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The Dr. Granito Award

Dr. John Granito Award for
Excellence in Fire Leadership and Management Research

The Dr. John Granito Award for Excellence in Fire Leadership and Management Research is presented at

the International Fire Service Journal of Leadership and Management (IFSJLM) Research Symposium held
annually in July at the International Fire Service Training Association (IFSTA) Validation Conference. The award
honors Dr. John Granito.

Until his retirement, John was one of the premier fire and public safety consultants in the United States. Just
a few of his many Fire, Rescue, and Emergency Services research projects include: Oklahoma State University-
Fire Protection Publications Line of Duty Death Reduction project (3 years); Centaur National Study (3 years);
Research Triangle Institute/National Fire Protection Association/International City/County Management
Association project (4 years); Fire Department Analysis Project (FireDAP) of the Urban Fire Forum (13 years);
Combination Department Leadership project, University of Maryland, Maryland Fire & Rescue Institute (4
years); Worcester Polytechnic/International Association of Fire Fighters/International Association of Fire Chiefs/
National Institute for Occupational Safety and Health Fire Ground Performance Study. John participated in more
than 400 fire department studies.

John also has strong ties to academia. He served in a number of academic positions for almost 30 years,
including 16 years at the State University of New York at Binghamton. He is Professor Emeritus and Retired
Vice President for Public Service and External Affairs at SUNY Binghamton, which is consistently ranked in the
top public universities by U.S. News and World Report.

John has published numerous articles, chapters, and technical papers, served as co-editor of the 2002
book published by the International City/County Management Association entitled, Managing Fire and Rescue
Service, and is a Section Editor of the NFPA® 2008 Fire Protection Handbook.

Dr. Granito was the first recipient of the award that honors him and his service to the fire service and to
academia. Each year the recipient of the Dr. Granito Award presents the Keynote Address at the annual IFSJLM
Research Symposium. The Keynote Address is subsequently published as the lead article in the following year’s
volume of the International Fire Service Journal of Leadership and Management.
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Message from Dr. Robert E. Englond

Founding Editor, International Fire Service Jour-
nal of Leadership and Management (IFSJLM),
Fire Protection Publications, Oklahoma State
University
Welcome to Volume 14 of the International Fire Service
Journal of Leadership and Management. Typically,

readers should expect to see the annual volume
released by the end of each calendar year.
We hope you enjoy Volume 14 of the IFSJLM.
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Keynote Address

Twelfth Annual Dr. John Granito Award for Excellence in Fire Leadership and Management Keynote Address
presented at Research Symposium 2019 (RS 19) on July 13, 2019, by Dr. Gavin Horn, UL Firefighter Safety
Research Institute, Columbia, MD and University of lllinois, Fire Service Institute, Urbana-Champaign, IL

Dr. Gavin P. Horn, UL Firefighter Safety Research Institute, Columbia, MD and University of lllinois, Fire Service

Institute, Urbana-Champaign, IL

Dr. Steve Kerber, UL Firefighter Safety Research Institute, Columbia, MD

Dr. Kenneth W. Fent, National Institute for Occupational Safety and Health, Cincinnati, OH

Dr. Denise L. Smith, University of lllinois, Fire Service Institute, Urbana-Champaign, IL and Skidmore College,
First Responder Health and Safety Laboratory, Saratoga Springs, NY

Management of Firefighters’ Chemical & Cardiovascular
Exposure Risks on the Fireground

tion, contamination control

Abstract

The fire service research community around the world has focused substantial resources on
reducing firefighter risk for sudden cardiac events and chemical exposures that may lead to
cancer. Research presented here summarizes important lessons learned from a full-scale resi-
dential Fireground Study that allowed quantification of the risks as well as the effectiveness of
interventions to reduce those risks. To address fireground exposure concerns, personal protec-
tive equipment (PPE) and administrative controls exist. However, these controls are not always
straightforward to apply. Leadership and management concerns with ongoing implementation of
these controls are introduced and opportunities for change management are discussed. While
research provides a solid basis upon which to institute policy and practice, fireground leader-
ship and management is critical to ensure appropriate implementation.

Keywords: fire fighting, firefighter chemical exposures, sudden cardiac events, fireground risk mitiga-

Introduction

Leaders in the fire service are faced with an evolving
landscape of local hazards to which they respond as
well as the challenges that they need to manage on the
fireground. To support fire departments, meaningful
investments have been made in fire service research.
Research on health and safety of firefighters has been
driven by the evolving fireground, the fire service’s
deeper appreciation for individual health risks, and the
availability of funding—including the notable efforts of
the Federal Emergency Management Agency’s Fire
Prevention and Safety (FP&S) Grant program. Through
these research efforts, important advances have been
made in our understanding of the hazards associated
with structural fire fighting (Kerber, 2012). As a result,
the fire service has been provided with important
tactical guidance to increase firefighter effectiveness
while decreasing risk. At the same time, substantial
evidence suggests that fire fighting leads to cardiovas-
cular strain, and it is widely reported that firefighters
also have an increased risk of developing certain job-

related cancers. Through FP&S funding, efforts have
been focused on studying these topics. However, these
efforts will not result in improved health and safety
without effective leadership and management to imple-
ment these findings.

To begin, take a quick look at some statistics.
Based on reporting from the National Fire Protection
Association (NFPA) and the United States Fire Admin-
istration (USFA), it is well established that sudden
cardiac events are one of the leading causes of duty-
related deaths among firefighters (Fahy & Molis, 2019).
Kales, Soteriades, Christophi, and Christiani (2007)
estimated a 10—100 times increased risk for firefighters
suffering sudden cardiac death after fire suppression
compared to the risk associated with non-emergency
duties. In 2019, Smith et al. (2019a) confirmed these
estimations using autopsy data. These findings sug-
gest that fire suppression activities may trigger sud-
den cardiac events in individuals with underlying heart
disease.
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During this same time frame, an increasing number
of epidemiology studies have been conducted to deter-
mine the risk of cancer in the fire service. In a seminal
effort, LeMasters et al. (2006) conducted a meta-anal-
ysis of several epidemiology studies from 1975-2003
and found an elevated risk for multiple types of cancer.
In one of the largest cohort mortality studies ever con-
ducted for firefighters, the National Institute for Occu-
pational Safety and Health (NIOSH) found statistically
significant mortality and incidence rates of all cancers,
including cancers of the esophagus, intestine, lung,
kidney, and oral cavity as well as mesothelioma for
firefighters compared with the general population (Dan-
iels et al., 2014; Pinkerton et al., 2020). The NIOSH
team also found an exposure-response relationship for
lung cancer as well as leukemia (Daniels et al., 2015).
Studies conducted throughout the world have identified
increased risks among firefighters for multiple types of
cancer (Glass et al., 2014; Pukkala et al., 2009; Tsai et
al., 2015).

There are a number of factors that can increase
the risk of cancer. Some modifiable lifestyle risk
factors include smoking, alcohol consumption, diet,
obesity, and sun exposure as reviewed by Jahnke,
Poston, Haddock, and Jitnarin (2017). Additionally,
firefighters may be exposed to numerous carcinogenic
compounds on the fireground, including benzene,
certain polycyclic aromatic hydrocarbons (PAHSs),
formaldehyde, vinyl chloride, and other halogenated
compounds. The three primary routes of exposure on
the fireground include inhalation, ingestion, and dermal
absorption. As products of combustion are emitted
into the air from the fire source, one of the most direct
routes for exposure of the firefighter is to breathe them
in, which will allow absorption into the body through
the respiratory system. Not only is this a direct route
of exposure, but contaminants that make it to the lung
are readily absorbed through the pulmonary capillaries
directly into the bloodstream. Products of combustion
may also end up on a firefighters’ skin and be available
for transdermal absorption. While the skin provides an
excellent barrier to many chemicals, it is not impervi-
ous. The longer a chemical is present on the skin, the
more time is available for transdermal absorption.
Several important products of combustion can be
absorbed through the skin directly in vapor or particu-
late form (Franz, 1984; VanRooij De Roos, Bodelier-
Bade, & Jongeneelen, 1993). Finally, ingestion is pos-
sible by swallowing contaminants captured by mucous
or the mucociliary ladder of the lungs or while ingesting
food in a manner that allows transfer of contaminants
from personal protective equipment (PPE) or hands
onto food and into the digestive system.

NIOSH plays a leading role in identifying risks and
protecting workers across all industrial sectors. The
Hierarchy of Controls model shown in Figure 1 defines
five broad methods of protecting occupations from

the hazards in the workplace, in order from the most
effective (top) to the least effective (bottom). The fire
service relies heavily on PPE due to the variability and
often unknown conditions in the emergency response.
As such, modern PPE is expected to protect the fire-
fighter against environmental heat, water, and abra-
sion hazards; and now requirements are being added
for protection against smoke ingress. It is important to
remember that in addition to the protection it must pro-
vide, the PPE must still permit the firefighter to operate,
conducting physically strenuous activities that require
a high level of strength, muscle coordination, and/or
endurance. Performing strenuous work in PPE results
in metabolic heat generation that increases core body
temperature and exacerbates cardiovascular strain.

/

Figure 1: Hierarchy of Controls
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The purpose of this review is to provide fire service
leaders with updated scientific information so they can
be better informed on how to balance protection and
risk that must be managed on the fireground.

Cardiovascular & Chemical Exposure Risks in
Today's Fire Service

There has been great energy in the research commu-
nity around the world focused on reducing firefighter
risk for sudden cardiac events as well as risks for
chemical exposures that may lead to cancer (Austin,
Wang, Ecobichon, & Dussault, 2001; Bolstad-Johnson
et al., 2000; Burgess et al., 2012; Fent et al., 2014; Hos-
tler et al., 2014; Jankovic, Jones, Burkhart, & Noonan,
1991; Kales et al., 2007; Keir et al., 2017, 2020;
Laitinen, Makela, Mikkola, & Huttu, 2012; Oliveira et al.,
2020; Sjostrom, Julander, Strandberg, Lewne, & Bigert,
2019; Smith et al., 2019a; Stec et al., 2018; Wingfors,
Nyholm, Magnusson, & Wijkmark, 2018). This article
will largely focus on lessons learned from a series of



studies led by the lllinois Fire Service Institute (IFSI),
the UL Firefighter Safety Research Institute (FSRI),
and NIOSH, with funding support from the FP&S Grant
program. As the following information will focus on
managing risk on the fireground, the bulk of this review
will come from our Fireground Study, where teams of
twelve firefighters responded to a ventilation limited fire
involving 2 rooms in a full-scale residential-style test
structure. Our work has resulted in many peer-reviewed
scientific papers (Fent et al., 2017, 2018, 2020; Gainey
et al., 2018; Horn et al., 2018; Kerber, Regan, Horn,
Fent, & Smith, 2019; Smith et al., 2019b), which will be
summarized in this review with a focus on leadership
lessons. For this study, firefighters were assigned to
fire attack, search and rescue, outside vent, overhaul,
and command/pump operations and their job specific
thermal and chemical exposures were quantified. The
goal of this study was to better understand how operat-
ing in an environment typical of the early 21t century
fireground impacts cardiovascular strain and chemi-
cal exposures related to carcinogenic risk. Additional
insights have been gathered from subsequent studies,
which have elucidated the contaminant pathways from
the fire environment to the human body and the attenu-
ation from the turnout gear.

