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NOTE: Thisguide, which was last revised in 2008, is designed to help local public health

officials prepare for smoke events, to take measures to protect the public when smoke is

present, and communicate with the public about wildfire smoke and healtB0T6Ge

verson has been updated with the assistance and expertise from a number of federal and
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such aslownloadable fact sheets.
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Introduction

Smoke rolls into town, blanketing the city, turning on streetlights, creating an eerie and
choking fog. Switchboards light up as people look for answers. Citizens want to know what
they should do to protect themselves. School officials wakiidav if outdoorevents

should be cancelled. The news media want to know how dangerous theresailykis.

Smoke events can occur without warninigut we can be prepared. This guide is intended

to provide local publitiealth officials with information #y need to be prepared for smoke
events and, when wildfire smoke is present adequately communicate health risks, and take
measures to protect the public. This guide iptteeluct of a collaborative effort by

scientists, air quality specialists, land magragand public healtprofessionals from

federal, state, and local agencies.

Composition  of smoke

Smoke is a complex mixture of carbon dioxide, watgror,
carbon monoxide, particulate matteydrocarbons and other
organic chemicals, nitrogexides, ad trace minerals. The
individual compounds present in smoke number in the
thousands. Smokemposition depends on multiple factors,
including how efficienty a fuel burns, théuel type and
moisture content, the fire temperatusénd conditions and
otherweathesrelated influencesyhether the smoke is fresh or
iaged, O variabtes. Diffeterd types of wood and
vegetation areomposed of varying amounts of cellulose,

! lignin, tannins and other polyphenols, oils, fats, resins, waxes,
and starches, whicproduce different compounds that are
released as smoke when burned.

Particulate matter is the principal pollutant of concern from
wildfire smoke for the relatively shetérm exposures (hours

to weeks) often experienced by the public. Particulate matter
is a generic term for particles suspended in the air, typically
as a mixture of both solid particles and liquid droplets. The
characteristics, sources, and potential health effects of
particulate matter depend on its source, the season, and
atmospheric catiitions. Additionally, the size of particles
affects their potential to cause health effects. Particles larger
than 10 micrometers do not usually reach the lungs, but can
irritate the eyes, nose, and throat. For purposes of
comparison, a human hair is ab@0@ micrometers in

diameter. Small particles with diameters less than or equal to
10 micrometers, also known as particle pollution or PM10,
can be inhaled deep into the lungs; exposure to the smallest particles can affect the lungs
and heartParticle padution includes "coarse patrticles," also known as PIH) with
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diameters from 2.5 to 10 micrometers and "fine particles," also known as PM2.5, with
diameters that are 2.5 micrometers and smaller.

Particles from smoke tend to be very small, with a siaggaear the wavelength of visible
light (0.47 0.7 micrometers), and therefore efficiently scatter light and impact visibility.
Moreover, these particles are within the fine particle PM2.5 fraction and can be inhaled into
the deepest recesses of lilneg and may represent a greater health concern than larger
particles.

Another pollutant of concern during smoke events is carbon monoxide, whicblmlass,
odorless gas produced by incomplete combustion of wood or other ongaieidals.
Carbon monoxidéevels are highest during the smoldering stages of aepecially in
very close proximity to the fire.

Other air pollutants, such as the potent respiratory irritants acrolein and formaldehyde are
present in smoke, but at much lower concentratioasparticulate matter and carbon
monoxide.

Characteristics of wildfire smoke

A number of factors, including weather, the stage of the fire, and terrain can all influence
fire behavior and the impact of the smoke plume on the ground. In general, windy
conditions contribute to lower smoke concentrations because the smoke mixesrger a
volume of air. However, regional weather systems can spread fires quickly and result in
large fires with more smoke generated causing the potential of even greater iSipants.
regional weather systemscdio mi nat e a firebés behavior for
factor of where and how smoke will affect an area. Santa Ana winds in California, for
example, reverse the typical onshore flow patterns and blow strongly ttveacdast from
inland areas, which can result in smoke from mountain fires inundating the heavily
populated communities to the west. Chinook winds in the Rocky Mountains represent
another example of a wetihtrenched system that can significantly affeetlbehavior and
smokedispersion.

The intense heat, especially early in a fire, lofts smoke high into the air, where it remains
until it cools and begins to descend. Initial fire plumes tend to be-dvindn eventswhich

can facilitate prediction of thr@moke impact area. As the smoke madesnwind, it

becomes more dilute and often more widespread, eventually regcbiny level. The
amount and type of fuel and its moisture content affect sqai@diction, as does the stage

of combustion (flaming ansmoldering). The smoldering phase of a fire when large rotten
logs and duff consume, for example, can sometimes result in very high particle emissions
due to less completmambustion than when flames are present.



Figure 1. Discrete smoke plumes early in fire's evolution.

? i R
Figure 2. Less dense but more widespread smoke after days of air movement.

Terrain affects weather, as well as fire and smoke behavior, in severalReagxample,
as the sun warms mountain slopes, air is heated and moves upslope, srimgiegand
fire with it. After sunlight passes from a slope, the terrain cools and thegiirs to
descend. This creates a deslope airflow that can alter the skeodispersapattern seen
during the day.

In the evening, especially in mountain valleys and-lgwg areas, temperatuneversions
are common, in which the air near the ground is cooler than the air dibos@revents
upward air movement. The lid efteaf inversions, coupled with a dropwind speed, can
favor smoke and pollutant accumulation in valleys at night.
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Figure 3. Dense smoke retained in valleys and low lying areas.

Terrain also influences filgehavior by both blocking and promoting wind flow. Mountainous
terrain causes turbulent air flow that can promote plume duiximg andincreased
concentrations of smoke at ground level. Such terrain can inhibit ssiispersion by
diminishing wind speedsr it can funnel winds through mountain passes, accelerating fire
movement and smoke transport.

Thus, smoke behavior depends on many factors. Smoke levels in populated areas can be
unpredictable: a wind that usually clears out a valley may simply blow smoke in, or may

fan the fires, causing a worse episode the next day. Smoke concentrationsconateygly.
Sometimes by the time public health officials can issue a warning or sadulsary, the smoke
may already have cleared. National Weather Sersatellite photos, weather and wind
forecasts, and knowledge of the area can all help in prediaivvgnuch smoke will come into

an area, but predictions may not be accurate for tharea few hours. The National Weather
Servi ceobs we mfermdtieninbluaiag satellite photosahat aiie updated throughout

the dayPlease se@AdditionalResourcesandi nks o at the end of thi
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Unified response to wildfire s moke

Past practices of extinguishing every fire combined with impacts retatdonate change are
leading to larger, more intense, more frequent wildfires that threaten life, safety, and property.
Wildfire smoke can result in significant air quality impacts to public health, particularly-for at
risk groups, and impacts to safetydaransportation through diminished visibility on roads and
aviation corridors.

As wildfires and impacts of smoke have increased, there has been proactive response to this air
quality impact to the health and safety of the public and fire personnel. The U.S. Forest Service
(USFS) with many interagency partners such as the U.S. National PaiteS8ivwS) has

developed the Wildland Fire Air Quality Response Program which directly addtiesse risks

posed by wildfire smoke. The Program has developed a national cache of smoke monitoring
equipment that can be deployed to incidents to understandagnitude of smoke impacts. The

monitors were heavily used in western wildfires in 2014 and 2015. Smoke monitors which

measure fine particulate matter, Pdre tied into the GOES satellite system similar to Remote
Automated Weather Stations (RAWS). Tiemarreal time data is available to the public via the

Uu. S. Environment al Protection Agencyodos (EPAOGs)
data display systems developed by the Pacific
support operational sphke forecasting. Generally, orders for monitors are tied to the overall
emergency response to a wildfire and the interagency systems which support incident

management teams.

