
UCLA
UCLA Previously Published Works

Title
Personal Interventions for Reducing Exposure and Risk for Outdoor Air Pollution: An 
Official American Thoracic Society Workshop Report

Permalink
https://escholarship.org/uc/item/4944s0mg

Journal
Annals of the American Thoracic Society, 18(9)

ISSN
2329-6933

Authors
Laumbach, Robert J
Cromar, Kevin R
Adamkiewicz, Gary
et al.

Publication Date
2021-09-01

DOI
10.1513/annalsats.202104-421st
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/4944s0mg
https://escholarship.org/uc/item/4944s0mg#author
https://escholarship.org
http://www.cdlib.org/


AMERICAN THORACIC SOCIETY DOCUMENTS

Personal Interventions for Reducing Exposure and Risk for
Outdoor Air Pollution
An Official American Thoracic Society Workshop Report
Robert J. Laumbach, Kevin R. Cromar, Gary Adamkiewicz, Christopher Carlsten, Denis Charpin, Wanyu R. Chan,
Audrey de Nazelle, Francesco Forastiere, Jeffrey Goldstein, Sophie Gumy, William K. Hallman, Michael Jerrett,
Howard M. Kipen, Cheryl S. Pirozzi, Barbara J. Polivka, Jared Radbel, Ronald E. Shaffer, Don D. Sin, and
Giovanni Viegi; on behalf of the American Thoracic Society Assembly on Environmental, Occupational,
and Public Health

THIS OFFICIAL WORKSHOP REPORT OF THE AMERICAN THORACIC SOCIETY WAS APPROVED FEBRUARY 2021

Abstract

Poor air quality affects the health and wellbeing of large populations
around the globe. Although source controls are the most effective
approaches for improving air quality and reducing health risks,
individuals can also take actions to reduce their personal exposure by
staying indoors, reducing physical activity, altering modes of
transportation, filtering indoor air, and using respirators and other
types of face masks. A synthesis of available evidence on the efficacy,
effectiveness, and potential adverse effects or unintended
consequences of personal interventions for air pollution is needed by
clinicians to assist patients and the public in making informed
decisions about use of these interventions. To address this need, the
American Thoracic Society convened a workshop in May of 2018 to
bring together a multidisciplinary group of international experts to

review the current state of knowledge about personal interventions
for air pollution and important considerations when helping patients
and the general public to make decisions about how best to protect
themselves. From these discussions, recommendations were made
regarding when, where, how, and for whom to consider personal
interventions. In addition to the efficacy and safety of the various
interventions, the committee considered evidence regarding the
identification of patients at greatest risk, the reliability of air quality
indices, the communication challenges, and the ethical and equity
considerations that arise when discussing personal interventions to
reduce exposure and risk from outdoor air pollution.
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Summary of Workshop
Conclusions and
Recommendations

1. Emission reduction is themost important
action needed to reduce health burdens
caused by outdoor air pollution.
Workshop participants uniformly agreed
that personal interventions are secondary
to the need to reduce pollution emissions
at the source. The use of personal
interventions to reduce individual
exposures to outdoor air pollution is not a
substitute for policies, regulations, and
economic forces that are needed to drive
reductions in pollution emissions.
Pollution reduction strategies are much
more cost-effective and socially equitable
than widespread use of personal
interventions. However, the workshop
participants recognized the need to
supplement these efforts with exposure
reduction strategies where and when air
pollution concentrations are expected to
exceed health-based standards, with
particular attention to individuals who
may be susceptible to adverse effects from
even relatively low concentrations of air
pollution.

2. There are several types of personal
interventions available to reduce
exposure to outdoor air pollution.When
ambient air pollution concentrations are
elevated, severalmeasures areavailable to
individuals to reduce their exposure and
risk of adverse health effects. These
personal interventions include staying
indoors, limiting physical activity during
times with elevated pollution
concentrations and near air pollution
sources, cleaning indoor air with central

system filters or portable room air
purifiers, and using personal protective
devices such as respirators. More
empirical, outcome-based evidence is
needed to better help individuals and
clinicians make informed decisions
about the use of these interventions on
thebasis of relative efficacy, effectiveness,
safety, and cost.

