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Health Hazards

MissoulaTechnology & DevelopmentCenter

The National Wildfire Coordinating Group coordinates wildland firefighting efforts among
Federal and State agencies. The Coordinating Group assigned the Missoula Technology and
Development Center to serve as the focal point for ongoing and future studies on the effects
of wildland fire smoke on firefighters. This status report, the twelfth in the series, provides

areview of project activities.

ProjectReview

Throughout the history of wildland
fire suppression, firefighters have
beenexposedtosmoke. The
smoke hasbeenviewedasa
health, esthetic, economic, or
political problem for communities
and agencies. Untilrecently, little
concernwasexpressed
forthe health of those
mostexposedtothe
problem, wildland
firefighters. In his history
of firein America (1982),
Pynealludestoan
emerginginterestin
carbonmonoxideasa
problemforfirefighters.
Inthe 1960'’s,
researchersbegan
probing the effects of
working fordaysand
weeks intheforestfire
environment, butthis
researchwasepisodic
andtheresultswere
inconclusive (Thoele,
1995). A1985Fire
EquipmentWorking
Teamsurvey found that
dealing with smoke and
carbon monoxide was not
ahigh priority for fire
managers. Thatposition
changeddramatically
with the 1987 and 1988
fire seasons, when

thousands of firefighters lined up
atmedical tentswithrespiratory
complaints. Toaddressthe
problem the National Wildfire
Coordinating Group (NWCG),
related agencies, employee groups,
and specialistsinoccupational
medicine, industrial hygiene, and
riskmanagementmetearlyin

P

1989 to outline a study plan for
determining theimmediate and
long-term exposure to forestfire
smoke (Ward, Rothman, and
Strickland, 1989).

The comprehensive planproposed
studiesinthe areas of: emissions
characterization,employee
exposure, health effects,
riskassessment, andrisk
management. The NWCG
assignedthe Missoula
Technologyand
DevelopmentCenter
(MTDC)toserveasthe
focal pointforongoing
and future studiesonthe
effects of wildlandfire
smoke onfirefighters. The
Centerconveneda
technical paneltohelp
guide the project, to
reviewandevaluate
existingresearch,andto
identify researchand
funding priorities. The
Center publishesa
semiannual reportto
communicaterecent
researchand future
directions of the Health
Hazards of Smoke project
tofirefighters, fire
managers, researchers,
regulatoryagencies,
organizations, and
manufacturers.

Ron Susott of the fire chemistry project monitors a testusing
anew spectrometer. The smoke fromasmall-scalefire
passesthrough aninfrared beam thatisreflected back to
the FTIR for analysis (see reporton page 3).
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Ongoing emissions studies
continue to expand our knowledge
of the toxic constituents of smoke.
Employee exposure studies have
documented firefighter exposureto
the mosttoxic constituents,
including carbon monoxide,
respirable particulate,
formaldehyde, acrolein,and
benzene.Health studieshave
measured the effects of daily and
seasonal exposure on pulmonary
function, butno longitudinal
studies have beenundertakento
explore the potential forlong-term
health effects, suchas cancer,
heartdisease, or chronic
obstructive pulmonarydisease.
Thefirstphase ofacomprehensive
riskassessmentprocedureis now
inprogress (see page5). The
results of theriskassessmentwill
identify appropriate risk manage-
mentstrategiesandprocedures
thatmay include training, tactics,
equipment, crew rotation,
monitoring, medical surveillance,
andrespiratory protection.

When completed, therisk
management programwill be
disseminatedtoworkersinthe
field. Anaccompanying videowill
summarize findings of the project
and essential elements of therisk
management program. Afterward,
managementofthe health hazards
of smoke will become partofthe
health and safety program. But
thatwill notsignal an end of the
problem. Agencieswill have to
remaininformed of newresearch
on emissions and health effects, of
developmentsinrespiratory
protection, and of changesinair
quality standards and regulations.
Asresearchexpandsour
knowledge of toxics and health
effects, the permissible exposure
limitsand regulations may be
changed, requiring adaptation of
theriskmanagement program.

Pyne, S. Firein America, Princeton
University Press, Princeton, NJ, 1982.

Thoele, M. Fire Line, Fulcrum Publishing,
Golden, CO, 1995.
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(Editors), The Effects of Forest Fire Smoke
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U.S.Departmentof Agriculture, Forest
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Exposure Summary

Exposure studies conducted by
the Forest Service Pacific
Northwest Research Station have
documented the exposure of
firefighters to anumber of
hazards in smoke. Fewer than 5%
of the exposuresreported in the
study of prescribed fire exceeded

the permissible exposure limits
(PEL’s) listed by the
Occupational Health and Safety
Administration (OSHA), the
federal agency that sets limits
and monitors compliance with
the regulations. Wildland fire
exposures exceeded PEL’s less
often than prescribed fire
exposures (Table 1).

Table 1-Average exposures and exposure limits for hazards in smoke.

Hazard WL fire Rx fire OSHA NIOSH™  ACGIH™
CO (ppm) 4.1* 4.1 50 35 25
RPM(mg/m3) 0.69 0.63 5.0 B 3.0
Form(ppm) 0.023 0.047 0.75 0.016 0.3C*
Acrol(ppm) 0.003 0.009 0.1 0.1 0.1
Benz(ppm) 0.016 0.016 1.0 0.1 0.3

Where: WL Fire =wildland fire and Rx fire = prescribed fire; CO=
carbon monoxide; RPM =respirable particulate matter; Form=
formaldehyde; Acrol =acrolein;and Benz=benzene.

