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The use of nitrile undergloves under regular firefighters’ gloves as a 

protective measure against carcinogenic exposure in fires 
 

In this scientific advisory report, which offers guidance to public health policy-makers,  

the Superior Health Council of Belgium provides a brief overview of occupational hazards 

for firefighters and recommendations on the possible use of nitrile butadiene rubber gloves 

to reduce exposure to carcinogenic substances. 

 
This version was validated by the Board on  

07/12/20221 

 
 
 

I INTRODUCTION AND ISSUE 

The Superior Health Council (SHC) received on 10 April 2019 a request for advice from the 
Federal Minister of Security and the Interior, concerning the supposed benefits and/or risks of 
wearing nitrile gloves under firefighters’ gloves to protect against (cross-) contamination of 
firefighters’ hands. This advice is required to provide uniform recommendations to emergency 
zone commanders, regardless of the type of firefighters’ gloves used. 
 
Firefighters are exposed to multiple specific occupational health risks. Besides acute harmful 
effects as burns, higher cancer incidences among firefighters have often been linked to 
repeated/cumulative exposure to toxic compounds released from fires. To protect themselves 
against these contaminants, a proper use of the Personal Protection Equipment (PPE) is of 
utmost importance.  
 
In Belgium, multiple types of firefighters’ gloves are used. Most gloves are made from textile, 
a minority consists of leather. All gloves comply with the same European Standard EN 659. 
The latter defines the minimum performance requirements and test methods for firefighters’ 
protective gloves. All gloves contain a breathable layer which blocks contaminants. Fire 
brigades come into close contact with these contaminants during interventions, through soot 
and manipulating carbonised materials. Cross-contamination of the hands can occur when 
gloves are put on and taken off repeatedly. Therefore, textile gloves have to be washed to 
remove as many potentially cancerous contaminants as possible (see also Directive 
2004/37/EC, art. 10). Gloves made of leather, however, cannot be cleaned as well. Despite 
this fact, some fire brigades wish to continue working with leather gloves, because they 
consider that leather gloves offer better protection against the heat than textile gloves. To 
protect themselves from carcinogenic and toxic contamination, they wear nitrile butadiene 
rubber (NBR) gloves below their leather firefighters’ gloves.  

 
1 The Council reserves the right to make minor typographical amendments to this document at any time. On the other hand, 
amendments that alter its content are automatically included in an erratum. In this case, a new version of the advisory report is 
issued. 
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On 8 February 2018, SLFP-VSOA contacted the Minister of Interior to ask for the position of 
the Federal Public Service Interior on this matter. The latter responded on 12 March 2018, 
pointing out that firefighters’ gloves are not designed to wear in combination with nitrile gloves, 
and that water condensation in the nitrile glove may result in additional safety risks (burns). 
This view was opposed by the IILE (l’Intercommunale d’Incendie de Liège et Environs), which 
prepared a report on this subject, accompanied by the results of experiments carried out by 
the ISSeP (Rapport n° 3501/2018). In order to assess these issues in an objective manner, 
the opinion of the Superior Health Council was asked by the Federal Minister of Interior in April 
2019. The following questions were asked: 
 

- How can one assess and compare the importance of a direct short-term risk with a 
random long-term risk? 

- Among the risks of cancers among firefighters, what would be the importance of those 
caused by contamination of the hands only (limited surface of the body)? 

- Is the risk of cancer due to contamination of the hands during firefighting greater than 
the risk of hand burns? 

- From a medical point of view, can it be considered that in the case of burns to the 
hands, the presence of a partially melted and decomposed nitrile glove does not induce 
an additional risk? 

- Can it be said that the treatment of burns will not be affected by the presence of molten 
nitrile in the wounds as indicated in the study? 

 
It was also asked whether there are any alternative protective creams that could replace the 
nitrile gloves. In addition, it was asked whether a shower after the fire reduces the risk of 
contaminants penetrating the skin. What is the rate of irreversible introduction of these 
substances into the skin? 
 
In order to be able to answer these different questions on a scientific basis, the Superior Health 
Council reserved the right to reformulate some of these questions.  
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II CONCLUSION AND RECOMMENDATIONS 

Firefighting involves a number of specific hazards. An overview of both acute and chronic 
effects is outlined in the first part of this advisory report. Firefighters are at increased risk of 
developing cancer. The International Agency for Research on Cancer (IARC) found 
sufficient evidence for an increased incidence of bladder cancer and mesothelioma. 
Limited evidence was found for prostate, testicular and colon cancers, non-Hodgkin lymphoma 
and malignant melanoma. Some studies also indicate an elevated risk for rectal cancer. These 
increased cancer risks are caused by exposure to multiple carcinogenic substances in 
fires: Polycyclic aromatic hydrocarbons (PAHs), volatile organic compounds (VOCs), 
polychlorinated biphenyls (PCBs), dioxins, furans, phthalates, flame retardants, per- and 
polyfluoroalkyl substances (PFAS), asbestos etc. Several of these substances are also 
endocrine disruptors. Proper use of personal protective equipment (PPE) is necessary to 
protect against these harmful substances, which can be absorbed either by ingestion, 
inhalation or by the skin. Given the common use of self-contained breathing apparatus 
(SCBA), dermal uptake is identified as the most important exposure route.  
 
During firefighting, the hands are exposed to these carcinogenic contaminants. Although the 
stratum corneum on the palmar surface is thicker than at other anatomic sites (e.g. the neck), 
dermal uptake through the hands should not be ignored. It is important that firefighter's gloves 
are adequately decontaminated, to prevent accumulation. Textile gloves can be wet 
cleaned regularly, but this cannot be done for leather gloves. Apparently, some firefighter 
groups prefer leather gloves because they estimate that these are more heat-resistant. To 
prevent contamination, they wear nitrile butadiene rubber (NBR) gloves under their leather 
gloves. The Superior Health Council (SHC) was contacted to judge whether the use of NBR 
undergloves does not generate an unacceptable additional risk. 
 
Nitrile butadiene rubber (NBR) is not a thermoplastic material but is an elastomer that 
cannot melt. It is stable to about 120 °C. At high temperatures, the nitrile become sticky to 
the skin, so the contact time will be longer and burns deeper. In terms of burns, NBR gloves 
will pose an additional risk. However, this acute risk must be weighed against the chronic 
cancer risk from long-term exposure, which is a difficult to impossible trade-off. Both risks need 
to be addressed. However, because burns on firefighters' hands rarely show up in burn 
centres, the Superior Health Council considers wearing NBR undergloves under 
firefighters' gloves acceptable as a preventive measure against carcinogenic exposure. 
Prolonged contact between the skin and leather gloves with high accumulations of 
carcinogens is unacceptable, especially as the pores of the skin will open by sweating. This 
position of the Superior Health Council is based on an assessment that takes into account 
the existing experience of firefighters, burn centres, chemists and the limited scientific data 
available. It cannot be ruled out that new scientific studies may change this position in the 
future. The report concludes with some additional recommendations to reduce exposure to 
carcinogens. The possibility of Liquid CO2 (LCO2) cleaning of (leather) gloves should be 
investigated. 
  



 

 

Superior Health Council 
www.shc-belgium.be 

 
− 4 − 

III METHODOLOGY 

After analysing the request, the Board of the Superior Health Council and the president of the 
Chemical Environmental Factors group identified the necessary fields of expertise. An ad hoc 
working group was then set up which included experts in the organisation of rescue services, 
toxicology, exposure to contaminants, occupational health, dermatology, plastic surgery, 
treatment of burns, pharmacy, polymer chemistry etc. The experts of this working group 
provided a general and an ad hoc declaration of interests and the Committee on Deontology 
assessed the potential risk of conflicts of interest. 
 
This advisory report is based on a review of the scientific literature published in both scientific 
journals and reports from national and international organisations competent in this field (peer-
reviewed), as well as on the opinion of the experts. 
 
Once the advisory report was endorsed by the working group, it was ultimately validated by 
the Board. 
 
Keywords and MeSH descriptor terms2 

 
MeSH (Medical Subject Headings) is the NLM (National Library of Medicine) controlled vocabulary thesaurus used for indexing 

articles for PubMed http://www.ncbi.nlm.nih.gov/mesh. 

 
List of abbreviations used 
 
AOP Adverse Outcome Pathways 
B[a]P Benzo[a]pyrene 
BDCPP Bis(1,3-dichloro-2-propyl)phosphate 
COPD Chronic Obstructive Pulmonary Disease 
DEHP Di-(2-ethylhexyl)phthalate 
IARC International Agency for Research on Cancer 
IILE l’Intercommunale d’Incendie de Liège et Environs  

ISSeP             Institut Scientifique de Service Public 

mRR Meta Risk Ratio  

NBR Nitrile Butadiene Rubber 

OR Odds ratio 

PAH Polycyclic Aromatic Hydrocarbon 

PBDD Polybrominated Dibenzo-p-dioxins 

PBDF Polybrominated Dibenzofurans 

PCB Polychlorinated Biphenyl 

PCDD Polychlorinated Dibenzo-p-dioxins 

PCDF Polychlorinated Dibenzofurans 

 
2 The Council wishes to clarify that the MeSH terms and keywords are used for referencing purposes as well as to provide an 
easy definition of the scope of the advisory report. For more information, see the section entitled "methodology". 

MeSH terms*  Keywords Sleutelwoorden Mots clés Schlüsselwörter 

Firefighter  Firefighter Brandweerman Pompier Feuerwehrmann 

Carcinogens  Carcinogens Carcinogenen Cancérigènes Karzinogene 

Burns  Burns Brandwonden Brûlures Verbrennungen 

Nitriles  Nitriles Nitrillen Nitriles Nitrile 

Gloves, 
protective 

 Gloves, 
protective 

Handschoenen, 
beschermend 

Gants de 
protection 

Handschuhe, 
Schutzhandschuhe 

Occupational 
Health 

 Occupational 
Health 

Gezondheid op 
het werk 

Santé au travail Gesundheid am 
Arbeitsplatz 

http://www.ncbi.nlm.nih.gov/mesh
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PFAS Per- and Polyfluoroalkyl Substances 

POP Persistent Organic Pollutant 

PPE Personal Protective Equipment 

PTSD Post-Traumatic Stress Disorder 

SCBA Self-Contained Breathing Apparatus 

SHC Superior Health Council 

SIR Standardized Incidence Ratio 

SIRE Summary Incidence Risk Estimate 

SLFP-VSOA Syndicat Libre de la Fonction Publique  

                       – Vrij Syndicaat voor het Openbaar Ambt 

SMR Standardized Mortality Ratio 

SMRE Summary Mortality Risk Estimate 

S-PMA S-Phenylmercapturic Acid 

SRE Summary Risk Estimate 
VOC Volatile Organic Compound 
1-OHP 1-Hydroxypyrene 
3-MCA 3-Methylcholanthrene 
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IV LITERATURE REVIEW: OCCUPATIONAL HEALTH AMONG FIREFIGHTERS 

1 Introduction 

Firefighters are exposed to physically extreme conditions that can vary greatly between 
different types of intervention. Besides acute physical, chemical and psychological hazards, 
chronic adverse effects that emerge on the long term cannot be underestimated. It has long 
been known that firefighters have an increased incidence of certain cancers. During their work, 
firefighters are exposed to many toxic, endocrine disrupting and carcinogenic compounds, 
released during the combustion of various materials. The exposure depends on the type of 
fire (fires in woodlands and forests, structural fires in residential and industrial environments 
etc.), the firefighting equipment used (e.g. PFAS containing foams) and various environmental 
factors. The accumulation of these hazardous substances in the body, which are often 
persistent, can initiate Adverse Outcome Pathways (AOPs) at various levels of biological 
organisation. For example, prolonged exposure to PAHs and VOCs elevates oxidative stress, 
with protein damage due to ROS formation, lipid peroxidation and DNA oxidation as a result. 
It is therefore important that firefighters' Personal Protective Equipment (PPE) not only 
protects against acute risks, but also reduces exposure to contaminants to ensure a better 
protection against long term health risks. This brief literature review provides a general 
overview of occupational health in firefighters, with a main focus on both acute and chronic 
effects. Besides health effects, also exposure, uptake and human biomonitoring of hazardous 
compounds are discussed, next to a general characterization of the main carcinogens and 
endocrine disruptors involved in firefighting. 
 

