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Health Hazards
" of Smoke

LISDA Foresl Service

Mlzssoula Technology & Developmenl Center

The National Wildfire Coordinating Group (NWCG) coordinates wildland firefighting efforts
among federal and state agencies. NWCG assigned the Missoula Technology and Development
Center (MTDC) to coordinate the national effort and serve as the foeal point for on-going and
future studies on the effect of forest fire smoke on firefighters. Thls status report, the fourth
in a8 serles, provides an update on project activities.

Proposed NFPA
Standard: How
To Be Heard

Pending approval of the draft by the
Matinnal Flre Profes e Assaciation
(NEDPA) Technical Commitle:, a
propoaed standard on respivatony
protection for wildland lrelighiers
will ke available for public review
and commenl in Augusl, 153652,
Individuala and organizatons will
b invitedd 1o review the technical
committes report of Lhe proposed
HFPA standand Moo 1977 on
Wikidioand Fire Seruion Protociioe

Clathung and Equipment.. Public
conunent on the proposed
slarplared, which includes a
proposal for respiratery proteciion.
wll B dervites] fran NFEA members
and others prior ia the end of the
commenl perdod (Aagust - October
1992)  Formis for public comment
are available in the lechnical
cognemilbes report, which will be
avallable from the NEFPA, 1
Balteranarch Park, PoCk Bax 9101,
Cruatpcy, MAG2269-9101. Bach
comment received on or before the
closing dale of the comment peciod
will be considered and acted upon
by the technical committee,
Fesults of
commiiles action
will ke published in
the Commitic:
Diescveneerralcaldon,
which will be
available o all whao
redpesl fcopy.
Commentors will
recejve Lhe

o iee

I ennetal cdf &
autornatically [see
related ilem on
paghe &) I L
proposed standard
stays onschedule
wilh the KFPA
document cycle,
the electve date ol
Slancard Mo, Loyy
will be Anpnst,
1883,

[Mrefighier performing a hung funcbon lest o the
University of Montana Human Porlormanes Laboratery,

(5o related dem an pape 3.
e

Firefighter
Exposure

Industrial hyvgiene measurements of
eXasLIreS 10 SiHike ||.|:|ri|::|t_l 1hiree
consecutlve fire seasons In
northemm Callfornia [[986-1 980
were conducted by researchers
assockaied with the Calllornia
Crepartoment of Tealth Secvices,
Reaulls reporied in the American
lrpclusstvial Flygiene Association
Jourmal indicate that wildlmndg
fivefiphtcrs may ai times be exposed
I rancentralions of carbon
moroxide and resplrabie

part lewkates at levels near or higher
than recommended cecupalicnal
expostire limits, although graugp
means were generally well below
the limits. Measurements were
inleen ol both wildiand lires and
prescribed burns, in conjunclion
with hiealth eflects siudies,
Becommendations were made fop
exposure reduction, medical
surveillance, training, snd
additicnal reacarch (see related
[temmn on THe .

NWCG Technical
Panel

Al the request of WG, 8 papel
was named to help gulde projec
aclivilies, The panel ineludes Dave
Blakeley of IFSL, Dana Headapehl,
M.0., Bab Harrison, M.Dx dehn
Kelly of MICSH, Paul Brovles of

T w—
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PSS, Kim Muller of COFEA; Dick
Mangam and Brian Sharkey of
MTIHE. The panel convened n
Missoula in December Lo review
existing rescarch and make
recammendations concerning
research needs and pricoities.
Gueats included Dan Sallivan ol
WES, Bill Wenver of CDF, and Thno
Felnhardt for FRNW and the Radian
Corporation. Part of the discussion
centered on e NFPA doecument
cycle and the need 1o provide as
mach information as posstble to
ensure that the proposed stamdard
for respiratory protection ks
appropriate to the needs of the
wildland fivelghter. The panel
recognized the urgent need to
provide additlonal exposure data in
time for the publle commen! pertod
for the proposed document {August
- October 1992], Priotily was alse
given 1o the determination of
chronic exposure effects on
pulmanary funcilon for frefighlers
e Have been measured over
several seasons.

Research & Development

Phase
Work in
Completed Frogress

e e D i £, Y LT

The need (o conduct a long-term
prospeciive (foraard leoking] study
ol health effocts was recognized bul
piven a lower priority. 10would take
vears to vield useful information,
and Lhers is an immediate need for
data that will help kentily the most
appropriate risk management
procedures, The pane]
recommended thal the data needed
for the prospective study be built
Into existing dala bases, Similarly,
ihe need for a retroapecitive
merbidity and mortality siudy was
recopnized. This tec was given a
Inwer priorily Because of the
projected cost and questions
regarding itz feasibility, due toa
Timiled popubation for study,
conlounding Eoiors [cigare s
smoking, wood bumming, pollution).
and inadequale sxposures data.
Alae, the pancl recopnized that
implemeniation of risk reduction
strategles will markesdly change
Tuture expastre of frefighters to
contaminanis, The panet
reconmended that MTDC consider

Iess expensive WS i determine
ihe effects of previouns Iong-lerm
exposure, and to explore the
availabiliby of other sources of
Tunding for s majoer retrospective
cohort moriallty study.