*Alllimits are time-weighted averages (TWA) unless noted; C=ceiling.
**NIOSH - the National Institute for Occupational Safety and Health
recommended exposure limits (REL); and
ACGIH-the American Conference of Governmental Industrial
Hygienists threshold limitvalues (TLV); both are recommendations.

Wildland and prescribed fire exposure averages are from:

Reinhardt, T., Hanneman, A., and Ottmar, R. Smoke Exposure at
Prescribed Burns, USDA Forest Service, PNW Research Station,

Seattle, 1994.

Reinhardt, T., Black, J., and Ottmar, R. Smoke Exposure at
Wildfiresinthe Western United States, USDA Forest Service, PNW

Research Station, Seattle, 1995.




Smoke Studies

The Fire Chemistry Projectat the
Intermountain Fire Sciences
Laboratory hasinstalled new
instrumentation to characterize
the chemical composition of
smoke. Theinstrumentisanopen-
path Fourier transform infrared
spectrometer (FTIR) thatallows
real-time analysiswithoutthe need
to collectsamples. The instrument
hasalready been used tomeasure
emissions from many fuel types
including: ponderosapine,
sagebrush, grasses, poplar, maple
leaves, and avariety oforganic
soils. The higher sensitivity and
rapid response of the new
instrumentmake itpossible to
survey awide variety of fuelsand
to correlate fire behaviorwith
emissions. Forexample, the white
smoke generated by rapid heating
of freshfuel contains many
oxygenated compounds not
detected inthe emissionsfrom
glowing combustion, and ahigher
ratio of formaldehyde (Figure 1).
White smoke also contained a
sugar thathad notbeendetected
insmoke before. Larger fuel
elementswere found to smolderin
away thatproducesalargerratio
of white smoke to glowing

Thenew systemalso has high
resistancetochemicalinterference
thatplagues measurements of
many chemicals, including
acrolein. Acroleinhasnotyetbeen
detected inthe emissionsfromany
ofthe samples, suggesting that
firefighterexposuretoacrolein
may be lower than previous
estimatesbasedonfield studies.
Extensive investigation of how
fuelsandfire behavior affect
emissions could produce
guidelinesto helpfirefighters
reduce theirexposure to the health
hazards of smoke. (Adescription
ofthe FTIR can be found inHealth
Hazards of Smoke, No. 8, Spring
1994: results from a prototype of
thisinstrument, borrowed from
the National Center for
AtmosphericResearch,were
featured in Health Hazards of
Smoke, No. 11, Fall 1995. For
information on the Fire Chemistry
ProjectcontactDarold Ward,

Ph.D., atthe Intermountain Fire
SciencesLaboratoryin Missoula,
MT.).

(Note: Acroleinhas beendetected
inallemployee exposure studies.
Ithasbeenfoundtobea
significant contributortothe
noncancer hazard index. See Risk

combustion. Assessmentonpage5.)
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Figure 1—A portion of the spectrum of white smoke (top) shows many oxygenated
compounds, while the same spectral region for glowing emissions (bottom) shows

only ammoniaand methane.

Research

Evaluation of Full-Face Air-
Purifying Respirators for
Wildland Firefighting Use
Beason, D., Johnson, J., Foote, K.,
andWeaver, W. Lawrence
Livermore National Laboratory and
CaliforniaDepartmentof Forestry
and Fire Protection, Summary
Report, 1996.

Wildland fire suppression
personnelemployed by the
CaliforniaDepartmentof Forestry
donotcurrently have equipmentto
protectthemselves fromthe short-
term (acute) effects of smoke from
wildland fires. Inaddition, no
regulations existthat specify
appropriaterespiratory protection.
The currentair-purifying respirator
technology and carbon monoxide
monitoring have notbeen adapted
to fitwildland fire suppression
requirements. This 3-year limited
study evaluated the ability of
wildland firefightersto perform
their normal job function while
wearing full-face air-purifying
respirators.

Inthefirst2years of thisstudy a
prototype “smart” air-purifying
respiratorthatincorporated areal-
time carbon monoxide monitor
intoacommercial full-face
respiratorwasdesigned,
developed, andfield tested. Data
on carbonmonoxide exposure
while fighting wildland fireswas
collected. During the third year of
this study eightdifferent
commerciallyavailable full-face air-
purifying respirators equipped with
avariety ofcartridgeswere
evaluated. Anapparatusto help
the firefighter carry the respirator
and carbon monoxide personal
monitor was designed and
fabricated. Asmoke exposure test
methodwasdevelopedanda
laboratory study onthe
penetration of smoke through
respirator cartridgeswas
conducted.

The authors concluded thatthe
full-face air-purifying respirator
waswellreceived by firefighters;




firefightersfeltthatrespiratoruse
should notbe mandatory. The
HEPA (high-efficiency particulate
air)with OV/AG (organic vapor/acid
gas)wasthe cartridge of choice.
Workrate wasreducedwith the
respirator; however, work output
mightdrop or cease without
protection. Currentrespirator
technology does notmeetall the
needs of the wildland firefighter.

Arespiratory protection program
willbe required before respirators
canbeissued. The program should
addresswhereandhowdevices
should bewornandinclude a
medical examination. Carbon
monoxide monitoring will stillbe
necessary since air-purifying
respirators donotremove CO. The
authorsalsorecommended that
the CaliforniaDepartmentof
Forestry consideraphysical
fitness training program to ensure
the maintenance of physical
fitness.

Respiratory Health Hazards and
Lung Function in Wildland
Firefighters

Harrison, R., Materna, B., and
Rothman, N. Occupational
Medicine: State of the Art Reviews,
Philadelphia: Hanley and Belfus,
Inc.,1995.

