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Welcome 

The Occupational Safety and Health Book of Abstracts is a collection of the most recent works in the 
field of occupational safety and health. The included works are focused on the specific topics:  

- Occupational Health 

- Ergonomics 

- Occupational Safety and Hygiene 

- Occupational Psychosociology 

 

The abstracts included in this publication are a selection of contributions to the 5th Doctoral Congress 
in Engineering (DCE). All the included contributions were revised by at least 2 of the 20 international 
scientific committee members. 

The Editors would like to thank all authors for their contributions to the DCE Occupational Safety and 
Health Symposium. The Editors also thank the Scientific Committee members who, on behalf of their 
institutions, contributed to the quality of this book:  

 Atlantic Technological University, Ireland; 
 Delft University of Technology, Netherlands; 
 ESALD/IPCB and UCIBIO, Portugal; 
 Faculty of Public Health of Burapha University, Thailand; 
 Federal Institute of Santa Catarina (IFSC), Brazil; 
 Institute of Public Health of the University of Porto (ISPUP), Portugal; 
 Institute of Science and Innovation in Mechanical and Industrial Engineering (INEGI), Portugal; 
 Portuguese Catholic University, Center for Interdisciplinary Research in Health, Portugal; 
 São João University Hospital Centre, Portugal; 
 School of Health of the Polytechnic Institute of Porto (ESS.IPP), Portugal; 
 University of Algarve (UALG), Portugal;  
 University of Porto, Portugal. 

 

 

 

 

Porto, June 2023 

Symposium Organizing Committee 

      WELCOME 
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The Definition of Low Back Pain: A Systematic Review 

Pedro Carretas1  

1 Faculty of Engineering, University of Porto, PT (up201910164@edu.med.up.pt)  

 

Abstract 

Introduction: Low back pain (LBP) is highly prevalent and can cause disability, being a major topic in occupational health. 
Loss of work due to LBP has substantial social, economic, and personal consequences. In the United States, industrial 
workers continue to experience high incidence of LBP and report it as the most frequent reason for days away from work. 
LBP can be divided by duration (acute, sub-acute or chronic) and by origin (specific or non-specific). However, there is 
not a consensus on these categories neither on the definition of LBP itself. This systematic review aimed to find evidence 
in the literature of the definitions and categories used to define LBP.  
Methodology: This work was based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Statement methodology. The search focused on studies that presented at any stage a definition for LBP. The 
electronic database searched was Scopus. In the search, the following keywords were used: low back pain AND definition. 
In the database, the used filters were the year of publication (2018 to 2022), type of document (articles and review), type 
of source (journals and scientific publications), and language (English). The research was carried out from September to 
November 2022. 
Results and Discussion: According to PRISMA guidelines, 1033 items were initially found in the database. After applied 
filters date, document type and language remained 255 articles for eligibility. Then 221 articles were excluded because 
the subject was not related to the scope of the review. So, it was possible to identify 34 relevant publications. From these 
articles, 9 present the categories for specific and non-specific LBP and 8 describe LBP as leading cause of loss of work. 
The location of LBP, its temporal presentation and source of pain were described in 6 papers each. Additionally, 4 articles 
report LBP in a biopsychosocial domain.  
Conclusions: After analyzing the included works, was concluded that LBP has a complex and multi-domain definition and 
has a major impact on disability among workers. There are some known pathological mechanisms that can explain the 
origin of LBP, mostly the specific type. In contrast, nsLBP due to its non-specificity and spectrum of symptoms, does not 
have a clear source, and should be considered several other factors. The source of LBP is not clear in most of the cases, 
and we should face it as a multidomain health issue. 
Author Keywords: low back pain, definition, acute low back pain, chronic low back pain, non-specific low back pain 
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Morphologic and Elemental Characterization of Particulate Matter from Different Firefighters’ 
Working Environments 

Gabriel Sousa1,2, Maria Freitas1, Cristina Delerue-Matos1, Xianyu Wang3, Francisca Rodrigues1 and Marta 
Oliveira1* 