Other priorities lsted by the pancl
Inehwle risk assessment, risk
management, and respivator
sludles, The panel recognized (hat
whille additional research 5 sl
neecded, the project must begin lo
lacus on development of risk
management and respiratory
profection programs. This will
inclule development of the
programs, Including training
materials, monitoring guldelines,
meclical survelllance, and other
methods of risk managemsnt

[Fig. 1). IFa proposced META
respirabor standacd ks approved n
Aupust 1993, apencles may declde
i implement programs for the
158 fire season.
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Figure L.—Craphic sumosary of past, current, and future research and development activities associated with the Flealth
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Lung Function
Tests

The American Thoracie Socteby
recommends Leal iocdfviduals at
risk for lung disease have al leasi
one splrometsy (ung or pulmenany
funciion) test perfommmed annually.
This inchides amokers, individuals
with asthma, bronchilis, and other
lung probdems, those exposed Lo
eowvironmenial alr polluticn, and
workers with occupational
exposure toinhaled parlicles and
gases. Lung lunciion tests have
been uaed boevaluaie e elfects of
acute and chronic exposure o
smoke from wildland firea and
prescribed burns, Materna et al
(1532 recommiend Che vse of lung
functicn tests as parl of an
corupational bealth sureeillance
program for Arelfighters. Luang
Munsction lests may ald in the
seleclion of workers who are able do
perform Arelighting duties while
wenring a respiratory prolectve
device,

The test is conducted with a
calibrated spirometer thal
measures gas volumes arad flowr
rates inoa maxtmum eflort tesl. The
subject fakes a maximal Inspiration
and then exhales as quickly ancl
forcefully as possible through a
{ube conmecied fo the spircmeter,
The subject conlinues to exhale
unbil all the aie is expelled from the
lungs. In some cases Lhe subject
also miay beasked 1o guickly and
foroelully Inhale antil the lungs are
full, which provides informalion
sbaut inspiratory a3 well as
expiralory capacily. The
rompuierized device then caloulates
important walomes and Dow rates
and provides a graphic display.
Adler a bBriel rest, the test 1a
repoated, (see Ogure page 1]

Imporianl megsares include
(Fig. 21

e nrufﬂrr_';'_u'l' el oty
~ghouns [ung capociiy

FEV ] o forced explralony
volumme ] secorid

12; L/S

FVC 406 L
321 L
79%
534 LS
11.06 LIS

5.02 Lfs

FEF 25-75

e 4=

Frmere 2.-Lung hanction test repart incloding test resualts and praphic representation

of tesl volunes (L] and Mear rales (LS

J4)

FEV] /FCH: or FEV] as %rof VO
- shenis akdlily {0 moose air
quilchlyy

SR 25-7 5% or mibd-eapinatony
Sown - shoes small airuay flow

FEFR ar pook expiratory flow
rale

PIFF c.hrpf_'n;:k irl;s;_ur-n]’un__,l_,'fe.lun
FeLfe

These measures are used (o
evaduale pubnomry lenction and Lo
provide & baseline lor compseisan
folloaving ocovpational exposures.
Along with o related test, the
maximal volunlary venliialion
(VY] these lung funclion
measurcments can be uselul in the
sefection of workers capable of
performing profonged aciduous work
while wearing a respimtory
protective device,

Previcus editiens of this repor have
indicated the effects of exposure on
pulmonary funciion, Incdbddoals
with a history of shoriness of
breath upon exertion, wheezing or
tighiness In the chest, [requenl
colds or allergic rhinilis, or cther
lung problems may nesd Lo be
fested, Some units include
spirometry a3 part of Lhe wellness
program, and leng functicn tests
may become part of an
oocupalional heslth survelllance
Profram.

Research

Thia secilon Includes research
abstracts and notes melated tothe
health hazards of forest loe amoke,

Oceupational Exposures in
Celifornia Wildland Fire Fighting
B, Malerna of al, Arnerican
Indusiriol Hyglene Assoc, Jowrmal,
5363, 1993,

Industrial hvgiene measurement of
exposrre to wildland firclighicrs
was conducled in northem
Californla during three consecutive
fire seasons [1986-19289) in
conjuncilon with three separale
heallh ellfecls studies, Chemicals
that were monitored trocheded
carkon monoxice, folal and




respirable particulates,
polvaromatic hydrocarbons ([FAaH=],
ervalalline silica, aldebydes, and
benzene, Measuremenis were
taken at both wildland fires and
preseribed {planned) burns, A
varlety of collection methods wers
ernpioyed — colorimelrs delector
ftubes and a ©O moenilor were used
for direct-reading ares
measurements; colerimetric
diffusicn tubes, filler cassettes,
sorbent fubes, and passive vapor
monilers were used for delermining
personal tme-weighted average
exposires. A new sereening
method (MIOSH Method 2535 was
sl o lenlify the presence of
specific aldebydes, Resulls show
that wikdland frefighters may at
Hrnes bee axposecd {o coneentrations
ol carbon meonoxdde, total or
respirable particulales, or silico al
levels mear or higher than
recommended cocu pational
exposure mits, although proup
means wore gencrally well belows
the limils,

Time-weighted average
farmaddehyrde levels, measured fna
ew Instances above 037 mg/ma
[ ppmd, indicate o polential Tor
lormatdehyde-induced epe or
respiratory irvilation ungder these
conditlons, Certaln characteristics
of the work such as high allitude,
temperalore, and breathing mate;
cxtended work shifta; ad
aclditional off-shifl exposures
suggest that adjustment of 8-hour
exposure limils may be necessary
lo provide adequate protection: [n
part, because of the rigors of
perlorming indusirial hygicne
measurements under frefighting
cordlitbons, data are Imiled and
cauild ot be considersd
representative of the full range of
expostires frefighters may
sncounier, Furlher exposure
monitoring s needed, particulardy
I Edentily job tasks and fire
conditions that contribute to higher
exposures. Sharl-lemm
measuremenis should be done for
acitte hazarvds such as carlxon
monceide and aldehyddes.
Recomumendalions are made for
cxposure reduction, medieal

survelllance, Ieaining, aod
additlonal research.

