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Abstract: Introduction: The European Union prioritizes 
occupational health and safety, with firefighters—particularly 
volunteers—facing significant risks. In Portugal, 94% of 
firefighters are volunteers, often balancing multiple jobs, 
which increases their exposure to hazards. This study 
investigates Portuguese firefighters’ occupational risks 
and identifies tasks with the highest accident incidence to 
build a comprehensive profile of their health and work 
conditions. Background: Firefighters are exposed to extreme 
environments, long shifts, and high-stress situations, 
especially during wildfires. These conditions contribute to 
physical and mental health issues, including cardiovascular 
disease and sleep disturbances. Training and experience 
are key to improving risk perception and preventing 
accidents. Understanding firefighters’ main characteristics 
is essential for risk reduction and improving their quality 
of life. Methods: A sociodemographic questionnaire was 
developed and administered to firefighters, covering three 
sections: General Information, Lifestyle and Clinical History, 
and Firefighting Activity. This enabled the collection of 
sociodemographic and occupational data. Results: A total 
of 220 responses were collected from Portuguese volunteer 
firefighters. Cardiovascular and respiratory diseases were the 
most commonly reported diagnoses. Wildland and urban/
industrial fires were the main operational contexts linked to 
accidents, with 84 individuals reporting accident history in 
these scenarios. Discussion/Conclusion: The study revealed 
a lack of data on the profile of volunteer firefighters, a 
group at heightened risk due to cumulative exposures 
and existing health conditions. Further research is needed 
to support the development of regulations and health 
monitoring strategies that protect this workforce without 
compromising their operational capacity.

Keywords: firefighters, occupational exposure, health 
monitoring, operational context

The improvement of occupational health and safety 
conditions has been one of the primary objectives of the 
European Union (Moraes et al., 2020). Globally, 

approximately 2.9 million individuals face severe workplace 
risks daily. According to the World Health Organization (WHO, 
2004), men have a higher risk, largely because they are more 
often assigned to hard, heavy, and dangerous tasks leading to 
up to five times fewer healthy life years than women due to 
workplace hazards.

The number of professional firefighters is increasing, with 
the European Union (EU) reaching its highest recorded number 
in 2022, totaling approximately 360,000 individuals (Eurostat, 
2022). Portugal is one of the few countries where volunteer 
firefighters constitute the majority, representing approximately 
94% of the total firefighter population in 2019 (FPS, 2023). The 
voluntary nature of firefighting in Portugal reflects the strong 
community-driven commitment of these individuals. However, 
volunteer firefighters may face additional occupational risks, as 
they often engage in other professional activities alongside their 
volunteer service (Pennington et al., 2022).

The main distinctions between volunteer and professional 
firefighters lie in the time devoted to the role and opportunities 
for career advancement. Despite these differences, both groups 
face similar occupational hazards and health risks. In this 
context, the following research questions (RQs) were 
investigated:

RQ1: What is the perception of firefighters regarding their 
exposure to occupational hazards associated with 
different tasks?

RQ2: Is there a specific firefighter task associated with a 
higher incidence of exposure and work-related accidents?

This study provides evidence based on background 
information and data collected from a sample of Portuguese 
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firefighters. The findings will help identify the tasks associated 
with the highest exposure and incidence of workplace accidents 
from the firefighters’ perspective. On the other hand, this study 
also identifies the principal characteristics from a sample of 
Portuguese Firefighters.

Background
Firefighters perform a wide range of emergency response 

tasks, including hospital-based emergency care, vehicle accident 
rescue, urban, industrial, and wildfire response, as well as other 
specialized rescue operations, such as water rescue and 
confined space rescue (Ras et al., 2024). As the first responders 
to incidents, firefighters are frequently exposed to high-stress 
environments, making their profession one of the most stress-
inducing occupations. Occupational stress is a major contributor 
to work-related diseases and workplace accidents (WHO, 2020). 
A well-established correlation exists between occupational stress 
and the prevalence of work-related illnesses (Banes, 2014; 
Soteriades et al., 2011).

Comparison of United States (U.S) and 
Portuguese Research Findings

While the focus of this paper is Portuguese firefighters, 
presenting studies from the U.S. and comparing them with 
available Portuguese research provides a relevant framework for 
understanding the occupational risks and operational demands 
that are present in Portugal, where similar firefighting structures, 
emergency response protocols, and rescue procedures exist. In 
other words, U.S. research serves as a benchmark or reference 
point in areas where Portuguese-specific data are limited.

The National Fire Protection Association (NFPA) estimates 
that firefighters in the U.S. are dispatched to a fire incident 
every 23 seconds. This statistic includes data on both wildland 
and structural fires (National Fire Protection Association, 2021). 

Wildland firefighting has been the task with the highest 
prevalence of fatal incidents among firefighters. Between 2007 
and 2016, a total of 170 firefighter deaths were recorded during 
wildland fire suppression (Banes, 2014; Durand et al., 2011; 
NIOSH, 2019; Soteriades et al., 2011; Yoo & Franke, 2009). As of 
September 2023, a total of 59 firefighter fatalities had been 
reported in the United States, with volunteer firefighters 
accounting for 42.4% of these deaths (U. S. Fire Administration 
(USFA), 2023).

