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Mortality among firefighters from three northwestern

United States cities

Paul A Demers, Nicholas ] Fléyer, Linda Rosenstock

Abstract

To explore whether exposurs among fire-
fighters to fire smoke could lead to an increased
risk of cancer, lung disease, and heart disease,
the mortality of 4546 firefighters who were
employed by the cities of Seattle and Tacoma,
WA and Portland, OR for at least one year
betwesn 1944 and 1979 were compared with
United States pational mortalities and with
mortaliryof policeofficersfrom the same citdes.
Between 1945 and 1989, 1169 deaths occurred in
the study population and 1162 death certificates
(99%) were collected. Mortality due ro all
causes, ischaemic heart discase, and most
other non-malignant diseases was less than
expected based upon United States rates for
white men, There was no excess risk of overall
mortality from cancer but excesses of brain
tumonrs (standardised mortality ratio
(SMR) = 2:09, 95% confidence interval (95%
CI) 1-3-3:2) and lymphatic and hacmatopoctic
cancers (SMR = 1'31, 95% CI = 0-9-1'8) wers
found, Younger firefighters (<40 years of age)
appeared to have an excess risk of cancer
(SMR = 1-45, 95% CI 0-8-2-39), primarily due
to brain cancer (SMR = 3-75, 95% CI 1-2-8-7).
The risk of lymphatic and haematopoetic
cancers was greatest for men with at least 30
years of exposed cmployment (SMR = 2-05,
95% CI 1-1-3'6), especially for lenkasmia
(SMR = 1-60, 95% CI 1-0-5-4).

Since the end of the second world war the use of
synthetic materisls for both the structures and
intetiors of buildings has increased the complexity
and toxicity of the smoke gencrated when these
buildings catch fire,'* The potential exposure to
suspected or known carcinogens has rmaised the
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concern that firefighters may be at excess risk of
cancer. Benzene and polycyclic aromsaric hydro-
carbons are likely encountered at most fires and other,
less commion, cxposures may include asbestos,
aromatic amines, chloginated dioxins, and other
potential carcinogens.™® Excesscs of brain cancey,
cancers of the colon or rectum, malignant melancma
ot skin cancer, bladder cancer, levkaemia, and
rorultiple myeloma have been found,™ although the
results have been far from consistent. Perhaps
surprisingly, given a priori suspicions, only one
cohort studx has noted an excess of ung cuncer in
ters,

Itis plausible that firefighters could also be at excess
risk of death due to heart and respiretory disease.
Many respiratory irritants, such as hydrogen
chloride, nitrogen dioxides, isocyanates, and
acrolein, ar¢ commonly present in smoke.**
Evidence exists for respiratory dysfuncrion after
scute high exposurcs™ " although srudies designed
to look at chronic ¢ffects have produced mixed
results,®® An increased risk of curdiovascular
disease due to intense physical and psychological
stress after periods of inactivity or exposure to carbon
monoxide and other toxic gases is also plausible,**®
Most cohort mortality studies, however, have found
firefighters to be at the same or lower risk than the
general population for both hearr and lung discase.

Death rates for the general population have been
used 4s the reference in most mortality studies of
occupstional cohorts. A major bias introduced by
using general population rates has been t:n‘hgthl the
healthy worker effect.®* In many ways firefighters,
with their strict physical entry requirements gnd
good employment benefits, typify » population’in
which & particularly strong healthy worker efféct
would be expected. This may in part sccount for the
low risk of death due to heart and respiratory diseasc
poted in these studies; however, when police, un
occupation with similar entrence critetia, have been
used as a reference populadon™® evidence that
firefighters are at increased risk of respiratory disease
has been found. Algo, a previously reported study of 8
sub-population of this sarne cohort found that the
risk of heart diseuse increased with duretion of
employment.®
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In 1984 we began a retrogspective cohort study of
Seattle firefighters to explore the relation between
exporure to fire smoke and mortality. Later we
expended the study to include two other major cities
in the region and 1o collect data on police from the
same cities a8 a comparison group. This is a report of
the results of the expanded mortality study with
follow up to the end of 1989, ..