The Use Of Respiratory
Protective Devices By Wildland
Firefighters. .J. Dricssen, B,
Sharkey, and I, Buskirk, Missoula
Technology and Development
Center, 1992,

Bascd on fleld Inteovtews, a
fuestianmaine was constiructed o
assess eld use of respiratony
protective devices by wildband
firefighters during wildfire
suppression or preseribed burning,
Chisationnaires were senl fo field
units ol federal and state agencles
for-distributlon and, therefore,
represent a non-probability sample,
Of the 300 respondents Lo the
questionnaire, H3.5 percent wens
TForesl Service ernployess and 46,2
percent were emplovecs of other
federal or slale agencies. A wide
rarige of job dilles was
represented —4T orestny techs, 30
hotshels, and 17 fire management
aflicers were the most common.
Ages mnged form 18 (o 56 years
wiltk a mean of 33,6 years; 4.6
percent of the respondents were
male, Firelighling expericnoe rangs
froms) o 36 wvears, with a mean of
15, L vears,

Wherny asked, “Deevou feel the
healih hazards-of smoke in
wildlamd Arefighting and for
prescribed burning warrant the vae
of resplratory prodeciee devices™?,
822 peroent reaponded yes, Olihe
A0.G perpent ol vespondents whao
haed vsed réspiratony proteciion, the
cverwhelming majority (82 900)
responded ves, prolecilon was
warranted. Seventy-tweo percent of
those who had nol used a devies
felt protecticn was warrsiaed.
Fespondents fell prolection was
necded during divect attack
(¥l line holding {79.8%), ancd
mop-up [G4.8%). OfF thase who had
vsed a device, 57,5 peeeant used o
disposable, 438 percenl a hall-
fare, and 8.8 percent a full-face
respirabor [18.5% marked olher,
and wrote in bandannal. OF thase
who had vsed a device, 76:1
percenl said the device provided

™

reliel, but 75 pereent roported that
the: device adversely affected
productivity, In addition, S4.6
percent reported satlsiction wilth
the fit of the device; only 7.1
percent reported prollems with o
beard, 12,6 percent with glasses,
and 5.5 percent with havd hat and
pogeles. Also, 621 percent sadd the
device Interfered with
commmurdeation (talking, radiog,
while 48,6 percenl sald & device
thal provides protection from some
bt mod all bazards conld provide o
[alse sense of security. Most added
that tralning would minimke that
probbem, The resulls indicate that
firefighiera heliove that the health
hazards of amake warrant the use
ol respiralony protection. that the
perceived need for proteciion
Increases with rﬂ:.‘;p!r{:lnr Trsd, aaricd
that fit and other problems arc
minoe and manageable with proper
training. (See swmmary of
TESPONESs on page 8.

Acrolein Effects Reviewed —in
Towicalonioal Prafile for Acrolein, by
1.5, Drepl, of Health and Human
Serviecs, from National Technical
Informmation Serrices, 1900,

In addition te hroal irdtation and
a rellex suppresslon of respirabory
rate, acrolein can cause destruction
ol lhe respiratory epitheliom and
itg inherent defense mechanizms.
Subjects experienced eve irritation
after exposiire o 006 ppan acralein
for 7.5 min, or lo 0.17 ppm for 1
hour. Lacrimation (tears) occurped
within: 20 seconds in ndividual
eaposed o 081 ppm, and within 5
secorbsal 122 ppm. A summary
of human data shows that
conceniralions betwesn 0.5 and 5
ppm caused lacrimation and
various degress ol eye lrritation In
cxposure periods of 10 minutes oz
less,

Exposiece limits for aorolein are 001
Ppm (OEHSA, NIOSEH, and ACGIH),
with a shorl-term expasure limil
(STEL) of 0.3 ppm (WCGIH or
American Council of Government
Inclusirdal Hygienists), [Note:
Exposure limils for acrolsin have
been excecded In a amall
proportion of the exposure samples




taken on wildland Arefighters. Due
o the sensilivily of the eyes (o
acrolein, eve irrilation may provide
'-.-'“.:l.l.‘l'lil"lg ol excess exposure fo
lorest e smole.]

Effects Of Inhaled Particulate
Mutter. O. Ranbe and O Wilsorn,
Uniwersity of Caltfomia, Davis,

1 Tk},

Controlled nboralony slodies wens
conductsd using wo experimental
animal models, one beallby and
ane impaired with emphysematous
lung disease, o evaluate the nature
and severily of responses lo inbaled
respiraible acrosols that were typical
ol air pollution in California, alone
and In combination with aone,
Sludies were performed with a
resplrable acman] (=2imilar to
Lamdon smog). alone and in
comblnation with solfure dicxkle.
Exposures were acule (3 days] or
subchronie (30 daws), . Effecls were
cvaluated with blochemical
measures, lung clearance. clinical
signs, and histolopgical evidence.

