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ABSTRACT

Firefighters are exposed to carcinogens such as volatile organic compounds (VOCs) andpolycyclic aro-
matic hydrocarbons (PAHs) during fires and from their personal protective equipment (PPE). Recent
research has shown that decontamination processes can reduce contamination on both gear and
skin. While firefighter cultures that honor dirty gear are changing, little is known about current atti-
tudes and behaviors toward decontamination in the fire service. Four hundred eighty-five firefighters
from four departments completed surveys about their attitudes, beliefs, perceived norms, barriers,
and behaviors toward post-fire decontamination processes. Overall, firefighters reported positive atti-
tudes, beliefs, and perceived norms about decontamination, but showering after a fire was the only
decontamination process that occurred regularly, with field decontamination, use of cleansing wipes,
routine gear cleaning, and other behaviors all occurring less frequently. Firefighters reported time and
concerns over wet gear as barriers to decontamination.

Introduction

Firefighters, both in the U.S. and internationally, are
at increased risk of developing cancer.[1–4] Carcinogens
(such as PAHs) and plasticizers have been found in high
levels of concentration on bunker gear and PPE.[5] Recent
studies have concluded that off-gassing and exposure to
contaminated bunker gear immediately after a fire lead to
increases in VOCs and PAHs in blood and urine, likely as
a result of inhalation after doffing gear anddermal absorp-
tion during the fire.[6,7]While off-gassing and exposure to
contaminated PPE and dermal exposure during and after
a fire are likely not the exclusive cause of increased can-
cer risk in firefighters, recent research shows thatwet-soap
based field decontamination reduced PAHs by a median
of 85% on PPE and the use of cleansing wipes reduce PAH
by amedian of 54% on the skin of the neck.[8] While these
are promising findings, to date there are few studies that
examine firefighter attitudes and behaviors toward decon-
tamination processes.

While many studies are focused on actual rates of
firefighter cancer and the mechanisms of exposure, few
have focused on firefighter attitudes, norms, or behav-
iors about cancer and risk reduction resulting from
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occupational practices. Anderson and colleagues’[9] qual-
itative study of firefighters showed that many firefighters
feel at worst fatalistic toward cancer, and at best that
they have an increased risk of cancer. Similarly, recent
qualitative research shows firefighters acknowledge the
historic importance of dirty gear as a sign of a reliable
and trustworthy firefighter, but reported a significant
shift in attitude with dirty gear no longer being seen as
the badge of honor it once was.[10] Their study found
triangulation between reported and observed behavior
of clean gear (80% had relatively clean gear, 20% very
dirty). This research did not systematically explore indi-
vidual gear cleaning and decontamination behaviors
that firefighters engage in on an ongoing basis, but it
did report on perceived barriers to field decontamina-
tion processes, including concerns over wet gear and
time (especially in busy stations with high call vol-
umes). While these studies lay a solid foundation for
understanding firefighter attitude toward cancer and risk
reduction, more systematic research on actual behavior is
needed.

This study provides a systematic investigation into fire-
fighter attitudes, norms, beliefs, barriers, and behaviors
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toward bunker gear cleaning and post-fire decontami-
nation processes as a first step toward creating a health
intervention to reduce exposure risks.

Methods

Participants

Four hundred eighty-two professional firefighters,
18 years and older, from 4 fire departments in South
Florida participated in this research. Participants age
ranged from 18–62 (M = 40.5). Firefighter years of
experience ranged from 0–34 years (M = 12.4 years).
Females made up 7% of participants (n = 32). Race and
ethnicity (respondents may select more than 1 option)
were reported as 21.8% Hispanic or Latino (n = 103),
83.6% White (n = 392), 8.5% Black or African American
(n= 36), 1.2%American Indian or Alaska Native (n= 5),
and less than 1% for Asian, Native Hawaiian, or Pacific
Islander and other. Additionally, 5.3% (n = 25) reported
an education level of high school degree or less; 46.8%
(n = 227) reported some college or technical school;
42.2% (n = 197) graduated from college; and 3.6%
(n = 18) received a master’s degree or higher. Data
were collected during visits to different departments and
stations.