Methods

‘The study population consists of all men who were
employed as firefighters for at least one year between
1944 and 1979 by the cities of Seatrle and Tacoma,
Washington and Portland, Oregon. Women were
excluded from the study becuuse they first began
employment as firefighters in the 19708 and their
numbers continue 10 be comparatively small. Years
of acrive duty in positions involving fire combat was
uged as a surrogate measure of exposure 1o smoke.
Records of the Seattle and Portland fire departments
were reviewed and no time for exposure to fire smoke
was assigned for years spent in sdrninistration, fire
preventon, of support sérvices. Becouse Tacoma
lacked the necessary records to meke this distinction,
fire smoke exposure time was assigned for all years of
firefighter employment. A cohort of police from the
same citics was also identified for use as x comparison

oup.

The follow up period was from 1 January 1945 to
31 Decernber 1989. Follow up for vital status and
collection of death certificates were performed for
both the firefighter and police cohorts using
information from pension board and department
records, the death records of Washington and
Oregon, the records of the Washington and Oregon
motor vehicle departments, and the National Death
Index. Those who were lost o follow up were only
considered az risk until the date on which they were
lagt known to be alive. Persons lost to follow up
subsequent to 1978 were assumed to be alive if no
desth was idendfied through the National Death
Index. Underlying cause of death was coded by a
former Washington state nosclogist after informa-
tion identifying the deceased person as either a
former firefighter or police officer was removed from
the death certificate.

Standardised martality ravios (SMRs) compared

with United States white men were calculated using
the microcomputer version of the Occupational
Mortslity Analysis Program.” Refercnce rates for
United States white men were obtained from the
National Institute for Occupational Safery and
Health, White male rates were used because most
firefighters from thecitiesstudied were Caucasian and
department records did not inciude information on
race, Confidence intervals were calculated using a
Poisson  distribution. Incidence density ratios
(TDRs) and 95% confidence intexvals (95% Cls) for
firefighters relative to police were calculared using
Mantel-Haenszel methods with standardisation by
five year age groups and time periods and test based
confidence intervals,? Mortality was examined in
stratified analyses by years of fire combat cxposure,
years since first employment as afirefighter, and ageat

Results
Complete follow up was achieved for 98% of the
4401 firefighters (table 1). Between 1945 and 1989,
1169 deaths occurred and 1162 death certificates
(99%) were oollected. The comparison cohort
congisted of 3676 police officers and complete follow
up informarion was attained for 3599 (98%). During
the follow up period 714 police deaths were identfied
and 703 death certificates (98%) were collected.
“The risk of death due to any cause among firefight-
ers was less than expected (SMR = 0-81, 95% CI
0-77-0-86) due to a lower than expected risk of most
types of nen-malignant diseases (table 2). A twofold
excess of brain tumours was seen (SMR = 2-09,
95% CI 1-31-3:17). The death certificates Listed
seven of the tumours as glioblastoma multiforme,
three as astrocytoma, three as other gliomas, five as
other or unspecified malignant brain tumoure, and
four as unspecified braio tumours. Smaller excesses
were found for cancers of the lymipharic and haema-
topoictic tssues (SMR = 1-31, 95% CI 0-92-1-81)
and prostate (SMR = 1-34,95% CI 0-90~1-91). The
number of observed cases of most other cancers,
including lung cancer, wis similar to expeered with
only cancers of the bladder (SMR = 0-23, 95% CI
0-03-0-83) and kidney (SMR = 0-27, 95% CI
0-03-0-97) significantly lower than expected. ¥he

Table ! Ewsployment avd vital stotus and years of folles up at 1 January 1980 !
Staseus ' Soarche Portland Tacoma Total %)
Carfently employed 610 L) a7 1285 529
Retired 782 3956 b0l 1417 £
Orher alive . 318 93 x 435 {10,
Decessed 516 509 144 1149 [e1)
Cavtificares collected 310 308 144 1162 (W
Unknown matas 55 4 16 Led [¢
Totsl 2281 1482 638 4401