3. The information on air quality currently
available for making decisions about
personal interventions has limitations
and should be evaluated.Most developed
regions of theworld provide air pollution
information to the public through use of
an air quality index; however, these
indices areoftennot specificallydesigned
on the basis of health risks but rather
reflect regulatoryor recommended limits
of individual pollutants. Regardless of
how they are constructed, air quality
indices need to be rigorously evaluated.
In some cases, index values are not
predictive of population-level health
risks because of monitored pollution
values not being representative
of individual exposures. However,
when positive associations are
observed among individual pollutant
concentrations and population-level
healthoutcomes, but indexvalues are not
associated with population-level health
outcomes, then the development of
alternative formulations of air quality
indices is recommended for improved
risk communication.

4. People should continue to exercise but
may seek ways to modify activity to
reduce exposure to peak air pollutant
exposures.Given the clearhealthbenefits
of regular physical activity, clinicians

may consider suggesting ways to reduce
exposure to outdoor air pollution by
modifying the times and locations of
outdoor exercise but only insomuch that
these modifications do not jeopardize
efforts to participate in regular exercise.
There is a clear need for more and better
research on the trade-offs of exercise and
avoiding outdoor air pollution; this is
particularly critical for medical
conditions that have been shown to have
better long-term outcomes as a result of
regular exercise.

5. Respirators can reduce exposure to
particulate matter (PM) air pollution
when used properly but have significant
limitations when used for protection
against ambient air pollution.
Commonly available respirators (e.g.,
N95 respirators in the United States,
FFP2 respirators in Europe) can reduce
exposure to PM by widely varying
degrees depending on the type of
respirator and how it is used. However,
unless specifically designed for the
purpose, respirators do not reduce
exposure togaseouspollutants.Although
healthy people are able to wear properly
fitted respirators without undue adverse
health impacts, this may not be the case
for individuals with respiratory or
cardiovascular conditions who are most
susceptible to the adverse effects of air
pollution exposures.

6. Portable indoor air cleaners (or whole-
house systems) can be effective at
reducing indoor pollutant
concentrations. Room air purifiers and
whole-house filters can reduce
concentrations of outdoor air pollution
in indoor environments. Studies have
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shown reductions in PM by about
20–80% under a range of conditions.
A few experimental studies have
found improvements in
cardiorespiratory biomarkers after trials
of air filtration in homes, but results have
been inconsistent, and clinical outcomes
have not been rigorously evaluated.
Future clinical studies of the potential
efficacy and effectiveness of home
filtration are needed to evaluate clinical
health outcomes.

7. Thereare significantequity considerations
that may prevent patients from using
personal interventions. Important barriers
include affordability and the challenge of
communicating complex behavioral
interventions in the context of the
priorities, circumstances, and values
of individual patients. Environmental
justice and equity issues should be
considered when making
recommendations for personal
interventions. The evaluation of the
accessibility of information, the potential
availability of financial resources, and the
potential mechanisms by which
individuals can be supported to afford
these interventions need to be considered
in parallel with development of any
guidelines regarding their use.

Introduction

Short-term and long-term exposures to
elevated concentrations of outdoor air
pollution increase the risk of adverse health
outcomes in individuals around the world.
The best option to mitigate adverse health
impacts fromoutdoor airpollution, fromboth
an economic and an equity perspective, is to

reduce ambient concentrations through
emission control strategies. However, these
policyandregulatoryeffortsare largelyoutside
of the influence of individuals currently being
impacted by elevated ambient pollution.Until
outdoor concentrations of air pollution fall
below levels at which adverse health impacts
occur, it would be beneficial for some
individuals to take proactive measures to
reduce their exposures to adequately protect
their health and quality of life. These benefits
are likely tobegreatest among individualswho
have heightened susceptibility to the adverse
effects of air pollution.