Sampling

Four fire departments participated in this research as part
of an ongoing collaboration, initiated by fire departments
in South Florida, between the departments and Sylvester
Comprehensive Cancer Center. Fire departments selected
for the study had similar resources and policies in place
prior to survey data collection. No fire department in
the study had issued a second set of gear to their fire-
fighters (although one was planning to issue a second set
in conjunction with trainings about field decontamina-
tion). The departments had all implemented an annual
advanced (professional) cleaning for bunker gear within
the past 1 to 2 years. Hood swaps and hood cleanings
were in the early stages of implementation, with some
issuing a second hood and others implementing a pro-
cedure for trading a dirty hood for a clean hood. During
formative research, we did observe organizational cultural
differences in attitudes and norms toward clean gear, but
these seemed more pronounced between stations within
a department than between departments overall. Three of
the departments were in the initial stages of implement-
ing field decontamination procedures, and the fourth was
still developing their process.

Firefighters at three of the departments were selected
based on their upcoming participation in training for

field decontamination processes. At these three depart-
ments, all active firefighters in the department (or bat-
talion) were expected to participate in the trainings. The
trainings were conducted three times per day over 3 days
by pulling specific units out of service to make sure all
shifts were covered, and that there were always enough
firefighters on duty to cover response incidents. Data were
collected prior to the trainings. At the fourth department
(that was not yet ready to implement training) data were
collected through visits to individual stations. All partici-
pants received informed consent, including the voluntary
nature of participation in the research. No incentives were
provided for participation.

Of the 3 departments ready to implement trainings,
2 were relatively small (7 and 8 stations, and approx-
imately 100 active duty frontline firefighters each). We
had a 97% participation by all non-administrative per-
sonnel (3% were unable to participate as a result of being
on active calls, with 1 firefighter choosing not to par-
ticipate). One department was large, (7 battalions and
1,400 firefighters). Participation was limited to 2 battal-
ions (approximately 230 active duty frontline firefighters)
who were piloting the training program. We had approx-
imately a 96% participation rate of non-administrative
personnel from these 2 battalions (again, a small num-
ber were unable to participate as a result of active calls).
The fourth fire department consisted of approximately
1,800 firefighters. Data were collected during site visits to
4 stations (rather than prior to centralized trainings as in
the other departments). We had similarly high participa-
tion rates, but the number of firefighters from this depart-
ment (n = 52) represented a much smaller percentage of
overall firefighters. We believe participation rates were so
high because data were collected while firefighters were
on shift, and firefighters in this area have expressed high
rates of concern about cancer in the fire service.[9,10]

Measures

Attitudes
Attitudes toward gear cleaning weremeasured using eight
items adopted from the results of previous research on
firefighters’ perceptions of cancer and gear cleaning.[9,10]

The items were measured on 7-point Likert-type scale
where 1 indicates strongly disagree while 7 indicates
strongly agree. The scale included items like: “Cleaning
gear is a sign of professionalism”; “I trust firefighters who
keep their gear clean”; “Cleaning gear is a badge of honor”;
and “I like having clean gear” (Cronbach’s α = .84). Cron-
bach’s alpha determines the internal consistency of survey
items[11] and it is one of the most popular statistics used
for indicating survey instrument reliability.[12]
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Beliefs about the efficacy of cleaning gear
Firefighters were asked to respond on a 7-point Likert
type scale to three questions regarding their beliefs in the
value of cleaning gear: “Cleaning my gear will reduce my
chance of getting cancer”; “Cleaning my gear will help
keepme healthy”; and “Cleaningmy gearwill helpme stay
healthy to take care of my family.” This scale had a Cron-
bach’s α = .96.

Norms
Norms toward gear cleaning were measured on 7-point
Likert-type scale using three items: “Most firefighters I
work with clean their gear after structure fires”; “Fire-
fighters I respect most keep their gear clean”; and “My
station prides itself on having clean gear.” The items
were adapted from studies on firefighters’ perceptions of
peer norms[9,10] and phrased according to other social
norms studies.[13] The scale showed acceptable reliability
(α = .72).

Decontamination behavior
Decontamination behavior wasmeasured as self-reported
behavior. Items for measuring decontamination behav-
iors were based on best practices and developed in col-
laboration with firefighters. Firefighters were asked to
respond to the prompt “After a structure fire, how often
do you ____?” Items were measured on a 7-point Lik-
ert type scale ranging from never to always. Behaviors
measured in the scale included using wipes to clean face
hands and arms, changing out dirty hoods, complet-
ing gross decontamination of gear in the field, shower-
ing within the hour, engaging in either routine clean-
ing (tide and a scrub brush) or some other type of gear
cleaning when firefighters returned to the station, send-
ing gear out for advanced (professional) cleaning, bag-
ging gear before transporting to the station, cleaning gear
before transporting in a personal vehicle, and using a
sealed container or bag to transport gear in a personal
vehicle.

