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Abstract

Wildfires are an escalating natural hazard in Australia and a growing public health concern.
Exposure to wildfire smoke is associated with acute and chronic adverse health effects,
placing wildland firefighters at elevated risk due to recurrent occupational exposure. Al-
though protective behaviours and personal protective equipment (PPE) are recommended,
uptake remains inconsistent due to operational and behavioural barriers. This descriptive
qualitative study applied the Health Belief Model to explore firefighters’ risk awareness,
protective practices, motivators, and barriers. Semi-structured interviews were conducted
with eleven wildland firefighters in Southeast Queensland, Australia. Participants demon-
strated strong awareness of short-term health effects, informed by personal experience,
but limited understanding of long-term health risks. Compliance with mandatory PPE
(clothing, gloves, boots, helmets) was high and motivated by prevention of immediate
injury. However, respiratory protective equipment use was inconsistent due to discomfort,
poor fit, communication difficulties, and operational constraints. Additional barriers to
health-protective behaviours included limited decontamination access and inequities in
PPE design, particularly for women. Participants identified improved health education,
practical PPE options, and further research as priorities for strengthening occupational
health protection. Addressing these barriers through improved knowledge translation,
organisational support, and approaches such as cultural burning may reduce exposure and
improve workforce health.

Keywords: wildfire; smoke; occupational health; personal protective equipment; respiratory
protective equipment; Health Belief Model; risk perception; motivators; cultural burning

1. Introduction

Wildfires are a major natural hazard in Australia and a national health priority [1], with
the frequency and severity of events increasing due to declining rainfall and rising extreme
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temperatures [2]. These changes are strongly linked to a warming climate, prolonged
drought, and reduced fuel moisture content, all of which create more favourable conditions
for fire ignition and spread [3,4]. Planned burns, also referred to as prescribed or controlled
burns, are a key strategy to mitigate the hazard associated with severe wildfires by pre-
emptively reducing fuel loads through low-intensity burning of flammable vegetation
build-up [5]. Land management agencies play a central role in conducting planned burns
and responding to wildfires, placing these teams at the frontline of an increasingly fire-prone
landscape. With fire risk predicted to increase [6-8], putting fire team health protection at
the centre of everyday practice is critical.

In the 2024-2025 financial year, Queensland Parks and Wildlife Service surpassed
previous records for number of planned burns completed on public protected estates, with
637 burn events encompassing 968,884 hectares [9]. In addition to these planned burns,
agency fire teams must also respond to wildfires throughout the year. This operational
burden underscores the heightened exposure these wildland firefighters will continue to
face and highlights the urgent need to prioritise health protection strategies to ensure both
workforce sustainability and community safety.

Firefighters encounter a wide range of physical, chemical, mechanical, and psychoso-
cial hazards that can lead to both acute and chronic adverse health outcomes [10]. Immedi-
ate physical risks include unstable terrain, falling debris, and radiant heat, each capable of
causing significant injury [11]. Firefighters have reported resulting occupational injuries
such as lacerations, burns, blisters, and bruises [12]. In parallel, firefighters experience
repeated and often intense exposure to wildfire smoke, which contains numerous harmful
constituents including carbon dioxide, carbon monoxide, nitrogen oxides, volatile organic
compounds, polycyclic aromatic hydrocarbons, and particulate matter <2.5 pm and <10 pm
(PM; 5 and PM;, respectively) [13-15]. PM, 5 can transport toxic co-pollutants deep into
the lungs and systemic circulation, driving oxidative stress and inflammatory changes
and contributing to cardiovascular and respiratory injury [16,17]. Documented impacts of
wildfire smoke exposure in fire teams include declines in lung function, increased airway
hyperresponsiveness, systemic inflammation, cardiovascular disease markers, and elevated
risk of lung cancer [18]. Reflecting these established risks, the International Agency for
Research on Cancer (IARC) classified occupational exposure as carcinogenic to firefighters
(Group 1) in 2022 [19]. Additionally, each state and territory within Australia has presump-
tive legislation for firefighters who are diagnosed with some cancers, further demonstrating
acceptance that certain types of cancers are work-related [20]. However, types of cancer
and specifics on firefighters covered varies (e.g., volunteer, career, forestry) by jurisdiction.
Firefighters have demonstrated awareness of these short- and long-term health risks of
their occupation; however, barriers to effective health protection remain [12,21-24].

Although personal protective equipment (PPE)—including respiratory protective
equipment (RPE)—is a critical component of workplace health protection, its effectiveness
in the field is often limited by a variety of factors. High-quality, fit-tested and correctly
used respiratory protection can reduce exposure to particles and gases; however, there
are significant barriers to field implementation. When high-quality respirators are avail-
able, hot conditions, remote locations, and strenuous physical demands can make them
uncomfortable and burdensome [21,25,26]. Cultural norms, team attitudes, and knowledge
gaps also influence PPE uptake [22,27]. Across wildland firefighters, maladaptive attitudes
around PPE have been reported. For example, some teams adopt a ‘badge of honour’ men-
tality in which worn and soiled PPE is treated as a marker of seniority and experience [28].
Additionally, ideas that wearing RPE is considered as a sign of inadequate toughness
have been described [22]. Together these barriers and perceptions may be contributing the
widespread low use of RPE previously reported [12,21,22].
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Beyond PPE, other health-protective behaviours in general populations such as regular
physical activity, a nutritious diet, adequate sleep, good mental health practices, and
avoidance of smoking and excessive alcohol consumption are important for reducing
respiratory disease risk and all-cause mortality [29-31]. In urban firefighter studies, it has
been reported that food is an important part of culture, and there is awareness that poor
diet is a recognised risk factor for the development of cancer [32].