Potential Respiratory Exposure on the Fireground

There are many risks for respiratory exposure while
working at a residential structure fire. The most obvi-
ous threat is within the burning structure, which is why
the fire service has expectations of SCBA usage for
work in this location. However, risks are also present
on the fireground outside of the structure and poten-
tially from PPE after the firefight has ended, and too
often we have failed to adequately protect firefighters
when they are not in an immediately dangerous to life
and health (IDLH) environment. Some major findings
from our study include:

e Polycyclic Aromatic Hydrocarbons (PAH),
Particulate, and Benzene During the Firefight.
The concentration of contaminants available for
inhalation depends on the job assignment most
closely associated with proximity to the fire itself.
Firefighters assigned to attack and search job
assignments are likely to have the highest median
airborne PAH (17,800-23,800 pg/m?®) and benzene
(37.9-40.3 ppm) exposures followed by overhaul
(PAH: 512 pg/ms3, benzene: 0.9 ppm), outside vent
(PAH: 96 pg/m?, benzene: 0.2 ppm), then inci-
dent command/pump operator (PAH: <30 pg/m3,
benzene: <0.01 ppm) job assignments (Fent et
al., 2018). However, the usage of SCBA trends in
the opposite direction, reducing risk for the attack
and search firefighters—but not protecting those
who do not wear appropriate respiratory protec-
tion on the fireground.
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e Airborne Measurements of Hydrogen Cyanide

(HCN). The highest concentrations of hydrogen
cyanide were measured in the area where the
attack firefighters operated (median 33.5 ppm).
However, as these firefighters were wearing
SCBA during their activity, inhalation exposure
was likely low. The next highest concentrations
were measured at the outside vent position (Fent
et al., 2018), where SCBA usage is not as con-
sistent. The median personal air concentration of
HCN for the outside vent firefighters (14 ppm) was
well above the NIOSH short-term exposure limit
(4.7 ppm), and occasionally exceeded IDLH limits

(50 ppm).

Gas Exposure During Overhaul. Anecdotally,
firefighters may choose to doff their SCBA during
overhaul. In our Fireground Study, we character-
ized the impact of unprotected overhaul exposure
using a mouse model without airway protec-

tion while firefighters were conducting overhaul
to assess risk to the lungs in the form of gene
expression (Gainey et al., 2018). Although gas
metering showed that the levels of gasses that
are commonly monitored during overhaul were
well below NIOSH ceiling limits, 3,852 lung genes
were differentially expressed in the mice exposed
to overhaul environment compared with mice on
the fireground, indicating increased risk for those
who conduct overhaul without airway protection.

Particulate on the Fireground. Concentrations
of particulate were by far the highest inside the
structure during fire attack (median >1,000,000/
cm?®). However, significant elevations of particu-
late concentrations were also measured outside
of the structure near the attack engine (median
>20,000/cm?). Concentrations were the highest
on the fireground when downwind of the structure
with heavy ground-level smoke, but were also
measurable when downwind of the structure with
minimal ground-level smoke. It is important to
note that diesel exhaust from the nearby appa-
ratus also contributed particulate, gases, and
vapors to the samples measured (Fent et al.,
2018).

Off-gassing Following Fire Fighting Activity.
Even after the firefight has ended and the visual
signs of inhalation risk have subsided, inhala-
tion hazards may remain if contaminated PPE is
not properly handled. During the firefight, PPE
may absorb volatile compounds (e.g., benzene,
HCN) that can then be released back to the air in
areas that may not have originally been contami-
nated. One component of our Fireground Study
investigated off-gas concentrations in a compart-
ment the approximate size of an apparatus cab
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and found that levels were well below applicable
short-term exposure limits (e.g. benzene: 3,200
pg/m?3) (Fent et al., 2017). However, off gassing
provides another potential route of exposure for
those who may have already been exposed dur-
ing the firefight.

Respiratory Exposure Control Measures

Fortunately, respiratory protection control measures
are well known and in place in many fire departments.
Positive-pressure self-contained breathing apparatus
(SCBA) can essentially eliminate inhalation of these
toxicants (Occupational Safety and Health Administra-
tion, 2011). Unfortunately, however, firefighters do not
always wear SCBA, for example, when sizing up the
fire, when working as the engineer or incident com-
mander, or when conducting overhaul operations.
Results of this study highlight the need for SCBA
protection throughout the firefight as well as the impor-
tance of enforcing these policies during overhaul and
outside vent operations. Furthermore, pump operators
and incident commanders should consider respiratory
protection when working in smoky conditions or when
they may be exposed to diesel exhaust.

Additionally, secondary exposure to off-gassing
may be reduced by allowing the PPE to air out out-
side of enclosures. The off-gas levels returned to near
background concentrations after 17-36 minutes after
our initial measurements for the majority of the vola-
tile organic compounds (VOCs) (Fent et al., 2017).
However, semi-volatile compounds would likely take
much longer to volatilize and is an area of continuing
research.

Potential Dermal Absorption Risks from the Fireground

While protecting the airway may be the most important
control measure to implement on the fireground, it has
become increasingly apparent that dermal absorption
plays a key role in systemic exposure for firefighters.
Skin exposure can occur during fire fighting by way of
permeation or penetration of contaminants through the
hood, turnout jacket, and trousers, in between interface
regions of this ensemble, or through the cross-transfer
of contaminants on gear to skin.

* In our Fireground Study, higher PAH biomarkers
and benzene concentrations were found among
firefighters assigned to fire attack and search
operations than any other job assignment (Fent et
al., 2020). This is a particularly important find-
ing because the attack and search firefighters
protected their airways during the fire response
by using SCBA and were not allowed inside the
structure without airway protection. Overhaul
firefighters had significantly lower biomarkers of
PAHs despite operating inside the structure (with
SCBA) for longer periods of time than did the

attack and search firefighters. Thus, the concen-
tration of contaminants, and potentially elevated
temperatures and increased pressure within the
structure during the active firefight, may have
resulted in increased concentrations of contami-
nants being absorbed by the skin. These findings
reinforce previous reports that dermal absorption
contributed to firefighters’ systemic levels (Baxter,
Hoffman, Knipp, Reponen, & Haynes, 2014; Fent
et al., 2014; Keir et al., 2017).

In several scenarios, contamination was found
on the neck even when hoods designed to block
particulate penetration were worn. In some
cases, these qualitative patterns of contamination
appeared to be related, in part, to the hood doff-
ing process.

Dermal Absorption Control Measures

Current PPE designs have important, yet limited ability
to fully protect against fireground products of combus-
tion reaching the skin. Research and development
activities are currently taking place to redesign PPE to
further reduce chemical ingress through particle block-
ing hoods and tightening down PPE interfaces. The
benefit of the changes still must be quantified. It is also
important to study opportunities to implement admin-
istrative controls to reduce these absorption risks. By
managing these administrative controls, the fire service
may be able to affect a reduction in exposure even
using current PPE.

® On Scene PPE Cleaning. Three types of decon-
tamination methods were evaluated during the
Fireground Study: 1) dry-brush decontamina-
tion with a stiff-bristled brush; 2) experimental
air-based decontamination with modified leaf-
blower; and 3) wet-soap decontamination with
water and dish soap applied to the turnout gear,
scrubbed with a brush, and then rinsed. The
wet-soap method removed an average of 85%
of surface PAH contamination (Fent et al., 2017).
Dry brush decontamination removed about 25%
of the contamination and the air-based decon-
tamination had minimal impact. In a separate
study, Calvillo et al. (2019) found that water only
decontamination also had limited effectiveness,
though important limitations are identified in their
manuscript. We suspect that the surfactant in
dish soap, which is designed to liberate fat-solu-
ble compounds from surfaces, was important for
removing PAHSs.

On Scene Skin Cleaning. Cleansing wipes were
found to reduce PAH contamination on neck skin
by a median of 54% (Fent et al., 2017). Not all
cleansing wipes may have equal efficacy and fur-
ther study is warranted into all means of on scene



skin cleansing. However, because ~50% of the
contamination may remain on the skin after using
cleansing wipes, showering, hand washing, and
other means of more thorough cleaning of the
skin should be conducted as soon as feasible.

Implementing Contaminated Doffing Tech-
niques. While firefighter PPE continues to
improve, doffing PPE can result in secondary
exposures to the same contaminants from which
the firefighter was initially protected. Tradition-
ally, firefighters are trained to doff their PPE by
pulling their hood down around the neck to allow
access to the facepiece straps. This approach
results in exposing the neck to the contamination
on the outside of the hood. Similarly, fire fighting
gloves are often doffed in a manner that results
in transfer of contaminants from the outside of
the glove to the skin of the hand. By performing
gear removal in a manner similar to hazmat or
EMS PPE doffing where contact with the outer
layer of the PPE is avoided, it may be possible to
more carefully control where the contamination
can contact the skin (lllinois Fire Service Institute,
2017, 2018). While not always feasible on the fire-
ground, firefighters may consider this approach,
particularly in the case where the firefight has
ended and a firefighter is reporting to rehab.
These techniques for contamination control can
be integrated with a standardized process for
cleaning the neck skin once the hood has been
doffed.