Meither aerosol was ellective by
lzellin cavsing significant
responses in healthy rats, but some
significant asrosol effects weres
chserved n association with oeone
exposure or lung impairment. In
the 3-day siudies there were some
signilicant Increases Intotal lung
OMA and protein content in rats
exposed 1o the Calllornia acrosol
comparcd e conteals. o additian,
small airway Infllammalion was
abserved in anfmals exposed 1o
arrerte, and this elfech aas
exacerbated by Inhalation of acrosol
or-in impaired animals. In 30-day
sludies, analyses showed ncreases
in-lung collagen and potential lung
fibrosis in rats exposed to the
California smog, and (o the Londen
aerasol in Impalred animals. Bolh
acrosols decreased he clenmnoe
rale with tes! parlicles. Alrway
lesicns and fBbrosis were associated
with azone exposure and were
exacerbaled by exposure to the
Califorpin smog,

The Normal BEange Of Diurnal
Changes In Peak Expiratory Flow
Futes: Relationship To
Symptoms And Respiratary
Distress. J. Quackenboss, M,
Lebowits and M. Knoeanowski,
Amencan Review of Respiratong
Disease, 1435:323, 1949],

Measuring peak explratory Mow
rales (PEFR) several limes a daw
can provide an objective
aszessment of lunctional changes
refalive Lo environmental or
occupational exposures, This
report deseribes the pattern of
diurnal changes in PEFIE in a
reference population, and defines
ranges of normal belween and
within-day vartzbility. An index of
diurral changes was defined as the
rilio belveen maximal and minimal
values where the maximal value
wins tesiricled o PEFR measured al
noon of in the evenlng (W E) and
the mvindrmal valie wis restrclied (o
he moming or al bediime (BLB]. A
rablo greater than rormal
represented an exaggeration of the
normal diumal patisrn in PEFR.

‘Mormal limiis, Based on the ninely-

filth percentile in Lhe reference
population, were larger for children
(1309 than for adults 15 to 55
vears olage [117%) and (hese older
than 35 years ofage (LB The
meaningiulness of excessive diurnal
changes in PEFR was examined by
relating this rallo (max/minj to
chropic respiraiory symploms and
ciseases in 532 adults amd children
who recorded PEFR values 246 4
lirnes per day ot as long as 14
days.. There was-a sirang
relalionship of diumnat changes in
PEFE thal exceed normal limils
wilh physician-confimed asithma
(relative risk of 2,89 with max/min)
with exertional dyspoes (Grade 2+),
and with more fregquent reporting of
acule Symploms of wheeze, attacks
of wheezing dyspnea, cough and
chest cokis, [noaddition, those
excecding the normal limits had
abaout 2.9 times greater risk of
having FEVL below 80 percent of
predicted, and neacly 7 limes
grealer risk of being below To
percent. Theae assceiations
support the inlerpretation of

D

excessive divrnal changes in FEFR
a5 an mdlicator of hronchial
responsivensss, [Note;, The FEFR
were al least as sensitlve as
provocalbee methachaline challenge
testa in detler :l:i.l::il:i_g bsromehial
responsiveness, Along wilh other
pulmeonary funciion tesis, the PEFR
measures could help identify those
likely o experience respiratory
problems when sxposed to forest
lire smolke:]

Rerpiratory Symptoms And Hisk
Factors In An Arizona Population
Sample OF Anglo And Mexican-
American Whites, . D8 Pece, of
al., Chest, 99916, 1991,

Provalence rates of respiratory
symploms and diseases in o large
greup af Anglos and Mexican-
Americans were analyzed. Each
subject completed a questionnalre.
Among current smokers, cheonic
productive cough aeed dyspnes were
significantly higher in both ethnic
groups; wheesy symploms were
higher in Anglos, There were no
slignificant differences fn b
SYmptam FII.'L""ul'i'I]I.‘.I:!l::H riles belwesn
the Dwo groups, aller stratifring by
current clfareile consumplion and
childhood respiratory trouble (CRT].
The spirmmeiric values were not
significantby different, [n boih
cthole proups, the prevalence rales
of wheeze, shoriness of breath with
whesse [SOBWHED and asthma
were significanily higher in these
who had CET. Among Anglos, less
cducated smakers had significantly
higher prevalence rates of
SOBWHZ, amd dyspnes;
riotismoliers with less education
had higher prevalence rates of
cough, chranic ¢ough, and
chrspoes,  Our resulis condirm Lhe
Importance of CET and lower
edusational level as risk faclors for
respiralory symploms. Ethnlcity is
not aszockated with symplomalogy
or lung functon Impalrment.
[(Mote: Dhapned is shoriness of
breath, difficull or labored
respliration. |

o



Risk
Management

Pro NFPA
Respirator Standard

The proposed NFPA standard for
respiralony protecition for wildland
firefighters will be available for
public comment in Augusi. The
proposad standard is ntende=d o
provide relisl from some of the
contaminants found in the
firefightlng anvironment. The
stpndard will net provide protection
(o all mources of alrborme
contaminants in forest fire smoke,
which inelude carlson monoxbde,
respirable parliculaie, and organie
Easen, Approved alr porifying
respiralors do nol provide reliel
from carbon monoxkde. The
unhrersal or bype "N™ canlbster
providen proteciion from all thres
haorarcds, boi Chat device is not
approved by the Nationial Testitute
for Deeupationnl] Safety amd Health
[NICSH) for Drefighting activities.
Thorafor, the respiralor user must
be thorouighly tralned in the use
and limitations of the device, They
et mnd devielog o falsesense of
securiy while wearing the
reapirmior. Créaws will have (o
meniiior carbon menogide levels to
awvald serexposune.