2 Acute effects 

Firefighters can be confronted with multiple acute health effects (mainly trauma, thermal 
injuries, breathing problems and irritation due to smoke inhalation), as they are confronted 
with chemical and physical hazards (Guidotti & Clough, 1992). These hazard dangers are real: 
firefighters are three times more likely to die than most other workers during fatal incidents 
(Clarke & Zak, 1999). Acute effects can largely be divided in two categories: injuries and 
respiratory disorders.  
 
- Physical hazards: the possible injuries are very diverse but are mainly caused by burns, 
falls or by being hit by falling objects. Studying 1 343 claims of firefighter injuries between 
1992 - 1999 in the USA, Walton et al (2003) found that the most common injuries were 
strains/sprains (38 %), overexertion (33 %), burns (27 %) and cut/laceration/fracture (22 %). 
An internet survey presented by Hong et al (2012) mentions muscle strains and sprains 
(74 %), extremity injuries (60 %), back injuries (54 %) and burns (28 %). Hearing loss may 
also occur, although currently there is only limited evidence compared to the control group 
(Crawford & Graveling, 2012). The risk of burns is linked to the task of the firefighter (e.g. 
holding the nozzle, early entry) and the location and characteristics of the fire (e.g. basement 
fires) (Guidotti & Clough, 1992).  
 
A correct use of PPE is extremely important to reduce burn injuries: in 20 firefighters, Kahn et 
al (2012) found that misuse and noncontiguous areas of PPE accounted for 70 % of the 
injuries. Firefighters burn injuries occurred to predictable anatomic sites (face 29 %, hand and 
wrist 23 %, ears 16 %, …) with common injury patterns. Kim et al (2016) discussed the 
statistics of 24 firefighters that came to a Korean burn center between 2006 and 2015, all the 
patients suffered 2nd or 3rd degree burns. The face was most commonly burned (25.8 %), 
followed by the hand/wrist (19.4 %), the upper extremities (12.9 %) and neck (11.3 %) as 
largest groups. Rabbitts et al (2005) studied outpatient firefighter burn injuries in a burn center 
at New York between 2000 and 2002 (n = 131). The most frequently burned areas were the 
head and neck (33.2 % and 12.2 %), followed by the legs (24.7 %). Hands and arms counted 
for 9.4 % and 13.5 % respectively. This study reported a difference between the treated 
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inpatient and outpatient firefighters: in the inpatient firefighters, the burns were mainly present 
on the lower extremities. Earlier, Madden et al (1995) surveyed 746 firefighters treated for 
burn injuries in New York between 1981 and 1991. From their statistics, the lower extremities 
appear to be the most affected, followed by the hands. These were also the anatomical regions 
with the deepest burns, most likely to require skin grafting. Madden et al (1995) concluded 
that many of these burns, however, were due to poor or incorrect use of protection gear. A 
decrease in hand burns was observed due to an educational programme. 
 
- Chemical hazards: Acute respiratory effects can cause severe harm, yet smoke inhalation 
is often combined with burns and other traumas. Persistent effects can follow after exposure 
to isocyanate fumes or burning polyvinyl chloride, which can induce asthma-like symptoms 
(Guidotti & Clough, 1992). The most important inhalation hazards in wildland firefighting are 
due to carbon monoxide (CO), aldehydes and respirable particulate matter (Gaughan et al, 
2008). Walton et al (2003) found that asphyxiation/inhalation represented only 3 % of 
firefighting injury claims. The number of respiratory effects can be reduced by the proper use 
of a Self-Contained Breathing Apparatus (SCBA). This specific use of protective equipment 
also reduces possible chronic respiratory effects. Other possible acute effects due to chemical 
exposure include irritation of the skin or eyes. 
 

3 Chronic effects: cancers 

The International Agency for Research on Cancer (IARC, 2010b) has classified occupational 
exposure as a firefighter as “possibly carcinogenic to humans” (Group 2B). However, in the 
upcoming Volume 132 of the IARC Monographs, this classification will be updated to 
“carcinogenic to humans” (Group 1) (Demers et al, 2022). This new evaluation applies to all 
firefighters (both professionals and volunteers, both men and women). 
 
3.1. Risk estimates 
 
A very large number of studies have been conducted to investigate the incidence of cancers 
among firefighters. It is logistically impossible for the Superior Health Council to conduct a full 
review here. Therefore, a selection of high quality reviews and large cohort and case control 
studies was made (Table 1). Multiple types of cancer risk estimates were reported among 
these publications: an overview is presented in Appendix 1.  
 
A relative consensus was found among the selected studies for the following cancer types: 
colon cancer, mesothelioma, testicular cancer, bladder cancer, malignant melanoma, prostate 
cancer and rectal cancer (Table 2, Appendix 1). The highest risk estimates (SRE, SIR[E], 
SMR[E]) were reported for mesothelioma, with a maximum SIR of 2.29 (Daniels et al, 2014). 
For the other cancers, the results were more conflicting. This estimate of 7 cancers types is 
only indicative: possible bias might already have started during the selection of the review 
publications. Each study follows a different methodology. The reviews use different selection 
criteria for the up- and downgrading of papers. Epidemiological research requires high quality 
data, and must take into account plenty of possible biases. In cohort studies, not all data are 
always recorded/collected uniformly, a risk that increases with increasing duration of the study 
(sometimes, observations are made during several decades). Besides, underestimates may 
occur due to the healthy worker effect, and overestimates due to a broader screening in certain 
countries for e.g. prostate, breast and colon cancers. Besides, establishing a direct causal link 
between a particular type of cancer and exposure in firefighters is very difficult, given the many 
internal (genes, lifestyle, …) and environmental factors involved.  
 
Demers et al (2022) announced that the IARC working group for Volume 132 found sufficient 
evidence for an increased risk for bladder cancer and mesothelioma. Limited evidence also 
points for higher risks for prostate, colon and testicular cancers, melanoma and non-Hodgkin 
lymphoma. A total of 52 cohort and case-control studies, 12 case reports and seven meta-
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analyses were considered for this evaluation. There is good correspondence with the 
"consensus" cancers found in our literature selection (Table 2). The Working Group of the 
IARC concluded that “a causal association exists between occupational exposure as a 
firefighter and mesothelioma and bladder cancer” (Demers et al, 2022). This is consistent with 
our observation that the highest risk estimates were reported for mesothelioma. However, the 
95 % Confidence Interval for mesothelioma risk estimate has a wide range, in contrast to 
bladder cancer where the additional risk is lower but more statistically precise and with lower 
heterogeneity (Demers et al, 2022) (Table 2). Demers et al (2022) mention asbestos exposure 
as a plausible causal agent for the increased number of mesothelioma cases among 
firefighters. For bladder cancer, carcinogens (“PAHs and soot”) were mentioned to be the 
plausible causal agents. For the other cancers, only “limited evidence” for elevated risk was 
mentioned, due to possible bias from larger medical surveillance/detection, physical/lifestyle 
characteristics or high heterogeneity in the meta-analysis estimates. Rectal cancer was not 
mentioned by Demers et al (2022), while associations with firefighting were found in several 
of the studies we looked at. At the same time, Demers et al (2022) concluded that there was 
limited evidence for an association with Non Hodgkin Lymphoma, while this was only observed 
in a minority of the studies we considered. The importance of IARC's upcoming Volume 
132 and an in-depth review for each cancer type can therefore not be underestimated. 
 
Table 1. An overview of the selected studies, risk estimates can be found in Appendix 1.  

Study Type Details 

LeMasters et al (2006) Review & Meta-analysis 32 studies (combination of quantitative and qualitative 
evaluation) 

Graveling & Crawford (2010) Review 71 studies 

Daniels et al (2014) Cohort study 29 993 firefighters in San Francisco, Chicago & 
Philadelphia (1950 - 2009) 

Pukkala et al (2014) Cohort study 16 433 male firefighters in Nordic countries (1961 - 2005) 

Tsai et al (2015) Case-control study 3 996 male firefighters in California (1988 - 2007) 

Jalilian et al (2019) Review & Meta-analysis 50 studies in review, 48 in meta-analysis 

Laroche & L’Espérance (2021) Review 11 systematic reviews 

 
Table 2. Elevated levels of cancer risks among firefighters. Literature selection SHC can be consulted in Appendix 1.  

 Literature 
selection 

(SHC) 

IARC Volume 132 (in 
press) 

(Demers et al, 2022) 

Higher risk estimate 
+ 95% CI and heterogeneity 

(Demers et al, 2022) 

Prostate  6/7 studies Limited evidence Not yet provided 

Rectal  5/6 studies / / 

Malignant melanoma 5/5 studies Limited evidence Not yet provided 

Bladder 4/7 studies Sufficient evidence 16 % (CI 8 – 26 %, I2 = 0 %) 

Testicular 4/7 studies Limited evidence Not yet provided 

Colon 3/6 studies Limited evidence Not yet provided 

Mesothelioma 3/5 studies Sufficient evidence 58 % (CI 14 – 120%, I2 = 8 %) 

Non Hodgkin lymphoma / Limited evidence Not yet provided 

 
3.2. The influence of age  
 
Pukkala et al (2014) studied a high quality European dataset of cancer incidences among 
Nordic firefighters during the last 45 years. Although a moderate excess risk was found for all 
cancers combined, Pukkala et al (2014) identified less cancer types with an elevated incidence 
among firefighters compared to most other studies. In general, a significant increase of the 
risk for adenocarcinoma of the lungs, malignant melanoma, skin cancer and prostate cancer 
was found (Appendix 1). However, these patterns differ between age groups. The excess risk 
for prostate cancer (SIR = 2.59, 95 % CI 1.34 - 4.52) and skin melanoma (SIR = 1.62, 95 % 
Civ = 1.14 - 2.23) was almost completely located among the 30 - 49 year-olds (Pukkala et al, 
2014). Non-melanoma skin cancer (SIR = 1.40, 95 % CI 1.10 - 1.76), multiple myeloma (SIR 
= 1.69, 95 % CI 1.08 - 2.51), adenocarcinoma of the lung (SIR = 1.90, 95 % CI 1.35 - 2.62) 
and mesothelioma (SIR = 2.59, 95 % CI 1.24 - 4.77) were more common in older people (> 70 
years) (Pukkala et al, 2014).  
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3.3. Shortcomings of the current knowledge 
 
Most studies that have been conducted on fire brigades mainly involved Caucasian men. 
Daniels et al (2014) found that non-Caucasian male firefighters had lower all-cause mortality, 
with generally fewer cancers. Only prostate cancer was found to be somewhat higher. 
However, their findings are contrasted by Tsai et al (2015), who found that firefighters of other 
race/ethnicity (62.2 % hispanic, 27.7 % black) had significantly elevated risks for 12 cancer 
types (tongue, melanoma, prostate, testicles, bladder, kidney, brain, non-Hodgkin lymphoma, 
multiple myeloma, general leukemia, CLL and CMS), in contrast to only 6 cancer types among 
white firefighters (esophagus/esophagus-adenocarcinoma, non-specific non-small cell (lung), 
melanoma, prostate, brain, AML leukemia). The reasons for possible ethnicity-associated 
differences remain unclear and require further study. Good datasets are currently lacking. 
 
In addition to ethnicity, the focus has traditionally been on male firefighters. During recent 
years, more and more women are finding their way to firefighting. A study of 5 000 female 
firefighters in Florida over 34 years showed specific health risks (Lee et al, 2020). For example, 
the studied female firefighters had a significantly higher risk of brain (OR = 2.54, 95 % CI 1.19 
- 5.42) and thyroid (OR = 2.42, 95 % CI 1.56 - 3.74) cancers, and a possibly higher risk of 
malignant melanoma (OR = 1.68, 95 % CI 0.97 - 2.90). Daniels et al (2014) found significantly 
higher incidence of female bladder cancer (only based on few cases). Half of the cancers in 
female firefighters were found to be breast cancers (Daniels et al, 2014), which is one of the 
most common cancers among the general female population. Graveling & Crawford (2010) 
concluded that no consistent evidence exists for a generally elevated risk amongst female 
firefighters. One study reports a significantly higher risk of cervical cancer in firefighters (Ma 
et al, 2006; SIR = 5.24, 95 % CI 2.93 - 8.65). It is clear that more research is needed to objectify 
the specific risks in female firefighters. 
 

