ThePharmaBridge.org
Sid Shukla | 916-616-5964 |
siddharthshuklal010@gmail.com

Firefighter Cancer & Exposure Landscape Report:
Full Detailed Blueprint

Section 1 — Executive Summary

Firefighters face a disproportionately high cancer burden compared to the general population. National
cohort data show a 14% higher cancer-related mortality and 9% higher cancer incidence in U.S.
firefighters than expected from general population rates 1 . Certain cancers stand out: mesothelioma
incidence is about double in firefighters (SMR = 2.0) due to legacy asbestos exposure 2 , and testicular
cancer risk is roughly two-fold higher, linked to persistent chemical exposures like PFAS 3 4 . An updated
2025 American Cancer Society study of 470,000 firefighters found particularly sharp elevations in skin
cancer (58% higher mortality) and kidney cancer (40% higher mortality) among firefighters 5 , reinforcing
the unique occupational cancer risk profile in this group.

These elevated cancer rates correlate with high-risk toxic exposures inherent to firefighting. Fire
responders encounter combustion byproducts (e.g. benzene, polycyclic aromatic hydrocarbons (PAHSs),
formaldehyde, heavy metals) in smoke 6 . They are also exposed to per- and polyfluoroalkyl substances
(PFAS), the “forever chemicals” present in firefighting foam and turnout gear 3 . Diesel exhaust from fire
apparatus is another Group 1 carcinogen often infiltrating fire stations 7 . These hazards reach firefighters
via inhalation of smoke and soot, dermal absorption through contaminated gear, and even incidental
ingestion of residues - a multi-route exposure scenario intensifying with each fire.

Despite growing awareness, there are gaps in current cancer prevention approaches for firefighters.
Decontamination and protective practices are unevenly implemented - for example, while “gross
decon” (hosing off gear post-fire) and showering within the hour are recommended, surveys show only
~60-75% of firefighters adhere consistently &8 9 . Many departments lack the infrastructure for optimal
safety: over 50% of U.S. fire stations have no diesel exhaust capture systems, leaving crews chronically
exposed 7 . Preventative health measures (annual occupational medical exams, routine cancer
screenings) are not universally accessible, especially in volunteer or rural departments. Moreover, no
formal system exists to connect firefighters with detoxification resources (e.g. antioxidant therapies or
specialized clinics), and standard healthcare providers often lack occupational exposure expertise 10 .
These gaps mean firefighters may not receive early cancer detection or exposure-specific interventions that
could mitigate long-term risks.

ThePharmaBridge's mission directly addresses this critical problem. By facilitating early detection,
improving detox access, and using Al-driven intake to capture exposure histories, ThePharmaBridge can
fill the identified gaps between firefighter exposures and health outcomes. In essence, this report’s findings
establish why a platform integrating exposure tracking with targeted prevention and wellness strategies is
urgently needed. Connecting firefighters to early cancer screenings, personalized detox regimens (e.g.
glutathione/NAC supplementation), and Al-guided clinical referrals will bridge the current divide
between the firefighting occupation’s risks and the healthcare system’s response. The following sections
provide the detailed evidence and blueprint underpinning ThePharmaBridge's approach.
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Section 2 — Cancer Rates vs General Population

Multiple high-quality studies confirm that U.S. firefighters experience elevated cancer rates compared to the
general population. The landmark NIOSH 30-year cohort study (1950-2009, ~30,000 career firefighters from
Chicago, Philadelphia, and San Francisco) found a modest but significant increase in overall cancer
incidence (SIR = 1.09, 95% CI 1.06-1.12) and cancer mortality (SMR = 1.14, 95% CI 1.10-1.18) "' . In
practical terms, firefighters in this cohort had about 9% more cancer diagnoses and 14% more cancer deaths
than expected based on U.S. population rates 12 . Figure 1 illustrates this all-cancer risk difference,
comparing firefighters to the general population.
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Figure 1: All-cancer incidence and mortality in firefighters vs. general population (index 100 = rate in general
population). Firefighters show a 9% higher incidence of cancer and a 14% higher cancer mortality than expected

111 These findings are based on a 30-year NIOSH study of ~30,000 firefighters, confirming a modest but
significant elevation in cancer risk due to occupational exposures.

