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TABLE. Number and percentage of fatalities among career and
volunteer firefighters, by causefcontributing cause — United

vy For every cardiac LODD,

Carear Wolunteer
Cause/Contributing cause  No. (%l Mo (%) °
Heart attack® w2 (39 06 (50) t m t d
StressOverexertion 138 {37} A (98) an eS I a e
Other 4 {3 5 (2}
Motor vehicle—related trauma 44 {12) 160 (26)
Vehicle collision/crash 30 (B8] 118 73 1 7
Struck by wehicle 12 {27) 13 {20
Crther wehicle-related

{g.q., crushed by or fell from
a wehicla) 2 {5 11 {7}

Aaphyision n @ & O non-fatal cardiac events occur

Other (e.g., lost insids a
struchure or exposed o

At - om % on duty each year.

CaughtTrappad 32 {309 19 {19}

Fall a {7 15 {15}

Exposure (e.g., to smoke) o =] 14 {14}

StressOversxsrtion 16 {15} 14 {14}

Structurs collapss B {7 a {3)

Other 35 {32 34 (34)
Total 3c8 610

* For example, myocardial infarction or amhythmia.
Includes deaths caused by burns, cersbral vascular accidents, drownings,
glectrocufion, heat exhaustion, and trauma.



Sudden Cardiac Death most often during:

Restraint (25%. 34-69x higher)
Physical Training (20%; 20-23x higher)
Suspect Pursuit (12%; 32-51x higher)
Medical/Rescue (8%, 6-9x higher)
Routine Duties (23%)

Other (11%)

(Varvarigou, 2014)
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Cancer Risk Among Firefighters: A Review a:ndz
Meta-analysis of 32 Studies
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Executive Summary

There has been significant interest in the relationship between occupational exposures of
firefighters and the increased risk of cancers they face. Understanding the fireground exposures
to carcinogens is an important mechanistic link. Given the significant growth in research on this
topic, the Fire Protection Research Foundation undertook the task of developing a systematic
review of existing literature to outline the current state of the science, summarize the findings, and
identify gaps in the literature. A total of 75 articles were included in the analysis with most (68%)
being conducted in the last decade.

Biomonitoring studies have been conducted that identified the presence of known human
carcinogens (Group 1: benzene, PAHs, PCBs, dioxins, furans, and dioxin-like PCBs), probable
carcinogens (Group 2A: guaiacol, organochlorines), and possible carcinogens (Group 2B: 1,4
dichlorobenzene, organochlorines, phthalates, phenolic compounds, PFAAs, heavy metals) on
the fireground. Similarly, environmental monitoring studies have found known carcinogens
(Group 1: 1,3 butadiene, 2,3,4,7,8 pentachorodibenzofuran, 2,3,7,8-tetrachlorodibenzo-P-dioxin,
asbestos, benzene, benzo[a]pyrene, formaldehyde, pentachlorophenol, trichloroethylene),
probable carcinogens (Group 2A: acrolein, cyclopenta[cd]pyrene, dibenz[a,h]anthracene,
styrene, perchloroethylene), and possible carcinogens (Group 2B: acetaldehyde,
benz[alanthracene, benzo[b]fluoranthene, benzo[c]phenanthrene, benzo[jlfluoranthene,
benzo[k]fluoranthene, chrysene, di(2-ethylhexyl)phthalate, crotonaldehyde, dichloromethane,
indeno[1,2,3-cd]pyrene, isoprene, methyl isobutyl ketones, naphthalene, trichlorophenol) on the
fireground.

For biomonitoring studies, significant gaps were identified for fire instructors, fire investigators,
aircraft rescue and firefighting (ARFF) firefighters, industrial firefighters, and recruits. It was also
noted that future research should focus on examining the impact of the changing fire environment
as the products of combustion in fires have evolved over the years.

The gap analysis identified several areas of needed research within environmental monitoring
including studies of carcinogens through wildland fires, exposures through electrical/transformer
fires, ARFF exposures, and training fires. Additional research by type of data collection such as
through gear samples and passive sampling devices also were identified. Finally, additional
research on major events is needed through real-time environmental monitoring.

Clearly, the fireground — by its very nature — is a high-risk environment with a number of
carcinogenic exposures for any responder on the scene. Understanding these risks is an
important foundation for understanding health and environmental impacts and for identifying and
promoting mitigation and prevention efforts.
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Policy Watch

Carcinogenicity of shift-work, painting, and fire-fighting

Kurt 54

Werking Group

In October, 2007, 24 scientists from
ten countries met at the International
hgency for Besearch on Camcer
(ARC) Lyce, France, to assess the
arcinagenicity of shift woek, painting,
and fre-fghting. Thess sssesments
will ke published as wolume 58 of the
LARC Monogrphe !