1 REQUIMTE/LAQV-Instituto Superior de Engenharia do Instituto Politécnico do Porto, Porto, Portugal 

2 Faculdade de Ciências da Universidade do Porto, Universidade do Porto, Porto, Portugal 

3 QAEHS, Queensland Alliance for Environmental Health Sciences, The University of Queensland, Brisbane, Australia 

*marta.oliveira@graq.isep.ipp.pt 

 

Abstract 

Introduction: Exposure to particulate matter (PM), particularly fine (≤ 2.5 µm) and ultrafine (≤ 0.1 µm), can 
lead to adverse health effects on the pulmonary and cardiovascular systems (WHO, 2021). Firefighters are 
susceptible to high levels of exposure to PM in their work environment (e.g., structure/forest fires, and fire 
station atmosphere) (Demers et al., 2022). However, available information remains scarce. This work 
characterizes the concentrations of fine and ultrafine PM, its chemical composition, and morphology, in different 
working environments: distinct fire stations and controlled structure and forest fires. 

Materials and Methods: PM collection was accomplished in Porto, Portugal, using a low-pressure impactor 
(DLPI+, Dekati®) during 24 hours (fire stations), 1 and 6 hours of controlled urban and forest firefighting 
exercises, respectively. Morphological analysis was performed by Scanning Electron Microscopy (SEM), and 
elemental characterization was accomplished through Energy-dispersive Spectroscopy (EDS).  

Results and Discussion: The mean total PM levels varied from 352.5 µg/m3 (fire stations) to 875.4 µg/m3 and 
112.6×103 µg/m3, for the controlled forest and urban fires, respectively. Fire stations’ PM was composed 
mostly of a homogeneous black aggregate (organic matter) but also crystals (sulphates/chlorides) and minerals 
(aluminosilicates). Samples from fire environments are more heterogeneous and mainly composed of 
sulphates/chlorides and fibers. Barium and iron were commonly found in fire station PM, while magnesium and 
lead were only detected in PM from the controlled forest and urban fires, respectively. 

Conclusions: PM morphologies and elements found in the different environments were substantially distinct 
from each other, proving that the materials burned, and the temperatures reached in the fires alter the content 
under analysis. However, some elements/substances were similar across all environments. 

Author Keywords: Occupational exposure, Firefighters, Respirable particles, Electron microscopy. 
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Occupational Exposure of VOCs in Fitness Centres 

Cátia Peixoto1,2; Gabriela Ventura3; Maria do Carmo Pereira2; Simone Morais1 and Klara Slezakova2 

1 REQUIMTE-LAQV, Instituto Superior de Engenharia do Porto, Instituto Politécnico do Porto. 

2 LEPABE-ALiCE, Faculdade de Engenharia da Universidade do Porto. 

3 INEGI-ISA – Laboratório Qualidade do Ar Interior, Investigação de Suporte ao Ambiente. 

 
Abstract 
Introduction: Volatile organic compounds (VOCs) are organic compounds with a vapour pressure of 0.01 kPa 
or more at 293.15°C, or an equivalent volatility under particular conditions of use (Directive 2010/75/EU). They 
are among the major indoor air pollutants, some of which may cause short- and long-term adverse health 
effects. Given the possible health risks, World Health Organization identified 30 chemicals relevant to indoor 
air, out of which 17 were VOCs (WHO, 2021). Thus, identifying and characterising these compounds are 
especially suitable in spaces like fitness centres (FC), where increased inhalation (due to physical demand) can 
lead to high exposure. This study assessed VOC levels in two FC and estimated the respective carcinogenic 
risks for the exposed workers. 

Materials and Methods: Indoor air monitoring was performed in December 2022 in two FC (one equipped with 
a swimming pool) for 8 h for total VOCs (TVOCs; multi-gas sensor probe, model TG 502; GrayWolf Sensing 
Solutions, USA). Air samples were concurrently collected (stainless steel tube, Tenax TA, 60/80 mesh; AirChek 
XR5000 pump, SKC Ltd, 100 mL/min) at various locations, i.e., groups classes studios and cardio fitness area. 
Subsequent individual VOCs quantifications were conducted by thermal desorption (DANI desorption system, 
model TD Master) coupled with gas chromatography–mass selective detector (GC/MSD; Agilent Technologies, 
model 7890A; model 5975C). Carcinogenic risks (CR) due to inhalation exposure were calculated using the 
USEPA methodology (USEPA, 2009). 

