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Good morning. Thank you, Chairman Carper, Chairman Udall and Senators, for this opportunity 

to speak with you today. My name is Dr. Dona Upson. I am a pulmonary/critical care physician 

from Albuquerque, New Mexico. 

 

I am speaking today on behalf of the American Lung Association and the American Thoracic 

Society. The American Lung Association is the nation’s oldest voluntary health organization, 

whose mission is to save lives by improving lung health and preventing lung disease. The 

American Thoracic Society is a medical professional organization of over 15,000 physicians, 

researchers and allied health professionals dedicated to the prevention, detection, treatment and 

cure of respiratory, sleep and critical care illnesses through research, education and advocacy.  I 

serve on the Nationwide Assembly of the American Lung Association and the National Board of 

Directors of the American Thoracic Society. 

 

I’d like to speak to you today about children and their lungs. I’m a pulmonologist and critical 

care physician, and I’m a mother. I’m here to tell you that children may look like miniature 

adults, but they’re not. For many reasons, they deserve special protection, including the cleanup 

of major pollution sources in the nation—most particularly, power plants. Power plants add 

hundreds of thousands of tons of dangerous air pollution to the air, threatening the most 

vulnerable among us, our children. 

 

Air pollution is especially dangerous to children because their lungs are growing and because 

they are so active. Just like the arms and legs, the largest portion of a child’s lungs will grow 

long after he or she is born. Eighty percent of their tiny air sacs develop after birth. Those sacs, 

called alveoli, are where the life-sustaining transfer of oxygen to the blood takes place. The lungs 

and their alveoli aren’t fully grown until children become adults.
1
 In addition, the body’s 
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defenses that help adults fight off infections are still developing in young bodies.
2
 Children have 

more respiratory infections than adults, which also seems to increase their susceptibility to air 

pollution.
3
 

 

Furthermore, children don’t behave like adults, and their behavior also affects their vulnerability. 

They are outside for longer periods and are usually more active when outdoors, especially in the 

summer when ozone levels are higher. Consequently, they inhale more polluted outdoor air than 

adults typically do.
4
  

 

In 2004, the American Academy of Pediatrics issued a special statement on the dangers of 

outdoor air pollution on children’s health, pointing out the special differences for children.
5
 In 

their analysis, they conclude that “There is a compelling need to move forward on efforts to 

ensure clean air for all.”
6
 I absolutely agree. I’m attaching a copy of their statement, which they 

reaffirmed in April 2009, to my comments. 

 

Children’s lungs are vulnerable to air pollution, especially from ozone and particulate matter. 

Multiple studies, both in the United States and around the world, have provided strong, 

consistent evidence that air pollution impairs children’s ability to breathe.  For example, repeated 

testing of school children in three California communities showed that even breathing at ozone 

levels during the school year, which are lower than during the summer, reduced their measured 

lung function (FEV1) as pollution increased during the day. 
7
  

 

Community health studies point to less obvious, but serious effects from year-round exposure to 

ozone, especially for children. Scientists followed 500 Yale University students and determined 

that living just four years in a region with high levels of ozone and related co-pollutants was 

associated with diminished lung function and frequent reports of respiratory symptoms.
8
 

 

Abundant and clear peer-reviewed research demonstrates that air pollution harms health. 

Chamber studies have convincingly shown that exposure to air pollution reduces pulmonary 

function and promotes airway inflammation. Epidemiological studies have linked air pollution to 

a host of adverse health consequences, including cardiac deaths, respiratory deaths, heart attacks, 

vascular remodeling, COPD exacerbations, asthma exacerbations and low birth weights. 

There is also real-world evidence that reducing air pollution can help protect children.  

 

One of the best known examples is from Atlanta during the 1996 Olympics, when a reduction in 

ozone was linked to a 42-percent decrease in asthma treatment and hospitalization in the Georgia 

Medicaid claims files. Pediatric Emergency Departments also saw significant reductions, as did 

the Georgia Hospital Discharge Database and a health maintenance organization database.
9
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Other real-world studies have shown similar findings.
 
Changes in air pollution from the 

reunification of Germany proved to be a real-life laboratory. Both East and West Germany had 

different levels and sources of particulate matter. Outdoor particle levels were much higher in 

East Germany, where they came from factories and homes. West Germany had higher 

concentrations of traffic-generated particles. After reunification, emissions from the factories and 

homes dropped, but traffic increased. A German study explored the impact on the lungs of six-

year-olds from both East and West Germany. Total lung capacity improved with the lower 

particle levels. However, for children living near busy roads, the increased pollution from the 

increased traffic kept them from benefiting from the overall cleaner air.
10

 

 

In Switzerland, particle pollution dropped during a period in the 1990s. Researchers there 

tracked 9,000 children over a nine-year period, following their respiratory symptoms. After 

taking factors such as family characteristics and indoor air pollution into account, the researchers 

found that during the years with less pollution, the children had fewer episodes of chronic cough, 

bronchitis, common cold, and conjunctivitis symptoms.
11

 

 

The evidence is even more compelling when you focus on children who have lung disease, such 

as asthma. In New Mexico alone, 47,000 kids have asthma. Similar to the adults I treat, having 

asthma puts children at even greater risk of harm. One example of this from my own experience 

came several years ago, when I was the Medical Director of a two-week asthma camp for 

children in New Mexico. We had to cancel the camp due to high levels of pollution from 

wildfires in Arizona. Many epidemiological studies have shown that particulate matter—like  the 

soot from those wildfires—as well as ozone, and other pollutants increase “a wide variety of 

respiratory symptoms . . . in children” as concluded by the U.S. EPA in a 2006 review of all 

pertinent research on ozone.
12

  