Recently in Australia, there have been movements which aim to incorporate Indige-
nous fire knowledge with modern burning practices. Indigenous burning practices, referred
to as cultural burning, extend beyond land management practices and encompasses the use
of fire by Indigenous Australians to support the health of culture, community, and Country
(defined by the Australian Institute of Aboriginal and Torres Strait Islander Studies as
“the term often used by Aboriginal peoples to describe the lands, waterways and seas to
which they are connected. The term encompasses complex ideas about law, place, custom,
language, spiritual belief, cultural practice, material sustenance, family and identity” [33]).
These burning practices involve the sharing of intergenerational knowledge and fostering
ongoing connections to Country and people [34]. Recent evidence has shown that cultural
burning compared to modern planned burns has ecological and social benefits, and health
impacts have been reported to be minimal due to the fires being low-intensity [35,36]. This
study provides an insight into the perceptions of the potential benefits of cultural burning
as a complementary health-protective strategy.

The Health Belief Model (HBM) provides a useful framework for understand-
ing the adoption of health-protective behaviours (Figure 1) [37]. It emphasises risk
perception—comprising perceived susceptibility to and severity of health threats—as well
as perceived benefits, barriers, self-efficacy, and motivators influencing behavioural deci-
sions. Applying the HBM to firefighters can help identify the factors that support or impede
engagement in both occupational (e.g., PPE use) and personal health-protective behaviours.

Perceived threat

Self-efficacy

Perceived severity

Perceived susceptibility Likelihood of health-
protective behaviour

Evaluation of behaviour

Perceived benefits

Perceived barriers

Cues to action

Figure 1. Components of the Health Belief Model [37].

This study uses the HBM to examine current knowledge, barriers, and motivators
related to health-protective behaviours among firefighters working in a land management
agency in Southeast Queensland, Australia. Although previous research has explored
perceptions of occupational hazards and PPE use, less attention has been given to the factors
influencing broader health-protective behaviours and firefighters’ perceptions of future
health protection needs. Given the increasing health risks associated with a changing fire
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environment, understanding these barriers, motivators, and opportunities for improvement
is critical for developing effective and sustainable firefighter health protection strategies.

2. Materials and Methods
2.1. Study Design

This descriptive qualitative study aimed to investigate all domains of the HBM. The
study examined firefighters’ current knowledge and practices related to health-protective
behaviours, including personal protective equipment (PPE) use and other protective be-
haviours. In addition, the study explored barriers that firefighters encounter when imple-
menting health protection measures and sought to identify future motivators which would
encourage enhanced health-protective practices. The study received ethical approval from
the Children’s Health Queensland Hospital and Health Services Human Research Ethics
Committee (HREC/22/QCHQ/88527) and the University of Queensland Human Ethics
Committee (2023 /HE000043).

2.2. Participants and Recruitment

Participants were wildland firefighters employed by a local government organisation
in Southeast Queensland. Firefighters within this organisation held a range of roles, from
those working exclusively in fire operations to those in broader land management positions
who engaged in fire operations on occasion. Participants were recruited from an existing
cohort established through the Environmental Measures of Bushfire smoke Exposure and
Respiratory health (EMBER) study [38-40]. Purposive sampling was employed to ensure
participants represented a range of job experience, job roles, and genders. We approached
three crew members, three crew leaders, and four firefighters in senior or management
positions during EMBER study visits to gauge their interest. All agreed to participate and
interview times were organised. An additional participant outside of the organisation
was included at the recommendation of a firefighter in a leadership position within the
fire team, due to their recognised extent and diversity of experience. This participant
was an independent land management consultant with multiple decades of experience
in the sector, and an extensive history of working with Traditional Owners (First Nations
people of Australia) to support cultural burning practices. Their perspective adds richness
and potential varying perspectives on health-protective beliefs and practices of wildland
firefighters in Southeast Queensland.

2.3. Semi-Structured Interviews

In-depth, semi-structured interviews were conducted face to face with firefighters
in a private location convenient for each participant, typically at their workplaces. One
interview was undertaken with each participant, with two interviewers present. Written in-
formed consent was obtained from participants prior to interviews. Firefighters were asked
a series of open-ended questions based on the HBM to explore their knowledge, attitudes,
and experiences of health-protective behaviours. Questions were modified from a previ-
ously validated interview guide [41] and were designed to explore participants’ knowledge
of potential health risks arising from their career, their current health-protective behaviours,
and motivators and barriers to implementing those behaviours (Supplementary S1). Partic-
ipants were provided with the definition of health-protective behaviours, and questions
facilitated discussion of personal beliefs and experiences. Participants were given prompts
to questions if unsure at first, and follow-up questions were asked as appropriate to facili-
tate interview depth.