Years of follow up 64388 41085 17309 122852

*Per cent of death certificates collected.
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Table 2 Seattle, Portland, and Tacoma fivafighter mortality: 1945-89
Ceuse of death (ICD 9 codes) Deaths SMR 195%)
All canses; (001-909) 1169 081 (0-77+0-85)
Al cancers (140-152-2, 156-9-1659, 170-175, 170-208) 201 093 (0-85-1-075
Orad andd pharyngen] cancers (140-149) 7 a8 (0-1)-1-66)
Ouuphagwl ameer (150) 6 o043 (0030-1-80)
Stomach cances (15 1] 1-07 0-61-1-7%;
Calon cancer (132, 153} . — 24 85 (0-54-1- 26)
cancer (154) 8 093 (0-41-1-87)
Biliary pansages and liver cancer (155 0-355-1. 156) 6 1119 (0-44-2-59)
Pancreetic caacxr (157) 14 -89 {0-49-1-49)
Laryngesl cancer (16]) 047 006~ 1-70)
Lamg mancer (162) 9% 006 077117
Proguare cancer (185) n 134 (09191
Kidney cancet (189-0-189-2) 2 027 €0-03-0-97
Bladder and omgfurm«ymnm(lss. 189-3-189-9) 2 023 (0-G2-1-83;
Skin eancer (172, 173) L] 098 (0-34-2-13)
Brain and nervous system fmours (191, m. 237-5-237-9, 239-6-239'7) 22 2:09 ?-31-3—171
Brain wud nervoas system cancers (191, 192 18 2407 1:23-3-28;
Unrpm&d TeTVOUs $ystem tumours (237:5-237-9, 239-6-239-7) 4 220 {0-60-5-62)
ymp t 208) » 131 (D-92-2-81)
h 7 142 (0-57-2:9%)
"% disease (200) 3 105 {02308
Grmer Iympiatic bacmatopoletie (102, 203) i 1% Qe
or il A4)
Heart dissase (390-398, 402, 404, 410414, 420429) 48 o7 (0-T2-0-87)
Iachacmic hearr diseane (410-414) 4 oag (0-14-0-90)
Other circulstory disease (401, 403, 405, 413417, 430-438, 440-499) 13 Q96 %0 80-1-14)
Cerebravasculur disease (430-438) 9 0-85 0-67-1-06,
Diewses of mc-ri:t, veins and cireulation (415-41.7 440-459) 48 124 0911
tory discase (460-466, 470478, 480—487, 490-519) Bl (X {0-71-1-10)
Acute upper respirarory infection (460-466) 2 357 (0-43-12-9)
Pucumonia (480-486{ 22 0-67 (0-42-1-01}
Chronic regpiratory s (470478, 400-519) 56 1-00 {0-76-1-30)
Emphysema (492) 20 1-19 (0-72~1-83)
Axnt (453) 3 105 Eo 22-308)
COPD and other respiratory disewse (470478, 494-319) 32 098 0-67-1-38)

COPD) w Chronic obstructive pulmonary disease.

rigks for death duc to heart and circulatory digease
were similar to or lower than expected with the
exception of diseases of the areries, veing,
and puimonary circulation, which were somewhat
increased (SMR = 1:24, 95% CI 0-91-1-64),

Table 3 presents firefighter mortality relative to
that of police and police mortality velative to that of
United States white men for causes of death of &
priori interest and those found 1o be in excess ax
shown in table 2. Hodgkin’s discage, asthma, and
acute respiratory infections were not included in the
table because no deaths due to these causes were
found among police, Although the confidence limits
were wide, firefighters appear to have a higher risk
than police of colon cancer, prostate camcer, brain
tumours, “other” lympharic and hacmatopoietic
cancers, and smphysema, The category of “other™
lymphatic and haemstopoietic cancer includes
multiple mycloma (seven out of 12 firsfighter and two
out of five police deaths were in this caregory).
Alithough national rates for the study period were not
available, the tisk of multiple myeloma for firefighters
relative to police was 1-91 (95% CI (-4-8-4). Of the
brain tumours among police, five were listed on the
death certificates as glioblastorna multiforme, two as
agtrocytomas, and one as a malignant neuroblastoma.

Firefighters were at somewhat lower risk than police
for deaths due to all canses end cireulatory discase
and at much lower rigk of bladder cancer.

