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Abstract 
Introduction: Firefighters may suffer potential health risks due to the regular exposure to polycyclic aromatic 
hydrocarbons (PAHs) emitted from forest fires. This work determines the concentrations of the biomarker 
of exposure of PAHs, 1-hydroxypyrene, in the urine of firefighters recently exposed to fire emissions. 
Methodology: Urinary 1-hydroxypyrene was determined by solid-phase exctration followed by a liquid 
chromatographic analysis with fluorescence detection. Results: Urinary concentrations were 107% higher in 
firefighters that were recently involved in firefighting activities comparatively with the control Group (0.058 
versus 0.028 µmol/mol creatinine), respectively. Median concentrations of urinary 1- hydroxypyrene were 
below the benchmark level (0.5 µmol/mol creatinine) proposed by American Conference of Governmental 
Industrial Hygienists. Conclusions: More studies including other PAH biomarkers of exposure and 
(bio)markers of early effect are necessary to better characterize firefighters’ occupational exposure and to 
estimate the potential health risks. 

Keywords: Occupational exposure, Firefighters, Biomarkers of exposure, PAH metabolites, 1- 
hydroxypyrene. 

INTRODUCTION 

Portugal is among the southern European countries that present the highest danger for the 

occurrence of large forest fires and the risk is expected to continue increasing in the next 

decades (San-Miguel-Ayanz et al. 2018). Forest fires release large amounts of numerous 

hazardous pollutants to the atmosphere, which represent serious risks for the health of exposed 

fire combat forces and populations (Oliveira et al., 2015a, 2015b). Firefighting activities are 

among the most dangerous professions and are classified as possible carcinogen to humans by 

the International Agency for Research on Cancer and the US National Institute for Occupational 

Safety and Health (IARC 2010, NIOSH, 2007). Firefighters’ occupational exposure has been 

associated with excess morbidity and mortality, with growing evidence supporting an 

association with all-cause of mortality, being cardiovascular disease the leading cause of death 

and a major cause of their morbidity (Oliveira et al., 2015a, 2015b).During fire combat activities, 

firefighters are heavily exposed to several hazardous pollutants, including particulate matter, 

nitrogen dioxide, carbon monoxide, volatile and semi-volatile organic compounds such as 

polycyclic aromatic hydrocarbons, PAHs (Gianniou et al., 2016; Oliveira et al., 2017). PAHs are 

ubiquitous hazardous pollutants with some compounds presenting toxic, mutagenic, endocrine 

disrupting and carcinogenic properties (IARC 2002, 2010; Oliveira et al., 2017; WHO, 2013). PAHs 

are also known to cause reproductive, developmental, cardiorespiratory, and immune toxic 

effects in humans (Oliveira et al., 2019). Firefighters are exposed to PAHs through the inhalation 

of gases, smoke and dusts released during fires, as well as through dermal exposure (Oliveira et 

al., 2015-PAHs). PAHs are absorbed into the human body and are distributed to the lypophilic 

tissues. Metabolization occurs via oxidative pathways in the liver to expedite their excretion 

from the human body in the form of glutathione, glucuronide, and sulphate conjugates through 

the urine, milk, and feces (Oliveira et al., 2019). However special attention has been given to 

urine since it is the easiest, cheapest, and less invasive matrix, which is particularly important 

for occupationally exposed groups. Regular exposure to health-relevant pollutants may induce 
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the generation of reactive species that will promote and/or aggravate pulmonary and 

cardiovascular inflammatory processes (Gianniou et al., 2016). Therefore, human biomonitoring 

is a precious tool to estimate the effective and total personal exposure to a specific pollutant, 

regardless of the route and duration of exposure (Oliveira et al., 2017, 2019). Among the 

available PAH biomarkers of exposure, 1-hydroxypyrene is the most widely used biological 

indicator of internal dose of PAHs exposure (Jongeneelen, 2014). This study determines 

firefighters’ occupational exposure to PAHs, through the determination of urinary 1-

hydroxypyrene, the PAHs biomarker of exposure, before and immediately after firefighting 

activities. 