This project was embedded within a larger co-design initiative conducted with the
participating fire team, driven by the participants themselves, who are keen to share their

https://doi.org/10.3390/fire9100434


https://doi.org/10.3390/fire9100434

Fire 2026, 9, 434

50f 20

perspectives and shape future research. As a ground-up programme of work, interviews
were conducted by SI (Research Assistant), or EV (PhD Candidate), who both had exten-
sive fieldwork experience in firefighter health studies and had established trust through
extensive fieldwork and study participation. To enhance rigour and consistency, interviews
were supervised by DV, an Environmental Scientist (PhD, MPH), who was involved as a
second member of the research team. While the interviewers did not hold formal qualitative
research training, their existing relationships with participants supported open and comfort-
able engagement from the outset. Interviews were audio-recorded and lasted 20 to 60 min
until data saturation was reached, defined as the point at which no new information was
emerging [42].

2.4. Data Analysis

Interviews were transcribed using the automated transcription function in Microsoft
Word (Version 2604), after which all transcripts were reviewed for accuracy against the
original audio recordings, and paralinguistic features were noted (e.g., pauses, sighs, gaps
in speech). To ensure participant confidentiality, transcripts were de-identified and each
participant was assigned a pseudonym prior to analysis. Exact experience levels have not
been reported with pseudonyms to maintain anonymity within the organisation. Data were
managed and coded using NVivo 12 (QSR International, Melbourne, Australia), facilitating
systematic organisation of the dataset.

An in-depth thematic analysis was conducted following Braun and Clarke’s six-phase
approach, including familiarisation with the data, generation of initial codes, searching
for themes, reviewing themes, defining and naming themes, and producing the final
report [43]. Coding was iterative, allowing themes to be refined as analysis progressed.
The development and interpretation of themes were guided by the HBM, providing a
theoretical framework through which patterns in the data were examined. Narrative
summaries were constructed for each theme, supported by illustrative participant quotes to
enhance transparency and to ground interpretations in the data [43]. As part of the broader
co-design initiative, participants reviewed themes to ensure accurate representation of their
experiences and beliefs.

3. Results
3.1. Participant Demographics

Ten participants were recruited from the EMBER cohort, and one additional participant
was included from outside of the local authority. From the agency firefighters, 40% (4/10)
were female, and participants had a median age of 34 years (range 27-60 years). Participants
had a median of 8.5 years’ experience in a fire management role (range 2 months-30 years).
The independent participant’s age and exact years of experience have been removed to
maintain anonymity. The thematic analysis below encompasses the interviews of the
ten council firefighters only. Key themes from the additional participant are discussed
separately, due to the vastly different ideas that arose. Although only one individual
consultant was interviewed, the importance of their views cannot be understated, and their
ideas and opinions are critical thoughts to be considered moving forward into any potential
solutions in future.

3.2. Knowledge of Health Effects and Hazards

The first section of the HBM investigates perception of health risk, including knowl-
edge of health impacts and perceived severity of these impacts. All participants confidently
identified short-term health impacts related to their occupational wildfire smoke exposure.
This knowledge of the potential short-term health impacts was based on their personal
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experiences on the fire ground. Firefighters reported experiencing fatigue, brain fog, muscle
soreness, dehydration, respiratory symptoms (e.g., trouble breathing, sore throat, runny
nose), vision issues, psoriasis, and headaches. For example, Amy described some of the
symptoms she frequently experiences after being on a burn:

“Certainly, I know that after fires I have like a brain fog. Feels like I've got a really
bad hangover without having all the fun. Fatigue. Muscle soreness from running
around on the fire block. So, there’s lots of implications from fire.”

—Amy

Firefighters commonly identified hazards such as physical terrain and radiant heat
and described the immediate injuries and consequences of encountering these hazards.
Every firefighter recognised smoke inhalation as a hazard of their occupation; however,
knowledge of the potential long-term health impacts of exposure was limited. Participants
identified the carcinogenic nature of wildfire smoke, with this knowledge largely due to
inclusion in their training. Firefighters otherwise conveyed a lack of knowledge concerning
the long-term impacts of their occupation. Isaac, a senior firefighter, reflected on his limited
knowledge on the long-term health impacts of his job:

“Through ignorance, [I know] very little. Obviously smoke impact. There are
associated risks to the severity, I don’t know.”

Isaac
Similarly, Finn, a junior crew member, described smoke inhalation as a hazard;

however, when asked about what health effects might result from this, he admitted he
was unsure:

“Look, smoke inhalation. That’s probably a big one. Different types of smoke
as well, like depending on what’s actually getting burnt can be the difference
between different harmful smokes and non-harmful smokes and so forth.”

Finn
“What kind of health effects do you think that smoke exposure might have?”

Interviewer

“I don’t really know at this stage, maybe ask me in another ten years or something
like that.”

Finn

Leading on from identifying wildfire smoke as a hazard, some participants expressed
concern about unknown burning conditions, namely hazardous waste or potentially toxic
vegetation. Greg demonstrated concern about the composition of smoke from these poten-
tially toxic sources. He then went on to retell an event where he encountered some waste
whilst conducting a planned burn:

“Well, the obvious [hazard] like smoke inhalation is big. Also, just like the content
of the smoke—there’s a lot of foreign objects and I guess poisonous plants as well
that you can be inhaling. . .”

“Actually, another thing is when we were burning once, we came to an area
and there were aerosols in the grass and they started exploding. It [sounded]
like gunshots.”

Greg
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3.3. Current Health-Protective Behaviours and Self-Efficacy

The interviews aimed to understand what strategies and behaviours firefighters cur-
rently implement both at work and in their personal lives. These responses fell into
two main categories; behaviours based on work policy, and behaviours stemming from
personal preference.