Thisreviewofresearchon
airborne contaminantlevelsand
possiblerespiratory effects
associatedwithwildland
firefighting includes the authors’
recommendationsforan
occupational health program for
respiratory hazards. According to
the authors, whenwildland
firefighters spend long periods
workinginvisible smoke, they
may be atrisk of exceeding
regulatory and/or recommended
full-shiftoccupational exposure
limits for carbon monoxide,
particulate, and aldehydes suchas
formaldehyde and acrolein. The
authors’recommendations
include: exposure monitoring,
exposure reduction (including
respiratory protection), medical
surveillance, training, and
research. The exposure monitoring

would monitor carbon monoxide, a
correlate of otherhazards, asa
way to provide protection from
other contaminants. Exposure
reductionincludescrew
repositioning, rotation, and shift
limits. Respiratory protection, if
used, will still require monitoring
of carbonmonoxide. Under
medical surveillance the authors
recommend baseline assessment
withaquestionnaire and
pulmonary function measures,
alongwith clinical followup of
exposures and symptoms, and
periodic pulmonary function
surveillance. Training in health
hazards and hazard reduction,
monitoring equipment, and
respiratorsisalsorecommended.
Finally, the authorsrecommend
epidemiological studiestoevaluate
the effects of chronic exposures.

Abstracts

Incidence of Respiratory
Symptoms and Chronic Disease
in a Non Smoking Population as
a Function of Long-Term
Cumulative Exposure to Ambient
Air Pollutants

Abbey, D.E. LomaLindaUniversity,
1994.

Dataonoccurrence and severity of
chronicbronchitisand asthma, on
occurrence of cancer, heart
disease, and mortality,and on
numerous lifestyle and air
pollution exposure covariateswere
collected fromacohortof 6340
nonsmoking California Seventh-
Day Adventists. Monthly pollutant
exposureswere estimated from
ambientconcentrationsofseven
air pollutants—ozone, NO», SO»,
TSP (total suspended particulate),
PM1o (particulate matter<10pum),
PM s (particulate matter<2.5
pm), and SO4—eXxperienced by
subjectsfrom 1966 to 1987.
Statisticalanalysesestimated
relationshipsbetween these health
endpointsandlong-termaverage
ambientair pollutant
concentrations, adjusting for
covariates. Total suspended
particulate, the pollutantmost

related to health endpoints, was
significantly related tothe
occurrence ofandincreasesinthe
severity of chronic bronchitisand
asthmaand to the occurrence of
cancerinfemales. Exposure to
PM;owasassociatedwiththe
occurrence of chronic bronchitis
and the severity ofasthma, and
PM, swas significantly butless
strongly associated with several
respiratory endpoints. Ozone and
SO4were significantly associated
with occurrence and severity of
asthma. There were no significant
associationsbetweenany health
endpointand SO, or NO2.
Multipollutantanalyseswere
performedtoinvestigate whether
any of the significantrelationships
between pollutants and health
endpointswere due to surrogate
relationshipswithother
pollutants.

Canadian Environmental
Protection Act Priority
SubstancesListAssessment
Report: Polycyclic Aromatic
Hydrocarbons

Governmentof Canada, Ottawa,
1994.

Polycyclicaromatic hydrocarbons
(PAH’s) areemittedintothe
Canadian environmentfromboth
natural and anthropogenic
sources. Forestfires, which
release approximately 2000 tons of
PAH’s peryear, are the single most
importantsource of PAH’s in
Canada. However, since forestfires
are generallywidely separatedin
time and space across the country,
they donotresultin continuous
exposuresinany specificareas.
Anthropogenic sourcesare
numerous andresultinemissions
of PAH’sinto all environmental
compartments. Basedonthese
considerations, ithasbeen
concludedthatPAH’sare entering
theenvironmentina
concentrationorunder conditions
that may have harmful effectson
the environment. These PAH'sare
notconsideredto constitutea
danger tothe environmenton
whichhuman life depends. The
PAH’sbenzo(a)pyrene,




benzo(b)fluoranthene,and
indeno(1,2,2cd)pyrene may
constitute adangerinCanadato
humanlife or health.

Dead Space in the Breathing
Apparatus: Interaction with
Ventilation

Warkender, D. and Lundgren, C.
Ergonomics, 38:1745-58,1995.

Dead space inbreathing apparatus
may cause increased ventilation
and/or COz retention. Interactions
betweenventilationanddead
spacewere testedinthreedevices:
afull-face maskwith oro-nasal
(mouthand nose) cup, afull-face
mask withoutthe cup,anda
mouthpiece. Ventilationandgas
exchange were measuredinfive
subjects. Since the dead space can
vary withventilationlevels, itis
notsufficienttotestbreathing
apparatusonly atrestasrequired
by NIOSH. Dead spaceincreased
during exercise, and ventilation
was 10to 12% higherduring
exercise inthe maskwithout the
oro-nasal cup. Comparisons of the
mean inspired PCOs to the
maximumvalues considered
acceptablebyvarious
organizations showed that the
mouthpiecewasalwaysacceptable,
the oro-nasal maskwas marginally
acceptable, and the mask without
the cupwasnotacceptablein
some conditions.

Risk Assessment

“We fear things in proportion to
ourignorance of them.”
Livy (Roman historian,64B.C.to17 A.D.)

Assessment of the Health Risks
of Chronic Smoke Exposure for
Wildland Firefighters

Booze, T.andReinhardt, T.
Preliminary Reportof Screening
Health Risk Assessment, Radian
Corporation, 1996.