Armed with knowledge of where and
when air pollution concentrations are
elevated, individuals have several options for
changing their behavior in ways that may
reduce exposure with varying degrees of
effectiveness. The committee reviewed the
evidence regarding individual susceptibility,
the usefulness of air quality indicators, and the
efficacy and effectiveness of personal-level
interventions, aswell as the potential harmsor
unintended consequences of these
interventions.Who should takewhat actions
where,when, andhowwere themainquestions
addressed by the committee. These questions
were addressed from the perspective of
healthcare providers who are engaged in
helping patients make decisions about
personal interventions. The committee also
considered communication challenges, equity
concerns, and practical aspects that are likely
to be important determinants of the
effectiveness of proposed interventions.Given
the wide differences between rich and poor
countries in air pollution sources and
conditions, as well as resources, the scope of
the committee’s analysis was largely limited to
outdoor air pollution in industrialized urban
areas, although some of the underlying

principles may be more broadly
generalizable.

Methods

Workshop participants presented prepared
talks as part of seven sessions: 1) defining
susceptibility and identifying susceptible
individuals; 2) air quality indices and other
sources of air quality information; 3) indoor
and outdoor environments, physical activity,
andmodes of transportation; 4) effectiveness
of respirators aspersonal protectivedevices;5)
air cleaners and ventilation as indoor
environmental interventions; 6) equity and
justice considerations of personal
interventions; and 7) communicating about
risks and interventions to patients and
clinicians. Participants were invited on the
basis of expertise in these topic areas. For each
topic, twoorthreeexpertswereaskedtoreview
the relevant literature. After speaker
comments, therewasadditional timeprovided
for in-depth group discussion to clarify key
aspectsofeachtopicandtoelucidateprinciples
most relevant to the overall goals of the
workshop.

Amajor goal of the workshop was to
identify the available scientific evidence for the
efficacy and/or effectiveness of personal
interventions to reduce exposures and health
risks fromoutdoor air pollution. Critical areas
with insufficient scientific evidence were
identified together with recommendations for
specificresearchthat isneededinthenearterm
tobetter informourunderstandingofpersonal
interventions, particularly as it relates to
patient care (see Table 1). When scientific
evidence was available, key information was
summarizedwith recommendationsprovided
for how this information can be best

Table 1. Managing exposures to harmful concentrations of outdoor air pollution can occur through a combination of public policy
and individual decision-making

Preintervention
“Reduce pollution emissions at the source.”
“Air quality indices need to be rigorously evaluated and improved when needed.”
“Air pollution monitoring networks need to be improved with higher spatial and temporal resolution.”
“Environmental justice and equity issues should be considered when making recommendations for personal interventions.”

Personal interventions
“Staying indoors”
“Cleaning indoor air with central system filters or portable room air purifiers”
“Choosing among alternative modes of transportation or modifying controllable conditions”
“Modifying the times and locations of outdoor exercise but only insomuch that these modifications don't jeopardize efforts to participate
in regular exercise”
“Limiting [strenuous] physical activity during times with elevated pollution concentrations and near air pollution sources”
“Properly using respirators to reduce exposure to high concentrations of particulate matter air pollution”

Quotations are taken directly from recommendations developed from the workshop.
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communicated to the public and to clinicians.
However, no specific clinical practice
guidelines were discussed in the workshop or
included in this report. The following is a
summary of some of the most pressing
questions relevant to patient care that were
addressed during the workshop.

Which Individuals Are More
Susceptible to Air Pollution and
More Likely to Benefit from the
Use of Personal Interventions?

Individuals who are more susceptible to air
pollution may experience adverse health
effects similar to those of less susceptible
individuals but do so with greater frequency
and/or at lower levels of exposure. Individuals
who aremore susceptiblemay also experience
more severe, or even different, health
outcomes as compared with less susceptible
individuals at the same levels of air pollution
exposure. Examples of the latter include
exacerbations of preexisting diseases, such as
asthma and chronic obstructive pulmonary
disease (COPD).When assessing which
patient subpopulations may have increased
susceptibility to air pollution, it is
recommended that the absolute increase in
risk attributable to air pollution is considered,
in addition to the comparison of relative risks

that are typically reported in observational
epidemiology studies. Absolute risk facilitates
evaluation of the comparative importance of
different risks and the risk reductions thatmay
be expected from alternative interventions.