Results and Discussion: The mean TVOCs (based on 8 h monitoring) were 0.89 mg/m3 in FC1 and 1.89 mg/m3 
in FC2, both exceeding the Portuguese protective threshold (0.6 mg/m3; Ordinance nº 138-G/2021). 
Decamethylcyclopentasiloxane was the predominant contributor to 8.3-9.5% of TVOCs in FC1 and 15-23% in 
FC2, most likely due to personal care products use. Whereas the information on VOCs in fitness spaces is 
limited (Andrade & Dominski, 2018; Finewax  et al., 2020; You et al., 2022), specifically, 13 VOCs (S13VOC) of 
the WHO priority indoor air risk chemicals (WHO, 2021) were detected: benzene, m,p-xylenes, styrene, toluene, 
ethylbenzene, butyl acetate, tetrachloroethylene, α-pinene, limonene, n-decane, naphthalene, o-xylene and 
trichloroethylene. S13VOC accounted for 18-19% in FC1 and 9.2-11.3% in FC2. Furthermore, VOCs specific to 
water disinfection were detected only in indoor spaces of FC2 (with a pool), representing 13-14% of the indoor 
TVOCs. The USEPA individual CR threshold (10-6) was exceeded for benzene (1.1-1.9 times) and 
trichlorethylene (up to 34 times), indicating non-negligible risks for the respective professionals. Finally, the 
total CR (SCR) did not exceed the USEPA cumulative threshold of 10-4 (USEPA, 2009).   

Conclusions: Whereas VOC concentration profiles were different in both FC, the exceeded TVOCs and the CR 
due to inhalation exposure indicate possible adverse outcomes for the respective occupational group. 

Author Keywords: VOCs; Carcinogenic risks; Indoor air pollutants; Occupational exposure. 

 

References 

Andrade, A., & Dominski, F. H. (2018). Indoor air quality of environments used for physical exercise and sports practice: 
Systematic review. Journal of Environmental Management, 206, 577–586. doi:10.1016/j.jenvman.2017.11.001. 

Directive 2010/75/EU of the European Parliament and of the Council on industrial emissions (integrated pollution prevention 
and control). Official Journal of the European Union L 334/17, 2010. 

Finewax, Z., Pagonis, D., Claflin, M. S., Handschy, A. V., Brown, W. L., Jenks, O., … Gouw, J. A. (2020). Quantification 
and source characterization of volatile organic compounds from exercising and application of chlorine‐based cleaning 
products in a university athletic center. Indoor Air. doi:10.1111/ina.12781. 



| 13 

Ordinance (Portaria) nº 138-G/2021. Estabelece os requisitos para a avaliação da qualidade do ar interior nos edifícios de 
comércio e serviços, incluindo os limiares de protecção, condições de referência e critérios de conformidade, e a 
respectiva metodologia para a medição dos poluentes e para a fiscalização do cumprimento das normas aprovadas (in 
Portuguese). Diário da República 1.ª série – N.º 126: 128(2) - 128(6). 

US Environmental Protection Agency (USEPA), 2009. Risk assessment guidance for superfund volume I: Human health 
evaluation manual (part f, supplemental guidance for inhalation risk assessment), Office of Superfund Remediation and 
Technology Innovation. Washington, D.C., 1-36. Available from https://semspub.epa.gov/work/HQ/140530.pdf. 

World Health Organization (WHO), 2021. Literature review on chemical pollutants in indoor air in public settings for children 
and overview of their health effects with a focus on schools, kindergartens and day-care centres. ISBN 97-892-890-5564-
2. 

You, B., Zhou, W., Li, J., Li, Z. & Sun, Y. (2022). “A review of indoor gaseous organic compounds and human chemical 
exposure: insights from real-time measurements”. Environment International 170, 107611. 
https://doi.org/10.1016/j.envint.2022.107611. 