The causes of death that were found to be in excess
were further analysed by duration of exposed
¢mployment (table 4). The risks for lymphatic snd
haematopoietic cancer, eapecmlly leukuemia, and
diseases of the arteries, veing, and pulmonary eircula-
tjon were highest for firefighters with at least 30 years
of exposure, although the tisks do not increase
consistently with duration of exposed employment.
The risk of lenkaemia in firefighters with 30

years of exposed employment remained incréased

(IDR = 1:80, 95% CI 0-6~5-9) when comparigons
were made with policc, whereas the xisk of all
lymphatic and haematopoictic cancers did not
(IDR = 1-14, 95% CI 0-5-2+6). The risk of
mortality from all chronic respiratory disease peaked
among firefighters with 20 10 29 years of exposure; the
excess risk of emphysema was highest among those
with 10 to 19 years of exposure,

Lagging exposurcs by 10 years to allow for  latent
period™ increased the risk for 30 or more years of
exposure for all lymphatic and haematopoietic neo-
plastms  (SMR = 2:73, 95% CI 1-36-4-88),
lenkaemia (SMR 3-63, 95% CI 1-46~7-48), discases
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(0 77-0-86)
(0-85-1-07)
(0-33-1-66)

(0-97-2-93)
uuz-ms;
{0-T1-2:09
(0-72-2-44)
(0-72-0-
(0-74-0-90
(08011
(0-67-1-06)
(0-91-1-64)
0-71-1-10)
043-12:0)
{0:42-1-01)
Eu-vo—n -30)
0-72-1 83)
(0-22-3-08)
(0-67-1-38)
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Table 3 Seartle, Portland, d:lgg Tacoma firefighter mortality compared with police and police mortality compared with United

Suntes white mals rates: 1945

Firefighters v polivy Police v United States ahite men

Casue of dsath Drpaths bR (95% Cf) Daaths SMR {95% QI
All causes 1169 087 EO-"IM-OS) 714 087 'D'Bl-ﬂ'93;
Al cenceny ot 007 0-80-1-17) 169 0-9% 061-1-11
Coloa cancer 24 1-58 (0'73-3-433 8 0-50 0-22-0-99
Rectt] cancer o L 2B ] (]2 ] (0-30~2-66 5 1-11
Bilinry passages and Lver canocr & 71 0-19-2-71) 4 1-40
Traches, bronchus, and lopg cancer ] 0-95 0-67-1-3;; 55 092
Prostate cancer 0 1-43 0-71-2-8/ 1 1402
Biadder cancer 2 o1 (0-02-1-24) 4 691
Skin cancer & 112 (0'27-4-763 4 054
Brain and aeyvous system tumows 2 1-8% (0-82-4-31 ] 1-14
Bruln #nd nervous sysiem caocer 16 1-43 go-vo—w 8 136
Lymphitic/t lath Ev4 103 0-62-1-13) 21 122
Lymphossrcoma and reticulosarcoma 7 081 (0-30-2-22) H 172
Leukiemia 15 0-80 {0-38-1-70 u 1-56
Other lymphatic/haematopoietie 12 140 gﬂ-ﬂ-&ﬂ 0:93

i 461 0-86 - 0-74-1- o83
Lschaernic haart discane 4 o-m (074-1-04) 223 O86
Orhet circulatory disease 13 072 (O 340 88 1-25
Ceretirovascular disense ki 065 0-45-0-9 59 1-28
Discases of the arierics, veine, and pulmovary circulstion 48 041 0-54-1-5 25 1:24
Respiratory diseuse 81 111 071~1-73 30 064
Paeumonia F-) 1-04 L 10 060
Chronit respicatory discases 56 11 0-6%-1-89 20 O-68

20 145 0-54-2-88 5 63 (D201 46

COPD and miscellansons lung disease 2 0-89 0-47-1-69) 1% 083 (0-47-1-%

of the arteries, veins, and pulmonary cizculation
(8MR = 2-55, 95% CI 1-43-3-38), and colon cancer
(SMR w» 1-69, 95% CI 0-77-3-20), Lagging also
further accentuated the risks for emphysema among
firefighters with 20 t0 29 yearsof exposed ernployment
(SMR = 1-49, 95% CI 0-80~2-56).

