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Fire Contaminants Research
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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)




q@?ﬁ, Firefighting is one of the most

& Sie :
e 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
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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

2400
= Acenaphthylene @ Acenaphthene
2200 o Fluorene ® Phenenanthrene
2000 = Anthracene ®m Fluoranthene
OBenzo(g,h,i)perylene B Pyrene
1800 ® Benzo(a)anthracene B Chrysene
@ Naphthalene @ Benzo(b)fluoranthene
1600 @ Benzo(k)fluoranthene @ Indeno(1,2,3-cd)pyrene
O Dibenz(a,h)anthracene @ Benzo(a)pyrene
1400 | @7 12-dimethylbenz(a)anthracene & Benzo(j)fluroanthene
1200 8 3-methylcholanthrene B Dibenzo(a,e)pyrene

1000
800
600
400

Total PAH concentration in pg/ul

200
0
‘
>8%
Front of Neck Back of Neck Jaw | DA

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



https://www.nature.com/srep

26

24

22

20

18

16

14

12

PAH Concentration mg/m?

10

Firefighters and Exposure to Contaminants
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A A Stec et al., Scientific Reports volume 8, Article number: 2476 (2018)
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Firefighters Exposure to Contaminants
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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.. ...
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Minimising firefighters’ exposure to toxic
fire effluents

Interim Best Practice Report
An independent report by ucﬁ with a foreword by FBU General Secretary Matt Wrack
'

NEWS & CAMPAIGN

T0 PREVENT & PROTECT

¢
" FIRFCUNIAMlNAN]ShN INCREASE THE RISK OF HNC[R AND OFHER DISEASE
BUTSIMPLE CHANGES CANPHELP FIREFIGHTERS TO PROTECT THEIR HEALTH, COLLEAGUES AND ES.
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Minimising firefighters' exposure to toxic
fire effluents

Interim Best Practice Report
An independent report by ucﬁﬁ with a foreword by FBU General Secretary Matt Wrack

https://www.fbu.orq.uk/publications/minimisinq—firefiqhters—exposure—toxic—fireu

Run for 3 months in 2020
64 questions
Open to serving firefighters

10, 649 participants
(~24% of UK's firefighters)

The UK Firefighter Contamination Survey

ty of Central Lancashire
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=4, oy The UK Firefighter Contamination }\ninimfifsling firefighters' exposure to toxic
A ire effluents
’ Fﬁ‘éﬁfg “ SU rvey Interim Best Practice Report

www.nature.com/scientificreports An independent report by uc%ﬁ with a foreword by FBU General Secretary Matt Wrack

scientific reports

W) Check for updates

OPEN Cancer incidence amongst UK
firefighters

Taylor A. M. Wolffe, Andrew Robinson™?, Kathryn Dickens?, Louis Turrell*?, Anna Clinton?,
Daniella Maritan-Thomson?, Miland Joshi® & Anna A. Stec®
www.nature.com/scientificreports

scientific reports

OPEN Culture and awareness
of occupational health risks
amongst UK firefighters

Taylor A. M. Wolffe!, Louis Turrell’?, Andrew Robinson’, Kathryn Dickens’, Anna Clinton’,
Daniella Maritan-Thomson® & Anna A. Stec’

Fireﬁihnrs are exiosed to toxic chemicals not onli from the fire incidents lhti attend, but also from

www.nature.com/scientificreports

scientific reports

W) Gheck for updates

OPEN Mental health of UK firefighters

Taylor A. M. Wolffe?, Andrew Robinson™?, Anna Clinton?, Louis Turrell? & Anna A. Stec®

Exposure to trauma, high-stress situations, and disrupted sleep are well known risk factors affecting

scientific reports

W) Check for updates

OPEN Contamination of UK firefighters
personal protective equipment
and workplaces

Taylor A. M. Wolffe, Anna Clinton?, Andrew Robinson™?, Louis Turrell>? & Anna A, Stec®