Portuguese data also highlight the significant occupational 
risks faced by firefighters. According to the Liga dos Bombeiros 
Portugueses (LBP), the number of firefighter fatalities in Portugal 
varied over the years, with some years recording single-digit 
deaths and others reaching double digits. Notably, nine deaths 
were recorded in 1995, eight in 2007 and 2020, and several years 
reported between five and seven fatalities. The LBP also noted 
that 6 years saw particularly high numbers, exceeding 10 deaths: 
16 in 1986 and 2005, 13 in 1996, and 10 in 1989, 1998, and 2013. 
These values illustrate that firefighting in Portugal, as elsewhere, 
remains a high-risk occupation. Moreover, occupational diseases 
related to firefighting remain difficult to identify in Portugal, 
which suggests that the full extent of work-related health risks 
may be underestimated (European Agency for Safety and Health 
at Work (EU-OSHA), 2023; LBP, 2022).

According to the U.S. Department of Homeland Security’s 
Federal Emergency Management Agency (FEMA), between 2012 
and 2021, a total of 87 firefighter accidents were recorded, 67 of 
which involved wildland firefighters (USFA, 2023). The context 
of a wildland fire presents significant demands on those 
working in its vicinity. Like other work environments, wildland 
fires require analysis and assessment of the occupational 
exposure they present, which puts the safety and health of 
firefighters. This exposure can lead to fatal accidents or serious 
illnesses (Koopmans et al., 2022; NIOSH, 2023; Teixeira et al., 
2021). In Portugal, several events have marked the history of 
wildfires due to the disastrous statistics they caused, with a high 
number of firefighter fatalities (Rocha, 2013; Viegas, 2013, 2017).

Contributing Medical Conditions and 
Environmental Exposures

In the United States (U.S.), between 1990 and 2000, 
approximately 14.1% of firefighter accidents occurred in men 
aged 61 and older. Among firefighters aged 36 to 40, one-third 
of fatalities were attributed to medical conditions such as heart 
attacks and strokes (Federal Emergency Management Agency, 
2002). Between 2000 and 2021, a total of 1,096 firefighter deaths 
were recorded out of 2,598 fatalities occurring in the line of 
duty, with 90% caused by myocardial infarction (Wohlgemuth 
et al., 2023).

Firefighters’ exposure to various emergency scenarios, 
extended working hours, and environmental hazards, such as 
extreme heat, dust, and carbon monoxide (CO), can exacerbate 
their psychophysiological responses and increase the likelihood 
of minor injuries or fatalities (Cuenca-Lozano & Ramírez-García, 
2023; Horn et al., 2020; Perroni et al., 2014; Teixeira et al., 

Applying Research to Occupational 
Health Practice

The characterization of firefighters’ 
sociodemographic, clinical, and occupational 
profiles enables a more precise and 
comprehensive assessment of the occupational 
risks to which these professionals are exposed. 
Individual health status constitutes a critical 
determinant of susceptibility and response to 
workplace risk agents. Considering the 
multifactorial and intrinsically hazardous nature 
of firefighting activities, the implementation of 
integrated, evidence-based methodologies for 
occupational risk assessment is imperative, along 
with the strengthening of surveillance, 
prevention, and health promotion programs in 
occupational health.



3

vol. XX  ■  no. X Workplace Health & Safety

2024). Shift work is another factor contributing to the increased 
incidence of occupational diseases, particularly when combined 
with other exposure risks (Sidossis et al., 2023). Sleep 
deprivation and poor sleep quality among high-risk workers 
may further amplify their vulnerability to occupational hazards 
(Allison et al., 2022; Alves et al., 2023; Khoshakhlagh et al., 
2023; Lin et al., 2022). Additionally, poor sleep quality has been 
identified as a major factor negatively impacting firefighters’ 
mental health (Wolffe et al., 2023).

Risk Perception
Accident investigations serve as a crucial tool for safety 

monitoring and analysis, enhancing firefighters’ risk awareness 
and improving safety conditions whenever possible. Research 
indicates that professional firefighters tend to have a higher 
perception of risk compared to volunteer firefighters 
(Martínez-Fiestas et al., 2020). Nevertheless, studies show that 
60% of firefighters consider their profession to be high-risk 
(Rodríguez-Garzón et al., 2016). Among the various tasks 
performed, structural fires are perceived as having the highest 
exposure risk, followed by wildland firefighting and rescue 
operations (Fullagar et al., 2021). Moreover, firefighters with 
fewer years of experience tend to have a lower risk perception 
regarding their tasks (Fialho et al., 2024). Accident analysis, 
firefighter training, and the assessment of risk perception are 
essential steps for identifying gaps and improving working 
conditions. This is important because a higher perception of 
risk is often associated with safer behaviors, such as adherence 
to safety protocols, appropriate use of personal protective 
equipment, and cautious decision-making during emergency 
operations. By systematically investigating accidents and 
understanding how firefighters perceive risk, organizations can 
identify specific areas where safety behavior may be 
insufficient or where additional training is needed. 
Consequently, these methodologies do not only enhance 
awareness but also provide actionable insights that guide the 
development of new tools, operational procedures, and 
training programs, ultimately reducing the likelihood of 
injuries and fatalities and improving overall occupational safety 
(EU-OSHA, 2023, 2024).

