Air Pollution and the respiratory
system

It matters who breathes it and
where and you breathe,

perhaps more than what you
breathe




Mexico City, 2001













The Center for Atmospheric Particle Studies
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State of the Air: 2008 ALA, Short-term
particle air pollution

o #1 Pittsburgh
#2 Los Angeles

#3 Fresno
#4 Bakersfield

#5 Birmingham

#6 Logan

#7 Salt Lake City
#8 Sacramento

#9 Detroit

#10 D.C./Baltimore




ALA most polluted cities 2009

e #1 Pittsburgh
#2 Fresno
#3 Bakersfield
#4 Los Angeles
#5 Birmingham
#6 Salt Lake City
#/ Sacramento
#38 Logan
#9 Detrolit
#9 Chicago




Primary Standards Secondary Standards

Pollutant Level Averaging Time Level Averaging
Time

Carbon 9 ppm 8-hour
Monoxide (10 mg/m?)

35 ppm 1-hour
(40 mg/m?3)

0.15 pg/m3 Rolling 3-Month Average Same as Primary

1.5 ug/m3 Quarterly Average Same as Primary

Nitrogen 0.053 ppm Annual Same as Primary
Dioxide (100 pg/m3) (Arithmetic Mean)

Particulate T 24-hour Same as Primary
Matter (PM,,)

Particulate O Annual Same as Primary
Matter (Arithmetic Mean)
(PM,5)

0.12 ppm 1-hour Same as Primary
(Applies only in limited
areas)

Sulfur Annual 0.5 ppm
Dioxide (Arithmetic Mean) (1300 pg/m?)




Acc  Spot Magn  Det  — =R

1.00 kY 3.0 50000x TLD Sirion

Fossil Fuel Combus"tion

\

Mexico City sample
Courtesy of Judith Chow PhD
The Desert Research Institute, Reno Nevada

Coal Combustion




Bacteria RBC Cell Pollenm Pin Hair

Salecules g i ool " -
= P L I‘ !

- ; . ¢

| = -

0.0lum 10um G 100um

‘ PM 4,
= Thoracic particles

Prees e

PM 1505
‘ PM ,.

Coarse fraction
Fine particles
q‘ UFP (M,

Uhrafing I'Iill"lll.'|l."l

AHA, Particulate Matter and Cardiovascular Disease, Circulation




=
Lo}
2
,_'
o
s
,_'
E‘h
=
8
8
(=5
ud
L
-l

T
15

PMj g, 1979-1983 (ug/m?)

Figure 2. Cross-5Sectional Life Expectancies for 1978-1982, Plotted against PM, :; Concentrations for 1979-1983.

Dots and circles labeled with numbers represent population-weighted mean life expectancies at the county level
and the metropolitan-area level, respectively. The solid and broken lines represent regression lines with the use of
county-level and metropolitan-area—level observations, respectively. The metropolitan areas are coded by number as

Dockery and Pope NEJM, January 22, 2009
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PM, ¢, 1999-2000 jug/m?)

Figure 3. Cross-Sectional Life Expectancies for 1997-2001, Plotted against PM, . Concentrations for 1999-2000.

Dots and circles labeled with numbers represent population-weighted mean life expectancies at the county level
and the metropolitan-area level, respectively. The solid and broken lines represent regression lines with the use of
county-level and metropolitan-area—level observations, respectively. The metropolitan areas are coded by number as




Things we know

* Increase frequency and severity of
respiratory symptoms
e |ncreased healthcare utilization
— Hospitalizations
— Emergency room visits
— Loss of work/school days

— Increased rates of lower and upper respiratory
tract infections

— Increased mortality rates




Things we have recently learned

 Mechanisms
— Airway Iinflammation
— Chronic effects
— Asthma incidence
— Susceptibility: Genetic and individual factors

o Traffic, the only threshold?

 Reducing the exposure, reducing the
health burden




In epidemiologic studies of air pollution
levels and health outcomes, there are no
thresholds!

Air pollution concentration




PM, . exposure — relative risk relationship

A | All-Cause Mortality B | Cardiopulmonary Mortality

E Lung Cancer Mortality
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Pope et al, JAMA 2002




In epidemiologic studies of traffic-related
emissions and health outcomes, there may
be a threshold!

50 +tmeters?

/

Closer Further

Proximity from the exposure source (Major road, hig hway)




Near the road, particle exposure Is unique
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PM, . dispersion from a major road
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Ficura 1. COMCENTRACIOMNES DEL I:"I"."Iz_i5 A DIFEREMNTES
oisTAaMClAS. Cwooao Juarez, Mexico, 2002

At 100 m distance from the avenue, PM2.5 levels decreased by
9.5 microg/m3 (40.6%) when compared to median levels
registered on the avenue. The results showed a highly significant
negative correlation between PM2.5 measurements and the
distance from the avenue (r=-0.70, n=20 and p=0.0005).

Cortez Lugo et al. Salud Publica Mex. 2004 Nov-Dec;46(6):534-7.




Passage of Inhaled Particles Into Human
Circulation

Inhaled ultrafine
particles PM <
1.0 m

9mTc-labeled

Radioactivity
was detected
In blood at 1

minute
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Atlanta: Black Carbon Data
May 27-29, 2002
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Figure 1.

Figure 1, for example, shows typical results from an hour-
long commute (7am—8am), (mean in-vehicle PM2.5: 27
mg/m3; maximum: 49 mg/m3; concurrent ambient PM2.5:
11.7 mg/m3).


















% Change in exhaled NO and lung volumes for an IQR increase in road density



Linear trend for road density exposure at the
homes



AlIr pollution and treatment



Association between 10 ppb increase in NO,
with FEV1% response to SABA
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Association between a 10 ppb increase in NO,
with FEV; % response to SABA in asthmatic
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Long term consequences



McConnell, Lancet 2002









Lung growth from most to least polluted



Environmental health iIs complex




SES and susceptibility to exposures






Asthma, chronic NO, exposure and
violence



What If we reduce emissions?






Less pollution, less asthma morbidity



Reduced Exposure to PM10 and Attenuated
Age-Related Decline in Lung Function



Reduced PM10, reduced lung function decline









Asthma cohort study

Woodland Hills and
Braddock — Liberty Borough

Exposures:
ETS

Nutrition

Outdoor air pollution

Psychosocial Factors

Asthma Severity
Asthma Burden (Morbidity)

Draw from schools and clinics
Incident (ISAAC screen) and
prevalent asthma cases

Co-morbidities: Obesity,
nutrition (Vitamin D),
Psychosocial Factors







Allegheny County Health Department http://www.achd.net/air/pubs/pdf/4q07agreport.pdf






US Steel Proposes $1B Investment In Clairton Plant
U.S. Steel is set to announce a major capital inves tment at Clairton Coke Works

Reuters, 2007
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