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Six Cities Adult Mortality Study

[0 Random sample of
8411 adults in six
cities
B Dirty: Steubenville,

OH & St. Louis, Ml

B Moderate: Watertown,
MA & Harriman, TN

B Clean: Topeka, KS &
Portage, WI

0 Enrolled 1974-77

[0 14-16 years of
mortality follow-up

Dockery et al, NEJM 1993;329:1753
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Why PM, .7

Measuring composition by size range

EPA Dichotomous Sampler

B Virtual impactor
0 <2.5 um
O 2.5 to 10 um

B Separate filter samples

[0 Elemental Analysis by XRF

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

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



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

Hoek et al, Environmental Health 2013, 12:43 ES (95% Cl) Weight
ACS [18] — 1.06 (1.02, 1.11) 12.11
NLCS AIR # 1.06 (0.97, 1.16)
Nurses Health [25] : & 1.26 (1.03, 1.55) 0.94

.
Health Professionals [29] s E 0.86 (0.72, 1.02) 1.30
US truckers [32] —i—.— 1.10 (1.02, 1.18) 6.22
ACS Los Angeles [19] E & 1.17 (1.05, 1.30) 3.18
.
Canadian cohort [34] -E—.— 1.10 (1.05, 1.15) 11.20
California teachers [36) —o—i- 1.01 {0.94, 1.08) 6.53
Medicare cohort [26] -l-- 1.04 (1.03, 1.06) 23.27
Rome cohort [38] *> 1.04 (1.03, 1.05) 23.95
|

Six Cities —_— 1.14 (1.07, 1.22)

Overall ¢ 1.06 (1.04, 1.08)

NOTE: Weights are from random effects analysis

| |
.646 1 1.55

Relative risk per 10 pg/m3 PM, .



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

home address of 120,852 study subjects

B Black Smoke, NO,, SO, and PM, .

B Based on regional, urban, and local
components

Indicators of traffic-related air pollution

B traffic intensity on the nearest road,

® living near a major road, and

B 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

O For a 10 pg/ms3 increase in PM, - concentration,
the RR for natural-cause mortality

m 1.06 (95% CI, 0.97-1.16)

[0 Traffic intensity on the nearest road was
independently associated with mortality.

B Independent near road air pollution
exposure?

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

German Research Center for Environmental Health

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

Germany

| &dipan yyill

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)

14 4
124

10 4

Times spent in transport [%]
(00

72 48 24 0

Hours before M

Peters et al. EJPC 2012



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

Bus/Tram Bicycle
Odds
Ratio* 2.9 2.6
95%

interval

Confidence- %7 -39/27-41]17-51 | 1.6-4.1

*adjusted for ge%gﬁp, being outdoors and strenuous exercise

Peters et al. EJPC 2012
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Are these epidemiologic associations
with proximity to major roads
attributable to ambient ultrafine
particles?




Normalized PNC versus distance to road

Normalized particle number concentration
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Hl Perspecti

January 2013 Insights

Understanding the Health Effects of Ambient
Ultrafine Particles

HEI Review Panel on Ultrafine Particles

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 E

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 I
Vascular function

Blood Pressure 1

Endothelia Function 1

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



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

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



Organs of the human body that can

be affected by PM air pollution

= Respiratory mortality
» Respiratory symptoms
= Rhinitis/Pneumonia

» Airway inflammation

» Decreased lung function
» Decreased lung growth
» Lung cancer

= Metabolic disorders
= Diabetes
= Liver Disorders

» Changes in blood pressure
» Endothelial function
= Increased blood coagulation
= Systemic inflammation

= Stroke
= Diseases of the central
nervous system

= Cardiovascular mortality

= Cardiovascular hospital admission
= Changes in heart rate variability

= ST-segment depression

= Premature birth

= Decreased birth weight

= Decreased foetal growth

= Intrauterine growth retardation
= Decreased sperm quality

Updated from Peters et al. JOEM 2011



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
PM, UFP PM, UFP

Mortality

All Cause 3 if 2 if

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

N
[HEN

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



Variables

Short-Term Studies Long-Term Studies

PM, . UFP PM, . UFP

Mortality

All Cause 3 1 2 1

Cardiovascular 3 1 2 1 S—

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



chts jram HED's research

be affected by air pollution

Ultrafine Particles

Organs of the human body that can 1 Perspectives %il";

HEI Review Panel on Ultrafine Particles

E = Respiratory mortalit§ ; = Stroke

» Respiratory symptoms = Diseases of the central
= Rhinitis/Pneumonia nervous system

» Airway inflammation
» Decreased lung function
» Decreased lung growth
» Lung cancer

G Cardiovascular mortalitz >
___— =Cardio ospital admission

= Changes in heart rate variability
= ST-segment depression

= Metabolic disorders
= Diabetes
= Liver Disorders

= Premature birth

= Decreased birth weight

= Decreased foetal growth

= Intrauterine growth retardation
» Decreased sperm quality

» Changes in blood pressure
» Endothelial function
» Increased blood coagulation
» Systemic inflammation

UFP and acute mortality not consistently observed

« Weak or no associations in Helsinki and Prague

e Strong associations on Erfurt, London, Rome,
and Beijing




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

Understanding the Health Effects of Ambient
Ultrafine Particles

HEI Review Panel on Ultrafine Particles

= Respiratory mortality = Stroke

» Respiratory symptoms = Diseases of the central
= Rhinitis/Pneumonia nervous system

» Airway inflammation
» Decreased lung function
» Decreased lung growth
» Lung cancer

lCa ..

