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The National Wildfire Coordinating Group coordinates wildland firefighting cfforts among
Federal and State agencies. The Coordinating Group assigned the Missoola Technology and
Development Conter (MTDC) to serve as the focal point for ongoing and future studies on the
effects of wildland fire smoke on firefighters. This status report, the eleventh in a serles,

provides an update of project activities.

Project Review

The Health Haozards of Smoke
project has included studies of
smoke smissions, employes
cxposure, health effects,
respiratory protectlon, and other
risk management options, The
next step ls risk assessment, a
Pricess kit inlegrates !I':|r'|.1:I:i.|:'|.RH
into risk calculations that will
guide risk management declsions.
Dir. Tom Booze, o toxicologist with
tlie Hadian Corporation will conduct
the risk assessment, witl advice
and assistance from the project’s
technical commitiee, e Booze
met with the panel to outline the
assessment process and to begin
determining exposore levels, hasecd
o available data: A screcning
assessment will provide direction
and determine gaps in the data base,
A comprehensive risk assessment
will Tollow. The risk assessment
will help cstimate the probabile
incidence of an adverse health
cifect to workers under warions
conditions, with a description of
the uncertainties involved, Typical
and reasonable maximum
cxposures [RME] will he delermmined
for several categories of
firefighters. Onee the risks ane
known, managers will have the
information nesded to make
informed dectslons concerning the
need for monitoring, actics,
training, medical supreitlance, or
rq'_-&pil.".'ltl.'rr}' p.ﬁ:ltﬁctiﬂﬂ.

Technical
Committee

The Heqlth Fazards of Smaoke
technical commities met from-July
11:ta 13 in Baoise at the National
Interagency Fire Center in j
conjunction with the mecting of
the National Wildfire Coordinabing
Group’s Salety and
Health Working Tenm,
Technical commitice
meEmbers attending
inclwded:

—HRoger Ottmar, USDA
Forest Service, Paciro
MNorthweast Research
Station

—Tim Refnthardl, Radian
Corporation

=it Sibm, Califormia
[Hvision of Foresiry

—wei Min Hao, LSTA
Forest Service,
Imfermountain Fire
Sciences Lalsoratory

—Hrian Oisen, USDHI
Matonal Park Service

—HBrian Sharkey, USHA
Forest Service, MTDC.

Tha= ;lgt::nda included
planning, reviews of
prlrjﬁ:t:L‘i, el
dizscussion of program

prioritics, Considerable Hme was
spenl with Dir. Booze to begin work
on the risk assessment procedure,
The panel also began work on
materizgls to communiciate indings
of the project with workers in the
ficld. Following the meeting,
program plans and pricrides wore
reviewsd with the Safety and
Health Working Team.

Subject engages in a work test while weanng a
respirator [see page 4],
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Lung Function

Studies of firefighter exposure to
smoke from prescribed flres and
wildfires (Materna et al., HHS
Winter/Spring L9%2; Betchley et al.,
HHS Fall 18994) have used lung
function tests to evaluete health
cifects, The results show small,
hut atatistically significant, deciines
in lung function across work shifts
and seasons. Follow-up studies
(Betchlew et al., 1994] indicate that
lung functon refurms to normal
[1'1]'I-|'|'|.'.rl|:|.gI i preriod fee from
exposure. Pulmonary function
ieats may be used in occupationsal
health surveillance programs, and
when selecting workers to ensure
their ability to perform while
wearing a resplrator.

Lung function [also called
p1:|'||:'|.1_|_11'|ﬁr:|.' funcbion or ﬁj:l:iT\I::l:IlllELl"rI."]
is evaiuated with & calibrated
spirometer that measures gas
voplumes and law rabes in a hrjef
maxlmum effort test. The subject
takeas o maximom inspiration then
exhales as quickly and forcefully
as possible through a tube .

connested {0 the spirometer. The
subject continues o exhale wintil
all the air is Ie‘::l-'.]mllﬂl;l: from the l|.|.|:|._g.‘-:.
In some cases subjects may alsoe be
asked to guicklv and foresilly
inhale until their lungs are full,
which provides informaton abont
Inspiratory as well a8 expiratory
capacily. The spitometer's
computer caleulates volumes and
Now rates and provides a graphic
display [see Figure 1], Adter the
subject talies a brief rest, the pest
is repeated. Important measures of
lung function include:

FVC—(orced vital capacity indicates
total lung capacity.

FEV1—forced explratory volume In
1 second-shows the volume expiced
in I second.

FEVLFVC—FEV]1 as % of FVC-
shaws e pﬂ‘:]::}rl'iun exhaled in 1
second.

FEFZ2B-TE—fored expiratons flow

25-T5—describes the mid-expiratory.

Meow sfe 8 measure of smmall
airway function.

PEF or PEFR—peak expiratory
flow rate (PEFRHindicates the peak

Do tinle.

PIF or PIFR—peak inspicatory
fNlow mate [PIFR}-shows the pealk
insplratory flow.