Thisreportpresents the results of
ascreening healthrisk
assessmentforwildland

firefighters exposed to smoke from
wildfires and prescribed burns. A
screeningassessmentmakesuse
oflimited resourcestoidentify
areaswhere significanthealthrisk
may be present, and allows areas
whereriskisnotsignificantto be
identified. Thisisdonein partby
making assumptionsabout
exposure inthe absence of
suitably specificdata. These
assumptionsaredesignedtobe
protective of health by making
conservative estimates, resulting
inrisk estimates thatare higher
than thoughttoactually occur.
Thisassessmentislimitedto
handcrewfirefighters exposedto
smoke from natural fuels at either
wildfires or prescribed burns.

Thisscreeningriskassessment
focused onchemicals of potential
concern (COPC)thathadbeen
identified inprevious studies.
Respirable particulate matter
(RPM), animportant COPCin
smoke, was omitted from this
assessmentbecauseacceptable
toxicity valueswere notreadily
available (Futurerisk assessment
effortswill include RPM). Toxicity
valueswere obtained primarily
from Environmental Protection
Agencydatabases,whichare
intended to protectallmembers of
the population.

Exposure assessmentwasbased
onTypelandTypellcrews,
exposedtoaverage andreasonable
maximal exposures (RME), anear
worst-case scenariobased onthe
95% confidenceinterval of
available exposure data. For
example, the averagewildfire
exposure ofaType | crew member
(smokejumpers, hotshots, rappel,

and helitack) was estimated at8
years, 64 days peryear,and 9.4
hours per day, while the RME
exposurewas estimated at25
years, 97 daysperyear,and 9.4
hours perday. Average estimates
for Type Il crewmembers (Ranger
Districtcrews)were 7 years, 10
days peryear, and 9.4 hours per
day, whilethe RME was 25years,
46 days peryear,and 9.4 hours per
day. Smoke exposure estimates for
the RME conditions were based on
the 95% confidence interval of
exposures. Exposure estimates
were basedon crewsinthe Pacific
Northwest; exposure patterns may
differinotherregions. Riskswere
estimated for cancer and for
noncancerous health effects.

The cancerriskisanupper-bound
estimate of the probability of
developingacanceroveralifetime
of exposure to the conditions
specifiedintheriskassessment.
Undertheworst-case RME
condition, which specifies 25years
with 97 days peryear ofhigh
exposures, the wildfire cancerrisk
estimate foraType | crew member
was 3 cancers per 10000 exposed
population (or 300 per million,
Table 1). Therisk for the average
(mean) Type | exposure was 24
excess cancersper million. Risks
forthe Type ll crewmemberswere
1.4 per 10000 (or 140 per million)
forthe RME and 3.2 per million for
the mean exposure conditions.
Actualrisks are notlikely to be
greaterand may, dueto
assumptions, extrapolations, and
uncertainty, be significantly lower.

Table 1—Summary of cancerrisk.*

Prescribed
Crewtype Wildfires burns
Type | RME** 300 60
TypelMean 24 2.6
Type llRME 140 78
TypellMean 3.2 13

*Risk per million persons exposed.
**RME =reasonable maximal exposure.

Theassessmentindicated that
benzene and formaldehyde were
the most significant contributors
tothe cancerrisk. Other
chemicalsevaluatedinthis




assessment, including polycyclic
aromatic hydrocarbons, did not
appear to be significant
contributorstotherisk. Therisk
estimatesdonotimply that 3 out
of 10000 Type I firefighters
exposed underthe RME assump-
tions used in thisreportwill
develop cancer. Instead theyare
valuesusedtodetermine what
should and should not be consid-
eredasignificantrisk. The cancer
risks values reported are within
values thathave been considered
acceptable foranoccupational
exposure. Cancerrisksforpre-
scribed burnsfellwell below those
estimated forwildfire exposures.

Noncancer hazardindiceswere
calculatedtodetermine the
potential foradverse effects.
Valuesabove lindicateda
potential foranadverse effect.
Type |l crewexposuresyielded
hazard indices of 226 for the RME
and 99.4forthe average
conditions. Type |l crew exposures
yielded indices of 107 for the RME
and 15.5forthe mean exposure
conditions. Values formore
frequentwildfire exposures
generally exceededthosefor
prescribedburns.

Table 2—Summary of noncancer
hazardindices.

Prescribed
Crewtype Wildfires burns
Type | RME* 226 118
TypelMean 99.4 175
Type lI|RME 107 152
TypellMean 15.5 10.5

*RME =reasonable maximal exposure.

Theassessmentindicated that
acroleinwasresponsiblefora
large partof the noncancerhazard
index. Theinhalationreference
doseisbasedonanimal studies of
the mostsensitive adverse effect,
the effectoccurring atthe lowest
dose. Inthe case of acrolein, the
nasal passage response to
irritation isthe mostsensitive
adverse effect. Theacrolein
concentrationusedinthis
assessment (0.01to 0.04 mg/m3),
based onemployee exposure
studies, iswellbelow the
occupational exposure limits
recommended by NIOSH and
ACGIHand enforced by OSHA (0.23
mg/m3). All other COPC’s evaluated
fornoncancer effects had hazard
indiceslessthan 1.Respirable
particulate matterwas not
evaluatedinthisassessment.