Training Effects
Training has been identified as a key factor influencing 

firefighters’ risk perception, with higher levels of training 
being directly associated with increased risk awareness (Prati 
et al., 2013). Additionally, extensive training has been linked to 
a reduction in workplace accidents (Salar et al., 2017). Existing 
literature indicates that training is an important tool for 
reducing occupational accidents. Braun et al. (2022), 
demonstrated the implementation of immersive virtual reality 
scenarios for firefighter training, which is designed to improve 
firefighters’ decision-making abilities under stress, thereby 
enhancing performance, as also highlighted by Oliveira et al. 
(2024).

Methodology
Study Design and Sampling

This was a cross-sectional study conducted between July 
2021 and July 2022 in the Porto region, Portugal. The selection 
of the participants was made previously by visiting all the 
corporations in the district of Porto. A total of 26 voluntary 
firefighting organizations agreed to participate in this study. All 
participants were firefighters.

Human Subjects Protection
All participants were informed that the questionnaire was 

anonymous and that only the research team had access to the 
data. At the beginning of the questionnaire, the participants 
were asked to provide their ID numbers. It was clarified that 
this number would not be used to identify the participant, only 
to manage an identification code and ensure the research team 
that the same participant did not answer more than once. They 
were also informed that they could withdraw from the study at 
any time and request the deletion of their data. All participants 
signed the free and informed consent form, approved by the 
University of Porto ethics committee (CEUP) reference number 
106/CEUP/2021.

Sociodemographic Characterization 
and Risk Perception

A sociodemographic questionnaire was structured and 
divided into three parts: General information, Lifestyle and 
Clinical History, and Activity as a firefighter. The questionnaire 
was prepared on the SurveyMonkey platform to ensure easy 
application and distribution of the questionnaire (Bustos et al., 
2022). With the support of this platform, a web link was 
generated to provide participants with access to the 
questionnaire. The platform registered all the coded answers. 
After distribution of the research explanation and its purpose, 
the link to the sociodemographic questionnaire was provided.

The detailed description of the three areas measured by the 
questionnaire is included below:

General information: General information was collected to 
describe participants’ characteristics regarding educational 
level, marital status, and household composition.

Lifestyle and clinical history: Lifestyle and medical history 
were collected through questions raised in the 
questionnaire and a detailed medical appointment with 
the participants. In this section, participants answered 
whether they were smokers, had alcohol consumption 
habits, had any illnesses, and some other information that 
was considered necessary.

Activity as a firefighter: The main objective of the firefighter 
activity was to evaluate the participants’ perception of the 
risk of the different tasks performed. In addition, this 
section of the questionnaire includes questions regarding 
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work-related injuries and stressful episodes throughout 
the firefighter’s career.

Data Analysis
Data were analyzed using descriptive and inferential statistics 

to identify trends and comparisons. Microsoft Excel and IBM 
SPSS Statistics (v29.0.1.0) were used. Diseases reported in the 

sociodemographic questionnaire were classified per the WHO’s 
International Classification of Diseases (WHO, 2024). The 
Shapiro-Wilk test (α = .05) indicated non-normal distribution, 
leading to the use of a correlation matrix. Spearman’s rank 
correlation coefficient was applied (α = .05), with significance 
set at p < 0.05. The strength of the correlation was assessed 
using Spearman’s rho (ρ), which ranges from −1 to 1 
(Guimarães & Cabral, 2010). A value of ρ closer to −1 or 1 
indicates a stronger correlation between the variables.

Results
A total of 220 responses were collected. Incomplete 

questionnaires were included in the statistical analysis, 
considering only the questions that were answered. Non-
responses were considered for each question, particularly in 
conditional items where they were more frequent. However, all 
completed responses were included in the analysis, so no 
questionnaire was excluded due to missing answers.

General Information

This first section consisted of nine questions, with a 
response rate of 100%. Of the total participants, 106 were single, 
85 were married, and 11 were divorced or separated as can be 
see in Table 1. Regarding education, 40% of firefighters held a 
high school diploma, and 16% held a technical high school 
diploma. It was also possible to verify that 61.8% of the 
population were volunteer firefighters, and only 21.8% were 
professional firefighters, as shown in Figure 1. From this, it was 
possible to deduce that most of the population had more than 
one occupation.

Figure 1.  Professional activities (n = 220).

Table 1.  Sociodemographic Characteristics (n = 220).

Variable

Number 
of cases 

(n) Percentage

Sex

  Female 76 34.55

  Male 144 65.45

Age (years) 34.71 ± 10.46

Education*

  2nd cycle of elementary 
school

9 4.09

  3rd cycle of elementary 
school

30 13.64

  General high school 88 40.00

  Technical high school 36 16.36

  Post-secondary non-
tertiary level qualification 
with credits toward 
further higher education 
studies

5 2.27

  Bachelor’s degree 32 14.54

  Postgraduate 7 3.18

  Master’s degree 12 5.45

  PhD 1 0.45

Years of experience as a 
firefighter health risk 
behavior’s

12.94 ± 10.74

  Tobacco use 83 37.73

  Alcohol consumption 62 28.18

  Drugs use 12 5.45

*Levels determined by the National Qualifications Framework 
(Agência Nacional para a Qualificação e o Ensino Profissional, 2021).
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Lifestyle and Clinical History

Through the assessment of participants’ pre-existing and 
diagnosed diseases, disease categories were established, as 
presented in Table 2. The results indicate a 100% response rate 
to the seven questions. Cardiovascular diseases (n = 12) were 
the most prevalent, followed by respiratory diseases (n = 10). 
Among the 220 respondents, 172 reported having no 
diagnosed disease.