The proposcd NFPA siandasd
should be viewed as the basic
standard of protection for wildiand
firefighters, (o be worn al the
discrelion of the worker. Agencies
iy develop regulations that
mmndale use when minimum
EXposures aro excedded.
Lightwelght Inexpensive devices
ihinl mieel the proposed standard
arc avadlable, Higher levels of
prodection can be achieoved with
more expensive devices [full-fzee,
powered alr-purdfing respiralors or
PAIR, and prolection from crganic
pgascs can be pdde] by using
sorbeniis along wilh Lthe proposed
leve] of protection. Thus, the
starclard will meet the basic needs
of wildland Nrefighters, while
allowing additbonal prolection for
ihose who regulnrly encounter

higher levels of exposure {e.g.,
curing prescribed burmnsl,. For
addditbopnl fafkrmation concorming
i proposcd standard see the
related flen on page 1,

Mouthpiece Respirator

The small, lighiweight mouthpiece
reapiralor & approved for escape
use anly from specific hazardous
almospheres. [chlorine. sulfor
dinxicle, ele.). Soame frefighters
have asked about the use aof thess
devices during wildlnd firefighting.
Witk the proper Dlter andfor
sorbenl, it would appear iobe &
poemalble albernative for Orefighters
(Fig. 3 However, mouihpiece
respiralors haove been restricted io
escape ke anky by NIOSH. One
reason is thal the nose dip
provided wilth the device inlerferes
wilh the sense of amell arnd masks
the waming properties of gases.
Another refison or resirction could
be a contern for the fit and function
of the davices. The Bliowing
absirmel neldresses thase isaues.

™

fuantitative Fit Testing Of
Permonnel Utilizing A
Mouthplece Respirator. .
Packard, H. Brady, and <.
Behumm [ Ofeary et al, ed,) tn
Respirntony Protection, Aloon:
American Industrial Hyflene
Aswocialion, 1985,

Fifty volunicers parficipaled in o
comparison of 3 mouthplece
reapirator and hall-face resplratonms.
Fit tests were corducted before and
aiter o 30-day eat period. ' When
uwed In o chiorine plant work
sliuation, the hall-face resplrotor
olfered less protection than the
mouthpiecs respirater, The hall-
(e pesplrator was inferor in an
emergency expoaures, It interfered
with viston and communication and
reqisred removal of the hard hal fo
pul on. 1L was judged less handy,
gnore awkward to wse. and
pencrally less effective In kesping
it conlnminated almospheres,
The wser had to remaln clean-
shaven to assure an acceploble it
A mmall portlon of the population
could nol be 0 with a hall-face
respirator becanse
ol thiir fackal
configuration,
While a few
individhuals with
dentures hiad
diificulty with the
moulhplece
respirstor, the
authors stronghy
recommended that
the mouthplece
respiralor be
allewed squal stalys
with the half-face
respiralor lor uao in
the chiorine plani
vk situations.

For Wildlund
Firclighters? With
the proper filier
andfor soriseni for
infermitlent use in
atmospheres Lhat
are not consiclered
bmmediaiely
dangerous (4 ik
and health, the




mouihplece rénpirator would seem
ter be o useful oplion for wildland
lirefighters whio are difficalt to fit,
hosee facial hale, or wear glasses,
Exdsting devices woild need o
larger airsay o acenmmodate the
vendilation assoctated with [he
vigorous work of Nrelighling
However, such a device Is nol
curreniby approved fbr exiended
wear by NIOSH.

Effect Of Facial Halr On
Heapirator Performance. E. Hyall
el al, in Respiraiory Prolection,
Akron, OH: Amercan Indusiril
Hygience Associalion, 1985,

The effect of facial hair on the
performance of hall-mask and full-
{mce respiraform was measuresd wiih
a guantitative aeroso] lesl system,
Different test siibjects having
varying degrees of facial siubble,
sidebums, and beards were used in
the shudy. Tesl results ahowed thal
the eifect of facial hair on the
periormance of o respiraior
depends upon the degree 1o which
the hair interferes with Uhe scaling
surface of the resplralor, the
phivsical charaeleristios of the facial
hair, the type of respirmtor worn in
relatlon fo the subject's fclal
characierisiles, and other factors.
It I concluded thal persons with
excessive Byclal hadr such s Gacial
stubble, sideburms, and beands,
which interfere with Lhe respicator
penl, cannol expect o oblain as
high a degree of respirator
performance as persons who ans
¢lean shaven. |Note: The major
dropin respiralor performance
oeetirs in the il 3 dvys of beard
gromdh, with varindle but continued
degradation in performance
therealler.|

Carbon Monoxide
Exposure

Carbon monoxde (0O} is a
coloriess, odorless product of
incomplicie combustlion. When
inhaled, it competes with axygen for
space on the hemoglobin molecule,

therely reducing oxyiien lanspori.
Prolonged expoative leads to

elevated levels of
eorbasyvhemoplobin [COHL) in (he
load, The following table
summarizes some of the elfeels of
eEpOSLITE.
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bazhmisonal peifrmoree
Coerntrl Fs oL SRS
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elroUEs eSS, FUELseE,
sl mn

Indenniitenl copnlsians
Camin, cardipiaseular
Jodlure. aned deeitly

2wb

160 10 30

B 1 B0
Tk o RO

Msle Fampiocrs moy e preseid ol ks
Techow af almwc Chemr malicadesd] Ny
winewkirs aney cxpemroce hesdscbhes amd
maiens Al bevels wel] Ledow 10 geerori
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The maximal safe expostire for
Mrefghilng personnel Is conskileced
I be'S percent COHE, & level
aechieved alfer 8 hours of exposure
al 50 ppm. With' the strenoous
effort of frefighting: - Inereased
respiralion shortens Lhe thine 1o
equilibrium, Therefore, the 8-hour
ime-welghted avemps af 35 ppm
recommentded by NIOSH for CO

