologic associations 
with proximity to major roads 
attributable to ambient ultrafine 
particles?



Normalized PNC versus distance to road

Zhu et al, Atmospheric Environment, 2002;36; 4323



http://www.healtheffects.org/Workshops/Brussels2013/Presentations/Shaikh.pdf



Geographic locations of epidemiologic investigations 
of the short-term exposures to UFPs

HEI Perspectives 3, 2013



Health effects of particulate air pollution: Review of 
epidemiological evidence
Ruckerl et al, Inhalation Toxicology, 2011; 23(10): 555–592

Variables Short‐Term Studies Long‐Term Studies
UFP UFP

Mortality
All Cause 1 1
Cardiovascular 1 1
Pullmonary 1 1

Pulmonary Effects
Lung Function 2
Lung Function Growth

Asthma and COPD Exacerbation
Acute Respiratory Symptoms 1
Medication Use 1
Hosptial Admissions 1

Cariovascular Effect
Hospital Admissions

ECG‐related endpoints
Autonomic Nervous System 2
Myocardial substrate/vulnerability 1

Vascular function
Blood Pressure 1
Endothelia Function 1

3 ‐ Large number of studies
2 ‐Many studies
1 ‐ Few studies
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Organs of the human body that can 
be affected by PM air pollution

Updated from Peters et al. JOEM 2011

▪ Metabolic disorders
▪ Diabetes
▪ Liver Disorders



Health effects of particulate air pollution: Review of 
epidemiological evidence
Ruckerl et al, Inhalation Toxicology, 2011; 23(10): 555–592

Variables Short‐Term Studies Long‐Term Studies
PM2.5 UFP PM2.5 UFP

Mortality
All Cause 3 1 2 1
Cardiovascular 3 1 2 1
Pullmonary 3 1 2 1

Pulmonary Effects
Lung Function 3 2 3
Lung Function Growth 3

Asthma and COPD Exacerbation
Acute Respiratory Symptoms 2 1
Medication Use 1
Hosptial Admissions 2 1

Cariovascular Effect
Hospital Admissions 3 1

ECG‐related endpoints
Autonomic Nervous System 3 2
Myocardial substrate/vulnerability 2 1

Vascular function
Blood Pressure 3 1
Endothelia Function 2 1

3 ‐ Large number of studies
2 ‐Many studies
1 ‐ Few studies



Health effects of particulate air pollution: Review of 
epidemiological evidence
Ruckerl et al, Inhalation Toxicology, 2011; 23(10): 555–592

Variables Short‐Term Studies Long‐Term Studies
PM2.5 UFP PM2.5 UFP

Mortality
All Cause 3 1 2 1
Cardiovascular 3 1 2 1
Pullmonary 3 1 2 1

Pulmonary Effects
Lung Function 3 2 3
Lung Function Growth 3

Asthma and COPD Exacerbation
Acute Respiratory Symptoms 2 1
Medication Use 1
Hosptial Admissions 2 1

Cariovascular Effect
Hospital Admissions 3 1

ECG‐related endpoints
Autonomic Nervous System 3 2
Myocardial 
substrate/vulnerability 2 1

Vascular function
Blood Pressure 3 1
Endothelia Function 2 1

Ruckerl et al, Inhalation Toxicology, 2011; 23: 555



Organs of the human body that can 
be affected by air pollution

▪ Metabolic disorders
▪ Diabetes
▪ Liver Disorders

UFP and acute mortality not consistently observed
• Weak or no associations in Helsinki and Prague
• Strong associations on Erfurt, London, Rome, 

and Beijing



Organs of the human body that can 
be affected by air pollution

▪ Metabolic disorders
▪ Diabetes
▪ Liver Disorders

UFP and acute morbidity in 9 locations, 15 studies
• Hospital admissions, ED visits, Physician visits, 

Emergency service calls
• Inconsistent associations



Organs of the human body that can 
be affected by air pollution

▪ Metabolic disorders
▪ Diabetes
▪ Liver Disorders

UFP and acute cardiorespiratory markers- 25 studies
• Largely inconsistent associations with NC

N=7

N=9

N=18

N=2
N=5

N=18



Local regression of road-edge normalized concentrations on distance from the edge of 
road. Sample size, n, is given in parentheses after each pollutant.

Karner et al. Environ Sci Technol 2010; 44:5334

Relative Air Pollution vs. Distance to Road



Health effects of particulate air pollution: Review of 
epidemiological evidence
Ruckerl et al, Inhalation Toxicology, 2011; 23(10): 555–592

Variables Short‐Term Studies Long‐Term Studies
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3 ‐ Large number of studies
2 ‐Many studies
1 ‐ Few studies



Health effects of particulate air pollution: Review of 
epidemiological evidence
Ruckerl et al, Inhalation Toxicology, 2011; 23(10): 555–592

Variables Short‐Term Studies Long‐Term Studies
PM2.5 UFP BS/BC EC/OC PM2.5 UFP BS/BCEC/OC

Mortality
All Cause 3 1 1 1 2 1 2 1
Cardiovascular 3 1 1 1 2 1 2 1
Pullmonary 3 1 1 1 2 1 2 1

Pulmonary Effects
Lung Function 3 2 1 3
Lung Function Growth 3

Asthma and COPD Exacerbation
Acute Respiratory 
Symptoms 2 1
Medication Use 1
Hosptial Admissions 2 1

Cariovascular Effect
Hospital Admissions 3 1

ECG‐related endpoints
Autonomic Nervous System 3 2 1
Myocardial substrate/vulner 2 1 1

Vascular function
Blood Pressure 3 1 1 1
Endothelia Function 2 1 1

Ruckerl et al, Inhal Tox, 2011; 23: 555



Evidence from epidemiologic studies





Explanations for inconsistent 
evidence from epidemiologic 
studies

 No true underlying association between 
UFP exposures and adverse effects

 Limitations of current epidemiologic 
studies
 Lack of consistent UFP monitoring
 Spatial variability of UFP exposures
 Greater exposure misclassification of UFP 

compared to PM2.5



Does this imply that there are not 
epidemiologic associations with UFP?

UFP

PM2.5

?
Inconsistent
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Way Forward for 
Epidemiologic Exposures?

Understanding and quantifying the 
contribution of combustion 
nanoparticles to respirable particle 
(PM2.5) exposures. 



Way Forward for Epidemiologic Exposures: 
Scales used in modeling emissions from traffic

Stein et al. Atmos Environ  2007;41:9410

For example as 
in SAPALDIA 

Study



Integrating multiple layers of data

 Ambient Fixed Site 
Monitoring

 Rotating mobile sites
 Remote Sensing 

(Satellite)
 Land use regression
 CMAC atmospheric 

model

Kloog I, et al. PLoS ONE 2012;7: e34664.