These measures help to evaluate
pulmonary function and provide a
bBasealite for I'_'l:',’:lI:I:IE'ﬂ.I.I.'i."iﬂH o llawd ng
oocupational or other exposures.
Results are compared with
population norms for individuals of
slmilar age and height. Test results
indicate swhen a score falls well
below prediceed fevels, However,
since pulmonary function may be
inherited, Iow values do not
necessarily indicate & problem.
And high values, while related to
perdormance, do not predict
perfaormance capacity, Tests
provide the most Information when
they are compared with past
results, as pant of an ongolng
occupational health (or wellness)
program [ses page 3],

FVC 4.06 L
FEV, 321L
FEV JFVC 79%

FEF 25-75 534 LSS
PEFR 11.06 LIS
PIFR 552 LIS
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Figure 1—Lung funciion test report inclodiog test results and graphic representilion

of test valumes [L} and low rates [Lis)
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Research

Smoke Exposurs Among
Wildland Firelighters: A Review
of Current Literature

Reinhardt, T.. Badian Corporation,
prepared for the USDA Forest
Service, Pacific Northwest
Research Stadon, 1995,

This review examines the state-of-
the-art knowledge about smoke
CHDOSITE and the resolting health
efects among wildland firefighters.
Studies have been done on this
problem, but each study s
lirnitations, Owverall, the data
Indicate that siooke exposure at
wildfires and prescribed fires is
wsually ne more thar
inconvenience, but it approaches
or exceeds legal and recommended
oocupatdonal cxposure limits on
oocasion and s requires some
management, Oversxposure o
carbon monoxide, respiracory
irritants, and crystalline silica is
likely among firefighters when
direct control of fire 1 attemped
and smoke production is high,
Such overexposures are :I'!'EII:SFJ.].F
brief events, but sometimes poar
atmospheric dispersion o
rigorous work schedoies canse
many hours or even days of
unhealthiul working conditions.
Increases in respiratory heslth
pruh]q&ms have heen meagured in
wildland firefighters. Small but
statistically significant decllnes In
lung function have been ohserved
in a number of wildiand
firefighters, both across workshifls
and seasons. These losses could
b= reveraible, but insufficient data
have been collected Lo evaluate
this.

The data are limited in geographic
scope and representativencas,
focusing almost exclusively on
lurge: wesiern United States
wildfires or prescribed fires in the
Pacific Worthwest. The fleld efforts

have been hampered by inmdeduate
prepamtion for the mobility and
responsiveness neesded to caplure
smoke exposure during Inkdal
attack, and &5 a resull, have many
daplicative messures of smoke
exposure during the latter stages
of fire suppression, when smaole
cxposursls generally consideraed
low. Some exceptions to thls have
produced results thal converge to
fdentify a Umited but significant
problem, Smaoke exposure is lHkely
to e the highest during initizl
attack, during direct attack of
slow-moving fires, and in large-fire
seenarios that sulfler [rom poor
atmospheric dispersion,

Recommendations ane made to
forge ahead with development of
smoke exposuEre nanagement
plans. Health suneillances is
recommended o accormpany
eXpoSure management.,
Additional exposure
data are recomenendesd,
biit only for high-
exposure situabions
and in reglons that
have insufficient
representabion in-the
studies poted dn this
review,

Lung Function of
Wildland Firelighters:
1883-1865
Sharkey. B Rothwell,
T., Delorenzo-Green,
T., amil Roth; 5.
migsoula Technology
and Development
Center and the
University of Montana,
1885,

Studies of wildiand
firefighters have
shvown amall but
statistically significant
crosg-season declines
in pulmonary function,
followed by a retum to

normal [uneton ateer a perlod free
from CRPOSICE. This study was
undertaken to determing the long-
term effects of Grefighting on leng
function. and to evaluate aspects
of a health surveillance program,
Euh_i eols inclueded 1354 experienced
firefighters measured during
preseason training at the Missoula
Aerial Fire Depotl, Sixly-Tour
subjects were tested in 1993, 55 in
1994, and 90 [n 1945, Subjects
completed a respitatory health
fquestionnaire before being tested
for FVC., FEV1, PEFR, and FEF25-
75 Tests were conducted with a
F.i1:|'||:i.'s]'.|iﬂ1 pulmonary unction
apparatus that was calibmated
bhefore exch test session. Subjects
pertormed at least Ewe trials at
each teat sesslon, and the trial
with the best FEVL was wused in the
analysis (Figure 2.

e LT ]

Figure 2—Subject particpating in a lung function test,

o



Besults were compared 1o
population norms (Knudson] to
determine i age-related declines in
pulmonary lunction exceeded the
mate of decline in the population.
Values for 1993 and 1995 are
presented in Tahle 1,

0.49%). Only 18 subjects appearsd
in all 3 years of testing, so the
subjects in the 1993 to 95 analysis
were not necessarily the same ag
those in the 1994 o 85 companson,
Gince females comprised only 3%
of the total (n =2, 2 and 4 for the

Table I—Measured and predicted pulmonnory funcdon: 1993 to 149595,

Measure a3
P Meas (L] 5540
FWE Pred 5,205
FEVL Meas (E) 4,490
FENT Prad 4,292
FEVLIVE Meas %) 1.0,
FEVITFVE Pred B2 5%
FEFE-TEH Meas [[45eg) 4,543
FEF25-T5 Presd 4.533
FEFR Meas (TS50s) 11771
fi=31 *p <005

