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Abstract

Wildland fires are diminishing air quality on a seasonal and
regional basis, raising concerns about respiratory health risks to
the public and occupational groups. This American Thoracic
Society (ATS) workshop was convened in 2019 to meet the
growing health threat of wildland fire smoke. The workshop
brought together a multidisciplinary group of 19 experts, including
wildland fire managers, public health officials, epidemiologists,
toxicologists, and pediatric and adult pulmonologists. The
workshop examined the following four major topics: I) the science
of wildland fire incidence and fire management, 2) the respiratory
and cardiovascular health effects of wildland fire smoke exposure,
3) communication strategies to address these health risks, and 4)
actions to address wildland fire health impacts. Through formal
presentations followed by group discussion, workshop participants
identified top priorities for fire management, research,
communication, and public policy to address health risks of

wildland fires. The workshop concluded that short-term exposure
to wildland smoke causes acute respiratory health effects,
especially among those with asthma and chronic obstructive
pulmonary disease. Research is needed to understand long-term
health effects of repeated smoke exposures across fire seasons for
children, adults, and highly exposed occupational

groups (especially firefighters). Other research priorities include
fire data collection and modeling, toxicology of different fire fuel
sources, and the efficacy of health protective measures to
prevent respiratory effects of smoke exposure. The workshop
committee recommends a unified federal response to the
growing problem of wildland fires, including investment in

fire behavior and smoke air quality modeling, research on the
health impacts of smoke, and development of robust clinical and
public health communication tools.

Keywords: air pollution; wildfire; wildland fire; smoke;
health
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Overview

Wildland fires include both wildfires
(unplanned) and prescribed fires (planned).
Millions of people each year are exposed to
wildland fire smoke, often repeatedly within
a fire season. The expansion of the
wildland-urban interface and influx of
people into fire-prone areas further
increases risk. Wildfires are increasing in
severity, causing a deterioration in air
quality in the western United States and
elsewhere (1). With evidence that the
wildfire season is lengthening, in part
because of climate change and its effect on
fuel conditions, this trend is expected to
continue (2, 3).

This workshop was convened in 2019
in response to the rising severity and health
consequences of wildland fires. The
workshop was led by Drs. Rice (Chair) and
Costa (Co-Chair) and included wildland fire
managers, firefighters, public health
officials, epidemiologists, toxicologists, and
pediatric and adult pulmonologists and
cardiologists. The 19 workshop participants
presented information as part of four
sessions that were followed by group
discussion and identification of future needs
and priorities. Topics of discussion included
1) fire incidence and management, 2) health
effects of wildland fire smoke exposure, 3)
communicating health risks of wildland fire
smoke, and 4) actions to address wildland
fire health impacts.

The information presented and
discussed in the four sessions is summarized
below, followed by a table listing the main
recommendations that emerged from each
group discussion. This report was written by
committee, with further editing by the
senior authors. It is not a systematic review.
Presenter names are listed by topic area
immediately before the References.
Workshop participants concluded that there
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is an urgent need for a unified federal
response to the growing problem of
wildland fires, including investment in fire
behavior and air quality modeling, health
effects research, evaluation of interventions,
and development of robust clinical and
public health communication tools that
translate relevant research findings into
usable information to protect public health.

Wildland Fire Incidence
and Management

In many parts of the United States, wildland
vegetation evolved with fire. Wildland fires
are a ubiquitous natural phenomenon and
part of an ecological cycle known as the “fire
regime.” Unless managed (e.g., through
thinning, harvest, grazing, or prescribed
burns) wildland vegetation will generally
accumulate until wildfire can no longer be
prevented or easily contained. In the United
States, years of fire suppression, a
lengthening of the fire season because of
climate change, population growth,
increased public access, and expansion of
the wildland-urban interface have resulted
in an increased incidence of severe,
uncontrolled, and destructive wildfires.
These factors are expected to be exacerbated
for the foreseeable future, especially in the
western United States (4).

Wildland fires have become a national
public health issue given the increasing area
burned by both wildfires (unplanned)
and prescribed (planned) fires (Figure 1)
and the increasing frequency of very large
destructive fires on wildlands (5). Both
wildfires and prescribed fires produce smoke
and impair air quality, so both raise health
concerns. However, large wildfires create
particular challenges because they are less
predictable and impact large areas for long
periods.

