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Introduction

In a fire environment, a firefighter is exposed to many hazardous factors,
including toxic products of thermal decomposition and combustion. The

priority for their safety in such a situation is to be adequately protected,
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particularly from the effects of high heat fluxes and toxic substances. This is
achieved, among other things, by the selection and correct use of personal
protective equipment (PPE), which, together with personal equipment, is
subject to contamination when in contact with these products. This is due to
the ability of fire toxins to deposit on them and penetrate the structure of their
materials. The equipment then loses its protective properties and there is also
a risk of cross-contamination through contact with uncontaminated people
or objects. Therefore, contaminated firefighter PPE and equipment should be
adequately protected immediately after the fire has been extinguished to
minimise additional hazards.

In accordance with the regulations in force in Poland that define the
safety and hygiene of the service (Journal of Laws of 2021, item 1681), the
cabin of a fire engine, together with the equipment and personal protective
equipment of a firefighter who has participated in a rescue operation, is subject
to cleaning and disinfection. Recommendations should also be mentioned
(Stecetal.,2020; Krzeminska, Szewczyniska, 2020) for initial decontamination
at the scene, personal decontamination of rescuers and changing into clean
clothes immediately after the operation. They also take into account the
principles of transporting contaminated PPE and personal equipment
(outside the crew cabin) in a specially designated area of the vehicle to the
place of proper decontamination and maintenance (Kokot et al., 2021).
Failure to follow these guidelines, or their negligent implementation, is
associated with secondary exposure of firefighters.

Avoiding both direct and secondary contact with firefighting agents is of
particular importance because of the potential consequences (IARC, 2010).
The International Agency for Research on Cancer (IARC) conducted its first
study in 2007, which indicated an increased risk of chronic disease from
exposure to toxic products of thermal decomposition and combustion. At
that time, the agency classified the occupational exposure of firefighters as
Group 2B - ‘probably carcinogenic’ - on a five-point risk scale (see Figure 1).
Subsequently, in 2022, the same agency reclassified firefighters’ occupational
exposure to the highest risk group - ‘carcinogenic’ — after a thorough analysis
of the latest available scientific literature (IARC, 2010; IARC, 2022).
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GROUP 1
Carcinogenic

Figure 1. Classification of the International Agency for
Research on Cancer (IARC)

Source: own elaboration.

Current medical knowledge and analysis of studies conducted on
firefighters from around the world also confirm other complications besides
carcinogenicity. The groups of harmful compounds and the possible health

effects they may cause are shown in Table 1.
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Material and methods

For the purposes of the research conducted, a research problem was
defined, which was to find an answer to the main question: at what level are
the current organisational solutions and practices of SFS officers in terms of
minimising secondary exposure to toxic products of thermal decomposition
and combustion? In addition, three specific questions were used to address the
issue addressed, namely To what extent has the division into clean and dirty
zones been implemented in SFS rescue and firefighting units? What is the
level of correct practice of officers in terms of protection against secondary
exposure to toxic products of combustion? How often do officers clean
clothing and equipment used during firefighting operations?

Theoretical as well as empirical methods were used to analyse existing
organisational arrangements and firefighting practices, but the main focus was
on a quantitative study using a survey questionnaire. In the instructions,
respondents were asked to mark one or more answers from a closed catalogue
created according to a five-point Likert scale. Which, as intended, made it
possible to detect differences in the attitudes of the firefighters surveyed (their
direction and strength), including presented attitudes and beliefs at opposite
poles, as well as neutral statements (Tarka, 2015).

The survey questionnaire consisted of information and questions about
the investigators, the purpose of the study, the anonymity of the study,
instructions for completing the questionnaire, characteristics of the study
group, respondents’ opinions and their knowledge of the specific research
problem. Appropriately prepared questions were designed to determine the
age, seniority, position and corpus of the respondents. Then, in the main part,
questions were asked about the degree of implementation of organisational
solutions, individual practices for minimising secondary exposure to toxic
combustion products and the frequency of training in the area under study.
Based on the assumptions made, it was determined how the occupation of the
official position and previous experience affect officer safety. The main element

of the analysis was the results of the empirical study.
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In order to determine the minimum number of officers to be surveyed,
equation 1 was used. The value of the population to be surveyed was obtained,
which was a minimum of 589 persons, assuming that the size of the population
surveyed is N=30 000 persons, the standard value for the 95% confidence
level is Z=1.96, and the maximum magnitude of the error is d=4% (0.04)
(Jablonska, Sobieraj, 2013).

N

+4d2(N—1)
1 72 (1)

n,=

Respondents took approximately 15 minutes to complete all questions.
The survey was conducted in March/August 2023 among officers serving in
the SFS nationwide.

Results

The group of respondents included 622 officers of the SFS. Among them,
the largest group was represented by firefighters of district fire stations of the
SES, i.e. 45.5%, the second group was represented by firefighters of municipal
fire stations of the SFS, i.e. 34.41%. Those serving in Fire Service Schools of
the SFS made up 19.13% of the respondents. Other officers serving in the
National Headquarters and Provincial (Regional) Headquarters of SFS made
up 0.96% of the respondents. Details are shown in Figure 2.