SeDEdf

1995 OHIT
5436 0102 La%
5.175 0.030 B
4:372 a.l1ae 25
4.4 {44 1k
Fi4% 0E% o [
1w D475 0.5 I
4,325 218 8
q.44%2 JAEL B
11271 05 g

The lirefighters" lung capacity
excecded values predicted for
imdividuals of similar e and
height, Only one of the measured
dectines was statistically
significant [FEVL). The rate of
decline was somewhat faster in
comparisan o the pn:ujir:.t:d
vitlues, especially for FEF25-T5.
Inspection of the data revealed thal
two subjects accounted for the
decline in FEF25-75. In one case i
subject had 2 higher FEF25:75
score on 8 L9556 trial that wasn't
used because of @ higher FEV]
score on the other trial. Variations:
In acores within tests may account
for different rates of change. When
the two subijects were removed
from the analysis, the rate of
decline in FEF2E-75 was similar to
the population |predicred) value.

Thirtgp-seven individuals were
tested in 1994, before the
extensive flre scason, and again
beefore Che PREG season,
Surprisingly. &ll the measuared
values increased, but only the
FEF25:75 was significant (Dl =
+00.342 Lis: P 001)., an 85.3%
increase in FEF2S-T5 [vs. a
predicted decline of 0.022 Lis or

3 vears) the data was not analyzed

- according to gender. Although the

snubjects completed a respiratory
health questionnaine. varnations in
the data may reflect the effects of
colds, allergies, and confounding
faclors suchas off-season air
pollution, residential wood
|:|1.'|:|.'|:'|.Eltg'. arud atkfrer aoen F,hil.!j_ﬂ:l:l.a_E ar
domestic exposures.

These results agree with those
reported by Betehley and
associates (HHS Fall 1994) who
found that lnng function values
improved during the winter
months, returning to prescason
levels following & period
essentially free from occupational
exposure. Barly results of this
cngolng surveillance indicate that
wilttland firefighters score above
population values for pulmonary
fumnction, and thal cconpationgl
exposure dees not consiatently
acceleritbe the decline associated
with age. Since most of the
subjects participated in firefighting
activities before the L9593 season.
thiz data does nob reflect changes
that may have cccurred before the
sumveillance begin.

mw

The Effect of an Air-Purifying
Respirator on Performance of
Upper Body Work

Ratbiarell, T. and Sharkey, B.,
Missoula Technology &
Development Center and the
University of Montang., 1995,

Ajr-purd F}'ing r¢5pjmt|:rr5 [APR's)
have been shown to decrease
treadmitl performance becanse of
bresthing resistance, increased
dead space, heat atress, and
respinator weight, Stodies of upper
body work have shown diminished
lewvels ol paalom FLTY ventilation
that could exacerbate the effects of
an AFE. However, a study of upper
Bady waork [cranking} found that an
alr-purliying respirator did not
significantly affect performance
(Rothwell, Delorenzo-Girese, aid
Sharkey, HHS FallWinter 1993),
This study evaluated the effects of
an APE oo an seetuad jub taslk,
working with a hand ool to build
fireline, and sought to predict the
ability to perform while wearing an
APR. Ten male and L female
volun beers [ages 20 (o 40)
performed pulmonary funcron,
atrength, VO, max, a 4.83-km (3 mi)
hike with a 20.5-kg [45-1b; Pack
Testl pack, and a 15-min fireline
constrmction test with and without
an APH (half-face APR with HEPA +
OVIAG cartridges: airflow
resistance =36 mm H O @ 42.5 Ly
muing: Hnerg:.-' M]:[—e::n:lil.l.l.m l;[|.|.r.i1'|g
the fireline test ranged from 14.9
to 205 mlfkg-min (mean = 22.4 mi
kg-min: Ve = 52.2 Limin).

Results showed that the APE did
yRald .‘G'igll:iﬁt":ﬂnt]:,f reduce
performance on the line
construction test (6.5 vy, 37,2 mf
min with APR). Analysls of the
:’:1:11‘1&1]3]:,-’ selected onder effects
found a significant (p = 001
improvement on the Ssecond trial,
regardless of the treatment (the
APR was the second trial for 12 of
20 subjects). Males and females
differed significantly on strength
and fireline construction tests,




Predictors [p < 0005) of
perlormance with an APR for
combined (male and female) data
included: atrengih [pull-ups, r =
0.77: push-ups, 0.85; upright row,
0. 76: Tat pull, 0.80), pulmonacy
function (FVC, 0.57; FEV1, 0,57},
il the Pack Test (r = -0.58),
Multiple regression analysis of
fireline perfocmance with an AFR,
is predicted by push-ups and the
Pack Test, yvielded r = 0.587. These
results indicate that upper body
work 1s not adversely affected by
an APH at the levels of ERETEY
cxpenditure and ventilation found
im this study. The ability to work
with the APR can be predicted with
measures of strength andfor
performance o g jol-related field
test [Pack Test).

