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• Cardiac events are a leading cause of duty-
related deaths and are far more likely to occur 
after fire suppression activity. 

• Firefighting leads to significant cardiovascular strain.

Firefighter Health & Safety Risks

• Firefighters have an increased risk for several 
types of cancer. 

• Fires produce hundreds of toxic compounds. 
Some are carcinogenic.
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1. Cancers with statistically significant excesses in mortality and incidence with U.S rates 
referent (Daniels et al. Occup Environ Med 2014; 71(6): 388-397).

2. Oral cavity includes lip (excluding skin of the lip), tongue, salivary glands, gum, mouth, 
pharynx, oropharynx, nasopharynx, and hypopharynx

3. SMR = standardized mortality ratio 
4. SIR = standardized incidence ratio

Excess Cancer Risk1

Outcome Obs
Mortality

SMR3 (95% CI)
Obs

Incidence
SIR4 (95% CI)

12,028 0.99 (0.97, 1.01) NA NA
All Cancers 3,285 1.14 (1.10, 1.18) 4,461 1.09 (1.06, 1.12)
Esophagus 113 1.39 (1.14, 1.67) 90 1.62 (1.31, 2.00)
Intestine 326 1.30 (1.16, 1.44) 398 1.21 (1.09, 1.33)

Lung 1,046 1.10 (1.04, 1.17) 716 1.12 (1.04, 1.21)
Kidney 94 1.29 (1.05, 1.58) 166 1.27 (1.09, 1.48)

Oral cavity2 94 1.40 (1.13, 1.72) 174 1.39 (1.19, 1.62)
Mesothelioma 12 2.00 (1.03, 3.49) 35 2.29 (1.60, 3.19)
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14% 9%
39% 62%
30% 21%
10% 12%
29% 27%
40% 39%

100% 129%

Excess Cancer Risk1



https://www.youtube.com/watch?v=uZO3GO1Nd-E

Project Overview 



• The teams were separated into pairs that completed specific tasks.
• Compliment of 4 firefighters arriving every 1 minute
• Engine 1 –

• A – Inside firefighters; fire suppression
• B – Outside firefighters; command &pump operator. 

• Truck 1 –
• A - Inside firefighters; forcible entry then search &rescue 
• B – Outside firefighters;  ventilation (horizontal and vertical).  

• Engine 2
• A – Back-up line, supported the first-in engine then overhaul
• B - Rapid intervention team (RIT) then transitioned to overhaul operations after the 

fire was suppressed. 

Fireground Roles



On-line Toolkit: 
https://www.fsi.illinois.edu/CardioChemRisks/

https://courses.ulfirefightersafety.org/Reduce-Exposures/index.html




Building Instrumentation 



Building Temperatures (Interior Attack)



Building Temperatures (Interior Attack) - 3ft



Building Temperatures (Interior Attack)



No indications of ‘pushing fire’ 
into hallway or other rooms 

regardless of water application

Coordination between 
suppression, ventilation and 

search & rescue critical 
regardless of tactic employed

Building Temperatures (Transitional Attack)



Interior

Transitional

During Firefighting Operations



‘Transitional’ Timelines: 
First water on fire ~50 sec faster  than door forced
FF reached hallway ~30 sec* slower than ‘Interior’

Horn et al. (2017) Thermal response to firefighting activities in residential structure fires: Impact of job 
assignment and suppression tactic, Ergonomics

Temps when Nozzle Reaches the Hallway
Interior vs Transitional





Behind Closed Doors…



Behind Closed Doors…



But, you may have limited time…





Behind Closed Doors…



Behind Closed Doors…



Staying Behind Closed Doors…?



Other options…?





Temps during Interior Firefighting Ops

Horn et al. (2017) Thermal response to firefighting activities in residential structure fires: Impact of job 
assignment and suppression tactic, Ergonomics



• Ingestible core temperature capsules
• Dermal patches
• Wireless transmission to continuous 

data recording

Core & Skin Temperatures



Tactic has small effect (on neck for Inside FF)
Job assignment has important effect

Firefighters’ Skin Temperatures



Tactic has no effect 
Job assignment has large effect

Firefighters’ Core Temperatures





HCN – STEL 4.7 ppm, IDLH 50 ppm
Attack: median 22 ppm, max 55 ppm
Search: median 0.1 ppm, max 38 ppm
Outside vent: median 14 ppm, max 28 ppm





Air concentrations of VOCs (ppm) measured in the 
fireground (south of Engine 1) on 6/27/2015 and 

6/30/2015.
Compound measured 6/27/2015 6/30/2015

Benzene 0.029 0.060

Toluene 0.0034 0.0061

Ethyl benzene < 0.0004 0.0012

Xylenes < 0.0008 0.0032

Engine 1 

Truck 1 

6/27/15

6/30/15

Below applicable short-term exposure limits

FIRE

FIRE

Downwind of diesel exhaust

Downwind of smoke plume





Post 2

Pre

Post 1

Inside

Overhaul

Outside

Contamination level:
•Depends on your job assignment
•Concentration increases without 
cleaning