Suppression Technique. The process for select-
ing which suppression technique to employ on
the fireground must first consider occupants of
the structure—how to rapidly search and rescue
those at risk with respect to the tenability for
trapped occupants (Kerber et al., 2019). Sec-
ondary considerations may include how tactical
choice impacts risk for compromising fire fight-
ing PPE and how fireground operations may
impact firefighter’'s chemical exposures. In our
Fireground Study, the transitional attack (apply-
ing water to a fire from the exterior prior to entry)
scenarios resulted in significantly lower ambient
temperatures throughout the structure while fire-
fighters were operating compared to the interior
attack, but this did not translate to a significant
reduction in firefighter’'s heat stress (Horn et

al., 2018). However, urine measurements from
these firefighters indicate that transitional attack
resulted in 20% to 50% lower metabolite levels of
certain PAHs compared to interior attack (Fent et
al., 2020). Overall, our findings indicate that while
there was no significant impact of tactic on heat
stress, transitional attack could be implemented
as an administrative control to reduce firefighters’
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exposures to PAHs when it is appropriate. It must
be stressed that selection of fire attack tactics
must consider a broad range of factors in addi-
tion to firefighters’ exposures.

Cardiovascular and Thermal Risks from the Fireground

Fire fighting increases thermal and cardiovascular
strain. In fact, the increase in body temperature exac-
erbates the increase in cardiovascular strain. We
have documented significant increases in heart rate
(near age-predicted maximum for fire attack, search,
overhaul, and outside vent job assignment) and core
temperature (mean increases of 1.8 F for fire attack
and search and ~3.1 F for overhaul and outside vent
activities) even during this short experiment in which
firefighters worked with a 30 minute SCBA air cylinder.

Additionally, firefighters were assigned to unique
responsibilities, (i.e. overhaul was done by a different
crew than fire attack) such that each firefighter was
fresh prior to their job assignment and core tempera-
tures could increase to even higher levels if multiple
bouts of activity are required. Furthermore, earlier
studies that have shown convincingly that some of the
cardiovascular changes, such as increased coagula-
tory markers or a decrease on cardiac blood flow could
be mechanistically linked to sudden cardiac events.

In this study, we found that five firefighters who had
normal ECGs in a 12-hour control period developed
indicators of myocardial ischemia following fire fighting
(Smith et al., 2019b).

Cardiovascular and Thermal Risk Control Measures

Medical evaluations performed by a physician serve

as the most important steps to ensure firefighters can
endure the cardiovascular and thermal strains of the
job. Those tests must be performed by a physician who
understands the job’s physiological and psychological
stresses. Firefighters also need access to a wellness
and fithess program to ensure they are fit enough to
safely do the job.

On scene, leaders should consider the physical
stress of the job and consider rotating crews or provid-
ing relief when possible. This may include having a
fresh group of firefighters perform overhaul or repack
the hosebed. In places where personnel are severely
limited, it may mean having extended rehab time
before performing overhaul, or even putting firefighters
in lighter-weight protective clothing to perform overhaul.

One of the great balancing acts that leaders face is
providing adequate protection against burn injuries and
smoke exposure on one hand, and the increased car-
diovascular and thermal strain that comes from using
heavy, encapsulating gear on the other hand. Rehabili-
tation also provides an opportunity to evaluate firefight-
ers to make sure they are recovering as expected.
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Protecting the Airway

Many fire departments have policies for wearing
SCBA during fire fighting operations, and it is a com-
mon expectation during interior fire fighting activities.
However, more widespread challenges remain when
firefighters are operating in other job assignments. In
recent years, anecdotal evidence suggests an increase
in SCBA usage during overhaul. While this decreases
exposure risks, this use comes with a cost, namely, an
increase in the metabolic cost of the work and a result-
ing increase in temperature and cardiovascular strain.
Fireground leaders should account for the increased
metabolic work necessary when conducting overhaul
with SCBA compared with the same task without a
SCBA. In the Fireground Study, we measured a mean
increase in core temperature of ~3 °F while working
through a single 30-minute SCBA cylinder in overhaul
(Horn et al., 2018). Such an increase in core tempera-
ture may not be overly concerning for a rested fire-
fighter. However, if that firefighter had just completed
fire attack or outside vent, their core temperatures
would already be elevated and this additional work may
result in core temperatures that increase to dangerous
levels. To support extended use of SCBA throughout
overhaul, leadership should consider bringing addi-
tional personnel to the scene in order to reduce the
thermal and cardiac strain on firefighters. Additional
personnel on scene will allow fire attack firefighters
(who may be heavily exposed to fireground con-
taminants) to more rapidly conduct decontamination/
rehabilitation. Another approach that has been imple-
mented in some jurisdictions is to conduct overhaul
after rehabilitation in lighter weight wildland/hybrid PPE
in an attempt to mitigate the thermal and cardiovascu-
lar exposure risks while providing the highest level of
airway protection.

Enforcing airway protection for other job assign-
ments will, in many places, require a change in culture
and expectations. Outside vent firefighters will often
wear SCBA when in heavy smoke, but gasses such
as HCN may not be visible and may partition to upper
levels differently than heavier products of combustion
such as particulate and benzene. Additionally, while
it is good practice to establish command and pump
operations at locations upwind from the smoke plume,
such locations are not always available. In such cases,
airway protection can provide an increase in contami-
nation control (Burgess et al., 2020) if policies and
procedures are implemented to support this control
measure. While these fireground concentrations are
found to be much lower than inside the structure, they
are an increase over background levels and another
source of exposure near the fire building.

Relatively recent understanding of risks posed by
PPE off gassing after the firefight has led to some
changes in policy and in some cases updates in
apparatus and station design. But in its simplest case,
because of the potential off-gassing route of exposure,
turnout gear could be left outdoors to off-gas and/or
separated and isolated from occupied compartments
of an apparatus (e.g. bagged and/or transported in an
unoccupied compartment on the apparatus or other
vehicle). Some departments have assigned gear
transfer totes to their members to reduce this risk in
personal and fire department vehicles.

(leaning PPE

The Fireground Study provided the first quantification
of the effectiveness of gross on-scene decontamina-
tion techniques (Fent et al., 2017). While the evidence
of effectiveness is clear, implementation of the prac-
tice has sometimes been met with challenges, resis-
tance, and questions. Some of this resistance may
be attributed to varying beliefs and behaviors related
to wet decontamination techniques, such as concerns
over time limitations and the safety impacts of wet gear
(Harrison et al., 2018a). Such barriers to implementing
post fire decontamination may be overcome through
targeted messaging (Harrison et al., 2018b); but can
also be reduced through managing iterative enhance-
ments in processes as this relatively new fireground
function is tested, evaluated, and improved.

As with any fireground function, training is impor-
tant to learn technique. It is suggested that, if adopted
at a fire department, wet soap decontamination be
included during live-fire training evolutions so it can
be more efficiently and effectively implemented on the
fireground. This practice will help firefighters know how
to best apply water to minimize soaking the gear and
the firefighter. Water application will depend on con-
tamination level but should mostly be used to pre-wet
the gear, then rinse off the soap solution. Anecdot-
ally, excessive water has been used to remove large
pieces of debris from the turnout gear, which can result
in soaking the gear and increase possibility for wet-
ting interfaces and skin. Consider balancing wet and
dry methods when large pieces of debris are present.
However, if dry methods are used, it is important to
manage the potential exposures from contamination
that becomes airborne. Those being deconned as
well as those doing the decontamination, and anyone
downwind of that location, should consider appropriate
PPE from this airborne particulate.

Fireground officers will also need to manage the
process of handling PPE after it is deconned on scene,
particularly if it is wet. The 2020 Edition of the NFPA
1851 standard (National Fire Protection Association,
2020) contains a decision support tool that should be
consulted. In addition, fire departments should con-
sider department policies for handling gear wetted



by environmental conditions or hose overspray and
enforce similar precautions that would be taken if the
outer shell has been wetted by these sources.

Environmental extremes can present important
challenges while conducting fireground decontamina-
tion, and leaders need to make appropriate decisions
to balance the risks from contaminated gear with other
environmental hazards. It is important to remember
that on a hot summer day the firefighter inside their
PPE waiting to be deconned may have just completed
a long, intense bout (or bouts) of fire fighting activity
and cannot cool down or recover from the thermal and
cardiovascular stress of fire fighting as easily as if his
or her PPE were removed. Similarly, a firefighter con-
ducting decontamination in freezing conditions may be
at increased risk for hypothermia and frostbite. Thus,
it is important to balance the risk of heat stress or cold
stress for the member with the risk for additional chem-
ical exposure. One way to manage this balance is to
address environmental stressors as part of integrated
rehabilitation. The flow of personnel through decon-
tamination should be managed by prioritizing firefight-
ers based on availability of air and their physical and
psychological stress levels. Establish multiple decon-
tamination lines/stations to move firefighters through
more rapidly when feasible. Provide hydration where
feasible. In the cold, manage cold stress by providing
warming stations for all those being decontaminated
and those working in decontamination lines as quickly
as possible. Manage risk for slips and falls by mak-
ing ice melt available where decontamination is taking
place. Deconning fire fighting PPE is an important risk
reduction process but should be managed with the
other risks that may be present on each fireground.

(leaning Firefighter Skin

Leadership in the fire service should also consider
implementing a skin cleansing program for every
response or training scenario where products of
combustion are present. By including skin cleaning as
part of training, firefighters can develop the expecta-
tion that they are responsible for cleaning themselves
after a bout of fire fighting activity. Similar to decon-
taminating PPE after training, this process can begin
to build muscle memory in controlled conditions prior
to deployment on the fireground. Wipes can be made
available as soon as firefighters exit a burn structure
and begin debrief as well as during bottle changes, at
air fill stations, and before getting back on the appara-
tus. Making the wipes visible and company/command
officers reminding firefighters to use them will reinforce
this habit.

On the fireground, wipes should be made available
near the command vehicle, staging areas, on forward
located apparatus, and transition to rehabilitation. It
may also be useful to provide a mirror at a few loca-
tions to help firefighters self-identify the presence
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of contamination. A small investment can go a long
way in assisting firefighters to be efficient in their use
of wipes and to be cognizant of the need to do so.
Fireground leadership can support this awareness and
implementation in best practices.

Contaminated PPE Doffing

Implementing contaminated doffing techniques on
the fireground may appear a foreign and challenging
proposition in many departments. While a great deal
of time and effort has historically been spent teaching
firefighters to quickly and effectively don their turnout
gear, relatively little time is typically spent on the doff-
ing process. On the other hand, training for medical
responses (EMS) will often focus on donning PPE
appropriately for body substance isolation, but also
highlights the importance of doffing PPE, particularly
gloves, appropriately. Likewise, hazmat responses
require specialized PPE and a controlled and insti-
tutionalized decontamination and doffing process to
ensure these hazardous materials are not transferred
to the responder. Thus, many firefighters are familiar
with the need for contaminated doffing methods, and
the fire service has adopted these processes for spe-
cific responses.