METHODOLOGY 

Forty-two firefighters serving at different fire stations situated in the district of Bragança (North 

of Portugal) fulfilled a questionnaire to collect data on their demographic characteristics 

(gender, age, and weight), and factors associated with PAH exposures including tobacco 

consumption, the most consumed meals (boiled, grilled, roasted), and recent exposure to fire 

emissions during the 2-3 days before sampling campaign. Participants signed a previously 

validated and approved informed consent (Ethic Committee of University of Porto; 

12/CEUP/2015) and collected a spot urine sample at the end of their work-shift. Urine samples 

were collected in sterilized polycarbonatecontainers and frozen at −20◦C until analysis. Subjects 

were divided into two different groups: non-smoking and non-exposed to fire emissions (control 

group) and non- smoking and exposed to fires subjects. Urinary 1-hydroxypyrene was exctrated 

and quantified according to Oliveira et al. (2017). Urinary extracts were analysed using a 

Shimadzu LC system (Shimadzu Corpora-tion, Kyoto, Japan) equipped with a fluorescence 

detector in a C18 column (CC 150/4 Nucleosil 100–5C18PAH, 150 × 4.0 mm; 5 µm particle size; 

Macherey–Nagel, Duren,Germany) at room temperature (20 ± 1◦C). 1-hydroxypyrene was 

detected at its optimum excitation/emission wavelength pair (242/388 nm), Urinary levels of 

creatinine were determined by the Jaffe colorimetric method (Kanagasabapathy and Kumari, 

2000) and used to normalize the concentrations of 1-hydroxypyrene. Analytical blanks and 

standards were analysed daily and regu-larly. Each analysis was performed at least in triplicate. 

Statistical analysis was done using SPSS (IBM SPSS Statistics 20) and Statistica software (v. 7, 

StatSoft Inc., USA). Levels of 1-hydroxypyrene were expressed as median values, compared 

through the nonparametric Mann-Whitney U test and statistical significance was defined as p ≤ 

0.05.  

RESULTS AND DISCUSSION 

The firefighters that agreed to voluntary participate in this study were all healthy (non-

chronically diagnosed diseases) and non-smoking subjects with a mean age of 34 years (22-48 

years). The time dedicated to firefighting activities within the 48 h prior the urine sampling 

collection varied between 1 to 8 hours. Urinary 1-hydroxypyrene was detected in all the exposed 

firefighters, and in 96% of the non-exposed individuals, thus reflecting its adequacy to evaluate 

occupational exposure to PAHs. Limited information is available concerning the elimination 

kinetics of urinary 1-hydroxypyrene, with half-life excretion rates ranging between 6-35 h after 

inhalation exposure (Brzeznicki et al., 1997; Jongeneelen et al., 1990), 4-12 h after ingestion (Li 

et al., 2012), and reaches 13 h for dermal adsorption (Sobus et al., 2009; Viauet al., 1995; Viau 

and Vyskocil, 1995). Urinary 1-hydroxypyrene concentrations were 107% higher in non-smoking 

subjects (median 0.058 µmol/mol creatinine; range: 0.019-0.193 µmol/mol creatinine) that 

were directly involved in firefighting comparatively with non-smoking and non-exposed subjects 
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(median 0.028 µmol/mol creatinine; range: 0.002-0.230 µmol/mol creatinine). Studies regarding 

firefighters’ occupational exposure to PAHs are limited. However, urinary levels of 1-

hydroxypyrene in Portuguese firefighters were lower than the values reported by other authors 

for firefighters (Laitinen et al., 2010) and other occupationally exposed groups such as 

metallurgy, coke oven, and bitumen workers (Barbeau et al., 2014; Campo et al., 2012; Lotz et 

al., 2016). There are no guidelines for biomonitoring occupational exposure to PAHs in Europe. 

However, concentrations of 1-hydroxypyrene were always below the benchmark level of 0.5 

µmol/mol creatinine, proposed by the American Conference of Governmental Industrial 

Hygienists (ACGIH, 2010) and the no-biological effect level for occupational exposed workers 

(1.4 µmol/mol creatinine) proposed by Jongeneelen (2014). Therefore, firefighters’ occupational 

exposure to PAHs do not represent potential health hazards. Since firefighting is an intermittent 

occupation, firefighters’ occupational exposure is directly related with the number of fire 

occurrences and the time spent with fire suppression. Therefore, firefighters’ total internal dose 

of PAHs is expected to vary widely during the season of forest fires.  

CONCLUSIONS 

This work characterized firefighters´ occupational exposure to PAHs during their work shift after 

their active participation in firefighting activities. Firefighters that were actively involved in 

firefighting activities presented higher urinary concentrations of 1-hydroxypyrene than the 

subjects from the control group. More comprehensive studies during larger periods of time and 

including other PAH biomarkers of exposure are needed in a larger group of subjects to validate 

these findings. 
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