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Vertical structure of the atmosphere
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Troposphere

Lowest 10 km of atmosphere
Contains 75% of the atmospheric mass

The layer in which most weather
phenomena occur, e.g., frontal passage,
storms, winds

The layer in which most air pollution
problems occur

Energy balance is key factor
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Air set in motion by:

Absorption of energy at surface followed
by transfer of heat to lowest layer of air

Heated parcels become buoyant relative
to nearby cooler parcels, thereby rising

Rising of air parcel leaves lower pressure
at surface

Dense, cool air moves towards the area of
low pressure

Pressure gradient force drives winds
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As a warm parcel rises, it expands and cools, resulting in the
“normal lapse rate” (— 6.5 °C/km) of troposphere depicted here.

When the temperature lapse rate becomes “inverted” near the surface
in urban areas, high pollution levels are likely to result

Temperature
profile
I
Inversion layer
l Base

Mixing
depth

}

D201 Bk o B HENOOTR Temperatue ————»

Allitude —_»

Mixing layer

A Typical Morning in Denver, Colorado

Worst Case: Inversion in a Valley

Air Pollutants of Human
Health Concern

* Carbon monoxide
¢ Sulfur dioxide

* Nitrogen dioxide
* Volatile organics
¢ Ozone

¢ Particulate matter

— Sulfates, nitrates, organics,
elemental carbon, lead and
other metals

Carbon Monoxide - CO

* Colorless, odorless gas

* Primary pollutant, emitted by incomplete
combustion of biomass or fossil fuels

* Binds strongly with hemoglobin,
displacing oxygen

* Emissions reduction by higher
temperature combustion and use of
catalytic converters on motor vehicles




Sulfur Dioxide — SO,

* Primary pollutant, emitted by combustion
of fuels containing sulfur; also metal
smelting

« Irritates upper respiratory tract
* Converted in atmosphere to acid sulfates

* Emissions reductions by building taller
smoke stacks, installing scrubbers, or by
reducing sulfur content of fuel being
burned

* Tall smokestacks

Larger volume for
mixing pollutant

-

Taller chimney — lower smoke
concentration at ground

Acid Precipitation Formation

Fossil fuel 5, C
Industry, transport

&weathersmith.cam

Density Map of 1954 Statedevel SULFUR DIOXIDE Emission Estimates

Hydrogen ion concentration as pH from measurements
made at the field laboratories, 1999




Nitrogen Dioxide — NO,

* Formed by oxidation of NO, which is produced
with high temperature combustion (NO, is a
secondary pollutant)

* Ocxidant that can irritate the lungs and hinder
host defense

* A key precursor of ozone formation

* Emissions reductions by engine redesign and
use of catalytic converters

Volatile Organic Compounds
VOCs

* Products of incomplete combustion,
evaporation of liquid fuels, atmospheric
reactions, and release from vegetation
(both primary and secondary)

* Wide range of compounds with varying
health effects

» Another key ozone precursor

* Emissions reductions by high temperature
combustion and control of evaporation,
e.g., during refueling of cars

Ozone — O,

Secondary pollutant, formed via photochemical
reactions in the atmosphere from NOx and
VOC in the presence of sunlight

Strong oxidant that damages cells lining the
respiratory system

Concentrations often highest downwind of
source regions

Emissions reductions by control of NOx and
VOC emissions, especially from motor vehicles

Mechanisms of Ozone Formation
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Particulate Matter - PM

Products of combustion, atmospheric reactions,
and mechanical processes

‘Wide range of particle sizes

Wide range of physical/chemical properties
Wide range of health impacts, including
premature death

Control by filtration, electrostatic
precipitation, and reduction of precursor gases




Distribution of particle mass at various particle
diameters for a typical urban air sample
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TABLE 9.2 COMPARISON OF AMBIENT PARTH S, FINE (ultrafine plus
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Fise Coane.