 

Many studies have found that higher levels of ozone and other pollutants increase the number of 

pediatric hospital admissions. A 2008 New York City study of hospital admissions for 

respiratory disease among children under age 18 found an association with higher outdoor ozone 

levels in five of the 11 regions included in the study.
13

 A similar, but much larger study of 11 

cities in Canada—not widely known for its ozone problems—found a increase in neonatal 

respiratory admissions with increases in ozone.
14

 

 

What is most impressive about the scientific literature on air pollution is how comprehensive it 

is, with literally hundreds of studies documenting that air pollution, in its various forms, is bad 

for human health. The research has proven to be consistent over decades. Scientists have been 

able to apply improved research technologies to document the health effects of air pollution at 

consistently smaller doses. Furthermore, to-date, most studies have looked at the health effects of 

individual components of air pollution, such as ozone. The National Ambient Air Quality 
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Standard defines what constitutes air that is healthy to breathe and safe for the environment for 

the most common and widespread air pollutants in terms of single pollutant criteria. However, as 

happens in real life, we breathe a whole mix of pollutants together. It is quite likely that, when 

the mix of pollutants is more thoroughly investigated, even greater impacts on health will be 

seen. 

 

Some would lead you to believe that cleaning up ozone, mercury, lead, arsenic, dioxin and acid 

gases, as well as carbon pollution, in our air, is unnecessary, or just too expensive. Yet it’s not 

hard to fathom how breathing toxins can lead to serious health complications, and are in fact 

directly linked to cancer, heart disease, neurological damage, birth defects, asthma attacks and 

even premature death. 

 

But we don’t have to make a choice between protecting our communities and our economy. Let 

me give you a New Mexico example. 

 

Coal- and oil-fired power plants are some of the biggest sources of air pollution in the United 

States, especially in the Midwest, Southeast and Northeast, but also in places like the Four 

Corners of the Southwest. According to the EPA, the Four Corners Power Plant is the nation’s 

largest source of nitrogen oxides, a pollutant that is one of the precursors for both fine particulate 

matter and ozone, and harmful on its own. Pollution from the plant blows directly into the 

Navajo Nation and into our national parks. Fortunately, in February the EPA and the plant’s 

owner, Arizona Public Service, announced an agreement to cut emissions of that harmful 

pollutant by 87 percent, all while retaining the jobs of the workers who keep the plant fueled and 

operating, most of whom are Native American.
15

 When these changes are made, the cleanup 

measures will reduce air pollution, protect health, save lives and improve the view of the 

spectacular New Mexico landscape.  

 

EPA is proposing to take similar steps for power plants across the nation, steps that will improve 

health and save tens of thousands of lives, reducing harm from the air we all breathe. The Clean 

Air Transport Rule, promised this summer, will protect downwind states in the eastern U.S. from 

nitrogen oxides that blow across state lines with similar relief to the plan for the Four Corners 

Plant. And at long last, 21 years after this United States Congress required the cleanup of toxic 

mercury, arsenic, formaldehyde, dioxins and 80 other pollutants, the EPA will be issuing final 

rules this fall to set limits on the amount of these pollutants that coal- and oil-fired power plants 

can emit. 

 

When it comes to carbon pollution, the threat to our health is growing at an alarming pace. 

Carbon pollution is linked to warmer temperatures, which studies have shown, will increase the 

risk of unhealthful ozone levels. Even with the steps that are in place to reduce ozone, scientific 
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evidence warns that changes in climate are likely to increase ozone levels in the future in nearly 

every region of the United States. This is why the EPA is updating air pollution standards to 

address the dangers of too much carbon pollution, as required by a 2009 U.S. Supreme Court 

decision. To protect human health, the nation needs the Clean Air Act to stem the danger of 

climate change and increased ozone levels. Steps to reduce carbon pollution can be cost-saving 

over time. The solar panels I put on my house, and that we put on the roof of the building of the 

American Lung Association in New Mexico, will pay for themselves after 11 years; the new 

insulation after seven. New Mexico’s new governor is trying to roll-back energy standards for 

new buildings, and is meeting opposition from many builders, who state that lower standards will 

increase costs in the long run. 

 

The Clean Air Act, which has received bi-partisan support since it was established in 1970, has a 

proven track record of keeping people healthy; in 2010, the law prevented 160,000 premature 

deaths and 1.7 million asthma attacks. Medical studies have shown that toxins emitted by the 

burning of coal, oil and other sources result in premature death, pulmonary and cardiovascular 

inflammation, asthma attacks, heart attacks and strokes, especially among our most vulnerable 

— children, elderly, the impoverished and those already living with lung disease.  

 

Moreover, clean air standards not only save Americans’ lives, they save Americans’ money. In 

2010, it is estimated that due to averted medical bills and sick days, the EPA standards amounted 

to $1.3 trillion in costs savings. While some assert that clean air regulations unnecessarily burden 

businesses and industry, pumping toxic, harmful and life-threatening pollution into the air is not 

the only way to do business. Updating and strengthening air pollution standards not only reduces 

health care costs through improved public health, it also spurs innovation, opens opportunities 

for small businesses, and creates jobs across a range of skill levels. 

