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Brief

ntroduction — background on PM2.5
Previous epidemiologic studies on
PM2.5 and its components

—indings on mortality

-Indings on morbidity

Biological mechanisms

Summary







HOW SMALL IS PM2.57




PM10 and PM2.5:
Size and Composition




Several Epidemiologic Studies
link PM2.5 with Mortality

e Short-term exposure and daily mortality
- 6 U.S. cities (Schwartz et al. 1996, 2003)
- 8 Canadian cities (Burnett et al. 2003)
- 9 CA counties (Ostro et al. 2006)

e Long-term exposure and mortality
Dockery et al. 1993; Laden et al. 2006
Pope et al. 1995, 2002

Krewski et al. 2000




What Is the relative
toxicity of PM2.5 components?

WHO: Determining toxicity of different
particle characteristics and sources is a

research priority

— Very few epidemiologic studies have

examined com

pOoNents or sources

— May helps to id

source of parti

entify the most toxic

culates




What Is the relative
toxicity of PM2.5 components?

*Could help target pollution control and
reduce overall managing costs

*Could improve estimates of health impact
assessment

May help explain heterogeneity in results
of multi-city studies




Results of studies of PM2.5
components or sources on mortality

« Mar et al. 2000 (Phoenix):
EC/OC and motor vehicle exhaust, road dust

e Laden et al. 2000 (6 US cities):

combustion- sourced fine particulate air
pollution

e Burnett et al. 2000 (8 Canadian cities):

sulfates, zinc, nickel and iron (NO3, EC, OC not
EEIET)




Data

e Daily PM2.5 during the cold season (April
through September) and alternate days
during the warm season (October through
March) from the Parque O’Higgins air quality
monitoring station. 717 daily PM2.5 aerosol
samples (approximately one every four days)

underwent elemental analysis

Components include Al, Br, Ca, ClI, Cr, Cu,
EC, OC, Ma, Na, Fe, K, Ni, Pb, S, Se, SI, V, Zn

 Weather data (temperature, humidex)




Data

Daily mortality categorized into:

 all-cause, cardiovascular, respiratory
e age<64, 65-74, /5-84, age > 85
 male/female

Daily Emergency department visits:
 all-cause, respiratory

e age<64, 65-74, /5-84, age > 85
e male/female




Methods

Time-series regression analysis for count data

 Model daily counts of mortality (ED visits)
using Poisson regression, controlling for time
varying covariates (time, weather, day of week)
and pollution

Use natural splines smoother to model
effects of time, temperature and humidity

ns smoother = flexible, data-driven functions that

approximate the relation of mortality and factor of
concern. Degrees of freedom determine “bumpiness”.
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Methods Cont.

 Log(Y, = o+ *PM2.5 + day of week+
+ns(time, df) + ns(tempt, 4df) +
ns(humidityt, 4df)

« E(Y) = *Var(Y))

« Examine single-day pollutant lags of O
to 3 days

e Calculate relative risk RR for
interquartile range (IQR = 75% - 25%) of
pollutant




Method Cont.

» Assign effects to source categories, rather
than to specific pollutants to avoid the
confusion as to causality of correlated
gaseous and FPM pollution when they are
primarily from the same source.

Factor analysis approaches will incorporate
and actually utilize these FPM component
and gaseous pollutant inter-correlations to
recognize when a pollutant is serving as a
source marker, rather than being the
underlying causal factor.
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Relative risk
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Relative risk
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Mechanisms

The absorbance coefficient
measured In Helsinki, Finland
was related to exercised-induced

ST segment depression Iin 45
nonsmoking elderly subjects with
coronary artery disease.




Mechanisms

e Evidence from epidemiological,
toxicological and human clinical studies
suggest plausible mechanisms for
mortality.

Elemental carbon was associated with
Increased exhaled nitric oxide, a measure
of lung inflammation.

Among forty-five children with asthma living In

Southern California, a 0.6 pg/m3 increase In
personal exposure to elemental carbon was
associated with a 0.7 (95% CI, 0.3-1.1) increase In

exhaled nitric oxide.




Mechanisms

 Metals (fuel combustion, brake wear,
lube oll, tire dust) may generate
reactive oxygen species ( Ghio 2004;
Schlesinger et al. 2006) and are
associated with fibrinogen (Huang
{0[0K)

Human and animal studies suggest that
Diesel Exhaust Particulates may induce
iInflammation and symptoms in
asthmatics.




Summary

 Elemental carbon (EC) had the
strongest effect which persisted despite
adjustment for other elements.

 Elemental carbon Is considered to be a
marker of motor vehicle traffic and may
be more indicative of traffic than organic
carbon. This suggests that the traffic-
sourced pollution mix are toxic.




Summary

e Associations between EC and traffic-
sourced pollutants are supported by
previous studies(Laden-6 cities, Mar-
Phoenix, Ostro-Calif)

e Soll sources had an associated total
mortality and was significantly related
to both cardiac and respiratory deaths.




Summary I

« Soll dust itself may be intrinsically toxic or
may be contaminated with elements from
traffic emissions (Artaxo, solil dust had
loadings of at least 0.50 with black carbon)

 The elderly appear to have enhanced
susceptibility to the adverse effects of air
pollution.




Recommendations

* There remains the question of whether the
identified individual pollutants account for the
majority of the observed effect or whether they
are a proxy for other components related to
motor vehicle emissions. Toxic components of
motor vehicle exhaust may include diesel

particles, ultra-fine particles per se, combustion
gases, organic compounds, and metals.

Further population-based epidemiologic studies
with more detailed information on the
composition of traffic-related emissions would
compliment ongoing laboratory exposure
studies.




Recomendations Il

* Ground-level ozone and fine particulate matter
(PM2..5) are two key components of smog and

nave important negative impacts on human

nealth, even with low concentrations of these

nollutants In the air.

« Examining the feasiblility of a broader indicator
based on the health risk caused by exposure to
a combination of several air pollutants. This
should provide a more comprehensive picture
than examining pollutants individually.




Recommendations Il

 The new indicator would reflect changes
over time In both exposure and health
risks, the latter potentially attributable to
changes In population susceptiblility (e.g.,
due to aging) or the nature of the air
pollution mix.