3.3.1. Health-Protective Behaviours Based on Work Policy

All firefighters described high adherence to organisation-mandated PPE use. The
mandatory PPE described included a fire-retardant uniform, fire boots, a helmet, and gloves.
While firefighters acknowledged that PPE use was mandated by organisational policy, many
expressed that they would wear it regardless, reflecting a personal commitment to their
own safety. This suggests that PPE use was not solely compliance-driven but reflected
firefighters” own value of their health and safety. Chris described his use of PPE as being
personally motivated, regardless of work policy:

“PPE is work [mandated], but I wear it because it’s there for a reason, especially
your helmet. So, while PPE is work, I definitely could get away with not wearing
it if I was an idiot. It's my choice that I wanna wear it.”

Chris

High adherence to mandatory PPE use, in conjunction with high levels of confidence
in firefighters” own ability to use PPE correctly, or at least knowing where to find correct
information, indicates high self-efficacy, as Hillary describes:

“I know what I have to do. So, I'm pretty confident. I'd say and there’s always
someone to ask if I'm not sure, and they’ll have an answer for me.”

Hillary

Conversely, the use of RPE and eye protection was much more varied. None of the
firefighters interviewed wore RPE all the time when conducting planned burns. Firefighters
described that the use of RPE and eye protections was usually based on a personal risk
assessment and was highly dependent on risk perception in the moment. Dani described
her use of RPE as being highly variable dependent on the situation she was in:

“It’s just personal choice. And I only wear it if I'm in the smoke. Sometimes I
won’t wear a mask at all on a burn. And then other times I might wear it for half
a day. I might wear it all day. It just depends on if you're in the smoke or not.”

Dani

Most (80%; 8/10) respondents described opting to remove themselves from intense
smoke, where possible. This included moving upwind of the smoke or sheltering in work
vehicles during very smoky periods. Chris and Finn explain these alternatives of physical
removal and sheltering, rather than donning RPE:

“I put more effort into [physically moving] than pulling out my mask and putting
on my mask. I'd rather hold my breath, which is what I do. I'll just hold my
breath, walk through it, get behind the fire, and then I don’t have to worry about
it anymore. I'll wear sunglasses and sometimes—most of the time—that fogs up
my sunglasses, and there’s other aspects to it that are uncomfortable, so I try to
just avoid it altogether.”

Chris
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“So, if [the smoke is] really bad, you can sit in the fire vehicles, and the
filtration system in those is actually pretty good—it will reduce the smoke
pretty significantly.”

Finn

PPE laundering was discussed by 80% (8/10) of participants; however, only 60%
(6/10) reported a regimented approach to decontamination after a burn. Among this group,
confidence in the effectiveness of their routines varied, indicating lower self-efficacy. Dani
describes her uncertainty in washing her uniform, whilst also reflecting on the mixed habits
within her team:

“I don’t know how. .. like temperature and all that sort of washing stuff. I know
that when I first started, people were telling me that you shouldn’t wash the
uniforms. And I'm like—I was specifically told in the course that you should.
Because, yeah, some people were under the impression that you're washing the
chemical fire retardant off the uniform.”

Dani

3.3.2. Personal Health-Protective Behaviours

Participants reported implementing other health-protective strategies in their personal
lives. Keeping fit through regular exercise and maintaining good nutrition was reported
by 80% (8/10) of participants, with descriptions of being “fire fit” as critical to performing
their job effectively. However, some reported that exercise and diet were not primarily
occupationally motivated; rather, their increased fitness for work was just an added benefit
of their exercise regime, as Chris described:

“I maintain fitness, but I wouldn’t say it’s purely for fire. I think that’s just a
benefit to fire for me.”

Chris

3.4. Current Motivations

A variety of motivations for implementing health-protective behaviours arose. Pri-
marily, personal experiences and stories shared within the workplace were commonly
mentioned as motivators, which either directly or indirectly, influenced a participant to
engage in health-protective behaviours. Every firefighter recounted at least one personal
event or story that had influenced them to consider the health impacts of their job, which
in turn positively impacted their health-protective behaviours, most commonly reinforcing
their PPE use. These experiences ranged from health scares in their own personal lives
influencing their daily activity levels, to a commonly shared narrative of a colleague that
was critically injured on the job. Although individual experiences and stories were varied,
reflecting on personal experiences is a strong motivator to further the use of personal
protective behaviours.

A strong theme that emerged from respondents was the positive work culture within
their organisation, and an environment that encouraged PPE use through supportive senior
staff and availability of options for each PPE type, as mentioned by 80% (8/10) of partic-
ipants. Amy referred to this as a “zero harm” workforce, highlighting the organisation’s
focus on employee safety, and encouragement of strong PPE practices:

“I think our current workplace is very zero harm. Look out for yourself. Look out
for the team, the whole lot. We're always watching everyone. We're a team.”

Amy
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Protecting their health was a universal motivator for the implementation of health-
protective behaviours. Three sub-themes of motivators emerged from this sample—short-
term health protection (including injury prevention), long-term health protection, and
health protection of loved ones.