 

In conclusion, the danger from exposure to air pollution is real, the science documenting the 

adverse health effects of air pollution is conclusive, the technology required to reduce air 

pollution is readily available and in use today. Congress’s clear intent to protect public health 

with the Clean Air Act has proven successful through over 40 years of meaningful 

implementation. For all these reasons, the American Lung Association and the American 

Thoracic Society strongly support the Clean Air Act as one of the nation’s best tools to protect 

our families and our children.  

 

Thank you for your time and I would be happy to answer any questions.  
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POLICY STATEMENT
Organizational Principles to Guide and Define the Child Health Care System and/or Improve the Health of All Children

Committee on Environmental Health

Ambient Air Pollution: Health Hazards to Children

ABSTRACT. Ambient (outdoor) air pollution is now
recognized as an important problem, both nationally and
worldwide. Our scientific understanding of the spectrum
of health effects of air pollution has increased, and nu-
merous studies are finding important health effects from
air pollution at levels once considered safe. Children and
infants are among the most susceptible to many of the air
pollutants. In addition to associations between air pollu-
tion and respiratory symptoms, asthma exacerbations,
and asthma hospitalizations, recent studies have found
links between air pollution and preterm birth, infant
mortality, deficits in lung growth, and possibly, devel-
opment of asthma. This policy statement summarizes the
recent literature linking ambient air pollution to adverse
health outcomes in children and includes a perspective
on the current regulatory process. The statement provides
advice to pediatricians on how to integrate issues regard-
ing air quality and health into patient education and
children’s environmental health advocacy and concludes
with recommendations to the government on promotion
of effective air-pollution policies to ensure protection of
children’s health. Pediatrics 2004;114:1699–1707; air pol-
lution, adverse effects, children, asthma, environmental
health.

ABBREVIATIONS. PM2.5, particulate matter with a median aero-
dynamic diameter less than 2.5 �m; PM10, particulate matter with
a median aerodynamic diameter less than 10 �m; EPA, Environ-
mental Protection Agency; HAP, hazardous air pollutant; AQI, air
quality index.

INTRODUCTION

Although it has been 3 decades since passage
of the Clean Air Act in 1970 (Pub L No.
91–604), the air in many parts of the United

States is far from clean. Air quality has improved in
some areas but decreased in others.1 In addition,
there are important health effects from air pollutants
at levels once considered safe. Children and infants
are among the most susceptible to many of the air
pollutants.

In 2002, approximately 146 million Americans
were living in areas where monitored air failed to
meet the 1997 National Ambient Air Quality Stan-
dards for at least 1 of the 6 “criteria air pollutants”:
ozone, particulate matter, sulfur dioxide, nitrogen
dioxide, carbon monoxide, and lead (Table 1).1 Al-
though the standards for ozone and particulate mat-
ter were revised in 1997, legal barriers have delayed

timely implementation.2 Recent reports have identi-
fied adverse health effects at levels near or below the
current standards for ozone, particulate matter, and
nitrogen dioxide. Thus, the 1997 federal standards
may not adequately protect children. Additionally,
numerous other toxic air pollutants are of public
health concern.3

Outdoor air pollution is also a major problem in
developing countries. The World Health Organiza-
tion found that the air quality in large cities in many
developing countries is remarkably poor and that
very large numbers of people in those countries are
exposed to ambient concentrations of air pollutants
well above the World Health Organization guide-
lines for air quality (www.who.int/ceh/publications/
en/11airpollution.pdf).

Scientific understanding of the health effects of
air pollution, including effects on children, has in-
creased in the last decade. This statement updates a
1993 American Academy of Pediatrics (AAP) state-
ment titled “Ambient Air Pollution: Respiratory
Hazards to Children.”4

EFFECTS OF AIR POLLUTION ON CHILDREN
Children are more vulnerable to the adverse ef-

fects of air pollution than are adults. Eighty percent
of alveoli are formed postnatally, and changes in the
lung continue through adolescence.5 During the
early postneonatal period, the developing lung is
highly susceptible to damage after exposure to envi-
ronmental toxicants.5–7

Children have increased exposure to many air pol-
lutants compared with adults because of higher
minute ventilation and higher levels of physical ac-
tivity.8 Because children spend more time outdoors
than do adults, they have increased exposure to out-
door air pollution.9,10

Infants, children, the elderly, and those with car-
diopulmonary disease are among the most suscepti-
ble to adverse health effects from criteria pollut-
ants.11–15 Lead is neurotoxic, especially during early
childhood. Carbon monoxide interferes with oxygen
transport through the formation of carboxyhemoglo-
bin. Other criteria pollutants (ozone, sulfur dioxide,
particulate matter, nitrogen dioxide) have respira-
tory effects in children and adults, including in-
creased respiratory tract illness, asthma exacerba-
tions, and decreased lung function (eg, changes in
peak flow).11–12 In adults, particulate air pollution is
associated with respiratory and cardiovascular hos-
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pitalizations, cardiovascular mortality,16 and lung
cancer.17 Air pollution also has effects on indirect
health indicators such as health care utilization and
school absences.11–13

Although numerous studies have shown that out-
door air pollution exacerbates asthma, the effect of
outdoor air pollution on the development of asthma
has been less clear. Recently, a prospective study
found that the risk of developing asthma was not
greater, overall, in children living in communities
with high levels of ozone or particulate air pollution.
However, in communities with high levels of ozone,
there was an increased risk of developing asthma in
a small subset of children involved in heavy exercise
(participation in 3 or more team sports per year
[relative risk: 3.3; 95% confidence interval: 1.9–5.8]).
This increased risk with heavy exercise was not seen
in low-ozone communities. Time spent outside was
also associated with new cases of asthma in high-
ozone communities (relative risk: 1.4; 95% confi-
dence interval: 1.0–2.1) but not in low-ozone com-
munities.18 Additional studies are needed to define
the role of outdoor air pollution in the development
of asthma.