The largest group of respondents were warrant officers at 48.23%,
followed by non-commissioned officers at 19.94% and privates firefighters at
19.13%. The smallest percentage of respondents were officers, 12.70%.
A summary of the number of respondents by corps is shown in Figure 3.

Among the respondents were 89.07% of the SFS officers on duty in the
fire and rescue (operational) units of the SES, the so-called in Polish combar
division. 10.93% were 8-hour employees of fire stations and operational on-
call officers of command posts working on a 24-hour basis. The number of

people who reported working in the fire and rescue unit is shown in Figure 4.
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Figure 2. Distribution of respondents by type of organizational unit

Source: own study.
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Figure 3. Distribution of respondents by corps

Source: own study.
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Figure 4. Values with responses to the question:
Do you serve in a fire and rescue (operational) unit?

Source: own study.
An analysis of the structure of respondents by occupation (Figure 5)

shows that the largest number of questionnaires were filled in by those holding
positions other than those listed, i.e. 30.23%.
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Figure 5. Distribution of respondents by the position they hold

Source: own study.
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The respondents mainly consisted of those in service for no more than
5 years i.e. 52.25%, the least numerous group were those with more than 25

years of service i.e. 1.25%. The index of values obtained is presented in detail

in Figure 6.
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Figure 6. Distribution of respondents by years of service in SFS

Source: own study.

The research results presented on the implemented organizational
solutions are based on the adopted theoretical and methodological construct.
The answers to the first question show that the division into clean and dirty
zones has been implemented by a large majority (table 2). As many as 92.23%
of the respondents answered definitely yes and rather yes. In contrast, only
1.93% of respondents found it difficult to answer this question. Only 5.79%
of respondents indicated that there were no clean and dirty zones. On a five-
point Likert scale (with 1 being the lowest and 5 being the highest), the
average for this question was 4.53. The percentage distribution of responses to

question 1 by respondents’ organizational unit is shown in table 3.
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Table 2. Answers to the question about the implementation of clean and

dirty zoning in units

19

Total
Type of answer to the question: Does your -facility Number of Percentage %]
have clean and dirty zoning?
responses
definitely yes 437 70,26
rather yes 137 22,03
difficult to say (don’t know) 12 1,93
rather not 14 2,25
definitely not 22 3,54

Source: own study.

Table 3. Answers to the question about the percentage distribution of

responses to the question about the division into clean and dirty zones

in the respective units

Unit name, type, number and | definitely | rather d:;m::lt rather | definitely
percentage of responses yes yes (don’t klzow) not not
Headquarters of Batilbs of 2 0 0 0 0
he SES responses
¢ Percentage [%)] 100 0 0 0 0
Provincial Number of 0 0 0 0 4
headquarters of | responses
the SFS Percentage [%) 0 0 0 0 100
Municipal Number of 149 48 P 5 6
headquarters of | responses
the SES Percentage [%] | 69,95 | 22,54 3,76 0,94 2,82
District Number of 132 7 12 12
headquarters of | responses
the SES Percentage [%] | 64,54 34,29 1,41 4,44 4,44
BNl 6l 218 51 2 6 5
Fire Schools responses
Percentage [%] | 77,30 18,09 0,71 2,13 1,77

Source: own study.
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Those who marked no zoning in the next question were asked to answer
whether any work had been done on their implementation (table 4). Thus,
61.11% confirmed work on their implementation. A percentage of 16.67
survey participants did not know whether such work was being done. In

contrast, 22.22% of respondents indicated that no such work had been done.

Table 4. Answers to the question about the percentage of responses to

the question about work on implementing clean and dirty zoning

Total
Type of answer to the question: Is there any work underway b fo 2
or planned in your unit to introduce clean and dirty zones? Number of | Percentage
responses [%]
definitely yes 4 11,11
rather yes 18 50,00
difficult to say (don’t know) 6 16,67
rather not 4 11,11
definitely not 4 11,11

Source: own study.

With regard to compliance with the rules on clean/dirty zoning, almost
one-third of the survey participants (32.32%) indicated that these provisions
were definitely complied with and 40.35% said that they were rather complied
with (table 5). In contrast, 13.50% of respondents found it difficult to
comment on the subject. A total of 13.83% were in favour of not adhering to
zoning-related hygiene rules. The average on the Likert scale for this question

was 3.87.
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Table 5. Answers to the question about the percentage of responses to the
hygiene compliance question related to the division of clean and dirty areas

Type of answer to the question: Does your facility comply Total
with hygiene regulations regarding the separation of clean Number of | Percentage
and dirty areas? responses [%]
definitely yes 201 32,32
rather yes 251 40,35
difficult to say (don’t know) 84 13,50
rather not 59 9,49
definitely not 27 4,34

Source: own study.

The third question related to the existence of instructions for the cleaning
of clothes, the use of personal protective equipment and the disinfection and
washing of vehicles in the units.

The received answers show that in 77.18% of the firefighting units in
which the respondents serve such instructions have been introduced (table 6).
On the other hand, 14.79% of the respondents declare their absence and
8.04% do not know whether such instructions have been introduced. The
detailed values are presented in Table 5. The average score on the Likert scale

for this question was 4.04.