Crucially, several specific cancers drive these overall excesses. Table 1 compares the relative risk (RR) of
various cancer types in firefighters versus the general population, aggregating evidence from large cohort
studies and meta-analyses:

Cancer Type Relative Risk (Firefighters vs Gen Pop)
Mesothelioma ~2.0 x (100% higher incidence) 2 13
Testicular cancer ~2.0 x (100% higher incidence) 3 4
Multiple myeloma ~1.5 x (53% higher incidence) 14

Non-H kin | h
on-Hodgkin lymphoma ~1.5 % (51% higher incidence) 15

(NHL)
Melanoma (skin) ~1.3 x (31-39% higher; melanoma and other skin cancers) 16 5
Prostate cancer ~1.3 x (28% higher incidence) 17
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Cancer Type Relative Risk (Firefighters vs Gen Pop)

~1.1-1.4 x (suggestive increase; 40% higher mortality in recent stud
Kidney cancer (sugg °hig y )

5 18
Colon/Colorectal ~1.2 x (21% higher incidence) 19
Leukemia ~1.1 x (14% higher incidence) 20

Table 1: Firefighter cancer risks by type, relative to general population. (Data synthesized from NIOSH
cohort results, meta-analyses, and FCSN/NIOSH summaries 6 4 . Statistically significant elevations are
shown in bold.)

As shown above, mesothelioma is strikingly elevated (~2-fold risk) in firefighters, a direct consequence of
asbestos exposure during structural fires 2 . Testicular cancer is also about twice as common, as multiple
studies (including a meta-analysis of 32 studies) reported a two-fold excess in firefighters 13 4 . Cancers
of the hematopoietic and lymphatic systems, like multiple myeloma and NHL, show ~50% higher incidence
in firefighters 14 . Several solid tumors - notably melanoma of the skin, prostate, colon, and bladder -
have a moderate elevation in risk (~20-40% increase) that has been consistently observed 21 22 .

These findings are backed by authoritative evaluations. In 2022, the International Agency for Research on
Cancer (IARC) formally classified occupational exposure as a firefighter as “carcinogenic to
humans” (Group 1) 23 . The IARC Working Group concluded there is sufficient evidence that firefighting
causes mesothelioma and bladder cancer, with more limited evidence for colon, prostate, testicular
cancers, melanoma, and NHL 23 . This was an upgrade from an earlier (2010) classification of firefighting
as possibly carcinogenic, reflecting the accumulation of stronger epidemiological data in the past decade.

It is important to note differences in risk profiles between structural (municipal) and wildland firefighters.
Most long-term cancer studies (NIOSH, meta-analyses) have focused on urban/structural firefighters, as
data on wildland firefighters are relatively sparse 24 . Wildland firefighters primarily inhale wood smoke
and particulates; they generally face fewer synthetic chemicals than structural firefighters, but often endure
longer smoke exposures without respiratory protection. A risk assessment by Navarro et al. (2019) estimated
that career wildland firefighters could have an 8-43% increased risk of lung cancer mortality depending
on their cumulative smoke particulate exposure 25 . Moreover, wildland crews work outdoors, so they may
incur more UV radiation (raising skin cancer risk) and experience high carbon monoxide levels in wildfire
smoke 26 . While direct epidemiological evidence for wildland firefighter cancers is still emerging, these
differences suggest that structural firefighters might have higher risks of cancers linked to chemical
toxins (e.g. bladder, mesothelioma), whereas wildland firefighters could face elevated risks in cancers
linked to smoke inhalation and sun exposure (e.g. lung cancer, melanoma). Ongoing large-scale studies
(e.g. the Fire Fighter Cancer Cohort Study, and the new National Firefighter Registry) aim to clarify such
nuances in cancer risk between firefighter subgroups 27 28 .

In summary, firefighters have higher cancer rates than the general population across many cancer
types. The excess risk is modest for overall cancer (~1.1-fold) 1 but is statistically significant and especially
pronounced for specific cancers like mesothelioma, testicular cancer, and certain hematological
malignancies. These elevated rates align with firefighters’ known exposures to carcinogens in the line of
duty, as detailed in subsequent sections. Armed with these epidemiological insights, we next examine the
top cancers plaguing firefighters and the occupational exposures underpinning each.
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Section 3 — Top Cancers in Firefighters

Occupational studies consistently identify a set of cancers with the highest relative excess in firefighters.
This section discusses seven of the most prominent firefighter cancers - Testicular cancer, Mesothelioma,
Non-Hodgkin Lymphoma, Multiple Myeloma, Melanoma (skin), Prostate cancer, and Kidney cancer -
outlining the links to fireground exposures, plausible biological mechanisms, and typical latency periods
observed.