Children in communities with higher levels of ur-
ban air pollution (acid vapor, nitrogen dioxide, par-
ticulate matter with a median aerodynamic diameter
less than 2.5 �m [PM2.5], and elemental carbon [a
component of diesel exhaust]) had decreased lung
function growth, and children who spent more time
outdoors had larger deficits in the growth rate of
lung function.19,20 Ambient air pollution (especially
particulate matter with a median aerodynamic diam-
eter less than 10 �m [PM10]) has also been associated
with several adverse birth outcomes, as discussed in
the next section.

Levels of ozone and particulate matter are high
enough in many parts of the United States to present
health hazards to children.1 Additionally, National

Ambient Air Quality Standards for nitrogen dioxide
may not be protective. Findings on these pollutants
are summarized here.

Ozone
Ambient ozone is formed by the action of sunlight

on nitrogen oxides and reactive hydrocarbons, both
of which are emitted by motor vehicles and indus-
trial sources. The levels tend to be highest on warm,
sunny, windless days and often peak in midafter-
noon, when children are most likely to be playing
outside.

Ozone is a powerful oxidant and respiratory tract
irritant in adults and children, causing shortness of
breath, chest pain when inhaling deeply, wheezing,
and cough.11 Children have decreases in lung func-
tion, increased respiratory tract symptoms, and
asthma exacerbations on days with higher levels of
ambient ozone.11,21–23 Increases in ambient ozone
have been associated with respiratory or asthma hos-
pitalizations,24,25 emergency department visits for
asthma,26 and school absences for respiratory tract
illness.27 In Atlanta, Georgia, summertime children’s
emergency department visits for asthma increased
37% after 6 days when ozone levels exceeded 0.11
ppm.25 In southern California, school absences for
respiratory tract illness increased 63% in association
with a 0.02-ppm increase in ozone.27

In healthy adults, ozone causes airway inflamma-
tion and hyperreactivity, decrements in pulmonary
function, and increased respiratory tract symp-
toms.11 Ozone exposures at concentrations of 0.12
ppm or higher can result in decrements in lung func-
tion after subsequent challenge with aeroallergen.28

Although most of the controlled studies of ozone
exposure have been performed with adults, it is rea-
sonable to believe that the results of these findings
could be extended to children.

Ozone may be toxic at concentrations lower than
0.08 ppm, the current federal regulatory standard.
Field studies suggest potential thresholds of between
0.04 and 0.08 ppm (1-hour average) for effects on
lung function.29–31 Recent studies of hospitalizations
for respiratory tract illness in young children and
emergency department visits for asthma suggest that
the effects of ozone may occur at ambient concentra-
tions below 0.09 ppm.32,33 Another study found as-
sociations of ozone and respiratory symptoms in
children with asthma at levels below the current US
Environmental Protection Agency (EPA) stan-
dards.34 If these findings are confirmed, the ozone
standards may need additional revision.

In addition to studies on short-term effects, 2 re-
cent studies of college freshmen suggest that increas-
ing cumulative childhood exposure to ozone may
affect lung function when exposed children reach
young adulthood, particularly in measures of flow in
small airways.35,36 Early childhood exposures may,
therefore, be particularly important.35

Particulate Matter
PM10 is small enough to reach the lower respira-

tory tract and has been associated with a wide range
of serious health effects. PM10 is a heterogeneous

TABLE 1. National Ambient Air Quality Standards for Crite-
ria Air Pollutants, 1997

Pollutant Primary Standards*

Ozone
1-h average 0.12 ppm (235 �g/m3)
8-h average 0.08 ppm (157 �g/m3)

PM10
Annual arithmetic mean 50 �g/m3

24-h average 150 �g/m3

PM2.5
Annual arithmetic mean 15 �g/m3

24-h average 65 �g/m3

Sulfur dioxide
Annual arithmetic mean 0.03 ppm (80 �g/m3)
24-h average 0.14 ppm (365 �g/m3)

Nitrogen dioxide
Annual arithmetic mean 0.053 ppm (100 �g/m3)

Carbon monoxide
8-h average 9 ppm (10 mg/m3)
1-h average 35 ppm (40 mg/m3)

Lead
Quarterly average 1.5 �g/m3

Additional information on air quality standards are available at
www.epa.gov/air/criteria.html.
* People residing in regions with pollutant concentrations above
the primary standard may experience adverse health effects from
poor air quality.
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mixture of small solid or liquid particles of varying
composition found in the atmosphere. Fine particles
(PM2.5) are emitted from combustion processes (es-
pecially diesel-powered engines, power generation,
and wood burning) and from some industrial activ-
ities. Coarse particles (diameter between 2.5 and 10
�m) include windblown dust from dirt roads or soil
and dust particles created by crushing and grinding
operations. Toxicity of particles may vary with com-
position.37,38

Particle pollution contributes to excess mortality
and hospitalizations for cardiac and respiratory tract
disease.14,39–41 The mechanism for particulate mat-
ter–associated cardiac effects may be related to dis-
turbances in the cardiac autonomic nervous system,
cardiac arrhythmias, or increased blood concentra-
tions of markers of cardiovascular risk (eg, fibrino-
gen).16,42