Wildland fires affect both fire-adapted
ecosystems, which require periodic fire to
maintain ecosystem resilience, and fire-
prone ecosystems, which are often morphed
by the invasion or introduction of nonnative
flammable grasses and flora. Because of
years of fire prevention efforts and species
invasion, much of the western United States
has extensive accumulation of fire-prone
vegetation and vegetative debris, which are
exceedingly vulnerable to wildfire activity.
In some parts of North America, most
notably in the southeastern United States,
vigorous fire management has allowed areas
to burn, either naturally or through
prescribed burning, which has promoted the
regrowth of fire-adapted vegetation. Such
vegetation is more diverse and resistant to
rapidly spreading wildfires. Nonetheless,
many fire-adapted ecosystems in the United
States, especially in the northwest, have a fire
deficit because of years of fire suppression,
resulting in accumulated vegetation, litter,
and duff (an organic layer on the surface of
mineral soil). These fire-adapted areas are
also prone to intense fires, illustrating the
complexity of fire management across
diverse landscapes. In both fire-prone and
fire-adapted landscapes, the health
consequences of wildland fires are amplified
by the movement of people into these areas,
expanding the wildland-urban interface
with manmade structures that provide
additional fuel for wildfires.

Prescribed burning can mitigate
wildfire risk by preventing the
overaccumulation of organic matter and
thereby reducing fuel load. Although it is an
important fire management tool, prescribed
burning has several limitations and is not
always feasible. Planning and implementing
prescribed burning requires substantial
resources that, in many areas, may not be
adequate to contend with the large areas
with high vegetation accumulation and
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Figure 1. Total acres burned by wildfires (1983-2019) and prescribed fires (2010-2019) in the United
States, including Alaska. Wildfire numbers are for all fires exceeding 100 acres forest/300 acres
rangeland (100 acres =40.5 hectares). Prescribed fire acreage depends on state reporting. Source:

National Interagency Fire Center, 2020 (5).

wildfire risk. With extensive domestic
development in wildland areas, it is not
always possible to ensure a fully controlled
burn that does not extend into areas where
people live. Prescribed burns are generally
conducted under low wind conditions to
minimize smoke and health impacts.
However, unpredictable weather changes
can create more smoke than anticipated,
exposing nearby communities. Prescribed
fires tend to burn at lower temperatures
with more smolder than wildfires, likely
producing a different smoke profile.
However, smoke exposure assessment
studies have used different sampling periods
at different proximities to the fire, which
complicates efforts to directly compare
pollutant exposures from prescribed fires
and wildfires (6). It remains unknown how
the toxicity of smoke from different types of
fires compares (7).

To model and predict smoke exposures
to inform decisions about fire management
and risk, a robust system is needed to
estimate wildland fire emissions. The factors
that predict differences in the quantity,
composition, toxicity, and duration of
smoke emissions are still emerging (7). The
existing dichotomous “wildfire” versus
“prescribed fire” paradigm does not
sufficiently capture the effects of different
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fires on ecosystem resilience, human health,
and local economies. A recently proposed
framework by Williamson and colleagues
(7) evaluates the health impacts from smoke
but does not incorporate other values such
as water quantity and quality, carbon
storage, soil stability, habitat, cultural
resources, local economies, and property. A
more expansive assessment framework
proposed by Hall and others (Figure 2)
allows the impacts on multiple values to
be assessed and compared by viewing fire
as an ecological continuum in different
ecosystems and regions. Understanding
the factors that predict wildland fire
characteristics, smoke production and
dispersion, health effects, and impact on
other public values affected by fires will
improve fire management decision-making
(Table 1).

Wildland Fire Health Effects

Nearly three decades of epidemiological,
clinical, and toxicological research have
demonstrated cardiopulmonary health
effects of exposure to ambient particulate
matter (PM), especially fine PM (PM,s).
Across parts of the fire-prone northwestern
United States, ambient PM, 5 concentrations

have worsened between 1988 and 2016
during a time when the rest of the United
States experienced dramatic improvements
in air quality (1). Despite the fact that one-
third of PM, s in the United States originates
from wildland fires (8), comparatively few
studies have examined relationships
between smoke exposure and adverse health
outcomes. This is concerning because the
acreage burned by wildland fires is generally
increasing (Figure 1), and populations
continue to expand into the wildland-urban
interface. Approximately 39% of U.S.
housing units interface with undeveloped
wildland (9), and millions are at risk of
exposure to smoke from nearby wildland
fires. The following sections provide a brief
overview of the known acute health effects of
wildland fire smoke. Few studies have
evaluated the chronic health effects of
repeated smoke exposure across wildfire
seasons.