Insummary, thisscreening-level
riskassessmentindicatesthat
furtherrisk assessmentefforts
should be focused on specific
COPC’s, and showsthatadverse
health effects are unlikely for the
others, based onthe available data
andassumptionsused. The
contribution of respirable
particulate matterremainstobe
evaluated. Therisklevelsfor
benzene and formaldehyde will be
further evaluated, butbasedon
thisassessmenttheyare within
therangesconsideredacceptable
by regulatory agencies. Risk
assessmentswill beimprovedwith
betterdataandasensitivity
analysis thatdetermines how
much ofan effectisexerted onthe
total risk by each component. Risk
managementoflong-termexposure

to avoid chronic health effects will
be basedonsubsequentanalyses
and the outcome for respirable
particulate matter. Exposure
managementremainsagood
strategy where acute health effects
are probable fromshort-term
exposuresthatexceed
occupational exposure limits.

(Note: Thereasonable maximal
exposure (RME) estimatesdefinea
worst-case scenariobasedonthe
95% confidence interval of
available exposure data,
describing the highestexposure
that could reasonably be expected
tooccur. The RME for Type | crew
members assumes 25 years of
exposure to prolonged high
exposures. The estimate assumes
25 consecutivefire seasons
similar induration tothe 1988 or
1994 seasons, with 97 days of
exposure to pollution
concentrationsranging from50to
100% higher than the average
exposures measured inemployee
exposure studies. While some
firefighters may work as many
days, few spend 97 days onfires,
and itis doubtful that significant
numbers of firefighters would be
exposed for 97 days atthe levels
used inthe RME assumptions.
With an RME cancerriskof3in 10
000, and a population of about
2000 Type I firefighters potentially
exposed, one couldreasonably
expect0.6firefightersmight
develop cancerovera70-year life
span. The RME defines the worst
that could occurunder extreme
conditions. The average and RME
values provide arange ofrisk
estimates that, if notrepresenting
the truerisk, will err on the side of
health protectiveness).

CancerRisks

Oncologists estimate thatgeneticsis the source of 60 to 90% of cancers, with bad habits, food, and pollution
makingupthe remainder. Cancerriskslessthan 1in1 million pose anegligible addition tothe background cancer
riskin the United States of approximately 1 in 3. Some common cancerrisksinclude:

e One x-ray is 7 in 1 million

e Lifetime radon exposure (@ 4 picocuries per liter) is20in 1000

 Smoking two packs of cigarettes perdayis 100in 1000.

Some foods alsoincrease cancerrisk, with 6 pounds of peanutbutter, 80 quarts of milk, or 90 pounds of steak

eachcarryingalinlmillionrisk.




Risk Datafrom medical aid stations for
eightfiresin 1994 indicated:

Management
Respiratory Problems Totalvisits  TotalUR* UR%
An examination of Northern Region 8816 4239 48%

(R-1) ForestServicereported
injuriesfor 1994 and 1995 led
MarkVore, forestdispatcheron

*UR=cough, cold, and sore throat.

the Idaho Panhandle National Ofthese visits, 80.7% of upper
Forests and Paul Fieldhouse, respiratory problemswere due to
medical unit coordinator for the colds (38.8% of total), 6% for
Aerial Fire Depotin Missoula, to coughs (3% of total), and 13% for
conductafurther analysis of sore throat (6.3% of total). By way
respiratory problemsassociated of contrast, lacerations, abrasions,
with firefighting. The 1994-1995 contusions, sprains, breaks,
dataincluded: dislocations, stings, and bites
accounted for 811 visitsor 9.2% of
| ) Upper total visits. Inrecognition of the
ir;lj—ﬂlt'iaes in;:l::?es res‘(’l';s)mry ;’;i?_'g problem Vore, Fieldhouse, Mike

Sternberg, supervisory forestry
804 575 172 30% technicianfor the Idaho Panhandle
National Forests, and acounty

Figure 2
72%

71/8 x5
10x7

Print to Outside Edge of Border

*DO NOT Print Border*

health nurse drewup
recommendations.

Promote General Health of
Firefighters:

e Provide forgoodrest, inwarm,
dryareasifpossible

* Provide properequipmentfor
the conditions

e Consider nutritional
supplements

e Maintain adequate hydration

* Monitor for signs of fatigue or
illness

e AllowRandR (restand
relaxation) for sick
firefighters

* Recognize thatcoughing
expelsinhaledparticulate,
butalso has the potential to
spread infection.

When possible, firefighters should select tactics that minimize exposure to smoke, such as working on the flank of thefire.




Limit the spread of contagious
iliness:

e Limitcommunal contacts
(shared canteens, shared
tents)

- Segregateinfected personnel

e Demobilize crewsifalarge
proportionofthe crewissick

« Consider county health
assistanceatfire camps.

Promote personal hygiene
practices, suchas coveringthe
mouth and nose when coughing or
sneezing; washing hands after
toiletand before meals.

Vore and coworkers provide these
suggestions asthe startofaplan
toreduce the incidence of upper
respiratory problemsamong
firefighters.

(Note: Additional considerations
include tacticsto avoid exposure
tosmoke, such as siting fire
campsinareasfree of smoke,
more frequentcrew rotations,
increased R and Rduring periods
ofincreased exposure, and
maintenance of ahealthy immune
system by managing stress,
maintaining fithess and avoiding
fatigue, and improved nutrition
(seeimmune friendly foods in HHS
No. 6, Spring 1993), and of course,
minimizing exposure to smoke,
including smoke from cigarettes).

Risk Management
Program

Whentheresearch studiesandthe
riskassessmenthavebeen
completed, acomprehensiverisk
managementprogramwill be
prepared forimplementation by
firemanagers andfirefighters. The
programmay include:

Monitor Exposure

* Usedataloggersto monitor
carbon monoxide; pullback
orrepositioncrews asthe
time-weightedaverage
approaches 25 ppm.

e Maintainrecords and

documentsignificant
exposures.
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e Forward datasummary to
NWCG foruseinmedical
surveillanceandthe
prospective health study.