Daily changes in mortality rates and numbers of
people hospitalized are linked to changes in partic-
ulate air pollution.14,39–41 These studies and others
have estimated that for every 10 �g/m3 increase in
PM10, there is an increase in the daily mortality rate
between 0.5% and 1.6%. Effects were seen even in
cities with mean annual PM10 concentrations be-
tween 25 and 35 �g/m3. These recent studies suggest
that even the current federal standards for PM2.5
(24-hour standard � 65 �g/m3; annual standard �
15 �g/m3) and PM10 (24-hour standard � 150 �g/
m3; annual standard � 50 �g/m3) should be lowered
to protect public health. In 2002, California adopted
more stringent standards for particulate matter: the
annual average standard for PM2.5 is 12 �g/m3 and
for PM10 is 20 �g/m3.43

In children, particulate pollution affects lung func-
tion44–46 and lung growth.19 In a prospective cohort
of children living in southern California, children
with asthma living in communities with increased
levels of air pollution (especially particulates, nitro-
gen dioxide, and acid vapor) were more likely to
have bronchitis symptoms. In this study, bronchitis
symptoms refers to a parental report of “one or more
episodes of ‘bronchitis’ in the past 12 months” or
report that, “apart from colds, the child usually
seems to be congested in the chest or able to bring up
phlegm”).47 The same mix of air pollutants was
also associated with deficits in lung growth (as mea-
sured by lung function tests).19 Recent studies in
different countries have also found associations be-
tween ambient air pollution (especially particulates
and/or carbon monoxide) and postneonatal infant
mortality (attributable to respiratory causes and pos-
sibly sudden infant death syndrome),48,49 low birth
weight,50–53 and preterm birth.51,54–56

The relative contribution of fine versus coarse par-
ticles to adverse health effects is being investigated.
In studies of cities on the East Coast, fine particles
seem to be important.57 In other areas, coarse parti-
cles have a stronger or similar effect.58 Several stud-
ies have found that fine particles from power plants
and motor vehicles59 or industrial sources60 may be
more closely associated with mortality.

Nitrogen Dioxide
Nitrogen dioxide is a gaseous pollutant produced

by high-temperature combustion. The main outdoor
sources of nitrogen dioxide include diesel and gaso-
line-powered engines and power plants. Levels of
nitrogen dioxide around urban monitors have de-
creased over the past 20 years. Currently, all areas of
the country meet the national air quality standard for
nitrogen dioxide of 0.053 ppm (100 �g/m3), mea-
sured as an annual arithmetic mean. However, na-
tional emissions (overall production) of nitrogen ox-
ides have actually increased in the past 20 years
because of an increase in nitrogen oxide emissions
from diesel vehicles.1 This increase is of concern,
because nitrogen oxide emissions contribute to
ground-level ozone (smog) and other environmental
problems such as acid rain.1

Controlled-exposure studies of people with
asthma have found that short-term exposures (30
minutes) to nitrogen dioxide at concentrations as low
as 0.26 ppm can enhance the allergic response after
subsequent challenge with allergens.61,62 These find-
ings are of concern, because some urban communi-
ties that are in compliance with the federal standards
for nitrogen dioxide (annual average) may experi-
ence substantial short-term peak concentrations (1-
hour average) that exceed 0.25 ppm. Confirmation of
these studies is needed.

Epidemiologic studies have reported relationships
between increased ambient nitrogen dioxide and
risks of respiratory tract symptoms63,64 and asthma
exacerbations.65 As noted previously, children with
asthma living in communities with increased levels
of air pollution (especially nitrogen dioxide, acid
vapor, and particulates) were more likely to have
bronchitis symptoms.47 The same mix of air pollut-
ants was also associated with deficits in lung growth
(as measured by lung function tests).19 These effects
were increased in children who spent more time
outdoors.

The epidemiologic studies of health effects associ-
ated with nitrogen dioxide should be interpreted
with caution. Increased levels of ambient nitrogen
dioxide may be a marker for exposure to traffic emis-
sions or other combustion-related pollution. An in-
dependent role of nitrogen dioxide cannot be clearly
established because of the high covariation between
ambient nitrogen dioxide and other pollutants.
Nonetheless, these studies illustrate that adverse re-
spiratory tract effects are seen in urban areas where
traffic is a dominant source of air pollution.

Traffic-Related Pollution
Motor vehicles pollute the air through tailpipe ex-

haust emissions and fuel evaporation, contributing
to carbon monoxide, PM2.5, nitrogen oxides, hydro-
carbons, other hazardous air pollutants (HAPs), and
ozone formation. Motor vehicles represent the prin-
cipal source of air pollution in many communities,
and concentrations of traffic pollutants are greater
near major roads.66 Recently, investigators (primarily
in Europe and Japan) have found increased adverse
health effects among those living near busy roads.
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Studies examining associations between adverse re-
spiratory tract health and traffic have been re-
viewed.67 Increased respiratory tract complications
in children (eg, wheezing, chronic productive cough,
and asthma hospitalizations) have been associated
with residence near areas of high traffic density (par-
ticularly truck traffic).68–71 Other investigators have
linked various childhood cancers to proximity to
traffic.72–74

Diesel exhaust, a major source of fine particulates
in urban areas, is carcinogenic. Numerous studies
have found an association between occupational ex-
posure to diesel exhaust and lung cancer.75 On the
basis of extensive toxicologic and epidemiologic ev-
idence, national and international health authorities,
including the EPA and the International Agency for
Research on Cancer, have concluded that there is
considerable evidence of an association between ex-
posure to diesel exhaust and an increased risk of
lung cancer.76,77 Additionally, fine particles in diesel
exhaust may enhance allergic and inflammatory re-
sponses to antigen challenge and may facilitate de-
velopment of new allergies.78,79 Thus, diesel exhaust
exposure may worsen symptoms in those with aller-
gic rhinitis or asthma.