Short-term health protection and injury prevention were the most common motivators
for the implementation of health-protective strategies, particularly PPE use. All firefight-
ers described immediate protection from hazards as a motivator. Firefighters revealed
that the immediate hazards of their job, such as the fire itself, unpredictable terrain, and
physicality of their work, posed significant threats to their immediate safety. Prevention
of serious injury and death was at the forefront of the majority of firefighters’ minds,
including Emma’s:

“My biggest [motivator] is injury prevention. Basically, that’s why I [wear PPE].”

Emma

Long-term health protection was mentioned by the majority (80%; 8/10) of firefighters
as a motivator for health protection. These concerns were primarily focused on maintaining
good health so they could enjoy life outside of their work. For example, Hillary stated
that her motivations centred around maintaining fitness so she could continue her active
lifestyle when she is older:

“Keeping healthy for a long time. I wanna be able to go on overnight hikes until
I'm 70. That would be lovely. I don’t wanna be 70 and cripple and not being able
to move. So that would be my general motivator.”

Hillary

The theme of long-term health protection was less prevalent amongst older or more
experienced firefighters. Instead, some voiced that health protection for them is ‘too little,
too late’. However, they believed it is important to support younger workers to keep them
healthy. This is explained by James, a supervisor with extensive experience:

“I'm at the end of my line or getting closer to that. The damage is done. You
know, and I accept that responsibility as my own.”

James

Finally, protecting family and pets was a motivator reported by 30% (3/10) of firefight-
ers. Respondents recognised that toxic residue can be a risk and decontamination practices
can limit exposure to smoke and particulate matter within their homes. Ben and Chris both
showed concerns for their loved ones, knowing that they were bringing contaminated gear
into the home environment, which is particularly an issue for more vulnerable people, such
as children:

“I'm concerned for my dogs too because they have very sensitive respiratory sys-
tems, and you know the aforementioned information that I've heard previously
about. Particulate matter on your gear and things like that, that concerns me for
both my family and my pets.”

Ben

“I'm aware because I've got young kids and obviously being smaller, they're less,
I guess, tolerant. I feel like I take it reasonably seriously.”

Chris

3.5. Barriers

We explored barriers to health-protective behaviours. The most frequent issue identi-
fied was related to RPE, with all participants referring to the available options as uncom-
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fortable. Additionally, the majority found their current RPE inconvenient or restrictive with
an improper seal or fit. The improper fit may be a result of masks not being fit tested, as
stated by participants. Emma described how these factors resulted in low and inconsistent
usage of P3 respirators, instead opting for less protective P2 masks (N95 equivalent):

“If something’s not gonna fit. I'm not gonna wear it. Even though it would
provide me more protection somewhat. If it’s super uncomfortable, if it hurts me
in another way, I'll be more inclined to go without because even like chemical
masks, they’re so heavy on the front I'd generally not wear the higher protective
one, I'll wear a P2.”

Emma

Helmets were also mentioned specifically by several participants and were described
as hot and heavy. Multiple participants attributed post-shift headaches to the weight of their
helmets throughout their shift. However, despite the obvious discomfort, helmets were
worn consistently by participants. This highlights the importance that firefighters place on
immediate injury prevention, as all participants were aware of the potential danger from

falling tree limbs. Dani described her discomfort after wearing a helmet for the duration of
her shift:

“That’s the other reason I think I get headaches is cause the helmet is so heavy.
They’re Kevlar, so they’re not insanely heavy. But when you're wearing it all
day—you get a bit of a stiff neck.”

Dani

Participants also commonly discussed the lack of access to facilities and services
provided by their organisation. Most frequently mentioned as a barrier to health protection,
firefighters discussed that laundry facilities are not accessible to all members of the fire
team. Amy showed concern that uniform washing must be done at home, as there are no
easily accessible work-provided washing facilities:

“We're supposed to wash our uniforms. You're supposed to wash them after
every fire. It doesn’t always happen. We have to wash them in our own washing
machines. Yeah, we don’t have the equipment laundered. So I know that’s an
issue. So we sometimes are wearing the same PPE overalls to the fireground. So
that is an issue.”

Amy

Additional inequities in facility access include availability and practicality of gyms.
Participants noted that although gym facilities are free, their locations are inconvenient for
firefighters not based in specific office areas. Participants expressed that accessing the gyms
would require excess travel out of work hours and felt they were not designed for practical
access for workers outside of their usual work base. Dani described how the available
facilities are more suitable for those in the organisation who work in offices, rather than
people working in the field:

“We have access to gyms, but they're all at the offices. So, people in the office have
access to Pilates, personal trainers and all that sort of stuff. And I'm like, that’s
really nice for people that are sitting at a desk all day. And they say that we also
can and have access to those things, but it has to be in our own personal time. . .
They’re not designed for us. They're not designed for people in the field. .. It
would be very nice if there was stuff like that for us to be able to access.”

Dani
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Poorly fitting PPE, including respirators and fire uniforms, was a more prominent
issue for women. Three out of four women (75%) interviewed stated that their PPE did
not fit them correctly, highlighting the need for more options. Hillary and Emma both
described their ill-fitting PPE:

“I do find that there’s no permanent masks that fit me. I can only wear the P2s so
far. So yeah, there’s not enough options for people of my size for wrapping them
around your face. I've got so much gap it just falls off me.”

Emma

“Most fire equipment is made for men, so a lot of it’s too big. Not made for us,
I guess.”