Barriers to decontamination
Firefighters were asked to respond (on a 7-point Likert
type scale from strongly disagree to strongly agree) to a
series of statements about barriers to engaging in field
decontamination and gear cleaning. Statements included:
“cleaning my gear after a fire or incident takes too much
time” and “I have other problems more important than
cleaning my gear.” Five additional questions created a
scale of concern about wet gear from decontamination
and included the following items: “Having wet gear from
gross decontamination is a big problem forme”; “Wet gear
will lead to steam burns”; “Wet gear reduces my mobil-
ity”; “Wet gear is uncomfortable”; and “Wet gear makes it
harder to do my job.” This scale had reliability of α = .83.

Results

Overall, firefighters reported positive attitudes toward
clean bunker gear: mean (M) = 5.52, standard deviation
(SD) = 1.12 (n = 482). Firefighters believe that clean-
ing their gear will help reduce cancer risk and keep them
healthier (M = 5.99, SD = 1.02). Additionally, firefight-
ers reported positive, but lower, norms for gear clean-
ing behavior, M = 4.05, SD = 1.11 (n = 482). However,
even given the positive attitudes, beliefs, and norms, fire-
fighters reported much lower frequencies of cleaning and
decontamination behavior, with only showering within
the hour occurring “frequently” (63.5%). All other recom-
mended steps for decontamination occurred “sometimes”
or less frequently on average. See Table 1 and Figure 1 for
means, standard deviations, frequencies, and percentages
of each decontamination behavior. Firefighters reported
some concerns about the amount of time it takes to clean
gear (M = 3.63, SD = 1.78) and lower levels of concern
with having other more important problems than clean-
ing gear (M = 2.96, SD = 1.42). However, firefighters do
have high levels of concern about how wet gear will nega-
tively impact their ability to perform their job (M = 4.83,
SD = 1.21).

To examine departmental differences and whether
organizational readiness influenced decontamination

Table . Means, SD, frequencies, and percentages of post-fire decontamination behavior.

Never Rarely Occasionally Sometimes Frequently Usually Always
Behavior M SD #/% #/% #/% #/% #/% #/% #/%

Hood swap . . /. /. /. /. /. /. /.
Field decontamination . . /. /. /. /. /. /. /.
Shower within hour . . /. /. /. /. /. /. /.
Use cleansing wipes . . /. /. /. /. /. /. /.
Routine cleaning at station . . /. /. /. /. /. /. /.
Other type of cleaning . . /. /. /. /. /. /. /.
Advanced cleaning . . /. /. /. /. /. /. /.
Bag gear before transport to station . . /. /. /. /. /. /. /.
Clean gear before personal transport . . /. /. /. /. /. /. /.
Sealed container for personal transport . . /. /. /. /. /. /. /.
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Figure . Frequency of post-fire decontamination behaviors.

processes, we conducted a series of ANOVAs to explore
the potential differences on attitudes, beliefs, norms,
barriers, and behaviors among firefighters from different
departments. The results indicate that there were statisti-
cally significant differences among different departments
in terms of norms about gear cleaning (F(3, 472)= 11.31,
p < .001), and decontamination behaviors (F(3,472) =
9.31, p < .001). There was no statistically significant
difference observed for attitudes toward gear cleaning,
beliefs about the efficacy of cleaning gear, and barriers for
cleaning gear. See Table 2 for means and standard devia-
tions of these variables. In general, the three departments
who were in the process of implementing training and
policy changes reported more favorable norms to decon-
tamination. Two of the three departments also reported

overall higher current decontamination behavior than
the department which has not started the implementing
training process.

A regression model with attitudes, beliefs, norms, bar-
riers, and age as potential predictors of current decontam-
ination behavior was conducted to explore their potential
association with firefighters’ decontamination behaviors.
The model was statistically significant (F(5, 445)= 30.72,
p < .001). The results of the regression analysis indicated
that, in our study, themost predictive factor of decontam-
ination behavior is firefighters’ perceived norms toward
cleaning gear (β = .38, t = 8.57, p < .001), followed by
attitudes (β = .17, t = 3.57, p < .001) and perceived bar-
riers (β = −.15, t = −3.50, p = .001). Age failed to be a
significant predictor (β = – .07, t = −1.76, p = .08).
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Table . Means and SD of outcome variables by departments.