Bunker Gear Contamination Levels



Job assignment Skin site % Detectable
Levels

Median 
(µg/m2)

Interquartile
range (µg/m2)

Attack
Neck 50% < 32 < 24 - 152

Hands 96% 135 67 - 190

Search
Neck 50% < 27 < 24 - 72

Hands 100% 226 144 - 313

Overhaul/RIT
Neck 38% < 24 < 24 - 34

Hands 83% 8.4 6.1 - 31

Outside Vent
Neck 58% 30.5 < 24 - 39

Hands 83% 10.5 6.2 - 23

Outside 
Command/Pump

Neck 18% < 24 < 24

Hands 23% < 4.5 < 4.5

PAH Contamination on Neck after Fire



Reinforce the Message:
Shower ASAP is still important!!

Key Finding…
54% reduction 

in neck contamination using 
skin cleansing wipes

PAH Contamination Removal after Fire



Job assignment Skin site % Detectable
Levels

Median 
(µg/m2)

Interquartile
range (µg/m2)

Attack
Neck 50% < 32 < 24 - 152

Hands 96% 135 67 - 190

Search
Neck 50% < 27 < 24 - 72

Hands 100% 226 144 - 313

Overhaul/RIT
Neck 38% < 24 < 24 - 34

Hands 83% 8.4 6.1 - 31

Outside Vent
Neck 58% 30.5 < 24 - 39

Hands 83% 10.5 6.2 - 23

Outside 
Command/Pump

Neck 18% < 24 < 24

Hands 23% < 4.5 < 4.5

Key New Finding…
Contamination on hands is likely 

much larger than we had considered 
or measured before

PAH Contamination on Hands after Fire





Dry Decon – Air & Brush

Wet Soap Decon

~85%

~25%

Wet Soap Decon (PER)

Preliminary Exposure Reduction Data



Dry Decon – Air & Brush

Wet Soap Decon

~85%

~25%

Wet Soap Decon (PER)

Dry Decon “Lessons from the Field”

• While not as effective at removing surface 
PAHs, there may be other reasons to 
implement this method
• May be easier to remove large debris
• Environmental conditions

• Where does the contamination go?
• Airway  protection

• Firefighter
• Decon staff
• Who is ‘downwind’?

• Be sure to clean up the tools 
• Be careful of later cross contamination
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Preliminary Exposure Reduction Data



Wet Soap Decon (PER)

~85%

• Do I really need a garden sprayer to apply 
soap?
• In line educator 
• Bucket and brush

• How much water do you need to apply?
• Training is important to learn 

technique 
• Consider balancing wet and dry 

methods when large pieces of debris 
are present

• Think about when to expand to multiple 
lines/stations

• What to do with PPE afterwards?
• NFPA 1851 guidance 
• What are your SOPs for wet gear? 

Wet Soap Decon “Lessons from the Field”



Wet Soap Decon (PER)

~85%

• Implementation in the cold
• Address cold stress concerns as part 

of integrated rehab
• Prioritize based on conditions
• Make ice melt available
• Warming station may be important

• Implementation in the heat
• Address heat stress concerns as part 

of integrated rehab
• Prioritize based on conditions
• Hydration where feasible
• Open up coat while waiting?

Video Credit: Chief Frank Leeb 
Watch the full video at:

https://www.youtube.com/watch?v=kA7TbIqoueQ

Wet Soap Decon “Lessons from the Field”





• Good things happening
• Hood exchange programs
• “Wash your hood Sunday”
• Significant research & development on new 

hood systems

• Information we still need
• Effectiveness of laundering processes

• Evidence that laundering reduces some 
contamination

• PAHs
• Flame retardants (mixed results)

• How effective are 
• Hood designs
• Cleaning techniques

at reducing skin exposure?

Hood Contamination & Cleaning
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Hood Contamination & Cleaning

Lesson from Recent Study
1. Laundering hoods is effective at removing a large 

portion of PAH contamination 
• By far the most abundant contaminant on the hoods 

2. Consider segregating firefighter hoods by contamination 
level to reduce the potential for cross contamination. 

• If a firefighter responds to a call but is exposed to 
low levels of contamination compared to the rest of 
the crew, it may be beneficial to avoid washing with 
other crew member’s hoods.

3. Do not launder hoods with base layers or station wear to 
reduce the risk for cross contamination

4. This study suggests the possibility that contamination on 
turnout gear outer shells might transfer to inner liner

• Separate during laundering as recommended by 
NFPA and others.





Apparatus Cab Post-FF

DeconNo Decon

Take Home Message:
Air out your PPE in open 
spaces to get rid of VOCs

Bunker Gear Off-Gassing



Toolkit: https://www.fsi.illinois.edu/CardioChemRisks/
Facebook & Twitter: @IFSIresearch

Where to get more information?

https://courses.ulfirefightersafety.org/Reduce-Exposures/index.html
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