Particle deposition in the respiratory system is a
strong function of particle diameter

o] lﬂﬁ
on: ]I' 1’
2l [} |
£ . {”1 htl|
i ! Il[[ ];}1"'I
SR L

am 01 10 L]
Particle Diameter (pm)

Figure -2 Total respiratery icion (as percentage deposition of
imhaled ) in humans as & funstion of partiche size. Al values are means with
ssandard deviations whes avadlahle. Particle di i

(MMADY for thase » 0.5 e,

Posterior
Extrathoracic Nasal Pasage

Region
= . Nesal Part
NV Oral Part

Larynx

Trachea ——

Tracheobronchial
egion Bronchi

| Bronchiclar

Aveotar Interstifial

Bronchicles

Terminal Bronchioles

Alveolar Respiratory Bronchiales
Region

Alveolar Duci +
Aol

Nasal Passages

[
= ( Tracheoteonchial Tree ) [ oirract |
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Motor Vehicles represent a major source category for
several air pollutants (CO, NO,, VOCs, O;, PM)

FiGure 1. TRENDS IN VEHICLE EMISSIONS AND VEHICLE MiLES TRAVELED®

Cars are getting cleaner, but people are driving more,
i in ozone pollution control

Figure 3.2 Trends in estimated U.S. Lead Emissions
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Indoor Air Pollution

Combustion is principal source: cooking, smoking,
heating

Dilution and dispersion are limited, especially nearest
the source

Pollutants of greatest importance include: CO, NO2,
PM, VOCs

Indoor concentrations often far higher than outdoors,
even in urban areas

Those who spend the most time indoors near the
source will be most impacted

The most local form of air pollution: indoor
combustion of biomass in India




Figure 2 — Worldwide exposure to particulates: Mid-
1990s
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Fig. 2. Estimates of the impacts of ten largest risk factors for ill-health in poor
South Asia. The impact of indoor air pollution is mainly on ALRI in children, with
smaller confributions from COPD and lung cancer in adult women.
Source: World Health Organization, 2002, 2001,
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Fig. 1. Top ten diseases in poor South Asia measured as lost healthy ife-years

(DALY's). Includes India, Bangladesh, Myanmar and Nepal.
Source: World Health report, 2002, 2001.
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Figure 1 — Use of solid household fuels, by region, 1990
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*About half the world 's households use unprocessed solid fuels for cooking,ranging
roughly from near zero in developed countries to more than 80%in China,India,and
Sub-Saharan Africa (Holdren et al.,2000).

«In simple small-scale devices,such as household cookstoves, solid fuels have
rather large emission rates of a number of important health-damaging airborne
pollutants including respirable particulates,CO,dozens of PAHs and toxic
hydrocarbons,and, depending on combustion and fuel characteristics, nitrogen and
sulfur oxides.

«A large,although uncertain,fraction of such stoves are not vented,i.e.do not have
flues or hoods to take the pollutants out of the living area.

*Even when vented to the outdoors,unprocessed solid fuels produce enough
pollution to significantly affect local pollution levels with implications for total
exposures (Smith et al.,1994).As cookstoves are essentially used everyday at times
when people are present,their exposure effectiveness (or intake fraction)is
high,i.e.the percentage of their emissions that reach people 's breathing zones, is
much higher than for outdoor sources(Smith, 2002; Bennett et al.,2002).

*The individual peak and mean exposures experienced in such settings are large by
comparison with WHO guidelines and national standards.

From: Kirk Smith, Indoor Air 2002;12:198 .207




nonitoring for particulates in

Table 1. Evidence from indoor area m
bi b halds in devel

ning b ping countries
Forticune level
Region Number of [milcrmgroma per
i hwniabolds  Duration carbeic mcder
Pactfiz (2) 15 1Zhr 1,300-5,200
South Asia (7) 504 Cocking 4,000-21,000
135 Cocking 850-4,400 (I}
100 Nancooking: 4353-mo
] Noncooking 880 ()
&l Thr 2,000-2.800 (T}
Chirm {8) n Varlous 2,600-2.500
35 WVarlous 1,100-11,000 T
Africa (5) 28 Cookingheating B00-1,700
© Cookingheating 1,300 1)
00 Thr 1,300-2,100 (1)
Latin Amwerica and the 2 Cockingwsting 4401, 100 ()
Carlbbean (5} 45 (R)
Lx ] 24h TZ0-1,200 [T}
520-870 (R}

Mote: Totad number of studies, 37 total number of households, about §00.

a. |, inhatable; R, respirable)

For comparison: US annual PM, s standard is 15 ug/m3

Country Year of
publication
India 1983
1987
1987
1988
19m
1905
Wepal 1986
1990
Zambia 1992
Gihana 1993
South Adrica 1993

Deseription of snmple

n=03, 4 villages

=165, § villages

n=d4, Z villages

n=129, 3 villages

n=93, winter/summer/mensosn
=40, two urban slums, infants, 24 b

u=49, 2 villages
=40, teaddlimpr

0=184, 4 h, urban, woed/charcoal
n=143, 3 I, urban, wood/charcoal

=15, 12 b, children, sinter/summer

Concentration

[ugim’]

