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Idealized Size Distribution of Particulate Matter (r4, 2004)
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EFFECTS AND FATE OF INHALED ULTRAFINE (NANO)PARTICLES (urp)
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Ultrafine Particles: Why the Concern
From A Health Perspective?




Numbers and Surface Area of Particles of Unit Density
of Different Sizes at a Mass Concentration of 10 pg/m?

Particle Diameter Particle Number Particle Surface Area
m 1/cm?3 um2/cms3
0.02 2,400,000 3016
0.1 19,100 600
0.5 153 120
1.0 19 60

2.5 1.2 24



Surface Molecules as Function of
Particle Size

From Fissan, 2003



UFP Deposition and Retention During 2 h
Exposure




Fractional Deposition of Inhaled Particles in the Human Respiratory Tract
(ICRP Model, 1994; Nose-breathing)
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Background: Evidence for UFP
Health Effects

Animal studies: increased lung inflammation and trans-
location to blood and distant organs (Oberdorster et al.)

UFP concentrations high at roadside (Sioutas, et al.) and as
a result of local sources (Jeong, et al.)

Traffic-related PM effects on mortality/morbidity (Kunzli
et al.; Peters et al.)

UFP decreased peak expiratory flow rates in asthmatics
(Peters et al.)

UFP caused ST-segment depression during exercise testing
in CAD (Pekkanen et al.)



Objectives - NYSERDA Study:
UFP and Cardiac Responses

Test over 10 weeks whether changes in community
ambient ultrafine particle counts are associated with
changes in cardiac rehabilitation patients’ :

- Symptoms
- Heart rate and blood pressure

- Cardiac electrophysiology, autonomic nervous system
control

- Blood markers of inflammation, coagulation
- Rate of cardiac rehabilitation




Study Design

75 non-smoking patients with recent coronary artery
disease exercise for 30 minutes in the cardiac
rehabilitation center

Baseline questionnaire

Exercise twice weekly x 10 weeks
Treadmill , cycle, or rowing

Multiple Clinical Assessments each visit



Exposure Measures

Ultrafine particles in two community sites, hourly
average

Ultrafine particles in cardiac rehab center, hourly
average

Ozone, NOx, CO, sulfur dioxide, temperature from
same site as ultrafines

Sub-ample: ultrafine particles for 48 hours indoors,
subject homes

Sub-sample: ultrafine particles in vehicles driving
to/from cardiac rehab center.
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Daily Morning Variability:

Indoor Particle Number Concentrations
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Mean hourly patterns of the indoor particle number concentration in three size bins
Cardiac Center



Time of Day Variability:

(a) Indoor (b) Outdoor
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Mean daily patterns of particle number concentration in the 10-
50 nm size bin at Cardiac Center



Subject Recruitment to Date

75 subjects recruited and under study

68 have completed full protocol

Age range : 36-80 years (mean = 60 yrs)

Gender: 66% male

Subjects live within 10 mile radius of a particle monitors

Diagnoses: recent myocardial infarction 60%); unstable
angina with coronary stents (35%)



Outcome Variables

 Days with angina * Rated perceived exertion

 Heart Rate/BP pre, at maximal exercise
peak, post exercise * Blood counts,

* Electrophysiology pre, C-reactive protein
peak, post exercise fibrinogen, weekly (pre-
(HRYV, repolarization, exercise)

etc)
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Analysis Strategy

* Biostatistics Group examining UFP number
concentrations and outcome variables

* Key Features of study design:
- longitudinal measurement on each subject
- highly susceptible group

- indoor and outdoor continuous UFP
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