4 Non-cancerous chronic effects 

4.1 Endocrine disruption 

Increased levels of multiple chemicals (e.g. PAHs, flame retardants, dioxins/furans, 
phthalates), as observed from human biomonitoring data, point also to increased risks for 
endocrine related diseases. The risks can be estimated from the human biomonitoring data 
and programmes. The effects of endocrine disruption can be very diverse and are sometimes 
difficult to identify, some examples: Stevenson et al (2015) concluded that firefighters are 
exposed to both estrogenic and antiestrogenic agents, possibly phthalates. This may lead to 
health risks due to hormone homeostasis perturbation. Caban-Martinez et al (2022) observed 
a positive correlation between both long- and short chain PFASs, PFHxS and PFBS and 
firefighter body mass index. Trowbridge et al (2022) found that among female firefighters, a 
doubling of the flame retardant bis(1,3-dichloro-2-propyl)phosphate (BDCPP) level was 
associated with a 2.88 % decrease in thyroxine (T4).  
 

4.2 Cardiovascular risks 

Guidotti & Clough (1992) mention two main risks for cardiovascular diseases among 
firefighters:  
 

(1) The documented presence of high degrees of cardiovascular stress during the 
response to alarms and firefighting (150 - 160 beats/min during the fire) due to anxiety, 
stress and exertion. 

(2) The high concentrations of carbon monoxide in the smoke. 
Although often assumed, Guidotti & Clough (1992) mention that firefighters have not been 
consistently shown to be at elevated risk to die from heart diseases. Moreover, multiple studies 
even show a reduced risk for coronary heart disease and coronary artery disease (Crawford 
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& Graveling, 2012). This is probably due to the selection procedures, as firefighters are often 
considered healthier than the general population. In general, lifestyle factors are associated 
high blood pressure (hypertension), rather than occupational factors. For example, while the 
study of Bates (1987) found an elevated SMR for coronary artery disease among the Toronto 
firefighters (SMR = 1.73, 95 % CI 1.12 - 2.26), smoking might be an important potential 
confounder. Byczek et al (2004) found elevated presence of obesity, low high density 
lipoproteins, high low density lipoproteins and higher total cholesterol levels among firefighters 
compared to the general population. These factors increase an individual’s risk for 
cardiovascular diseases and the associated risk of morbidity, together with other factors like 
e.g. age, gender, family history or diabetes mellitus. For now, it can be concluded that the 
existing research is inconclusive to establish a clear causal link between the occupation of 
firefighters and cardiovascular problems (Crawford & Graveling, 2012). 
 

4.3 Pulmonary diseases  

To combat chronic respiratory diseases, wearing SCBA is essential. A cohort study performed 
by Mathias et al (2020) over 5 years among 662 firefighters (male, 38.1 ± 7.7 years old, BMI 
28 ± 3.9 kg/m2) in Virginia (USA) showed a decrease in pulmonary function (forced expiratory 
volume FEV1; forced vital capacity FVC; FEV1/FVC). The loss in pulmonary function was two 
to four times greater than the estimated decrease expected over the same period in the 
general population. Mathias et al (2020) noted that their results were more pronounced than 
in similar other studies, which may be partly due to the older average age of the firefighters, 
and the SCBA being taken off too quickly. 
 
Pedersen et al (2018) performed a nation-wide cohort study along 11 968 Danish male 
firefighters. Compared with other male employees, the Danish full-time firefighters faced a 
significantly higher risk for asthma (SIR = 1.58, 95 % CI 1.32 - 1.88). This increased risk could 
not be linked to the duration of the employment, but was not found among the voluntary 
firefighters. In addition, an increased risk for chronic obstructive pulmonary disease (COPD) 
could not be proven, possibly due to the relatively young age of the studied cohorts. 
Rajnoveanu et al (2022) reviewed the existing studies concerning the occurrence of COPD in 
firefighters. Most studies did not report a significant increase in COPD diagnosis. Therefore, 
the association between COPD and occupational exposure in firefighters remains unclear, in 
the absence of disastrous events like the “WTC collapse” or “wildland fires”. It was noted that 
some studies share a risk of bias due to the "healthy worker effect". 
 

4.4 Mental health conditions 

Firefighters are often exposed to life-threatening experiences, pushing them to their 
psychological limits. Several factors increase stress: major disasters, high physical and 
psychosocial demands, threats to one’s own safety, witnessing the injury and death of 
colleagues and victims, exposure to chemicals etc. Especially the rescue of victims is a 
stressful and emotionally demanding activity. Most studies focus on post-traumatic stress 
disorder (PTSD), depression, anxiety, (alcohol) abuse and sleep problems (Vargas de Barros 
et al, 2012; Cook & Mitchell, 2013). Prevalence levels of psychological problems are generally 
estimated higher than in the general population and range from 6.5 % to 37 % (Cook & 
Mitchell, 2013). Unfortunately, suicide is a possible consequence of these psychological 
problems, although the link with occupational stress cannot always be established with 
certainty. 
 
Igboanugo et al (2021) state that multiple psychosocial stressors are experienced by 
firefighters, including interpersonal conflicts and concerns on organizational fairness. An 
association with different health-related outcomes was found by the latter: depression-
suicidality, non-depressive mental health problems, burnout, alcohol abuse, sleep quality and 
physiological parameters and somatic disorders. Cook & Mitchell (2013) mention multiple 
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predictors of psychological problems: younger age, being single, previous psychological 
problems, feelings of unsafety, injuries, low self-esteem, lack of social support, longer job 
experience and attending more traumatic events etc. These authors also mention two 
important protective factors: coping strategies (talking to colleagues, humour, etc.) and social 
support (recognition by others, assistance). Since not all risks can be avoided, it is important 
that firefighters themselves can identify the early signs of psychological problems. Igboanugo 
et al (2021) suggest that policies of institutions should be developed to promote resilience, 
self-esteem, social support, distress tolerance, a positive view of the workplace, and to 
discourage interpersonal conflicts and harassment. To date, too little research has been 
performed on the mental health of firefighters. Moreover, comparing results is not always easy, 
as the tasks, workload and organisation may differ between different countries (see also 
Crawford & Graveling, 2012). 
 

5 Exposure to carcinogens and/or endocrine disruptors 

5.1 General characteristics of the compounds 

During interventions, firefighters are often exposed to high amounts of potentially (geno)toxic 
and carcinogenic substances which are released during (incomplete) combustion. Repeated 
exposure and absorption of these compounds over the years can cause long-term chronic 
health effects such as cancer. It can be expected that this issue will become increasingly 
pertinent, as more and more synthetic materials are nowadays used in buildings. This creates 
a changed exposure compared to the past, where relatively more wood was used in 
constructions. Some important groups of chemical compounds are discussed here. 
 
- Polycyclic Aromatic Hydrocarbons (PAHs; Fig. 1) are always formed in fires, by incomplete 
carbon combustion and pyrolysis of organic material. Therefore, PAHs are widespread and 
found in the air, water, soils and sediment, mostly at trace levels near their primary sources 
(IARC, 2010b). Multiple PAHs are classified as carcinogenic, or probably and possibly 
carcinogenic to humans (Groups 1, 2A, 2B) (IARC, 2010). Besides, also mutagenic, genotoxic 
and endocrine disrupting effects are known (Zhang et al, 2016; Stec et al, 2018). PAHs are 
the most important category of carcinogenic contaminants to which firefighters are exposed. 
This is caused by the bioactivation of PAHs by specific cytochrome P450 isoforms into reactive 
intermediates (diol epoxides, quinones, radical PAH cations etc.), which can bind DNA in 
cells/tissues to form DNA adducts (Simpson & Naeher, 2010; Gao et al, 2018; Gill & Britz-
McKibbin, 2020). These adducts induce replication errors and mutations, which (if not 
repaired) can transform normal genes to oncogenes (Gao et al, 2018). PAHs are categorized 
as persistent organic pollutants (POPs), as they are persistent in the environment, but are 
rapidly metabolized to carcinogenic compounds in humans and consequently excreted. Some 
important examples of highly carcinogenic PAHs found on firefighters’ PPE are 
benzo[a]pyrene (B[a]P), 3-methylcholanthrene (3-MCA) and 7-12-dimethylbenz[a]anthracene 
(Stec et al, 2018). Nevertheless, the PAH group is very diverse.  
 

 
Figure 1: Chemical structure of some important carcinogenic PAHs; benzo[a]pyrene (left), 3-methylcholanthrene (middle) and 7-
12-dimethylbenz[a]anthracene (right). 
 

- Volatile Organic Compounds (VOCs; Fig. 2) are gases with a high vapor pressure at room 
temperature. Common examples are benzene, toluene, ethylbenzene, xylene, styrene; which 
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are organic hydrocarbons. Although largely remaining in the vapor phase, small amounts can 
condensate to the skin and can be absorbed by the body (Fent et al, 2020b). Anthropogenic 
VOCs are omnipresent in household products and building materials (e.g. paints) and are 
therefore frequently released during fires. Some of these substances can cause severe harm 
to human health. Benzene is one of the most common VOCs to which firefighters are exposed. 
Since 1979, benzene has been classified as carcinogenic to humans (IARC group 1; positive 
associations with e.g. different forms of leukemia, non-Hodgkin lymphoma, lung cancer in 
many studies) (e.g. Loomis et al, 2017; IARC, 2018b). Besides, also genotoxic effects occur.  
 

 
 
Figure 2: Chemical structure of some typical anthropogenic VOCs; benzene (left), toluene (center), (para-)xylene (right). Benzene 
is a well known carcinogen.  

 
- Polychlorinated biphenyls (PCBs) (Fig. 3) are a highly diverse group, consisting of both 
dioxin-like and non-dioxin-like compounds. PCBs are classified as “carcinogenic to humans” 
(group 1; IARC, 2015) and have endocrine disrupting effects. PCBs cause malignant 
melanoma and positive associations were observed for non-Hodgkin lymphoma and breast 
cancer (IARC, 2015). PCBs are stable POPs which are readily soluble in fats. They have been 
used in plasticizers, flame-retardant construction materials and dielectric fluids for electrical 
transformers (Baum et al, 2020). Although PCBs were systematically banned towards the end 
of the 20th century (USA: 1979; Belgium: 1985), they are still present as coolants and fluids in 
old transformers and condensers. During fires of these installations, firefighters come into 
intensive contact with PCBs and even more harmful derivatives such as polychlorinated 
dibenzofurans (PCDFs) or polychlorinated dibenzo-p-dioxins (PCDDs) (Kelly et al, 2002).  
 

 
 
Figure 3: Chemical structure of PCBs. The possible positions of chlorine atoms on the ring structure are indicated by numbers. 

 
- Dioxins and furans (Fig. 4) are often emitted during structure fires as unintentional 
byproducts, together with brominated and organophosphate flame retardants (Fent et al, 
2020a). According to Zhang et al (2015), brominated flame retardants (PBDEs, HBCD and 
TBBP-A) are the main sources of polybrominated dibenzo-p-dioxins (PBDDs) and 
polybrominated dibenzofurans (PBDFs) in the combustion process. Besides brominated 
compounds, firefighters are also exposed to polychlorinated dibenzo-p-dioxins (PCDDs) and 
polychlorinated dibenzofurans (PCDFs) (Kelly et al, 2002; Hsu et al, 2011). Dibenzodioxins 
and -furans are persistent in the environment, and are found in the fatty tissues of both animals 
and humans due to their hydrophobic nature and resistance to the metabolism (Van den Berg 
et al, 1998). Carcinogenicity and effects on reproduction and development due to endocrine 
disrupting are reported (Pollitt, 1999; Tang-Péronard et al, 2011). The IARC classified 2,3,7,8-
Tetrachlorodibenzo-para-dioxin and 2,3,4,7,8-pentachlorodibenzofuran as carcinogenic to 
humans (Group 1; IARC, 2012) 
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Figure 4: Chemical structure of dibenzo-p-dioxin (left) and dibenzofuran (right).  

 
- Phtalates are esters of phthalic acids, mostly used as plasticizers of plastics like polyvinyl 
chloride (PVC). They are frequently emitted during fires in modern buildings. An important 
example is di-(2-ethylhexyl)phthalate (DEHP) (Fig. 5). The latter is classified by the IARC as 
possibly carcinogenic to human (IARC group 2B, IARC 2013). Alexander & Baxter (2014) 
found alarming concentrations of DEHP on firefighters’ turnout gear. Besides possible 
carcinogenic properties, DEHP is known to cause reproductive and developmental toxicity due 
to endocrine disruption (Latini et al, 2004). These endocrine-disrupting properties have been 
demonstrated for many phthalates (Sheikh et al, 2016). 