6800
3700

3600

4100
6800/5400/4500
4004520 (1)

2000
£200/3000

4704210 (R)
3904340 (R)

2370/290

Table 4.3. Indoor particle air pollution from biomass combustion
in developing countries: partial list of studies of individual
breathing area concentrations (women during cooking, unless
otherwise stated) (Smith 1996).
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Health Effects of Air Pollution

Historical experience provides strong evidence
for causal relationship between air pollution
and premature death

Modern epidemiology studies have consistently
found significant associations

Two primary epidemiologic study designs:
— Time series studies of acute effects
— Cohort or cross-section studies of chronic effects

Let’s look at the evidence for particle health

effects...




London Killer Fog, December, 1952

Deaths per day
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Mid-day in December 1952

Air Pollution Epidemiology

Provides most directly relevant results for
policy makers

Assesses effects of real mix of pollutants on
human populations

Pollutants tend to ce vary, making it hard to
distinguish effects

Can demonstrate associations between outcome
and exposure, but not cause and effect

Must control for confounding factors
Exposure assessment is “ecologic”

Time Series Epidemiology

Addresses effects in narrow time window

Involves multiple regression analysis of long series
of daily observations

Large number of studies have reported significant
associations between daily deaths and/or hospital
visit counts and daily average air pollution.

Time series design avoids spatial confounding;
however, temporal confounding due to seasons and
weather must be addressed.

Particles often appear most important, but CO,
S0O,, NO,, and/or ozone may also play roles.

For example, NMMAPS Study

ens inks for A mor sality (1 day bag) for the 88 bargest 1.5,
v in e revised NMMAFS analysis.




Cohort Epidemiology

* Address long tarm exposure 1esponse window

» Large populations in multiple cities enrolled
and then followed for many years to determine
mortality experience

* Cox proportional hazards modeling to
determine associations with pollution exposure

* Must control for spatial confounders, e.g.,
smoking, income, race, diet, occupation

» Assessment of confounders at individual level is
an advantage over cross sctional, “ecologic”
studies

Lung Cancer, Cardiopulmonary Mortality,
and Long-term Exposure
to Fine Particulate Air Pollution

Pope, C.A. et al., Journal of the American
Medical Association: 287, 1132 141, 2002

Context Associations have been found between day-to-day particulate air pollution|
and increased risk of various adverse health outcomes, including cardiopulmonary mor-
tality. However, studies of health effects of long-term particulate air pollution havel
been less conclusive.

Objective To assess the relationship between long-term exposure to fine particu-
late air pollution and all-cause, lung cancer, and cardiopulmonary mortality,

Design, Setting, and Participants Vital status and cause of death data were col|
lected by the American Cancer Society as part of the Cancer Prevention il study, an on-]
going prospective mortality study, which enrolled approximately 1.2 million adults in 1982.
Participants completed a questionnaire detailing individual risk factor data (age, sex, race,|
weight, height, smoking history, education, marital status, diet, alcohol consumption, and
occupational exposures). The risk factor data for approximately 500000 adults were linked
with air pollution data for metropolitan areas throughout the United States and com-|
bined with vital status and cause ot death data through December 31, 1998.

Main Outcome Measure All-cause, lung cancer, and cardiopulmonary mortality |

Table 2. Adjusted Mortality Relative Risk (RR) Associated With a 10-pg/m? Change in Fine
Particles Measuring Less Than 2.5 pm in Diameter

Adjusted RR (95% CI)*

Cause of Mortality | 19781983 1999-2000 Average
All-cause 1.04 (1.01-1.08) 1060102110 1.06(1.02-1.11)
Cardopuimonary 1.06 (1.02-1.10) 1.0801.021.14_ 1.08(1.08-1.16)
Lung cancer 1.08 (1.01-1.16) 113 (1.04-1.22) 1.14(1.04-1.23)
All other cause 101097105 101087108 1.01 (0.951.06)

“Eslimaied and adjusted basad on the baseline random-efiects Cox proportional hazards model, conmoling for age,
sex, race, smoking, education, marital status, body mass, alcohol consumption, occupational exposura, and diet
Cl indicates confidence interval

1136 JAMA, March 6, 2002—Vol 287, No. 9
Pope, C.A,, etal.,
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Conclusion

* “Long-term exposure to combustion-
related fine particle air pollution is an
important environmental risk factor for
cardiopulmonary and lung cancer
mortality.”