Now is the time for leadership to consider imple-
menting similar approaches for contaminated equip-
ment doffing after fireground activities. An opportune
time to develop, test, and implement these techniques
is during training scenarios, either live-fire training at
an academy or station-based training. The more these
approaches are practiced, the more likely they will be
performed correctly on the fireground.

Integrating Decontamination and Rehabilitation
on the Fireground

Incident scene rehabilitation has evolved in the fire
service and has become a common fireground activity
in many departments. Thanks in part to the evolution
of NFPA 1584, processes have become standardized
and expected. With the increasing concerns related to
firefighter hygiene and cleanliness, there is an oppor-
tunity to evolve rehabilitation to integrate decontami-
nation — from hygiene to hydration. In this way, the
on-scene decontamination, contaminated doffing, and
skin cleaning processes become part of an established
fireground tactic.

It is important that these hygiene steps take place
prior to entering rehab where feasible. If contaminated
gear is not cleaned and doffed, then contamination can
easily spread to firefighters’ skin as well as the equip-
ment and personnel working in the rehab sector and
then other firefighters. The potential for PPE off-gas-
sing can further expose firefighters and support per-
sonnel as airway protection is not commonly worn in
rehabilitation. Additionally, if hygiene practices are not
appropriately managed, risk for ingestion of fireground
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contaminants can increase while eating finger foods
where transfer from hand-to-food-to-mouth is possible.
To reduce this risk, skin cleaning wipes or sinks can
be provided along with mirrors at the entry to rehab as
a reminder to clean skin in order to reduce risk to the
firefighter and rehab personnel.

Finally, rehab provides an important opportunity
to reflect on the incident actions as an individual and
group. This process is important for tactical debrief-
ing, but also to immediately report exposures from
the incident and assess if personnel are recovering
appropriately. Exposure tracking—both chemical and
emotional—has become an important component of
a firefighter’s personal activities after a fire. Several
apps, such as National Fire Operations Reporting
System (NFORS), have been developed to ease the
reporting process. Leaders should consider encour-
aging personal responsibility in collecting this infor-
mation, particularly during the initial recovery period
allowed by incident scene rehabilitation. Furthermore,
the time spent in rehabilitation can be used to ensure
firefighters are appropriately recovering from the event.
Those managing rehabilitation should be made aware
of a firefighter not feeling well after strenuous activ-
ity in order to keep a close eye on the individual, in
rehabilitation and after return to the station. Similarly,
conversations within rehabilitation may provide the
opportunity to identify personnel who are emotionally
struggling with the events of the incident so that peers
may be able to provide support and assistance.

Summary

As risks continue to evolve on the fireground, so too
will research to assist the fire service in responding.
We know more now about the type and magnitude of
the risks that are faced than at any time in fire ser-
vice history. However, we are still working to quantify
how effective interventions might be as well as how

to support fireground leaders and managers to imple-
ment these interventions. We have provided a sum-
mary of lessons learned from fireground studies as
well as begun the discussion of challenges that must
be overcome to implement effective interventions. For
more resources related to this project, science, trans-
lation, and teaching tools can be downloaded free of
charge from the on-line project toolkit (https:/www.fsi.
illinois.edu/CardioChemRisks/#!/) and through the UL
FSRI Fire Safety Academy (https:/training.ulfirefighter-
safety.org/) and website (https://ulfirefightersafety.org/).
More will be learned and shared as the fire service
and research community work through this process
together.

References

Austin, C. C., Wang, D., Ecobichon, D. J., & Dussault, G. (2001).
Characterization of volatile organic compounds in smoke at
municipal structural fires. Journal of Toxicology and Environmental
Health A, 63(6), 437-458.

Baxter, C. S., Hoffman, J. D., Knipp, M. J., Reponen, T., & Haynes,
E. N. (2014). Exposure of firefighters to particulates and polycyclic
aromatic hydrocarbons. Journal of Occupational and Environmental
Hygiene, 11, D85-91.

Bolstad-Johnson, D. M., Burgess, J. L., Crutchfield, C. D., Storment,
S., Gerkin, R., & Wilson, J. R. (2000). Characterization of firefighter
exposures during fire overhaul. AIHAJ-American Industrial Hygiene
Association Journal, 61(5), 636-641.

Burgess, J. L., Duncan, M. D., Hu, C., Littau, S. R., Caseman,
D., Kurzius-Spencer, M., ... Mcdonagh, P. F. (2012). Acute
cardiovascular effects of firefighting and active cooling during
rehabilitation. Journal of Occupational and Environmental Medicine,
54(11), 1413-1420.

Burgess, J. L., Hoppe-Jones, C., Griffin, S. C., Zhou, J. J., Gulotta, J. J.,
Wallentine, D. D., ... Snyder, S. A. (2020). Evaluation of interventions
to reduce firefighter exposures. Journal of Occupational and
Environmental Medicine, 62(4), 279-288.

Calvillo, A., Haynes, E., Burkle, J., Schroeder, K., Calvillo, A.,
Reese, J., & Reponen, T. (2019). Pilot study on the efficiency of
water-only decontamination for firefighters’ turnout gear. Journal
of Occupational and Environmental Hygiene, 16(3), 199-205.
doi: 10.1080/15459624.2018.1554287

Daniels, R. D., Kubale, T. L., Yiin, J. H., Dahm, M. M., Hales, T. R.,
Baris, D., ... Pinkerton, L. E. (2014). Mortality and cancer incidence
in a pooled cohort of US firefighters from San Francisco, Chicago
and Philadelphia (1950-2009). Occupational and Environmental
Medicine, 71(6), 388—-397. doi: 10.1136/0emed-2013-101662

Daniels, R. D., Bertke, S., Dahm, M. M., Yiin, J. H., Kubale, T. L., Hales,
T.R,, ... Pinkerton, L. E. (2015). Exposure-response relationships
for select cancer and non-cancer health outcomes in a cohort of US
firefighters from San Francisco, Chicago and Philadelphia (1950-
2009). Occupational and Environmental Medicine, 72(10), 699-705.
doi: 10.1136/0emed-2013-101662

Fahy, R., & Molis, J. (2019). Firefighter fatalities in the United States in
2018. NFPA Journal, 113(4), 76-84.

Fent, K. W., Eisenberg, J., Snawder, J., Sammons, D., Pleil, J. D.,
Stiegel, M. A,, ... Dalton, J. (2014). Systemic exposure to PAHs and
benzene in firefighters suppressing controlled structure fires. Annals
of Occupational Hygiene, 58(7), 830—845. doi: 10.1093/annhyg/
meu036

Fent, K. W., Alexander, B., Roberts, J., Robertson, S., Toennis, C.,
Sammons, D., ... Horn, G. (2017). Contamination of firefighter
personal protective equipment and skin and the effectiveness
of decontamination procedures. Journal of Occupational and
Environmental Hygiene, 14(10), 801-814. doi:10.1080/15459624.201
71334904

Fent, K. W., Evans, D. E., Babik, K., Striley, C., Bertke, S., Kerber,
S., ... Horn, G .P. (2018). Airborne contaminants during controlled
residential fires. Journal of Occupational and Environmental
Hygiene, 15(5), 399-412. doi: 10.1080/15459624.2018.1445260

Fent, K. W., Toennis, C., Sammons, D., Robertson, S., Bertke, S.,
Calafat, A. M., ... Horn, G. (2020). Firefighters’ absorption of PAHs
and VOCs during controlled residential fires by job assignment and
fire attack tactic. Journal of Exposure Science and Environmental
Epidemiology, 30(2), 338—-349. doi:10.1038/s41370-019-0145-2

Franz, T. J. (1984). Percutaneous absorption of benzene. In H. N.
McFarland (Ed.), Advances in modern environmental toxicology.
Vol. 6, applied toxicology of petroleum hydrocarbons (pp. 61-70).
Princeton, NJ: Scientific Publishers.



Gainey, S. J., Horn, G. P, Towers, A. E., Oelschlager, M. L., Tir, V.
L., Drnevich, J., ... Freund, G. G. (2018). Exposure to a firefighting
overhaul environment without respiratory protection increases
immune dysregulation and lung disease risk. PLOS One, 13(8),
€0201830. doi:10.1371/journal.pone.0201830

Glass, D., Sim, M., Pircher, S., Del Monaco, A., Dimitriadis, C., &
Miosge, J. (2014). Final Report Australian Firefighters’ Health
Study. Melbourne, Australia: Monash Centre for Occupational and
Environmental Health.

Harrison, T. R., Muhamad, J. W., Yang, F., Morgan, S. E., Talavera,
E., Caban-Martinez, A., & Kobetz, E. (2018a). Firefighter
attitudes, norms, beliefs, barriers, and behaviors toward post-
fire decontamination processes in an era of increased cancer
risk. Journal of Occupational and Environmental Hygiene, 15(4),
279-284. doi: 10.1080/15459624.2017.1416389

Harrison, T. R., Yang, F., Morgan, S. E., Muhamad, J. W., Talavera,
E., Eaton, S. A, ... Kobetz, E. (2018b). The invisible danger of
transferring toxins with bunker gear: A theory-based intervention
to increase postfire decontamination to reduce cancer risk in
firefighters. Journal of Health Communication, 23(12), 999-1007. doi:
10.1080/10810730.2018.1535633

Horn, G. P, Kesler, R. M., Kerber, S., Fent, K. W., Schroeder, T. J.,
Scott, W. S, ... Smith, D. L. (2018). Thermal response to firefighting
activities in residential structure fires: Impact of job assignment and
suppression tactic. Ergonomics, 61(3): 404—419. doi:10.1080/001401
39.2017.1355072

Hostler, D., Suyama, J., Guyette, F. X., Moore, C. G., Pryor, R. R.,
Khorana, P, ... Reis, S. E. (2014). A randomized controlled trial
of aspirin and exertional heat stress activation of platelets in
firefighters during exertion in thermal protective clothing. Prehospital
Emergency Care, 18(3), 359-367.

lllinois Fire Service Institute (Producer). (2017). Glove Doffing Video.
Available from https://youtu.be/QyAtsSWHf5uM

Illinois Fire Service Institute (Producer). (2018). Hood Doffing Video.
Available from https://youtu.be/9uYp0ZQP158

Jahnke, S. A, Poston, W. S. C., Haddock, C. K., & Jitnarin, N. (2017).
Health, wellness, and readiness in the fire service. International Fire
Service Journal of Leadership and Management, 11, 7-13.