Manage Exposure

e Site campsinsmoke-free
areas; use personal tentsto
improve sleepandreduce
exposure to particulateandto
limitexposure toinfected
coworkers.

e Alterwork/restandRand R
schedulesduring periods of
exposure; provide time off
afterdays ofexposure to
allowtime forrespiratory
clearance

e Develop andusetacticsto
avoid exposure tosmoke
(reposition, flank, etc.).

e Maintaina healthy immune
system by maintaining fithess
and avoiding exhaustion,
providing good nutritionand
supplementsifneeded, and
by managing stress effectively
(communication, concern,
cooperation).

e Teachanddemonstrate health
habits to limitexposure to
infection (don’tshare water
bottles-exceptin
emergencies).

* Monitor smoke management
proceduresforeffectiveness.

* Provide appropriate trainingin
smoke managementfor fire
managers andfirefighters.

» Consider ano-smoking policy
forallwildland firefighters.

Respirators

e Consider the use of air-
purifying respirators for
selectedworkers (for
example, full-facerespirators
forthose whoworkinhigh
exposure areasonprescribed
burns; lightweight, low-
maintenance (disposable)
devices for hot shots; half-
mask respirator for those
working around engines or
fuels).

« Provide mandatory medical
testing, maskfittesting,
training, and surveillance for

those usingrespiratory
protection.

e Assignresponsibility for
cleaning, maintenance, and
storage of respirators, and for
monitoring the effectiveness
ofthe program.

Surveillance

e Establishbaseline datawith
pulmonary function testing
andacomprehensive
guestionnaire covering
medical history, smoking and
otherexposures, symptoms,
orrespiratory problems.

e Conduct periodic followup for
continuingemployees.

- Retestafter significant
exposures.

e Forwarddatasummary to
NWCG foruse inmedical
surveillanceandthe
prospective health study.

e Conductannual review of
illness/injury and worker’s
compensationfiles.

Data Base/Research

e Collectandtabulate
monitoring, surveillance and
exposure dataforannual
summaries andforuseinthe
prospective health study, the
chronic pulmonary function
study, and other health-
relatedresearch.

Annual Review

< Designate responsibility to
develop, disseminate, and
coordinate elementsofthe
riskmanagementprogram.
The NWCG Safety and Health
Working Team (SHWT) will be
responsible for the review of
annual summaries of
monitoring, surveillance, and
exposure data, publication of
annual summaries, and
adjusting the programas
necessary. The SHWT could
help design, contract, and
monitor the prospective
health study, the chronic
pulmonary function study,
and other health-related
researchdeemednecessaryto
ensure employee health.



Riskmanagementprogram
elementswill be finalized during
the Health Hazards of Smoke
Symposium being planned for
1997 (see noteonpg. 10), included
inthe final report, and
disseminated to thefield. Ifyou
have ideas or suggestions for this
developing program, send themto
Brian SharkeyatMTDC.

Warning Signs

In addition to the information
available from smoke monitoring
devices, riskassessmentand
researchstudies pointtoseveral
possible warning signs that could
help firefighters minimize
exposure tosmoke. Therisk
assessment(see page5) identified
acroleinasthegreatest
contributor tothe noncancer
healthrisk. Acroleinisapotent
respiratoryirritantthatalso
causeseyeirritationand
lacrimation (formation of tears).
Highlevels of exposure cancause
bronchial inflammation,
bronchitis, and pulmonary edema.
And chronic exposure hasbeen
reported to cause metaplasticand
hyperplastic changesinthe
tracheaand nasal cavities of
animals. Acroleinconcentrations
have been correlated to other
contaminantsinsmoke, including
carbon monoxide, respirable
particulate, and formaldehyde. Due
toitsirritating qualities, acrolein
servesas an early warning of
exposure tosmoke. While
sensitivity toacroleinvaries
amongindividuals, eyeirritationis
certainaslevelsapproach
permissible exposure limits.

Studies atthe Intermountain Fire
Sciences Laboratory suggestthe
possibility that smoke color may
be associated with toxicity. The
white smoke generated by rapid
heating of fresh fuels contains
higherformaldehyde
concentrations than the emissions
fromglowing combustion. Large
fuelelements producealarger
ratio of white smoke. Of course,
the smoke from smoldering
combustion contains higher

concentrations of carbon
monoxide. Furtherworkin this
areacould providewarning
properties of toxic emissions that
could be used to minimize
exposure to the health hazards of
smoke. Until then, avoid working
aroundwhite smoke. Ifyoudo
work around smoke, redeploy
when the smoke causes eye and
respiratory tractirritation.

Respirator Standards

The Occupational Safety and
Health Administrationand NIOSH
are updating the standards that
regulate the use and certification
ofrespiratorsintheworkplace.
Underthe newregulations (42 CFR
part84) NIOSH will certify three
classes offilters (N, R, and P) with
threelevelsof efficiency (95, 99,
and 99.97%)ineachclass. The
efficiencyindicatesthedegreeto
whichthe filterremoves small (0.3
pm) particulate. The N series
particulate respirators are foruse
againstparticulates thatare free of
oil orother severely degrading
aerosolsand have notime
limitations. The Rseries
respirators may be used against
degrading aerosols fornolonger
than one shift. The P seriesfilters
canbe usedagainstany particulate
aerosol and have no limitations.
AlIN, R, and P particulatefilters
mustbe discarded whenthey
become soiled, damaged, orwhen
breathing becomesdifficult. Filters
tested under the old standards
may be used for three moreyears.