AN SCCINE IO Apprprials

[or wildland firefighlers, The short-
term expodaure Lmid s 200 ppm,
which would lesd (o 5 pereent
COHb b & shorl periodd of exposure.
Sinre no currenily approved adr
purifying respirator provides
profection from carbon monmodde,
firefighters must be well acquainted
with the svinptoms of exposire nmd
crawn ahould monitor CO levels (o
avold overexposure,

Maxchmml work: capaciiy s
diminished a1 loecls above 4
pereenl COHb, ba there (s litle
immcdinis elfect on submnximal
wark al levels below 15 perceni
COHb, O course, GO éXpeunire
apcenluates symptams in Lhose
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with heart and respicalory discasc,
Carbon monaxides s additive with
the elfects of aliitede and GO
lawers the body's resisiance 1o work
in the heat, COHE levels are slow
i deeline when the worker leaves
the conlaminated atmosphere. As
a general rule, levels decline 50
peroend every 3 hours.  Removal
can be actelerated by beeaibing
oXyEen, Some symptoms (e,
visunl) can persisi after COHD
levels have been reduced. Far moge
Informalion en carbon monoxdde,
reler o previous editlons of this

repuart.

Lawer Carbon Monoxide Standard
for Firefighters? NOSH
invesiignlom belicwe that ihe 35
ppm standard for exposare to
carbon monoxide (CO} may not be
proteetive e wildland Grelehiens,
The 35 ppm standard s designed (o
keep COHD levels below 5 percent
In most workers. However, since
that standard is based on an 8
hour work shill, low energy
expendilune and air intake, and low
elevalions, the standard may nol bo

appropriste for firefighlers engagel
in arduous work for long shifis,

‘aonebimes at higher elevations,

Using values nppropriate for
wildland firefighters in Yellowsione
Park, RIOSH researchers caleulile
ihal the & percent COHDb level could
be reached Bl an exposiire
concentration of 17 ppm {time
welghted average for 12-hour shift),
For more informatim. consult
Health Huzard Evaluation Report,
HETA 88-329-2 176, UsDI Natlonal
Park Service, Yellowsione Ratloral
Park. €. Beh and 5. Deichilman,
MICSEL

Tent Reduces
Particulate

MTDE I6 evaluatlng a- personal lent
s .1 means of Improving the
slecping emdronment for
frefighlers. The tent provides
prolection fmm cold, moksdiure,
insects, smoke, and dust,
Preliminary lests conducted by
Pave Blakeley ol the Intermetintain
Fire Sciences Labomatory (ndlcale
that partleulade levels are 25 tines




highcr oulside the fent whon
ecompared with samples collected
inside the shelter, indicaling a 9&
percent reduciion in exposure Lo
particulate. The 35 square-fool
semmi-freestanding lent has recebved
Meld evaluation and s eurrently
undergoing modifleation. Tenis
shouild be avalinhle [roim GSA for
the 1993 leld season, For
information, conlnel Ted Pubnam or
Cearge Jackson atl MTDOC [406-329-
FOETL

Firefighters
Respond

Thebs sectlon summarldes the
responses of frellghiersd o open-
ended questions b the
gquesticnnaire on Uhe use of
respiratory protective devices in
wildfire suppression and prescribed
buming [s=e relaied item on

page 4.

Do you feel that the health
hnzards of smoke in wildfics
fAghting and for presoribed
burning warrant the use of a
respiratory protective device? Of
225 wrilten responsen, 85.3 perceni
would agrees with the statement:

T s of o respiaiony proteciioe
chinrice & warranied during work in
dense or heooy smeke Wb
extrreled exposure (e i expected.

What situations [other than
direct attnck, line holding, mop-
up] warrant the wie of &
respiratar?  Filly-nipe wrillen
reaponses included ;I fire comps
located i derese or heavy smoke;
churirgg ofr invevsions and dead abr
poriods. and oy peviod whem there
are dense or heavy conoonirations of
eliest, ash, CO or other harrrfl
fusses.

Did the device used provide relief
from amoke? Of Lhe 63
respondents who said no and
provided an explanalbon, ¥
percent of them sadd! The device
prowviled some redig] from smoke bt
that & ool hae beer mach betler.

0Dld the deviee affect your
productivity? Of the 100 who
answerod yiss and described bow,
55 peroent would agree with the
following statement: The device
Firitee] miy ability (o breaiie enough
air when working hord or walking
uphil: 20 poreend sakd the devices
aaret toer Devrvy, Balicy e dlifTleudt fo

wark i fo b offective,

Did the device fit reasonably
wellT O the 36 indbvdidoals whn

sald no and described the problem,
&4 peroent sald: No the depice did
ol i werll b of constor!
adjusimerd needed and soke
feaking in arouned the seals. When
asked 1o descrbe other things
iother than beard, scar or glasses]
thint affected proper fit, three had
difficulty wearing the device with a
hard hinl and two sald the straps
gol tnngled in thele halr.