Table 6. Answers to the question about the implementation of instructions
for cleaning of clothing and use of PPE, disinfection and washing of vehicles

Type of answer to the question: Has your unit implemented Total
procedures for cleaning clothing, using personal protective equip- | Number of | Percentage
ment (PPE), disinfecting, and washing vebicles? responses [%]
definitely yes 279 44,86%
rather yes 201 32,32%
difficult to say (don’t know) 50 8,04%
rather not 70 11,25%
definitely not 22 3,54%

Source: own study.
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Regarding the provision of resources and a specially designated place for
washing and disinfecting special clothing, the majority of respondents, i.c.
93.25%, confirmed having such a place (table 7).

On the other hand, 17 people answered rather not and 19 people
answered definitely not, indicating some shortcomings. Only 6 people
answered that it was difficult for them to say. These results show that most
units provide adequate means and space for washing and disinfecting special

clothing. The average Likert scale score for this question was quite high at

4.63.

Table 7. Answers to the question about the provision of resources and spe-
cially designated places for washing and disinfecting special clothes (washing
machines or laundry machines) in the units of the SFS

Type of answer to the question: Does your unit have Total
the means and a designated place for washing and disinfecting Number of | Percentage
special clothing (washing machines or laundry facilities)? responses [%]
definitely yes 486 78,14
rather yes 94 15,11
difficult to say (don’t know) 6 0,96
rather not 17 2,73
definitely not 19 3,05

Source: own study.

Referring to the inquiry about the device for drying special clothes, it is
worth highlighting the value obtained, i.c. as many as 91% of those asked
confirmed having a separate device for this purpose (table 8). Only 1.77% of
respondents found it difficult to answer this question. The absence of such
a device was declared by 7.24% of respondents. The average indication on the

Likert scale for this question was 4.1.
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Table 8. Responses regarding the provision of a separate facility for drying

special clothing
Total
Type of answer to the question: Does your unit ber of
have a separate unit for drying specialty clothes? Number o Percentage [%)]
responses
definitely yes 500 80,39
rather yes 66 10,61
difficult to say (don’t know) 11 1,77
rather not 20 3,22
definitely not 25 4,02

Source: own study.

When asked about having a separate washing machine or one that washes
only underwear, shirts, etc., 88.74% of respondents answered in the affirmative
(table 9). 3.86% were undecided. A negative answer was given by 7.39% of

respondents. The average on the Likert scale for this question was 4.55.

Table 9. Responses regarding the provision of a separate laundry room

or washing machine in the units for the exclusive washing of underwear,

shirts, etc.
Type of answer to the question: Does your unit have a sepa- Total
rate laundry room or washing machine for underwear, shirts, Number of | Percentage
etc.? responses [%]
definitely yes 471 75,72
rather yes 81 13,02
difficult to say (don’t know) 24 3,86
rather not 31 4,98
definitely not 15 2,41

Source: own study.
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On the other hand, when asked about the provision of resources and a
specially designated place for washing and disinfecting respiratory protective
equipment (SOUO) by their unit, 81.67% of respondents answered in the
affirmative (table 10). More than 3% of respondents could not answer this
question. On the other hand, 14.79% of respondents answered that their units
do not provide resources and special dedicated areas for washing and
disinfecting SOUO. The average indication on the Likert scale for this

question was 4.22.

Table 10. Responses regarding the provision of resources and a specially des-

ignated place in the units for washing and disinfection of respiratory protec-

tive equipment (SOUO)
Type of answer to the question: Does your unit have the means Total
and a dedicated area for washing and disinfecting respiratory Number of | Percentage
protective equipment (SOUO)? responses [%]
definitely yes 402 64,63
rather yes 106 17,04
difficult to say (don’t know) 22 3,54
rather not 31 498
definitely not 61 9,81

Source: own study.

Another question referred to having a sanitary corner in fire vehicles for
pre-washing and disinfecting equipment at the scene of an incident. The
questionnaires analyzed showed that 46.95% of respondents answered that
their fire vehicles have such a corner. In contrast, 12.54% found it difficult to
answer this question. On the other hand, 40.52% of respondents answered
that there are no sanitary corners in their vehicles (table 11). The average

Likert scale response value reached 3.06
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Table 11. Responses regarding the provision of a sanitary corner in fire
vehicles for the initial washing and disinfection of equipment at the scene of
an incident

Type of answer to the question: Do fire vehicles have Total
a sanitary corner for pre-washing and disinfecting equipment Number of | Percentage
at the scene? responses [%]
definitely yes 126 20,26
rather yes 166 26,69
difficult to say (don’t know) 78 12,54
rather not 124 19,94
definitely not 128 20,58

Source: own study.

Concerning the provision of an ad hoc (second) set of special clothing,
31.07% of those questioned indicated that their organizational unit does not
provide an ad hoc set. At the same time, as many as 60.77% of respondents
have a spare set of special clothing. In contrast, 9.49% of those surveyed did
not know whether the unit provides it (table 12). The average on the Likert

scale calculated from all indications for this question was 3.53.