Jankovic, J., Jones, W., Burkhart, J., & Noonan, G. (1991).
Environmental study of firefighters. Annals of Occupational Hygiene,
35(6), 581-602.

Kales, S. N., Soteriades, E. S., Christophi, C. A., & Christiani, D. C.
(2007). Emergency duties and deaths from heart disease among
firefighters in the United States. New England Journal of Medicine,
356(12), 1207-1215.

Keir, J. L. A., Akhtar, U., Matschke, D., Kirkham, T., Chan, H., Ayotte,
P., ... Blais, J. M. (2017). Elevated exposures to polycyclic aromatic
hydrocarbons and other organic mutagens in Ottawa firefighters
participating in emergency, on-shift fire suppression. Environmental
Science and Technology, 51(21), 12745-12755.

Keir, J. L. A., Akhtar, U., Matschke, D., White, P. A., Kirkham, T., Chan,
H. M., & Blais, J. M. (2020). Polycyclic aromatic hydrocarbon (PAH)
and metal contamination of air and surfaces exposed to combustion
emissions during emergency fire suppression: Implications for
firefighters’ exposures. Science of The Total Environment, 698,
134211. doi:10.1016/j.scitotenv.2019.134211

Kerber, S. (2012). Analysis of changing residential fire dynamics and its
implications on firefighter operational timeframes. Fire Technology,
48(4), 865—-891.

Kerber, S., Regan, J. W., Horn, G. P,, Fent, K. W., & Smith, D. L. (2019).
Effect of firefighting intervention on occupant tenability during a
residential fire. Fire Technology, 55(6), 2289-2316.

Laitinen, J., Makela, M., Mikkola, J., & Huttu, I. (2012). Firefighters’
multiple exposure assessments in practice. Toxicology Letters,
213(1), 129-133.

15

Volume 14

LeMasters, G. K., Genaidy, A. M., Succop, P., Deddens, J., Sobeih,
T., Barriera-Viruet, H., ... Lockey, J. (2006). Cancer risk among
firefighters: A review and meta-analysis of 32 studies. Journal of
Occupational and Environmental Medicine, 48(11), 1189-1202.
doi:10.1097/01.jom.0000246229.68697.90

National Fire Protection Association. (2020). NFPA 1851 Standard
on selection, care and maintenance of protective ensembles for
structural firefighting and proximity firefighting. Quincy MA, USA:
National Fire Protection Association.

Occupational Safety and Health Administration. (2011). OSHA
Respiratory Protection Standard (29 CFR 1910.134). Washington
D.C.: United States Government Printing Office. doi: 10.1016/].
jhazmat.2019.121179

Oliveira, M., Costa, A., Vaz, J., Fernandes, A., Slezakova, K., Delerue-
Matos, C., ... Morais, S. (2020). Firefighters exposure to fire
emissions: Impact on levels of biomarkers of exposure to polycyclic
aromatic hydrocarbons and genotoxic/oxidative-effects. Journal of
Hazardous Materials, 383, 121179.

Pinkerton, L., Bertke, S., Yiin, J., Dahm, M., Kubales, T., Hales, T., ...
Daniels, R. (2020). Mortality in a cohort of US firefighters from San
Francisco, Chicago and Philadelphia: An update. Occupational &
Enviornmental Medicine, 77(2), 84-93.

Pukkala, E., Martinsen, J. I, Lynge, E., Gunnarsdottir, H. K., Sparen,
P., Tryggvadottir, L., ... Kjaerheim, K. (2009). Occupation and
cancer—follow-up of 15 million people in five Nordic countries. Acta
Oncologica, 48(5), 646-790. doi: 10.1080/02841860902913546

Sjostrom, M., Julander, A., Strandberg, B., Lewné, M., & Bigert,
C. (2019). Airborne and dermal exposure to polycyclic aromatic
hydrocarbons, volatile organic compounds, and particles among
firefighters and police investigators. Annals of Work Exposures and
Health, 63(5), 533-545. doi:10.1093/annweh/wxz030

Smith, D. L., Haller, J. M., Korre, M., Sampani, K., Porto, L. G. G.,
Fehling, P. C., ... Kales, S. N. (2019a). The relation of emergency
duties to cardiac death among US firefighters. American Journal of
Cardiology, 123(5), 736-741. doi:10.1016/j.amjcard.2018.11.049

Smith, D. L., Horn, G. P., Fernhall, B., Kesler, R. M., Fent, K. W., Kerber,
S., & Rowland, T. W. (2019b). Electrocardiographic responses
following live-fire firefighting drills. Journal of Occupational and
Environmental Medicine, 61(12), 1030-1035.

Stec, A. A., Dickens, K., Salden, M., Hewitt, F., Watts, D., Houldsworth,
P. E., & Martin, F. L. (2018). Occupational exposure to polycyclic
aromatic hydrocarbons and elevated cancer incidence in firefighters.
Scientific Reports, 8(1), 2476.

Tsai, R. J., Luckhaupt, S., Schumacher, P., Cress, R., Deapen, D., &
Calvert, G. (2015). Risk of cancer among firefighters in California,
1988-2007. American Journal of Industrial Medicine, 58(7), 715-729.

VanRooij, J. G., De Roos, J. H., Bodelier-Bade, M. M., & Jongeneelen,
F. J. (1993). Absorption of polycyclic aromatic hydrocarbons through
human skin: Differences between anatomical sites and individuals.
Journal of Toxicology and Environmental Health, 38(4), 355-368.

Wingfors, H., Nyholm, J., Magnusson, R., & Wijkmark, C. (2018). Impact
of fire suit ensembles on firefighter PAH exposures as assessed by
skin deposition and urinary biomarkers. Annals of Work Exposure
and Health, 62(2), 221-231.

Acknowledgements

The authors would like to thank the many people who
assisted in the planning, conduct, and completion of
this research program, in particular Richard Kesler,
Sue Blevins, Tad Schroeder, Sean Burke, Jeff Lattz,
Donald Booher, Kenneth Sparks, Christine Toen-

nis, Deborah Sammons, Shirley Robertson, Stephen
Bertke, Alex Mayer, Robin Zevotek, Jack Regan, Mike
Alt, and Keith Stakes, as well as the field staff at the



International Fire Service Journal of Leadership and Management

lllinois Fire Service Institute. We are especially grate- H H

ful to all the firefighters who traveled from around the DISCIFIIIFIOI' _

country to participate in these studies. This effort has ~ The findings and conclusions are those of the author(s)
been funded through a U.S. Department of Homeland and do not necessarily represent the official position

Security, Assistance to Firefighters Grant (EMW- of the National Institute for Occupational Safety and
2016-FP-00379). Health, Centers for Disease Control and Prevention.
About the Authors

Gavin Horn is a Research Engineer with the UL Kenny Fent is a research industrial hygienist
Firefighter Safety Research Institute (FSRI). Prior to and head of the National Firefighter Registry at
joining the UL FSRI team, he served as the Direc- the National Institute for Occupational Safety and
tor of IFSI Research Programs at the University of Health (NIOSH). He has spent over a decade
lllinois Fire Service Institute (IFSI) for 15 years and studying firefighters’ exposures and health effects.
as a firefighter, apparatus engineer, and fire inves- Kenny has also published over 60 articles and
tigator with the Savoy (IL) Fire Department. Gavin’s reports summarizing his findings. He is also a
research interests range from firefighter health and Commander in the U.S. Public Health Service,
safety to first responder technology development. where he has responded to domestic and interna-
Dr. Horn serves as corresponding author and can tional emergencies.

be reached at: Gavin.Horn@ul.org
Denise Smith is a Professor of Health and Human

Steve Kerber is the Vice President of Research for Physiological Sciences at Skidmore College (NY)
Underwriters Laboratories Inc. and Director of the where she is director of the First Responder Health
UL Firefighter Safety Research Institute. Steve has and Safety Lab. She is also a senior research sci-
led research in the areas of fire safety engineering, entist at the University of lllinois Fire Service Insti-
firefighter safety, fire forensics, and fire science. tute. She has published over 90 scientific papers
Steve is also a 13-year veteran of the fire service, with a focus on firefighter health and safety. She
with most of his service at the College Park Fire is @ member of the NFPA 1500 committee and an
Department in Prince George’s County, Maryland, investigator for the NIOSH firefighter fatality inves-
where he served at ranks up through Deputy Chief. tigation and prevention program.



Volume 14

Peer-Reviewed Article

Chief Matthew Tobia, E.F.O., City of Harrisonburg (VA) Fire Department
Dr. Sara A. Jahnke, Center for Fire, Rescue & EMS Health Research, National Development and

Research Institutes — USA

Chief Todd J. LeDuc, M.S., C.F.O., LifeScan Wellness Centers
Dr. Denise L. Smith, University of lllinois, Fire Service Institute, Urbana-Champaign, IL and Skidmore College,
First Responder Health and Safety Laboratory, Saratoga Springs, NY

Occupational Medical Evaluations in the
US Fire Service: State of the Art Review

duty deaths, firefighter physicals

Abstract

Firefighters face a broad range of health risks including the deleterious effects of shift work,
exposure to carcinogens, strenuous activities, and significant exposures to trauma. As a result,
there is evidence firefighters experience increased rates of cancer, behavioral health issues,
and significant risk of duty-related cardiovascular events. Due to these risks and outcomes,
there has been a growing discussion centered on the need for annual medical evaluations for all
firefighters. This article provides a summary on the state of the science, barriers, and types of
medical evaluations being delivered. Future directions and noted research needs are presented.

Keywords: annual medical evaluations for firefighters, firefighter health and wellness, firefighter line of

Introduction

Year after year, sudden cardiac deaths account for
more on-duty firefighter fatalities in the United States
than burn injuries, asphyxiation, or being lost/trapped
inside a burning structure. Scientists and national fire-
related organizations have consistently asserted that
one of the most important factors in decreasing these
preventable line of duty deaths (LODDs) is to ensure
that firefighters receive proper medical evaluations as
candidates, and annually thereafter. However, limited
systematic work has been done to describe the extent
to which fire departments are providing medical evalu-
ations for personnel or to detail the different models

of delivering medical evaluations. This State of the

Art Review on medical evaluations in the fire service
will: (1) provide data on firefighter fatalities reported by
different agencies; (2) synthesize available information
regarding the percentage of firefighters receiving medi-
cal evaluations; (3) delineate major approaches for the
provision of medical evaluations; (4) explore strate-
gies that fire service leaders can employ to ensure
that firefighters are receiving and benefiting from the
most appropriate medical evaluations; and (5) make
recommendations for additional research into positively
impacting one of the most challenging obstacles to
significantly reducing preventable line of duty deaths in
the US fire service.