Did tho device interfers with
talking or mdlo wse? OF 110
people who described the problem,
94,6 parcent sald: The device
muiffledd the voice so gou had (o take
i e fa tebke effoctivaly an the radio
ar o atfrs, '

Deseribe what would be the ideal
resplratory proleclive device for
fighting wildland fires or
prescribed burns? Of the 165 who
described the ideal devies, T6.4
percent sakl: i shotld besmall,
lighitureight, compforfalde, easy fo
matniale, dasy to carmy, aned
affectiog al fliering hied) smaoke

dust, ash, €0, and cther harmful

gassés! [5,2 pereent said [l face
msks: coniel 5.5 percent soid
bendannis,

In your experience what may bo
some of Lhe problems associaled

with the use of respiratory
proteciive devices? O 170
pespondents, 62.9 percent would
agren with all or part of the
following: Deuices are boo ke
aareed Bulley) fo oormy and for wear;
they restrict breathing, wisar,
comimunicabion, and mobidiy, and
are tneffectioe al properly fillering
the snokie, dust. ash (OO, and ol
geses thal one enoouniered i

witcdtand firefighting.

™

In your epinion, would a device
that protects againet some but not
all the hazards of smoke provide &
false sense of peeurdty?T Of the 200
who chese o sxplain thelr respirie
50 percent sabkd: Yies, they coudd
provics a folse sense of sscuritly and
cause people to stay) n hegog smoce
or harardotes areos oo [ong.
However, they thought that with
proper education on the hasards of
siitoke and proper lralnlng on Lhe
Hmitalingns and use of the devices,
the sltoaiion coulld be correcled.

What guidelines would you
recommend for when a respimtory
protective device should be
deployed and used? Of the 280 who
responded. 8.2 parcenl woukl agree
tes the Tollowdng:  Angibne the smoke,
clust, ash, or GO leweds onie high ond
an eatended exposie tme is
expected, the devior should be wsed.

Axlde from respimatory profective
devices, what other ways should be

used to avoid or Umil exposure 1o
amoke? Of the 250 respomndents
who listed or described olher ways to
mvold smoke, 68,2 percent suggesied:
Covrrnon zenze; use move Uil lrect
oftack, rolale crotes oul of hediy
smike reas offen to lmil egpesure
firme cnd pul fire comps mitside of
harary sooice aneas: 336 peroint said
LiSe porruTion Sevisr oo sty el of
fwrarcay smesce, realine thal res and
aritmals e worth fhe lungs and

Hpwrs'of fire fighters; | 1.8 pereent soid
Lewrar berraderrna s,

Any final comments you may have
about respiratomnm, amokes, and
wildland firefighting? Of 185
comments, G106 peroent would agoee
with the ollowing: A good,
Mephiioeighd, Eercdicel, o fociioe
protective device shovsd be developed
ol goailable for wse by wildiomd
Srefighiers wher ther conedifions
warrant ity use or the flrefighler feels
it i rerechecl.

OSHA Proposes
Amendments To
Formaldehyde
Standard from Federa! Register,

U.5 Department of Labar, July 15
1241,




The Gooupational Safety-and
Health Administration (D5HA) &5
|'|r|:‘:-|'r|:‘:£-:|1'|g amemndments 1o its
exisling formaldebyde standards.
The propescd amendments wold
lower the permissille exposure
lamit (PELY to 0075 from 1 ppm as
an S-hour lme welghted avernge
wa). The amendment wounkd add
meclical rermoval ]:|:|'|::-I|-.|::[I|:‘:-r'|
proviston for those employees
sullering adverse health effects
Irom ocoupalional exposure (o
Iermaldehyde,  The proposed
amendment would require that
employes iraining be conducted on
an annual basia lor all employees
expesed Lo formaklehyde
concenirations greater than 0.1
ppm. [Mote: Exposurce lmits for
formaldehyde have been exceeded
e small portion of the limited
number of breathing sone samples
collected on wikdlland frefighters.)

Forest Uses SCEBA

The 5an Bemagdino Naltonal Forest
has purchased self-contained
breathing appariuses (SCHA) to
prolect Orefighters from hazandous
erttissinns encauniered while
fighting vehicle fires. During o
recend lire seasan, the Forest
recorded 101 vehicle fices, of which
A6 resuloed Inwildiand ignitions
with 205 acees bumed.  Sinee

S 000,000 vehicles pass Tores)
pates vearly, the potential for
vehicle fires s great.. Wikland
firelighters are Che frst lire af
defense apainst these frea and
SCEA will protect livefighters from
the hazardous cmissions.

Coming Up
PNW Continues Study

The TISDA Foresl Service Pacille
Mart hwest Research Station (FRNW)
will continue s study, Smoke
Expasure Assessment ol Presoribed
Biims during the 1992 fire

senson The sl of supporting
grovups has grown o lnelude the
Catilormia Deparbment of Forestey,

the Focky Mounlain and Pacific
MNorthwest Hegions of e Forest
Servioe, the BLM, WWCG, and the
Washinglon Stale Deparlment of
Malural Resources. In addilton,
several Beplons of the Foresd
Service are planning 1o conduct
dosimeler evaluations during the
1992 fire season. This projeel,
which includes the Hadian
Corporalion and the Unbrersily of
Washinglon Department of
Environmental Healih, in
cooperation with PRW, s under the
leadership of Boger Oltmar of PNW
and Tim Beinbandt ol the Radian
Corporation (206-441-1106],

[Mote: Sec Menitoring Fivefighter
Lxposure to Alr Toxins of Presorlbed

Burng of Forest ol Renige Fismass,

Tim Reinhardl, Hesearch Paper
PHW-1P-44 1, Partland, OR, USha
Faresl Service, Pacilic Narfhwesl
Bescarch Statlon.|