Table 12. Responses regarding provision of an ad hoc (second) set of special

clothing
Type of answer to the question: Does the unit provide you with Total
an ad hoc (second) set of special clothing in case the first one gets | Number of | Percentage
dirty? responses [%]
definitely yes 218 35,05
rather yes 160 25,72
difficult to say (don’t know) 59 9,49
rather not 99 15,92
definitely not 88 14,15

Source: own study.
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The majority of respondents, i.c. 90.04%, believe that their firefighting
units provide FFP-type respirators (table 13). The opposite opinion is held by
4.5% of respondents. On the other hand, 4.47% of officers cannot give a

specific answer. The average on the Likert scale for the question was 4.48.

Table 13. Responses regarding the provision of FFP-type respirators

Total
'E;};e ;}g ;I;;;V::;;;il:o gjl;estlon. Does your unit provide you Number of | Percentage
responses [%]

definitely yes 397 63,33

rather yes 163 26,21

difficult to say (don’t know) 34 4,47

rather not 18 2,89

definitely not 10 1,61

Source: own study.

For the vast majority of respondents as many as 99.22% answered in the
affirmative to the question regarding the provision of disposable medical
gloves by their unit (table 14). Only 0.64% were unsure of the answer. In
contrast, 0.16% responded negatively. The indicated mean on the Likert scale

for the question in question was 4.86.

Table 14. Responses regarding provision of disposable medical gloves, e.g.

nitrile, latex, etc.

Type of answer to the question: Does the organizational unit Total
provide you with disposable medical gloves, e.g. nitrile, latex, Number of | Percentage
erc.? responses [%]
definitely yes 541 86,98
rather yes 76 12,22
difficult to say (don’t know) 4 0,64
rather not 1 0,16
definitely not 0 0

Source: own study.
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The survey found that 35.69% of respondents had participated in training

on cleaning and maintenance of special clothing (PPE). Nearly 10% of

respondents did not know whether they had received training in this area, and

as many as 54.67% of respondents had not participated in training (table 15).

The average indication on the Likert scale for the question asked was 2.63.

Table 15. Responses to training on cleaning and maintenance of special

clothing (PPE)
) o Total
Type of answer to the question: Have you attended training berof | P
on cleaning and maintenance of special clothing (PPE)? Number o ercentage
responses [%]
definitely yes 103 16,56
rather yes 119 19,13
difficult to say (don’t know) 60 9,65
rather not 126 20,26
definitely not 214 34,41

Source: own study.

This is because the majority of respondents, 60.45%, believe that cancer

prevention topics are covered during in-service training. The second largest

group of respondents, i.c. 21.86%, answered that topics on cancer prevention

are not covered in training courses. In contrast, 17.68% of respondents found

it difficult to answer (table 16). The average on the Likert scale for the question

in question was 3.58.
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Table 16. Responses regarding cancer prevention topics during in-service

training courses
] . . Total
Type of answer to the question: Are cancer prevention topics e
covered during in-service training? umber o crcentage
responses [%]
definitely yes 176 28,30
rather yes 200 32,15
difficult to say (don’t know) 110 17,68
rather not 81 13,02
definitely not 55 8,84

Source: own study.

To the question: After returning from an incident in which special
clothing (PPE) is contaminated, is it transported in a place other than the
vehicle cab? 29.26% of respondents circled the answer in the affirmative. In
contrast, 14.63% did not know the answer to this question. Very importantly,
the majority of respondents, 56.11%, said that clothes are not transported in
a place other than the cab of the vehicle (table 17). The calculated average on
the Likert scale reached 2.62.

Table 17. Responses to carrying contaminated special clothing (PPE)

outside the vehicle cab

Type of answer to the question: Affer returning from an inci- Total
dent in which special clothing (PPE) was contaminated, is it Number of | Percentage
transported in a place other than the cab of the vehicle? responses [%]
definitely yes 77 12,38
rather yes 105 16,88
difficult to say (don’t know) 91 14,63
rather not 201 32,32
definitely not 148 23,79

Source: own study.
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Responses to the next question were intended to indicate whether units
practice disinfecting fire vehicles upon return from each fire. They show that
only 37.3% of the fire stations where respondents serve practice disinfection
of fire vehicles after returning from each trip. On the other hand, its absence
was indicated by as many as 46.47% of respondents, and 16.24% did not know
if it is practiced. In an additional question, respondents were asked how the
vehicles are disinfected. Most indicated ozonating the cars and washing them
on a pressure washer from the outside. In addition, firefighters use an alcohol-
based windshield cleaner, and in a few cases a specialized disinfectant was

indicated (table 18). The average on the Likert scale for this question equals
2.81.

Table 18. Responses regarding disinfection of fire vehicles after returning

from each fire

Total
Type of answer to the question: Does your unit practice disin-
fecting fire vehicles after returning from each fire? Number of | Percentage
responses [%]

definitely yes 65 10,45

rather yes 167 26,85

difficult to say (don’t know) 101 16,24

rather not 165 26,53

definitely not 124 19,94

Source: own study.