Firefighter Exposure to Air
Toxics

. Yokelson, Intermountain Fire
Siences Labomtory (Interim
Beport] 19485,

Intermountain Fire Sciences ;
Latwratory (IFSL) and University of
Montana scientists have been ;
using both established and new
technalogy to estimate firefighter
cxposurs levels for comparison
with safety guidelines. A Tull
assessment of this issue 1s
complex for a number of reasons:
the chemical composition of
smaoke s complex and the
chemical analysis of smokedis .
difficult; exposure to smoke and
the capacity o recover vares for
individual flrefighters; and there ia
great unecertainkty for both the
acute and cheonic health effecs of
the smoke constituents acting
individually or in concert.

Spveral types of studics have beasn
condusisd. An extensive study in
the Pacific Northwest (Beinhardt et
al., HHS Spring 1255] used
personal dosimeters and sampled
smeke in hags and on absorbent
materials to measure firefighter
exposure to cirbon monoxide (CO)
and some other air toxles. This is
oneof e few studies that have

made measurements dicectly in the
firefighters’ breathing zone, A
study at the Universicy of Montana
“froee” smoke from small
laboratory-scale {lres followed by
Gas ChromatographyMiass
Spectrometric [(GCMS) analysis, In
g joint study by the [FSL and the
EHniversities of Montana and
Waollongong (Australia), a fourier
transform infrared spectrometer
[FTTR] was wsed to fake oplical
specira of the smoke from full-
aeale Gres in the IFSL combusiion
laboratory.

The studies [one Geld, two lab)
measured the average ratio of
otlier air toxics o GO (TGO in
smoke, The FTIR study locked at
the changing chemical
composition of smoke in real tme,
which allows an assessmeaent of
possible peak exposure levels, The
results of the Oeld study give an
average and maximum firefighter
exposure to OO that ds well belaw
oeeupational exposdre guidelines,
Combining the results of the
gtudies allows us o compute long-
ferm exposurs to ofther chemicals
from the formula: ¥ET = FECO x T/
CO | where FET stands for

- firefighter exposure to tosdn and

FECOY stands for Arefighter

Jexposure to COJCExamples of

measurements of TAOO are shown
in Table 2, where +/- signs indicate
the precision of the measurement

“in that study, In these sxamples

the FTIR mnaaurem'en_t ol FACO s
st Padice as Targe 5s the other
measurement. This indicates that

e uncertainty in this rato s
about a factor of 2, which is nol
large compared (0 the real
differences between varons types
of smoke or the much greater
uncertiinties in determining a
“safe" exposure bevel

Using this type of analysis, the
BYCTAZE CXposure (o toxic gases
Gther than OO0 is also well below
cocupational guidetines,

Peak Exposures—To complets a
risk assessment, we oiast
determine appropriate condltions
for measuring Reasonable
Maximum Exposure (RME] levels,
The peak exposures measured in
the field study were well balow
current ocoupational guidelines.
Howrever, there i5 a hasis for
concern because some of the nlne
fires In the FTIR study showed
mueh higher peak levels than wers
ohserved o the Geld. The highest
peak levels are from FTIR
measurements made in the smoke
183 m (B0 ft) above a fire burning
with (0.3 to 0.9]1 meter | L to 3 1)
flames in green pine needies, The
smoke femmperaiore was L53°F with
visibility under 1 m. Table 3 shows
some of these results and an
example of how these
measurements can be used to
perform preliminary screening of
the smoke constituents to
determing which are of the most
concern for potential health
effects. In Table 3 the maxdmum
valueof the data points (messared
at l-min intervals) are compared to

Table I—Intercomparison of measuremments of averngghe T

| Toxics'C0 ratia GC/MS [lah) Field ETIR [labj |
Fonnaldebyde!Cd Ino data] TAEE s EKIZ S D2 < 0ol
Medthanolio 0081 &5 0,005 [ree (i) CL0ZE ek 0]

Tahle 3—Peak exposures for Orelighters compared o safely stundards.

Chemical Maximum IDLH Max/TDLH DSHA peak
| I =4 587 ppe 1500 ppm LLIC EiME ppm

Farmaldehyde ] 0,83 2

Methonol 24 25,00 L -

m

‘Iid-‘:.[.l.i;"lj.:—l'l.{rl b B cxeseded,

£n



the Immediately Dangerous to Life
and Health (IDLI) limits sot by
NIOSH, and the peak exposure
lmlt (10 to 18 min) set by GSHA.

The results af this type of analysis
suggest that of the 16 compounds
measured In real time in smoke in
the FTIR study, formaldehyde may
be af the modt concerm. These ane
early laboratory results that have
nol been verifled in the feld

Fuiure Research—To compleie
the risk assessment for frefighters,
a number of activities will improve
the acournoy of the assessment,
ineluding careful eonsideration to
the appraprinie conditdons for
mensuring RME's; deploying at
least one more Instrumental
technigque to measure FECO in the
fleld {e.g.. ualng the FTIR ncara
crew): and redocing uneentsinly in
TACL) by comparing instnnments Iln
the same amoke [eg.. the dosimeler
and GC/MS simultaneously with the
FIIR Io the nboratory, or the dosi-
meter with the FTIR in the Geld)

Risk Assessment

Risk Assessment:
Wildland Firefighters

Booze, T.