Hillary

3.6. Future Motivators and Desired Information

The final aspect of our interviews investigated what might motivate firefighters to
further their health-protective behaviours. The majority of participants expressed a desire
for more knowledge of the health impacts of their job. Participants were particularly
interested in the impacts of long-term exposure to smoke. They reiterated that currently,
their knowledge is predominately speculative, and they are uncertain about the potential
negative health impacts. Greg summarised the desire to be more informed, and explained
how that helped in another aspect of his work:

“Honestly, I think being more informed would probably help. It did when I
learned more about herbicides was pretty like comfortable with using them
because I was using them for so long.”

Greg

Participants also expressed that they would like to see more research into toxins in
the smoke that arise from different vegetation types or illegally dumped materials that get
burnt alongside the vegetation in some sites. Ben expressed the desire to characterise their
exposure across a wide range of scenarios:

“We have so many different types of vegetation that you would experience fire
in and then you know, illegal dumping. So rubbish and other materials that we
may find in bushland areas, we often don’t really know what we’re exposed to,
and we don’t even know if our current PPE that we have is appropriate for those
levels of exposure either. So, if we could get better measures across a wide range
of scenarios that we’re exposed to.”

Ben

The second most frequently mentioned future direction was increasing options for
PPE, particularly respiratory protection. Participants expressed that PPE options that do not
hinder radio communications, are not restrictive, are lightweight, and are easy to breathe
through would be desirable and increase the amount they used RPE.

Additionally, firefighters expressed keen interest in learning about broader health-
protective strategies, outside improving PPE. They specifically mentioned nutrition or
dietary supplements, as well as other recovery strategies, as a potential area of interest
to aid in health protection or recovery. Amy summarised this idea, as she described the
importance of good health and recovery information:
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“Just good written information that we could follow and then we could adopt as
our guidelines for better nutrition, better recovery, really simple things like that
can really help.”

Amy

Ben echoed this idea, hoping that results from health studies would be translatable
into real-world strategies to protect firefighter health:

“Things like general health and wellbeing diet. I'd love to see outcomes from this,
that there may be some dietary supplements that would help alleviate some of
the effects that we see from these from smoke impact.”

Ben

Most firefighters mentioned that all their suggestions would be well-suited as part of
their training. This would facilitate greater knowledge around the hazards and their result-
ing health effects, and hence, further health-protective practices within the organisation.

3.7. Health Protection Through a Different Lens: Cultural Burning and Its Importance for Country
and People

The independent participant (Karl) provided a wealth of knowledge and experience
working with Indigenous fire practitioners on land management, including fire. Karl
used the term “cultural burning” throughout the interviews; this terminology has been
retained in the present study. Karl emphasised the importance of cultural burning not
only for environmental stewardship and connection to Country, but also for protecting and
promoting the health and wellbeing of those involved.

Karl’s extensive work with private landowners, governments, volunteer fire services,
and Traditional Owners has exposed him to a plethora of burning practices. Karl conveyed
a unique and considered position on the use of some of the key aspects of cultural burning
as being unintentionally health-protective, as well as safeguarding diversity and preserving
landscapes. Primarily, he discussed how in-depth knowledge of the land that is being
burned, and planning according to the environment, is critical in reducing exposure and
hence minimising any potential negative health effects.

“I guess it starts really respect the Country because the last thing we want to do
is burn the living daylights out of Country. It produces outcomes that we know
contribute to an increased risk next time for a start, so even from a science point
or a fire behavioural point of view or an ecological point of view for fire ecology
point of view, you're actually producing a worse outcome next time. So, caring
for the Country should be at the top and designing or preparing and managing
the fire that you put into that even at a wildfire.”

Karl

Karl explained that the frequency of burning has a significant impact on the amount of
smoke produced, and that by burning the landscape appropriately (and more frequently),
the risk of wildfires can still be reduced; however, the fires are also less harmful to those
conducting the burns. The result is less smoke produced and therefore lower exposure.

“If you've been burning areas appropriately, particularly wood, grassy understory,
eucalypt forest, it used to be the vast majority of the East Coast of Australia. Then
those fires are producing less smoke, and you can do your lighting in a way
that you don’t have to choke in the smoke. I've certainly taken big steps to limit
exposure for smoke and when I've been designing burns like the 780 hectares
on [Country].”

Karl

https://doi.org/10.3390/fire9100434


https://doi.org/10.3390/fire9100434

Fire 2026, 9, 434

13 of 20

When Karl was asked about the feasibility of incorporating cultural burning practices
into western fire management organisations, he explained the problem to be systemic.
Karl explained that the combination of lack of community understanding, negative public
attitudes, and bureaucracy of governments and private organisations present a major
challenge. He believed that open-mindedness to the potential of better ways to improve
both health and ecological outcomes is essential; however, he was concerned that currently
organisations lack this type of thinking, or the capacity to implement such large changes.

“Yeah, it’s box ticking. You know, at the end of the day, the bureaucrats and up
the line to the government and politicians and the community more generally
will drive that. You know, for instance, the resistance to burning per se is a social
problem. You know people don’t understand and don’t want to know.”

Karl

Karl also emphasised the importance of Indigenous knowledge in land management,
noting that Aboriginal Australians have been managing Country for over 60,000 years.
He argued that this knowledge is currently undervalued, and that increasing Aboriginal
cultural input into fire management thinking and practice is essential.

“You know, people should be aware of what they’re involved in, and in that space,
I think increasing the input—the cultural input, Aboriginal input—into thinking
it’s really important.”