Firefighters with at least 30 years since their first
employment had increased risks for brain mamours
(SMR = 2:63), lymphatic and haematopoletic

(rable 6). Firefighrers under the age of 40, however,
had an SMR for aD cancers of 145 (95% CI
0-81-2-39) due primarily to a greater than expected
number of bmuin rumours (SMR = 37%) and
lymphatic and haematopoictic  malignancies
(SMR = 1-74), The excess observed for cancer is by
contrast with the deficits found for all non-cancer
causes of death (SMR = 0-47). The excess of cancer
among firefighters under the age of 40 persisted when

a1 em

rcer. malignancies (SMR = 1:48), prostate  cancer thaz comparison was made with police (IDR = 1-51,
1to be in £xcess (SMR = 1-42), diseases of the arteries, veins, and  93% CI10-7-3-3).
m of exposed pulmonary circulatdon (SMR = 1-33), and
tymphatic and emphysema (SMR = 1-39)(table 5). These firefight-
eukaemia, and ers also had ap incressed risk for brein tumours Discussion
nona ci:'culn- ¥ (IDR = 362, 95% CI 1-2-11-2), prostate cancer Wefound an excess of brain tumours among firefight-
at leagSvOyeam ! (IDR = 1-58, 95% CI 0-8~3-2), and emphysema ers compared with United States white men and
o mot increase i (IDR = 148, 95% ClI 0-6-3-9) compured with police. Previous studies of workers exposed to vinyl
d employment ' police. chloride, acrylonitrile, and polycyclic: aromatic
btenpwim 20 8 Ln general, the risk for mortality from most causes  hydrocarbons have noted excesses of braizy cer,™
ined 3 i was highest among firefighters 65 yearaof ageorolder  Although it is difficult to quantify, it is likely thay
uined increased . !
m comparisons ! .
the risk of all ‘[' Tuble 4 Seatile, Portland, and Tacoma firefighter mortality by duration of exposed employment: 1945-89 \‘-
acers did not h
The risk of < 10 yasrs 1019 years 20-29 years 230 years
tt:}lw Peﬂkdeld | Gasuas of death . Deatht SMR (95% Cl) Deaths SMR  (95% C1) Dessths SMR (95% CI) Dacihs SMR  (95% CI)
of exposnre; the
» Coloa . 0-54 1=20) 9 082 ©@3-1H 9 14l (D2
st among those ? Frosca camen 3 e g&tﬁ; i i 01—4-(1? uw VB Prap 0 1 gw—z-ﬂ
Bruin and ncrvous system mamoun 5 25T (0-8-60) 8 3353 (15-10) 6 24 (052 3 204 (0459
lfow for  latent Lymphatic/m: ed 4 0oL (02-23) 7 146 (006~30) 14 106 6-1;} 12 205 (11-36)
ow 1o 2 {m_ug 2 14 Gram 4 o Oae 7 280 (1054
: more years of Discases ul'!hcmg;‘e:,vtim,md 4 1496 (04-3%) 4 004 (n3-24) 15 079 (0413 25 199 (1329
topoietic neo- ot - -1 -5 115 (0B16) 15 097 (0516
T 1-36-488), Egnare Y dieees AR+~ I St S - R o+ B (e B S+ A o

~7-48), discases

—*
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Table S Seatcle, Portiand, and Tacoma firefighter mortality by years tince first employment: 1945-89

<20 years 20-29 years #.30 yoars
Cause of death Deaths SMR  (95% CI) Deatha SMR  (95% Cl) Deaths SMR  (95% Cl)
Colon cancer 1 051 (o129 3 066 ©i-1-9) 2 o9l 20'6-1 ‘G;
Prostate cancer 4 0-00 (0-0-26-6) O 0-00 0-0-3- 1; 30 1-42 1-0-2:0
Brain snd nuyrvous system tomours 6 245 20-9-53) 2 0-73 01-26) 14 263 T4 4)
Lymphatic/baematopoletic cancers 8 1-6% 032 2 0-% 0 1-1 27 148 1-0-2-2)
Lenkaemba tem e e B 130 -3-4-4) | 050 1-248) 11 1-40 OH7-2-5)
g::m of the arteries, veins, and pulmonsry 1 051 0-1-28) 4 91 (02-23) 43 133 (10-1'8)
i)

Chronic reapirstory disesses 1 045 (0-1.2:5) 2 0-32 {¢-1-1-1) 53 1112 {0-8=1 -5;
Emphyserma 600  (0-0-79) O 000 (00-1-8) X0 130 (D922

exposure to polycyclic sromatic hydrocarbons at fires
is common whereas exposure to vinyl chloride and
acrylonitrile may happen only under certain condi-
tions. If the excess of brain cancer were due to
expasures that were not necessarily present at most
fires, thiz might at least in part explain our finding that
duration of exposed employment was not associated
with increasing risk.