Line of Duty Fatality Statistics

Firefighter fatalities are a concern for fire chiefs, their
departments, and for the communities firefighters
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serve. Somewhat surprisingly, counting line of duty
fatalities is not without difficulty. Each year the National
Fire Protection Association (NFPA), the United States
Fire Administration (USFA), and the National Fallen
Firefighters Foundation (NFFF) report deaths for all
firefighters in the United States. However, the three
entities report different counts for line of duty fatali-
ties because each organization has distinct criteria for
including firefighter deaths in their reporting. Divergent
LODD counts do not reflect an inability or unwillingness
of the entities to work cooperatively, rather the dis-
crepancies reflect the diversity of the mission of each
organization.

The NFFF criteria includes all firefighters who die in
the line of duty while responding to, returning from, or
operating on the scene of a call and within 24 hours
of responding to a call for service, and participating
in department-directed strenuous physical fithess
activity or department-sanctioned training (regardless
of whether any symptoms developed while on-duty)
(National Fallen Firefighters Foundation, 2020). By con-
trast, the USFA requires that the firefighter had to have
complained of symptoms prior to going off-duty if such
death occurred while off-duty but within the 24-hour
window (U.S. Fire Administration, 2018). The NFPA
defines on-duty a bit differently, as “llinesses (including
heart attacks) are included when the exposure or onset
of symptoms occurred during a specific incident or on-
duty activity” (Fahy & Molis, 2019, p. 2).



International Fire Service Journal of Leadership and Management

Although nuanced, these definitions illuminate one
of the reasons organizational numbers differ. Addition-
ally, the NFFF changed its criteria beginning in 2018
to include firefighters who died as a result of occupa-
tional-related cancer (National Fallen Firefighters Foun-
dation, 2020). Although the NFPA and USFA recognize
the important research that must be done in the realm
of occupationally related illnesses, such deaths fall
outside of their current criteria. Also, if the Department
of Justice (DOJ), Public Safety Officers Benefit (PSOB)
program categorizes a firefighter death as in the line of
duty, the NFFF also recognizes the death as an LODD.
This recognition is unique to the Foundation.

Figure 1 provides data on firefighter fatalities in
the United States from all three agencies from 2008
to 2018 along with a trend line indicating how the data
has changed statistically over that 11-year period.
Figure 1 also shows the number of firefighters who
succumb to cardiac events each year based on data
from the three different agencies.

A review of the data presented in Figure 1 indicates
that approximately 100 firefighters die in the line of duty
each year based on USFA and NFFF criteria. While the
trend line for all three reporting agencies for the period
points downward, the decreases in fatalities are not as
great as many would like. This is especially the case
given the numerous major initiatives, including the 16
Life Safety Initiatives promulgated in 2004, with a focus
on reducing preventable firefighter fatalities (Every-
one Goes Home, 2019). Other initiatives that address
firefighter health and seek to address preventable line
of duty death include the Wellness Fitness Initiative,
sponsored jointly by the International Association of
Fire Chiefs (IAFC) and the International Association
of Firefighters (IAFF), and the National Volunteer Fire

Council’s (NVFC) Heart Healthy Firefighter Program,
launched in 2003 (National Volunteer Firefighter Coun-
cil, 2020).

Also apparent from the data, cardiac deaths account
for approximately 50% of all firefighter fatalities. In this
data, the average percentage of sudden cardiac death
across all three agencies for the 11-year period is 49%.
While firefighter fatality statistics are important to track
and provide useful information, they fail to provide
insights about how to change the status quo.

The National Institute of Occupational Safety and
Health (NIOSH) Fire Fighter Fatality Investigation and
Prevention program investigates line of duty deaths
(National Institute of Occupational Safety and Health,
2020). The program publishes online reports to sum-
marize lessons learned from these tragedies. A review
of the cardiac-related reports reveals four primary
concerns related to medical evaluations:

1. The firefighter had not received a
medical evaluation for firefighting.

2. The firefighter was inappropriately cleared
by a health care provider who did not
understand the strenuous nature of the job or
the environment in which it is performed.

3. The medical evaluation identified medical
conditions that did not prevent the firefighter from
being cleared for duty but required follow-up
(and usually the firefighter was told to follow-
up with his or her primary care physician), but
the firefighter did not seek follow-up care.

4. The medical evaluation did not identify
evidence of cardiovascular disease.

Figure 1. Number of Total Fatalities and Cardiac Fatalities Reported by USFA, NFPA, and NFFF from 2008-2018.
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Medical Evaluations for Firefighters

Maijor fire service organizations and researchers
routinely call for medical evaluations as an important
part of the strategy to reduce preventable line of duty
deaths in the fire service. In 1974, the technical com-
mittee responsible for the professional qualification
standards for firefighters (NFPA 1001: Standard on Fire
Fighter Professional Qualifications) called for candi-
dates to be examined by a physician prior to engaging
in firefighter training. Beginning in 1987 with the initial
publication of NFPA 1500: Standard on Fire Depart-
ment Occupational Safety and Health Program, annual
medical evaluations became a component of formal
safety and health surveillance systems for firefighters.
In 1992, NFPA 1582, Standard on Medical Require-
ments for Firefighters was published. In 2007, NFPA
1582 was renamed and is now known as the Standard
on Comprehensive Occupational Medical Program

for Fire Departments. The NFPA 1582 Standard is a
consensus-driven industry standard on occupational
medical programs.

The stated purpose of the 1582 Standard is to
“outline an occupational medical program that, when
implemented in a fire department, will reduce the risk
and burden of fire service occupational morbidity and
mortality while improving the health, and thus the
safety and effectiveness, of firefighters operating to
protect civilian life and property” (NFPA 1582, p. 6). In
order to achieve that purpose, the standard specifies
the 1) minimal medical requirements for candidates,
2) occupational medical and fitness evaluations for
members, 3) essential job tasks, and 4) the methods
and types of data that must be collected.

Many fire departments and firefighters advocate for
and maintain that medical evaluations serve a wider
purpose than just providing clearance. The medical
evaluation is also an opportunity for early detection
of disease and provides a powerful opportunity to
motivate change in lifestyle choices that are related to
decreasing the risk of disease and sudden incapacita-
tion. Such an interpretation is consistent with the goals
of an occupational medical program and reinforce
the notion that medical evaluations are most powerful
when they are delivered as part of a comprehensive
occupational medical program that provides support
for firefighters’ health beyond simply clearing them for
duty.

The IAFF, IAFC, NVFC, and the NFFF have been
stalwart advocates for medical evaluations for firefight-
ers through demonstrated action, publications, and
implemented programs. Since 1997, the Fire Service
Joint Labor Management Wellness-Fitness Initiative
has been a guiding document for departments seek-
ing to implement a comprehensive program focused
on firefighter wellness and fitness. In 2013, the IAFC
published A Fire Department’s Guide to Implementing
NFPA 1582. In 2016, the IAFC published A Healthcare
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Provider’s Guide to Firefighter Physicals written for
healthcare practitioners delivering NFPA 1582 medical
evaluations to firefighters. This document is an easy-
to-reference guide that can be handed to practitioners
who may not be familiar with the specific requirements
associated with the standard. In 2017, the IAFC Safety,
Health and Survival Section published The Emer-
gency Services Road Map to Health and Wellness.
The NVFC has issued a position statement support-
ing annual medical evaluations for all firefighters and
has developed a website dedicated to the resources
associated with implementing medical evaluations. The
First Responder Center for Excellence (FRCE) has
taken a role advocating for annual medical evaluations
and distribution of the Healthcare Providers Guide for
Firefighters Physicals, which is focused on providing

a brief summary of the exposures firefighters face and
recommended screenings.

Not only has the national fire service promoted the
adoption of medical evaluations, fire service research-
ers have also advocated for medical evaluations as
an important strategy to reduce preventable line of
duty deaths. For example, in a 2016 invited editorial in
Circulation, Kales and Smith (2017) outlined the cardio-
vascular strain of firefighting; detailed research findings
from clinical and autopsy studies; and opined that an
important step in reducing duty-related deaths was
having all firefighters medically evaluated annually.

Despite the nearly universal agreement that medi-
cal evaluations are necessary for firefighters, including
the recommendations in NFPA 1582 that firefight-
ers receive an annual medical evaluation, there is a
startling lack of information available about how many
firefighters are receiving medical evaluations and what
components are included in the medical evaluations.
Table 1 provides a summary of the limited data that is
available from several sources addressing the adoption
of medical evaluations in the fire service.

In a NIOSH ALERT addressing cardiovascular
disease published in 2007, the authors reviewed the
NIOSH firefighter fatality investigation reports com-
pleted after line of duty cardiovascular deaths (National
Institute of Occupational Health and Safety, 2007).

A sample of 131 fire departments (including career,
volunteer, and combination departments) had expe-
rienced a cardiovascular-related death. As reported

in Table 1, of these departments, 71% reported they
performed medical evaluations on candidates, but

only 31% of the departments reported regular medical
evaluations for incumbent firefighters (National Institute
of Occupational Health and Safety, 2007). Caution is
warranted in generalizing to the entire fire service from
such a small sample and the data is based on fatali-
ties that occurred prior to 2007. Further, it is possible
that this sample is biased in that departments without
medical evaluations may be more likely to experience a
cardiac death. Regardless of these limitations, the low
rate of medical evaluations is concerning.
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Table 1. Data Available on the Adoption of Medical Evaluations in the Fire Service

ST oo | Ches | fewres | SomeSie | faturay | Sipesie | g
NIOSH Alert 2007 || 131 departments 31%
NFPA 2015 | 5,106 departments 21%
IAchll\lllrz‘a,glth:ship 2006 805 people 69°% 251 people 4%
'AF%ng'yhsgs“ip 2017 5607people | 79%" 2157 people | 46%°
Women’s Survey 2018 2,389 people 64% 775 people 4%

*Question asked if departments recommend, require, or provide evaluations. It cannot be discerned what percentage of departments both required and provided

evaluations for their personnel.