This study ilnvolves a health dsk
asseasment for wildland
fircfighters expased o smoke from
wililland fires or prescribed bums,
The objective s to provide the
technical Information needed to
help support sk management
decisions to protect wildland
firefighters against smoke
exposure, The first task [5 the
hazard asseasment, identifying the
chemicals and physical agents to
be addreased in the risk
assesament, and identitying the
toxcological endpoinis of concerm
We have ourrently identiffed
formaldehyde. acrolein,
polynuciear aromatic
hydrocarbons [PAH's), carbon
menexide, sid benkene as

chamicals (o evaluate, These
chomicals were chosen based on
provious labormtory and feld
sbudian,

The next atep is the dose-responss
assessment, where the appropriste
toxicity laciors are identified for
cach chemical. These generatly
include cancer slope Cactors,
icference doses, and standands
with which acate [shor-term)
exposures are compared. Although
many toxicity factors are availabie,
the values may be for adverse
eflfects unrelated to smoke
mxponire, In these cases toxicity
values may need Lo be developed
for ¢ffects of Interest. The thind
step la the exposure assessment,
whers tha types of exposures to be
evaluated are décided upon. This
inchides job categories, fuel brpes,
types of fire exposure, exposure
frequency, and exposure durathon.
Wie hove included hand erews and
englne crews as two general job
categories and have estimated
exposure requency for both
typical nnd reasonable maximum
exposures (RME]. The
conéentrations of rhl:mﬂ:-u]E in

-_umnku uaed in this aElSEEsmEntﬂI‘l:

based on previous field studies.

The final step in the risk
asseanment |s the risk
responpe dats to estimate the
potesitial health risk for vafdous

Jjob categorics and cxposures.

s Trrem Boowe, .0 s a
aspeciaipd with the Redian Corparstion. fle
{n expperdnneel in wiliinnd fireftghcing, anad
unpfkeed did n member qf chae Mendesdra el
shols,

Particulate Standacd

The American Conference of
Governmental Industrial
Hyglenisis [ACGIH] bas proposed a
new threshold Hmit value [TLV] for
particulaios not otherwise
classified (PROC). In contrast to
fibrinogenlc dusis, which cause
sour dssue in the lungs, 5o called
"nulsance dusis” show little
adverse impact on lungs. Nor dao

L4,

they produce significant organic
disense or toxic effects when
exposures are kept under
reasonable contral, The PNOC s do
naot alier nir spaces or form
eollagen to a significant extent,
and tisaue reactions are
potentially reversible. The PNOC
TLY s based not oa chemical
toxicity. bul on physical
overlonding clearsnce mechanismas
of the respiratory tract’s.

Recent animal and human studies
Indlents that exposure to exeessive
amounts of dust can cause adverse
health effects, Partfculate overload
caumes renctions that can
ntimulate brasis. Alveolar
macropheges can become
soquestration compartments. As
duat concentration inerexses in
the lung the retention time
increases. Physical overload may
lead to chemicsl toxicity such as
pulmonary alvenlar profeinosis.
Faor thess reasons, the ACGHH
proposcs lowering the TLV for
PHOC to 3 mgim® for resplrable
particulate containing no asbestos
and < 1'% crystalline sllica.

TheACGIH believes that the lung's
clapranes mechanlsms mest
continue o be functional. They
recommend the 3 mgfm® standarni
to minimize the potential for
compromised pulmonary
clearance. The current
Oocupational Safety and Health
Administration’s permissible
exposure limit (PFEL)] for respirable
purticulate is b mgfm?®, The ACGIH
rationale for a lower standard is
that the OSHA PEL was developed
In 1865 to pravent physical
irdftatlon to the worker. The
prapascd TLV is based on
toxleological data Invalving
pulmanary overload of
macrophnges. The new lmit ia
based on minimizing the potential
for lnas of pulmonary clearance
mechanisms,

Both the ACGIH TLV and the OSHA
PEL describe the tdme-weighted
overage [TWA) concentration of a
normal B-hr workday, to which
nearly oll workers may be




repeatedly exposed. day after day.
inithoul adverse gffect. Sindies of
Grefighters working on prescribed
and wildland fres [Reinhardt et al.,
1895) show few cases exceeding
the OSHA PEL (5 mp'm®). Workshift
particulate exposures averaged
0,63 mgfm® and 0,69 mgim? for
preseribed lres and wildland ffres,
(Mote: ACGIH, the Mational Institute
af Safety and Health (WIOSH], and
other organizations recommend
changes in stapdards, OSHA
revicws proposed changes and
solicils public commpent prior to
making changes in existing
standards, Federal agencies are
mardated o follow OSHA
standards),

Everything in life cammies some
fisk: the food you eat, the
medicines you take, the
tranaportation you use, the job
you have, and even the recreation
you pursue, Some pecple are so
confused of alarmed by rishs that
they are unable to enjoy life,
Crihers [gnore obvlous risks and
aharten thelr lives. Research
imdicates that perceplions of the
magnitude of risk are influenced
by factors other than smmerical
dats. Risks are more zisrming and
less accepted I they are perceived
to: be impased from withoot, be
controlled by others, offer little
benefit, be distributed unfalriy, be
manmade, be catastraphic, come
from an untrusted source, be
exatio, or affect childeen. Risks
are less alarming and more

accepled il they are peroebmed oz
b= volontary, be under an
Individnal's control. offer clear
henefits, be distributed fairly. be
natural, be statistical, be generated
by u trusted source, be familiar,
nnd affect adults. We fear the
remote risks azsociated with the
use of cerfaln chemicals while we
confidently face the substantial
risks of smoking or the daily
commuie.