Patients with chronic diseases or
conditionsmay be at increased risk of adverse
health outcomes from elevated air pollution.
These patients may be more likely to benefit
from personal interventions. Specific diseases
or medical conditions that confer increased
risk of adverse health outcomes include
asthma in children and adults (acute asthma
exacerbation, decreased lung function, poor
asthma control) (1); COPD (increased COPD
exacerbations, prolonged illness after
exacerbation due to infection, decreased lung
function, increased mortality risk) (2); cystic
fibrosis (acute exacerbations, earlier
acquisition of Pseudomonas andmethicillin-
resistantStaphylococcusaureus) (3); idiopathic
pulmonary fibrosis (acute exacerbations,
decreased lung function, increased mortality
risk) (4); receivinga lung transplant (acuteand
chronic rejection, increasedmortality risk) (5,
6); and coronary artery disease (myocardial
infarction, congestive heart failure, increased
mortality risk) (7). Other at-risk groups
include pregnant women and fetuses, young
children, and older age groups.

Additional work is needed to provide
clinicianswithclearerguidanceregardingwho

should be informed about potential health
risks and personal interventions to reduce
exposures tooutdoorairpollution.Ultimately,
tools for risk stratification that include air
pollution would assist providers and patients
in making evidence-based decisions about
interventions. Prioritization of susceptible
groups for this research may include
consideration of the risk attributable to air
pollution, the relative importance of air
pollution compared with other risk factors,
and the likely effectiveness of personal
interventions to reduce exposures. For
additional review of evidence regarding
susceptibility to air pollution as it relates to
personal interventions, seeAppendix A in the
online supplement.

What Information about
Outdoor Air Pollution Is
Available to Assist Patients and
Clinicians in Making Day-to-Day
Decisions regarding Personal
Interventions?

Most countries that monitor outdoor air
pollution have some form of an air quality
index to uniformly communicate daily
concentrations of pollutants and associated
healthrisks to thepublic, although indicesvary
fromcountry to country.Most commonly, the
index value corresponds to the individual
pollutant with the highest concentration
relative to regulatory limits or other specified
cutpoints.Thisapproachiseffectiveatalerting
the public to extreme pollution episodes but
has structural limitations in differentiating
health risks associated with exposure to
multiple pollutants, particularly on days with
good to moderate levels of pollution when
susceptible individualswould benefit themost
from accurate information. In response to
these limitations, some countries and cities
have already transitioned or are currently
considering adopting health-based,
multipollutant indices (e.g., Canada, Hong
Kong, Europe, Mexico City, etc.) (8).

Regardless of how air quality indices are
formulated, it is essential that they are
rigorously evaluated to ensure that index
values are representative of population-level
health risks (9). It is important that the ability
of air pollution indices to reflect health risks is
distinguished from the also importantwork of
evaluating risk communication efforts to
promote awareness and effective use of the
index (10).

Evaluate alternative
weightings of pollutants

in creating air quality
indices

Do index values predict
local health outcomes?

Continue to improve
communication of validated

index values

No

Yes

Yes

No

Consider improvements in air
pollution monitoring to

better reflect population
poIIution exposures

Do individual pollutants
predict local health

outcomes?

Figure 1. A process for evaluating and improving the ability of existing air quality indices to
represent population-level health risks of outdoor air pollution.
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Athree-step researchprocess canbeused
to evaluate the ability of existing air quality
indices to represent population-level health
risks of outdoor air pollution (Figure 1). First,
an assessment of the association of index
values with population-level health risks can
be made using location-specific health data.
Second, associations of the individual air
pollutants and population-level health
outcomes can be assessed to determine
whether pollution concentrations underlying
the index (e.g., from central site monitors or
forecasted estimates) are sufficiently reflective
of pollution exposures. Third, if positive
associationswith population-level health risks
are observed for individual pollutants, but not
index values, then alternative indices could be
considered and evaluated (11). If there are no
observed positive associations with individual
pollutants and health outcomes, it may be
necessary to consider improvements to air
pollution monitoring, which may include
adding or changing the location of central
site monitors or deployment of
supplemental monitoring strategies,
including low-cost sensor networks,
remote sensing data, or combined
approaches (12, 13).