Firefighters’ personal orotective eguioment (PPE) is a potential source of chronic exposure to toxic
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Does your PPE fit Do you have concerns about the fit of your PPE?
well?
100
o7y of respondents who indicated that their : )
‘ PPE did not fit well provided free text ‘ 1048 Mentions of issues
90 || answers to this question were recorded in 739 answers*
80 Broad categories of concern mentioned by respodnents who indicated their
PPE did not fit well
General
2 70 , .
5 Correct size unavailable
g Washing
g,‘; 60 Gloves |
o Boots
>
g Other I
@ 50 Restrictive I
8 Helmet |
O .
'\; Tunic
<40 Pooled/Recycled kit H—
Leggings I
30 Inconsistent Sizing
Trousers I
Braces/Straps I
20 Shrunk E—
No /Slow Action =
2-layers
10 Unclear B
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023



CONTAMINATION OF UK FIREFIGHTERS PERSONAL
PROTECTIVE EQUIPMENT AND WORKPLACES

Concerns about fit of specific PPE items

General

Heavy |

i |

Impractical ||
Old/iworn ]
Poor quality [

Too big/long/loose [N
Too hot i

Too short/smallitight [
Uncomfortable ]

Correct Size Unavailable
Unspecified or other reason [l
Limited Stock [N
Generic sizes; not tailored/between sizes || NG
Not fitted for women [

Washing
Stiffness after washing |
Shrinks after veshing |
Wrong kit returned or kit lost |
Shrunk

Unspecified or other reason [l
Inconsistent Sizing
Different supplier/age of kit [

Other
Face Mask (too tight) |

Face Mask (ill fit) |

Face Mask (ineffective) |

Face Mask (not fitted) |

Fire Hood (too tight/short/small) |

Goggles (steam up) |

BA Mask (poor seal) |

Hi-Viz (impractical) |

Velcro (poor quality) |

Water Rescue Dry Suit (too big/loose/long) |

Gloves

i fic |
Impractical i
Poor quality |
Too big ||
Too small/tight ||

Boots

IR |
Poor quality |
Tight [N
Too big |
Uncomfortable ||

Helmet

Heavy |

i [
Impractical |
Poor quality |
Restrictive |

Too big/loose i
Too tight |

Uncomfortable [Jij

Tunic
1 fit. [
Impractical |
Too long/loose/big ||
Too tight/small/short [

Leggings
I fit |
Impractical |
Too big/long/loose |
Too hot |
Too short/small/tight [

Trousers

ZEO,

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

2023



CONTAMINATION OF UK FIREFIGHTERS PERSONAL
PROTECTIVE EQUIPMENT AND WORKPLACES

How old is your PPE?
(n =10,649)
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Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023



;’g}%" CONTAMINATION OF UK FIREFIGHTERS PERSONAL
pe i‘ PROTECTIVE EQUIPMENT AND WORKPLACES
Where do you store your PPE while travelling from a fire incident?
(n= 10, 649)
In the cab

Disposable bag

Designated storage in the appliance
In the car (no bag)

Other

Kit bag

Prefer not to say

It is collected by someone else from the fire
ground

0 10 20 30 40 50 60 70 80 90
Proportion of firefighters / % v

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023
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PROTECTIVE EQUIPMENT AND WORKPLACES

)
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Where do you normally remove PPE after attending a fire? (n= 10, 649)

Appliance bay at the station

Fire appliance

On site before getting into vehicle

Clothing room at station

Other

Home

0 10 20 30 40 50 60 70
Proportion of firefighters / % o

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL
PROTECTIVE EQUIPMENT AND WORKPLACES

It looks dirty

It smells

It looks sooty

It is damaged
Personal hygiene

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

| am instructed to do it

It is wet

Other

My PPE has never been cleaned

Prefer not to say

Only when it is contaminated with hazardous..