In another question about firefighters’ initial removal of contamination
from PPE after operations before returning to the firchouse, 73.64% of
respondents gave an affirmative answer. In contrast, 14.45% of respondents
gave a negative answer. 12.22% of respondents found it difhicult to comment

on this subject (table 19). The average on the Likert scale for this question was
3.84.
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Table 19. Responses to initial removal of contamination from PPE after op-

erations, before returning to the fire station

Type of answer to the question: Do you pre-remove contami- Total
nants from your PPE after operations before returning to the fire | Number of Percentage
station? responses [%]
definitely yes 166 26,69
rather yes 292 46,95
difficult to say (don’t know) 76 12,22
rather not 74 11,90
definitely not 14 2,25

Source: own study.

On the question of using soapy water or wet wipes to wash off as much
dirt as possible after firefighting activities at the scene of action, 41.47% of the
firefighters interviewed indicated that they wash off dirt this way. It was
difhicult for 12.54% of respondents to answer this question, and very
importantly, as many as 45.98% do not wash off contaminants in this way after
firefighting activities at the scene of action (table 20). The average on the
Likert scale was 2.94 for this question.

Table 20. Responses regarding initial cleanup with soapy water or wet wipes
at the site of operations

Type of answer to the question: Do you use soapy water or wet Total
wipes to wash off as much dirt as possible after firefighting activi- | Number of Percentage
ties at the scene? responses [%]
definitely yes 84 13,50
rather yes 174 27,97
difficult to say (don’t know) 78 12,54
rather not 192 30,87
definitely not 94 15,11

Source: own study.
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The majority of respondents, i.e. 73.31%, always use the self-contained
breathing apparatus (SCBA) in a post-fire environment or during firefighting,
and 9.00% of respondents found it difficult to answer this question. What
may be surprising is that a negative answer was given by 17.68% of the
firefighters surveyed (table 21). The average value for the question is 3.79 on
the Likert scale.

Table 21. Responses regarding use of the SCBA in post-fire environment or

during firefighting
Total
Type of answer to the question: Do you always use the SCBA

in a post-fire environment or during firefighting? Number of | Percentage

responses [%]

definitely yes 157 25,24

rather yes 299 48,07

difficult to say (don’t know) 56 9,00

rather not 96 15,43

definitely not 14 2,25

Source: own study.

The survey shows that 71.06% of respondents always use FFP respirators
in a post-fire environment or during a fire. In contrast, 11.25% of respondents
find it difficult to answer this question. In addition, and importantly, 17.69%
of respondents still do not use respirators (table 22). 3.73 is the average value

on the Likert scale for the question in question.



32

Grzegorz Wrzyszcz, Damian Saleta

Table 22. Responses regarding the use of FFP respirators in a post-fire envi-
ronment or during firefighting

Total
Type of answer to the question: Do you always use FFP respi-
rators in post-fire environments or during firefighting? Number of | Percentage
responses [%]
definitely yes 139 22,35
rather yes 303 48,71
difficult to say (don’t know) 70 11,25
rather not 90 14,47
definitely not 20 3,22

Source: own study.

Extremely important in the context of cancer prevention is the fact that
as many as 78.46% of surveyed firefighters use disposable medical gloves
during firefighting operations. It was hard for 4.82% of respondents to answer

this question. In contrast, 16.72% do not use gloves (table 23). The average
value is 4.04 on the Likert scale.

Table 23. Responses to the use of disposable medical gloves, e.g., nitrile, latex
under special gloves

Type of answer to the question: Do you use disposable medi- Total
cal gloves, e.g. nitrile, latex under special gloves, during fire- Number of | Percentage
fighting operations? responses [%]
definitely yes 280 45,02
rather yes 208 33,44
difficult to say (don’t know) 30 4,82
rather not 84 13,5
definitely not 20 3,22

Source: own study.



Analysis of the organization of activities... 33

The affirmative answer to the question: Do you shower within an hour
after firefighting operations in which you participated? was given by 81.67% of
respondents. The remaining 10.13% of respondents do not shower within an
hour after returning to the fire station, and 8.20% of the remaining respondents
could not clearly answer this question (table 24). The average reached 4.07 on
the Likert scale.

Table 24. Responses regarding taking a shower within an hour after return-

ing to the firchouse after firefighting activities

Type of answer to the question: Affer firefighting activities Total
in which you participated, do you shower within an hour after Number of | Percentage
returning to the firehouse? responses [%]
definitely yes 231 37,14
rather yes 277 44,53
difficult to say (don’t know) 51 8,20
rather not 53 8,52
definitely not 10 1,61

Source: own study.

The next question was about changing into clean clothes after firefighting
activities immediately after returning to the firchouse. Most of the firefighters
surveyed, i.e. 75.24%, circled an affirmative answer. More than 9.97% of
respondents could not give a clear answer to this question. On the other hand,
14.15% of respondents do not change into clean clothes right after returning
to the fire station (table 25). The average response value was 3.94 on the Likert

scale.
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Table 25. Responses regarding changing into clean clothes shortly after re-

turning to the firchouse after firefighting operations are completed

Type of answer to the question: Affer firefighting activities Total
in which you participated, do you change into clean clothes Number of | Percentage
immediately back at the fire station? responses (%]
definitely yes 230 36,98
rather yes 238 38,26
difficult to say (don’t know) 62 9,97
rather not 76 12,22
definitely not 12 1,93

Source: own study.