The AirFire Team with their BlueSky smoke modeling system provides daily smoketimp
modeling of active wildfires throughout the lower 48 states. Alaska BlueSky runs were added
when wildfire smoke needs developed in 2015. The operational model products of BlueSky,
which frequently utilize fine scale meteorological data supplied byNaSonal Oceanic and
Atmospheric Administration (NOAA) for greater resolution and model performance, support
active smoke and air quality impact forecagtdownwind of large wildfires.

Combined with the monitoring data, these tools and products catebgréted by technical
specialists called Air Resource Advisors (ARAs) who craft messages for the public which are
then coordinated with air quality and health agencies as well as other partners (see Appendix F
for an example). These messages are routirtdiged by the incident public information

officers in their fire information duties and outreach efforts as well agsdadlin many state

smoke blogs.

The ARA is a newtype of technical specialigosition which can operates part of the incident
management teanon individual incidents as well as at larger, miite scales depending on

needs and availability of personnel. As the ovemalfjram is new and developing, shortages of
ARAs are anticipated until the pool of qualified technical speciatidtgger. The current pool

of ARAs includes staff from the USFS along with many other agencies including EPA, U.S.
Natural Resources Conservation Service (NRCS), U.S. Bureau of Land Management (BLM),
NPS, U.S. Fish and Wildlife Service (FWS), as welltases tribal and local governments.

These technical specialists are trained in meteorology, atmospheric dispersion, smoke and fire
modelling, air quality monitoring and the air quality effects of smoke to support their efforts in
helping to craft public mssages aut the wildfire smoke impacts.
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ARAs can be ordered as part of an incident management team responding to a wildfire or by the
agency administrator for the land where the fire is occurring. All orders for ARAs are through
the Resource Order andaBits System (ROSS) used by wildland fire management agencies for
movement of all emergency personnel. The Wildland Fire Air Quality Response Program is
managed by the USFS, Fire and Aviation Management Program in Washington, D.C. Ultimately
use and ordergof an ARA is dictated by the agency administrator who manages the land

where the wildfire is occurring and is the key contact when wildfire smoke becomes significant
and there is need for an ARA to be attached to the incident management team respdhding t
wildfire. When an ARA is deployed it will be postedvat/w.wildlandfiresmoke.nevith

contact information. This site will also be a repository for the dailypage smoke impact

forecasts and supparg information useful to others forecasting these impacts or for

exceptional event demonstrations.

The monitoring and modeling of smoke impacts of wildfires can help fire managers, regulators,
and the public understand the magnitude of current air quralistcts while the forecasting of
future impacts allows development of effective messaging so that the public and fire personnel
can respond accordingly and, when needed, take actions to reduce their exposure. Such air
guality messaging and pexposure fagcasting has been found to be effective especially for
those who are atsk to high air pollution levels. The focus on these serious wildfire smoke
impacts has helped the public and governmental agencies become more aware of the risk air
quality can poséo public health.
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Health effects of smoke

Wildfires expose populations to a number of environmental hazards, e.g., fire, smoke, and the
byproducts of combustion of wood, as well as, plastics and other chemicals that can be released
from burning structureand furnishings, and also hazards such as psychological stress. During
the acute phase, the major hazards are from the wildfireatsglassociated smoke exposure.

Particulate matter exposure is the principal public health threat fromtehorexposures to
wildfire smoke.The effects of smoke range from eye and respiratory tract irritation to more
serious disorders, including reduced lung function, bronchitis eexation of asthma and heart
failure, andpremature death. Most of our understanding on the health effects of wildfire smoke
are derived from studies of urban particulate magjeecifically fine particulate matteFhese
studies have found that shoetrm exposures (i.e., days to weeks) to fine particles, a major
component of smoke, are linked with increased premature mortality and aggravation of pre
existing respiratory ahcardiovascular diseasghildren, pregnant women, and elderly are also
especiallywulnerable to smoke exposute.addition, fine particles are respiratory irritants, and
exposures thigh concentrations can cause persistent cough, phlegm, whesringjfficulty
breathing. Exposures to fine particles can also affect healthy peapsing respiratory

symptoms, transient reductions in lung function, and pulmonary inflammation. Particulate
matter may al so af f enedhanisnisé¢hat bemaveidhaledgoleigrs i ol ogi c a
materials from the lungs, such as pollen badteria.

Carbaor monoxide (CO) enters the bloodstretmough the
lungs and reduces oxygen deliverytobhe d y s or gans an
tissues. CO concentratiotypical of population exposures
related to wildfiresmoke do not pose a significant hazard,
except tasome sensitive ghviduals and to firefighters very
close to the fire line. Individuals who may experience health
D effects from lower levels of CO are those who have
cardiovascular disease: they may experience chest pain or
= cardiac arrhythmias. At higher levels (such aséhihat occur
in majorstructural fires), CO exposure can cause headache,
weakness, dizziness, confusioausea, disorientation, visual impairment, coma, and death,
even in otherwise healthgdividuals.

Wildfire smoke also contains significant quantitésespiratory irritants, which can aot
concert to produce eye and respiratory irritation and potentially exacerbate asthma.
Formaldehyde and acrolein are two of the principal contributors to the cumulative irritant
properties of smoke.

One concern thianay be raised by members of the general public is whether they run an
increased risk of cancer or of other chronic health conditions (e.g. heart disease) fremrishort
exposure to wildfire smoke. It is well characterized that smoke contains carcimogeni
components with polycyclic aromatic hydrocarbons (PAHs) comprising the largest percent, and
to a lesser extent benzene and formaldehyde. People exposed to toxic air pollutants, such as the
ones mentioned above,satfficient concentrations and duratianay have slightly increased
risks of cancer or of experiencing other chronic health problems. However, in general, the long
term risks from shosterm smoke exposures are quite low. Stemn elevated exposures (i.e.,
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over days to weeks) tarcinogens fond in wildfire smoke are also small relative to total
lifetime exposures to carcinogensother, more common combustion sources. For example,
epidemiological studies have shown thdtan firefighters who are occupationally exposed to
smoke over an engrworking lifetimeare atincreased risk of developing lung cancer (Hansen
1990)and other cancers (Daniels et al. 2014)

It is important to recognize that not everyone who is exposed to thick smoke from wildfires will
have health problems. The level ahdation of exposure, age, individual susceptibility,

including the presence or absence otgxisting lung(e.g., asthma, COPy heart disease,

and other factors play significant roles in determimifigether someone will experience smoke
related healtlproblems. The types of potential individual responses should be discussed in
public warnings about risks and the need to avoid exposure to smoke.

Sensitive populations

Most healthy adults and children will recover quickly from smoke exposure and wsllifiet
long-term health consequences. However, certain sensitive populations may experience more
severe acute and chronic symptoms. Key risk factors that individually and collectively shape a
popul ationds vulnerabil ity intlaedye lzeblth $tatus, mpact s f
socioeconomic status, race/ethnicity, and occupation. Much of the information about how fine
particles affect these groups has come from epidemiologic studies involving airborne particles in
cities; however, the studies exanmgithe effects of exposure specifically to smoke suggest that
the health effects due to exposure to wildfire smoke are likely to be similar (Naeher et al. 2007,
Liu et al. 2015). It appears that risk to fine particdtated health effects varies throughau

lifetime, generally being higher in early childhood, lower in healthy adolescents and younger
adults, and increasing in middle age through old age as the incidence of heart and lung disease
and diabetes increases. Therefore, certain lifestages (eldren) and populations (e.g., people

with pre-existingrespiratory anadardiovascular disease) should take precautions to limit
exposures to wildfire smoke. If individuals with heart or lung disease are concerned about the
potential health implicationsf @xposure to wildfire smoke and actions they can take to limit
exposures, they should discuss this with their primary healthcare provider and also check the Air
Quiality Index (AQI, discussed below) each day for the air quality forecast and for information
about ways to reduce exposure, if necesavgrall, the potential for increased frequency and
severity of wildfires due to climate change could have important popuatieheffectsThe

following sections provide more specific information on subgktse population that may be
differentially affected by exposure to wildfire smoke.

