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A little bit about me…….

• Professor in Fire Chemistry and Toxicity at University of Central Lancashire 

• Specialist on the International Agency for Research on Cancer Monographs, 

Volume 132 – ‘Occupational exposure as a Firefighter’, World Health Organization

• Member on the National Academies of Sciences, Engineering and Medicine, “The 

Chemistry of Urban Wildfires”, USA

• Grenfell Inquiry Scientific Expert: to determine the fire derived toxicants and related 

deposits present in the Tower and their origins

• Expert Witness on Environmental Audit Committee,                                                 

Toxic Chemicals in Everyday Life, House of Commons, UK Parliament

• European Parliament, MEPs Against Cancer (MAC), European Parliament Interest 

Group: Addressing the rate of cancers amongst firefighters

• UK’s designated principal expert on Fire Chemistry to the ISO Fire Threat to                   

People and the Environment subcommittee (ISO/TC92/SC3)



Firefighting is one of the most 

hazardous occupations. 

▪Widespread use of plastics increases growth and severity of fires.

▪Modern materials (plastics etc.) also produce higher concentrations of

toxicants.

▪Fire smoke is the biggest killer in fires, yet outside mass transport, it

is completely unregulated



Firefighters Occupational 

Cancers and Diseases

1982

USA: California was the 
first state to pass a 
firefighter's presumptive 
illness law in 1982. In 
2019, 48 out of 50 states 
have the health 
presumption laws for state 
and local firefighters

1997

Canada: Introduced 
presumptive 
legislation for full-time 
firefighters diseases 
and investigators in 
1997

2011

Australia: 
Presumptive cancer 
law for federal 
firefighters introduced 
in 2011. 

2019

Poland: Presumptive 
legislation for firefighters 
occupational diseases 
introduced in 2019

2022

International Agency 
for Research on 
Cancer, WHO, 
classified occupational 
firefighter exposure as 
a as carcinogenic 
(Group 1).



Firefighters and Exposure to Contaminants

▪ Aproximately 160 fire fighters: skin (face, neck, wrist, hands)

▪ Fire fighters clothing: SCBA masks, gloves, hood, zipflap

▪ Fire fighters offices, clothing rooms, fire engines bays and fire engines 

▪ Approximately 600 samples  (within 2.5 week) for the analysis of                                                             

semi- and volatile organic compounds 
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Firefighters and Exposure to Contaminants

A A Stec et al., Scientific Reports volume 8, Article number: 2476 (2018)

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

32

34

Helmet (outside) - BA Room Helmet (inside) - BA Room BA filters (inside of masks) 1 BA filters (inside of masks) 2 BA filters (inside of masks) 3

S2

South (1)

P
A

H
  

C
o

n
c
e
n

tr
a
ti

o
n

 m
g

/m
2

Naphthalene Acenaphthylene Acenaphthene
Fluorene Phenenanthrene Anthracene
Fluoranthene Pyrene Benzo[a]anthracene
Chrysene Benzo[b]fluoranthene Benzo[k]fluoranthene
Benzo[a]pyrene Indeno(1,2,3-cd)pyrene Dibenzo[a,h]anthracene
Benzo[g,h,i]perylene 7,12-dimethylbenz[a]anthracene Benzo[j]fluroanthene
3-methylcholanthrene

https://www.nature.com/srep


Firefighters Exposure to Contaminants
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Fire Brigades Union – UCLan Research 

Project

To identify association (if any) between fire 
toxicants exposures and the increased 
occurrence of cancers and diseases among 
firefighters.

…so we can offer preventative health monitoring, 
education and support that is specifically designed to 
protect firefighter’s health…..







The UK Firefighter Contamination Survey

• Run for 3 months in 2020

• 64 questions

• Open to serving firefighters 

• 10, 649 participants                                        

(~24% of UK’s firefighters)

https://www.fbu.org.uk/publications/minimising-firefighters-exposure-toxic-fire-effluents

https://www.fbu.org.uk/publications/minimising-firefighters-exposure-toxic-fire-effluents


The UK Firefighter Contamination 

Survey
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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Does your PPE fit 
well?