Assigned protectionfactors (APF’s)
arenumbersgivento classes of
respirators (such as halffaceor
full face) thatindicate the
anticipated maximum protection
therespiratorcanprovide. A
respirator with an APFof 10 could
be expectedto protectaworker
exposed toairconcentrationsup
to 10timesthe permissible
exposure level (PEL) fora
particular toxic chemical, suchas
formaldehyde. Ifthe contaminant
levelisupto50timesthe PEL, a
full-facerespiratorisrequired. If
thelevel of exposure exceeds 50

timesthe PEL, aself-contained
breathingapparatus (SCBA) must
beused.

(Note: Lightweight, comfortable,
maintenance-free respirators
conforming tothe new NIOSH
requirements are now available.
Forexample, Racal has dust/mist
filtersinthe 95, 99, and 100%
(99.97% HEPAfilter) range,
including onefilter thatremoves
nuisance-level organicvapors
(those below the OSHAPEL). Since
particulate and other
contaminantsseldomexceed PEL,
anefficiency of 95% would seem
adequateinmostcircumstances. If
you decide to use respiratory
protection for prescribed or
wildfire use, be certain that the
deviceyouselectismade of fire-
retardantmaterials.

Ahalf-face ormaintenance-free
respirator withan RPFof 10
should be adequate for most
conditions. Somefirefighters
involved in prescribed burning
have indicated apreferencefora
full-face respirator to protecttheir
eyesfromexposure to smoke.
Since air-purifying respiratorsdo
notremove carbon monoxide, it
remains apotential hazardeven
whenother contaminant
exposures are controlled. Finally,
rememberthat OSHArequiresa
written 11-step respirator program
ifyoudecide touserespiratory
protection.)

Monitoring Guide

Anintroductory guide to
monitoring firefighters’ exposure
tosmokeisavailable fromthe
ForestService’s Pacific Northwest
Research Stationin Seattle, WA.
The guide discusses the use of
electronicdosimetersthat
measure carbon monoxide
exposure and recordthe exposure
dataforevaluationonacomputer.
Thebasic stepstostartasmoke
monitoring program are presented,
alongwith the use of carbon
monoxide measurementsto
predictexposure torespiratory
irritants. Copies ofthe guide, titled




“Guide to Monitoring Smoke
Exposure of Wildland Firefighters,”
may be obtained by calling (206)
553-7815.

EPA Particulate
Recommendations

The Environmental Protection
Agency isconsidering changesin
the particulate matter (PM)
standards thatgovern the nation’s
airquality. Recommendations for
changeinclude:
e Introduction of new 24-hour
and annual standards for
PMs s, fine particulate with
anaerodynamicdiameter
lessthan 2.5 um;

* Retention ofthe annual PM4g
standardtoprovide
protectionfromcoarse
particles.

The 24-hourPM2.5 standard is
recommended to be inthe range of

25 to 85 ug/m3. The current 24-
hour PM10 standardis 150 pg/m3.

The proposed changesarebased
onstudiesthatindicate increased
healthrisks withexposure tofine
particulate. One study looked at
the associationbetweenair
pollution and mortality in six
cities. The authors found thatair
pollutionwas positively associated
withdeath fromlung cancerand
cardiopulmonarydisease, and
mortality was most strongly
associated with fine particulates
(Dockery and others, New England
Journal of Medicine, 329:1753-

1759, 1993).

(Note: Larger particlesare
trapped in the airways and
removed by the ciliary escalator
and expectoration. The smoke
fromforestfires containsahigh
proportion of fine particulates
that can beinhaled into the
alveolarregionofthe lung, where
they are absorbed orremoved

more slowly.)
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Coming Up
Technical Committee

Representatives of the Health
Hazards of Smoke Technical
Committee willmeetin
conjunctionwith the NWCG Safety
and Health Working Team atthe
team’s spring meeting in May.

HHS Symposium

The MissoulaTechnology and
DevelopmentCenter, the NWCG
Safety and Health Working Team,
and the Health Hazards of Smoke
Technical Committeeare
considering holding asymposium
onthe Health Hazards of Smokein
1997.0One purpose would be to
review progressinfive majorareas;
hazardous emissions, employee
exposure, health effects, risk
assessment, andrisk management.
Itisintended that the symposium
be broadinscope, and thatitbring
togetherthe range of professionals
withaninterestinthe effects of
forestfire smoke onwildland
firefighters, including fire
managers, firefighters,
researchers, regulators,
manufacturers, andothers. The
symposium’s major goal would be
to translate prior research andrisk
assessmentfindingsintoa
comprehensiverisk management
program, capable ofbeing
implemented within the existing
firemanagementstructure. The
formatwouldincludeinvited
presentations, slide and poster
presentations, open forums, and
working groups. Formore
information, contactBrian
Sharkey, Ph.D., c/o USDA Forest
Service MTDC, Building 1, Fort
Missoula, Missoula, MT 59801
(406-329-3989; Fax-406-329-3719;
DG-B.Sharkey:R01A).

Employee suggestion (circa 1960) for arespiratory protectiondevice.
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ACGIH: The American Conference of Governmental Industrial Hygienists recommends threshold limit
values for exposure to hazardous chemical substances and physicalagents. 2:3; 12:2.

Acrolein: A strong irritant found in the smoke from forest fires. 1:3; 2:2,5; 3:2; 5:3,4,5,8;
6:3,4;, 7:3,4; 12:2,3,6.