Children. All children, even those without any pegisting illness or chronic conditiorase
considered a sensitive population because their lungs are still developkiggthem more
susceptible to air pollution than healthy adults. Major hazards to children during or immediately
following a wildfire include fire and smoke. Other environmental hazards include air pollutants
from burning structures and furnishings. Wiild smoke can persist for days or even months,
depending on the extent of the wildfire. Symptoms from smoke inhalation can include coughing,
wheezing, difficulty breathing, and chest tightness. Even children who do not have asthma could
experience thesgmptoms. Air pollution from wildfire can make asthma symptoms worse and
trigger attacks. Research has shown a higher rate of asthma admissions for children during and
after wildfires.
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Several factors lead tocreased exposure in children compared witHtadtihey tend to spend

more timeoutside; they engage in more vigorous activity; and they inhale more air (and

thereforemore smoke constituents) per pound of body weight. These are all reasons to try to

imtchi |l drends Vvi gor ousmokycdnditors.rStudies havevshowwnteas dur i n
particle pollution is associated with increased respiratory symptoms and decreased lung function

in children, including symptoms such as episodes of coughing and difficulty breathing. These

can result in school akbnces and other limitations of normal childhaatlvities.

In addition to the overt health effects and underlying physiologic differences between children

and adults, children may also experience significant emotional distress, resulting from anxiety
andgrief following a wildfire. Therefore, it is important to consider not only the potential health
implications of wildfire smoke on children, but also the potential longer term psychological

i mplications. See factsheeEs about childrenbs

Pregnant women.Pregnant women are at increased risk of the adverse effects of wildfire
smoke both as individuals and the potential for adverse effects to their fetus, during a critical
window of human development. Numerous physiologic changes ocdng guegnancy
increasing a womanoés vulnerability to environm
plasma volumes and increased respiratory rates. While there have been a limited number of
studies examining the health effects of exposureilttfi re smoke on pregnancy outcomes,

which tend to be exposures that do not encompass all of pregnancy, there is evidence of some
health effects to other combustioglated air pollution exposures. Specifically, there is

substantial evidence of low birth weighte to repeated exposures to cigarette smoke, including
both active and passive smoking and an emerging body of literature on the health effects of
prenatal exposure to ambient air pollution. Chronic maternal exposure to ambient particulate
matter and indor biomass smoke during pregnancy has been linked to adverse birth and
obstetrical outcomes (e.g., decreased infant birth weight, pretermHutstius et al. (2012)
conducted the lone epidemiologic study that examined the effect of wildfire smoke on
pregnancy outcomes in Southern California and reported some evidence indicating a potential
reduction in birth weight due to exposure to wildfire smoke while in utero. Additionally,
psychosocial stress exacerbated by wildfires is another mechanism thraabwildifire

events may affect health of pregnant women and their fetus (Kumagai et al. 2004).

Older Adults. The proportion of the U.S. population of older adults is projected to almost
double by 2030. Older adults are considered to be at increased mes&ltbf effects attributed to
shortterm exposures to wildfire smoke due to a higher prevalenmeeeixisting lung and heart
diseases. Older adults may also be more affected than younger lpecalse important

physiologic processes, includidgfense rachanisms,decline with age. Epidemiologic studies

of shortterm exposures to fine particles have often reported a greater risk of health effects,
including hospital admissions and premature mortality, in older adults. Additional evidence
from animal toxicologicaltsidies and human clinical studies provide biological plausibility, and
further support that older adults should limit exposures to fine particle sources, such as wildfire
smoke.

Individuals with asthma and other respiratory diseasesMore than 36 million pople

including more than 6 million children in the US suffer from chronic lung diseases such as
asthma and chronic obstructigalmonary disease (COPD) (American Lung Association 2008,
CDC 2014). Levels of pollutants thaiay not affect healthy people meguse breathing
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difficulties for people with asthm&OPD, or other chronic lung diseases. Asthma is a condition
characterized by chroninflammation of the bronchi and smaller airways, with intermittent

airway constrictioncausing shortness of breattheezing, chest tightness, and coughing,
sometimes accompanied by excess mucus production. During an asthma attack, the muscles
tightenaround the airways and the lining of the airways becomes inflamed and swollen,
constricting the free flow of air. Becaeis chi | dr ends airways are narr o
irritation that might create minor problems for an adult may result in signifodesttuction in

the airways of a young child. Additionally, minority and impoverished children and adults bear
a dispoportionate burden associated with asthma and other diseases, which may increase their
susceptibility to the health effects of wildfire smoke (Brim et al., 2008; CDC, 2014). However,
this disease affects all age and sociodemographic groups.

A significant faction of the population may have airway hyperresponsivenesgaggerated
tendency of the large and small airways (bronchi and bronchielgsectively) to constrict in
response to respiratory irritants, cold dry air, and aghieuli. While airway
hyperresponsiveness is considered a hallmark of asthméenidisncy may also be found in
many individuals without asthma as well; for examgl&jing and following a lower respiratory
tract infection. In such individuals, smo&gposure may cause asthiil@ symptoms.

Individuals with COPD, which is generally considered to encompass emphysema and chronic
bronchitis, may also experience worsening of their conditions because of exposure to wildfire
smoke. Patients with COPD often have an asthmatic comptateir condition, which may

result in their experiencing asthrike symptoms. Howevehecause their lung capacity has
typically been seriously compromised, additioo@ahstriction of the airways in individuals with
COPD may result in symptoms requirimgedical attention. Researchers have reported that
individuals with COPD run aimcreased risk of requiring emergency medical care after
exposure to particulate matter or wildfire smoke. In addition, becaO$D is usually the result

of many years of smakg, individuals with this conditiomay also have heart and vascular
disease, and are potentially at risk of a health effect due to wildfire smoke exposure from both
conditions.

Individuals with cardiovascular diseaseDiseases of the circulatory systemeludehigh blood
pressure, heart failure, and vascular diseases, such as coronary artery disease, and
cerebrovascular conditions, such as diseased artatiesosclerosis) that bring blood to the

brain. These chronic conditions can rendeividuals sgceptible to attacks of angina pectoris
(transient chest pain), heart attacks, and sudden death due to a cardiac arrhythmia, heart failure,
or stroke.

Cardiovascular diseases are the leading cause of mortality in the United States: about 30 to 40
percent dall deaths each year. The vast majority of these deaths occur in peepkge 65.

Studies have linked fine particulate matter to increased risks ofattzanks, heart failure,

cardiac arrhythmias, and other adverse effects in thosecaritiovasculadisease. In response

to exposure to particulate matter people with chronic lung or heart disease may experience one
or more of thdollowing symptoms: shortness of breath, chest tightness, pain in the chest, neck,
shoulder or arm, palpitatis, or unusual fatigue or lightheadedness. Chemrieakengers

released into the blood because of parielated lung inflammation may increase the risk of

blood clot formation, angina episodes, heart attacks, and strokes.

Low Socioeconomic Status (SESEES is often defined in epidemiologic studies using a
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variety of indicators, such as educational attainment, median household income, percent of
population in poverty, race/ethnicity, and location of residence. Although a variety of individual
indicatorshave been used as a proxy for SES, it is well recognized that SES is a composite
measure that encompasses a number of individual indicators along with other factors.
Epidemiologic studies of particulate matter using indicators of SES have provided initial
evidence that individuals of low SES are at increased risk of mortality due tetestmort

exposures. With respect to wildfire smoke the evidence is much more limited, but Rappold et al.