What is the main reason for cleaning your PPE (or sending it to
be cleaned)? (n=9, 175)
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% of Total Survey Respondents

o\ CONTAMINATION OF UK FIREFIGHTERS PERSONAL
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PPE is sent for professional cleaning

80%

70%

60%

50%

40%

30%

20%

10%

0%
Tunic and Fire Hood Fire Gloves BA set
Trousers e
, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,



CONTAMINATION OF UK FIREFIGHTERS PERSONAL
8%, PROTECTIVE EQUIPMENT AND WORKPLACES

PPE sending frequency for professional cleaning

35%
2
c
)
2 30%
;’.}_ ® Tunic and Trousers
& 25% ® Fire Hood
> :
Q m Fire Gloves
S 20%
0p)
8
2 15%
IS
X
< 10%

- I I III I
More than  Every Every Every Every  Once per Twice per Prefer not
once per week otherweek month other year year to say
week month P2

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023
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% of Total Survey Respondents

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

2023

11%
10%
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8%
7%
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3%
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CONTAMINATION OF UK FIREFIGHTERS PERSONAL
" PROTECTIVE EQUIPMENT AND WORKPLACES

Tunic and trousers cleaning methods

oy

Paper towel .

Hand wash with detergent -
Hand wash with water only -

By a designated person on

site

Washing machine

Do not get cleaned I

Prefer not to say |
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Other PPE cleaning methods

52%
48%
44%
40% m Fire Gloves

36%
3204 m BA set
28%
24%
20%
16%
12%
8% I
4% I

_ e

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023

®m Fire Hood

% of Total Survey Respondents

Brush 1M
Paper towel i
H
detergent
Other

Hand wash with

Hand wash with water
only

By a designated person
on site

Washing machine

Do not get cleaned

Prefer not to say |
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 J

How well are specific items cleaned?

Cleaning of flash hoods

Personal cleaning post-incident

Cleaning of workwear
Cleaning of gloves
Cleaning of helmets
Cleaning of BA sets
Cleaning of PPE

Cleaning of appliances

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% from respondents who mentioned this specific item

B Not cleaned well mCleaned well ",,4&.
2N

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023



CONTAMINATION OF UK FIREFIGHTERS PERSONAL

4 5‘ PROTECTIVE EQUIPMENT AND WORKPLACES

% of Total Survey Respondents

60

55
50
45
40
35
30
25
20
15
10

Is clean and dirty PPE stored separately?

Yes No

\
oA

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

2023
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pe ’v‘ PROTECTIVE EQUIPMENT AND WORKPLACES
Where is clean and dirty PPE stored? (n= 10, 649)
60
50
- m Clean PPE
X
» 40
E @ Dirty PPE
oy
£ 30
"'5 R
c i
i) e
5 20
o eSS
O £
o
10
0 I B ol .
Designated PPE locker Personal Appliance  Other Personal Office  Prefer not
PPE room locker bay vehicle to say
”

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023
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Do you store PPE in the office?

0.5%
m Clean PPE

2]
% 0.4% m Dirty PPE
g 0.
C
o
o
7p]
i
- 0.3%
)
e
-}
n
S 0.2%
2
©
X

0.1%

Area manager Crew Firefighter Group Station Watch
manager manager manager manager 5\1“

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023
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Do you store PPE in personal vehicle?

2.2%
2.0%
1.8% m Clean PPE

1.6% | wpirty PPE

1.4%

1.2%

1.0%

0.8%

0.6%

0.4%

0.2%

0.0% —

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports
2023

% of Total Survey Respondents

Flexi duty
Other

Retalned
Wholetime/
retained
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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?

No - Nobody believes this “

Yes 15.7 46.1
BYes — | believe this
Prefer not to say
B Yes — Others believe this

0 20 40 60 80 ‘(‘34‘;}‘ -
A"

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



‘-4 PART 1: CONTAMINATION OF UK FIREFIGHTERS PERSONAL

y 4 "{‘ 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 1/3" 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.

o Almost half of firefighters (45%) indicating clean and dirty PPE is not
stored separately.

o More than half of firefighters (57%) store fire gloves within other items
of PPE such as helmets, boots and tunic/trouser pockets.
0,72

Wolffe, et al., Contamination of UK firefighters personal protective equipment and workplaces, Scientific Reports,
2023
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84% firefighters often/sometimes attend fires without RPE