Prefer not to say No Yes

Do you have concerns about the fit of your PPE?

of respondents who indicated that their 

PPE did not fit well provided free text 

answers to this question

1048 mentions of issues 

were recorded in 739 answers*

*NOTE: A single answer can mention multiple different issues

70%
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Unclear

2-layers

No /Slow Action

Shrunk

Braces/Straps

Trousers

Inconsistent Sizing

Leggings

Pooled/Recycled kit

Tunic

Helmet

Restrictive

Other

Boots

Gloves

Washing

Correct size unavailable

General

% of all mentions

Broad categories of concern mentioned by respodnents who indicated their                            
PPE did not fit well
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Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports, 

2023



CONTAMINATION OF UK FIREFIGHTERS PERSONAL 

PROTECTIVE EQUIPMENT AND WORKPLACES

14

Concerns about fit of specific PPE items

Heavy 3
Ill fit 61

Impractical 4
Old/worn 5

Poor quality 11
Too big/long/loose 35

Too hot 11
Too short/small/tight 31

Uncomfortable 9

General 

Unspecified or other reason 23
Limited Stock 29

Generic sizes; not tailored/between sizes 60
Not fitted for women 35

Correct Size Unavailable

Stiffness after washing 1
Shrinks after washing 141

Wrong k it returned or k it lost 2

Washing

Ill fit 62
Impractical 17

Poor quality 5
Too big 6

Too small/tight 5

Gloves

Ill fit 25
Poor quality 1

Tight 34
Too big 2

Uncomfortable 5

Boots

Face Mask (too tight) 1
Face Mask (ill fit) 2

Face Mask (ineffective) 3
Face Mask (not fitted) 1

Fire Hood (too tight/short/small) 2
Goggles (steam up) 1

BA Mask (poor seal) 1
Hi-Viz (impractical) 1

Velcro (poor quality) 1
Water Rescue Dry Suit (too big/loose/long) 1

Jacket (too big) 1
Respirator (ill fit) 1

Other 46

Other

Restrictive 57
Restrictive

Heavy 2
Ill fit 21

Impractical 3
Poor quality 1
Restrictive 1

Too big/loose 13
Too tight 1

Uncomfortable 15

Helmet

Ill fit 8
Impractical 2

Too long/loose/big 7
Too tight/small/short 31

Tunic

Correct size not always available when needed 43
Old/worn 1

Pooled/Recycled kit

Leggings

Ill fit 1
Impractical 1

Too big/long/loose 3
Too hot 1

Too short/small/tight 29

Trousers

Ill fit 3
Too big/loose/long 2

Too short/small/tight 22

Shrunk

Unspecified or other reason 19

Inconsistent Sizing

Braces/Straps

Different supplier/age of kit 29

Too loose 24
Too tight 1

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports, 
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 

PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 

PROTECTIVE EQUIPMENT AND WORKPLACES
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It is collected by someone else from the fire
ground

Prefer not to say

Kit bag

Other

In the car (no bag)

Designated storage in the appliance

Disposable bag

In the cab

Proportion of firefighters / %

Where do you store your PPE while travelling from a fire incident? 
(n= 10, 649) 

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports, 

2023



CONTAMINATION OF UK FIREFIGHTERS PERSONAL 

PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 

PROTECTIVE EQUIPMENT AND WORKPLACES
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Prefer not to say

My PPE has never been cleaned

Other

It is wet

I am instructed to do it

Only when it is contaminated with hazardous…

I send it (or clean it) after every fire incident

Personal hygiene

It is damaged

It looks sooty

It smells

It looks dirty

Proportion of firefighters / %

What is the main reason for cleaning your PPE (or sending it to 
be cleaned)? (n= 9, 175)
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 

PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL 
PROTECTIVE EQUIPMENT AND WORKPLACES
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Culture and Awareness

“Badge of honour” associated with practices leading to contaminant 

exposure:

• Never cleaning PPE

• Work in a station without designated clean/dirty areas 

• Lack of training on fire contaminants (only 36% firefighters had received it)

Do you think the “badge of honour” attitude exists within the fire service?

15.7 46.1

35.2

0 20 40 60 80

Prefer not to say

 Yes

 No - Nobody believes this

Yes – I believe this

Yes – Others believe this

Wolffe, et al., Culture and awareness of occupational health risks amongst UK firefighters, Scientific Reports, 2023



PART 1: CONTAMINATION OF UK FIREFIGHTERS PERSONAL 

PROTECTIVE EQUIPMENT AND WORKPLACES

Results revealed that:

• Significant decreasing tendency to send PPE for cleaning after every

incident with increasing length of service, and fire attendance

frequency.