 

Acknowledgments    

This work was financially supported by Portuguese national funds through projects UIDB/50006/2020, UIDP/50006/2020 
and LA/P/0008/2020 (REQUIMTE), and by LA/P/0045/2020 (ALiCE) and UIDB/00511/2020 (LEPABE), from the Fundação 
para a Ciência e a Tecnologia (FCT)/Ministério da Ciência, Tecnologia e Ensino Superior (MCTES). Additional funding was 
provided by PCIF/SSO/0017/2018 FCT through national funds. Cátia Peixoto would like to acknowledge FCT for her 
fellowship SFRH/BD/147185/2019. 

 

 

  



| 14 

Early Biomarkers of Kidney Injury in Firefighters Exposed to a Controlled Structure Fire 

J. Teixeira1, F. Rodrigues1, C. Delerue-Matos1, S. Coimbra2,3,4, A. Santos-Silva2,3, M. Oliveira1* 

1 REQUIMTE/LAQV, ISEP, Polytechnic of Porto, Porto, Portugal  

2 REQUIMTE/UCIBIO, Applied Molecular Biosciences Unit, Department of Biological Sciences, Faculty of Pharmacy 
University of Porto, Porto, Portugal 

3 Associate Laboratory i4HB, Institute for Health and Bioeconomy, Faculty of Pharmacy University of Porto, Porto, 
Portugal 

4 TOXRUN, Toxicology Research Unit, University Institute of Health Sciences, Cooperativa de Ensino Superior 
Politécnico e Universitário (CESPU), Gandra, Portugal 

*E-mail: marta.oliveira@graq.isep.ipp.pt 

 

Abstract 

Introduction: Occupational exposure as a firefighter was recently classified as carcinogenic to humans (Group 
1) being demonstrated the contribution of this activity to the development of bladder cancer. Firefighters are 
regularly exposed to occupational factors (e.g., physical stress and dehydration) that can exacerbate the risk 
of developing kidney injury. Despite the recognized health risks, the characterization of firefighters’ renal 
function remains poorly characterized. This work presents for the first time, the assessment of creatinine and 
cystatin-C levels, a traditional and a new early biomarker of renal (dys)function, respectively, in firefighter 
trainees during a controlled structure fire event. 

Materials and Methods: Spot urine samples were collected by 10 firefighters (male; 26.9 ± 1.45 years; 24.6 ± 
1.88 kg/m2; 40% smokers) before and after participation in fire combat activities and in the morning after the 
firefighting training. Creatinine levels were determined by a standard protocol based on the Jaffe colorimetric 
method. Cystatin-C was analyzed through a commercially available kit, according to the manufacturer’s 
instructions (Human Cystatin C, Quantikine ELISA Kit, R&D Systems, Minnesota, USA; sensitivity 0.102 ng/mL). 
Statistical analysis was performed using SPSS (version 28.0, Armonk, NY, USA). A p-value ≤ 0.05 was 
considered as significant. 

Results and Discussion: The median and interquartile range of urinary creatinine concentrations were slightly 
increased after firefighting (162.4 mg/dL; 129.2 – 206.5 mg/dL) and on the day after the training (172.8 mg/dL; 
148.8 – 183.4 mg/dL) than pre-fire levels (140.6 mg/dL; 120.2 – 154.0 mg/dL). A total of 50% of firefighters 
presented an increase of, at least, 1.5 times in the urinary creatinine levels after their participation in firefighting. 
Normalized cystatin-C levels were significantly increased after firefighting (51.5 ng/mg creatinine; 47.0 – 55.2 
ng/mg creatinine, p = 0.009), and in the day after the training (54.9 ng/mg creatinine; 48.0 – 61.7 ng/mg 
creatinine, p = 0.03), than pre-fire levels (30.4 ng/mg creatinine; 26.0 – 62.9 ng/mg creatinine).  

Conclusions: Data from this preliminary study emphasized the importance of early biomarkers of renal injury, 
as cystatin-C, for detection of renal damage associated with the occupational exposure of firefighters. The 
impact of firefighters’ exposure to health-relevant pollutants, heat, and associated physiological disorders on 
their renal function should be evaluated in regular health surveillance programs. The reinforcement of hydration 
levels and reduction of time in excessive physical stress could contribute to protecting the renal function of 
firefighters. Further studies should include a superior number of individuals and additional biomarkers of kidney 
damage.  