Does the Use of Indoor Air
Cleaners Protect against
Adverse Health Impacts?

Residential air cleaners vary greatly in termsof
operation, cost, energy usage, and
maintenance requirements.A recent report by
the U.S. Environmental Protection Agency
(EPA)(2018)recommendedusingportableair
cleaners with high-efficiency particulate air
filters to reduce fine particles (PMwith an
aerodynamic diameter,2.5 mm) in homes
(14). Higher-efficiency air filters in central
forced air systems canalsobe effective, but this
is only the case if the system has sufficient run
time, asmost systemsoperate intermittentlyas
needed to heat or cool (15). A study
evaluating air filtration in homes of
children with asthma found that using
central forced air system air filters to
remove particles may be generally less
effective than using portable air cleaners,
which removed about 50% of fine particles
PM2.5 (16).

Air cleaners that advertise the use of
“plasma” or “ions” can generate harmful
concentrations of ozone. Other alternative
filtration technologies, such as negative ion
generators, have been associated with adverse

health effects (17). The California Air
Resources Board mandates testing of air
cleaners to make sure that ozone production
does not reach hazardous amounts. However,
there is currently no national regulation
requiring this certification. For removing gas-
phase air pollutants, the EPA (2018) report
concluded that activated carbon filters are
the only technology shown to be effective
without producing potentially harmful
byproducts (14).

The effectiveness of air cleaners in
removing indoor PM of outdoor origin will
depend on a number of factors. A study of
standaloneair cleanersplaced in thebedrooms
of childrenwith asthma overmultiple seasons
foundadropinusageamongparticipants(18).
The study by Bennett and colleagues (2018)
also observed greater particle reductions in
homes of childrenwith asthma that continued
to use filtration throughout the study and that
kept windows closed (16). This and other
studies (e.g., Hacker and Sparrow, 2005 [19])
suggested the most effective way to use
filtration is in the bedroom with the door
closed.With windows closed, it is desirable
to maintain adequate ventilation in homes,
as adverse effects of real-world carbon
dioxide concentrations have been
reported (20).

There are relatively few studies of
changes in health outcomes resulting from
interventions to reduce indoor pollutant
concentrations (21). Several small studies
have measured changes in biomarkers
believed to represent pathophysiological
pathways that can lead to clinical outcomes.
Assessing the relevance of biomarker
changes to reduction in health risk is
complex, and the reader is referred to the
discussion in “A joint ERS/ATS policy
statement: what constitutes an adverse
health effect of air pollution? An analytical
framework” (22) Even though pollution
concentrations are consistently observed
to be reduced through the use of portable
air cleaners, the observed associations
between reductions in PM and
improvement in health-related biomarkers
are less uniform.

The effect of using PM filtration in
homes on primarily cardiovascular health
outcomes and associated biomarkers in
subjects without allergies or asthmahad been
summarized by the EPA (2018) (14). The 11
studies included portable air cleaners (N = 8)
and other air filter configurations (N = 3),
suchas thoseusedaspartof the central forced
air systems. Although 10 out of 11 studies

evaluated reported at least one significant
biomarker change, examining a given
biomarker across many studies showed
substantially less agreement, despite what
appeared to be comparable large changes in
pollutants; significantly positive associations
were shown for CRP (C-reactive protein) in
three out of eight studies, microvascular
function in three out of five studies, IL-6
(interleukin-6) in zero out of five studies, and
blood pressure in four out of seven studies
(14). The committee summarized studies of
homeuseofairpurifiers tomodifyshort-term
cardiorespiratory outcomes, which can be
found in Appendix B in the online
supplement. It is unclear whether further
biomarker studies will clarify the efficacy of
air purifiers tomitigate adverse health effects,
and it is strongly recommended that clinical
trials investigating impacts on clinical
endpoints be pursued (23).

Does Staying Indoors on Days
When Ambient Air Pollution
Concentrations Are Elevated
Reduce Exposure and Risk of
Adverse Health Effects?