 

Figure 5. Chemical structure of the phthalate di-(2-ethylhexyl)phthalate (DEHP).  

- Per- and polyfluoroalkyl substances (PFAS) like PFOA and PFOS (Fig. 6) are still present in 
certain types of extinguishing foam, causing exposure to firefighters (Laitinen et al, 2014). 
Moreover, PFAS residues remain present in the body for a long time after past exposure due 
to the long half-life (Nilsson et al, 2022). Although PFOS-based foams have been banned in 
Belgium since 2011, PFAS are still used occasionally to extinguish large tank fires in the port 
of Antwerp. PFAS are well known endocrine disruptors (e.g. Rickard et al, 2022), while some 
representatives like PFOA are also classified as possibly carcinogenic to humans (IARC 
Group 2B, IARC 2016).  

 

Figure 6. Chemical structure of perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS). 

-Raw materials in buildings are also of concern, as their destruction during fires also poses 
serious threats to health. For example, repeated exposure to asbestos during firefighting is a 
plausible explanation for the increased risk of mesothelioma in firefighters (Demers et al, 
2022). Besides asbestos, there are numerous other materials, such as tar, coal, oil, heavy 
metals, each with its own specific risks. 

5.2 Measuring the exposure: human biomonitoring 

An extensive overview of different biomarkers is provided by Barros et al (2021) to assess 
adverse effects due to occupational exposure (oxidative stress, DNA and protein damage, 
inflammation, stress hormones, cardiovascular and lung injuries etc.). An association exists 
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between exposure to fire emissions and strongly altered biomarker values of inflammation 
(soluble adhesion molecules, tumor necrosis factor, interleukins and leucocyte count), 
vascular damage and tissue injury (pentraxin-2, vascular endothelial growth factor, and 
cardiac troponin T) (Barros et al, 2021).  
 
Some typical metabolites are identified and quantified, to assess the exposure and uptake of 
PAHs and VOCs: 
 

- PAHs: Typical metabolites which are targeted in urine samples are 1-hydroxypyrene 
(1-OHP), 1-hydroxynaphthalene and multiple isomers of hydroxyphenanthrene and 
hydroxyfluorene (Stec et al, 2018; Gill & Britz-McKibbin, 2020). Besides urine, 
metabolites are also present in the blood. It can be noted that PAHs with more than 4 
carbon rings are mainly eliminated in the feces (Gill & Britz-McKibbin, 2020). Another 
way to quantify skin exposure is to measure PAHs directly on the exposed skin, using 
appropriate wipes immediately after the firefighters’ intervention. 

 
- VOCs: To quantify benzene exposure (the most important VOC), its metabolite S-

phenylmercapturic acid (S-PMA) is detected in urine samples (Fent et al, 2014). 
 
1-OHP has a half-life time ranging from 6-32h with elevated urinary concentrations at 6h and 
20h after exposure (Wingfors et al, 2018; Gill & Britz-McKibbin, 2020). Due to this rapid half-
life time, exposures can strongly be underestimated when the collection of urine samples is 
delayed. Jongeneelen (2014) recommended an occupational exposure limit for urinary 1-OHP 
of 1.0 µmol/mol creatinine, which is the “No observed genotoxic effect level”. The background 
level due to environmental exposure ranges between 0 and 0.5 µmol/mol creatinine, while the 
“lowest observed genotoxic effect level” is 1.9 µmol/mol (Jongeneelen, 2014). Another 
interesting biomarker is 8-hydroxydeoxyguanosine, as it is an indicator of oxidative DNA 
damage that can be correlated to biotransformed PAHs (Gill & Britz-McKibbin, 2020). PAH-
DNA adducts have also been proposed as biomarkers for intoxification and PAH-initiated 
carcinogenesis from smoke exposure. However, immunohistochemical studies on tissue 
biopsies are impractical for biomonitoring, and the use of leukocytes to measure PAH-DNA 
adduct formation after exposure appears less sensitive (Gill & Britz-McKibbin, 2020).  
 
Additive and synergistic effects should also be considered. Given the many question marks 
and uncertainties involved, many studies are currently ignoring this issue. In their study on 
firefighters’ multiple exposure assessments, Laitinen et al (2012) calculated the additive effect 
for cancer risks for several VOCs using the Hazard index method. The Hazard index was 0.39 
± 0.21 for exposure in the conventional simulator and 0.06 ± 0.01 in the modern simulator. 
These values are below the threshold of 1. 
 
As described above, firefighters are exposed to several compounds other than PAHs and 
VOCs in more recent buildings. Alexander & Baxter (2014) found alarming levels of the 
plasticizer DEHP on protective clothing, being 52 to 875 times higher than any PAH 
concentration. These substances have been disregarded in most previous studies. These 
authors determined the concentrations of PAHs and phthalates in the three layers of the 
gloves (outer layer, cut resistance; middle layer, moisture barrier; inner layer, insulation). PAH 
concentrations in the middle layer were higher than in the outer layer, while PAHs were nearly 
absent in the inner layer. For the phthalates (and DEHP in particular), a decreasing gradient 
could be found from the outer to the inner layers. It was suggested that the phthalates at the 
inner layer might be the result of cross contamination. Nevertheless, the presence of DEHP 
in the inner layer remains of concern, as this lipophilic substance is likely to be well absorbed 
by the skin. Protection gear must therefore be frequently decontaminated following an 
adequate protocol.  
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5.3. Routes of exposure and uptake 

Firefighters are exposed to carcinogens by various routes (inhalation, ingestion, absorption). 
However, most studies point to dermal absorption as the main route (Fent et al, 2014; Stec et 
al, 2018). To quantify risks and the effectiveness of protection gear, human biomonitoring 
remains essential. 
 

5.2.1 Uptake by the skin 

Dermal absorption of chemical compounds can be influenced by multiple factors (e.g. 
physicochemical properties of the contaminant, thickness of stratum corneum, density of 
sweat ducts/hair follicles, humidity, friction, temperature, …). It is therefore important to 
quantify (1) the remaining exposure on the skin when PPEs are correctly applied, and (2) the 
variations in absorption rates between different anatomical skin sites.  
 
Pleil et al (2014) analyzed post-firefighting breath-samples in Chicago (US) using gas-
chromatography-mass-spectrometry (GC-MS). As the firefighters wore self-contained 
breathing apparatus (SCBA), exposure due to inhalation was excluded, and changes in the 
exhaled breath were fully attributed to dermal exposure and particle penetration through the 
PPE. The levels for some single ring aromatics (mainly benzene) and PAHs (e.g. naphthalene, 
the most volatile PAH) were somewhat elevated, but still lower than in similar experiments 
with Air Force maintenance personnel (jet fuel exposure). Breath borne concentrations ranged 
between low levels (parts per trillion by volume, pptv) to 100’s of parts per billion by volume 
(ppbv). It was therefore concluded that firefighters’ PPE is rather effective to prevent dermal 
exposure (Pleil et al, 2014). Similar results were obtained by Fent et al (2013; 2014), which 
concluded that the PAHs and benzene likely entered the body through the skin. However, for 
organic hydrocarbons such as benzene, (a very small) part of the exposure may also be 
through off-gassing, inhaled when removing the PPE.  
 
In another experiment, Baum et al (2020) used silicone wrist bands below the PPEs to assess 
the exposure to PAHs. Although there was a background contamination by exposure to diesel 
combustion, PAH levels were consistently elevated after fire incidents. In particular, 
concentrations of lower molecular weight PAHs (with 2 - 3 rings, e.g. naphthalene, 
phenanthrene, acenaphthylene) were 42 % higher after fire interventions (Baum et al, 2020; 
average concentration ca. 10 ppb). Also Levasseur et al (2022) used silicone wrist bands to 
quantify off-duty (background) and on-duty exposures of firefighters to chemicals. Over 130 
SVOCs were identified. It was shown that exposure to brominated flame retardants, 
organophosphate esters and PAHs is associated with firefighting (0.5 to 8.5 times higher 
exposure on-duty). Also PFOS exposure was 2.5 times higher when on-duty, responding to 
fires.  
 
In the experiments of Wingfors et al (2018), it was shown that total PAH concentrations were 
150 times lower inside protective clothing than outside. These authors also noted that the most 
and least volatile compounds had Work Protection Factors of c. 100, while substances with 
medium volatility (e.g. fluorene, phenanthrene and anthracene) had Work Protection Factors 
above 1 000. In conclusion: A large reduction in exposure can be achieved by using protective 
equipment. However, small amounts of PAHs still reach the skin by penetrating through the 
PPEs during interventions.  
 
Not all parts of the skin equally absorb chemical contaminants. In their study of dermal 
exposure to PAHs in firefighters, Fent et al (2013; 2014) identified the neck as the most 
exposed part of the skin. This was probably due to the lower level of dermal protection 
provided by the hoods. Median PAH levels on the neck ranged from 40.4 and 53.8 µg/m² 
before, to 52.0 and 62.8 µg/m² after intervention. Post exposure levels on the hands were 
considerably lower (15.9 and 23.7 µg/m²). The neck counts for 2 % of the total body surface 
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(0.042 m² of 2.1 m²; i.e. 2x the surface of the palm of a hand), while the hands only represent 
0.11 m² (5.2 %). Generally, post exposure levels of PAHs on the skin decreased by anatomical 
region: neck > scrotum > face > hand & arm (Fent et al, 2013; 2014). Many levels remained 
below their minimum detectable concentration. Except for the neck, post-exposure 
concentrations did not vary significantly from the pre-exposure levels (Fent et al, 2013). Either 
the exposure was more limited due to a better protection, or the PAHs were more rapidly 
absorbed through the skin before the post-exposure collection/sampling period. The latter 
seems less likely, given the experimental results of Vanrooij et al (1993). These authors 
investigated the absorption of PAHs in different anatomic sites of the skin by applying coal-tar 
ointment. They monitored (1) the surface disappearance by measuring the PAH-fluorescence, 
and (2) the urinary excretion of 1-OHP. After 45 minutes, the average absorption rate 
constants for PAHs were 0.036 and 0.037 for the ankle and hand (palmar), and 0.053, 0.065, 
0.070 and 0.135 for the groin, forehead, forearm and shoulder (Vanrooij et al, 1993: table 3). 
Besides, the urinary excretion rates of 1-OHP after application of coil-tar ointment on the trunk 
were generally higher than after application on the hands. The same can be said for the 
cumulative amount of 1-OHP excretion, with means of 7.7, 10.8, 11.3, 13.9 and 14.6 nmol 
after application on the hand, trunk, forearm, calf and neck respectively (Vanrooij et al, 1993: 
table 4). In general, Vanrooij et al (1993) estimated that 20 - 56 % of a low PAH dose will be 
absorbed by the skin after 6h.  
 
In contrast to the findings of Fent et al. (2013, 2014), Stec et al (2018) measured the highest 
amounts of PAHs on the hands (between 300 and 600 mg/m²) after exposure. In the latter 
study, a (worst case) risk characterization (1 in 100 000 population) was estimated using 
Cancer Slope Factors. It was assumed that firefighters (age: 70 years) wear their protective 
gear 2 days a week, 50 weeks/year during 40 years. Dermal absorption was assumed to be 
20 %. However, it was noted that dermal absorption rates are lower on the hands, compared 
to the scalp, axilia and forehead due to the thicker skin. A higher cancer Risk Characterization 
Ratio of 25 was calculated from PAH levels measured on firefighters’ hands (Stec et al, 2018). 
This means that up to 25 firefighters per 100 000 may develop cancer due to contaminated 
hands. In the same study, it was estimated that up to 350 firefighters may develop cancer from 
PAH concentrations detected on clothing (Stec et al, 2018). However, it should be noted that 
skin wipe samples were only taken in 4 firefighters (including 1 instructor and 3 trainees), 
which allows variability compared to other studies.  
 
In their study on the exposure of firefighter trainers, Laitinen et al (2010) found that the amount 
of PAHs on the hands decreased with 80 % when (cotton) undergloves were used below the 
firefighter’ gloves. Average concentrations on the hands dropped from 48 ng/cm² (n = 12) to 
8.7 ng/cm² (n = 8). In comparison, the total average exposure in the fire house simulator was 
1 200 ng/cm2. In France, the “Caisse nationale de retraites des agents des collectivités 
locales” prescribes that disposable or washable undergloves (nitrile or cotton) should be worn 
under firefighters’ gloves during fire trainings and interventions (clearing and monitoring 
phases) to obtain a better prevention and protection (CNRACL, 2017; ANSES, 2019). 
Unfortunately, no further data or evaluations are provided by CNRACL and ANSES.  
 