School buses operate in proximity to children, and
most of the nation’s school bus fleets run on diesel
fuel. The EPA and some state agencies are establish-
ing programs to eliminate unnecessary school bus
idling and to promote use of cleaner buses to de-
crease children’s exposures to diesel exhaust and the
amount of air pollution created by diesel school
buses (www.epa.gov/cleanschoolbus). A recent pilot
study found that a child riding inside a school bus
may be exposed to as much as 4 times the level of
diesel exhaust as someone riding in a car.80 These
findings underscore the importance of advocating
for school districts to replace diesel buses or retrofit
them with pollution-reducing devices and limit
school bus idling where children congregate as soon
as possible.

Other Air Pollutants
Airborne levels of lead, sulfur dioxide, and carbon

monoxide have decreased dramatically because of
the implementation of control measures. However,
levels of these pollutants may still be high near major
sources. For example, high lead levels may be found
near metals-processing industries, high sulfur diox-
ide levels may occur near large industrial facilities
(especially coal-fired power plants), and high levels
of carbon monoxide may occur in areas with heavy
traffic congestion.1

In addition to criteria air pollutants, there are nu-
merous other air pollutants produced by motor ve-
hicles, industrial facilities, residential wood combus-
tion, agricultural burning, and other sources that are
hazardous to children. More than 50000 chemicals
are used commercially, and many are released into
the air. For most of these chemicals, data on toxicity
are sparse.81 Some pollutants remain airborne or re-
act in the atmosphere to produce other harmful sub-
stances. Other air pollutants deposit into and con-
taminate land and water. Some toxic air pollutants

such as lead, mercury, and dioxins degrade slowly or
not at all. These pollutants may bioaccumulate in
animals at the top of the food chain, including hu-
mans. Children can be exposed to toxic air pollutants
through contaminated air, water, soil, and food.3
One example of a persistent pollutant emitted into
ambient air that leads to exposure through another
route is mercury, a developmental neurotoxicant.82

Industrial emissions, especially from coal-fired
power plants, are the leading source of environmen-
tal mercury. Although the levels of airborne mercury
may not be hazardous, mercury deposits into soil
and surface waters and ultimately accumulates in
fish.82

The HAPs, often referred to as “toxic air contam-
inants” or “air toxics,” refer to 188 pollutants and
chemical groups known or suspected to cause seri-
ous health effects including cancer, birth defects, and
respiratory tract and neurologic illness.3,83 The Clean
Air Act directs the EPA to regulate HAPs, which
include compounds such as polycyclic aromatic hy-
drocarbons, acrolein, and benzene from fuel or fuel
combustion; solvents such as hexane and toluene;
hexavalent chromium from chrome-plating facilities;
perchloroethylene from dry-cleaning plants; asbes-
tos; metals (eg, mercury and cadmium); and persis-
tent organic pollutants such as polychlorinated bi-
phenyls. In 2001, diesel exhaust was listed as a
mobile-source HAP. Many of these compounds are
included in a priority list of 33 HAPs that are of
special concern because of their widespread use and
potential carcinogenicity and teratogenicity.81 The
priority list and general sources of these compounds
are available on the EPA Web site (www.epa.gov/
ttn/atw/nata).

Limited monitoring data suggest that concentra-
tions of some HAPs may exceed the goals of the
Clean Air Act in many cities.84 Mobile sources (on-
and off-road vehicles) account for approximately
half of the emissions3 but may contribute to 90% of
the cancer risk (www.scorecard.org/env-releases/
hap/us.tcl). A number of studies assessing health
risks have found that estimated levels of some of the
HAPs are a potential public health problem in many
parts of the United States.3,84–86 For example, esti-
mated concentrations of benzene, formaldehyde, and
1,3-butadiene may contribute to extra cases of cancer
(at least 1 extra case per million population exposed)
in more than 90% of the census tracts in the contig-
uous United States. Additionally, the most recent
national cancer-risk assessment for HAPs (1996 data)
did not include diesel exhaust in the risk estimates.3
The health risks may also be underestimated, be-
cause there is limited information on toxicity values
for many of the HAPs,87 and the risk models did not
consider the potential for increased risk in children.
These findings underscore the need for better ways
to decrease toxic air emissions and assess exposures
and risks.

Air-pollution episodes created by disasters (eg, ac-
cidents, volcanoes, forest fires, and acts of terrorism)
can also create hazards for children. A discussion of
these events and of bioaerosols in ambient air (eg,
fungal spores and pollen) is beyond the scope of this
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policy statement. Additionally, this statement does
not address the hazards of indoor air pollution.