Karl

4. Discussion

This study provides novel insight into firefighter health-protective behaviours in
Southeast Queensland and the barriers to implementation. A key finding is the substan-
tial gap in firefighters” understanding of the long-term health risks associated with their
occupation, particularly in relation to wildfire smoke exposure. Participants consistently
reported limited awareness about chronic health impacts and a desire for clearer, evidence-
based information. Their calls for greater knowledge of long-term outcomes, and desire for
strategies to reduce their risk, reflect a strong motivation to manage their occupational risk
and protect their health.

The HBM offers a useful framework for interpreting these findings. Greater awareness
of susceptibility and severity of harm is known to increase the likelihood of adopting
protective behaviours when practical barriers are addressed [37]. Participants in this sample
demonstrated high self-efficacy with behaviours relating to immediate health protection,
but lower self-efficacy towards RPE and decontamination procedures, important for long-
term health protection. This reflects participants’ extensive awareness of short-term health
impacts, versus largely speculative knowledge on long-term health impacts. Improving the
accessibility and relevance of health information for firefighters may therefore be a critical
step toward strengthening protective practices, including more consistent use of RPE.

4.1. Risk Perception and Knowledge of Health Impacts

Firefighters demonstrated a personal understanding of the short-term health effects
associated with their roles, including fatigue, respiratory irritation, dehydration, headaches,
and musculoskeletal strain. Similar symptoms and acute impacts of wildfire smoke have
been reported [44—46]. Important to note is that firefighters” awareness of the short-term
health impacts of their occupation was primarily related to personal experiences, rather
than training. Concern for hazards such as exposure to toxic chemicals (such as those from
illegal dumping) and vegetation are shared amongst this sample and wildland firefighters
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in previous research [12]. This reflects the desire from firefighters in this study to better
understand what they are exposed to.

In contrast, firefighters often framed knowledge of long-term health effects, such as
chronic respiratory disease or cancer, as speculative. The perceptions of the participants in
this study are particularly notable given the growing body of literature linking occupational
exposure to wildfire smoke to adverse chronic health outcomes, and previous literature
highlighting both wildland and urban firefighters’ concerns about long-term occupational
health risks, particularly cancer [12,23,24,47]. Epidemiological studies have demonstrated
the correlation between wildland firefighting and increased risk of developing cancers
including mesothelioma; bladder, colon, prostate, and testicular cancer; melanoma; and non-
Hodgkin lymphoma, as well as cardiovascular disease [19,26]. Additionally, firefighters’
exposure to particulate matter has been associated with arterial stiffness and inflammation
and increased oxidative stress levels [48-50]. The 2022 IARC classification of firefighting
as a Group 1 carcinogenic occupation underscores the importance of translating scientific
evidence into practical, accessible knowledge for firefighters [19]. The findings of this
study suggest that translation of the available knowledge and research has not occurred
effectively in this sample, and hence, the health knowledge gap of firefighters persists.
Although firefighters displayed some knowledge of smoke being carcinogenic, as learnt
in their training, a combination of greater research translation and improved training for
these firefighters would be a strong first step to reducing the knowledge gap.

4.2. Health-Protective Behaviours—Motivators and Barriers

Consistent with previous research, firefighters reported high adherence to mandatory
PPE such as fire-retardant uniformes, fire boots, helmets, and gloves [51]. This aligns with
participants reporting that short-term health protection was a major motivator when ex-
posed to fire. The perceived risks of immediate injury and negative health outcomes, drawn
from personal experience and accounts of colleagues’ injuries, support the high adherence
to PPE, which provides immediate protection according to the HBM [52]. Additionally,
this study highlights the importance of social structures in adopting health-protective
behaviours. The positive work culture and “zero harm” attitude described by firefighters
in this study was a strong motivator for health protection. The literature has previously
identified a strong theme of firefighters treating contaminated and soiled PPE as a ‘badge
of honour’ signifying experience. [28,53]. This study suggests a cultural shift may be
underway, with participants demonstrating greater awareness of the importance of clean
uniforms and safety standards.

In contrast to the use of mandated PPE, the use of RPE was largely discretionary,
aligning with previous findings that 72.5% of wildland firefighters in a study from Florida
use no respiratory protection [12]. Firefighters described using situational judgement and
preferring to physically remove themselves from the smoke rather than using a respirator.
Although physical withdrawal from smoke may immediately reduce perceived intensity
of exposure, this strategy has not been scientifically tested for its efficacy. Additionally,
although it may be perceived as effective within the context of planned burns, in wildfire
situations physical withdrawal may not be a feasible approach. Reported barriers to
RPE use included discomfort, heat stress, low perception of effectiveness, poor fit, and
interference with radio communication. Within the HBM framework, perceived barriers are
identified as the strongest predictor of health-protective behaviour, explaining firefighters’
aversion to RPE [54]. Firefighters’ limited knowledge of the long-term health impacts of
smoke inhalation results in a lower perceived risk of harm.

Additional barriers to PPE and RPE use for women were reported, with frequent
reports of poor fit. Gender-based inequities regarding PPE are well-documented in occu-
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pational exposure medicine [55-57]. In firefighting, women report that even if uniforms
and PPE are labelled ‘unisex’, they are often designed for a larger body size and facial
structure, negatively impacting comfort of uniforms, and seals of respirators [58]. Although
female-specific options may be available, individual organisations must comply with spe-
cific guidelines and will have varying resource constraints, whether they be funding- or
supplier-related. Our findings support the need for more inclusive PPE procurement within
this agency.