The dermal absorption of VOCs, and organic hydrocarbons in particular, should also be 
considered. However, most of these substances will volatilize before they can penetrate the 
skin. The most important example, benzene, can be measured in breath, and its metabolite 
S-PMA is found in urine. While post-exposure concentrations of benzene were significantly 
elevated in the breath samples of Fent et al (2014), the traces in urine remained below the 
minimum detection limit of 8.5 µg/g. Post-exposure breath levels (median 19 µg/m³) were 
comparable to non-smoking automobile mechanics (median 19 µg/m³ after 4h of work) and 
US Air Force fuel system maintenance workers (means 1.9 - 50 µg/m³). Also the urinary levels 
(median 62 µg/g) were comparable to non-smoking asphalt pavers (median 110 µg/g) and 
non-smokers without occupational exposure (median 67 µg/g) (Fent et al, 2014). When 
benzene comes into contact with the skin, the stratum corneum of the epidermis is the main 
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barrier for diffusion. After penetrating the dermis, it reaches the blood stream and is 
transported throughout the body. The dermal dose is a product of the flux (permeability 
coefficient x concentration differential), the exposed skin surface and the duration of the 
exposure (Kalnas & Teitelbaum, 2000). Hanke et al (1961) found an average rate of 0.4 
mg/cm²/h for benzene absorption on the human forearm, a maximum value calculated for 
completely moistened skin. Blank & McAuliffe (1985) measured that the average flux of 
benzene through the epidermis (in vitro) from air (31 °C) saturated with benzene was 
approximately 1.0 µl cm-²h-1. Based on their experiments, Maibach & Anjo (1981) concluded 
that the palm of the hand of rhesus monkeys absorbs more than double the amount of the 
forearm, and that multiple exposures result in more absorption than a single exposure of equal 
total time. However, it is not possible to apply the observed rhesus palmar absorption directly 
on humans, as no literature is available on this subject. Maibach & Anjo (1981) also added 
that the occlusive method of Hanke et al (1961) may have increased the absorption rate more 
than 10x. The physical conditions of the surrounding environment also influence the 
absorption capacity of the skin. Franz (1984; as cited in Fent et al, 2014) found that dermal 
absorption of benzene vapor was 2.5 to 7.5 times higher in 100 % relative humidity, compared 
to 40 % relative humidity. In addition, Franz (1984, as cited in Fent et al, 2013) also found that 
the absorption of water-dissolved benzene was much higher than that of benzene dissolved 
in toluene. Consequently, sweaty skin may further facilitate dermal benzene absorption. It is 
likely that with increasing temperatures, the permeation rate of the skin will also increase (Fent 
et al, 2015). The opening of the pores, increased sweating and higher blood flow probably 
contribute to this. Assuming an epidermal thickness for the neck similar to that of the forearm 
(75 µm), Fent et al (2015) estimated that benzene can be absorbed in the blood stream within 
6 minutes, with an estimated permeation coefficient of 0.08 cm/h at normal temperatures. 
 

5.2.2 Uptake by inhalation 

The use of SCBA is of utmost importance to prevent both acute and chronic health effects due 
to the inhalation of toxic contaminants. By maintaining a positive pressure in the facepiece, 
the firefighter is protected from harmful gases during the intervention. Although the 
phenomenon of "overbreathing" may occur during high levels of physical activity, the degree 
of protection remains very high (Burgess & Crutchfield, 1995). However, firefighters' PPE 
becomes contaminated during the fire interventions, after which off-gassing may occur. 
Afterwards, during doffing of PPE and traveling in confined vehicles with the contaminated 
equipment, exposure may occur through inhalation (Fent et al, 2015). Baum et al (2020) found 
that there exists a significant difference in PAH off-gassing between firefighter turnout gear 
which was recently used in a fire, versus PPE that was not. Off-gassing predominantly occurs 
with molecules of low molecular weight. With the exception of e.g. naphthalene (two rings, 
semi-volatile), most PAHs are too heavy to vaporize. VOCs are dominant during off-gassing, 
especially benzene and propene are abundant in structure fires (Fent et al, 2015). The latter 
authors measured off-gassing 25 minutes after the completion of the overhaul. A > 5-fold 
increase in concentrations for styrene, benzene, 1,4-dichlorobenzene, acetone and 
cyclohexane was measured compared to background levels. This increase was statistically 
significant for the 3 latter molecules. However, all off-gassed VOC concentrations (most < 25 
ppb) remained far below short term occupational exposure limits (OEL). Besides, the 
contribution of off-gassing turnout gear (n = 2) to the total exposure was not observable in the 
subsequent study of Fent et al (2020b). However, in order to reduce the risks of inhalation, (1) 
it may be advisable to remove the SCBA only when all other PPE has been taken off, (2) to 
keep the contaminated clothing locked away from the firefighters during transport and (3) to 
shower as soon as possible after removal. 

5.2.3 Exposure by job assignment/attack tactic 

Fent et al (2020b) examined if the job assignment and fire attack tactic of firefighters during 
controlled residential fires influenced the amount of exposure to PAHs and VOCs. It turned 
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out that attack and search firefighters were more exposed than outside vent firefighters (2-fold 
exhaled breath concentrations of benzene vs. 1.4-fold). Moreover, transitional attack resulted 
in 50 %, 36 % and 20 % less uptake of pyrene, phenanthrene and fluorene compared to 
interior attack (Fent et al, 2020b). During transitional attacks, water is applied from the outside 
of the structure before moving on to interior attack, where the structure is entered to spray 
water. The exposure for the command/pump personnel is probably mainly due to inhalation. 
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V GENERAL ASPECTS OF NITRILE BUTADIENE RUBBER (NBR) GLOVES 

1 Chemical characteristics 

Nitrile butadiene rubber (NBR, CAS 9003-18-3, also known as nitrile rubber or acrylonitrile 
butadiene rubber) is an elastomer resulting from copolymerisation of butadiene and 
acrylonitrile (e.g. Hertz et al, 1995) (Fig. 7). It has many applications in industry, and is often 
used as seals that come into contact with oil (Treadingham et al, 2011). The oil resistance 
largely depends on the acrylonitrile content, which can vary between 15 to 50 % (high nitrile > 
45 %, medium nitrile 30 – 34 %, low nitrile < 30 %) (e.g. ERIKS, 2022; Polymerdatabase, 
2022). With increasing acrylonitrile content, some properties like density, processability, cure 
rate, hardness, gass impermeability and compatibility with increased polar content polymers 
are ameliorated, while by contrast low temperature behaviour, resilience, compression etc. 
are negatively affected (Pazur et al, 2014). The higher the nitrile content, the higher the 
resistance to aromatic hydrocarbons (Polymerdatabase, 2022). The acrylonitrile content in 7 
NBR gloves of different brands was measured by Phalen et al (2007), with averages between 
12.7 and 29.9 %. 
 

 
Figure 7: Chemical structure of acrylonitrile butadiene rubber (NBR) (Source: polymerdatabase.com).  

 
Reported operating temperatures range from lower limits between -35 and -25 °C to upper 
limits between 100 and 120 °C upon the different NBR compositions (Coronado et al, 2014; 
ERIKS, 2022; Polymerdatabase, 2022). Treadingham et al (2011) mention a maximum service 
temperature Tmax of 125 °C. Tmax is the temperature at which a drop of mechanical 
performances is observed, i.e., a 50 % decrease in elongation after an aging period of 1 000 
h. As a consequence and above 100 – 120 °C, the NBR becomes “tacky”, making the gloves 
more “sticky” to the skin. Afterwards, degradation will occur from 200 °C. LanXess (2014) 
mentions that the ignition and decomposition events indeed occur above 200 °C. During 
thermal destruction and combustion, carbon monoxide/dioxide, hydrogen cyanide, nitrous 
oxide and soot are released (SIBUR, 2011). 
 
It can be concluded that normal NBR gloves are stable when used in a certain range of 
temperatures, up to at least 100 °C.  
 

2 Glove permeation 

Connor (1999) studied the permeability of different glove materials (nitrile rubber, latex, 
polyurethane and neoprene) to 18 antineoplastic drugs, both hydrophilic and hydrophobic, 
exposed during 30, 60, 90 and 120 minutes. It was found that all materials were generally 
impermeable to each drug. Minor permeation was only found in some samples, due to defects. 
 
Phalen et al (2007) studied the influence of the acrylonitrile content in disposable NBR gloves 
on the permeation resistance to aqueous solutions of captan. The normalized breakthrough 
detection time (NBT) increased 120 min for every 5 % increase of acrylonitrile, while the 
steady-state permeation rate (SSPR) decreased. The average SSPR ranged from 0.002 to 
0.40 µg/cm²/min, while the NBTs ranged from 35.9 min to 420 min (Phalen et al, 2007).  
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Nielsen & Sørensen (2012) found that nitrile gloves offer a significantly better protection 
against benzoic acid compared to latex gloves. The maximum flux (µg/h/cm²) was 1.8 in nitrile, 
and 11.2 in latex. However, the difference in protection between both glove types decreased 
when the concentrations of benzoic acid increased. The authors also emphasized that these 
single-use gloves lose their protection with repeated use because the lag times for the thin 
gloves are limited and accumulation may reach the saturation point. 
 
It can be concluded that nitrile gloves are highly effective in reducing permeation of organic 
compounds during short (hours) and single use. However, the efficiency of the protection 
depends on the NBR composition, as a higher acrylonitrile content provides better protection. 
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VI BURNS (GENERAL) 

Burns are a common type of skin injury, and an accurate evaluation of their severity is of 
utmost importance to determine the appropriate treatment. The incidence of burns depends 
on several factors: e.g. the thickness of the skin, the humidity of the air/skin, the temperature, 
the duration of the contact, etc. Some general types of burns can be characterized, based on 
the depth of the wounds:  
 

First degree 
Any burn limited to the epidermis is considered to be a first-degree burn. Since the skin barrier 
is intact, the burn is dry and red. The pain experienced is limited. Minimal treatment (analgesia 
and moisturizer) or no treatment is required with a very rapid healing (Greenhalgh, 2019).  
 

Second degree 
A second-degree, or partial-thickness burn extends into but not through the dermis 
(Greenhalgh, 2019). Because the epidermal barrier is lost, the wound forms a blister or, if 
uncovered, weeps interstitial fluid. Depending on the depth of the burn within the dermis, it 
can be classified as superficial second degree or deep second degree. In the former, since 
the dermal plexus of vessels and nerves is intact, the wound will blanch with pressure and the 
pain will be severe. Superficial second degree burns heal spontaneously through re-
epithelialization. The limit of migration from the wound edge is only 1 to 2 cm, but in these 
superficial wounds, the keratinocytes in the remnant hair follicles and other skin adnexa 
proliferate and migrate onto the surface to re-epithelialize the wound. If adnexa are close 
together, such as in the scalp, re-epithelialization is much faster (within 4 to 5 days) than if the 
adnexa are less densely packed. Elderly patients tend to have fewer hair follicles than younger 
patients, so re-epithelialization can be impaired. The skin is also thinner in older patients, so 
the consequences of the burn can be greater. As second-degree burns become deeper, fewer 
skin adnexa remain; thus, deeper burns require more time to heal and might need surgical 
treatment to heal in time (Greenhalgh, 2019). 
 

Third degree 
A burn demonstrating complete destruction of the dermis up to the level of the subcutaneous 
fat is considered to be a third degree, or full-thickness burn (Greenhalgh, 2019). Since all the 
vasculature and nerves of the dermis are destroyed, there is no blanching and the burn is 
much less painful than a second-degree burn. The wounds can be any color and are drier than 
more superficial burns. The dermal adnexa are destroyed, so epithelial migration is limited to 
basal cells from the wound edges. Therefore, most of the healing results from granulation 
tissue formation and contraction. Small wounds over unimportant areas can heal without 
problems, but larger burns, especially over important structures, result in contractures that 
impair function. Given enough time, contraction can close the majority of wounds but leads to 
profound function loss (Greenhalgh, 2019). Therefore, these burn wounds need surgical 
debridement and skin grafting. 
 