The IAFC has conducted two surveys of their
membership to gauge the practices around department
medical evaluations. In 2006, 46.6% of respondents
from volunteer departments and 69.2% of respondents
from career departments reported requiring annual
medical evaluations for all firefighters (Fischler, 2016).
In a more recent survey, 79% of career respondents
and 46% of volunteer respondents indicated their
departments require, recommend, or provide annual
physicals (Haddock, Jahnke, & Poston, 2017). It should
be noted that the question about annual medical evalu-
ations in this survey included “requiring, recommend-
ing and providing physicals” (Haddock et al., 2017, p.
2). Thus, it is unclear if the medical evaluations in these
survey results were required to stay on the job. A noted
limitation of both surveys is that they surveyed the full
membership of the organization and it is possible some
departments are represented more than once. It is also
possible that there was a selection bias in that only
people interested in annual evaluations chose to take
the survey.

According to the Fourth Needs Assessment of the
U.S. Fire Service (National Fire Protection Associa-
tion, 2016), only 27% of departments reported having a
program to maintain basic firefighter fitness and health.
Of those that indicated they had a program, 79%
reported that the program included a firefighter medical
evaluation (National Fire Protection Association, 2016).
Given the low rate of departments that reported hav-
ing a health and fitness program, only 21% of the total
departments surveyed indicated they provide medical
evaluations. It is possible that there were departments
that do provide medical evaluations but do not consider
them to be falling within a fitness and health program.
The overall response rate for departments was 19%.
As is typically the case, generalizability of findings
to departments that did not respond to the survey is
questionable.
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In 2018, a survey of health and wellness for women
in the fire service was conducted using snowball
sampling techniques (Jahnke, unpublished data). One
of the domains assessed included department medi-
cal evaluations. Of career firefighters surveyed, 64%
indicated their department required medical evalua-
tions. Only 41% of volunteer firefighters indicated their
department required medical evaluations. Similar to
the limitation of the IAFC surveys, the sample was
firefighters and not departments so it is unclear how
many women from the same department completed
the survey. Given the snowball sampling, it is likely
that women from the same department completed the
survey. However, the broad scope of the survey sug-
gests that there was likely not a response bias specific
to medical evaluations.

While data sources varied and each survey has its
limitations, rates across the board present a disturbing
picture of the current state of medical evaluations for
firefighters. Rates do vary significantly whether indi-
viduals or departments are asked the questions. It is
most likely that asking individuals inflates the numbers.
Asking multiple individuals from the same organization
can lead to repeat counts of departments providing
or requiring medical evaluations. Clearly, volunteer
firefighters receive medical evaluations at a rate much
lower than career firefighters. However, even evalua-
tion rates of career firefighters are disappointing given
the risks of the job and the effort that national organiza-
tions have devoted to ensuring that firefighters receive
proper medical evaluations. Plainly, there is a need for
fire service leaders to act locally to ensure that firefight-
ers are receiving the most appropriate medical evalua-
tions.

Additional limitations to the available data also exist.
For instance, reports published to date and NFPA 1582
recommendations are focused on structural firefighters.
Little is known about what is provided to or should be
required of firefighters in other roles such as wildland



firefighting. There is also a lack of research data on
what components of a medical evaluation are included
or standards (OSHA, DOT, NFPA, other) are used for
those evaluations and the extent to which those evalu-
ations vary by departments. It would also be useful to
know what types of providers (e.g. occupational medi-
cine specialists, primary practice, mid-level providers)
are performing the evaluations and what program
components from NFPA are being implemented.

In summary, there is surprisingly little data avail-
able on the extent to which firefighters receive medical
evaluations. The data that is available varies greatly in
the estimate of firefighters receiving medical evalua-
tions and suggests that there are differences between
paid and volunteer departments. One thing that is
clear from the available data is that more research
is necessary to elucidate how many firefighters are
receiving medical evaluations. Additionally, the avail-
able research provides almost no insights into how the
medical evaluations are being delivered, the quality of
the medical evaluations that are being performed, or
how the evaluations are paid for.
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Approaches to Providing Medical Evaluations
for the Fire Service

Despite widespread agreement that firefighters should
be medically cleared before engaging in firefighting
activities, not every firefighter is receiving a medical
evaluation. How medical evaluations are delivered
across the United States and the quality of the medi-
cal evaluations may be just as important as know-

ing how many fire departments require some sort of
medical evaluation. In reality, there are many different
models of how medical evaluations for firefighters are
being accomplished. As seen in Figure 2, approaches
to providing evaluations vary considerably ranging
from no medical evaluation to exceeding NFPA 1582
requirements. Evaluations that are considered below
the standard for medical evaluations include the OSHA
Respirator Questionnaire (or other “wellness check”),
OSHA/DOQOT’s occupational medical exam to permit
driving, and medical evaluations that do not adhere to
NFPA standards.

NFPA 1582 should be considered the baseline of
a comprehensive medical exam rather than a “gold

Figure 2. Provision of Medical Evaluations for Firefighters (Candidates and Incumbents)
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standard” exam. While there is no available research
to date documenting better health outcomes (or lower
line of duty deaths) among fire departments that use
the more comprehensive medical evaluations, most
experts and fire service organizations urge that fire-
fighters receive a 1582-compliant medical evaluation
by a health care professional who understands the
physiological stress of firefighting and the environ-
ment in which it is performed (National Fire Protec-
tion Association, 2016; National Volunteer Firefighter
Council, 2020; International Association of Fire Fight-
ers, n.d). In fact, the NFPA 1582 medical evaluation is
considered by most to be the industry standard as a
baseline examination for ensuring that firefighters are
adequately tested.

As seen in Table 2, a comprehensive occupational
medical program includes many components beyond
the medical evaluation of candidates and incumbents.
These components complement medical evalua-
tions by providing other medical services that are
needed by firefighters and by assisting the fire depart-
ment with surveillance and research. While many fire
departments do not meet the NFPA 1582 Standard
in terms of medical evaluations, some more progres-
sive departments are providing testing beyond the
minimum recommendations provided in NFPA 1582.
These departments are often aware of the limitations
of conventional risk factors, or even exercise stress
tests, to uncover occult (undetected) coronary artery
disease and are seeking more definitive screening
tools. A team of researchers has recently received an
Assistance to Firefighter Grants (AFG) award, titled
BETTER HEART: Building Evaluations That Translate

Table 2. Comparison of Delivery Models of Medical
Evaluations in the United States Fire Service

Medical Evaluations and Clearance

« For candidates

« For incumbents

*Comprehensive Services

« Candidate Assessments

¢ Annual Incumbent Assessments

* Worker's Compensation Injuries

« Infectious Disease Exposure

¢ Return to Work Assessments

**Surveillance

* Full range of health screenings (prevention, treatment,
behavioral health)

* Long term surveillance of occupational exposures

¢ Research

Evidence and Research for Health Evaluations And
Related Training (EMW-2017-FP-00445), to work with
fire departments and health care providers to review
current medical literature and fire service research to
develop enhanced cardiac screening recommenda-
tions for the fire service.

Models for Delivering NFPA 1582-Compliant
Medical Evaluations

While there is consensus that every firefighter should
receive a medical evaluation consistent with the 1582
Standard, there is a great deal of variation in how
NFPA-compliant medical evaluations are provided
depending upon resources and local conditions.
Table 3 identifies different models for the delivery of a
1582 medical evaluation. For cost and other reasons,
many departments offer or require a medical evalua-
tion that is not NFPA-compliant or that is not performed
by an occupational health care provider who under-
stands the work of firefighting. In these cases, there

is danger in a firefighter being inappropriately cleared
for duty. There is very real concern that these medical
evaluations provide a false sense of security.

In the largest and most well-resourced departments,
an occupational health medical surveillance program
is a division within the department wherein the staff
are employees of the jurisdiction. In this model, incum-
bents and candidates are evaluated by an occupational
health team focused exclusively on firefighters.

Another model for the delivery of a comprehensive
occupational health program for firefighters transfers
the personnel responsibilities for staffing an occupa-
tional health program from the jurisdiction to a contrac-
tor, often a medical group that bids for the provision
of services. This contract-based delivery of medical
evaluations may rely on locating the medical surveil-
lance facility within a fire department or at a location
provided by the contractor. The most comprehensive
programs are designed to not only address candidate
and incumbent annual medical evaluations, but also
return-to-duty medical evaluations. These programs
may also provide extensive health and wellness
services beyond the medical evaluation, including but
not limited to nutrition counseling, medical evaluation,
occupational therapy, work hardening, rehabilitation
from injury or iliness, behavioral health counseling, and
other services.

In many communities, private occupational health
providers provide annual medical evaluations in accor-
dance with NFPA 1582 and limit their scope of practice
to the delivery of such services. Contracts are typically
awarded based on a bid process to an individual within
the community or to a company/clinic that travels and
provides exams on site within the fire departments.

Outside of the occupational medicine world, fire
departments may contract with a family practice/inter-
nal medicine group to administer their medical surveil-



Table 3. Ways to Implement NFPA 1582 Standards
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Comprehensive Medical

medicine provider

Provider Type How Provided Payment Covered By Location surveillance Services
Occugi(t)if%r;zli (I)Vrllztliicine Contracted service AHJ Fixed or mobile clinic Tygm;geigf gjr?de sél?rt)vrziﬂ;enhcirls;ive
Family practice/Internal Contracted service AHJ Health care provider's M?; g]ec:rrgﬁf:g Eps:gzg:v;::r;vriggs*

office evaluations

Hospital based/Private Community service

Hospital or individual

Hospital or health care Usually limited to medical clearance

practitioner provider provider’s office
Private practitioner/ FF out of pocket or Provider’s office or - ,
Urgent care insurance clinic Usually limited to medical clearance

Note: For a list of comprehensive services and surveillance activities, see Table 2.

lance program. In this model, the health care providers
performing the medical evaluations sometimes provide
a primary care physician for the firefighters. The focus
of the practice may be on the general population and

it is critically important to ensure that the physicians
understand “healthy worker effect” in the context of
their general practice. Family practitioners may rely

on the recommendations found in the United States
Preventative Health Task Force for their primary patient
population but fail to set them aside when assessing
firefighters. Inappropriately applying such recommen-
dations to firefighters has the potential to create a false
sense of security without considering the unique work-
ing conditions that impact firefighter health.