The survey showed that 40.19% of respondents still carry or used to carry
special clothing (PPE) in the boot of a private car. More than 6% of respondents
had difficulty giving a specific answer. In contrast, the majority, or 53.7%, of
respondents do not transport special clothing in their private cars (table 26).

The averaged value of the responses is 3.27 on the Likert scale.

Table 26. Responses on carrying special clothing (PPE) in the boot of

a private car

Total
Type of answer to the question: Do you try not to carry spe- =
cial clothing in the boot of your private car? Number of | Percentage
responses [%]
definitely yes 106 17,04
rather yes 144 23,15
difficult to say (don’t know) 38 6,11
rather not 145 23,31
definitely not 189 30,39

Source: own study.
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The majority of firefighters, i.e. 89.39%, wash their special clothing after
each action or every few actions, in which it was soiled. Only a small number
of firefightersi.e. 9.65% wash the special clothingless frequently, once a quarter
or at least twice a year. A negligible number of firefighters i.e. 0.96% do not
wash special clothing at all (table 27).

Table 27. Responses regarding frequency of washing special clothing

Total
Type of answer to the question: How often do you wash spe-
cialty clothing? Number of | Percentage
responses [%]
After each action in which it was soiled 303 48,71
Every few actions in which it was exposed to dirt 253 40,68
Quarterly 37 5,95
At least twice a year 23 3,70
I don’t wash 6 0,96

Source: own study.

As many as 70.74% of the firefighters surveyed clean their firefighter’s
helmet after every action in which it was soiled or every few actions in which
it was exposed to dirt. Only 22.83% of respondents answered that they clean
their helmet less frequently, i.e. once a quarter or at least twice a year. Only
6.43% admitted that they do not clean their helmet (table 28). In a follow-up
question, firefighters were asked how they clean their helmet. Most indicated
water and soap as a means of disinfecting dirt. A small number of respondents

indicated that they wash their helmets in a mask washer.
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Table 28. Responses regarding frequency of firefighter helmet cleaning

Total
Type of answer to the question: How often do you clean a
firefighter’s helmer? Number of | Percentage
responses [%]
After each action in which it was soiled 189 30,23
Every few actions in which it was exposed to dirt 251 40,51
Once a quarter 90 14,47
At least twice a year 52 8,36
I don’t clean 40 6,43

Source: own study.

Responses to a question on the frequency of cleaning handheld
equipment (flashlights, radios, etc.) show that as many as 68.49% of the
firefighters surveyed clean their handheld equipment after every action in
which it was soiled or every few actions in which it was exposed to dirt. In
contrast, 8.86% of those surveyed clean their equipment less frequently, i.c.

once a quarter or at least twice a year. The remaining 16.24% do not clean

their handheld equipment (table 29).

Table 29. Responses regarding frequency of cleaning of handheld equipment

Total
Type of answer to the question: How often do you clean your
handpeld equipment (flashlights, radios, etc.)? Number of | Percentage
responses [%]
After each action in which it was soiled 244 39,23
Every few actions in which it was exposed to dirt 182 29,26
Once a quarter 52 8,86
At least twice a year 43 6,91
I don’t clean 101 16,24

Source: own study.
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When asked about the frequency of washing special gloves, the majority
of firefighters, i.e. 77.82%, confirmed that they wash their gloves after every
operation in which they were soiled or every few operations in which they
were exposed to dirt. Only 14.63% of the respondents wash their gloves once
a quarter or at least twice a year, and 7.56% do not wash them at all (table 30).

Table 30. Responses regarding frequency of washing special gloves

Total
Type of answer to the question: How often do you wash special
Joves? Number of | Percentage
gloves:
responses [%]
After each action in which it was soiled 255 41,00
Every few actions in which it was exposed to dirt 229 36,82
Once a quarter 45 7,23
At least twice a year 46 7,40
I don’t wash 47 7,56

Source: own study.

Responses to the next question show that 71.38% of respondents clean
their special footwear after every action in which they were soiled, or every
few actions in which they were exposed to dirt. Special footwear is cleaned
once a quarter or at least twice a year by 20.58% of respondents, and
importantly, still 8.04% of firefighters do not clean their footwear (table 31).

Table 31. Responses regarding frequency of cleaning of special shoes

S"I}‘));}:;of answer to the question: How often do you clean special Number ;Oti’lercentage
responses [%]
After each action in which it was soiled 194 31,19
Every few actions in which it was exposed to dirt 250 40,19
Once a quarter 88 14,15
At least twice a year 40 6,43
I don’t clean 50 8,04

Source: Own study
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It is worth noting that the vast majority, 94.09% of firefighters, wash the
balaclava after each action in which it was soiled or every few actions in which
it was exposed to dirt. Only a small number of respondents, i.e. 5.95%, wash
the balaclava once a quarter or at least twice a year. A negligible number of
firefighters i.e. 0.96% do not wash their balaclava (table 32).

Table 32. Responses regarding frequency of washing of firefighter’s balaclava

Total
Type of answer to the question: How often do you wash a
firefighter’s balaclava? Number of | Percentage
responses [%]
After each action in which it was soiled 375 60,29
Every few actions in which it was exposed to dirt 204 33,80
Once a quarter 23 3,70
At least twice a year 14 2,25
I don’t wash 6 0,96

Source: own study.