Investigators have examined a wide
range of health outcomes, from subclinical
indicators of inflammation to cause-specific
mortality. In general, the associations
between wildland fire smoke and
cardiopulmonary health effects are
consistent with those found for exposures to
ambient PM, 5 (10). A large body of
evidence indicates that wildland fire smoke
increases rates of respiratory medication
use, ambulance calls, emergency department
visits, hospital admissions, and all-cause
mortality (11-16). The respiratory health
effects are especially evident for those with
asthma and chronic obstructive pulmonary
disease (COPD) (11, 12, 17, 18). Per unit
mass, PM from wildland fire smoke may
result in a higher risk of hospitalization for
asthma among children and older adults
than PM from other ambient sources, likely
because of the different toxic emissions
profile of smoke (17, 19). There is also
growing evidence of acute cardiovascular
health effects of wildland fires (16, 20-23),
although cardiovascular studies to date have
been less consistent than respiratory studies
(11, 12, 19, 24, 25). In addition, there is
emerging evidence that wildland fire smoke
affects outcomes among those with diabetes
and end-stage renal disease (16, 26-28).

Susceptible Populations

People who are most susceptible to health
effects of air pollution—children, the
elderly, and those with cardiopulmonary
diseases (including asthma, COPD,
ischemic heart disease) or socioeconomic
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Figure 2. Conceptual overview of a proposed assessment framework for wildland fire. Figure printed with permission from co-author, John Hall.

disadvantage—appear to be more
susceptible to wildland fire smoke (12, 19,
29). Pregnant women and the developing
fetus also appear to be at increased risk (19,
28, 30). Even healthy children have been
found to experience upper respiratory
symptoms and increased cough and wheeze
during wildfires (31), and those with
relatively smaller airways have a higher risk
of respiratory symptoms (32). Recent meta-
analyses suggest that women (18, 33), older
adults, African Americans, and those living
in poorer neighborhoods are especially

Table 1. Priorities for fire science and
management

#1 Judicious use of prescribed fire is
needed to reduce risk of uncontrolled
and deadly wildfires by helping to
address the problem of fuel
accumulation after years of fire
suppression.

#2 Exposure data are needed across a
range of potential exposures,
including different fuel types and
proximities to the fire.

#3 A robust wildland fire data collection and
modeling framework is needed to
characterize and predict emission
quantities, compositions, toxic
potencies, and durations of smoke
exposure to inform decisions about
fire management.

924

likely to experience respiratory health effects
from wildland fire smoke exposure (29).

Occupational Exposures
Wildland firefighters are highly exposed to
smoke but are also generally in better
physical condition than the general
population (a “healthy firefighter effect”)
(34, 35). According to a workshop
participant who is a firefighter, many
firefighters view smoke as “part of the job”
and express little concern about the
potential health risks, especially during
nonextreme smoke conditions. However,
both short- and long-term repeated
exposures to wildland fire smoke may pose a
serious health hazard to firefighters. The
arduous conditions of firefighting increase
respiratory rate and ventilation, thereby
increasing the exposure to smoke pollution
(36). Personal protective respirators are
often not practical for such conditions and
are rarely used (37). During prescribed fires,
personnel are often in close proximity to the
burning area, and therefore exposure can be
very high. Even during off-duty and rest
periods, when fire workers retreat to camps
and staging areas, the air often remains
polluted by smoke as well as emissions from
generators and other equipment.

There is limited research on the acute
and chronic health effects of fighting
wildfires and managing prescribed fires,

though the health risk is likely to be high
based on what is known about the adverse
effects of PM, 5. One recent systematic
review concluded that short-term exposure
of firefighters to wildfire smoke was
associated with impaired lung function,
hypertension, and post-traumatic stress
(38). Higher risks of mortality from
cardiovascular disease and lung cancer have
been predicted (36), and there is some
evidence of higher cancer risk among
firefighters (34). Because of the dynamic
environment and research challenges

of studying on-duty firefighters, there
remain many knowledge gaps regarding
occupational health risk. Meanwhile,
multiple government agencies and private
companies recruit wildland firefighters with
incomplete information about occupational
risks to health and life expectancy.