Fourth degree 
Fourth-degree burns extend into muscle, bone, or tendon and need to be treated in burn 
centers, since they may require flaps or amputations. 
 
The relation between the different categories of burns and the temperature/time of contact 
was visualized by Lawrence & Bull (1976) (Fig. 8). A systematic review was carried out by Loo 
et al (2018). An overall agreement was found in all studies they reviewed: the lowest 
temperature that led to mid-dermal burns with a duration of exposure of > 10 minutes was 
50 °C, the highest temperature was 100 °C that led to deep-partial thickness burns in 10 
seconds (Loo et al, 2018). 
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Figure 8: Outcome for the skin per exposure (time x temperature) (Source: Lawrence & Bull, 1976: fig. 2). 
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VII ORIGINAL QUESTIONS 

1 How can one assess and compare the importance of a direct short-term risk with a random 
long-term risk? 

It is very difficult to answer this question, because it is almost impossible to compare an acute risk with 
the effects of chronic exposure. Short-term effects such as burns are of a different nature than a disease 
that manifests itself later, such as cancer. The relationship between “exposure” and “effect” is easier to 
establish in the case of accidents or acute health problems (e.g. CO poisoning). Chronic diseases are 
often multifactorial and some have only a low probability to occur, while short term risks occur after a 
certain insult. For these reasons, this question will not be addressed. Optimal protection against both 
risks is required, but a trade-off must be made in certain cases. Then, maximum mitigation of the 
remaining risks should be employed. 
 

2 Among the risks of cancers among firefighters, what would be the importance of those 
caused by contamination of the hands only (limited surface of the body)? 

The total exposure is much more determining than just that of the hands. In practice, exposure does 
not only run through the hands. Different routes of uptake should be considered: dermal, peroral, 
respiratory, etc. This question will be rephrased as: “What is the importance of hand contamination in 
the total exposure to carcinogens among firefighters?” 
 

3 Is the risk of cancer due to contamination of the hands during firefighting greater than the 
risk of hand burns? 

Please check our answer to the first question. Both risks are real and have been taken into account by 
the Superior Health Council in this advisory report, including preventive measures. The risk of burns 
depends on many factors, such as the type of fire, the task during the intervention and the proper use 
of Personal Protection Equipment (PPE). At the same time, the risk of cancer is also multifactorial and 
much less predictable on an individual basis. This question will be partially addressed when answering 
the next question. 

 

4 From a medical point of view, can it be considered that in the case of burns to the hands, the 
presence of a partially melted and decomposed nitrile glove does not induce an additional 
risk? 

An answer will be provided based on expert expertise and literature. 
 

5 Can it be said that the treatment of burns will not be affected by the presence of molten nitrile 
in the wounds as indicated in the study? 

An answer will be provided, largely based on expert expertise from Belgian burn centres and university 
hospitals. It is included in the answer to the previous question.  
 

6 Do protective barrier creams exist (like the dirt creams used in mechanical workshops) which 
could be put on the hands of firefighters underneath the fire gloves, which can replace the 
nitrile gloves? 

This question will be rephrased as "Are there other preventive measures possible to reduce exposure 
to cancerogenic contaminants?".  
 

7 To what extent does taking a shower after a fire reduce the risk of contaminants penetrating 
the skin? How quickly are these skin carcinogens irreversibly introduced? 

These questions will be briefly addressed in "Are there other preventive measures possible to reduce 
exposure to cancerogenic contaminants?". 
  



 

 

Superior Health Council 
www.shc-belgium.be 

 
− 24 − 

 
VIII REVISED QUESTIONS & ANSWERS 

1 “What is the importance of hand contamination in the total exposure to carcinogens 
among firefighters?” 

There is sufficient evidence to suggest that occupational exposure in firefighters leads to an 
increased incidence of certain cancers (Demers et al, 2022). It is therefore very important to 
prevent inhalation of combustion particles and gaseous components by wearing Self 
Contained Breathing Apparatus (SCBA), and to protect the skin by proper and maximum use 
of Personal Protection Equipment (PPE). This equipment is effective (Pleil et al, 2014). After 
exposure, Wingfors et al (2018) found that total Polycyclic Aromatic Hydrocarbon (PAH) 
concentrations were ca. 150 times lower in protective clothing than outside. However, the 
protective gear does not offer total protection. Fent et al (2013; 2014) found a significantly 
elevated (P < 0.05) post-exposure breath concentration of benzene among firefighters, 
indicating limited absorption by the skin despite the use of PPE. Keir et al (2017) concluded 
that post-event skin and PPE decontamination will effectively reduce combustion emission 
exposure and the associated health risk.  
 
1.1. Exposure by anatomical region 

Not every anatomical region is exposed equally; this is often related to the different efficiency 
of PPE. Some recent studies offer more insight: 

Fent et al (2013, 2014) (USA): More than 80 % of the firefighters participating in a 
questionnaire by Fent et al (2013) reported seeing soot on their skin at one time or another 
when removing PPE, and this on the face, neck and hands. More than 50 % also reported 
soot on the arms. Therefore, the surface areas of the forearms (0.15 m² ~7.1 % of the 2.1 
m² total adult male body surface), hands (0.11 m² ~ 5.2 %), face (0.068 m² ~3.2 %), neck 
(0.042 m² ~ 2 %) and scrotum (0.054 m² ~2.6 %) were screened for post-exposure PAH 
levels. In total, 15 firefighters were studied. The post exposure PAH-levels were slightly 
elevated, but this increase was only statistically significant on the neck in one of two 
rounds. The ranking of post exposure levels by anatomical site is: neck > scrotum > face 
> hand & arm (Fent et al, 2013, 2014). In both rounds, median PAH-concentrations of 
15.9 & 23.7 µg/m² were found on the hands and 52.0 & 62.8 µg/m² on the neck. In contrast 
to other parts of the body covered by multiple layers, the neck was primarily protected by 
a Nomex hood with a double layer of flame-resistant fabric.  

Stec et al (2018) (UK): These authors studied skin and clothing samples of 4 firefighters pre- 
and post-training exercise in a shipping container where a piece of oriented strand board 
was burnt. The post-exposure concentrations of PAHs on skin wipe samples were 
significantly elevated, especially on the hands (up to 550 mg/m²), and to a lesser extent 
on the front of the neck.  

Baum et al (2020) (USA): Silicone wrist bands were worn below the PPE. Concentrations of 
low molecular weight PAHs (naphthalene, phenanthrene etc.) were 42 % higher after fire 
interventions, although the concentrations remained low (increase from ca. 7 ppb to 10 
ppb). In contrast, the average concentration of high molecular weight PAHs did not differ 
significantly after exposure (increase from 0.79 ppb to 0.88 ppb).  

Levasseur et al (2022) (USA): Silicone wristbands were used to quantify off-duty (background) 
and on-duty chemical exposure experienced by 20 firefighters. 134 chemicals were 
detected. On-duty PFOS exposures were 2.5 higher than off-duty exposure. Also 
exposure to PAHs, brominated flame retardants and some organophosphate esters were 
occupationally associated (0.5 to 8.5 times higher on-duty). 
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All studies agree that hands are contaminated despite the use of gloves. The extent of the 
problem differs between studies: while Fent et al (2013, 2014) found the lowest post-exposure 
concentrations on the hands (n = 15), the hands were the primary contaminated zone in Steck 
et al (2018) (n = 4). We assume that much depends on the PPE and the task of a firefighter 
during the intervention. However, both studies indicate high risks for the neck, as the neck is 
less easy to protect homogeneously with PPE. 

1.2. Uptake by the skin on different anatomical regions 

The absorption rates of chemical compounds by the skin depend on many factors (e.g. 
physico-chemical characteristics of the chemical, humidity, temperature, amount of sweat, 
density of pores, thickness of the skin).  
 
Some experiments were conducted by Vanrooij et al (1993) in order to determine differences 
in PAH-absorption between anatomical sites and different individuals. Therefore, coil-tar 
ointment was applied to the skin on different sites. The following conclusions were drawn 
based on surface disappearance measurements:  
 

- In general, 20 - 56 % of low PAH doses are absorbed by the skin after 6h. The overall 
mean absorption rate constant (ka) was 0.066/h.  

- Surface disappearance measurements show low but significant differences in dermal 
PAH absorption between the following sites: shoulder (0.135/h) > forehead (0.065/h), 
forearm (0.070/h), groin (0.053/h) > ankle (0.036/h), hand (palmar site, 0.037/h). 

- The differences between individuals in PAH absorption were small (7 %), compared to 
the differences between anatomical sites (69 %). 

 
Dermal absorption of PAHs by the hands can be assumed to be lower than the neck, given 
that the stratum corneum on the palms is thicker. For absorption of Volatile Organic 
Compounds (VOCs), the results in the literature are more difficult to interpret, given that for 
benzene, exposure to liquid dilutions was often used in experiments. 
 
In current times, firefighters are increasingly exposed to other pollutants next to PAHs and 
VOCs (e.g. Levasseur et al, 2022). For example, firefighters have been more exposed to 
PFAS than the general population in recent decades (Nilsson et al, 2022). Currently, data are 
lacking to quantify the absorption rate of all these substances through the skin.  
 
1.3. Contamination of the hands & cancer risks 

The risk of cancer in firefighters is caused by general body exposure to carcinogens. The 
exact influence of the hands is difficult to determine. In the literature, only Stec et al (2018) 
made an estimate (Fig. 9) based on their measurements on the hands of four firefighters after 
exposure during a firefighting exercise.  

In the latter study, Cancer Slope Factors (CSF) were used to estimate the cancer risk from a 
lifetime exposure. Based on California’s Proposition 65 Law, results from the skin and clothing 
samples were used to evaluate the risk assessment, via dermal exposure, for cancer 
endpoints (Stec et al, 2018). Following the EPA Guidelines for Carcinogenic Risk Assessment, 
the defined risk factor was estimated for 1 in 100 000 cases of cancer per population. 
Assuming (1) dermal absorption of PAHs to be 20 %, (2) wearing turnout gear 2 days a week, 
50 weeks/year during a career of 40 years and (3) an age of 70 years, Stec et al (2018) 
estimated that the highest risk was due to dermal exposure. Based on their measurements of 
PAHs on clothing, it was calculated that up to 350 firefighters can develop cancer from these 
concentrations, while a higher Risk Characterization Ratio of 25 was identified from the PAHs 
identified on the skin of the hands after exposure (Fig. 9). However, it should be noted that the 
PAH-concentrations measured by Stec et al (2018) on the skin samples were clearly higher 
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than in most other studies. Hand exposure, as expected, can only explain a small part of the 
much larger cancer problem among firefighters. 
 
Given the experimental results in the literature, but also the existing uncertainties, it can be 
concluded that the hands of firefighters are exposed to carcinogens. However, they absorb 
PAHs less rapidly than the neck region, which is also highly exposed. Exposure levels can be 
linked to the efficacy of the protection gear. Nevertheless, contamination of the hands cannot 
be ignored, and contact with carcinogens should be reduced as much as possible to minimise 
cancer risks. 

 

Figure 9. Estimated Cancer Risk Characterization (1 in 100 000 population) via skin absorption for each detected carcinogenic 

compound, measured on different anatomical regions of the body after exposure (Stec et al, 2018: fig. 6A). 
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2. “From a medical point of view, can it be considered that in the case of burns to the 
hands, the presence of a partially melted and decomposed nitrile glove does not 
induce an additional risk?” 

2.1. Can nitrile butadiene rubber melt? 

Nitrile butadiene rubber (NBR) is not a thermoplastic material but an elastomeric material. 
Elastomers are obtained by irreversibly hardening (“curing”) with the creation of cross-linking 
between polymer chains. By contrast to thermoplastic polymers, elastomers cannot melt for 
reshaping. Hence, there can be no melted NBR.  
 
NBR is stable and retains its properties up to about 120 °C. Above this maximum temperature, 
degradation starts. The rubber becomes “tacky” and will become more “sticky” to the skin.  
 
In contrast to melting, NBR does decompose. At very high temperatures (several hundred 
degrees, > 200 °C), thermal destruction and combustion take place, including the emission of 
toxic compounds like hydrogen cyanide. However, these temperatures are so high that the 
firefighters would probably die in such serious accidents, regardless of the NBR gloves.  
 