When asked about cleaning and disinfecting SCBA masks after each use,
almost all respondents i.e. 95.02% answered in the affirmative. Only 3.54% of
firefighters had difficulty answering the question. In contrast, a negligible

number of respondents, i.e. 1.45%, do not clean and disinfect masks after each

use (table 33).

Table 33. Responses regarding cleaning and disinfection of SCBA masks.

Total
Type of answer to the question: Are SCBA masks cleaned
and disinfected after each use? Number of | Percentage
responses [%]
definitely yes 488 78,46
rather yes 103 16,56
difficult to say (don’t know) 22 3,54
rather not 8 1,29
definitely not 1 0,16

Source: own study.
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On the other hand, based on the results obtained regarding the cleaning
of the cylinder backpack and cylinder (SCBA), it can be concluded that
62.06% of the respondents clean the APB stretcher and cylinder after each
action in which they were used. More than 15% of respondents could not
answer this question. In contrast, 22.18% of firefighters marked the answers:

rather not and definitely not (table 34).

Table 34. Responses to cleaning and disinfecting the cylinder backpack and
cylinder for the SCBA

Type of answer to the question: Are cylinder backpack and Total
cylinder (SCBA) cleaned afier each action in which they were Number of | Percentage
used? responses [%]
definitely yes 184 29,58
rather yes 202 32,48
difficult to say (don’t know) 98 15,76
rather not 107 17,20
definitely not 31 4,98

Source: own study.

The average frequency of cleaning for each PPE and personal equipment
item is shown in Figure 7.

The averaged values for the overall frequency of cleaning of PPE and
personal equipment by body are shown in Figure 8. A higher value of the
average indicates a higher frequency of cleaning, for example, a value of 5
would indicate that cleaning occurs after every soiling. A value of 1, on the

other hand, indicates no cleaning at all.
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Masks for SCBA I 4,72
Balaclava | /1O
Special clothing |GG /32
Special gloves NG 3,06
Special footwear |GGG 3,30
Firefighter's helmet | NNNENEEEENEEEEEEEEEEE 3,30
Handheld equipment (flashlights, radios, etc.) | RN 3,63

SCBA stretchers and bottles |GGG 3,64
1 1,5 2 25 3 35 4 45 5

Average values
Figure 7. Values for frequency of cleaning of individual PPE and personal
equipment

Source: own study.

Non-commisioned officers 4,11

Warrant officers 4,10

15 2 2,5 3 3,5 4 4,5 5

=

Average values

Figure 8. Frequencies of cleaning of PPE and personal equipment
according to corps classification

Source: own study.
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Meanwhile, Figure 9 shows the average values for the overall frequency
of PPE cleaning according to the number of years of service in the fire
department.

0-5
5-10

10-15

Years of service

15-20

20-25

above 25 4,69

1 1,5 2 2,5 3 3,5 4 4,5 5

Average values

Figure 9. Frequency of cleaning of PPE and personal equipment according
to number of years of service in the SFS

Source: own study.

Discussion

The survey results indicate that only one-third of officers transport
contaminated turnout gear outside of the cab when returning from an incident
where it was contaminated. However, 40% of officers transport special
clothing in their personal vehicles, which should prompt greater efforts to
improve cancer prevention and safety culture in the fire service. This is
supported by findings that firefighters pay the least attention to keeping their
helmets, footwear and special gloves clean. Improvement in organizational
factors is indicated by the information that less than two-thirds of the units
surveyed clean stretchers and cylinders after each incident in which they are

soiled, and one-third of the firefighters surveyed are not provided with special
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emergency clothing. It may be alarming to learn that more than 55% of
respondents have not participated in any special clothing cleaning training.
Itisnow two years since the introduction of the mandatory designation
of clean and dirty zones in Fire and Rescue Units. The survey shows that the
level of implementation of solutions is high. Only a small number of
respondents, i.e. 5.79%, answered that this division has not been implemented.
It has become standard to separate special rooms with appropriate equipment
for exclusive cleaning of protective clothing and for disinfection of SOUO.
However, there is still the problem of substitute special clothing for washing.
It seems glaring that 31.07% of respondents are not provided with an ad hoc
set of special clothing. The proposed solution in this case would be to purchase
several sets of special clothing in the most common sizes as a reserve in case
they need to wash their set. According to the authors, in the case of units with
a small budget, this solution seems most reasonable. It definitely seems
reasonable for manufacturers to conduct training on cleaningand maintenance
of special clothing, since almost 55% of people have not participated in such
training. The authors’ most important observations relate to the initial
decontamination process. The deficit of sanitary corners in fire trucks is
declared by 40.52% of respondents, which may in the long run project the fact
that as many as 45.98% of respondents do not wash off dirt after firefighting
operations on the scene. In addition, when returning to the fire station, as
many as 56.11% carry contaminated special clothing in the cab of the fire
truck, thus creating a secondary exposure risk for the entire squad. It would
therefore be necessary to designate space in fire trucks for basic disinfectants,
replacement clothing, and the safe transportation of contaminated special
clothing so that it arrives safely at the cleaning site. In addition, 46.47%
indicated that fire trucks are not disinfected after returning from each fire. The
information collected on firefighters’ personal practices after returning to the
firchouse indicates that they take care of both hygiene and cleanliness of
personal protective equipment. Analyzing the averaged values for the overall
frequency of cleaning PPE and personal equipment, differences can be
observed considering the firefighters’ years of service. The worst of the studied
group are firefighters from the ranges: 20-25 years of service and up to 5 years
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of service. However, there is no clear correlation that this factor improves or

weakens with seniority.