Field Trials

The Missoula Technolagy and
Dievetopmenl Center [MTDC) oAdll b
condicting Neld triaks durcing the
1992 fire stason. The trialswill
albow Tield vniis 1o sample a range
af respiralory prodeciion devices, 1o
faln expericiies montioring air
quality during prescribed burming
and wildfire exposures, and o sec
heror exposure affects pulmaonary
Tanetion, A limmiled number of
crews will be provided with
respiralons and monitoring
cquipment. They will be pre-lested
for pulmonary [unclon, f and
rained dn respiealor wse, and
trained in the uae of monitoring
equipment. Users will beashed (o
keep records of alr guality,
reapirator use, and exposure.
Pulmenary lunclion Lests will be
administered at the cod of the
season, [ addition to the
experience gained by the crews, the
results will cortribaite to the
devetopment of a comprehensive
risk managemenl program for
wildland firefighiers. For
infermation contact Brian Sharkey
at MTDC (06-325-305%0].

™

Lab Studies

MTDC will rontinue studies in the
l.||||'u'n.‘!:l'!'ii1':r' al Moantans Farmam
Performance Laboratory, The
current series will invesiigate the
effect of the proposed NFEA
resplrator standard on prelonged
work capacity and will continuoe the
search for predicioes of work
capaclly while wearng a respiralor,
Drata froon treadmill studdiss will he
used do validate a field test that
predicls prolenged work capacily
and the effect of a respiratony
prolective chevien any work {':l[:qu'll:..'.

Lawrence Livermore National
Laboratory (LML} wAll canlinue
lnborafony siodies: Lo documenl the
cilcctiveness of commercialby
available respirator cartridges o
use by wildland firefighlers. The
studies involve the use of vegetative
luels 1o creale a lest almospheres
that will be used to measure the
ciliciency of cartridges in removing
reapirable particalate. The study
will also delermine the resisiance o
breathing Imposed by the vartous
cartridges, The resulls of these
sludies will help fiekd personnel
ik informed purchasing
decisions from Uhe Hisl of approved
(WIOSH, NFPA] ller cartridiges.

Meeting

The NWCG Technical Panel on the
Health Hazards of Smoke will
meel in the spring of 1992, Panel
members will meetl with cooperators
{o review 1802 projects and 1o
recodmmend research and
cievelopment prieritics for 1803,
The date and site for the mesting
have ol Been eslalilishied,

Next Issue

The next i=sue ol this report will be
available in the [ail, 1992, For
information on this project conbac
Brian Sharkey, Ph.D., al the Forest
Service Technology and
Development Cenler, Bldg, #1 Fort
Mizssoula, Mizsoula, MT 59501

(ACEr- 3203080,




Just Arrived . . .

From MNIOSH: On July 18, 19491
WECGSEH received a request for a
healih hasard evaluation [HHE]
from the USDE Park Serdce. The
purpese of the request was 1o
colicet inlormation on the
polential health effects from
fircfighters’ exposure lo smoke
curing fire suppression activities
at wildlang fives.  Industrial
hvgiens dat was collected during
the Thompson Cresk Fire on the
Gallatln Mational Forest,

Dering the TEE, personal
breathing zone (PBZ} air samples
swere iollected For carbon

monezkde (SO, sullur dioedde
I_Sl,'_}i:l_ aldehydes, respirable
particulate matter (RPM), and
respirable crystalline silica,

The CO exposure bevels ranged
froom non-detected to 1Y parls per
million fppe); these levels are
below the evalsation criteria used
by WIGSH, OSHA, and the
American Congress of Goevernment
Industrial Hygdiendsis ACGIH),
30, concentratlons ranged from
0.6 b 3,0 ppm,  Threee of the 26
PBEZ samples were above the
cvaluation criterla of 2.0 ppm
used by NIDSEH, OSHA, ard
ACHIH for an 8-hour lime
welbphted averape [TWAL Aldehyde

concentrations were an order of
magniiude or more below the
evaluation criteria used by OSHA
and ACGIH, MNIOSH considers
acelaldehyde and [ormaldehyde (o
be polential eccupational
carcinogens, and therefore
recommends thal exposures be
reduesil b Lhe lowest Teasible
level, OfF the 14 samples analyzed
for reapirable silica, ooe sample
wis abwve the OSHA and AOGIH
evilualion criteria for guarts,
MIDSH conslders sillca lo be a
podential occupational carcinogen
anel therelore recommends that
cxposures be reduced {o the
lowest fepsible level. J. Kelly,
MIOSH HETA 91-312-2185.

Suggestion Box

Do you have ideas for techniques, tactics, or equipment that may help firefighters
avoid the health hazards of forest fire smoke? If 50, send your suggestions to Health
Hazards of Smoke, MTDC, Bldg. 1 Fort Missoula, Missoula, MT 58801. New and
unusual ideas will be featured in future editions of this report.

Tne Famesl Sevicn, US0 Deparmmental Aigriculture has devefoped this
Inlarmanon i e duid ancd ol 5 oy rs |15 0on il ors, and ks oooperatng
Fedeeal and Sthabe agencos, and is a0l respirs e by theingepaiaionos Usa
of trils Infoemation by anyono cxoaph s own emplopess.

L}
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Tha s ol Fade, M, of comporatan namas o $is publicason iz for tho
information ard canveriange Al he madss and doag nod cansinng an
endomemont oy the LS, Depariment of Sgricutue ol sy nodus o sendda
1 thiewclasion of others fial may be sufasie
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