Author Keywords: kidney injury, firefighters, urinary biomarkers, cystatin-c, creatinine 
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Abstract 

Introduction: Physical fatigue is a major health and safety issue among occupational groups. Its continuous 
monitoring and assessment would help prevent its adverse effects. Given the advances in wearable sensor 
technology, research efforts are based on developing physical fatigue quantification approaches that translate 
physiological information into actionable indicators. While various approaches have been applied to achieve this 
(e.g. traditional programming, statistical indices or machine learning algorithms), there is no generalisable 
procedure to accurately assess physical fatigue for occupational applications. Therefore, this study aimed to 
contribute to physical fatigue assessment by exploring the applicability of three decision tree classifiers to 
estimate physical fatigue within a sample of volunteer firefighters.  

Materials and Methods: Personal characteristics and physiological information from heart rate, breathing rate 
and core temperature were recorded from a convenience sample of 24 participants (age 33.0 ± 9.5 years, 
weight 76.0 ± 10.5 kg and height 172.1 ± 7.9 cm) during an incremental running protocol. Three supervised 
decision tree algorithms with proven applicability for related occupational goals (Bagged, RUS Boosted and 
Gradient Boosted Trees) were examined using features extracted from the physiological variables and 
participants’ data to estimate low, moderate and high physical fatigue levels. 

Results and Discussion: Outcomes showed that the three classifiers led to average prediction accuracies above 
80%, with the highest being 88% with the Gradient Boosted tree algorithm. Predictions using the RUS Boosted 
and the Bagged Trees were 81 and 85% (respectively). These results are comparable with those from the 
literature, confirming that these classifiers are an accurate alternative for improving physical fatigue 
assessment. Also, the found variability among individual prediction accuracies (± 10%) evidenced the 
importance of individualised monitoring (instead of assessments based on standardised profiles) and the need 
for more than one physiological indicator to reliably characterise the subject physical fatigue status.  
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Conclusions: Overall, the current study demonstrates the advantages of using physiological measures and 
supervised machine learning algorithms for enhancing physical fatigue modelling in the workplace. Although 
there is room for improvement, Gradient Boosted trees proved to be a feasible alternative to translate 
physiological information into simple physical fatigue levels that can be used to prevent adverse physical fatigue 
effects. Future studies will be oriented to test its validity in real-life settings while assessing workers during 
representative occupational activities.  

Author Keywords: machine learning, supervised learning, classification algorithms, physiological signals, occupational 
health. 
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Abstract 

Introduction: Fatigue is a prevalent and debilitating condition that can lead to detrimental short and long-term 
health consequences. As a result, managing fatigued workers has become an important health and safety 
concern, with research efforts being increasingly directed toward this goal. Consequently, the need to 
systematise up-to-date research progress among workers populations emerges to have a complete perspective 
on what has been done, with what degree of success and where further research is needed. The current study 
developed as a part of an extensive review of physical fatigue quantification approaches among occupational 
groups, aims to identify the supervised machine learning-based physical fatigue assessment methods used to 
detect and categorise workers’ physical fatigue.  

Methodology: The PRISMA Statement was used as a guideline to conduct the research and synthesise the 
findings. Relevant keywords were combined to gather studies addressing the application of supervised machine 
learning algorithms to detect or categorise physical fatigue. The research was performed in selected electronic 
databases and multidisciplinary academic journals, focusing on English-written journal articles published since 
2018. In a subsequent stage, retrieved items were filtered according to the adequacy of their goals to the 
objective of the review, to be later examined and categorised by measurement context, assessed variables and 
applied processing and prediction methods. 

Results and Discussion: Of the 427 retrieved items, only 13 studies fulfilled the selection criteria. In general, 
included studies addressed physical fatigue assessments during short laboratory trials simulating fatiguing 
occupational tasks. They developed models based on accelerometry-based motion, heart rate, skin and core 
temperature and respiratory data, mainly using a combination of two or more of these signals. Outcomes also 
revealed that most studies used different configurations of decision trees and support vector machine 
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classifiers to delimit two, three and four physical fatigue levels achieving prediction accuracies ranging from 80 
to 95%.  

