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How are firefighters
exposed?

Type Fuel containing halogens

Wildfire -

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

Vehicle Battery

Main halogenated
combustion products

HCI, HF, HBr, chloro-aliphatic
and chloro-aromatic
hydrocarbons (CI-PAHS),
Dioxins and Furans
(PCDD/Fs), Per-fluorinated
chemicals, PCBs, PBDE

HCI, HF, PCDDJFs, CI-PAHS,
COF,, POF,

adapted from table 1.3 of


https://www.ncbi.nlm.nih.gov/books/NBK597249/

=PFL  Risk factors for
firefighters

“Although levels varied between
the two experiments,
polyhalogenated dibenzofurans
were generated in all simulated

Aggravating factors:
= Environments with
halogenated fuels

fires indicating the high = Working solely in city
likelihood that these environments
compounds are generated in - Frequent exposure

most fire debris. These results
are concerning due to the
potential of constant exposure

Protective factors:
= Protective equipment

to halogenated chemicals

of firefighters to these types of » Hygiene, material
compounds.” maintenance
5 Organtini, Kari L. et al. 2015. “Quantitative Analysis of Mixed = Well instructed fi refig hters

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

B Firefighters' ex
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posure
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Health risks of
PCDD/Fs

Exposure mechanisms:

Inhalation
Skin contact
More rarely ingestion

Health effects:

Skin lesions

Reduced reproduction
Impaired immunology
Carcinogenic
Hepatotoxicity
Developmental issues

9 1
8 2
7 3

(0]
cl 6 4 Cl
CDFs



=PFL  Evidence of

toxicology on
animals

Figure 2-2. Overview of the Number of Animal Studies Examining 2,3,7,8-Tetrachlorodibenzo-p-Dioxin
(2,3,7,8-TCDD) Health Effects*

Most studies examined the potential developmental effects of 2,3,7,8-TCDD
All studies evaluated health effects in g (counts represent studies examining endpoint)

B Firefighters' exposure to halogenated chemicals

s m Exposure Route

| | ResearCh On .anlmals Respiratory m / *»4&\
(mostly rats) is well L \
established and — | S T
tOXiCO|Ogy iS We” Musculoskeletal n \ 96% y

. Hepatic \

described e — . 4

= Most of the research Derma sl o
focused on oral Endii:f; e
exposure and acute R— omedat
durations ey o

- Conclusions are that —
these halogenated Othr Noncancer

chemicals are highly
toxic

*Includes studies discussed in Chapter 2. A total of 393 studies (including those finding no effect) have examined toxicity; most studies examined multiple
endpoints.

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
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Evidence of
toxicology on
humans

Research on humans
usually cannot prove
direct toxic
implications

Most likely very toxic
compounds

Rarely specifically
analyzed on
firefighters

Figure 2-1. Overview of the Number of Studies Examining Chlorinated Dibenzo-p-Dioxins (CDDs) Human Health

Effects*
Most studies examined the potential developmental effects of CDDs
All studies evaluated health effects in (counts represent studies examining endpoint)

Death

Body weight -
Respiratory -
Cardiovascular
Gastrointestinal -
Hematological -

Musculoskeletal |3

Hepatic

Renal

Dermal
Ocular
Endocrine
Immunological
Neurological

Reproductive

Developmental
Other Noncancer ——

Cancer

*Includes studies discussed in Chapter 2. A total of 258 studies (including those finding no effect) have examined toxicity; most studies examined multiple
endpoints.

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

=PFL Risk assessment

= |dentify, analyze and evaluate
the risks associated with
firefighters’ exposure to
hazardous chemicals

= PCBs, PCDDs and PCDFs

to halogenated chemicals

= Analyze through an example
from NYC

posure

B Firefighters' ex



=PFL Context of the NYC incident

=  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.

to halogenated chemicals

posure

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

B Firefighters' ex
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B Firefighters' exposure to halogenated chemicals

Contamination

Exposure mechanisms:

Inhalation
Skin contact
Ingestion

breathing device
used only if smoke
was present
Uniform was
analyzed

No decontamination
routine

Firefighter Uniform Contamination

4,050,000

PCBs (pg/100 cm?)
|

56,100 116,000
|
Gloves Outer-coat  Outer-pant cuff
sleeve

Fig. 1. Wipe tests on New York City Fire Department uniforms
were performed 10 days postexposure and revealed elevated
polychlorinated biphenyls (Aroclor 1260 chromatogram pat-
tern) on gloves (maximum = 4,050,000 p;noo cm?), overcoat
sleeves (maximum = 56,100 pg/100 cm®), and the bottom of
the over-pants (maximum = 116,000 pg/100 cm?). (Figure is
not to scale.)

https://doi.ora/10.1080/0003989020960141

11
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Medical analysis

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

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

Serum Levels for PCBs
12

B Postexposure Follow-up

Parts per billion

No. of Firefighters

Fig. 4. Of the 11 wbjeds with serum polychlomnted biphenyl (PCB) levels > 1.9 ppb on ini-
tial p and who p d for follow-up testing, 8 (73%) had a significant
detreae(p- .05) in serum PCB levels. In 1 firefighter, there was no change in serum PCB
levels, and in 2 firefighters there was an increase in serum PCBs.

= 55% with initial symptom
(including 3 brief medical

leaves)

Postexposure Symptoms

12

10

No. of Firefighters

Fig. 2. During comprehensive medical examinations (i.e., i diate and 2-3 wk p

Skin Eyes Neurologic Gastric Respiratory

32 of 58 (55%) firefighters reported initial symptoms. Nine firefighters reponed skin irritation
and/or itching with nonspecific findings on exam. Twenty-six firefighters (47%) reported neu-
rologic complaints, of whom 2 required brief medical leave resulting from headache and anxi-

ety. Gastrointestinal complaints or findings were not reported. Seventeen firefi
ported respiratory complaints, none of which were incapacitating or prolong

ters (29%) re-
in duration.
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Medical analysis

13

= TEQ (TOX|C|ty Serum PCBs, PCDFs, and PCDDs
H 140
equivalent)
120 -
100 -
= Average US § N
g
total TEQ for E 9 X
123
T
PCDFs and & & %
. o é -
PCDDs is 5 *
40 - 39.0
+
27.0
20
o 3.0
= 40% have more . PR L i R
PCB PCB PCB-FUP TEQ TEQ TEQ
th a n 4 O T E Q Lab1 Lab2 Lab2 PCDFs PCDDs Total
Fig. 3. Initial serum polychlorinated biphenyls (PCBs) averaged 2.96 + 1.55 ppb (range = 1.9-9.6 ppb) in Lab 1 and 2.92 + 1.96 ppb
(range = 1.9-11.0 ppb) in Lab 2. Five subjects (8% of those tested) had a serum PCB level > 6 ppb. Follow-up serum PCB levels av-
eraged 2.47 + 1.39 ppb (range = 1.9- 8. 0 ppb) Forty elghl FDNY personnel (80%) agreed to submit serum samples for polychlori-
nated dlbenzo-p-dloxins (PCDDs) and pol fi (PCDFs). The toxic equivalency (TEQ [1998 World Health Or-
ganization)) for total PCDDs and PCDFs averaged 39. 0 + 21 5. Eighteen (as%gbhad a TEQ > 40. Thirty-seven firefighters (77%) had
an elevated TEQ (PCDFs only) greater than the estimated U.S. average of 5,35 and 27 (56%) had a TEQ > 10.

https://doi.org/10.1080/0003989020960141

4
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to halogenated chemicals

posure
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So what about
the risk?

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

14
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posure
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Relevant
Regulations

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)

15
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Recommendations

= 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

16
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