HEanowledge of risk doesn't always
change behavior, especially as the
riak becomes more familiar. We
may know that a motor vehicle
fatality occurs every 13 minutes,
and that over 40,000 persons dis
nnnunily in motor vehicle crashes,
Bl spny of us still refluse to
buekle g safery bell, We reallze
that cigarett= smoking (s the
largest preventable cause of
disease and degth, yet a significant
number of us continge L smoke.
5o knowiedge and training do'not
necessarily ensare risk ovoldance
or fsk-reducing behaviors, Risky
recrestional pursults may be
viewed as voluntary, under the
individual’s control, have clear
benafits, be natural, and fmifrg
Given sufflcient information,
lndividuals should be able to welgh
the risks and benefits associated
with the behavior. Workplace risks
muay be percelved a8 Imposed,
controlled by others, offeriag Hitle
benefit, unfairly distributed,
exotic; 'catastrophic, or from &n
untristed source.

Th risk nsscssment process
currently vnderway for the Health
Huzards of Smoke project will yield
risk estimates and suggost risk
management procedures for
wildland frefightsrs. In the
meantime, remember that 8 ont of
10 premaiure dealbhs are
associated with personal healih
behaviors, inciuding: smoking.
ovnresting, substance abuss,
fallure to use sexibelts, and lack of
physical aotvity. Begin today fo
manage lfe's major risks, the
kknown rbks that are under your
cantrol

D

Risk
Management

Monitoring Crew
Exposure

Reinhardt, T,

By using continuous display
electronic sensors [doslmeters) to
monitor carbon monoxide [(CO),
fAre managers can obialn sccurate
information aboul amoke eXpOsUre
and take effective sieps o avodd
overexposure. Among the toode
producis in vegetntive smoke,
carbon tonoxide |8 the easiest to
measure, Carbon monoxide levels
are correlated 1o renplrable
particulate and focmaldehyde, so
CO monitoring ean protect workers
from other hazards In smoke

Carbon monoxlde la & colorless,
odoriess, and tastelens gas fownd
in the smoke from wildland luels,
as well 25 from chalnsaws, water
pumps, and cigarettes. While
firefighicrs are scldom exposed to

‘highdevels, inversions and other

conditions can calisie eXposnures
leading to reduced work capacity,
In=s aftime awarences, decreased
vigilance, and diffleulty with
decision making, as well as
headaches, dizziness, and nauses.
With healthy workers these effects
are reversed within hours affer the
ExXposure cnds, bul pregnant
workers or those with angina or
cardicvascular dissase, have an
increased risk of adverse health
effects. Measureimen s of CO
cEposure al p‘:'c!tl:‘lhf‘.'ﬂ flres and
wildflres have shown that OO con
excesd recommended exposure
limits (Reinhardt of al, HHS 1994,
1995).

Dosimeters—T here ane (wo basic
types of doslmetlers:

* Those that measure €O and
pravide an alarm for high
concentrations

* Those that measure, display, and
store CO levels, Hmewelghied
averages [TWA], and peak




concentrations, and allow transfer
of spored data o a computer for
additicnal ;l._:'l.:lI:,r.?.EH aned record
kecping,

These dosimeters are Knowin 4s
datalogging dosimeters. The
Dracger Model 190 and MSA
MicrodMAC are cxamples of
datalogging dosimeters. The TWA
can be nsed to assess exposuce
and to help managers make
effective decisions. A TWA
cxrposure limit of 25 ppm (pars per
million} of C0 15 recommended to
protect against OO0 and the other
hazards in smaks, As the TWA
approaches 25 ppm, the crew
should work in an ares of low
exposure 0T he relieved for the
clayr.

While dosimeters are easy 1o nse,
they must be calibrated regularly
to ensure accumte reselts. The
Forest Service’s Pacific ¥orthwest
Research Staton in Seattle has
deareloped i quality cofitrol
callbration protocal, invobdng
monthly checks with a tank
containing 150 ppm CO, and dally
checks with a tank containing B0
ppm. Clean air or nitrogen may be
usad to set and check the zepd

reading of the dosimeter, Once it Qs

calibrated, the device [s ready for
use. The dosimeter should be worn
by acrew member subject to
average o above-average exposure.
The device should be wom within
a foot of the worker's breathing
zane, The alarm can be set to
provide warming of high exposurnes.
AL the end of the day the time,
TWA and peak exposures are
recorded, and the device is
checked for accuracy. IFdesived,
the data can be downloaded toa
PO pomputer using a simple
adapter. Software allows recond
keeping, graphics production, and
analysis of the data,

Itisn't hard to start a smoke
monitoring program for your crew.
The program provides information
that will help you recognize and
avold hazardous situations, and
will help vou alert workers to OO
conceninitions before they suffer
adverse cffects, The equipment is

easgy o calibrate and operate.
Objective smoke exposure
information can be useéd to make
decisions on firefighdng strategy
and crew safety, and o guide
future planning and training.