Spearman correlation analysis revealed no significant 
relationship between years of service and the presence of 
pre-existing medical conditions. Health risk was defined as 
behaviors such as the use of narcotics, alcohol, tobacco, or 
other substances linked to increased disease incidence. In 
this study, no significant association was found between 
reported risk behaviors and disease development. However, 
Table 3 shows a strong correlation between diagnosed 
diseases, reported in the questionnaire, and tobacco and 
alcohol use. Tobacco was the most commonly reported risk 
behavior (%), and 28.2% of participants reported alcohol 
consumption.

Activity as a Firefighter
In this section, the response rate was 98.5% across the 11 

questions. Participants reported an average of 12.94 ± 10.74 years 
of firefighting experience. No statistically significant correlation 
was found between years of service and disease onset. A total of 
84 respondents reported having experienced accidents during 
firefighting duties, with urban/industrial firefighting and patient 
transport being the most frequently associated tasks. Among 

these 84, 53 reported injuries, primarily fractures and sprains, as 
illustrated in Figure 2.

Risk Perception, Training, Exposures, and Symptoms
When asked which task they consider having the highest 

exposure in firefighting activities, participants indicated that the 
two most hazardous tasks are urban/industrial firefighting 
(n = 63) and wildfire firefighting (n = 62). Figure 3 presents the 
distribution of responses according to the tasks that participants 
consider having the highest risk exposure.

Participants identified insufficient training and damaged 
PPE as key factors contributing to the hazards of two specific 

Table 2.  Response to the Question: “Do You Have a History of Any Medically Diagnosed Disease? If Yes, Please Specify Which 
One” (n = 220).

Disease category Specific conditions n

Cardiovascular Hypertension; Hypotension; Hypercholesterolemia; Dilated cardiomyopathy; 
Arrhythmias; Ventricular extrasystole

12

Respiratory Allergic Rhinitis; Sinusitis; Asthma 10

Blood Dyslipidemia; Hypokalemia; Anemia; Diabetes 3

Psychiatric Depression; Anxiety 4

Gastrointestinal Stomach cancer; Gastritis; Ulcerative colitis 6

Autoimmune Hashimoto’s thyroiditis; Allergies; Hypothyroidism; Hypothyroidism 5

Musculoskeletal Spine; Rheumatism; Rheumatoid arthritis 2

Urinary system Polycystic kidney disease; Single kidney 2

Neurological Epilepsy 2

Eating disorders Obesity 2

Table 3.  Correlation Between Diagnosed Disease Status and 
Risk Behaviors Among Portuguese Volunteer Firefighters 
(n = 220).

Risk Behaviors
Diagnosed 

diseases (ρ)

Tobacco use .90*

Alcohol consumption .99*

Drugs use .72

Note. Diagnosed disease status was coded as a dichotomous 
variable (0 = no diagnosed disease; 1 = at least one diagnosed 
disease); ρ = Spearman coefficient.
*p < .05.
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tasks: structural/industrial firefighting and wildland 
firefighting. Regarding stress exposure, 138 reported 
witnessing stressful situations, most commonly during 
pre-hospital care, especially involving fatalities (n = 62) and 
child-related incidents (n = 35). Additionally, tasks with greater 
reliance on PPE also showed a significant correlation with 
accident history (ρ = 0.30, p < .001; α = .05). Table 4 displays 
the corresponding correlation matrix.

Among the participants, 162 considered the activities of 
firefighters as stressful. Of these individuals, 103 have already 
felt symptoms such as chest palpitations, sleep disturbances, 
anxiety, and difficulty concentrating. The correlation analysis 

confirmed a significant relationship between accident history 
and the perception of stressful activity, with a Spearman 
correlation coefficient of ρ = 0.43 <.001).

Discussion
Few studies assess real-time exposure to occupational 

hazards during firefighting, hindering the development of 
mitigation strategies (Ferreira et al., 2011; Groot et al., 2019; 
Koopmans et al., 2020). Wildland firefighting remains the most 
concerning task of firefighters due to prolonged physical 
exertion and frequent sleep deprivation (Teixeira, Pratas, et al., 
2024). In the U.S., 40% of firefighters sleep less than 7 hours per 
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Figure 3.  Reported task of greater exposure (n = 220).
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Figure 2.  Type of injury reported (n = 220).

Table 4.  Correlation Matrix Between Accident History and Risk Perception (n = 220).

Accident History | Risk Perception Effectiveness of PPE Higher exposure task Stressful activity

Accident history .30 .43 .43

**p ⩽ .001.
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night, with the profession being highly prone to sleep 
disturbances ( Jang et al., 2020). In Portugal, report that, in a 
population of Portuguese volunteer firefighters, poor sleep 
quality was observed, likely related to shift work and the need 
to sleep at locations close to emergency incidents, such as 
during wildland fires. Furthermore, poor sleep quality in this 
population was found to be associated with symptoms of 
anxiety and depression.

Understanding firefighters’ sociodemographic traits and risk 
perception helps evaluate health-related behaviors in the 
workplace (Ras & Leach, 2021). No in-depth study has yet profiled 
Portuguese firefighters, and such profiles can vary with ethnicity, 
occupation, and other personal factors (Lopes et al., 2024). 
Volunteer firefighting may increase exposure due to additional 
occupational roles, with experience, time dedicated, and training 
level influencing risk perception (Martínez-Fiestas et al., 2020; 
Rodríguez-Garzón et al., 2021).