Conclusions: The current work evidenced the usefulness of supervised learning to detect and categorise 
different levels of physical fatigue. However, the heterogeneity of assessed variables, experimental protocols 
and processing techniques demonstrate that more work is needed to develop generalisable models with real-
life applicability. The current review provided possible departure points in this regard while helping define the 
next steps in the research to retrieve and analyse other physical fatigue quantification approaches, including 
statistical models and deep learning approaches.  

Author Keywords: occupational fatigue, supervised learning, machine learning, physiological signals, occupational health 
and safety. 
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Abstract 

Introduction: Occupational low back pain (OLBP) is highly prevalent and can cause disability, being a major 
topic in occupational health. Loss of work due to OLBP has substantial social, economic, and personal 
consequences. In United States, OBLP accounts for around 30% of workers’ compensation claims costs. OLBP 
is considered one of the most common causes of disability in industrialized and in developing countries. This 
systematic review aimed to find evidence, in the literature, of the prevalence and management of OLBP.  

Methodology: This work was based on the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement methodology. The search focused on studies that presented at any stage an 
approach for prevalence and management of OLBP. The electronic database searched was Scopus. In the 
database, the used filters were the year of publication (2013 to 2023), type of document (articles), type of 
source (journals and scientific publications), and language (English). The research was carried out from 
September 2022 to May 2023.  

Results and Discussion: According to PRISMA guidelines, 207 items were initially found in the database. After 
applied filters date, document type and language remained 35 articles for eligibility. Then 4 articles were 
excluded because the subject was not related to the scope of the review. So, it was possible to identify 31 
relevant publications. From these articles, 15 describe OLBP as one of the most work-related disorders. OLBP 
risk factors were describe in 9 studies. Its prevalence among healthcare workers was described in 8 articles, 
and the management strategies in 8 studies. 

Conclusions: After analyzing the included works, was concluded that OLBP is a major burden on occupational 
health. It affects workers both in industrialized and developing countries and has a great impact on healthcare 
professionals and even the military forces. The main risk factors are globally identified. Lacking lift assistive 
devices and poor ergonomic postures are commonly described by hospital workers. Some of the risk factors 
are identified and with the use of proper equipment and occupational health programs, can be minimized. New 
self-tracking technologies could be the future in addressing the prevention and treatment of OLBP.  

Author Keywords: occupational, low back pain, healthcare workers 
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Abstract 

Introduction: Low back pain (LBP) is highly prevalent and can cause disability, being a major topic in 
occupational health. Loss of work due to LBP has substantial social, economic, and personal consequences. 
The misdiagnosis and mismanagement of LBP results in a rise in pain disorders and health costs and contribute 
to the opioid crisis. LBP can be divided by duration (acute, sub-acute or chronic) and by origin (specific or non-
specific). Non-specific LBP does not have an attributable known cause and counts for the majority of cases of 
LBP overall. This systematic review aimed to find evidence, in the literature, of the methods and criteria used 
to diagnose LBP.  

Methodology: This work was based on the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement methodology. The search focused on studies that presented a diagnostic 
approach or the criteria used to establish the diagnosis of LBP. The electronic database searched was Scopus. 
In the database, the used filters were the year of publication (2013 to 2023), type of document (articles), type 
of source (journals and scientific publications), and language (English). The research was carried out from 
September 2022 to May 2023. 

Results and Discussion: According to PRISMA guidelines, 74 items were initially found in the database. After 
applied filters date, document type and language remained 37 articles for eligibility. Then 22 articles were 
excluded because the subject was not related to the scope of the review. So, it was possible to identify 15 
relevant publications. From these articles, 5 present examples of medical questionnaires validated that are used 
in LBP diagnostic. The use of imaging studies was described in 4 papers, and the need to involve other 
professionals like physical therapists was described in 2 studies.  