• Only 1/3rd of firefighters clean PPE after every incident.

• A number of issues arise through external professional cleaning

services, e.g. shrinkage, fit, turn-around time, and stock of

reserve/pooled PPE.

• Almost half of firefighters (45%) indicating clean and dirty PPE is not

stored separately.

• More than half of firefighters (57%) store fire gloves within other items

of PPE such as helmets, boots and tunic/trouser pockets.

29
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PPE and Workplace Contamination

• 84% firefighters often/sometimes attend fires without RPE 

Wolffe, et al., Contamination of UK firefighters personal protective 

equipment and workplaces, Scientific Reports, 2023



PPE and Workplace Contamination

• 84% firefighters often/sometimes attend fires without RPE 
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Proportion of firefighters  / %

RPE considered unnecessary for every fire/task 
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RPE poor quality or ineffective

Role makes RPE unnecessary or impractical
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C “Other” reasons for attending fires without RPE
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Do you ever attend fires/post fire without 

wearing RPE?
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What are your main reasons for attending fires RPE?

Wolffe, et al., Contamination of UK firefighters personal protective 

equipment and workplaces, Scientific Reports, 2023



PPE and Workplace Contamination

• 84% firefighters often/sometimes attend fires without RPE

• 82% eat while in PPE

• 63% eat with sooty hands

• Only 58% change workwear on return to the station



Contaminant exposure and increased 

likelihood of cancer diagnosis

33
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Odds ratios (with 95% confidence intervals)

Wolffe, et al., Cancer incidence amongst UK firefighters, Scientific Reports, 2023



34

Over 4% of UK serving firefighters who responded to the survey have already been 

diagnosed with cancer.

Cancer Incidence-Survey Results

Wolffe, et al., Cancer incidence amongst UK firefighters, Scientific Reports, 2023



Scottish male firefighter deaths for 
2000-2020.

35
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Stec et al., Scottish Firefighters Occupational Cancer and Disease Mortality Rates: 2000-2020, Occupational 

Medicine, 2023



USA
Line of Duty Firefighters Deaths 

2002-2020

Cancer
67%

Cardiovascular 
/Stroke

17%

Respiratory system diseases
3%

Trauma
5%

Undertermined
3%

Other diseases
5%

International Association of Firefighters, https://www.iaff.org/
2023 

UK
Scottish Male Firefighter Deaths 

2000-2020

Malignant 
neoplasms

42%

Circulatory 
system diseases

28%

Respiratory 
system diseases

6%

Digestive system 
diseases

8%

Nervous system 
diseases

3%
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Stec et al., Scottish Firefighters Occupational Cancer and Disease 
Mortality Rates: 2000-2020, Occupational Medicine, 2023

Firefighters Cancer Mortality Rates

https://www.iaff.org/


Scottish male firefighter deaths for 2000-2020.

• Multiple exposures and routes of exposure cause likely more than one type of cancer.

37Stec et al., Scottish Firefighters Occupational Cancer and Disease Mortality Rates: 2000-2020, Occupational Medicine, 2023
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Firefighters and Cancers

• Firefighters get these cancers earlier in life.

• Multiple exposures and routes of exposure cause 

likely more than one type of  cancer.

Peak Mortality Age

Scottish 

Firefighters 

Scottish 

Population

Cancer of Unknown origin 60-64 75-79

Bladder  70-74 85-89

Oesophageal  60-64 75-79

Kidney  55-59 80-84

Leukaemia 65-69 85-89

Mesothelioma 60-64 85-89

Multiple myeloma 65-69 85-89

Cardiac Arrest 60-64 80-84

Stec et al., Scottish Firefighters Occupational Cancer and Disease Mortality Rates: 2000-2020, Occupational Medicine, 2023



What’s next?

Health 
Monitoring

39



Conclusions

• Firefighters deserve the best preventative medical care,

education, and support to reduce the risk of cancer.

• Better decontamination policies needed

• Training and Awareness

• Preventative health monitoring

Percival Pott: First to demonstrate scrotal cancer caused by soot

First preventative Legislation!



Thank you for your attention

aastec@uclan.ac.uk

mailto:aastec@uclan.ac.uk
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