2.2. What does this imply for burns?  

At high temperatures, the NBR will become sticky to the skin, resulting in a longer contact 
time, as removing the hot gloves will probably take more time. The longer contact time with 
the hot material is proportional to the depth of the burn. It can therefore be assumed that there 
is an additional risk from the NBR gloves, increasing the severity of burns. Moreover, 
wound care can only begin after the degraded hot nitrile rubber is removed, which may pose 
an additional complication.  
 
2.3. Is wearing NBR (under)gloves an acceptable preventive measure? 

Multiple situations should be considered. 
 
Direct contact of NBR glove with cold surfaces (without firefighters’ glove) 
In cold zones, there is no danger of burns. Here, NBR gloves offer very good skin protection 
against carcinogenic contaminants when clearing or manipulating exposed objects or PPE. 
 
The hearing revealed that several Belgian firefighters actually wear NBR gloves under 
firefighters’ gloves (both textile and leather), with the main aim of being protected from 
contaminants for as long as possible after the intervention, when the firefighters’ gloves are 
removed.  
 
Direct contact of NBR glove with (potentially) hot surfaces (without firefighters’ glove) 
No risk can be allowed for any contact with hot objects. Burns will be aggravated by the NBR 
gloves. 
 
NBR gloves worn under firefighters’ gloves during hot interventions 
In the situation of combined use of NBR undergloves and firefighters’ gloves, two risks must 
be weighed:  
 

- The risk of skin exposure and absorption of carcinogens emitted by the fire. Given the 
importance of hands in firefighting tasks, it is essential that they are maximally 
protected during interventions. The nitrile undergloves are a very suitable barrier to 
these substances (PAHs, VOCs etc.), especially when leather firefighters’ gloves are 
used, in which the carcinogens can accumulate.  
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- The risk of more severe burns due to longer contact times with the NBR undergloves, 
during serious incidents where hands are burned despite the use of PPE.  
 

Both the chronic risk of cancer and the acute risk of burns are legitimate concerns. It is 
therefore important to consider how pertinent the second scenario is: 
 

- The hearing of representatives from fire brigades in Brussels and Verviers revealed 
that there are no known cases in Belgium of hand burns related to NBR gloves under 
firefighters’ gloves. The combination is considered positive by many individuals. 

 
- No reports were found in the scientific literature about burns due to contact with NBR 

gloves. 
 

- In Norway (Bergen), one case is known of burned hands of a firefighter wearing nitrile 
(NBR) gloves under his firefighters’ gloves during a hot smoke training (Kristoffersen, 
pers. comm. 2022). There was a flashover during this exercise, and a sudden 
temperature increase in the room made the moisture on his hands boil. Afterwards, it 
was discussed that he would have burned his hands even without NBR undergloves, 
and that the firefighter did not do the right things to cool down the temperature in the 
room early enough. Unfortunately, no written report is available. 
 

- Based on the expert experience in our working group from Belgian burn centers and 
university hospitals, it appears that burns on the hands of firefighters are rather rare. 
Burns were more commonly seen on e.g. the neck region. The international scientific 
literature partly confirms this picture, and points out that incorrect use of PPE is 
responsible for the vast majority of firefighter burns (e.g. Madden et al, 1995; Kahn et 
al, 2012). Which anatomical region is burned the most varies across the different 
studies, many mention the face and the neck regions (Kahn et al, 2012; Kim et al, 
2016; Rabbitts et al, 2005 for outpatient cases), while other studies point to the lower 
extremities as most burned sites (Madden et al, 1995; Rabbitts et al, 2005 for inpatient 
cases). In the studies cited, the proportion of hand burns ranges from 9.4 % to more 
than 20 %. 

 

Given the excellent protection that NBR undergloves provide against carcinogenic 
contaminants (necessary in unwashed leather firefighters’ gloves) and the limited incidence of 
burns on the hands (with proper use of PPE), the SHC working group considers the use of 
NBR undergloves in combination with firefighters’ gloves (leather and textile) acceptable. This 
position is based on the current knowledge, and may change at any time if new pertinent data 
becomes available. 
 
It is of utmost importance that the NBR under glove is always completely covered by the 
firefighters’ gloves, ensuring that there can be no exposure of the NBR to the heat. Moreover, 
the NBR undergloves should only be used once, as the risk of tearing is too high when reused, 
reducing the protection against carcinogens. Although nitrile gloves are quite stable, slow 
gradual loss of quality over time can be influenced by several factors (see also Esmizadeh et 
al, 2021) 
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3. “Are there other preventive measures possible to reduce exposure to cancerogenic 
contaminants”  

Several fire zones have comprehensive guidelines around decontamination. The Vesdre - 
Hoëgne & Plateau zone has developed an instructional video on the personal procedure for 
decontamination and avoiding cross-contamination (link consulted on 10/11/22): 
https://www.youtube.com/watch?v=sr12RV9YVGc.  
 
Some important considerations are presented here by the Superior Health Council. This 
section is partly based on “Recommendations for Protecting Fire Fighters” in Fent et al (2013).  
 
3.1. Alternatives for NBR undergloves? 
 
There are no barrier creams (invisible gloves) that will enable efficient protection of the hands 
against contaminants under firefighters’ gloves. Alternatives such as cotton instead of nitrile 
(NBR) undergloves can be considered, but their efficacy will be lower. Laitinen et al (2010) 
found that the amount of PAHs on the hands decreased with 80 % when cotton undergloves 
were used. Cotton pimple gloves are used by firefighting instructors in Finland, as they appear 
to be more comfortable. However, these gloves are only worn when little extinguishing water 
is used. Wet gloves can lead to burns in incidents. Because of this risk and the uncertainty 
whether wet cotton undergloves would transport contaminants to the skin faster, we do not 
recommend their use. 
 
3.2. The widest possible use of SCBA “from start to finish” 

To minimise the inhalation of carcinogenic contaminants, SCBA should be used as much as 
possible during interventions. Working with SCBA is exhausting, but there is no viable 
alternative. The SCBA should be checked regularly to assure its proper functioning. After each 
intervention, the SCBA needs to be cleaned as it highly exposed to smoke and soot.  
 
3.3. Wind 
 
Remain upwind of fires if not directly involved in the fire response. 
 
3.4. Ventilation 
  
Burned spaces inspected by firefighters should be ventilated as much as possible.  
 
3.5. Proper use of PPE 
 
It is important that all PPE is used correctly. The skin should be covered to the maximum 
extent to avoid contamination during and immediately after interventions. Special attention 
should be paid to covering and protecting the neck, as it is highly exposed and its skin appears 
to absorb contaminants faster. 
 
3.6. Protection of hands during fire interventions 
 
Firefighters’ gloves have three functions during interventions: (1) protection against heat, (2) 
protection against mechanical wounds and (3) forming a barrier to prevent toxic substances 
from reaching the skin. Unfortunately, firefighters’ gloves do not stop all substances, so the 
skin is always exposed to a slight degree. However, since leather gloves are difficult to wash, 
toxic substances can accumulate in this type of gloves. Therefore, it is important to wear nitrile 
(NBR) undergloves (disposable gloves) under the leather gloves during interventions. The 
nitrile gloves should be completely covered, as they are not allowed to come into contact with 
heat. They can only be used once. Nitrile undergloves can also be combined with textile 

https://www.youtube.com/watch?v=sr12RV9YVGc
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firefighters’ gloves, but the acute need is lower here because textile cloves can be cleaned 
more easily. 
 
3.7. Protection of hands after fire interventions 
 
After the intervention, it is important to keep the nitrile gloves on as long as possible when 
removing your own protection gear to avoid contact with soot and contaminants. They should 
also be worn when cleaning up in cool areas after the fire. The nitrile gloves should never 
come into direct contact with hot surfaces. If there is still a chance that objects have not fully 
cooled down, nitrile gloves should only be worn under a regular firefighters’ glove. They are 
suitable for single use only. 
 
3.8. Protection against off gassing after fire interventions 

The SCBA and hoods should only be taken off at the end when removing PPE after an 
intervention. All used PPE should be transported in a separate space, physically segregated 
from the cabin where firefighters are staying during their transport to the station. Contaminated 
PPE cannot be stored in personal vehicles or living areas of firefighters.  
 
3.9. Protection of the entire skin after fire interventions 

Hands should be washed immediately after the intervention. Firefighters should take care to 
remove soot from the skin as soon as possible. Cold wet wipes can be used to clean the most 
contaminated areas first. Showering needs to start cold, to close the pores while most soot is 
washed off. Afterwards, showering can continue with a comfortable hot temperature, to re-
open the pores. It is important to use soap with surfactants to remove PAHs efficiently. 
 
3.10. Decontamination and cleaning of PPE 
 
It is important to clean PPE after each intervention. Contaminated PPE should not be taken 
home under any circumstances, and should be professionally decontaminated regularly (see 
also ISO 15797-2). 
 
The National Fire Protection Association (USA) outlines three cleaning levels (NFPA 1851 
Guideline): 

1) Routine cleaning / Field decontamination (every intervention). 
2) Advanced cleaning by the appropriate washer extractor (at least twice a year). 
3) Specialized treatment (chemical/biological hazardous products). 

 
A video is provided by the NFPA on their “advanced cleaning” procedure of gloves: 
https://www.youtube.com/watch?v=R3Ozwc7UgD4. (link consulted on 25/10/22). Some 
manufacturers of firefighters' clothing offer specialised laundry services: 
https://sioenfire.com/nl/gebruik/wasunit-graulhet (link consulted on 25/10/22). 
 
The efficiency of different cleaning methods strongly varies.  
 

- Air-based decontamination: An air jet provided by a modified electric leaf blower was 
used by Fent et al (2017). This method only allowed to reduce PAH contamination by 
a median of 2 %. This method is therefore inadequate. 
 

- Dry-brush decontamination: An industrial scrub brush to scrape debris and 
contaminants from the gear. This method allowed to reduce PAH contamination by a 
median of 23 % (Fent et al, 2017). This method is easy to implement, despite its limited 
efficiency. 

 

https://www.youtube.com/watch?v=R3Ozwc7UgD4
https://sioenfire.com/nl/gebruik/wasunit-graulhet
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- Wet-soap decontamination: Multiple protocols are possible. Fent et al (2017) pre-
rinsed the gear with water, followed by spraying with a soap mixture, scrubbing the 
gear with an industrial scrub brush with the soap mixture, and rinsing with water. This 
method allowed to reduce PAH contamination by a median of 85 % (Fent et al, 2017). 
As PAHs are lipid soluble compounds, surfactants in soap surround these molecules 
and liberate them from their environment (Fent et al, 2017). Unfortunately, this 
procedure is time consuming and therefore often not executed after each intervention, 
despite its relative efficacy.  
 
A report run by the Finnish Institute of Occupational Health, the National Institute of 
Health and Welfare of Finland and the Dutch Institute for Occupational Safety (IFV) 
(2018) showed lower effectiveness for the most widely used water cleaning methods 
(maximum efficiency of 40 %). Mayer et al (2019) cleaned hoods in a front load 
washing machine without agitator with a 55 min wash/rinse cycle, with commercial 
ARM & HAMMER Plus OxiClean detergents. Hoods were cleaned four times. They 
found that the effectiveness of laundering depends largely on the type of chemical 
contaminants: a large percentage of PAHs were removed, but cross-contamination 
between hoods occurred with different flame retardants (NPBFR, OPFR, PBDE). 
Banks et al (2021) found that current washing and water-only field decontamination 
techniques did not effectively remove SVOCs from firefighters’ uniforms, and that 
contamination of washing machines and cross-contamination of laundry can occur. 
Using a domestic front-loading washing machine at 60 °C, Engelsman et al (2023) also 
detected cross-contamination, especially on synthetic and less on cotton 
undergarments. 

 
- Ozone chamber decontamination: According to manufacturers, volatile fractions are 

largely reduced in 2 - 5 minutes by the degradation by ozone and oxidation to CO2 and 
water. However, de Melo Lucena et al (2021) found that simple exposure of PPEs to 
an ozone atmosphere is not sufficient to obtain a significant ozonolysis. Besides, these 
authors warned that newly oxygenated PAHs might be even more harmful for human 
health than the original compounds.  