We also found an excess risk of leukacmia, which
was highest among persons employed 30 or more
yeats in fire combat positions, confirming our earlier
finding of an increased risk among Seattle firefight-
ers.® A twofold cxcess of multiple myeloma relative
o police was also found. Other atudies have noted an
excess of lymphatic and heematopoietic cancers of
verious histologies" " and an excess of these
malignanciés is plausible given the exposure of
firefighters 1o benzene.™ Although exposure t
benzene is likely to be short tetmn, measurcments
have been taken in excess of 100 ppm.?* Qur ability to
conclude with certainty an associdtion with exposure
to fire smoke is limited by our finding of & similar
¢xcess in police. We are unable o assess whether the
excess among police is due to factors held in common
between the two occupational groups, to some
cxposure unique to police, or to chance, Of interest,
two other studies that have examined cancer in
firefighters v police found fircfighters to be at higher
risk for leukaemia.”* "

We also found an exceds of prostate cancer, an effect
of uncertain significanceand not seen in other studics.

Table & Seattle, Portland, and Tacoma firgfighter mortality by age at risk: 194539

The persistence of this excess compared with police
makes a disgnostic bias un unlikely explanation. We
did not find excess cancers of the skin, bladder, or
lung, which have been noted in some other studies of
firefighters. Limited support was foundfor previously
described cxcesses of colon capcer when the
comparison was made with police, trut not with the
United Swmtes reference group. The inconsistency
with previous studics may be due to the small
number of deaths found for some sites or to the
different methods usedt and verying time periods
exanined.

Az anticipated, many of the results of this study are
consistent with the healthy worker effect. One excep-
tion was deaths due to discases of the arteries, veins,
and pulmonary circulation, which were increased
among firefighters with at least 30 years of exposed
cmployment compared with both Unired States
white men and police. This result is difficuly
to interpret given the heterogencous nature of
conditions in this category.

In amalyses of this cohort perforimed with follow up
through 1983 we found an excess of non-malignant
respiratory  discase compared with  police
(IDR = 1-59),as opposcd toa deficit when compared
with United Stetes rates (SMR = 0-88).” One othee
study that compared desths from lung disesse in
firefighters with those for police officers found a
similur result.’ Although thir disparity was also
found in the current analysis, the magnitude of the
effect was much reduced. This may be in part

18-39 years old 4064 years old *65 years old
Cavse of death * Deaths SMR (95% CI} Deaths SMR (95% Cl) Deats SMR  (95% CI)
Colon, cancr { 1-38 (0-1-6-2) 10 018 %04—1‘4) 13 0-86 0-5-1
Prostate cancer 1] [ d ©o-178) 4 86 0-2-22) 26 146 1-02+1
Bmin and nervous system tumours 5 3-75 E]‘H- 1 1-66 (0-8-30) & 234 0-51)
Lymphatic/b poieti - 1-74 0641} 13 096 (05-1-6) 19 1-61 (1-0-25
Leukscmis i 0-82 01-4-6 5 095 (0-32-2 9 1-67 (0833
Dhm&lc:t' e wrreries, velns, and pulmanary 1 121 0 1us-8 k) 058 (02-11) 40 198 (1-1-Z1
Chronie replirerocy disenses 1 1 O 2 0-%6 so-x-o- 48 1-36  (1-0-18)
Emphystma ' 0 o (00-372) 3 o350 00-1" 17 157 G925
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accounted for by the increasing availability and
use of respiratory protection since the 1970s. Also,
the risk of death duc to non-malignant respiratory
disease among police was higher in the current
(SMR = 0-64) than in the earlier analysig
(SMR = 0-48).

None the less, @ raised rigk of emphysema was
found among firefighters compared with both United
States white men and policer All of these deaths
occurred among subjects at least 30 years after first
employment and was highest among those with 10 to
29 years of exposed employment. If a relation does
exist between exposure to fire smoke and emphysema,
the fact that the risk was reduced among firefighters
with 30 or more years of expased employment might
be duc to those most susceptible to disease leaving
cmnployment early duc to disability. Auempts ro draw
concluzions should be rempered by the fact that the
specificity of deathcertificatesislow for differentiating
between different types of obstructive lung diseascs.
Whereas the results for all chronic respiratory
discases combined roughly parallel those for
emphysema, the risks were of lesser riagnitude,