Smoke Toxicology and Controlled
Human Exposures

The physical and chemical attributes of
wildland fire smoke vary with the
characteristics of the fire, such as fuel type
(e.g., forest, grassland, peat bogs, and
human-made structures), energy of
combustion, flaming versus smoldering
conditions, weather or atmospheric
conditions, and topography. Although not
equivalent to “natural” wildfire, controlled
studies from laboratory-generated smoke

AnnalsATS Volume 18 Number 6 | June 2021
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Table 2. Research needed on wildland
fire health effects

#1 Toxicology and chemistry research is
needed to define the composition and
toxicity of smoke from different fuel
sources (biomass types and building
structures) and under different burning
conditions (flaming, smoldering, and
residual conditions after a fire). Such
research may determine whether
PM, 5 is the best index substance to
measure against the health impacts of
wildfire smoke.

#2 Research is needed on the effects of
long-term and repeated wildland fire
smoke pollution on respiratory,
cardiovascular, neurological, and
psychological health across life
stages, including developing fetuses
and children, and among highly
exposed occupational groups
(especially firefighters).

#3 Centers of wildland fire research
expertise are needed in regions
affected by wildland fires that can
quickly apply research action plans for
unpredictable fire events, such as
mobile units/teams for collecting
exposure and physiologic data in
underserved areas.

Definition of abbreviation: PM, 5 = fine particulate
matter.

allow chemical analysis and subsequent
toxicity testing in animal or biological
models and have identified elements of fires
and their emissions that impair health (39,
40). These studies have confirmed that the
chemical composition of smoke differs by
the type of biomass burned (e.g., pine, oak,
and peat) (39) and have found that
concentrations of heavy metals and
polycyclic aromatic hydrocarbons are
higher in flaming than smoldering smoke
(39). Variation in particle size appears to
impact particle toxicity (41, 42). Higher-
throughput toxicology models are needed
to determine the uncertainty of the
emissions factors for specific pollutants
(e.g., lead and mercury) and whether
specific pollutants may be more appropriate
than PM, 5 to assess the health impacts of
wildfire smoke.

Controlled human exposure studies are
very limited in number and vary widely in
study design, and they have involved only
healthy adults who may be less susceptible
than children or those with comorbidities.
These studies consistently report adverse
effects of wood smoke on airway
inflammation (43-45). Findings on systemic
inflammation and oxidative stress have been

American Thoracic Society Documents

mixed (46, 47). Laboratory-generated wood
smoke may have different toxicological
properties than wildland fire smoke because
of smoldering versus flaming fire,
photochemical aging, and varying fuel types
(Table 2).

Communicating Health Risks
of Wildland Fire Smoke

Although many people are aware of

the health risks of wildfire smoke and

take defensive actions to protect their
health (31, 48), public misperception or
underappreciation of the health risks

of wildland fire smoke is common. For
example, in a citizen-science study by U.S.
Environmental Protection Agency (EPA),
adults with chronic illness did not self-
identify as being at higher risk of harmful
effects and did not take action to mitigate
smoke exposure unless they were already
experiencing smoke-associated symptoms
(49). Workshop participants agreed on the
need for clinicians and public health agencies
to provide clear and consistent messaging to
the public around the following points: I)
although risk varies among individuals,
wildland fire smoke poses a health risk to all;
and 2) preparedness and prevention can
minimize harm.

Communication by Clinicians
Healthcare providers have a special
relationship with their patients and can play
a key role in mitigating the health impacts of
wildland fire smoke in both healthy patients
and those who may be at particular risk.
Multiple studies have demonstrated that
passive communication of information does
not necessarily influence behavioral change,
but people are more likely to act based on
messages they receive from a trusted
professional, including their physician (50,
51). Unfortunately, few clinician-focused
resources exist that outline 1) the effects of
wildland fire smoke in healthy people and
specific vulnerable groups, 2) preseason
planning strategies for patients and families,
3) measures to reduce exposures during
smoke events, and 4) resources for updates
during wildfire season. Some materials in
the United States include the AirNow web
course Particle Pollution and Your Patients’
Health (https://www.epa.gov/pmcourse),
the EPA factsheet Prepare for Fire Season
(52), and a targeted online course from the
EPA entitled Wildfire Smoke and Your

Patient’s Health (53). State-sponsored
wildfire information sites can also
provide health professionals with general
information for counseling patients about
smoke events.

Communication by Public

Health Agencies

As more information about the detrimental
health effects of wildfire fire smoke emerges,
communities will increasingly look to public
health agencies for advice on preseason
preparedness and for information on how
smoke conditions may affect health.

Those agencies may, in turn, look to
national organizations for resources and
recommendations. Recently, collaborations
between experts in public health and
environmental science have led to the
creation of multiagency fact sheets, such as
the EPA Smoke-Ready Toolbox for Wildfires
(54) and the Centers for Disease Control
(CDC) Natural Disasters and Severe
Weather: Wildfires site (55). The EPA
advisory Wildfire Smoke: A Guide for Public
Health Officials can help public health
agencies improve community preparedness
in advance of the wildfire season.