Decontamination and gear washing was also commonly described by firefighters
as a health-protective strategy, not only for their own health, but for protection of their
family members. The protection of loved ones by not bringing home harmful pollutants
on their gear was a concern. However, participants described that they had no access to
gear washing services through their work and limited knowledge on how to effectively
decontaminate at home. Similar organisational barriers have been described previously,
where responsibility for health protection is implicitly shifted onto individual workers
without institutional support [22]. This is concerning in the case of decontamination due to
off-gassing from uniforms which has been shown to prolong exposure for both firefighters
and their families [59].

Importantly, firefighters” engagement in broader health-protective behaviours, such as
exercise and nutrition, was high, but these behaviours were not primarily motivated by
perceived occupational health risk. Instead, firefighters framed fitness and diet as necessary
for job performance rather than broader health protection. This finding aligns with previous
research suggesting that firefighters value fitness for task performance rather than disease
prevention [60]. As body mass index (BMI) was not collected in the present study, it was
not possible to examine whether these motivations differed according to weight status.
This may be important, as previous research suggests that individuals with overweight
or obesity can differ in their motivations and barriers to healthy eating and exercise [61].
Although BMI was not investigated, firefighters in this agency must pass health and fitness
examinations every two years to ensure fitness for work on fire activities.

4.3. Cultural Burning as a Complementary Health-Protective Approach

Insights from the independent fire management consultant provide an important
complementary perspective, emphasising cultural burning as both an ecological and health-
protective practice. Indigenous fire management has been shown to reduce fuel loads, fire
intensity, and smoke production when applied appropriately and frequently, leading to
improved outcomes for Country, biodiversity, and people [36,62—64]. From a health per-
spective, lower-intensity burns may reduce cumulative smoke exposure, hence improving
long-term health outcomes for firefighters. However, overcoming the systemic barriers
reported here requires not only policy change but also a reframing of fire management
paradigms to value Indigenous knowledge systems alongside Western scientific approaches.
Non-Indigenous fire agencies must consider how best to integrate Indigenous knowledge
and practices, which would require extensive Indigenous input an involvement.

4.4. Strengths and Limitations

This study centres firefighters’ lived experiences, capturing their health knowledge,
the barriers they face, and their considered suggestions for improving uptake of protective
behaviours. Although the sample size was small, participants represented a wide range of
experience levels and included both men and women within the workforce. The significant
trust and rapport previously developed between the interviewers and participants allowed
for excellent and in-depth data sharing of personal experiences and knowledge. The
inclusion of perspectives on cultural burning, though contributed by a single participant,
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introduces valuable considerations regarding alternative land management approaches
and highlights viewpoints beyond government firefighting structures. It also reduces
uniformness in the sample, providing depth and broader context to responses.

However, the findings should be interpreted with caution. The limited sample size and
recruitment from a single organisation restrict generalisability beyond this context. Broader
sampling across jurisdictions and roles would strengthen future work. Additionally, the
context of these interviews may have introduced bias. Purposive sampling may have
introduced selection bias; however, sampling aimed to provide a variety of perspectives
from participants with different experiences (including gender, age, experience level, and
role). An additional source of bias may be that the interviews were, for the majority,
conducted at the participants’ workplace, which may have influenced their responses. There
are also limitations of the HBM itself, including the assumption that individuals weigh up
advantages and disadvantages of each health action before decision making [37]. In this
context the HBM was not used as a predictive model, but rather to aid in understanding
and promoting health behaviours.

4.5. Implications and Future Recommendations

Firefighters demonstrated a clear demand for improved access to health information,
particularly regarding the long-term consequences of smoke exposure and other environ-
mental hazards. Evidence suggests that strengthening knowledge can enhance perceived
susceptibility and severity, thereby supporting motivation to adopt protective behaviours
when structural and practical barriers are addressed [65]. This highlights the need to better
translate fire safety and health research into accessible, operationally relevant information
for wildland firefighters.

The study identifies knowledge gaps as one contributor to inconsistent use of RPE and
other protective practices, positioning knowledge translation as a practical intervention
point. At the same time, firefighters emphasised that health protection must extend beyond
PPE alone. Interest in broader, evidence-based approaches to maintaining long-term health
suggests strong receptiveness to interventions targeting overall occupational wellbeing. Tar-
geting these interests in future research to assess the validity and efficacy of such strategies
is a strong first step to overcoming some of the perceived barriers. Additionally, considera-
tion of alternative burning practices, including cultural burning, may offer benefits not only
for ecological management but also for reducing exposure burdens for fire practitioners.

Overall, improving firefighter health protection requires a multifaceted approach
addressing knowledge dissemination, equipment constraints, organisational systems, and
cultural context. The range of future research avenues identified by participants under-
scores both the complexity of the issue and the workforce’s readiness to engage in solutions.
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The following abbreviations are used in this manuscript:

PPE Personal protective equipment

RPE Respiratory protective equipment

PMy 5 Particulate matter < 2.5 um

PM; Particulate matter < 10 um

HBM Health Belief Model

TIARC International Agency for Research on Cancer

EMBER  Environmental Measures of Bushfire smoke Exposure and Respiratory health
BMI Body mass index
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