(2012) demonstrated that counties classified as having the loweste3E &t the greatest risk
of health effect attributed to wildfire smoke.

Additionally, SES may contribute to differential exposures to wildfire smoke across
communities. For example, access to air conditioning reduces infiltration of particle pollution
indoors. Less access to air conditioning due to SES may lead to greater exposure to wildfire
smoke and greater sensitivity to extreme heat and subsequently health disparities across
communities. Moreover, as noted above, minority and impoverished childieadahs bear a
disproportionate burden associated with asthma and other diseases, which may increase their
susceptibility to the health effects of wildfires (Brim et al., 2008; CDC, 2014).

Specific strategies to reduce smoke
exposure

Stay indoors

The mo$ common advisory issued during@oke ;
episode is to stay indoors. The usefulness of this ‘
strategy depends on how well the buildiimgits

smoke from coming in from outdoors aod

minimizing indoor pollution sources. Stayiimgloors \
therefore providesame protectionespecially in a tightly
closed, aiconditionedhome in which the air conditioner
recirculates ndoor air. Generally
and keep ambient air pollution out maféectively than older
homes.

me s ar

Staying inside with thdoors and windows closed can usuall

reduce exposure to ambiexit pollution byat least third or

more. Homes with central air conditioning generally re

circulate indoor air, though some outdoor smoky air can still gr—

be drawn inside (e.g., wh@eople eter or exit). In homes

without air conditioning, indoor concentrations of fiperticles can approach 70 to 100 percent
of the outdoor levels; however, more commonly the indoor concentrations of fine particles that
come from outdoors are 50% or less ofdmair concentrations when windows and doors are
closed. In very leaky homes and buildings, outdoor particles can easily infiltrate indoors, so
guidance to stay inside may offer little protection. In any home, if doors and windows are left
open, particle lesisindoors and outdoors will be about the same.
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Sometimes smoke events can last for weeks or (rarely) months. These longer evenisligre

punctuated by periods of relatively clean air. When air quality improves tewgrorarily,

resident sousthoo utlhde ifraihromes t o r e awhoaovshtoceanoor ai r
their residences after or between wildfire smoke events should use cleaning practices that reduce
re-suspension of particles that have settled, includamgp mopping or dusting angding a high

efficiency particulateair [HEPA] filter-equipped vacuum.

An important drawback of advising people to stay inside and close windows and doors of homes
without air conditioning during smoke events is ithereased risk of heat stress. In maayts

of the country, the fire season typically extends from-suichmer through the early fall, when

high outside temperatures are common. In homes without air conditioning, in which individuals
depend on opewindows and doors for ventilation, remainimgide with everything closed can
bedangerous. Older individuals and others in frail health run the risk of heat exhaustion or heat
stroke, which could have dire consequences. If outdoor temperatures are verywogid ibe

prudent to advise those withiair conditioning to stay with friends or withmily members

who do, to go to a cleaner air shelter in their community, or to leawsw¢he These and other

options are discussed below.

Guidance on protecting workers in offices and similar indoor wadgs from wildfiresmoke

has been developed by the California Division of Occupational Safety and ealf@SHA),

in consultation with technical staff from several other California agencies and has been adapted
to this document in Appendix A, which agdses how to maximize the protectmovided by

heating, ventilating and agonditioning (HVAC) systems common in pubdéind commercial
buildings, as well as other steps to protect occupants.

Reduce activity
Reducing physical activity is an effectivieategy to

lower the dose of inhaled air pollutants and reduce
health risks during a smoke event. During exercise,

people can increase their air intake as much as 10 to
20 times over their resting level. Increased breathing
rates bring more pollution de@po the lungs.
Furthermore, people tend to breathe through their
mouths during exercise, bypassing the natiltating
ability of the nasal passages, aga@hivering more

\ pollution to the lungs. They ald¢end to breathe more

deeply, modifying the uslipatterns of lung particle
deposition.
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Reduce other sources of indoor air pollution

Many indoor sources of air pollution camit large
amounts of pollutants, soneé which are also present in
wildfire smoke. Smoking cigarettes, using gas, propane
and woodburning stoves anfilirnaces, spraying aerosol
productsfrying or broiling meat, burning candlesd
incense, and vacuuming canialtrease particle levels

in a home andhould be avoided when wildfire smoke

IS present.

For instance, in a closetiandard room of 125 square
feet, it takes only 10 minutes for the sisteeam smoke

of 4 cigarettes to generate indoor levels of particles in
the hazardous ranges (644 micrograms of particles per

cubic meter of air opg/m®). Besides cigarette smoke,
combustion sources thatenot properly vergdto the
outdoors contribute most to indoor pollutant levels, and are of greatestrni Ro o nt e d o0

or ffvreeneed0 appliances such as unvented gas or pr
portable heats can especially contribute substantial quantities of parti€lgang or broiling

some foodslsocan produce high levels of particles in the kitchen and deaiegsThese

sources can also increase the levels of polycyclic arommgdiocarbons (PAHscarbon

monoxide, acrolein, and nitrogen oxidesdditionally, small sources such as candles and

incense burning can produce surprisingly large quantities of paicteshould not be used

during fire eventsTo avoid resuspending particlespchot \acuum during a fire event, unless

using a HEPAfilter equipped vacuunThus, reducing indoor air pollutant emissions during

smoke events can decreasgoor particle levels, which may partially compensate for the

increased particle loadirfgpm the outdooair.

Use a ir conditioners and filters

Little is known about the impact of using various typesofnair conditioners (e.g., window
units) and their aifilters on indoor smoke concentrations in homes. However, homes with
central airconditionergyenerally have lower amounts of outdoor particles indoors compared to
homes that use open windows for ventilation.

Most air conditioners are designed by default toireulate indoor air. Those systems that have
both Aout dooirr au Irdd @ dnde é&d teti € i b € ddriegtfire/@anmoken r e
events.

Also, central heating and/or air conditioning systems (and some room air conditioners) contain
filters that carremove some airborne particles with different degrees of efficiency. If possible,
oneshould replace the central air handler filter with a pleated mediutmgh-efficiency
particlefilter. Higher efficiency filters are preferred as they can capture more of the fine
particlesassociated with smoke and can further reduce the amoantsafie air pollution that
getsindoors. However, caution must be taken to ensure that the central systentashabidie

the increased airflow resistance from a higher efficiency filter. Filters need to be replaced
regularly, and should fit the filtetat snugly. If a filter upgrade has been perfornfed.,afilter
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rated at MERV 8 or highdras been install@¢dduring a wildfire smoke everthe central

systemdés circulating fan can be set to operate
to AONO rather than AAUTO0) to obtain maxi mum
filter, although this will increase energy use and cdsis thermostat should be reset back to

AAUTOo0 after the wildfire smoke cl ears.

To facilitate preparednesa,central air handler filter upgrade can be performed well in advance
of a wildfire event, and extra air filtecan be stored for future use. This nespeciallybe an
advisable preparation in homes with susceptible occupants. Wildfire risk is typisaligsed

in the media and can be tracked on line where state and federal land management agencies
routinely post such information. When the risk is high, the recommendation of preparing in
advance, such agpgrading the central filtaxan be developed intbpublic service

announcement for the area and messages passed to local health care providers.

In addition to highand mediurrefficiency filters, electrostatic precipitators (ESPS) or other
electronic particle air cleaners cemmetimes be added by ahatian to central air
conditioning systems to keep partitdeels in indoor air within acceptable levels during a
prolonged smoke evertlowever, only ESPs that have been tested and documented not to
produce excess ozone should be used.

For newer air caditioners with a "fresh air ventilation system" that brings in outdoor air

continuouslyorsemt ont i nuously, the Afresh atumedoft ompone:i
during smoke events. This may require closing the outdoor air damper or sealiaglotirair
intakes, setting he systcamcand afiree® onl y, -arheatteaoveryi ng of f t

ventilator or exhaust fans that are part of the system. If the control system instructions are not
clear or accessible, residents should contaat bhugider or heating and cooling contractor to
helptemporarily adjust the system. However, residents should also place a reminder tag in a
visible spot so that they reset the system once the smoke clears.