Public health agencies can improve
community preparedness by educating local
officials and equipping public institutions
with recommendations and resources. For
example, the California Air Resources Board
developed the Air Quality Guidance
Template for Schools to standardize
decision-making among school districts
across the state (56). Despite uncertainties
about the health benefits of many
interventions (see the section on actions
below), such collaborative guidelines are
needed to help local institutions advise their
communities on reducing smoke-related
harms on the basis of the best available
evidence.

Public health officials are also tasked
with the challenge of translating local fire
and smoke conditions into health risk
information. The Air Quality Index is the
current U.S. federal communications tool
for air quality and health, but it was not
developed for rapidly changing smoke
conditions and can be misleading in many
circumstances. Similar problems have been
recognized and addressed for the Canadian
Air Quality Health Index (57). There is a
growing need for collaboration between
public health agencies and content experts
to collect up-to-date information on smoke
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conditions, forecast short- and long-term
changes in smoke trajectory, and predict the
extent of smoke-related health effects in
specific locations. To help fill this need, the
U.S. Forest Service (USFS) created the
Wildland Fire Air Quality Response
Program (58), which deploys air resource
advisors as part of the fire incident
management team. These specialists
monitor air pollution, model and forecast
smoke patterns, and provide behavior
modification messages to reduce smoke
exposure in specific communities (59).
Similar collaborations in Canada have led to
the development of the British Columbia
Asthma Prediction System (60), which
uses wildfire smoke forecasts to predict
respiratory exacerbations in affected
regions. The National Oceanic and
Atmospheric Administration’s Global
Systems Laboratory satellite fire and smoke
transport model (High-Resolution Rapid
Refresh Smoke) has been used to predict
smoke conditions and issue air quality alerts
in limited settings (61). It remains to be
determined whether these collaborative
ventures can be applied broadly.

To reduce the health impacts of
wildland fire smoke, public health agencies
also require effective communication
strategies to effect behavioral changes at the
individual and community level. These
include the use of handouts and webpages,
which can be designed with the help
of resources such as the CDC Clear
Communication Index (62), as well as
smartphone applications and traditional and
social media campaigns. Communication
between public health agencies and the
people they serve appears to be especially

Table 3. Improving communication on
health risk of wildland fires

#1 Healthcare providers require clinician-
focused guidelines to counsel patients
on how to reduce the health impacts of
smoke exposure.

#2 Public health officials require training
and tools to communicate health risk
of wildland fires and advise risk
mitigation strategies to the public and
vulnerable groups.

#3 Greater collaboration between public
health agencies and scientists is
needed to forecast and communicate
short- and long-term changes in
smoke conditions and their anticipated
health risks in specific geographic
regions.
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effective when done through a familiar and
trusted individual. For example, during the
2017 and 2018 wildfire seasons in Montana,
the Missoula City—County Health
Department nominated a single air quality
specialist to coordinate all smoke-related
public communications. This individual
served as the sole source of email and social
media updates and became a familiar voice in
local newspapers and a trusted face on
Missoula newscasts (Table 3) (63).

Actions to Address the Health
Impacts of Wildland Fires

The U.S. Department of the Interior, U.S.
Department of Defense, USFES, and state
agencies are all involved in the management
of wildland fires, but there are some health-
relevant considerations regarding smoke that
fall outside of the principal activities of these
agencies. Formal evaluation of public health
interventions (including the impact on
behavior and health), improved federal/
nonfederal coordination of smoke
preparedness, and increased investment in
wildland fire research programs are all areas
in which coordinated efforts across federal
and state agencies are needed to better address
the health impacts of wildland fire smoke.

Effectiveness of Public

Health Interventions

There are a number of potential
interventions to mitigate the acute
respiratory health effects of smoke exposure.
These include interventions at the individual
level (advisories to wear an N95 respirator
and to avoid outdoor activity or exercise),
building level (closing windows/doors, air
filtration in the home, school, or office), and
community level (school closures, public
clean air shelters, stay-at-home orders, and
evacuation orders). The most strongly
recommended intervention is high-
efficiency particulate air (HEPA) filters (64),
which can reduce indoor PM concentrations
by up to 80% (65) and appear to improve
asthma symptoms when installed in homes
and schools, even in nonwildfire settings
(66-68).