Human Health Effects of
Airborne Particulate Matter

 Daily time sries studies have demonstrated small
but consistent associations of PM with mortality
and hospital admissions, reflecting acute effects.

* Acute effects on lung function, asthma
exacerbations, and other outcomes

e Multi dty prospective cohort studies have shown
increased mortality risk for cities with higher
long term PM concentrations, reflecting chronic
effects.

Implications

Acute effects are well documented but of uncertain
significance

Chronic effects imply very large impacts on public
health.

A new US national ambient air quality standard for
PM, 5 was established in 1997, largely based on the
cohort epidemiology evidence

Mechanistic explanation for chronic effects remains
unclear

Weaknesses in exposure assessment limits interpretation

Acute Chronic

1—ElmbunkPM}—.l 1

Bradysardia
Taehyeardia
Ventrigular Fibnsatian |
Suddes Cardisc
Baatn

Figure 9-15. Sch fe rep bon of potential pathophysiological pathways and
mechanisms by which ambient PM may increase risk of cardiovascular
morbidity andior mortality,

It 1s also unclear...

Whether a threshold exists
e Who is at risk due to
— Higher exposures
— Greater susceptibility
* What particle components are most toxic
* Which sources should be controlled

Measurement of Airborne
Particulate Matter

* Getting the size right
* A look at some field studies
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Diesel Traffic and Air Pollution Study

Mean Elemental Carbon Concentrations at Four
Harlem Intersections
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= Upwind site

Maw Jersay

Analysis of Particle Samples

* Mass determined by weighing Teflon
filter before and after sampling under
controlled conditions

* Elemental carbon estimated by light
absorption

* Analysis of trace elements by ICP-mass
spectrometry
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Winter NYC Individual Data:
Indoor and Outdoor vs. Personal Absorbance
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Preliminary Conclusions

» We see strong urban influences on air toxic
exposures for some particle components.

* Personal exposures are closely associated with
outdoor concentrations of black carbon, an
indicator of diesel exhaust particles.

 Diesel particle exposures are associated with lung
cancer and have been suggested to play a role in
asthma.

* New studies underway to examine the
diesel/asthma link.

Traffic-related Particle Exposures among NYC Children
P. Kinney, PI

Figure 1. Daily Black Carbon (BC) and Organic Carbon (OC) concentrations for FLH
HS and Ramapo HS, Janurary 15, 2003-February 18, 2003
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Urban Diesel Exposure
and Inner City Asthma

R. Miller, PI

Objective:

To assess geographic
associations between
diesel exposure and
asthma development in
a NYC birth cohort

The Greenhouse Effect

iy Some of the Infrared radiation passes
\'.1 hrough the atmosphere, and some is.
- g absorbed and re-emitted in all
" "' mm”“':s:“ directions by greenhouse gas

L b "“":dw maecules. The effect of this is to warm
Solar earthand e g oaris surface and the lower
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US greenhouse gas emission trends
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Air pollution and heat: the Ozone example
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Impacts of Climate Change

* General warming; greater at poles; greater
in winter

* Sea level rise
» Changing rainfall patterns

 QGreater variability and intensity of weather
extremes
— Longer and deeper droughts
— More frequent and extreme storms

Climate Change and Public Health

+ Changing patterns of rainfall will have
profound effects on local agriculture, water
supply, and well-being

 Heat-related mortality and morbidity

* Death and injury due to extreme storms
 Changing patterns of vector-borne diseases
* Air pollution

+ Ability to adapt will vary with income level

Another aspect of energy balance: the Urban Heat Island

Sketch of an Urban Heat-Island Profile
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Urban Heat Island in Atlanta Metro Area

Atlanta’s Heat lslar
Thu, Aug. 15, 3pm

Run B 14
Heat ssm redax

e R e e s L S
Outnut from WTC Urban Microciimate Modl Version 1.0

Urban Heat Island over Tokyo

URAWA
FELD (ESERVA TON RECLE T
P, T4 THR}
Amdwat Trar e sfare

New York Climate and Health Project

Mailman School of Public Health:
Patrick Kinney (PI) — Public health impact analysis

Goddard Institute for Space Studies:
Cynthia Rosenzweig — Global and regional climate modeling

LDEO: Chris Small — Remote sensing

Hunter College: Bill Solecki — Regional land. /land: deli
SUNY Albany: Christian Hogrefe — Regional air quality modeling

Duke University: Roni Avissar — Regional climate modeling
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