Voluntary activity is linked to lower risk perception compared 
to professional roles (Martínez-Fiestas et al., 2020). Training level 
also impacts perception—less training leads to lower perceived 
risk. Traffic accidents and residential fires were deemed the most 
demanding tasks (Prati et al., 2013), and those with accident 
history showed higher risk awareness ( Jafari et al., 2019). In this 
study, a significant correlation was found between accident 
history and stress symptoms (ρ = 0.43, p < .001).

Structural and wildland firefighting were considered the most 
hazardous tasks by 62% of respondents (Fullagar et al., 2021). A 
weak correlation was noted between accident history and PPE 
effectiveness (ρ = 0.29, p < .001). While PPE offers protection, it 
may also create a false sense of security, increasing exposure risk 
(Almeida et al., 2007; Prati et al., 2013; Rodrigues et al., 2018).

Smoke exposure during fires leads to respiratory 
inflammation and reduced lung function (Gianniou et al., 2018; 
Swiston et al., 2008), with risks linked to years of exposure, age, 
and smoking habits (Witt et al., 2017). Despite participants 
averaging 12.94 years of experience, no significant link was 
found between years of service and disease onset. This study 
found severe illnesses such as cardiomyopathies, asthma, and 
kidney disease associated with wildfire tasks. Cardiovascular 
disease remains the leading cause of firefighter mortality (Ras & 
Leach, 2021), aggravated by poor nutrition and dehydration 
during the fire season, which affect both physiological and 
cognitive performance (Cvirn et al., 2019; Marks et al., 2020).

Conclusions
The study revealed a lack of data on the profile of volunteer 

firefighters. In Portugal, as in many countries, firefighting is 
mainly voluntary, potentially increasing exposure to 
occupational risks, especially when combined with other 
professional activities. Pre-existing conditions, such as 
cardiovascular and respiratory diseases, further heighten 
vulnerability due to the job’s physical and environmental 
demands. More research is needed to explore the link between 
exposure and health outcomes, supporting the creation of 

regulations and surveillance programs to monitor this group and 
enhance their health and quality of life without compromising 
operational performance.

Implications for Occupational Health Nursing Practice 
or Implications for Occupational Health Practice

This study contributes to advancing occupational health 
practices by identifying health risks and proposing strategies to 
improve the working conditions of firefighters—a group at high 
risk due to the physical and environmental demands of their 
role. It highlights the need for a proactive, evidence-based 
approach to occupational health surveillance by revealing key 
vulnerabilities and exposures. The study also introduces a 
framework to guide authorities in refining recruitment, selection, 
and health monitoring procedures. By defining the occupational 
profile of volunteer firefighters, it provides a foundation for 
developing tailored guidelines, risk management policies, and 
preventive interventions aimed at reducing illness and injury 
while supporting the long-term wellbeing and effectiveness of 
this vital workforce.

Summary
Enhancing occupational health guidelines for volunteer 

firefighters aims to improve their quality of life and promote 
safer, more sustainable work practices. Defining their 
occupational profile supports cost reduction by helping prevent 
work-related injuries, illnesses, and fatalities associated with 
operational and individual risk factors. Effective prevention 
strategies require collaboration among health professionals, fire 
services, and policymakers to address the specific challenges 
faced by this high-risk group.

Acknowledgments
The authors would also like to acknowledge the support of the 
Ph.D. Program in Occupational Health and Safety at the 
University of Porto.

Conflict of Interest
The authors declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding
The authors disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: 
This work was supported by the Foundation of Science and 
Technology (FCT Portugal) through project grant PCIF/
SSO/0063/2018 with DOI: http://doi.org/10.54499/PCIF/
SSO/0063/2018, accessed on 11 December 2023. The authors 
acknowledge Fundação para a Ciência e a Tecnologia (FCT) for 
its financial support to LAETA via the project UID/50022/2025 
(DOI: https://doi.org/10.54499/UID/50022/2025).



8

Mon  2026Workplace Health & Safety

Informed Consent
Informed consent was obtained from all subjects involved in the 
study. Written informed consent has been obtained from the 
participants to publish this paper. This study was submitted to 
and approved by the ethics committee of the University of Porto 
(CEUP) under reference number 106/CEUP/2021. The University 
of Porto Ethics Committee (CEUP) submitted and approved the 
protocol under reference number 106/CEUP/2021.

ORCID iDs
Tatiana Teixeira  https://orcid.org/0000-0001-5636-1030
Eduardo Carvalho  https://orcid.org/0009-0005-0729-7008
Joana Santos  https://orcid.org/0000-0002-2777-3244
Mário Vaz  https://orcid.org/0000-0002-6347-9608
Joana Guedes  https://orcid.org/0000-0003-2367-2187

References
Agência Nacional para a Qualificação e o Ensino Profissional, I. P. (2021). 

QNQ - Quadro Nacional de Qualificações. http://www.catalogo.anqep.
gov.pt/home/qnq

Allison, P., Tiesman, H. M., Wong, I. S., Bernzweig, D., James, L., James, 
S. M., Navarro, K. M., & Patterson, P. D. (2022). Working hours, 
sleep, and fatigue in the public safety sector: A scoping review of the 
research. American Journal of Industrial Medicine, 65(11), 878–897. 
https://doi.org/10.1002/ajim.23407

Almeida, A. G., Duarte, R., Mieiro, L., Paiva, A. C., Rodrigues, A. M., 
Almeida, M. H., & Bárbara, C. (2007). Pulmonary function in 
Portuguese firefighters. Revista Portuguesa de Pneumologia, 13(3), 
149–157.