Conclusions

Protecting firefighters from secondary exposure to toxic products of
thermal decomposition and combustion is a complex task. The results of the
survey indicate that the chosen direction of broadly understood prevention is
correct, and at the same time it should be emphasized that firefighters in their
workplaces approach the subject under discussion in a reasonable and
conscientious manner. Nevertheless, there are still many areas where broadly
understood cancer prevention could be improved without large financial

outlays.

Abstract: Scientific studies of firefighter exposure to toxic products of ther-
mal decomposition and combustion have resulted in the classification of this
profession as causing cancer. In view of this, the priority of the activities of the
formation of the State Fire Service (SES) becomes protection from direct, but
also secondary contact with these products. It is noted that protective cloth-
ing without cyclic and regular cleaning will not be able to perform its primary
function due to the penetration of toxins into the material. Consequently, in-
stead of protecting against contaminants, it will lead to contact with them.
Based on these facts, special attention began to be paid to educating and rais-
ing awareness among firefighters on the proper use, cleaning and maintenance
of PPE and personal equipment. It has become a requirement to separate
clean and dirty areas in fire stations to ensure the preparation of this clothing
and equipment for reuse. These recommendations are aimed at reducing fire-
fighters’ secondary exposure to post-fire products. The article presents the re-
sults of a survey study on the analysis and evaluation of the organization of

activities and adopted practices in the fire and rescue units of the SFS in terms
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of minimizing the secondary exposure of firefighters to toxic products of ther-
mal decomposition and combustion carried out in Poland on a group of 622
professional firefighters. The results indicate the validity of the chosen direc-
tion of change, while also presenting situations and challenges that firefighters

continue to face at their places of duty.

Wyniki przedstawione w artykule opracowano w oparciu o badania

przeprowadzone w ramach inzynierskiej pracy dyplomowej p. G. Wrzyszcza.

The results in the article were compiled based on the research conducted

as part of the engineering diploma thesis of Mr. G. Wrzyszcz.

Streszczenie: Badania naukowe dotyczace ekspozycji strazakéw na toksyczne
produkty rozktadu termicznego i spalania doprowadzily do zaklasyfikowania
tego zawodu jako zwickszajacego ryzyko zachorowania na nowotwory.
W zwigzku z tym priorytetem dzialai formacji Paristwowej Strazy Pozarnej
(PSP) staje si¢ ochrona przed bezposrednim, ale réwniez wtérnym kontaktem
z tymi produktami. Zwraca si¢ uwagg, ze odziez ochronna, bez cyklicznego
iregularnego czyszczenia, nie bedzie w stanie spetnia¢ swojej podstawowe;j
funkcji z powodu przenikania toksyn do materiatu. W konsekwencji, zamiast
chroni¢ przed zanieczyszczeniami, bedzie prowadzi¢ do kontaktu z nimi.
W oparciu o te fakty szczegdlng uwage zaczgto zwracaé na edukacje i podno-
szenie $wiadomosci strazakéw w zakresie whasciwego uzytkowania, czyszcze-
nia i konserwacji srodkéw ochrony indywidualnej (SOI) oraz sprzgtu osobi-
stego. Stalo si¢ to wymogiem, aby w jednostkach ratowniczo-gasniczych
wydzielaé strefy czyste i brudne, co ma zapewni¢ przygotowanie odziezy
i sprzetu do ponownego uzycia. Rekomendacje te maja na celu ograniczenie
wtoérnej ekspozycji strazakéw na produkty pozarowe. Artykul przedstawia

wyniki badan ankietowych dotyczacych analizy i oceny organizacji dziatan



Analysis of the organization of activities... 45

oraz przyjetych praktyk w jednostkach ratowniczo-gasniczych PSP w zakresie
minimalizowania wtérnej ekspozycji strazakéw na toksyczne produkty roz-
ktadu termicznego i spalania, przeprowadzonych w Polsce na grupie 622 za-
wodowych strazakéw. Wyniki wskazuja na zasadnos¢ obranego kierunku
zmian, jednocze$nie ukazujac sytuacje i wyzwania, z jakimi strazacy wcigz

mierza si¢ w miejscu pelnienia stuzby.

Keywords: direct and secondary exposure, thermal decomposition and com-
bustion products, firefighting, personal protective equipment, organizational

solutions, firefighter practices, safety engineering

Stowa kluczowe: bezposrednia i wtdrna ekspozycja, produkey rozktadu ter-
micznego i spalania, dzialania gasnicze, $rodki ochrony indywidualnej, roz-

wiazania organizacyjne, prakeyki strazakéw, inzynieria bezpieczenistwa
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