Firefighters’ exposures to polycyclic aromatic hydrocarbons and other
environmental mutagens during emergency fire suppression
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Results

• Firefighters experience above average risk of injury and disease1-3
• Exposure to carcinogens, such as combustion by-products, can occur
during firefighting.4
• Polycyclic aromatic hydrocarbons (PAHs) are known combustion byproducts; several are known mutagens and/or mutagenic
carcinogens.4,5 Metals (e.g., lead, cadmium, antimony) can also be
emitted during fires; some are known or possible carcinogens.6

Exposures during on-shift, emergency firefighting

Objectives
• To provide improved understanding of
firefighters’ on-shift occupational
exposures to PAHs and metals
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Figure 1. Ottawa firefighters
responding to a municipal
fire.
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Air Samples
• Concentrations of PAHs and lead in 2/29 and 9/29, respectively, of
personal air collected during fire events were above the occupational
exposure limit.8

Urine Samples
• Urinary PAH metabolites and mutagenicity (shown below) significantly
increased after a fire (p<0.0001).
• Antimony (not shown) increased on average 4.9-fold (p<0.05)
• No significant changes in urinary CC16, 8-isoprostane, lead, or cadmium.
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All samples were collected at Ottawa Fire Services (OFS) locations, and
fire events between January 2015 and April 2016.
Exposures during on-shift, emergency firefighting
• Volunteers only qualified if they did not smoke, did not live with
smokers, and agreed not to consume charbroiled foods or be exposed
to non-occupational open fires for the duration of the study.
• Participants were recruited for 5 consecutive, 24hr shifts.
• Urine and wipe samples of clothing, skin, and personal protective
equipment (PPE) were collected at the start of the shift. In the event of
a fire, a personal air sample was collected during the fire event.
• After a fire, matching urine and wipe samples were collected.
• Control samples were collected from OFS office worker volunteers.
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Figure 4. Box-plot showing the
differences between the urinary levels
mutagenicity in OFS office workers, and
firefighters both before a fire
suppression event (FF Pre-Fire), and
after a fire suppression event (FF Post
Fire). *p<0.0001. From Keir et al (2017).9
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Discussion
• Premature removal or improper use of
breathing apparatus may lead to elevated
exposures to PAHs and metals.
• Elevated post-event levels of urinary PAH
metabolites, mutagenic activity, and
antimony indicates that fire suppression is
contributing to exposure and internal dose.
• Elevated concentrations of PAHs and metals
on skin, clothing, and PPE illustrates the
importance of showering and proper
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post-event decontamination.
Figure 7. Ottawa firefighters performing
gross decontamination while on scene
• Observed relationships between PAHs on
the skin and metabolites in the urine (p<0.05), and a lack of change in
the lung injury biomarker suggest that skin contact is an important
route of exposure.
 Further illustrates the importance of post-event decontamination.
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Figure 3. Box-plots summarizing urinary concentrations of (A) 1-hydroxypyrene, (B) Σhydroxyphenanthrenes,
(C)Σhydroxyfluorenes, and (D) Σhydroxynaphthalenes in nonsmoking Canadian males aged 25−62, OFS office
workers, firefighters before a fire-suppression event (FF Pre-Fire), and firefighters after a fire-suppression event
(FF Post-Fire). *p<0.0001.From Keir et al (2017).9

Wipe Samples
• Significant increases of PAHs on skin and PPE, antimony on skin,
clothing, and PPE, and lead on skin and PPE after a fire compared to
before (p<0.05).

• To the best of our knowledge, this is the first study to examine
firefighters’ exposures to selected combustion by-products during onshift fire suppression using pre- and post-fire samples.
• The results indicate that firefighters experience significant exposures
to combustion emissions from emergency fire suppression.
• Our current research is investigating the efficiency of post-fire dermal
decontamination to reduce internal dose after exposure during fire
suppression.
• Future work should scrutinize the efficacy of methods designed to
prevent initial and secondary exposures (e.g., improved PPE, postevent decontamination of clothing, skin, and PPE, cleaning of stations
and truck cabs)
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Figure 2.
Summary of
sample
collection
strategy.

Ability of Cleaning Protocols to Remove Contaminants From PPE
• PPE wipe samples of jacket and pants were collected after a fire and
again after cleaning according to OFS protocols.
Chemical Analyses
• 16 PAHs in air & wipe samples were analysed using GC-MS
• Metals (i.e., cadmium, antimony, and lead) in air, wipe, and urine
samples were analysed by ICP-MS.
• 19 urinary PAH metabolites were measured using GC-MS/MS 7
• Biomarkers of lung injury and oxidative stress (i.e., Clara Cell 16 and 8isoprostane, respectively) were measured via ELISA kits.
• Urinary mutagenicity was determined using the Ames Test with
Salmonella YG1041 with S9 metabolic activation.

Figure 5. Box-plots summarizing surface wipe concentrations (i.e., skin, clothing, and PPE) before a fire-suppression
event (Pre-Fire) and after a fire-suppression event (Post-Fire) for (A) PAHs, (B) Antimony, and (C) Lead. The asterisk
(*) indicates a significant difference between pre and post-fire levels at * p<0.05, ** p<0.01, and *** p<0.001
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Ability of Cleaning Protocols to Remove Contaminants From PPE
• Laundering PPE according to OFS
protocols was effective in removing,
on average:
61% of PAHs
55% of antimony
97% of lead
Figure 6. Contaminated
bunker gear from an
90% of cadmium
Ottawa firefighter.
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