3 Cardlovascular hospltal admission

= Change
= ST-segment depre55|on

= Metabolic disorders
= Diabetes
= Liver Disorders

= Premature birth

= Decreased birth weight

= Decreased foetal growth

= Intrauterine growth retardation
» Decreased sperm quality

» Changes in blood pressure

» Endothelial function

» Increased blood coagulation
» Systemic inflammation

UFP and acute morbidity in 9 locations, 15 studies

e Hospital admissions, ED visits, Physician visits,
Emergency service calls

 Inconsistent associations




Organs of the human body that
be affected by air pollution

= Respiratory mortality

ights fPam HEL's rescarch

CaNn  Hi Perspectives g ;

Understanding the Health Effects of Ambient
Ultrafine Particles

HEI Review Panel on Ultrafine Particles

» Respiratory symptoms N=7

= Rhinitis/Pneumonia

» Decreased lund function N=§

» Decreased lung growth
» Lung cancer

= Metabolic disorders
= Diabetes
= Liver Disorders

= Stroke
= Diseases of the central
nervous system

= Cardiovascular mortality
= Cardiovascular hospital admission

= Changes in heart rate variabilityl\|= 18
= ST-segment depression

» Changes in blood pressure  N=5

= Endothelial function

» Increased blood coagulation
» Systemic inflammation

N=18

= Premature birth

= Decreased birth weight

= Decreased foetal growth

= Intrauterine growth retardation
» Decreased sperm quality

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




Relative Air Pollution vs. Distance to Road

Rapid: >50% drop by 150 m Less rapid or gradual decay No trend
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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
PM,. UFP BS/BC EC/OC PM,. UFP BS/BC EC/OC
Mortality
All Cause 3 1 1 1 2 1 2 1
Cardiovascular 3 I I T 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 T
Cariovascular Effect
Hospital Admissions 3 1
ECG-related endpoints
Autonomic Nervous System 3 2 1
Myocardial
substrate/vulnerability 2 1 1

Vascular function
Blood Pressure
Endothelia Function 2 1 1

w
=
[HEY
[HEY

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



Variables Short-Term Studies Long-Term Studies

PM,. UFP BS/BC EC/OC PM,. 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

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 Hi Perspectives

ights fram JIED's vescarch

Understanding the Health Effects of Ambient
Ultrafine Particles

3. Do UFPs affect human health at environmental
concentrations? What is the evidence from
epidemiologic studies?

No epidemiologic studies of long-term exposures to
ambient UFPs have been conducted, as the most common
epidemiologic study designs are dependent on spatial con-
trasts that are far more difficult to characterize for UFPs
than for PM, .

ever, limitations of the current studies are likely to play a
role: UFPs have not been assessed routinely in larger epi-
demiologic studies of air pollution health effects, in part
because ambient monitoring of UFPs is not conducted in
most locations; UFPs have been defined and measured in

different ways; and the greater exposure measurement




Of 42 published articles that cited any significant
health associations with UFPs measured as NC, 37 articles
also noted significant effects for other particle size frac-
tions or traffic-related pollutants, and 10 articles did not
consider any traffic-related gases in the analysis.




Explanations for inconsistent
evidence from epidemiologic
studies

Hil Perspectives 3.4

No true underlying association between

UFP exposures and adverse effects

studies

Limitations of current epidemiologic

B Lack of consistent UFP monitoring
B Spatial variability of UFP exposures
B Greater exposure misclassification of UFP

compared to PM,




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




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




Way Forward for
Epidemiologic Exposures?

Understanding and quantifying the
contribution of combustion
nanoparticles to respirable particle
(PM, ) exposures.



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

Regional scale

cale BB

by

Urban s
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For example as
in SAPALDIA
Study

Stein et al. Atmos Environ 2007;41:9410



Integrating multiple layers of data

[0 Ambient Fixed Site
Monitoring PEPUT—

[0 Rotating mobile sites

[ Remote Sensing  ralEER R
(Satellite) PE s S

O Land use regression b e s

[0 CMAC atmospheric Bikeoty
model Bl e

PM2 5 concentrations

Bl 550757
A oY | 7.68-8.33
'If ; g ) | \ 8.34-9.20

1 7RE Lk g | 0.21- 1032
: Nt & .

[ B o I 10.33- 1205

. =‘ -

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