About 15-20% of the woding
populsticn in Europe and the USA
i= engaged in shift work that imohves
mightwark, which is mest prevalent
(abave 30%) in the heaithcre
industrial - manuficturing  mining,
transport, Communiction,  leisure,
and hospitality sectors. Amang the
many different patterns of shift-
woek, these incading nighework are
the most disuptive for the circadian
dock.

Si of eight epidemiological studies
from waricus geographicl regions
mast notably bwo independent cohart
studies of numes engaged in shift
workat righit, ™ have noted a modestly
noeased sk of breast cancer in
longterm  employees  compared
with those who are not engaged in
shiftwork at night. These studies are
limited by potentidl confounding
and inconsistent defintions of shift-
week, with sseral focused on a single
profession. The incidence of Breast
ancer was dso modestly ncrmsed
r mast coherts of female flight
attencares ! who ali  erperience
cradion disnoption by frequentiy
crossing fime zones. Limitations of
studies in these flight atbendants
nduds the potential for detection
bias, prody measures of scposurs, and
patential uncantralled confounding
by reprocisctive Factors and cosmic
mdation.

Several different rodent  models
hawe been wsed bo test the efect of
denption of the cmadin zystem

ity zseningy tatasrat oo Wl B Decarar 1007

if Robest Bar, Yarwn Grosse, Béatrice Secretan, Fatifa £l Ghissass] Vénonigu
Benbrahim Taban, Vincent Cogliang, on behalf of the WHO It ematiznal Agency for

an tumour development. Mere than
20 studies imvestigated the effect of
constant light, dim Fght at migt
smutated chroni: jet lag, or drcadan
timing of carcnogens, and mest
showsd 3 major inoeme i bumour
incidence. Mo dlear effect was seen
for light pulses at right or canstant
darkness. A simiar number of studses
imwestigated the effect of reduced
noctumal melatonin concentrations
or remeval of the pireal gland fwhere
mekitonin & produced) in tumor
devdopment and mest  showed
increases in the inddence or growth of
bumous

Exposure to Bght at might
disturys the dreadian system with
alterations of deep-activity patterns,
suppression of mekatonin production,
and dereguiation of circadian genes
imvolved in cances- related pathways.
Inactivation of the tiradian Period
gene. Pel, promotes  tumour
development in mice,” and in human
breast and endometrial tumours,
the ecpression of PERIOD genes is
inhibited.* In animals melatonin
suppression can lead to changes in
the ganadetrophin ocis ™ In bumans,
sheap deprication and the snsuing
maltonin  suppression lead  to
immunadeficiancy ™ For ecampls,
sheap deprivation suppresses natural
bller.call sctivity™ and changes
the Thelper YT helper 2 cytckine
balance, reducing cellular immune
defence and surveilbnce

On the basis of “mited ewidence

in humans far the carinogenicty i

of  shftwok  that  imeokees
nightwark, and “suficient evidence
in expermental animak for the
mrinagerity of light during the
dady dark period (biological might],
the Working Growp conchided that
“shiftwork that invohees circadan

Shift Work
by Richard Stevens PhD

Citation for most recent IARC review
IARC Monograph 98, in preparation

Current evaluation

Cenclusion from the previeus Memograph:

On the basis of “limted evidence m luemans for the carcmozemety of shaft-work that
mvolves mghtwork”, and “sufficrent evidence m expenmental animals for the carcinogemeity
of light dunng the daily dark period (hiclosical meht)”, the Warlang Growp conchuded that
“shift-wenk that imvvolves circadian disruption 1s probably carcinogeme to humans" (Group
24) (Straif et al | Lancet Oncol, 8:1065-66, 2007)

Exposure and biomonitoring

Exposure to * Shuft Waork” 15 common m the mndustriabized world (Costa, 2003), and increasmg
inplEl:llencenmldwide Abmtl?%dﬂleﬁmUnjﬂuwmkﬁmcenu‘kjanu‘mﬁng
shift 5 or more ev and about 10%% work the night sheft 5 or more nights per
month (EWCS, 2003). Ilnsadmsmlhﬂmlnghﬂtpemeﬁageufwmhﬂ*mamn—davshﬁ
are Hotels and Restawrants, Ammculture, Health, and Transport and Conmmumcation. Of all
workers, about 6% a1e on a permement non-day shift whereas about 8% are on a rotating shift
schedule. In the Umited States about 13% of workers are onnon-day shafts, wath 3.2 % on
might shift and 2.5% on rotating shifts (BLS, 2004). Although there is less vanallity in
mumber of hours worked per week among non-day shft workers compared to day workers,
there 15 also considerably less autononty on the job.