Some limitations should be borne in mind when
interpreting the results of this smudy. Firstly,
duration of fire combat employment, although an
improvement over total duration of employment,
may stll be an inadequate measure of exposure,
particularly for substances that may not be present at
all fires. Exposure may vary sabstantially between
and within fires due to the composition of the material
being burned, the wmperature of the fire, and
availability of oxygen.”* Thus the lack of association
seen between dunitdon or fire combat employment
and various outcomes in this study may in part be due
to the use of & poor surrogate for exposure,

Another limitation of this study is the lack of
accuracy and apecificity of information on cause of
death on death certificates. In the casze of heart and
Jung disease it may be difficult to esign a specific
cause of death without a postroortemn examination.
Information about cancer on death certificates usually
lacks detail and only rarely includes anatomicn
subsite or histological information. To the extent
that a cause of death category containg a wide range of
etiologically unrelated diseases, the relation berween
the exposure and eny onc specific disease will be
obscured,

Police were chosen as an alternative reference
population because they have a similar socioecon-
omic state, health bedefits, and strict physical eatry
requirements, and are generally free from any major
fire smoke inhalation, Two studies of smoking habits
by occupation show that police and fircfighters are
similar,®* although a somewhat greater percentage
of Srefighters reported having never smoked, Because
of the small number of police denths, hawever, the
risk estimates based upon them lack statistical

stability and their confidence limits are correspond-
ingly wide, Also, police bave rarely been studied and
their occupational exposures and risks for death due
to various causes have not been well characrerised.
An excess or deficit of deaths among police could be
due 10 their own unique expogures or characteristics
and thus lead to spurious conclusions about firefight-
crs, Potentis] police exposures include psychological
stress and motor vehicle exhausts. The magnitude
and health effects of these exposures are not fully
known and their potendal for introducing bias
should be borne in mind.

In conclusion, this study found excesses of brain
cancer and leuknemia among city firefighters frorn the
northwest United States and suggests that they may
be ar excess risk of dying from emphysema.
Exposures to known carcinogens and respitetory
irritancs are likely to explain these findings; future
efforta should be directed townrds reducing and
eliminating these exposures,

This research was funded through a cooperative
agreernent with the United States Fire Administra-
tion of the Federal Emergency Management Agency
(EMW 85-K-2089). Paul Demers is supported by a
training grant in environmental epidemiology and
biostatistics from the National Insttute for Environ-
mental Health Sciences (T32 ES07262). We thank
the Fire and Police Pension Bosards, Departments
and Unions of Seattle and T'acoma, Washingron and
Portland, Oregon, end Rebeccs Hubbard.

Requests for reprints to: Linda Rosemstock MD,
Occupational Medicine Programme, ZA-66,
University of Washington, 325 9th Avenue, Seartle,
WA 98104,

1 NMations) Research Council. Five and mmoke: undevetanding the
hasards, Weahington DC; Wattoral Academny Press, 1986.

2 BmMM Clarke FB. Inhalation of toxic products froe fires.

Bult N ¥ Acad Mad 1981;57:997-1013,

3 Brandt-Rauf PW, Fallon LF, Tarantini T, Idema C, Andrews
L _Health hasards of fire fighters: exposure sssessment. Br J Ind
Med 1988,4%:606-12.

4 Treitman RD, Burgesn WA, Gold A, Alr contsminanis
ennountered by ﬁreﬁ;ht:u "dm Ind Hyg Asnog 7 1980:41:

SLuwryWT.JuuuL‘PtnyCS.nnl Smd.lu ‘toxic gas
production during actual structusal fires in the Dallas area,
J Poransic Sei 1985;30:50..72

6 Bumb RR, Crumment WB, Cutie 85, ot af. Teace chem) rk‘_qsr
fire: & source of chlorinated dioxinge., Sdml 19&0;110:38

7 Haroell GB, Packham 56, Switier W
fives. Am Indust ngJlmMmus

8 Gold A, Burgess WA, EV. Exposure
towig ki umnm'nu p ik Hy y it ia gm
9 Ve JE, FPiedler R Mmul)x'? munizipal workers cohory;
0 H 1V, fir Mnm M”"dnx.déma}ll'«
l{ of fire Sghters in Wutma Austrulis, By J Ind Mcd