People spend their time in a variety of
microenvironments onadaily basis, including
home, workplace, school, and transportation
microenvironments, and also spend time
outdoors while working, in transit, or
participating in recreation. In addition to
ambient air pollutants, the air that people
breathe in thesemicroenvironments is subject
to air contamination by internal or nearby
sources. In high-income countries, most
people typically spendnearly90%of their time
in indoor environments, with approximately
half the remaining time spent inside vehicles
(24). Although concentrations of ambient air
pollutants are generally lower indoors than
outdoors, the ratio of indoor to outdoor air
pollutant concentrations varies widely, and
people generally receivemost of their total
exposure to ambient air pollution while
indoors. The health impacts of short-
term, higher-concentration exposures to
air pollutants, which often occur in
transportation environments, are poorly
understood (25).

Indoor air quality is influencedby indoor
and outdoor pollutant sources and complex
chemical andphysical processes.Air exchange
between the indoor and outdoor
environments (general ventilation) is a key
factor in determining indoor air pollutant
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concentrations. Generally, increasing
ventilation can mitigate concentrations of air
pollutants arising from indoor sources,
whereas decreasing air exchange canmitigate
indoor concentrations of air pollutants arising
from outdoor sources (26). The presence of
mechanical ventilationwithfiltrationof intake
air may complicate these relationships
between air pollutant concentrations and air
exchange.Thus,whenoutdoorconcentrations
of pollutants such as PM and ozone are
elevated, it is likely that staying indoors will
reduce exposure, especially if windows and
doors andother openings to theoutside air are
closed (19). A major caveat is that staying
indoors and limiting ventilation will likely
increase exposure to air pollutants from
indoor sources, such as environmental
tobacco smoke, cooking fumes,
resuspended dust, cleaning products, and
other indoor air pollutant sources, if
present.

Studies have shown that concentrations
of PM and other air pollutants are lower
indoors than outdoors because of infiltration
efficiencies that vary widely, with reductions
ranging from greater than 60% for buildings
withmechanicalventilationto less than20%in
buildings with natural ventilation (i.e., open
windows) (27, 28). For ozone, the othermajor
air pollutant of concern in rich countries,
concentrations are generally substantially
lower (30–70% reduction) indoors than
outdoors, which is primarily because of
removal of ozone from indoor air by reactions
that occur in the air and on surfaces (29).

In transportation microenvironments,
people are often in proximity to sources of air
pollutants such as vehicle tailpipe emissions,
products of vehicle and road wear, and
resuspended particles. Distinct transportation
microenvironments include the cabins of
passengervehicles,buses, trains,andairplanes,
and being outdoors while motorcycling,
bicycling, and walking on and alongside
roadways. Studies have shown that the relative
intensity of exposure to traffic-source air
pollutants may vary widely with different
modes of transportation, depending onmany
factors (25, 30, 31). To reduce exposure to air
pollution, people may have options to choose
among alternativemodes of transportation or
to modify controllable conditions. For
example, keeping windows closed and setting
avehicle’sclimatecontrol systemtorecirculate
mode can substantially reduce occupant
exposure to air pollutants arising from other
vehicles on the roadway (32).Whether vehicle
occupantshavemoreor less exposure to traffic

pollutants thanpedestriansor cyclistsdepends
onadditional factors such as thedistance from
the roadway and the wind speed and
direction (33).

How Effective Is Limiting
Physical Exertion at Times and
in Places Where Air Pollution
Is Higher?

The inhaled dose of air pollutants is
determined by the pulmonary ventilation
rate as well as the air pollutant
concentration. Therefore, shifting outdoor
physical exertion away from times and
locations where air pollutant
concentrations are highest would reduce
the inhaled dose of air pollution (34).
However, the committee could not identify
any studies providing high-quality
evidence that health outcomes are
improved by advising patients or the
general public to not engage in physical
activity when air quality is poor. In fact, the
evidence suggests that the long-term
cardiovascular and respiratory benefits of
physical activity may remain even after
accounting for the effects of exposure to
higher levels of traffic-related air pollution
(35, 36). Similarly, the short-term
pulmonary benefits of physical exertion
among healthy adults are greater when
exposures to traffic-related pollutants are
lower but are not completely reversed in
highly polluted environments (37, 38).