Conclusions: The analysis of the selected studies suggests that LBP diagnosis is complex and that are available 
some medical questionnaires that could guide and help doctors. There is some evidence that physical therapists 
could also have an important role in LBP diagnostics and that medical education is beneficial for these 
professionals. The use of imaging studies on a routine basis is not recommended, and it should be used only 
after a complete medical history and examination.  
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Abstract 

Introduction: Working as a firefighter encompasses regular exposure to several health-hazardous pollutants released 
during firefighting. Despite the use of adequate personal protective equipment and preventive measures, the respiratory 
health of firefighters can be compromised/aggravated, in the short or long term. Thus, the objective of this study is to 
characterize the main respiratory disorders of firefighters. 

Methodology: A PRISMA-based systematic review search was carried out in Scopus, Medline (PubMed) and Web of 
Science databases, through the combination of the following keywords utilizing the operator “AND": "firefighters", 
respiratory diseases", "airways diseases", "lung diseases" and "respiratory health". 

Results and Discussion: Several studies associate occupational exposure during firefighting activities with short-term 
consequences for the respiratory health of firefighters, such as decreased lung function, inflammation and allergic 
sensitization of the airways. Other studies found an increased incidence of asthma, bronchitis, emphysema, and chronic 
rhinosinusitis in some New York firefighters exposed to the dust and by-products of combustion resulting from the 
collapse of the twin towers. Nevertheless, there is a lack of information for clarifying the long-term effects on the 
respiratory health of firefighters, resulting from firefighting activities. The current data show that firefighting can result in 
an increased risk of death from mesothelioma cancer and cardiorespiratory diseases.  

Conclusions: This work highlights the prevalence of some respiratory diseases in firefighters, emphasizing the need to 
understand the long-term effects of repeated smoke exposure on the respiratory health of these workers, to better 
promote their health and quality of life. 
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Abstract 

Introduction: Antineoplastic drugs (ADs) are considered hazardous medicinal products for being potentially 
carcinogenic, mutagenic, and/or teratogenic to humans. No occupational exposure limits exist for ADs, thus 
the “as low as reasonably achievable” (ALARA) precautionary principle remains the best standard to reduce 
occupational exposure – and assessing environmental contamination in oncological healthcare settings is 
fundamental to do so. Since dermal absorption is the primary exposure route1, surface contamination is the 
preferred indicator of exposure risk and is essential to take corrective measures2. In Portugal, no organized 
medical surveillance exists for ADs and compliance with the International Society of Oncology Pharmacy 
Practitioners (ISOPP) standards is voluntary3. 

Materials and Methods: The most potentially contaminated and/or more frequently handled/touched surfaces 
(between 16 and 24 comparable locations) from the pharmacy (preparation unit) and day-care hospital 
(administration unit) of three Portuguese hospitals were sampled at the end of a working day and before general 
cleaning, thus considering a worst-case scenario. The presence of 13 pharmaceuticals was analysed by wipe 
sampling, extraction and liquid chromatography–tandem mass spectrometry4; 100 pg/cm2 was considered a 
guidance value for relevant surface contamination with ADs. A preliminary occupational exposure risk 
assessment to ADs was based on guidelines from Direção-Geral da Saúde5. 

Results and Discussion: A consistent widespread presence of cyclophosphamide and ifosfamide at relevant 
concentrations was observed in hospital A. Its healthcare workers are potentially at some relevant health risks, 
since the occupational risk associated with cyclophosphamide (carcinogenic to humans) and ifosfamide will 
never be low, independently of the exposure level, based on a preliminary occupational exposure risk 
assessment, considering the relevant contamination found on work surfaces. No concentrations above the 
guidance value were found in hospital B and only in one place in hospital C; this may be related to good cleaning 
but also to a low manipulation of the target ADs in the days before sampling. 

Conclusions: This study highlights that results from a given occupational context cannot be generalized and 
that implemented procedures might need revision, namely the efficacy of the cleaning protocols, cleaning 
schedule/strategy, and sanitation products. With the aim of taking proper corrective measures and reducing 
contamination levels, it is advised to expand the environmental assessment performed, as a thorough risk 
assessment and discussion should be supported by an enlarged, regular monitoring program. 
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