Oecupanonal exposure

The ‘exposure’ is by definifion occupational. However it 15 based on a theory that light at
mghtCLA}U would disrupt enrcadian rhythins and that this disraption might increase cancer

Environmental exposures

Other exposmes to LAN are many and include shoit sleep duration, late-mght reading or
televizion, nochonal awskemng and consequent exposure to light for example 1n the bathroom,
strong street lights at mght shining thim the window shade of the bedroom.
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May be due to interruption of
circadian rhythms

Suppression of melatonin at night

World Health Organization — Shift
work is “Probable Carcinogen”
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* Barger et al. 2016
* 6,933 firefighters from 66
fire department

e 37.2% screened positive
for any sleep disorder

e 28.4% obstructive sleep
apnea

* 6.0% insomnia
* 9.1% shift work disorder

* 3.4% restless leg syndrome




* Those who screened
positive vs. not

* Twice as likely to report a
motor vehicle crash

* More than twice as likel
(OR = 2.41) to report falling
asleep while driving

* More than twice as likely to
report CVD (OR=2.37)

* Double risk of diabetes (OR-
1.91)

* Three times as likely to
report depression (OR=3.10)
and anxiety (OR=3.81)




e Rajaratnam et al. 2011
* 4,957 LEO participants
* 40.4% screened positive for at

least one sleep disorder
* 33.6% obstructive sleep apnea

* 6.5% moderate/severe
Insomnia

e 5.4% shift work disorder

* 28.5% Excessive Daytime
Sleepiness

* 26.1% falling asleep driving,
last month



* More likely to make administrative
error (17.9% vs 12.7%, OR 1.43)

* More likely to fall asleep while
driving (14.4% vs 9.2%, OR 1.51)

* Making error or safety violation
(23.7% vs 15.5%, OR 1.63)

* More likely to exhibit uncontrolled
anger toward suspects (34.1% vs
28.5%, OR 1.25)

* More absenteeism (26.0% vs.
20.9%, OR 1.23)

* More likely to fall asleep during
meetings (14.1% vs. 7.0%, OR 1.95)
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Occupational factors and miscarriages
in the US fire service: a cross-sectional analysis
of women firefighters

Alesia M. Jung""®, Sara A. Jahnke?, Leslie K. Dennis'?, Melanie L. Bell', Jefferey L. Burgess®, Nattinee Jitnarin?,
Christopher M. Kaipust? and Leslie V. Farland"*

Abstract

Background: Evidence from previous studies suggests that women firefighters have greater risk of some adverse
reproductive outcomes. The purpose of this study was to investigate whether women firefighters had greater risk of
miscarriage compared to non-firefighters and whether there were occupational factors associated with risk of miscar-
riage among firefighters.

Methods: We studied pregnancies in the United States fire service using data from the Health and Wellness of
Women Firefighters Study (n=3181). We compared the prevalence of miscarriage among firefighters to published
rates among non-firefighters using age-standardized prevalence ratios. We used generalized estimating equations to
estimate relative risks (RRs) and 95% confidence intervals (Cls) between occupational factors (employment (career/
volunteer), wildland firefighter status (wildland or wildland-urban-interface/structural), shift schedule, fire/rescue calls
at pregnancy start) and risk of miscarriage, adjusted for age at pregnancy, education, gravidity, BMI, and smoking. We
evaluated if associations varied by age at pregnancy or employment.

Results: Among 1074 firefighters and 1864 total pregnancies, 404 pregnancies resulted in miscarriages (22%).
Among most recent pregnancies, 138 resulted in miscarriage (13%). Compared to a study of US nurses, firefighters
had 2.33 times greater age-standardized prevalence of miscarriage (95% ClI 1.96-2.75). Overall, we observed that
volunteer firefighters had an increased risk of miscarriage which varied by wildland status (interaction p-value<0.01).
Among structural firefighters, volunteer firefighters had 1.42 times the risk of miscarriage (95% Cl 1.11-1.80) compared
to career firefighters. Among wildland/wildland-urban-interface firefighters, volunteer firefighters had 2.53 times the
risk of miscarriage (95% Cl 1.35-4.78) compared to career firefighters.

Conclusions: Age-standardized miscarriage prevalence among firefighters may be greater than non-firefighters and
there may be variation in risk of miscarriage by fire service role. Further research is needed to clarify these associations
to inform policy and decision-making.

Keywords: Firefighters, Occupational health, Women's health, Reproductive health, Epidemiology, Miscarriage,
Spontaneous abortion

Background

In 2018 there were over 1.1 million estimated firefighters
in the United States (US), 8% of whom were women [1].
Firefighters face specific occupational exposures (toxic
substances and physical hazards) that may influence risk

Epi
College of Public Health,
AZ u

Full list of author information is

* Recent research:

Miscarriage rates amon
female firefighters were
at least 2.3 times higher
compared to the U.S.
National average of 10%
(Jung, 2021)

* Volunteer firefighters had
a 42% higher rate of
miscarriage than career
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