PREVENTION
Public health interventions to improve air quality

can improve health at the population level. A de-
crease in levels of air pollution in former East Ger-
many after reunification was associated with a de-
crease in parent-reported bronchitis88 and improved
lung function.89 During the 1996 Summer Olympics
in Atlanta, Georgia, extensive programs were imple-
mented to improve mass transportation and decrease
anticipated downtown traffic congestion. These pro-
grams were successful and were associated with a
prolonged decrease in ozone pollution and signifi-
cantly lower rates of childhood asthma visits during
this period.90 Closure of a steel mill in Utah Valley
and resultant reductions in particulate matter were
associated with a twofold decrease in hospitaliza-
tions for asthma in preschool children.91,92 Finally,
lung function improved in children who moved
away from communities with high particulate air
pollution, compared with those who remained or
moved to communities with comparable particulate
air pollution.93 These studies provide support for
continued efforts to decrease air pollution and im-
prove health via decreases in motor vehicle traffic
and industrial emissions. Dietary factors may play a
role in modulating the effects of air pollution in
children. A recent study in Mexico City, Mexico,
found that children with asthma given antioxidant
supplements were less affected by ozone compared
with a control group that did not receive supplemen-
tation.94 Additional studies are needed to explore
this issue further.

Air Pollution and the Regulatory Process
The Clean Air Act of 1970 mandated the EPA to

establish the National Ambient Air Quality Stan-
dards (Table 1). Standards were set for criteria air
pollutants because they are common, widespread,
and known to be harmful to public health and the
environment.11,12,83,95 The standards are reviewed
every 5 years and set to protect public health, includ-
ing the health of “sensitive” populations such as
people with asthma, children, and the elderly. These
standards are set without considering the costs of
attaining these levels.

The standards for ozone and particulate matter
were revised in 1997 on the basis of numerous sci-
entific studies showing that the previous standards
were not adequate to ensure health protection. Legal
challenges were made by the American Trucking
Associations, the US Chamber of Commerce, and
other state and local business groups. However, the
Supreme Court ultimately supported the EPA and
ordered implementation of the standards.2 Establish-
ing implementation plans will be a lengthy process
that will require the coordinated efforts of the EPA,
state and local governments, and industry and envi-
ronmental organizations.

Population exposures to toxic air contaminants
may be of substantial public health concern.84,86 In
contrast to criteria pollutants, monitoring of toxic air

contaminants is more limited. Exposures are esti-
mated on the basis of reported emissions and may
underestimate actual exposures.87 The EPA is man-
dated to develop regulations through a lengthy pro-
cess that first sets standards to control emissions on
the basis of best-available technology. After maxi-
mum available control technology emission stan-
dards are established, the EPA must assess the risk
remaining after emission decreases for the source
take effect (residual risk).

To date, the EPA has focused primarily on estab-
lishing technology-based emission standards,3 and
this has been a slow process for some sources (eg,
mobile toxic air contaminants and mercury emis-
sions). Nationwide, emissions of toxic air contami-
nants have dropped approximately 24% from base-
line (1990–1993) because of regulation and voluntary
decreases by industry. With the current plans for
gradual fleet turnover and implementation of con-
trols for motor vehicles and fuels, the EPA projects
that toxic air-contaminant emissions from gasoline-
powered and diesel mobile sources will not be de-
creased to 75% and 90% of baseline (1990–1993) lev-
els, respectively, until the year 2020.3 However,
major decreases could be more rapidly achieved sim-
ply from a prompt, wider application of existing
technology.

Protecting populations from exposure to the harm-
ful effects of air pollutants will require effective con-
trol measures. Industry (eg, coal-burning power
plants, refineries, and chemical plants) and motor
vehicles (both gasoline- and diesel-powered) are ma-
jor sources of criteria pollutants and HAPs.11,12 For
example, coal-fired power plants are important
sources of nitrogen oxides (precursors of ozone),
particulates, and sulfur dioxide and are the largest
sources of mercury emission in the United States.
Smaller sources such as dry cleaners, auto body
shops, and wood-burning fireplaces can also affect
air quality locally. Municipal and hospital waste
incinerators release toxic air pollutants including
mercury, lead, cadmium, and dioxin emissions. De-
pending on weather conditions and individual phys-
icochemical properties, some pollutants can be car-
ried by air currents to areas many miles from the
source.

In numerous cities in the United States, the per-
sonal automobile is the single greatest polluter, be-
cause emissions from millions of vehicles on the road
add up. Despite significant technologic advances
that have led to tighter pollution control from vehi-
cles, emissions vary substantially between vehicles,
particularly between classes of vehicles, because of
differences in fuel-economy standards set by regula-
tory agencies. For instance, the corporate average
fuel-economy standards have less stringent fuel-
economy requirements (average: 20.7 miles per gal-
lon) for light-duty trucks, sport utility vehicles, and
minivans, compared with passenger cars (average:
27.5 miles per gallon). The former group of vehicles
tends to have higher emissions of air pollutants,
higher fuel consumption, and higher emissions of
greenhouse gases.96,97 Information on emissions
and fuel-economy ratings for recent models and a
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guide for choosing clean, fuel-efficient vehicles are
available from the EPA Web site (www.epa.gov/
greenvehicles/index.htm). The high levels of par-
ticulate emissions from diesel-powered buses and
trucks must also be addressed. More than 70% of fine
particle emissions from traffic are attributable to die-
sel-powered buses and trucks.

Driving a private car is probably a typical citizen’s
most “polluting” daily activity, yet in many cases,
individuals have few alternative forms of transpor-
tation. Thus, urban planning and smart growth are
imperative. Urban sprawl affects land use, transpor-
tation, and social and economic development and
ultimately has important implications for public
health.98 Ways in which individuals can help to de-
crease air pollution are available at www.epa.gov/
air/actions and www.arb.ca.gov/html/brochure/
50things.htm.