Given the proven health benefits of
physical activity, a careful assessment of
potential benefits and harms of advice to
individual patients regardingwhere andwhen
to reduce activity is needed.Depending on the
circumstances, it may be prudent to focus
advice on temporarily reducing the degree
of exertion and/or modifying the location of
physical activity, such as indoors instead of
outdoors or away from pollution sources.
Choosing a walking or cycling route away
from traffic can reduce exposure, as pollutant
concentrations decrease rapidly with
increasing distance downwind of major
roadways, typically falling to background
concentrations within about 400 m (39).
Similarly, altering the time of increased
physical activity, such as avoiding later-day
ozone by exercising in themorningduring the
summer,mayoptimize thebenefits ofphysical
activitywhileminimizingexposure toambient
air pollutants.

Can Respirators, or Other Types
of Face Masks, Protect
Individuals from Air Pollution?

Depending on how they are designed and
used, air filtering devicesworn on the face and
covering the nose andmouth may provide
widely varying protection from inhalation of
air pollution. It is important to distinguish
between tight-fitting, government-certified
respirators (such as “N95s”), which can
provideareduction inexposurewellover90%,
and dust masks or improvised, loose-fitting
facemasks,which generally providemuch less
protection from exposure to particle air
pollution (40). Unless they contain special
sorbent material, respirators and face masks
generally do not provide protection against
gases and vapors. Unlike the use of respirators
in occupational settings or to control the
spread of infectious disease (i.e., coronavirus
disease [COVID-19]), theuseof respirators by
thepublic forreducingexposuretoambientair
pollution is less common, and no consensus
exists onhoweffective respiratorsmight be for
this purpose.

The efficacy and effectiveness of
respirators or other face masks for reducing
exposure to air contaminants depends on the
efficiency of the filteringmaterial at removing
air pollutants and the tightness of the face seal.
A filtering facepiece respirator commonly
used occupationally in healthcare settings in
the United States is the N95 respirator, which
hasfilteringmaterial that removes at least 95%
of particles tested and is certified by the
National Institute forOccupational Safety and
Health. In Europe, the FFP2 is very similar to
theN95.The actual effectivenessof respirators
is usually limited by the leakiness of the face
seal. During inhalation, contaminated air will
take the path of least resistance and enter the
facepiece through any leaks in the face seal.
Facial hair can break the face seal, some
individuals cannot obtain a goodfit because of
an incompatible size and shape of the face and
respirator, and these types of respirators have
not been certified for use by children. The
training and fit-testing that is usually
mandatory before using a respirator for
respiratory protection in the workplace is not
commonly available to the general public. A
poorlyfittedrespiratormayprovide littlemore
thanafalsesenseofprotection,whichmaylead
to decisions or behaviors that increase
exposure.

The use of tight-fitting respirators to
reduce exposure to air pollution is not
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without potential adverse effects.
Respirators increase the work of breathing
and create a dead space under the face
piece, contributing to discomfort (41).
Although a few studies have indicated that
respirators may prevent increases in blood
pressure associated with short-term
exposure to urban PM (see Appendix C in
the online supplement), other studies have
suggested that respirator use itself may
cause acute increases in blood pressure
(42). Because of the potential adverse
respiratory and cardiovascular effects of
respirator use, the U.S. Occupational
Safety andHealth Administration requires
medical clearance for occupational
respirator use. Even among workers who
may be relatively healthy, the evidence
basis for medical clearance for use of
respirators is limited (43), and there are
currently no guidelines for assessing the
ability of members of the general public to
use respirators in preventing exposures to
outdoor air pollution.

Although a few studies have found that
the use of respirators is well tolerated by
healthy people, including pregnant women
(44, 45), individuals with respiratory and
cardiovascular disease who may benefit most
from reductions in exposure to ambient air
pollutionare also likely to be thosemost at risk
for adverse health effects from wearing
respirators. Caution in the use of respirators is
especially advised for individuals whomay be
susceptible to the mild increases in
cardiovascularandrespiratorystresscausedby
the use of respirators, although the potential
trade-offs in using respirators to reduce
exposure to outdoor air pollution should be
considered separately from the use of face
masks for reducing the spread of infectious
diseases.

