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Halogenated 
Chemicals
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▪ Elements : F, Cl, Br, I, At ,Ts
▪ High electronegativities
▪ Very reactive
▪ Example of a common halogenated 

product in use:

PVC

https://fr.wikipedia.org/wiki/Polychlorure_de_vinyle

https://sciencenotes.org/halogen-elements-
list-and-facts/



How are firefighters 
exposed?
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Type Fuel containing halogens Main halogenated 
combustion products

Wildfire - -

Structure, waste PVC, Flame retardants, Pipes, 
Siding, Flooring, wire 
insulation, Legacy 
preservatives, PCBs

HCl, HF, HBr, chloro-aliphatic 
and chloro-aromatic 
hydrocarbons (Cl-PAHs), 
Dioxins and Furans 
(PCDD/Fs), Per-fluorinated 
chemicals, PCBs, PBDE

Vehicle Battery HCl, HF, PCDD/Fs, Cl-PAHs, 
COF2, POF3
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https://www.ncbi.nlm.nih.gov/books/NBK597249/


Risk factors for 
firefighters
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“Although levels varied between 
the two experiments, 
polyhalogenated dibenzofurans 
were generated in all simulated 
fires indicating the high 
likelihood that these 
compounds are generated in 
most fire debris. These results 
are concerning due to the 
potential of constant exposure 
of firefighters to these types of 
compounds.”

Aggravating factors:
▪ Environments with 

halogenated fuels
▪ Working solely in city 

environments
▪ Frequent exposure
Protective factors:
▪ Protective equipment
▪ Hygiene, material 

maintenance
▪ Well instructed firefightersOrgantini, Kari L. et al. 2015. “Quantitative Analysis of Mixed 

Halogen Dioxins and Furans in Fire Debris Utilizing 
Atmospheric Pressure Ionization Gas 
Chromatography-Triple Quadrupole Mass Spectrometry.”



Exposure mechanisms:
▪ Inhalation
▪ Skin contact
▪ More rarely ingestion
Health effects: 
▪ Skin lesions
▪ Reduced reproduction
▪ Impaired immunology
▪ Carcinogenic 
▪ Hepatotoxicity
▪ Developmental issues 

Health risks of 
PCDD/Fs
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▪ Research on animals 
(mostly rats) is well 
established and 
toxicology is well 
described

▪ Most of the research 
focused on oral 
exposure and acute 
durations

▪ Conclusions are that 
these halogenated 
chemicals are highly 
toxic

Evidence of 
toxicology on 
animals
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Toxicological Profile for Chlorinated Dibenzo-p-Dioxins, Agency for Toxic 
Substances and Disease Registry, 
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=366&tid=63

https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=366&tid=63


▪ Research on humans  
usually cannot prove 
direct toxic 
implications

▪ Most likely very toxic 
compounds

▪ Rarely specifically 
analyzed on 
firefighters

Evidence of 
toxicology on 
humans
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Toxicological Profile for Chlorinated Dibenzo-p-Dioxins, Agency for Toxic 
Substances and Disease Registry, 
https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=366&tid=63

https://wwwn.cdc.gov/TSP/ToxProfiles/ToxProfiles.aspx?id=366&tid=63


▪ Identify, analyze and evaluate 
the risks associated with 
firefighters’ exposure to 
hazardous chemicals

▪ PCBs, PCDDs and PCDFs

▪ Analyze through an example 
from NYC

Risk assessment 9
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▪ On September 7, 1998, a fire broke out 
at a Con Edison electrical transformer in 
Staten Island.

▪ They wore a unadapted uniform (not 
HAZMAT)

▪ Ten days after the incident, FDNY was 
informed of the contamination. Sixty 
personnel were exposed, and a health 
surveillance program was launched.

▪ This included medical exams and 
testing for PCBs, PCDDs, and PCDFs.

Context of the NYC incident 10
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Exposure mechanisms:
▪ Inhalation 
▪ Skin contact
▪ Ingestion

▪ breathing device 
used only if smoke 
was present

▪ Uniform was 
analyzed

▪ No decontamination 
routine

Contamination 11

https://doi.org/10.1080/0003989020960141
1
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https://doi.org/10.1080/00039890209601411
https://doi.org/10.1080/00039890209601411


▪ 2-3 weeks, 3 month and 9 
month post exposure

▪ 73% had a significant 
decrease in serum level 
at the time of follow-up.

Medical analysis 12

▪ 55% with initial symptom 
(including 3 brief medical 
leaves)
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https://doi.org/10.1080/0003989020960141
1

https://doi.org/10.1080/0003989020960141
1

https://doi.org/10.1080/00039890209601411
https://doi.org/10.1080/00039890209601411
https://doi.org/10.1080/00039890209601411
https://doi.org/10.1080/00039890209601411


▪ TEQ (Toxicity 
equivalent)

▪ Average US 
total TEQ  for 
PCDFs and 
PCDDs is 5

▪ 40% have more 
than 40 TEQ

Medical analysis
13
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https://doi.org/10.1080/0003989020960141
1

https://doi.org/10.1080/00039890209601411
https://doi.org/10.1080/00039890209601411


Reminder:
▪ 55% with initial symptom (including 3 brief medical leaves)
▪ 40% have more than 40 TEQ
▪ 73% had a significant decrease in serum level at the time of 

follow-up.
BUT:
▪ They were falsely informed
▪ They did wear a unadapted uniform

Conclusion:
▪ High risk when little to no protection

So what about 
the risk?

14
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▪ In NYC, the HAZMAT incident is declared if PCBs levels > 30 ppm. 
• Based on database or declaration if no data

▪ A health program is launched in response to larger incident

▪ In Switzerland, principle of prevention → heavier equipment all time 
but more adapted in case of chemical hazard.

▪ Construction norm that reduce the risk of contamination in case of 
fire (for the recent building)

Relevant 
Regulations

15
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▪ Improved decontamination protocols for uniforms and gear.

▪ Use of specialized chemical-resistant suits in similar incident.

▪ Routine health surveillance for all firefighters to monitor hazardous 
chemicals

Recommendations 16
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Thank you

17
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https://ontariofireacademy.com/become-a-fi
refighter/
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