—Tim Relpkand, Redian Carporatian,
= principol aothar afl the amoke exposuie
studies condwcted in confanciiaon with the
Peigifie Northivest Hesoarch Saton

Respirator Studies
Sharkey, B,

Adr-purifying respirators (APR's)
hipve Been shown to decrease work
performance because of

» Inereased bhreathing resistance
* Increasesd dead space

« Heat stress

* Respicator weight

They increase the sense of
breathlessness [dypsoea) during
strenuous cifort and may copse
claustrophobia; This report
summarizes a sedes of stadies
conducted by MTTH, The purposes
of the studics and g summary of
fndings follows:

= To compare the effects of APR's
with varying breathing resistance
on work performance, Studies
focised on respiratory protection
identified in National Fire
Protecton Association [(NFPA)
H1977, which recommended & high
efficiency particulate air Glter:
[HEPA) or & HEPA filter with
pratection from organdcsapor and
acid gea {OVIAG],

Respirators reduced both maximal
and pialonged work performance,
and blunted the pulmonary
response to vidorous work. When

G levals inexcieas of [ ppml

B
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identical masks cquipped with
different cartridges [HEPA vs.
HEFA + OWAG) were compared,
the decline in performancs was
propordonal to the increase in
breathing resistance (18 vs, 36 mm
H,0 respectively). In general,
breathing resistance increaxged
with respiratory protection. The
HEPA + OWAG respirator provides
pn:l;-t:l::lj.ml. [rom redpirable
particulate ancd most Gses.
Protection from carbon monoxide
expasure [C0) could be achieved,
but at an additional physialogical
cosat to the searcr, Inaddition to
accled hreathing resistance,
conversion af ©0 1o 'l.'.'i.'.l_:I ig an
exothermic reaction that mises the
femperature of the insplred air; In
eombination with the increased
CO,, the prime respiratory
stimulus, the elevated air
temperature leads to an increase
in breathing rate and a scnse of
Ij.:ll'pEIil;!:I_ and ‘I':'l.l'_‘lgu!'..

= To compare the effects of APR's
on pecformance of upper and lower
body wrork, Recent studies of
upper body work have shown
diminiahed levels of pulmonary
ventilation, which could
exdcerbate the cffects of wearing
an AFR,

While AFR's hawe consistently
redueed subhinaximal and maximal
work perfommancs on the
treadmill, arm woerk (arm cranking,
work witly @ pulaski] was not
significantly reduced. Arm o work
studies did show reductions in
AT Pr_ujr_ Vﬂ? [pe's'l[{ GRIfEEN intakoe)
and peak ventilation while
subjects wore an APR, but the
differences (o work performance
(4% for males, 8.5% for females) did
not achieve statistical significance.

» T evaluate the eMects of an APR
on women, An extensive review of
the literature revealed fow studies
in which women Ead bean included
as subjects. Since women
comprise a significant proportion
of the firefighting work force, and
ginee their pulmonary function
uapah:l'l'it:l-l‘:‘: Are, on AVerage;
smaller than those of men, it is
important to understand the




ciiccts of APR's on their ability 1o
periurm arduous work.

Pulmonary function meisures ane
masucinted with body slze.

The scores of fefmnle
nilyfpets average G7% of
those of men for forced
vital capacity (3.7 va.
5.5 L) and T2% for
maximel ventilabory
volume (131 v=. 1832 L/
min|, Um a treadmill pest
of maximal oxygen
intake { max VO,
femunles scored
A4 mifkg-min
va. 404 for o
males. A ficld =%
periormance -
test (3-mi
Pack Test)
ook females
44.9 min to
compleds,
vompared b
40,1 min for males. The differences
in max V3, and the Pack Test were
ol sintistically signiffcant

On upper body strengilh lests,
femnles pvorage 50% of male
Heores, In the arm oranking study,
feinple subjects achleved 5% of
the male performance [39.7 vs,
4.7 W In the Hne construction
test females averaged 6785 of
male valoes [B6.4 s 142.06 fthmin).
Respirators reduced arm cranking
perfarmances by 3.3 W for females
and 3 W for males. While nelther
difference was statistically
slgnificant, the perceitags change
wiks greater for females (B3 ve. 4%)

It appears that strength-related
upper bady performances ane lower
in wosnen., with or withoul the
APR.

Bused on the results of these
studles, It appears that females
with soores of 45 mlifkg-min on the
max YO, step test or 1.5-mile run,
of 4 score of 45 min or leas on the
Pack Test. have sullicient
pulmonary capacity and are not
adversely affected by the APR.

* To evaluate predictors of the
ability to work while wearing o

feapimlor, including pulmonary
fanction, fithess, and feld tests.
The L1-step respirator program
mandated by OSHA (10 CFR
110,134) sdpulates that
“Persons should not be
asgigned to taslis requiring
use of resplrators unless bt
hkas been determined they
are physically able to
perform the work and use
the equipment.™ Al present
no test or battery of (ests
can unequivocally
detormine the abilily to
work with an AFR.