Alves, S., Vaz, J., & Fernandes, A. (2023). Exploring clinical trials to manage 
firefighters’ sleep quality: A PRISMA-compliant systematic review. 
International Journal of Environmental Research and Public Health, 
20(5), Article 3862. https://doi.org/10.3390/ijerph20053862

Banes, C. J. (2014). Firefighters’ cardiovascular risk behaviors. Workplace 
Health & Safety, 62(1), 27–34.

Braun, P., Grafelmann, M., Gill, F., Stolz, H., Hinckeldeyn, J., & Lange, A.-
K. (2022). Virtual Reality for Immersive Multi-User Firefighter Training 
Scenarios. Virtual Reality & Intelligent Hardware, 4(5), 406–417. https://
doi.org/10.1016/j.vrih.2022.08.006

Bustos, D., Teixeira, T., Guedes, J. C., Santos Baptista, J., & Vaz, M. 
(2022). A short review on the usage of online surveys among health 
professionals. In P. M. Arezes, J. S. Baptista, P. Carneiro, et al (Eds.), 
Occupational and environmental safety and health III (pp. 621–633). 
Springer. https://doi.org/10.1007/978-3-030-89617-1_55

Cuenca-Lozano, M. F., & Ramírez-García, C. O. (2023). Occupational 
hazards in firefighting: Systematic literature review. Safety and Health at 
Work, 14(1), 1–9. https://doi.org/10.1016/j.shaw.2023.01.005

Cvirn, M. A., Dorrian, J., Smith, B. P., Vincent, G. E., Jay, S. M., Roach, 
G. D., Sargent, C., Larsen, B., Aisbett, B., & Ferguson, S. A. (2019). 
The effects of hydration on cognitive performance during a simulated 
wildfire suppression shift in temperate and hot conditions. Applied 
Ergonomics, 77, 9–15. https://doi.org/10.1016/j.apergo.2018.12.018

Durand, G., Tsismenakis, A. J., Jahnke, S. A., Baur, D. M., Christophi, C. A., 
& Kales, S. N. (2011). Firefighters’ physical activity: Relation to fitness 
and cardiovascular disease risk. Medicine & Science in Sports & Exercise, 
43(9), 1752–1759.

EU-OSHA. (2023). Circular economy and its effects on OSH.

EU-OSHA. (2024). Work-related cancer. https://Osha.Europa.Eu/Pt/
Themes/Work-Related-Diseases/Work-Related-Cancer

Eurostat. (2022). EU had almost 360,000 professional firefighters in 2022. 
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/ddn-
20230807-1

Federal Emergency Management Agency. (2002). Firefighter fatality 
retrospective study. National Fire Data Center.

Ferreira, A. J., Cordeiro, C. R., Ferreira, P., Miranda, A. I., Martins, V., & 
Viegas, D. X. (2011). Firefighter occupational exposures in forest fire 
settings – Three years of the FUMEXP project. European Respiratory 
Journal, 38(Suppl. 55), 4169. http://erj.ersjournals.com/content/38/
Suppl_55/p4169.abstract

Fialho, M., Nunes, S., & Gamelas, C. A. (2024). Risk perception, safety 
behavior and work accidents: Assessment and relations in a sample of 
Portuguese firefighters. Fire Technology, 60(5), 3529–3552. https://doi.
org/10.1007/s10694-024-01585-x

FPS. (2023). Volunteer firefighters in Europe. https://www.
fireproductsearch.com/volunteer-firefighters-in-europe/

Fullagar, H. H. K., Schwarz, E., Richardson, A., Notley, S. R., Lu, D., & 
Duffield, R. (2021). Australian firefighters’ perceptions of heat stress, 
fatigue and recovery practices during fire-fighting tasks in extreme 
environments. Applied Ergonomics, 95, Article 103449. https://doi.
org/10.1016/j.apergo.2021.103449

Gianniou, N., Giannakopoulou, C., Dima, E., Kardara, M., Katsaounou, P., 
Tsakatikas, A., Roussos, C., Koulouris, N., & Rovina, N. (2018). Acute 
effects of smoke exposure on airway and systemic inflammation in 
forest firefighters. Journal of Asthma and Allergy, 11, 81–88. https://doi.
org/10.2147/JAA.S136417

Groot, E., Caturay, A., Khan, Y., & Copes, R. (2019). A systematic review 
of the health impacts of occupational exposure to wildland fires. 
International Journal of Occupational Medicine and Environmental 
Health, 32(2), 121–140. https://doi.org/10.13075/ijomeh.1896.01326

Horn, G. P., Kerber, S., Fent, K. W., & Smith, D. L. (2020). Management 
of firefighters’ chemical and cardiovascular exposure risks on the 
fireground. International Fire Service Journal of Leadership and 
Management, 14, 7–16.