Many newer homes currently have mechanical vandih systemshat intentionally bring

outdoor air insideand mechanical ventilation in new homes is now required by building codes
in some jurisdictionsThese may need to be turned off or adjusted during periods of high
outdoor air pollution from wildfies to avoid entry of outdoor air pollutant$echanical

ventilation systems used public and commercial buildings differ, and are discussed further in
Appendix A.

User oom air cleaners

Choosing to buy an air cleaner is a decision that ideally should belramea smoke
emergency occurs, particularly in homes with susceptible occupants. During a smoke
emergency, it may be hazardous to go outside or drive in an attempt to locatecgniaigpr
device, which may be in short supply. luislikely that local health officials will be able to buy
or supply air cleaners to those who might need them.

High-efficiency particulate air (HEPA) filter air cleaners and EB8sumented not to produce
excess ozonean help reduce indoor particle levels, providedsihexific air cleaner is properly
matched to the size of the indoor environment in which it is placed. There are wide ranges of air
cleaners and prices to choose from: air cleaners are laeadls either less expensive portable

units designed to clean the air in a single room ($RED0) or as larger central air cleaners
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intended to clean the whole house ($4$0500). Central air cleaners can be more effective

than room aicleaners becaaghey filter a larger amount of air, althoug¥o or more wel

placed portable air cleaners can be equally effective and their cost may still be less than the cost
of a large central air cleaner.gdod portable air cleanatsomay improve the aigquality in a

bedroom, for example, which may be helpful to an individual with asthma or COPD. Room air
cleaners will provide the most protection when placed where people spenof thesttime.

Most air cleanerare not effective at removing gases and qdatfsough some specialized

models are available that perform wdlhe two basic types for particle remoiwratiude:

a) Mechanicahir cleanerswhich containafiber or fabricfilter. Thefilters need to fit
tightly in theirholders andcleanedr replacedegularly. HEPA filters (andUltra-Low
Penetration AirJLPA] filters, which arenotgenerallyavailablefor residentialise)are
mostefficientatremovingparticles.

b) Electronicair cleanerssuchaselectrostatiprecipitatord ESPs}ndionizers. ESPsusea
smallelectricalchargeto collectparticlesfrom air pulledthroughthe device. Electronic
air cleaneraisuallyproducesmallamountsf ozone(arespiratoryirritant) asa
byproductthoughsome especiallythosethatarecombinedwith othertechnologiesmay
producesubstantialevelsof 0zone(seenextsectionon OzoneGenerators)Only ESPs
that have been tested and documented not to produce excess ozone should be used.
lonizers,or negativaon generators;auseparticlesto stick to materials(suchascarpet
andwalls) nearthedevice and are also often a source of ozone. lonized particles
deposited on room surfaces can cause soiling and, if disturbed, can be resuspended into
the indoor air.

Room air cleaner units should be sizedrovje a filtered airflow at least two to three times
therooov ol ume per hour. Most portable units wil./
theroom size it is suitable for, its particle removal efficiency, and perhaps its Clean Air

Delivery Rag, or CADR. The CADR is a rating that combines efficiency and airflow.

The Association of Home Appliance Manufacturers (AHAM) maintains a certificptimgram

for air cleaners. The AHAM seal onidnéhfer air cl e
tobacco smoke, one for pollen, and one for dust. The higherthdbers, the faster the unit

filters the air. Choose a unit with a tobacco smoke CADRata st 2/ 3 of the roomb

example, a 1006 x 126 room ( 12 Owvithsadobazaoemokee et ) wo
CADR of at least 80. If the ceilingis higherhan 86, an air cl eaner rat et
needed.

Only portable (room) air cleaners that do not produce excess ozone should be used. California
Air Resources Board (CARB) céits air cleaners that produce little or no ozone; see their list
of certified air cleaners atttp://www.arb.ca.gov/research/indoor/aircleaners/certified.htm

Devices thatemove gases and odaan cost moréhan particle air filtersboth to purchase and
maintain.They force air through materials such as activated charcoal or alumina coated with
potassium permanganate. Howeweith smallersized air cleanershefiltering medium can
become quickly overloadeahd may need to be replaced often. Neverthdeggsuch devices
may be useful for sensitive individualad may require ledsequent replacement of the

filtering medium New models that combine particlecagas removal are available in both
portable and irduct models.
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Air cleaners can be used in combination with centrad\atentfilter upgrades described in the
preceding section to maximize the reduction of indoor particles.

For more information about residential air cleaners:
http://www.epa.gov/indoeair-guality-iag/guideair-cleanershome

http://www.arb.ca.gov/research/indoor/aircleaners/consumers.htm

http://www.cadr.org/consumer.htm

Avoid 0 zone generators

Some devices, known as ozone generators, personal air puiifiera;p ¢ y g e pudfiera,i r

and Apure airo generators, ar e hesathadencdes, air <cl e
including the California Air Resources Board and U.S. Environm@mtdection Agency, is that

they do more harm than good. Theewices are designeditdentionally produce large

amounts of ozone gas. Ozone generator manufacturersthktimzone can remove mold and

bacteria from the air, but this occurs only when ozomeléased at levels many times higher

than those that atenown to harm human health.

Relatively low levels of ozone can irritate the airways, causing coughing, chest pain and

tightness, and shortness of breath. It can also worsen chronic respiratory diseases such as
asthma, as well a s ity o fightrespirdatosy enfedtidne Ascagedwt,0 s abi |
using an ozone generator during a smoke event may actually increase the efteersséom

the smoke. In addition, ozone gas does not remove particles from;timefaot, ozone reacts

with certain chenecals commonly found indoors to produce particles and formaldehyde

California now prohibits sales of air cleaners that emit paténharmful amounts of ozone.
A list of air cleaners that have been certifie@mait little or no ozonés available at
http://www.arb.ca.gov/research/indoor/aircleaners/certified.htm

For more information about ozone generators marketed as air cleaners:
http://www.epa.gov/indoeair-quality-iag/ozonegeneratorsairesold-air-cleaners

http://www.arb.@.gov/research/indoor/ozone.htm

Create a clean room at home

People, especially aisk individuals, who live in areas that are regularly affected by smoke

from wildfires or who are in an area where the wildfire risk has been determined to be high,
wouldkewe | | advised to create a ficlean roomo in t
room,with as few windows and doors as possible, such as a bedroom. Some suggestions for
maintaining a clean room:

1 Keepwindowsanddoorsclosed.

1 Setupaproperlysizedroomair cleaner(seeabove) whichwill helpremove particlesfrom
theair while emittingno or minimal levelsof ozone.
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1 Runanair conditioneror centralair conditioningsystemif youhaveone. If the air
conditionemrovidesafreshair option,keepthefreshair intakeclosedto preventsmoke
from gettinginside. Makesurethatthefilter is cleanenoughto allow goodair flow
indoors.

Do notvacuumanywhere in the housenless using a HEPRAlter equipped vacuum.
Do notsmokeor burnanythinganywhere in the housmcludingcandlesor incense.

Keeptheroomclean.

E T

If it is too warmto stayinsidewith thewindowsclosed,
orif youareverysensitiveto smoke seekshelter
elsewhere Keepin mind thatmanyparticleswill enter
yourhomeevenif youtakeall of thesesteps.