24, .
‘ )
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e Wolffe, et al., Contamination of UK firefighters personal protective
=== equipment and workplaces, Scientific Reports, 2023




l‘;»,%;i;gfg“ PPE and Workplace Contamination

84% firefighters often/sometimes attend fires without RPE

Habit

Nobody else wears it

Time constraints

| don't have to wear it so | choose not to

The equipment is not available but | would prefer to wear it
Other

| am told not to but | would prefer to wear it

Prefer not to say

The equipment is not available and | am happy not to wear it
| am told not to and | am happy not to wear it

Financial constraints

0 5 10 15 20 25 30 35 40 45 50
Proportion of firefighters / %

ﬁQ_‘
>U8e
Wolffe, et al., Contamination of UK firefighters personal protective
=== equipment and workplaces, Scientific Reports, 2023




l‘;»,%;i;gfg“ 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

Eee
‘ Yo
e

uclan

University of Central Lancashire




Served 15+ years

Cleaning not taken seriously

Launder fire hoods in washing machine
No designated clean/dirty areas in station
Workplace smells of fire

Clean/dirty PPE not stored separately
Eat in PPE

Remain in PPE 4 hrs+ aft incident

Soot in nose/throat

0 1 2 3 4 5
Odds ratios (with 95% confidence intervals)

6

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

diagnosed with cancer.

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

Prefer not to provide details
Skin

Testicular

Head and neck

Non Hodgkin's Lymphoma
Prostate

Kidney

Bladder

Leukaemia

Bowel

Other

Breast

Thyroid

Colorectal

Hodgkin's Lymphoma
Brain
Neuroendocrine
Ocular

Lung

Liposarcoma
Cervical
Oesophageal
Gastrointestinal
Bone

Liver

Stomach

Qvarian

Multiple Myeloma
Appendix

Have you ever been diagnosed with cancer and what type?

4 6 8 10 12 14 16 18 20 22 24

% Survey Respondents

26

28 24, .
;L,@:‘
e I N

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



Oite Scottish male firefighter deaths for
Ty 2000-2020.

Digestive system

diseases

8%

Nervous system

diseases
3%

Circulatory
system diseases
28%

2‘@/{1\'
Stec et al., Scottish Firefighters Occupational Cancer and Disease Mortality Rates: 2000-2020, Occupational
Medicine, 2023



USA

Line of Duty Firefighters Deaths
2002-2020

Respiratory system diseases
3%
Trauma
5%
Undertermined
3%

Cardiovascular
/Stroke
17%

Other diseases
5%

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

>k Firefighters Cancer Mortality Rates

UK

Scottish Male Firefighter Deaths
2000-2020

Digestive system

diseases

8%

Nervous system

diseases
3%

Circulatory
system diseases
28%

“('45-4

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

University of Central Lancashire
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, @  Scottish male firefighter deaths for 2000-2020.

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

Renal failure

Musculoskeletal system

Other interstitial pulmonary diseases

Diseases

Stroke ————1

Other acute ischaemic heart diseases

Myelodysplastic syndromes

Neoplasm of unknown behaviour

MN myeloid leukaemia
MN without specification of site ——

MN urinary system (kidney and bladder) —e——i

Cancers

MN prostate —e—
MN oesophagus —e—
MN Digestive organs o

Malignant neoplasms (MN) o

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

-
SMR (with 95% confidence intervals) LA

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



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 Scottish
Firefighters Population
LiIclaN

Stec et al., Scottish Firefighters Occupational Cancer and Disease Mortality Rates: 2000-2020, Occupational Medicine, 2023
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>50& Conclusions

Firefighters deserve the best preventative medical
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!

care,
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DECON

T0 PREVENT G'PROTECT

FIRE CONTAMINANTS CAN INCREASE THE RISK OF CANCER AND OTHER DISEASES;
BUT SIMPLE CHANGES CAN HELP FIREFIGHTERS T0 PROTECT THEIR HEALTH, COLLEAGUES'AND FAMILIES:

aastec@uclan.ac.uk

Minimising firefighters' exposure to toxic
fire effluents

Interim Best Practice Report
An independent report by uc'%ﬁ with a foreword by FBU General Secretary Matt Wrack

University of Central Lancashire
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