Variables Department  Department  Department  Department 

M SD M SD M SD M SD

Attitudes toward gear cleaning . . . . . . . .
Beliefs about efficacy . . . . . . . .
Norms about gear cleaning . . . . . . . .
Barriers for cleaning gear . . . . . . . .
Decontamination behaviors . . . . . . . .

Note: Department , large, implementing training; Department , small, implementing training; Department , large, not implementing training, Department ,
small, implementing training.

Discussion

Overall, firefighters report positive attitudes toward gear
cleaning and believe strongly that cleaning their gear will
help reduce cancer and other health risks. However, the
reported behaviors show that firefighters do not engage
in regular and consistent cleaning and decontamination
practices after each fire. The most consistent decontami-
nation action that firefighters engage in is showering after
a fire. However, even that decontamination behavior is
sporadic, with over 10% of firefighters reporting that they
rarely or never shower after a fire. One argument for low
levels of decontamination behavior is that some behaviors
are new or relatively new (e.g., hood swap, field decon-
tamination) and barriers still exist to adoption. Other
behaviors such as routine cleaning of bunker gear back
at the station should be standard procedure, yet it seems
that only 15% of firefighters consistently engage in in this
behavior.

Previous research[14] has demonstrated that peer influ-
ence is an important predictor in the use of firefighter
safety equipment, and it is likely that similar norms
toward cleaning and decontamination influence individ-
ual behavior as well. This seems especially likely given
how low the reported frequencies of individual post-fire
decontamination are compared to attitudes toward clean
gear and beliefs about the value of cleaning gear found in
this study. These findings also mirror research on other
health topics, such as organ donation,[15] where attitudes
are very positive, but behaviors do not follow at the same
level.

Finally, firefighters reported moderate levels of con-
cern about the time it takes to clean gear and high
levels of concern about the negative impacts of wet gear
on job performance. These findings support previous
qualitative research on attitudes and barriers toward
gear cleaning and provide additional insight into beliefs
about efficacy and perceived subjective norms about gear
cleaning in firefighter’s stations. These findings suggest
that interventions designed to increase decontamination
behaviors should address issues around perceived norms
and perceived barriers. It further suggests that attitudes

toward clean gear are not the primary motivator for
behavior. As such, any theoretical model needs to go
beyond efforts to simply improve attitudes and should be
tailored specifically to the needs of firefighters and the
site of intervention.[16]

Limitations

As with any self-report data, there are concerns about the
accuracy of responses. We believe potential sources of
bias from this study are minimal and the findings are in
line with previous qualitative research in the area.[10] Our
surveys were constructed by modifying existing mea-
sures where possible, and using best practices in survey
design.[17] While firefighters report generally favorable
attitudes, norms, and beliefs toward decontamination,
the fact that self-reported decontamination behaviors
are inconsistent and relatively low suggests that they are
not intentionally inflating responses. However, given the
nature of the study, any bias that is present is likely to be
in the direction of more favorable responses to attitudes,
beliefs, norms, and behaviors. We believe these biases are
minimal, but if present would suggest that issues around
decontamination are potentially even more serious than
reported. While the fire departments in our study were
similar in many of their existing resources and policies,
there may also be additional departmental factors that
influenced responses, including resources (such as access
to extractors for gear cleaning, or ease of sending gear
out for advanced cleaning), policies (such as time out of
service to complete decontamination), and other orga-
nizational cultural factors that were not accounted for in
this study. Future research should explore the effects of
these issues.

Conclusion

Firefighters are at greater risk for cancer than the gen-
eral public. Contaminated bunker gear is one potential
source of exposure to carcinogens. Historically, dirty
gear demonstrated expertise and reliability, but increased
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awareness of the dangers of contaminated gear has
resulted in positive attitudes toward clean gear. While
firefighters are aware of the dangers of cancer, have pos-
itive attitudes toward clean gear, and believe that clean
gear and decontamination will reduce health and cancer
risks, individual behaviors are not following those atti-
tudes. Firefighters report low to moderate frequencies of
decontamination after a fire. Results in this study suggest
that perceived norms, attitudes toward decontamination,
and perceived barriers may influence those behaviors.
Interventions to increase decontamination behaviors by
firefighters should address these issues.
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