Humidifiers

Humidifiers are not air cleaners, and will sagnificantly
reduce the amount of particles in thedairing a smoke
event. Nor will they remove gases like carbon monoxide.
However, humidifiers andehumidifiers(depending on the
environment) maglightly reduce pollutants through
condensatiomabsorption and other mechanisms. In an arid
environment, one possible benefit of runnirfguanidifier
during a smoke event might be to help timgcous
membranes remain cdartably moist, which may reduce
eye and airwayritation. However, if not properly cleaned
and maintained, some humidifiers carculate mold spores.
The usefulness of humidification during a smoke ehast
not been studied.

Inside vehicles

Individualscan reduce the amount of smoke in their vehicles by keeping the windows and vents
closed, and, i f availabl eci ropwlralttosvénegnmdchdiee. ai r c
weat her a card6s interior can [lexxeedthosepoutdoas, y qui C
and heat stress or heat exhaustion can result. Children arsthpeltsneverbe left unattended

in a vehicle with the windows closed. The ventilatsystem of older cars typically removes a

small portion of the particles comingfimom outside, while newer models often have an air

filter that removes most particles. Most vehicles cacin@ilate the inside air, which will help

keep the particle levels lower.

Drivers should check the owner ésgectipytominingize and as
entry of outdoor smoke and particles. However, recent research has shovantibatdioxide

levels can quickly accumulate to very high lewdie to occupanéexhaled breatfmore than

5000 partgper million) in newer cars when vardéind windows are closed and the recirculation

setting is used. Therefore, if driving a recent model vehicle for more than a shortgiemoel,

it may be a good idea to briefly open windows or vents occasionbh#y smoke levels are low
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to avoidbecoming groggy from carbon dioxide buig. Finally, vehicles should not be used as
ashelter, but as means to get to one or to leave the area.

Respiratory  protection

This section addresses the use of masks and respirators by the public and woellaceto

inhal ation of wildfire smoke, specifically har
guidance document may cause confusion for public health officials and the general public. The

term mask can refer to oistrap paper masks and surgicalk®g Respirators and surgical

masks are designed for different functions and do not provide the same types of levels of

protection NIOSH 201§. Surgical masks are typically locf#ing and do not form a tight seal

to the wearers face. Surgical masksraredesigned to capture a large percentage of small

particles and will not prevent the wearer from breathing in airborne particles such as contained

in wildland smoke. Covering the mouth with a (damp or dry) bandana, handkerchief, or tissue

also will notprevent the wearer from breathing in airborne particles. N95 particulate filtering

facepiece respirators ogspiratory protection devices witthagher level of protection are more

appropriate for the publior this type of inhalation hazard. This dissios emphasizes
appropriate us age havevertimAppende B,iwhidh prevelgsiguidanceir ; 0

|l ay |l anguage to the public on respiratory prot

NI OSH has a searchabl e web s FilteengEanepiece | ed AAppr
Respiratorso which includes access to NIOSH ap
[http://www.cdc.gov/niosh/npptl/topics/respiratorsfali part/n95list1. htril

NI OSH al so maintains a fnCertified Equi pment Li
devices which conform to the requirements of Title 42, Code of Federal Regulations, Part 84.

[ http://www.cdc.gov/niosh/npptl/topics/respirators/CEL/default.fjtml

In order for a respirator to provide protection, it must be able to filter very small paaiicies
must fit well, providing a tight seal aroundtwvee ar er 6 s mout h and nose. Fol
seals cannot be obtained for men with beards or for most children.

Wit hout having had a Afit testo whilseeth@aeari ng
it fits well enough to provide the expedtprotection. However, becawgisposable respirators

(N95 or P100) are increasingly available in hardware and epagr stores and pharmacies,

many people will purchase these devices and use them, either when going outdoors during

smoke events or dugrfire ash cleanup. Therefotggalth officials should consider providing

guidance on the proper selection and use of respirators, which can provide some level of

protection despite the lack of formal testing and trainingNIOSH, publication No. 201809).

Respirators should only be used after first implementing other, more effective methods of
exposure reduction, including staying indoors, reducing activity, and using HEPA air
cleanersindoors to reduce overall smoke exposure. Another option thathould be
considered for sensitive individuals is temporary relocation out of the smoky area if
possible.
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Filtering facepiece respirators are a type of respiratory protection in which therespirator

is comprised of filter material. The most comntgpes are called N95 (used in health care

settings to protect against inhalation of infectious particles) and P100 (used to protect against
toxic dusts such as | ead or captardbatlsast@x0)ofverfFi | t er
small particles whi |l e materi al r a99.87é6. Thekdr@spiratbrs nhustber s o u't
certified by the National Institute for OccupatioSaifety and Health (NIOSH), with the words

ANI OSHO and the designation AN95d¢100r AP1000 ap
respirators are more expensive than N95 respirators and will have somewhat higher resistance to
airflow. The cost difference mayake people reluctant to change them out when necessary, so

N95 respirators may kgreferable in wildfire smoke situatisnLeakage around the respirator

will result in moreparticles inhaled by someone wearing a respirator than passage through the

filter material. Therefore, in practice, particularly without formal fit testing, N95s and P100s

will provide similar levels oprotection against wildfire smoke.

Figure 4. Two types of recommended N95 Disposable Particulate Respirators. Note the
presence and placement of the two straps above and below the ears.

Other nondisposable NIOSkHertified respirators, such as those used by painters, may also be
beneficial; they have a tigfiitting flexible half-mask facepiece anéplaceabldilter cartridges.
These would provide similar protection from particles if they are wshd\N95 particulate

filters or purple (P100 or HEPA) filter cartridges. This type of respirator may also be purchased
with a combination filter and organic vapor cartridge, whichregiice exposure to irritating

gases in smoke, such as aldehydes.

One dawback to the use of respirators by the public in an area affected by wildfire smoke is that
people may not select or use t hemofbasingmect |l y an
tight seal around the face. Acpeage f act shawgsf rdohmr Wt edfi Yeufmok
which is designed for the general public, appears at thefehts Guide as Appendix B. In lay

terms (including using the term fAimasko instead
choose and use a disposable N95 or Pl@irpkate respirator. Guidance to the public on using

respirators should include tifi@lowing points:
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How to Choose the Right Respirator:

1 Disposablegarticulaterespiratorsaresoldat manyhardwareandhomerepair stores
andpharmaciesTheserespiratoronlyfilter outparticles. Theydo not protect
againsigasesr vapors,anddo not provideoxygen.

1 Selecta NIOSH-certified N95 or P100particulaterespiratorwith two strapsthat go
aroundyour head. Thewordsfi N1 O Grdétheri N9 & P 1 Qvill be printed
onthefilter material.

1 Chooseasizethatwill fit overyournoseandunderyour chin. It shouldsealtightly
to yourface. If you cannotgeta closefaceseal try adifferentmodelor size. Fit
testingis thebestway to determinaf therespiratoffits you, butevenwithoutfit
testingarespiratowill providesomeprotectionto mostpeople.

1 Asof May 2016 respiratorglo notcomein sizesthatwill fit youngchildren.
NIOSH doesnotcertify anyrespiratorgor children.

How to Use the Respirator:

1 Placetherespiratoroveryour noseandunderyour chin, with onestrapbelowthe ears
andonestrapabove(seephotoabove). If y 0 u @wearaga hat,it shouldgo overthe
straps.

1 Pinchthemetalnoseclip tightly overthetop of yournose.
1 Facialhairwill causeherespiratoito leak,soyou shouldbeclearrshaven.

1 It takesmoreeffort to breatheghrougharespirator.It canalsoincreaseherisk of heat
stress.If you areworking outsidewhile wearingarespiratortakefrequentbreaks,
especiallyif youareworkingin theheator doingheavywork.

1 If youfeeldizzy,lightheadedpr nauseatedell someonegoto alesssmokyarea,
removeyourrespiratorandgetmedicalattention.

1 Peoplewith heartor lung diseaseshouldconsultwith theirdoctorbeforeusinga
respirator.

9 Discardtherespiratomwhen:(1) it becomesnoredifficult to breathehroughit, or
(2) if theinsidebecomedglirty. If necessaryseafreshrespiratoreachday.