Air Quality Index
The air quality index (AQI) provides local infor-

mation on air quality and potential health concerns
at the observed (or forecasted) levels of air pollution
and can be a useful tool for educating families about
local air quality and health.99 The AQI is reported
daily in metropolitan areas, often as part of local
weather forecasts on television or radio or in news-
papers. The AQI divides air-pollution levels into 6
categories of risk for 5 common pollutants (ozone,
PM10, nitrogen dioxide, carbon monoxide, and sulfur
dioxide). Each category has a descriptive name re-
flecting levels of health concern (ranging from good
through very hazardous), an associated color, and
an advisory statement. Information about air quality
in a specific area can be obtained from www.epa.
gov/air/urbanair/index.html, www.scorecard.org,
or www.weather.com. Although many states and
local air districts actively forecast and disseminate
health warnings, the challenge is to have people take
actions to protect themselves and decrease activities
that cause air pollution.

Pediatric Environmental Health100 from the AAP
provides additional information about the outdoor
air pollutants and the use of the AQI.

CONCLUSIONS
Ambient air pollution has important and diverse

health effects, and infants and children are among
the most susceptible. Currently, levels of ozone and
particulates remain unhealthful in many parts of the
United States, and the current National Ambient Air
Quality Standards may not protect the public ade-
quately. There is a compelling need to move forward
on efforts to ensure clean air for all.

The assurance of healthy air for children to breathe
is beyond the control of an individual pediatrician,
and there are no easy solutions. State chapters of the
AAP, as well as individual members, can play an
important role as advocates for children’s environ-
mental health. Areas of involvement might include
working with community coalitions in support of
strong pollution-control measures and informing lo-
cal and national representatives and policy makers
about the harmful effects of the environment on chil-

dren’s health. Advocates for children’s health are
needed in discussions about land use and transpor-
tation issues. Pediatricians can also advocate for en-
ergy-saving (and pollution-minimizing) lifestyles to
their patients’ families, especially regarding vehicles
driven.

In communities with poor air quality, pediatri-
cians can play a role in educating children with
asthma or other chronic respiratory tract disease and
their families about the harmful effects of air pollu-
tion. Patients and families can be counseled on fol-
lowing the AQI to determine when local air-pollu-
tion levels pose a health concern. Ozone levels tend
to be highest in the afternoon, and it may be possible
to decrease children’s exposure by scheduling stren-
uous outdoor activity earlier in the day.

As pediatricians become better informed about lo-
cal air quality issues in their communities (eg, ozone,
nearby industrial facilities, traffic, diesel buses, wood
burning, etc), these local concerns can provide a
starting point for discussion and education.

Pediatricians who serve as physicians for schools
or for team sports should be aware of the health
implications of pollution alerts to provide appropri-
ate guidance to school and sports officials, particu-
larly in communities with high levels of ozone.

RECOMMENDATIONS

1. The National Ambient Air Quality Standards are
designed to protect the public. To achieve this, the
following points should be addressed:

• The revised standards for ozone and particulate
matter adopted by the EPA in 1997 should be
promptly implemented.

• During implementation, the standards should
not be weakened in any way that decreases the
protection of children’s health.

• Because recent studies suggest that current
standards for PM10, PM2.5, ozone, and nitrogen
dioxide may not be protecting children, the
standards should be promptly reviewed and
revised.

• Because the law requires that the most vulner-
able groups be protected when setting or revis-
ing the air quality standards, the potential ef-
fects of air pollution on the fetus, infant, and
child should be evaluated, and all standards
should include a margin of safety for protection
of children.

2. The current measures to protect children from
exposures to HAPs are not effective and should
be critically reevaluated. The EPA should focus
on prompt implementation of the Clean Air Act
Amendments of 1990 (Pub L No. 101–549) to de-
crease HAPs. Additional monitoring for HAPs
should be undertaken to allow more accurate
characterization of children’s exposures to these
compounds. Risk assessments for HAPs should be
reviewed to ensure that goals are protective of
children. Control measures that specifically pro-
tect children’s health should be implemented.

3. States and local air districts with air quality con-
cerns should actively implement forecasting and
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dissemination of health warnings in ways that
help people take actions to protect themselves and
decrease activities that cause air pollution.

4. Children’s exposure to diesel exhaust particles
should be decreased. Idling of diesel vehicles in
places where children live and congregate should
be minimized. Ongoing programs to fund conver-
sion of diesel school bus fleets to cleaner alterna-
tive fuels and technologies should be pursued.

5. Industrial emissions of mercury should be de-
creased.

6. Federal and state governments’ policies should
encourage reductions in mobile and stationary
sources of air pollution, including increased sup-
port for mass transit, carpooling, retiring or retro-
fitting old power plants that do not meet current
pollution-control standards, and programs that
support marked improvements in fuel emissions
of gasoline- and diesel-powered vehicles. Addi-
tionally, the development of alternative fuel fleets,
low-sulfur diesel, and other “low-emission” strat-
egies (eg, retrofit of existing diesel engines)
should be promoted. Before promoting new alter-
native fuels, these alternative fuel sources should
be critically evaluated and determined by govern-
mental authorities to have a good safety profile.

7. The same overall fuel-economy standard should
apply to all passenger vehicles. Programs that
allow certain passenger vehicles to be exempt
from the usual fuel-economy standards should be
abolished.

8. City and land-use planning should encourage the
design and redevelopment of communities to pro-
mote mass transit, carpooling, pedestrian walk-
ways, and bicycle use.

9. Siting of school and child care facilities should
include consideration of proximity to roads with
heavy traffic and other sources of air pollution.
New schools should be located to avoid “hot
spots” of localized pollution.
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