One of the very few studies examining
the impact of public health interventions to
reduce wildfire health effects was conducted
by the CDC in the form of a retrospective
medical record review and survey of a
Native American reservation community
affected by a large wildfire in 1999 (69).

During the fire, the local medical center and
other tribal organizations implemented
several interventions, including the
provision of I) free filtered and nonfiltered
masks, 2) vouchers for hotel services in
nearby towns, 3) portable HEPA cleaners,
and 4) public service announcements
through local media outlets. The duration
of HEPA cleaner use and recollection

of the public service announcements

were associated with fewer self-reported
respiratory health effects, whereas no
protective respiratory health effects were
found for mask use or duration of self-
evacuation.

The widespread use of masks remains a
controversial public health intervention.
Although filtered respirators (e.g., certified
National Institute for Occupational Safety
and Health N95 masks) clearly reduce
exposure to particle pollution from smoke,
there are a number of limitations. These
include lack of filtration efficacy if the mask
does not properly fit, lack of protection
against toxic and volatile gases, a “false sense
of security” that might lead to increased
outdoor smoke exposure, and concerns
about the increased work of breathing from
prolonged use (70). Another limitation is
that, to date, there are no National Institute
for Occupational Safety and Health—
approved N95 masks fitted for children (56).
Consequently, public health agencies have
been divided about whether or not to
recommend or distribute masks. Although
potentially helpful, other public health
interventions, including advisories to close
windows and doors, creation of “clean air”
spaces in the home or in the community,
school closures, and stay-at-home orders,
have not been evaluated. Hence, the relative
effectiveness of these public health tools to
affect behavior and reduce health impacts of
wildland fire smoke exposure remains
unknown.

Coordinated Approach to

Smoke Preparedness

Smoke preparedness is generally localized
and ad hoc because of the lack of a
comprehensive and overarching national
strategy to address health risks. A more
systematic approach to protect public health
during wildland fire smoke events is needed
(71). Presently, the Federal Emergency
Management Agency (FEMA) has
preseason dollars to spend on wildfire
mitigation, and there are opportunities for
the EPA and other agencies to work
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collaboratively with FEMA to ensure that

those preseason actions provide the greatest
health benefit to communities. In the United
States, a multiagency consortium of federal
partners, including the FEMA, USFS, EPA,
CDC, and others, may be best positioned to
effectively bring groups together to address
wildland fire smoke risk and management.

A Call for a Federally Funded Wildland
Fire Smoke Research Program

The magnitude of risk associated with
wildland smoke, coupled with the many
knowledge gaps relating to exposures,
toxicities, and efficacy of interventions,
warrants targeted research to guide fire
management and health messaging. The
National Institutes of Health (NIH),
through a variety of mechanisms,

serves as an important source of health
research funding and is a convener of
transdisciplinary and community-based
research and training. So far, the NIH has
been only marginally involved in health
research addressing wildland fire smoke,
mostly through the NIH Disaster Research
Response program in collaboration with the
National Library of Medicine. A useful
illustration of a focused research program
addressing a national environmental health
problem is the EPA Clean Air Research
Program. In 1999, the EPA funded five
interdisciplinary centers of expertise to
evaluate exposure uncertainties, toxicity,
and health effects of ambient PM (72).
Findings from these centers of expertise
vastly enhanced scientific understanding of
PM exposures and health effects and informed
air quality regulations over the past 20 years,
which, in turn, resulted in improved air
quality and life expectancy (73). A national
wildland fire smoke research program could
be modeled on this success story, and
expanded in scope beyond health effects
research, to provide a mechanism to allocate
funds efficiently to research studies that
address the many knowledge gaps highlighted
in this report. These include questions relating
to fire behavior and emissions, relative fuel
toxicities, and efficacy of personal and public
health interventions and communication
tools. Because there are multiple federal
agencies with a focus on health, air quality,
and/or wildland fires, a multiagency
consortium (with collaborators from Canada
and Mexico) would be appropriate for
funding a comprehensive research program
focused on wildland fire smoke (Table 4).

American Thoracic Society Documents

Conclusions

Addressing the growing respiratory health
risks of wildland fire smoke requires a
coordinated and integrated approach
among scientists, fire managers, regulators,
public health practitioners, and the affected
public. Health gains will hinge on actions
that arise from multidisciplinary research,
policy development, and communications
that penetrate to all levels, from those
directly managing and fighting the fires to
the health practitioners managing health
consequences of smoke and to an informed
and empowered public.
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