1984:41:183~
11 Office of Populativn Censuses a0d Surveys. Ocouparional
mmn& g‘:‘. ar General’s decommial Jor
980, 1982-83. London: HMEQ, 1986
12 Smsn,MudnmmmLx.xﬂmm Cancer incidimce
.“ = schusetts frefighters, 1982-1086. Am 7 Ind Mod

T s Ll e

[ S—

S

St e s m——- dnn 1 e

Material may be protected by copyright faw (Title 17, U.S. Code)




670

, Chu GST, Joncs JR, 27al, Aneﬂdem.lolulc lmdy
ry from cuncer and other couses in San
ALere, AmJlmead 1991; 19'357-7‘2.

y ity d firefighters in New
Amjlnthd 1986; 9511—2‘7

15 Howe R,Bu:d:JD. Five fighters anel risk of cancer; an

anemment and overview of the sologic evidence. Am J
B N

1 ren Tt study on o ters. Br J
Il Mod 1990,47:805-9,

‘17 Kirkpasick M, Bugs L Severe obstructive lung disease after
smoks intalation. Chesz lm,ﬁ‘lﬂﬁ-‘lo

18 Loke J, Farmer W, Mazhey R, Puwnan C, Sadth G, Aare and
hronic effects of firefighting on pulmanary funetion, Chext

19805 77:369-73.
19 Whiusu_u DR, Whitener LM, Robe:mn K], ¢t al. Pulmtnoary
with thermal injuries and
smoke inhalation. Am Rev Respir Dis 1980;123:731-9,
mpe;fm rehehtiog o0 po ‘7..&";" wﬁ:nnum.”SN ! ] M
on hed
1674:291:1 pimonsty e

13 Reaumont
0of 110

et mam

Demers, Heyer, Rosenstock

heart disease: A review, Bnviron Res 197510223648,

26 Monsoa RR. Observations on the healthy worker effect. J Qcaup
Med 1968538:425-33,

27 Fox AJ, Collier PF. Low mocrality rates in industrial cohort
st due to selaction for work and sureival In the inchstry,

Hritith Journal of Preveruioe and Soclal Madicine 1976;30;

225-30.
28 Gilbert BS. Smmnfoundlnufmnhm"mdyofmﬂq
amd ol 1982:116:

17788,

290 Rosenstock L, Demers P, Heyer NJ, Bamnhart 8. Re, mry
mottality amongﬂmﬁ;hun Br J Ind Med 1990:47;

30 Heyer N, Welts N, Depen P, Breslow N, Rosenstock L.Onhn
martali mn%o!' Seattle firefighters: 1945-1983, Aw J Ind

Mld.l
31 Muaesh jor M. OCMAB: 1 uscr-oriented
malysis progmm. Amwricon
‘Statsnicion 1980 34:249.
32 Kleinbnun DG, Bupper L1, M H. Epidemisiogic

pﬁbdplu and wﬂnme methods. New York:

21 Uy K,SnawRM:rm Mille W. Smake inhalation in
ax 198003583642,
msme.BuuR.RmuB.Wth.Tleeheuof
evaluation of firefighters and non-mﬂ u'n.Anl Rev Respir
Dis 1982;123:319-22. .h s
23 Muwk AW, Peren JM, Bencein Robin C, Monros CH.
Pulmoumﬂmcdoninﬁuﬁ;hm Il: s Jwﬁullw-upin
the Boston Fire Depantment. Am J Ind M. 1982,3 36073,
24 Radford EP, Levine MS. Occupations! cxposure (¢ carbon
monoxide in Blm.mm firefighters. J Qerup Mnd 1976;18:

feseusch:
VonNo: N, H‘lckcy L, Dement TM, thena
t

1990.4595—100 spidemiclogs. on Heal

4 Thunll’ﬂ..Wu.'ullerlU Bninmwnmdoam tiofial risk
foctors: & yeview. Scand J Work Enviran Hmﬂhlmﬂr‘l—ﬂ.

95 BrackbiliB, Fraxier T, 5. Smnthfmummaufﬂs

workers 197980, Aw J I Mu“m, 3:5-42.

36 Swllman $D, fotrite P, Garfinicel I, Smoking habits of 800,
Anetican men in relation (o thelr p Am J hed Mad
1988;13:4%-48,

A d 2 I ber 1991,

G26-34.
25 Goldumith JR, Aromow WS, Carbon ide and 'y

Material may be protected by copyright law (Title 17, U.S. Code)

R

b o