Jafari, M. J., Saghi, F., Alizadeh, E., & Zayeri, F. (2019). Relationship 
between risk perception and occupational accidents: A study among 
foundry workers. Journal of the Egyptian Public Health Association, 
94(1), Article 24. https://doi.org/10.1186/s42506-019-0025-6

Jang, E. H., Hong, Y., Kim, Y., Lee, S., Ahn, Y., Jeong, K. S., Jang, T.-W., 
Lim, H., Jung, E., Chung, S., & Suh, S. (2020). The development of 
a sleep intervention for firefighters: The FIT-IN study. International 
Journal of Environmental Research and Public Health, 17(23), Article 
8738. https://doi.org/10.3390/ijerph17238738

Khoshakhlagh, A. H., Al Sulaie, S., Yazdanirad, S., Orr, R. M., Dehdarirad, 
H., & Milajerdi, A. (2023). Global prevalence and associated factors of 
sleep disorders and poor sleep quality among firefighters: A systematic 
review and meta-analysis. Heliyon, 9(2), Article e13250. https://doi.
org/10.1016/j.heliyon.2023.e13250

Koopmans, E., Cornish, K., Fyfe, T. M., Bailey, K., & Pelletier, C. A. (2022). 
Health risks and mitigation strategies from occupational exposure to 
wildland fire: A scoping review. Journal of Occupational Medicine and 
Toxicology, 17(1), Article 2. https://doi.org/10.1186/s12995-021-00328-w

Koopmans, E., Fyfe, T., Eadie, M., & Pelletier, C. (2020). Exploring prevention 
and mitigation strategies to reduce the health impacts of occupational 
exposure to wildfires: Protocol of a scoping study. Systematic Reviews, 9, 
Article 119. https://doi.org/10.1186/s13643-020-01381-y

LBP. (2022). Morte em serviço tem que ser esclarecida. https://Lbp.Pt/Morte-
Em-Servico-Tem-Que-Ser-Esclarecida/



9

vol. XX  ■  no. X Workplace Health & Safety

Lin, C.-Y., Su, S.-B., Hu, Y.-T., Peng, C.-J., Chen, K.-H., & Chen, K.-T. 
(2022). Prevalence and risk factors associated with poor sleep among 
firefighters in Taiwan. Medicine, 101(44), Article e31570. https://doi.
org/10.1097/MD.0000000000031570

Lopes, B. G., Marques, A. M., & Santos, M. H. (2024). Gender in Portuguese 
firefighters: The experiences and strategies of women. Social Sciences, 
13(8), 431. https://doi.org/10.3390/socsci13080431

Marks, A. N., Sol, J. A., Domitrovich, J. W., West, M. R., & Ruby, B. C. 
(2020). Total Energy Intake and Self-Selected Macronutrient Distribution 
During Wildland Fire Suppression. Wilderness and Environmental 
Medicine, 31(2), 188–196. https://doi.org/10.1016/j.wem.2020.01.009

Martínez-Fiestas, M., Rodríguez-Garzón, I., & Delgado-Padial, A. (2020). 
Firefighter perception of risk: A multinational analysis. Safety Science, 
123, 104545. https://doi.org/https://doi.org/10.1016/j.ssci.2019.104545

Moraes, A. S. P., Carvalho, M. A. F., & Boldt, R. S. (2020). Assessment of 
Portuguese Firefighters ’ Needs: Preliminary Results of a Pilot Study 
Assessment of Portuguese Fire fi ghters ’ Needs: Preliminary Results of a 
Pilot Study (Number January). Springer International Publishing. https://
doi.org/10.1007/978-3-030-20227-9

NFPA. (2021). Firefighter deaths. https://www.nfpa.org/News-and-
Research/Data-research-and-tools/Emergency-Responders/Firefighter-
fatalities-in-the-United-States/Firefighter-deaths

NIOSH. (2019). 54-Year-Old Firefighter Suffers Carbon Monoxide Toxicity 
and Cardiac Event During Overhaul—Massachusetts.

NIOSH. (2023). Wildland Firefighter Exposure and Health Effects Study.

Oliveira, J., Aires Dias, J., Correia, R., Pinheiro, R., Reis, V., Sousa, D., 
Agostinho, D., Simões, M., & Castelo-Branco, M. (2024). Exploring 
immersive multimodal virtual reality training, affective states, and 
ecological validity in healthy firefighters: Quasi-Experimental study. 
JMIR Serious Games, 12, e53683. https://doi.org/10.2196/53683

Pennington, M. L., Cardenas, M., Nesbitt, K., Coe, E., Kimbrel, N. A., 
Zimering, R. T., & Gulliver, S. B. (2022). Career versus volunteer 
firefighters: Differences in perceived availability and barriers to 
behavioral health care. Psychological Services, 19(3), 502–507. https://
doi.org/10.1037/ser0000559

Perroni, F., Guidetti, L., Cignitti, L., & Baldari, C. (2014). 
Psychophysiological responses of firefighters to emergencies: A review. 
The Open Sports Sciences Journal, 7(1), 8–15. https://doi.org/10.2174/18
75399X01407010008

Prati, G., Pietrantoni, L., Saccinto, E., Kehl, D., Knuth, D., & Schmidt, 
S. (2013). Risk perception of different emergencies in a sample of 
European firefighters. Work, 45(1), 87–96. https://doi.org/10.3233/
WOR-121543

Ras, J., & Leach, L. (2021). Prevalence of coronary artery disease risk 
factors in firefighters in the city of Cape Town fire and rescue service 
– A descriptive study. Journal of Public Health Research, 10(1), 
jphr.2021.2000. https://doi.org/10.4081/jphr.2021.2000