1 Keepyourrespiratorcleananddry. Be sureto readandfollow the
ma n u f a cecammendabfossnuseandstorage.
As noted above, fimasko means differ epeoplet hi ngs

Adust masko describes a P100 p andasirycamtoat e

others it means a orstrap paper mask that is NOT a respirator. A disposable particulate
respirator has been certified by NIOSH to ensure that it candiltenarmful particles. Paper
masks and surgical masks are not certified by NIOSHandot povide the protection that
respirators do. Commonly available esteap papedust masks, which are designed to keep

larger particles out of the nose and motyhically offer little protection. The same is true for
bandanas (wet or dry) and tissiretd over the mouth and nose. Surgical masks are designed to
filter air coming out oftheve ar er s mout h, and do not provide
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of small particlesound in wildfire smoke. Incorrect use of respirators, or use of other, less
protedive facecoverings, may give the wearer a false sense of security and encourage increased
physicalactivity and time spent outdoors, resulting in increased exposures.

Figure 5. A onestrap paper mask is not a respirator andwvould provide little or no
protection from smoke patrticles.

ﬁ‘ .‘;" L
Figure 6. A surgical mask, which is designed to capture infectious particles generated by

the wearer, is not a respirator and would provide little or no protection fromsmoke
particles.
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N95 and P100 respirators described in this section would also help to protectipeapt in
cleaning up fire ash. Additional guidance for the public on cleaning up ash safely appears as
Appendix C. If respirators are not availableidg fire ash cleanugimple paper masks or other

face coverings may help keep grit and dust out of the nose and mouth. Public health official
should make the public aware that these types of products are not providing adequate inhalation
protection to prticulates in fire ash.

Use of respirators by workers generally must be under a comprehensive; G8hrjfiant
respiratory protection program. These programs include medical evaluation of employees to
ensure that it is safe and appropriate for them toaesg@rators; individudit testing to select a
model and size that fit; and training on respirator use. Empleyeysanticipate that their

workers may need to wear respiratory protection are expecged o place a full program

prior to use. Howeveduring emergency situations such as smoke events employees who work
outdoors or indoors (who would not otherwiseréguired to wear respirators) may request to
use respirators to protect against exposusertoke, particularly when the local Air Quality

l ndex (AQI ) f or Pouworss. Aslang as deccupatiomdl madidulaté sfaddards
are not exceeded (whichuslikely for workers not performing firefighting duties), the OSHA
respiratory protectiostandard permits employers to allow volugitase of N95 or other
disposable filterindacepiece respirators without requiring a medical evaluation or fit test.
Employees mudte provided with Appendix D of the federal OSHA respiratory protection
standardat:

https://www.osha.gov/pls/oshaweb/owadisp.show document?p table=STANDARDS&p id=97
84 (for workplaces under Cal/OSHA jurisdiction this is available at
http://www.dir.ca.gov/Title8/5144d.htmIEmployers should also tell employees that the
respirator will provide some protection against the particles in smoke, but withiestifig it

may not provide the maxum level of protection. Although a medialaluation is not

required, the employer should advise employees to consult their dbotatr potential

exposures to smoke and respirator use, particularly if theyrbap&atory or heart disease.

Public heah officials can find additional information on the NIOSH Respirator TruSiaarce
Information web site at:

http://www.cdc.gov/niosh/npptl/topics/respirators/digart/RespSource.html

This includes web pages with the following information.
Use of NIOSHApproved Respirators

1 Respirator Fit Testing

1 Respirator Safety

1 Respirator User Notices

1 Buyer Beware
Respirator Fit Testing

1 What s Fit Testing

9 Fit TestingProcedures

1 OSHA Respiratory Fit Testing Video
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Cleaner air shelters

Public health officials in areas at risk from wildfires should identify and evatledeer air
shelters prior to the fire season. Guidance for identifying and settinglgaaer AirShelter is
provided in Appendix D. During severe smoke events, cleanshgliters can be designated to
provide residents with a place to get out of the smoke.

Staying inside at home may not adequately protect sensitive individuals, since many houses and
apartments do not have air conditioning, and depend on open windowsa@sdor cooling.

Other homes may be so leaky that indoor pollution levels will quickly equal those outside.
Cleaner air shelters can be located in large commercial buildings, edatécilities,

shopping malls, or any place with effective air conditioning and particle filtration.

Avoiding smoky periods

Smoke levels from wildfires often change substantially over the course of the day, so there is

often opportunity to avoid the wdrgeriods of smoke. Impacts at the surface are often

forecasted and posted on state smoke blogs and can be foundmmiwheb site (see

resources and additional links). During smaller events, impacts often follow a pattern such as

nighttime smoke draingndownhill into nearby communities and lifting out the next day.

Either way, i1itbés often possible to plan your d
minimize exposure, using the visibility estimation tools in combination MaWwCastvalues

from nearbyor representative monitors to identify and avoid the smokiest times of day (see

section 4). Look for links to such forecasts and patterns in your local PSAs (see section 5).

See also appendix F for an example of a smoke forecast from a large wildfire).

Clo sures

The decision to close or curtail business activities and public events will depend upon predicted
smoke levels and other local conditions. One factor to consider is wpethgant levels inside
schools and businesses are likely to be similar toveer thant hose i n homes. Chil d
physical activity may also be better controlled in schools ith&wemes. On the other hand, in

some school districts smoky conditions may make triavethool hazardous. In many areas it

will not be practical to clge businesses asdhools, although partial closures may be beneficial.
Closures and cancellations danget specific groups (e.g., the sensitive populations described
earlier) or specific, higtrisk activities, such as outdoor sporting events and pesctCurtailing
outside activitiegan reduce exposures, as can encouraging people to stay inside and restrict
physicalactivity. A decision to restrict industrial emissions should be based on local air
pollutionand the emission characteristics of patticindustries. Curtailment may not be
necessary if eliminating industrial emissions will not markedly reduce local air pollution.
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Evacuation

The most common call for evacuation during a wildfirdus to the
direct threat of engulfment by the firatherthan by exposure to
smoke. Leaving an area of thisknoke may be a good protective
measure for members of sensitive groups, but it is often difficult to
predict theduration, intensity, and direction of smoke, making this
anunattractive option to any people. Even if smoky conditions are
expected to continue for weeks, it may hetfeasible to evacuate a
large percentage of the affectgopulation. Moreover, the process
of evacuation caentail serious risks, particularly if poor visibility
makes dving hazardous. In these situations, the risks posed by
driving with reduced visibility need to be weighed agaihst
potential benefits of evacuation. Therefore, in areas where fires are
likely to occur,public health officials are encouraged to depghtans for local protection of
sensitivegroups.

Where individuals are evacuated to a common center because of fire dangehealtilic

officials need to pay particular attention to the potential for smoke to affeevéoaation

center itself. It is at always possible to locate evacuation centers far &#waysmoky areas, or

to expect that evacuees will be able to take the steps necessatyde their exposures in their
new surroundings. Public health officials should consitferming incident @mmanders if this
situation could arise arglipplyingevacuees with information and materials to further reduce
exposures, including provisiarf a cleaner air shelter within the evacuation center, if possible,
as well as other means of respiratory proteztn . ( See fARespiratory Protecf
important to consider smoke levels when allowing those evacuated for fire safety reasons to
return. Medical capability to address smoke induced medical situations should be assessed if
smoke levels are praded to be highAdditionally, the smoke from smoldering natural and
possibly manmade materials if structuagsburnedin fires pose additional hazds that should

be considered.

Summary of strategies for exposure reduction

In preparation for the fire season or a smoke event, it is a good idea to have enough food on
hand to last several days, so that driving can be minimmats stored for use during the fire
season should not require frying or broiling, since these ae$ivdan adgarticles to indoor air.