Air-Purifying Respirators: Devices that provide protection usingfilters to remove particulate and
sorbents to remove gases and vapors. 1:3,6; 2:3,5,7; 3:2,3,5,7; 4:4,6,7,8,9; 6:5,
6,8, 7:59; 86,7, 9:7; 10:7,8; 11:4,58,9,10; 12:3,8,9.

Benzene: A hydrocarbon constituentof smoke thatirritates tissues and is classified as a carcinogen.
4:4; 5:4,5; 12:2,5.

Carboxyhemoglobin: The temporary association of carbon monoxide with hemoglobin, whichreduces
the oxygen carrying capacity of the blood. 1:2; 2:2,4; 3:6; 4:7; 6:3,4.

Carbon monoxide: A colorless, odorless product ofincomplete combustion thatinterferes with
oxygen transport and the function of the nervoussystem. 1:2,3,4,5,6; 2:1,2,3,4,7;
3:2,4,6,7; 4:1,2,3,4,6,7,8,10; 5:2,3,4,5,7,8,9; 6:3,4; 7:3,4; 10:4,5,6,8;
11:5; 12:2.

EPA: The Environmental Protection Agency, govenrmentagency responsible for settingand
maintaining environmental standards. 9:2; 12:10.

Formaldehyde: A strongirritantand potential carcinogen found in the smoke of forest fires. 1:3;
2:2,4; 3:2,4; 4:4,10; 5:3,4,5,8,10; 6: 3,4; 7:3,4; 12:2,5.

FTIR: Fourier Transform Infrared Spectrometer, an optical remote sensing device thatallows direct
measurementof the constituentsinsmoke. 8:2,4; 12:1, 3.

Health Effects: Possible short, intermediate and long-term effects of exposure to the toxins in smoke.
1:2; 2:1,2,4,6; 3:3,4,5,7; 4:2,4,5,6,7;, 5:4,5,6,7; 8:8;, 9:3,4,5,6,7,8; 12:
7,8,10.

Monitoring: Use of field measures to determine the degree of firefighter exposure to the toxins in
smoke. 1:4,5; 2:7; 3:6,7; 5:2,3; 7:3; 8:3,4: 11:7,8; 12:4,8,9.

NFPA: The National Fire Protection Association, aprivate organization thatfosters the development
of safety and fire protection standards. 2:3; 3:3,8; 4:1,6; 5:1,2,10; 7:2.

NIOSH: The National Institute for Occupational Safety and Health, the federal agency responsible for
conducting research to make the nation’s work places healthier. 1:2,5; 2:3,7,8; 3:1,4,7;
4:4,6,7,10; 5:8. 12:2.




NWCG: The National Wildfire Coordinating Group coordinates firefighting efforts among federal and
state agencies. 1:1,2; 2:1,2,8; 3:1,2; 4:1,2,9; 5:1,2,10; 12:8.

OSHA: The Occupational Safety and Health Administration, the Labor Departmentagency responsible

for enforcing workplace safety standards.

1:2; 2:3,6; 4:4; 5:2,4,8; 8:6; 12:2,9.

PAH’s: Polynuclear aromatic hydrocarbons, a class of compounds thatincludes known or suspected

carcinogens. 4:4; 12:4,6.

PEL: Permissible Exposure Limits (OSHA), REL: Recommended Exposure Limits (NIOSH),and TLV:
Threshold LimitValues (ACGIH) set the upper limits for exposure toworkplace hazards. 6:2,3;

12: 2.

Pulmonary Function Tests: Measures of lung function used to determine the effectofexposureto
contaminants. 1:2,3,4; 2:4,6; 3:3,5; 4:4,5; 5:7,9; 7:7, 9:3,4,5,6; 11:2,3,4.

Respirable particulate: Small pieces of airborne soot that canfind their way to the alveolar region of
thelung. 1:2,3,4,5; 2:1,4,6; 3:1,3,5,6,7,10, 4:2,4,6,7; 5:2,4,5,6,7;, 7:3,7

10:4,5; 11:5,6; 12:2,5,6, 10.

Respiratory system: The airways and lungs responsible for the intake of airand the exchange of

oxygenand carbondioxide. 2:1.

Risk Assessment: Analytical process used to organize datato evaluate possible impacts of exposure

on human health. 7:2; 8:3; 10:2, 3;

11: 6; 12:5,6.

Risk Management: Ways to monitor and minimize the risks of exposure to forest fire smoke. 1:4,

56; 2:6,7; 3:6,7,8,9; 4:6,7; 5:2,8,9;

11: 7,8; 12:4,7,8.

STEL: Short-term exposure limit. 2:3; 4:7; 5:4,5; 6:2,3.

TWA: Time-weighted average. 2:3; 4:7; 5:4,5; 6:2,3,4; 12:2.

The Forest Service, United States Department of Agriculture, has developed this information
for the guidance of its employees, its contractors, and its cooperating Federal and State
agencies, and is not responsible for the interpretation or use of this information by anyone
except its own employees. The use of trade, firm, or corporation names in this publication
is forthe information and convenience of the reader, and does not constitute an endorsement
by the Department of any product or service to the exclusion of others that may be suitable.
The United States Department of Agriculture (USDA) prohibits discrimination in its

12

programs on the basis of race, color, national origin, sex, religion, age, disability, political
beliefs, and marital or familial status. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means of communication of program
information (braille, large print, audiotape, etc.) should contact the USDA Office of
Communications at (202) 720-2791. To file a complaint, write the Secretary of Agriculture,
U.S. Department of Agriculture, Washington, D.C. 20250, or call (202) 720-7327 (voice) or
(202) 720-1127 (TDD). USDA is an equal employment opportunity employer.