Ras, J., Soteriades, E. S., Smith, D. L., Kengne, A. P., & Leach, L. (2024). 
Evaluation of the relationship between occupational-specific task 
performance and measures of physical fitness, cardiovascular and 
musculoskeletal health in firefighters. BMC Public Health, 24(1), 20. 
https://doi.org/10.1186/s12889-023-17487-6

Rocha, D. (2013). Os Grandes Incêndios Florestais e os Acidentes Mortais 
Ocorridos em 2013 – Parte 1. https://www.bombeiros.pt/noticias/
ograndes-incendios-florestais-e-os-acidentes-mortais-ocorridos-em-2013-
parte-1.html/

Rodrigues, S., Paiva, J. S., Dias, D., & Cunha, J. P. S. (2018). Stress among 
on-duty firefighters: An ambulatory assessment study. PeerJ, 6, Article 
e5967. https://doi.org/10.7717/peerj.5967

Rodríguez-Garzón, I., Martínez-Fiestas, M., Darmohraj, A., Delgado-Padial, 
A., & Chumpitaz, R. (2021). Voluntary and involuntary risk acceptance: 
A case study of firefighters. Safety Science, 142, 105394. https://doi.org/
https://doi.org/10.1016/j.ssci.2021.105394

Rodríguez-Garzón, I., Martínez-Fiestas, M., Delgado-Padial, A., & Lucas-
Ruiz, V. (2016). Perception of Occupational Risk of Firefighters in Quito 
(Ecuador). Fire Technology, 52(3), 753–773. https://doi.org/10.1007/
s10694-015-0494-x

Guimarães, R. C., & Cabral, J. A. S. (2010). Estatística (Verlag Dashöfer 
Portugal, Ed.; 2nd ed.).

Salar, M., Capanoglu, M. F., Sherman, A., Sesek, R. F., & Davis, J. (2017). 
Training Related Risk Factors of Firefighters. Proceedings of the Human 
Factors and Ergonomics Society Annual Meeting, 61(1), 1844–1847. 
https://doi.org/10.1177/1541931213601941

Sidossis, A., Lan, F.-Y., Hershey, M. S., Hadkhale, K., & Kales, S. N. 
(2023). Cancer and Potential Prevention with Lifestyle among Career 
Firefighters: A Narrative Review. Cancers, 15(9), 2442. https://doi.
org/10.3390/cancers15092442

Soteriades, E. S., Smith, D. L., Tsismenakis, A. J., Baur, D. M., & Kales, S. N. 
(2011). Cardiovascular disease in US firefighters: A systematic review. 
Cardiology in Review, 19(4), 202-215.

Swiston, J. R., Davidson, W., Attridge, S., Li, G. T., Brauer, M., & Van 
Eeden, S. F. (2008). Wood smoke exposure induces a pulmonary and 
systemic inflammatory response in firefighters. European Respiratory 
Journal, 32(1), 129–138. https://doi.org/10.1183/09031936.00097707

Teixeira, T., Pratas, P., Santos, J., Monteiro, P. R., Baptista, J. S., Vaz, M. A. 
P., & Guedes, J. C. (2024). Physical demand assessment of volunteer 
firefighters during wildland firefighting. Fire, 7(12), 439. https://doi.
org/10.3390/fire7120439

Teixeira, T., Almeida, L., Dias, I., Baptista, J. S., Santos, J., Vaz, M., & 
Guedes, J. (2024). Occupational chemical exposure and health status of 
wildland firefighters at the firefront: A systematic review. Safety, 10(3), 
Article 60. https://doi.org/10.3390/safety10030060

USFA. (2023). Summary Incident Report.

Viegas, D. X. (2013). Cercados pelo Fogo em Armamar (ADAI, Ed.).

Viegas, D. X. (2017). Cercados pelo Fogo em Águeda (ADAI, Ed.).

WHO. (2020). Occupational health: Stress at the workplace. https://Www.
Who.Int/News-Room/Questions-and-Answers/Item/Ccupational-Health-
Stress-at-the-Workplace

WHO. (2024). International Classification of Diseases (ICD). https://Www.
Who.Int/Standards/Classifications/Classification-of-Diseases

WHO. (2004). Selected occupational risk factors. https://www.who.int/
publications/i/item/chapter-21-selected-occupational-risk-factors

Witt, M., Goniewicz, M., Pawłowski, W., & Goniewicz, K. (2017). Analysis 
of the impact of harmful factors in the workplace on functioning 
of the respiratory system of firefighters. 24(3), 406–410. https://doi.
org/10.5604/12321966.1233561

Wohlgemuth, K., Sekiguchi, Y., & Mota, J. (2023). Overexertion and heat 
stress in the fire service: a new conceptual framework. American 
Journal of Industrial Medicine, 66(8), 705–709. https://doi.org/10.1002/
ajim.23482

Wolffe, T. A. M., Robinson, A., Clinton, A., Turrell, L., & Stec, A. A. (2023). 
Mental health of UK firefighters. Scientific Reports, 13(1), 62. https://
doi.org/10.1038/s41598-022-24834-x

Yoo, H. L., & Franke, W. D. (2009). Prevalence of cardiovascular disease 
risk factors in volunteer firefighters. Journal of Occupational and 
Environmental Medicine 51(8): 958-962. https://doi.org/10.1097/JOM.0
b013e3181af3a58