In some jurisdictions, fire departments may partner
with a local hospital (staffed by hospital-based physi-
cians) or even a sole practitioner in the community to
administer medical evaluations and, potentially, a sur-
veillance program. Meeting the requirements for NFPA
1582 including spirometry, audiology, and exercise
stress testing may be challenging if the infrastructure
does not exist locally to complete such testing. In very
rural areas, candidates and incumbent firefighters may
be faced with long travel distances to complete the
testing required for the physician to determine suitabil-
ity for safely performing work in accordance with NFPA
1582.

Some fire departments place the burden of obtain-
ing medical clearance on the firefighter. Candidates
may be required to obtain a medical clearance from
their own physician or, absent a family doctor, seek
clearance from a physician at an urgent care center. In
this model, fire departments may provide candidates
with the essential functions of a firefighter as outlined
in NFPA 1582 and direct the candidate to obtain a
medical clearance from a healthcare provider. The
determination of successfully obtaining a clearance is
left to the discretion of the healthcare provider. Given
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demand on physician time and resources, the abil-

ity to conduct a comprehensive exam that meets the
standard can be of concern. Equally concerning is

the ability or willingness of the health care provider to
review results with the firefighter and provide meaning-
ful feedback and guidance on maintaining or improving
health, or the need to address health concerns that
may worsen over time placing the firefighter at greater
risk in the future.

Understanding the costs and benefits associated
with different models of delivery is important. First,
not all medical professionals are equally versed in
the unique health issues that firefighters encounter.
Second, the process for being cleared to function as
a firefighter may differ from provider to provider based
on interpretation of NFPA 1582 and medical judge-
ment. Third, a medical provider who does not know
the demands of firefighting may rely on false assur-
ances from the firefighter such as—"All | do is drive the
apparatus.”

Challenges to Implementing Medical Evaluations

In a qualitative study of perceptions, experiences, and
opinions related to firefighter medical evaluations,
Jahnke, LeDuc, Poston, Haddock, and Jitnarin (2015)
found a number of barriers to program implementa-
tion including cost, buy-in from personnel and agency/
membership relationship implications, time constraints,
and effectiveness of exams.

The cost of an annual NFPA 1582 medical evalua-
tion can range from $250 to over $1,000 depending on
the diagnostic testing performed. Although the costs
may be defrayed by grants or charitable donations, the
expense of delivering the medical evaluations remains.
Departments that simply cannot afford to pay for the
physicals for either candidates or incumbent firefight-
ers may still seek to ensure that their personnel are
safe to perform the essential functions of the job. For
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incumbent firefighters, the authority having jurisdic-
tion (AHJ) may provide health insurance and similarly
require them to obtain an annual medical evalua-

tion with a similar clearance process based on the
essential functions outlined in NFPA 1582. Incumbent
firefighters may be required to pay for co-pays and
deductibles associated with the use of their employer-
provided insurance plan. While not considered ideal in
its cost-sharing requirement, this model may be viewed
as a viable alternative to no surveillance program of
any kind.

Smaller fire departments have also found alterna-
tives to providing annual medical evaluations through a
variety of other mechanisms. First, departments have
applied for and been awarded Assistance to Firefighter
Grants through the Department of Homeland Security.
Funding for medical evaluations can be requested
under Wellness/Fitness in the regular AFG criteria.
Funding can also be requested under the Staffing
for Adequate Fire & Emergency Response (SAFER)
grants recruitment/retention program. Local grants
administered through state and private entities have
also been awarded to defray the costs associated with
providing medical evaluations to firefighters.

Second, even smaller departments have partnered
with their local hospitals and private practitioners to
provide free medical evaluations for their firefighters.
This model typically involves agencies with 20 or fewer
firefighters and charitable write-offs by the healthcare
system providing the examinations. Unfortunately,
according to personnel within the AFG program, only
2% of requests are for funding physicals each applica-
tion round (Patterson, personal communication, 2020).

There are also challenges with overcoming percep-
tions that the medical evaluation is intended to exclude
firefighters from providing service within their com-
munities. No firefighter ever wants to be told that they
must leave the fire service under any circumstances.
Such self-determination represents a profound willing-
ness to sacrifice their own lives in the name of being
able to serve their community and maintain their title,
or self-worth, as a firefighter. Fire Chiefs are reluctant
to tell someone they cannot perform the essential func-
tions of a firefighter, in part because of the implications
on staffing.

One of the biggest fears associated with participat-
ing in a medical evaluation program is the fear that a
failure to obtain a clearance translates into immediately
having to leave the service. Evaluating a similar depart-
ment’s experience with annual medical evaluations can
allay this fear. Experience of the authors suggests that
these fears are exaggerated. In departments that we
have consulted, very few firefighters are permanently
removed from duty. As an illustration, of 100 firefighters
who may participate in an NFPA 1582 compliant medi-
cal evaluation, approximately 85-90 will immediately
pass without issue. An additional 10-14 may require
some form of follow-up or intervention (additional
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testing, medication, procedure, change in lifestyle),

but they will not be removed from duty. Only one
person may be found to have a serious and potentially
uncorrectable medical (cardiovascular, orthopedic,
metabolic) condition and may choose to leave the fire
service rather than engage in the process of having the
identified condition corrected (e.g., choose not to have
invasive surgery) or may not receive medical clear-
ance.

The risk of losing line firefighters is also concern-
ing for volunteer departments that may be struggling
with recruitment and retention. The concern is that if
medical conditions that limit job duties are found and
take the volunteer firefighters out of service, there will
not be enough personnel to respond to calls. Such
risks must always be balanced against the risk of a fire-
fighter suffering a sudden cardiac event during firefight-
ing operations, potentially impacting the ability of other
firefighters to survive the event attempting to rescue a
fellow responder.

Fire service personnel also cited time constraints
as a barrier to medical evaluations. This challenge is
particularly taxing for volunteer firefighters who often
perform their duties as a second or third job. Particu-
larly in more rural areas where the closest exams are
at a great travel distance, firefighters report finding
it difficult to get tested. For career fire departments,
taking firefighters out of service to have examinations
can be a problem for staffing. Some departments have
sought on-site exams where clinicians come to the
stations to conduct the testing saving the time in travel
and limiting time out of service.

Finally, questions concerning the effectiveness of
medical evaluations were cited as limiting enthusi-
asm for exams among some personnel. There are
instances where firefighters receive information about
whether they passed or failed the examination with
little or no feedback or follow-up on health parameters.
While providers view themselves as only serving the
role of providing clearance to be on the job, firefighters
often report that their work-related medical exams are
their only annual medical visit and view their provider
as their primary care physician. A lack of details and
recommendations based on the results of the exam
were reported to raise concern for firefighters about
the exam effectiveness and can result in limited buy-in
from personnel. If medical evaluations are used to
foster more communication between medical providers
and the fire department and the individual firefighter,
some concerns about the evaluations can be trans-
formed into strengths. Individual firefighters should
receive useful feedback about individual health metrics
and educational material about improving health and
decreasing risk.

Additional Research

Available data, and more importantly, the data that was
not available highlight the need for additional research



on the provision of medical evaluations to firefighters.
Even basic quantification of the scope of fire service
medical evaluations is needed given the disparate
rates available in the literature. The cost benefit of
evaluations and preventive programs, as well as the
impact on cardiovascular health also needs to be
further examined. Additional research is also needed
to understand how many firefighters are getting medi-
cal evaluations; how many firefighters require medi-
cal follow-up for various conditions; and how many
firefighters are required to change employment status
because of a medical evaluation.

More research with occupational health care provid-
ers is necessary to understand what type of testing is
most effective for identifying early heart disease (and
cancer) and what are the most effective strategies to
educate firefighters about specific conditions and to
motivate healthy lifestyle changes. ldeally, medical
evaluations should only be one part of a comprehen-
sive wellness program and more research is needed
to understand how to most effectively educate firefight-
ers with information from their medical evaluations to
improve their own health. As more efforts are focused
on these important research questions, additional work
must also be done to develop more sensitive mecha-
nisms focused on identifying occult cardiovascular
pathologies in otherwise healthy-appearing firefighters.
The NFPA 1582 Standard is not the “gold standard”
in ensuring that firefighters are NFPA-compliant to
perform the arduous tasks of firefighting—it is the mini-
mum standard. Research should continue to explore
leading-edge strategies to reduce preventable line of
duty deaths as a result of sudden cardiac events.

The BETTER HEART program has brought together
a group of researchers, health care providers, and fire
service leaders to provide evidence-based recommen-
dations for enhanced cardiovascular screenings for
firefighters and to explore strategies for implementing
these recommendations in departments. This project
may inform both the NFPA 1582 Standard and indi-
vidual fire departments that wish to exceed minimum
standards to better ensure the health and safety of
their members.

Conclusion

Firefighters perform strenuous physical work in
extreme environments under significant psycho-
logical stress (Kales & Smith, 2017). Virtually every
nationally-recognized fire service organization (IAFF,
IAFC, NVFC, USFA, NFPA, NFFF) recommends that
firefighters receive an occupational medical evaluation
to ensure that they can safely perform the essential
job tasks without undue risk. The NFPA 1582 Standard
provides a consensus recommendation on the medi-
cal evaluations for candidates and members. Despite
this Standard, sudden cardiac events remain a lead-
ing cause of duty-related death. Notwithstanding the
importance of medical evaluations in the fire service,
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there is still very little systematic, science-based
research documenting key features of medical evalua-
tions or their applicability in assessing cardiovascular
health.

NFPA 1582 is the minimum industry standard
for medical evaluations and every firefighter should
receive a medical evaluation annually. However, sud-
den cardiac deaths have occurred in firefighters who
have been cleared for duty. Additional work should
be done within the scientific community, occupational
health community, and the fire service to identify
meaningful ways to go beyond the minimum standard
in protecting firefighters. Such research should be
based on empirical science so that new testing can
more effectively reveal occult coronary vessel disease
not found during an NFPA 1582 physical.

A final consideration for fire service leaders is that
the medical evaluation, while critical, is not sufficient.
Pro-actively implementing programs to control modi-
fiable risk factors including weight, blood pressure,
cholesterol, tobacco and alcohol use, sleep depriva-
tion, and behavioral health form the basis of a compre-
hensive medical surveillance program necessary to
minimize the likelihood of suffering a line of duty death
due to a sudden cardiac event.
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