It is also important thiave at least a fivday supply of medication for the same reason.

When wildfires are expected to create smoky conditions, people can pursue a number of
strategies to reduce their exposure. S¢hwith moderate to severe heart or lung diseagbt
consider staying with relatives or friends who live away from the smoke duririgethelf

smoke is already present in substantial quantities, such individuals may wsaluate
whethertheymight actuallyexperiencegreater exposur@uring evacuatiothan staying at home
andusing other precautions described abdivemoke levels increase to very unhealthy or
hazardous levels, it may be appropriate for some individuals to stay in a clean tberhame,
relocate temporarily to a cleaner slelter, or to leave the area entirely if it is possible and safe
to do so.
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All people in a smoky area (except firefighters or emergency personnel) shouldaenicbus

work or exercise outdoors. Thekiould avoid driving whenever possible. If driving is

necessary, people shoul d r un-citchlegemadetoavoid ndi t i on
drawing smoky air into the car.

Closing up a home by shutting windows and doors can give some profectrtoemoke Most

air conditioners are designed by default teireulate indoor air. Those systems that have both

Afout door -@aiiroulamtdedr et t i-ogsc dkimtire/dmokebe set on
events to prevent smokaden air from being dven into the buildingdnote: this doesotapply

to HVAC systems in office and commercial buildings; Appendix A). Additional protection

in homes can be achieved by operating propgdgd air cleaners and upgrading the filtration

efficiency of air filters in central air conditioning systems. When high efficiency fi(rated at

MERYV 8 or higherjare installed, central anonditioningfans can be set to operate continuously

during a wildfire event, and not cycle on and afthough this will increasenergy use and

costs

Once people have closed up the building in which they live, they should avoid strenuous
activity, which can make them breathe harder and faster. They should drink plenty of fluids to
keep their respiratory membranes moicuuming(except with HEPA filterequipped

vacuums) shouldlso be avoided, since most vacuum cleaners disperse very fine dust into the
air.

Smoke | evels often change substantially over t
your day around the smadst times in order to minimize exposure, using tools and information
in this Guide.

NIOSH-certified disposable respirators (N95 or P100) available in hardware ostihes may
provide some level of protection from exposure to particles in smoke, aadanglosditting
model and size is selected and they are used properlyst@pepapemasks, surgical masks, or
other face coverings are likely to provide far less or no protection.
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Communicating particulate matter levels

The goal of particulate mat (PM) measurement during a fire is to relay information to the

public in a timely manner so people can make decisions about how to protect their health when
smoke levels are high. PM levels are measured as microguginsf (particles per cubic meter

of air. Most particle monitors measure either fvor PM2 5 (fine particles). Smoke particles

will show up in either measurement.

Filter-based PM monitors take days to process, but continuous PM monitors give an instant
reading of particulate matter concextitons, usually averaged in time periods such as one hour
or a running 24our average. Areas without continuous monitors may be able to get temporary,
portable continuous monitors through theueral,state tribal, or localair quality ageniesor
theForest Service

Air Quality Index

TheAir Quality Index or AQI, is a nationally uniform index promulgated by the EPA for
reporting and forecasting daily @juality across the country.iff used to report information

about the most common ambient air pollutants, including particulate matteg (PFMMio) and
ozone. The AQI tells the public how clean or polluted the air is using standard descriptors
(Good, Moderate, Unhealthy for Sens#ti@roups, Unhealthy, Very Unhealthy, and Hazardous).
The index converts ambient concentrations (fginppb) to an AQI category amilimber more
easily understood by the public. The AQI uses a normalized scale froB00 tnd provides
associated heahlbased descriptors for each category. An AQI value of 100 corresponds to the
level of the shorterm National Ambient Air Quality Standard for a given pollutant. An

advantage of usingtieQl v al ue over t ﬁ)éor partcalateenmatter that i on (€ g/
the AQI value of 100 representslaar demarcation between satisfactory and unhealthy air

guality, at least with reference tfoe national standard, which is established at a level that will

protect publichealth, including the health of-atk groyps. When AQI values exceed 100, air

guality is considered to be unhealthy, at first for membersa$la{or sensitive) group, then for

everyone as AQI values increase.

AirNow

The AirNow website, atvww.airnow.goy is a multtagency web site run by EPA that reports

air quality using the AQI. ThAirNow program accepts, stores, and displays data provided by

air quality agencies. Agencies submit continuous PM data to AirNow from over 12§ PM

monitors and 500 PM monitors, plus temporary monitors, on an hourly basis. These data are

available to the public via national, regional, and local maps on airnow.gov and through email
notifications, widgets, and smashone apps. Media outlets and web developers can also access

the data through Air NowdamoAgpipidi cati on Program

NowcCast.By definition, the AQI for PMsand PMois based on a full 24 hours of data, so
hourly reporting requires a methodology calledtlwevCastto estimate the 2hour AQI for
each hour. The reported hourly value is what A
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TheNowCastmet hod f or reporting each hourdés current
to rapidly changing air quality such as occurs during a wildkigure 7) TheNowCastuses a

weighted average of the previous 12 hours. When air quality is changing rapidly, the most recent
hours are weighted more heavily. A longer average, approaching 12 hours, is used when air

guality is stable.TheNowCastensures thaAQIl maps on AirNow more closely match what

people actually see outdodiEgure 8)

/ Air Quality \

Less variable More variable
~12-hour average ~ 3-hour average
New

\ NowCast /

Figure 7. Overall concept of theNowCast

Local Alr Quality Conditions.

Zpcose: | Go | Ses/ Current Conditions

Air Quality Index (AQI)
observed at 10:00 MST

Mnderate

Health Message: Unusually sensitive people should consider
reducing prolonged or heavy exertion.
Nore: Values above 500 are considered Beyond the AQI. Follow recommendations for
the Hazardous category. Addidonal information on reducing exposure o extremely
high levels of particle pollutdion is available here.

AQI - Pollutant Details

Particles (PM10) Moderate
Particles (PM2.5) Good
Ozone Good

- @D €
Figure 8. Sample AirNow map and AQI values.

Fires: Current Conditions Map. The wildfire map page on airnow.gov
(http://airnow.gov/index.cfm?action=topics.smoke_wildfjrissa onestop place where the

public can assess curremildfire conditions across the country. The interactive map is a joint
effort of the USFS, EPA, and state and local air quality agencies. The map displays several
layers such as the current network of 2Ivhonitors as well as any temporary Pdinonitors
deployed for a fire event. The monitors are shown in the color of their current AQI value. Other
layers include active wildfires and smoke plumes. In addition, the page has important links to
state advisories and smoke blogs, information about smokeeaitti,ras well as a variety of
external web resources pertaining to wildfires.
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Figure 9. Sample AirNow Fires: Current Conditions map

Enviroflash. EnviroFlash is a system that sends the daily air quality forecast by email to anyone
who signs up. It can also be used by state and local agencies to send an email alert during an
event such as a fire, including suggested safety measures which are imdhedeair quality is
unhealthy. This service is provided by the state or local environmental agency and EPA.
Information about Enviroflash is availabletdtp://www.enviroflash.infa/

Outdoor Activity Guidance. The Air Quality and Outdoor Activity Guidance for Schools table,
developed by the EPA and the US Centers for Disease Control and Prevention (CDC), shows
when and how to modify outdoor physical activity based on the AQI. This guidance can help
protect thehealth of all children, including teenagers, who are more sensitive than adults to air
pollution. The activity guidance can be foundtdtps://www3.epa.gov/airnow/flag/scheol
chart2014.pdf Similar guides for ozone and for PM that include activity guidance for all ages
can be found heréittps://airnow.gov/index.cfm?action=flag_program.outdoorguid
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