Several studies have examined
physiological and biomarker effects of
wearing N95 respirators or similar
respirators in high-pollution areas for short
periods of 1–2 hours. A few of these studies
have found a lowering of blood pressure
and improvements in biomarkers in
unblinded comparisons of responses to
ambient PM exposure with and without the
respirator (46, 47). Studies of the net
benefits forhealthoutcomesof respiratoruse,
including in susceptible groups and over
longer periods of time, are needed before
respirators can be recommended for use to
control exposure to air pollution among
membersof thegeneralpublicduringtimesof
regular pollution exposures.

What Important Equity, Social
Justice, and Communication
Issues Need to be Considered in
Discussing Personal
Interventions with Patients?

Equity and social justice issues play an
important role in determining both exposures
to outdoor air pollutants aswell as shaping the
successful use of feasible interventions. In fact,
these issues are critical factors in determining
vulnerability to the adverse health effects of air
pollution. In most settings, low-income
communities are more likely to experience
higher exposures to ambient pollutants (48).
These differential exposures to ambient
pollutants across race and class lines are
shaped by asymmetry in decision-making,
class-based residential segregation, and other
factors that operate at the individual and
societal levels (49). Time activity, building
design, andmanyother factors also contribute
to differences in overall personal exposure to
air pollutants (50).

Unfortunately, populations with the
largest potential need to adopt protective
actions to reduce exposure levels and health
impacts from outdoor air pollution may also
be the least able to take advantage of these
interventions because of lack of access to
information and financial resources.
Recognizing and addressing these potential
limitations, particularly when there are
significant costs associated with the
intervention (e.g., air purifiers, personal
respirators, etc.), will be essential to any
successful effort topromote theuseofpersonal
interventions.

In general, the evidence basis on how
socioeconomic and demographic factors may
shape the likelihood of successful personal
interventions is limited (51, 52). In one
example, data from the 2007–2008 National
Health and Nutrition Examination Survey
were used to study the prevalence of
individual-level action to reduce personal
exposure to air pollution among theU.S. adult
populationif informedthatoutdoorairquality
was “bad.”Although their results showed that
individual action was infrequent among the
overall population, they also showed that
college graduateswere at a significantly higher
odds of changing behaviors (odds ratio, 1.54;
95%confidence interval,1.14–2.09) thanthose
with less thanahighschooleducation(53). It is
unclear if this result was due to a lack of
informationora lackofopportunity tomodify
behaviors, but it does illustrate some of the

challenges in promoting potentially effective
personal interventions.

For people to successfully engage in
protective behaviors, they need to know what
to do and when to do it. Success also depends
onhaving the necessary skills, equipment, and
other resources. Perhaps equally important in
adopting protective actions is the belief that
their efforts will be effective in reducing their
risk (54–64). In communicatingwith patients,
it is important to recognize that beliefs
regarding the effectiveness of personal
interventions can be strongly influenced by
information that is conveyed through
advertisements, product information, and
reviews for masks, filters, air monitors, and
other products, which are widely available on
the internet and from other sources. This
informationmay be inaccurate or misleading
andmay compete with information provided
by clinicians and public health authorities.

Conclusions

Persistently poor, and in some cases
worsening, air quality in many locations
aroundtheworldhasunderscoredtheneedfor
better understanding and application of the
actions that individuals can takenowtoreduce
their exposure and risk of adverse health
effects. As reviewed in this report, the
appropriate actions may be tailored to
individualsusceptibility,availability, reliability
of airqualitydataandcommunications, equity
and ethical considerations, and personal
circumstances, as well as the efficacy and
effectiveness of agiven intervention.Although
more knowledge about the relationships
between personal interventions and clinical
health outcomes is needed, available evidence
can be used to assist clinicians and patients in
making prudent decisions regarding personal
actions to reduce exposure and risk from
unhealthy concentrations of ambient air
pollution.�
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