Initial studies focused on
pulmonszry fmnction
meiSures as prodicioss of
the ahility to work while
wWearing a respirator,
Studies of the maximal
ventilatory volume [MVY)
conlinmed the theoratlcnl
value of the measure, The
MWV, which measures the
maximal capacing of the pulmossry
syuiem, i3 reduced when someone
WeArs 8 respirator [Raven, 1981,
American Industeial Hyglene
Association Journal 42: BR0-800):

adfiiated MVV = 0.48 x MV + 29 Limin

The adjusted MWV Is then
multiplied by 05 to calculate the
long-term ventilatory capacity
[wrorkers canmot sustain more than
50% of MVV for aq S-kr shift), If the
long-tarm ventilatory capacity falls
below the venflatory requirementcs
of the job (40 to 60 Limin for
wildland firefighdng) the candidate
may be unsuitahle for the job.
However, this measure did not
adequately reflect the capabllities
of females, and the correlation 1o
peffonnunce was not statistically
significant or sulficiently high io
use for Job selection, Similacly, the
poak (napiratory flow mie (FIFR)
promised to provide information
concerning the ability to perform
prolonged work with resplratory
resintance. However, the
cofrelations o periormanos were
ity hetier than those for basio
pulmonary function measures
{FVC, FEV1)

4

Maximal oxygen intake [max VO )
and slep sl scores are comrelated
to pulmonary function and the
abillty to work with a respiraior.
Asrobie fimess provides
Infarmation about the functional
capacliy of the pulmonasy sysatem,
Muscular fitness measures add to
the prediction of performance.
Finally, the Pack Test (3-mi feld
teat with a 45-1b pack) was
significantly related to
peronmance with the APR. To
determine if workers are able to
perform with an APR the Aarican
[ndustrial Hygiene Assoclation
(ALHA] recommends. that &
resplrator should be worn ot least
20 min, and doring part of this
tme. workers should extend
themselves 1o the level that would
be required on the job. The Pack
Teat, which requires the energy
expenditure of Arefighting tasks,
provides informaton about work
capacity and the ability to wark
while wearing an AFH.

Sammary: While stodies show that
smoke cXpoiure exceeds OSHA-
permilssible exposure Hinlis in
fewer Lhan 5% of cases mensured
on prescribed fires, and fewer still
on wildfires, the ongoing risk
assessment may identily
conditions requiring resplratory
profection. Respiratory protection
may allow firefighters to continue
work, but at some cost in
performance, fatigae, and heal
stress, and In increased exposure
Torsirbon monoxides, Males and

“females wha meet currenl work

capacity standards have the
pulminary capacity to perform
while wearing the APR. Existing {
itmess testa [step test, 1.5-mi run)
end the proposed Pack Test
estnblish that workers are
physically alile to perform the
work and use the respimtor,

—Conbeibulors fo these stuoies (Aclude
Fock Memil, Forg Rotheoel, cmil Theraan
Deloremss (ievn. The sfadies. combusisd 18
thir Undieraidy ol Moruman Harsam Foofors:
arnew Labaralorg, haos been reporied of (e
Do patinewsl . it $eilhine
research sessinns f he Amermin Collage
of Sporis Medisine,
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(5HA reguires that respirators be
HIOSH-approved, where applicable,
or b otherwise accepted to
provide adequate protection for the
hazards encountered |[CFR 29,
15180.134b). Consider the following
excerpt [rom a letter from
Christopher Reh, NIOSH Hazards
Evaluation and Technical
Assistance Brancl, sent to Dan
Francis, Department of Training
amcd Safety, California Department
of Forestry and Fire Protection:
“Decision loglc in resplrator
selection must he based on worker
exposure data. Wildland fire smoke
is compased of many toxic

chemicals, most of them prescent ln
low to trace comncentritions,
Exposure assessments of workers
fighting forest fires have shown
tlrat in many sltuations, carbon
monoxide s the only toxic
component of wildband fire smoke
that can potentially be generated at
levels that pose a serious threat to
fire fighter health, Currently, thers
is not a MIOSH-approved alr
Purjf:,rl_l;l.g I‘t_‘!.‘ijﬁ'l.l.ll;lf designed to
procect workers from carbon
momide,

—Christopher Heh is a member of the
Fieadth Hazaris of Sopoke Teshaioa! Foarel.
Dan francis serees o the NWOG Safely el
Haeadth Workclng Team.

Coming Up

Technical Commaittee

The Health Hazards of Smoke
technical commitiee will meet in
conjunction with the WWCG Safety
and Health Working Team at its
spring meeting in May 1998,

Next Issue

The next 1sswe of Hecallh Hazards
of Smoke is scheduled for the
spring of 1996, Il you have
questions, wish to contribuobe fo
the report, or want o be added to
the mailing list, contact:

Brian Sharkey

USDA Forest Service, MTDO
Building 1, Forl Missoula
Missoula, MT 59801
Phone-—[40&) 329-359H89
Fax—(4045) 325-37 15

DE—E. Sharkey:RO1A
E-rn;l_i.l—;'.uu'l:l.::tl.:'lrk&:n’
oul=riaEmhs.~fswa.atimail.com
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