 
- Decontamination with LCO2: Liquid CO2 is applied under a high pressure (ca. 53 bar) 

at low temperatures (ca. 22 °C), so it can penetrate the fibers of multi-layer structures 
thoroughly (Szmytke et al, 2022). The contaminants inside the textile are nearly 
completely removed by the CO2. The total PAH level after the treatment was always 
below the detection limit (< 0.6 mg/kg) in the study of Szmytke et al (2022). The latter 
authors highly recommend that LCO2 cleaning should be applied at least twice a year 
and after incidents where contamination is likely. An additional advantage is that no 
mechanical damage occurs to the PPE clothes. As a result, this method can be an 
option for cleaning leather firefighters’ gloves. A disadvantage is the higher cost 
compared to traditional cleaning methods with water.  

 
A good decontamination strategy for PPE consists of a combination of different measures, 

each differing in efficiency, whereby the highest possible degree of cleanliness can be 

achieved as cost-effectively as possible. Dry-brush and wet-soap decontamination can be 

applied routinely, total decontamination with LCO2 on a regular basis (at least twice a year) is 

also recommended. 
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5.  APPENDIXES 

Appendix 1. Cancer risk estimates among firefighters across selected studies. 
 
Cancer risks among firefighters across multiple studies. SRE (Summary Risk Estimates), mRR (Meta 
Risk Ratio, SRE across all types of incidence and mortality studies), SIR (Standardized Incidence 
Ratio), SIRE (Summary Incidence Risk Estimate), SMR (Standardized Mortality Ratio), SMRE 
(Summary Mortality Risk Estimate), OR (Odds Ratio). For each value, the 95 % confidence interval is 
provided. Other abbreviations: p.a. (positive association), - (not mentioned/studied).  
 

- Dark blue SREs: probable cancer risk evaluation (LeMasters et al, 2006); light blue SREs: 
possible cancer risk; white SREs: unlikely cancer risk.  

 
- Red: statistically significantly elevated (p = 0.05).  

 
- Green: positive association or increased risk reported.  

 
- Orange: relative consensus, when at least 50 % of the papers discussing a particular cancer 

conclude a statistically significant increase of the risk or a positive association. 
 

Cancer LeMasters et 
al (2006) 

Pukkala et 
al (2014) 

 
Daniels et al (2014) 

 
Jalilian et al (2019) 

Tsai 
et al 

(2015) 

Graveling & 
Crawford 

(2010) 

Laroche & 
L’Espérance 

(2021) 

Consensus 

 SRE/mRR SIR SIR SMR SIRE SMRE OR Association Association  

All cancers 1.05 
(1.00-1.09) 

1.06 
(1.02-1.11) 

1.09 
(1.06-1.12) 

1.14 
(1.10-1.18) 

0.99  
(0.93-1.05) 

0.99  
(0.92-1.06) 

- - - / 

Buccal cavity 
and pharynx 

1.23  
(0.96-1.55) 

0.92 
(0.62-1.31) 

1.39 
(1.19-1.62) 

1.40 
(1.13-1.72) 

1.15 
(0.91-1.44) 

1.21 
(0.95-1.55) 

- No p.a. No p.a. 2/6  
(33%) 

Esophageal  1.16  
(0.86-1.57) 

0.98 
(0.66-1.39) 

1.62 
(1.31-2.00) 

1.39 
(1.14-1.67) 

1.09 
(0.87-1.37) 

1.01 
(0.76-1.34) 

1.59 
(1.20-2.09) 

No p.a. No p.a. 2/7 
(28.7%) 

Stomach  1.22  
(1.04-1.44) 

1.09  
(0.91-1.30) 

1.15  
(0.93-1.40) 

1.10 
(0.91-1.33) 

1.04 
(0.90-1.20) 

1.03 
(0.92-1.15) 

0.81 
(0.59-1.11) 

No p.a. No p.a. 1/7 
(14.3%) 

Small intestine - 1.15 
(0.61-1.97) 

1.15 
(0.67-1.85) 

1.66 
(0.72-3.27) 

1.27 
(0.89-1.82) 

- - - No p.a. 0/3 
(0%) 

Colon  1.21  
(1.03-1.41) 

1.14 
(0.99-1.31) 

1.21  
(1.09-1.34) 

1.31 
(1.16-1.48) 

1.14 
(1.06-1.23) 

1.10 
(0.91-1.34) 

- 
 

Modest p.a. No p.a. 3/6 
(50%) 

Rectal 1.29  
(1.10-1.51) 

0.99  
(0.82-1.19) 

1.11  
(0.94-1.30) 

1.45 
(1.16-1.78) 

1.09 
(1.00-1.20) 

1.36 
(1.18-1.57) 

- Modest p.a. Incidence + 
death rate 

5/6 
(83.3%) 

Colo-rectal -  - - - 1.12 
(0.99-1.27) 

1.07 
(0.54-2.12) 

1.10 
(0.93-1.31) 

- - 0/2 
(0%) 

Liver/Gallbladder - - - 1.30 
(1.06-1.57) 

0.93 
(0.80-1.08) 

1.05 
(0.79-1.39) 

- - - 1/2  
(50%) 

Liver 1.04  
(0.72-1.49) 

0.91  
(0.59-1.34) 

- - - - 1.07 
(0.75-1.53) 

- No p.a. 0/4 
(0%) 

Gallbladder - 1.45  
(0.86-2.29) 

- - - - - - - 0/1 
(0%) 

Pancreatic  1.10 
(0.91-1.34) 

1.17 
(0.94-1.45) 

- - 1.09 
(0.96-1.24) 

1.13 
(0.99-1.29) 

1.10 
(0.83-1.46) 

No p.a. 
 

No p.a. 0/6 
(0%) 

Laryngeal  1.22 
(0.87-1.70) 

1.06 
(0.72-1.50) 

1.50 
(1.19-1.85) 

- 0.93 
(0.66-1.30) 

0.74 
(0.48-1.15) 

0.59 
(0.39-0.89) 

No p.a. No p.a. 1/7 
(14.3%) 

Lung cancer 1.03 
(0.97-1.08) 

0.97 
(0.87-1.09) 

1.12 
(1.04-1.21) 

1.10  
(1.04-1.17) 

0.94 
(0.84-1.06) 

1.00 
(0.92-1.09) 

1.08 
(0.92-1.28) 

No excess 
risk 

No p.a. 1/7 
(14.3%) 

Mesothelioma - 1.55  
(0.90-2.48) 

2.29 
(1.60-3.19) 

2.00 
(1.03-3.49) 

1.60 
(1.09-2.34) 

- 1.40 
(0.89-2.21) 

- Incidence 3/5 
(60%) 

Malignant 
melanoma 

1.32 
(1.10-1.57) 

1.25  
(1.03-1.51) 

- - 1.21 
(1.03-1.45) 

1.33 
(0.98-1.81) 

1.75 
(1.44-2.13) 

- Incidence 5/5 
(100%) 

Breast  - - 1.26 
(0.82-1.85) 

1.39 
(0.60-2.73) 

1.02 
(0.47-2.25) 

2.47 
(0.65-9.48) 

- - 
 

No p.a. 0/3 
(0%) 

Prostate 1.28 
(1.15-1.43) 

1.13 
(1.05-1.22) 

1.03 
(0.98-1.09) 

1.09 
(0.96-1.22) 

1.15 
(1.05-1.27) 

1.08 
(0.92-1.27) 

1.45 
(1.25-1.69) 

p.a. Incidence 6/7 
(85.7%) 

Testicular 2.02  
(1.30-3.13) 

0.51 
(0.23-0.98) 

0.75 
(0.42-1.24) 

0.73 
(0.15-2.14) 

1.34 
(1.08-1.68) 

- 1.10 
(0.73-1.66) 

p.a. Incidence 4/7 
(57.1%) 

Bladder 1.20 
(0.97-1.48) 

1.11 
(0.96-1.28) 

1.12 
(1.00-1.25) 

0.99 
(0.79-1.22) 

1.12 
(1.04-1.21) 

1.22 
(0.93-1.60) 

0.99 
(0.78-1.26) 

Slight 
excess risk 

Incidence 4/7 
(57.1%) 

Kidney 1.07  
(0.78-1.46) 

0.94 
(0.75-1.17) 

1.27 
(1.09-1.48) 

1.29 
(1.05-1.58) 

1.12 
(0.93-1.36) 

1.19 
(0.90-1.58) 

1.27 
(1.01-1.59) 

Not statist. 
significant 

No p.a. 2/7 
(28.6%) 

Brain (and 
nervous system) 

1.32  
(1.12-1.54) 

0.86  
(0.66-1.10) 

1.02 
(0.76-1.34) 

1.01 
(0.79-1.27) 

1.07 
(0.87-1.33) 

1.25 
(0.96-1.63) 

1.54 
(1.19-2.00) 

1.2 ± 0.2 No p.a. 2/7 
(28.6%) 

Thyroid - 1.28  
(0.75-2.05) 

- - 1.22 
(1.01-1.48) 

- 1.27 
(0.88-1.84) 

No consist. 
evidence 

No p.a. 1/5 
(20%) 

Non-Hodgkin’s 
Lymphoma 

1.51  
(1.31-1.73) 

1.04  
(0.83-1.29) 

0.99  
(0.85-1.15) 

1.17 
(0.97-1.40) 

1.07 
(0.96-1.20) 

1.42 
(1.05-1.90) 

1.22 
(1.00-1.50) 

p.a.  
 (+ <20%) 

No p.a. 3/7 
(42.9%) 

Hodgkin’s 
disease 

1.07  
(0.59-1.92) 

- - - 1.12 
(0.86-1.47) 

1.21 
(0.46-3.18) 

1.15 
(0.72-1.83) 

No consist. 
evidence 

Death rate 1/5 
(20%) 

Multiple 
myeloma  

1.53 
(1.21-1.94) 

1.13 
(0.81-1.53) 

0.72 
(0.50-0.99) 

0.89 
(0.64-1.20) 

1.00 
(0.83-1.23) 

1.07 
(0.83-1.37) 

1.35 
(1.00-1.82) 

p.a.  No p.a. 3/7 
(42.9%) 

Leukemia 1.14 
(0.98-1.31) 

0.91 
(0.71-1.22) 

0.94 
(0.77-1.15) 

1.10 
(0.91-1.31) 

0.97 
(0.85-1.11) 

1.06 
(0.93-1.22) 

1.32 
(1.02-2.02) 

Modest incr. 
risk 

No p.a. 3/7 
(42.9%) 
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About the Superior Health Council (SHC) 
 
The Superior Health Council is a federal advisory body. Its secretariat is provided by the 
Federal Public Service Health, Food Chain Safety and Environment. It was founded in 1849 
and provides scientific advisory reports on public health issues to the Ministers of Public Health 
and the Environment, their administration, and a few agencies. These advisory reports are 
drawn up on request or on the SHC's own initiative. The SHC aims at giving guidance to 
political decision-makers on public health matters. It does this on the basis of the most recent 
scientific knowledge. 
 
Apart from its 25-member internal secretariat, the Council draws upon a vast network of over 
500 experts (university professors, staff members of scientific institutions, stakeholders in the 
field, etc.), 300 of whom are appointed experts of the Council by Royal Decree. These experts 
meet in multidisciplinary working groups in order to write the advisory reports. 
 
As an official body, the Superior Health Council takes the view that it is of key importance to 
guarantee that the scientific advisory reports it issues are neutral and impartial. In order to do 
so, it has provided itself with a structure, rules and procedures with which these requirements 
can be met efficiently at each stage of the coming into being of the advisory reports. The key 
stages in the latter process are: 1) the preliminary analysis of the request, 2) the appointing of 
the experts within the working groups, 3) the implementation of the procedures for managing 
potential conflicts of interest (based on the declaration of interest, the analysis of possible 
conflicts of interest, and a Committee on Professional Conduct) as well as the final 
endorsement of the advisory reports by the Board (ultimate decision-making body of the SHC, 
which consists of 30 members from the pool of appointed experts). This coherent set of 
procedures aims at allowing the SHC to issue advisory reports that are based on the highest 
level of scientific expertise available whilst maintaining all possible impartiality. 
 
Once they have been endorsed by the Board, the advisory reports are sent to those who 
requested them as well as to the Minister of Public Health and are subsequently published on 
the SHC website (www.hgr-css.be). Some of them are also communicated to the press and 
to specific target groups (healthcare professionals, universities, politicians, consumer 
organisations, etc.). 
 
In order to receive notification about the activities and publications of the SHC, please contact: 
info.hgr-css@health.belgium.be. 
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