+ Testicular Cancer: Firefighters have approximately double the risk of testicular germ-cell tumors
compared to other men 3 13 . One major suspect exposure is PFAS (per- and polyfluoroalkyl
substances), which are used in firefighting foams (AFFF) and even in turnout gear waterproofing.
PFAS are endocrine-disrupting chemicals that accumulate in the body's fatty tissues (including the
testes) and have been linked to testicular cancer in exposed populations 2° . For example, military
firefighters with high serum PFOS (a PFAS compound) showed significantly elevated testicular cancer
risk 3 . Solvents and combustion byproducts may also contribute; many fireground chemicals have
estrogenic or anti-androgenic activity that can perturb the hormonal microenvironment of the testes

30 . Mechanistically, chronic PFAS exposure can induce Sertoli and Leydig cell dysfunction, potential
DNA damage, and hormonal disruption in testicular tissue, promoting carcinogenesis. Latency:
Testicular cancer generally manifests at younger ages than most solid cancers, but when related to
PFAS exposure, a latency of ~15 years has been suggested 31 . Firefighters in their 40s-50s are often
diagnosed, reflecting exposures beginning in early career and a multi-decade development period.

Mesothelioma: Malignant mesothelioma - a cancer of the mesothelial lining of lungs and abdomen
- is strongly associated with asbestos exposure. It is exceedingly rare in the general population but
was found at 2.0 times the expected rate in firefighters 2 , making it one of the clearest
occupational signals. Asbestos was historically prevalent in building materials (insulation, tiles, etc.),
and firefighters often encounter it when responding to older structure fires. Inhaling asbestos fibers,
even in small amounts, can lodge them in the lung's pleura; decades later, this can trigger
mesothelial cell malignancy. Mechanistically, asbestos causes direct DNA and chromosomal damage
and chronic inflammation in mesothelial tissues. Firefighters during the mid-20th century had heavy
asbestos exposure, explaining the elevated mesothelioma seen in long-term cohort studies 2 .
Modern firefighters still face risks when older buildings burn or during overhaul operations without
proper respiratory protection. Latency: Mesothelioma has one of the longest latency periods of any
cancer - typically 20-50 years from first exposure. Thus, many cases appear after retirement. The
NIOSH study noted 12 mesothelioma deaths (SMR 2.00) among firefighters, all linked to probable
asbestos contacts earlier in their careers 2 . This underscores the protracted timeframe of risk: mid-
career exposures might not manifest until the firefighter is in their 70s.

Non-Hodgkin Lymphoma (NHL): Firefighters show a moderate elevation in NHL incidence and
mortality (meta-analysis mRR ~1.12 for incidence 32 ; some cohorts showing ~1.5% risk 15 ). NHL
encompasses cancers of lymphocytes (B or T cells), which can be influenced by chemical exposures
that dysregulate the immune system or directly damage DNA in lymphoid tissues. Benzene is a
notable culprit - a common product of combustion (e.g. in smoke and diesel exhaust) that is a
known leukemogen and lymphomagen. Firefighters inhale benzene at fire scenes (vehicle fires,
structure fires) and during diesel exhaust exposure in stations 33 . Chronic benzene exposure causes
DNA adducts and chromosomal aberrations in blood progenitor cells, which can lead to lymphomas.
Other firefighting chemicals such as formaldehyde, dioxins, and styrene (from plastics
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combustion) are also implicated as possible NHL risks; many are classified as Group 1 or 2A
carcinogens that can affect the lymphatic system 34 . Mechanistically, these agents may induce
mutations in lymphocytes or disrupt immune surveillance. Latency: The latency for chemically
induced NHL is typically on the order of 10-20 years. Many firefighter NHL cases occur in mid-to-late
career or post-retirement, consistent with cumulative exposure over time. Notably, a recent update
found firefighters’ NHL mortality was significantly elevated in extended follow-up (observed in
the 2020 NIOSH update) 35, reinforcing that risk becomes apparent after long latency.

Multiple Myeloma: Multiple myeloma (MM) is a malignancy of plasma cells in bone marrow. It has
been less studied than some cancers in firefighters but appears elevated (~1.5% incidence in meta-
analyses) 14 . Firefighters’' long-term exposure to benzene and other aromatic hydrocarbons is a
plausible risk factor, as benzene is linked not only to leukemia but also to increased myeloma in
some industrial cohorts. Combustion byproducts like PAHs and polychlorinated biphenyls (PCBs)
(from electrical fires) may also play a role; these substances can be immunotoxic and genotoxic,
potentially contributing to plasma cell malignancy. Additionally, formaldehyde exposure (a known
leukemic agent present in smoke) could extend to myeloma risk. Mechanistically, repeated toxic
injury to bone marrow stem cells or immune dysregulation from chronic chemical exposure can set
the stage for monoclonal plasma cell expansion. Firefighters absorb such toxins via inhalation and
dermal routes; for instance, PAH metabolites have been measured in firefighters' urine after fires 36
37 , indicating systemic uptake that could reach the marrow. Latency: Multiple myeloma typically
has a long latency, often developing in the 50s or 60s. Firefighters with 20+ years on the job are the
ones in whom myeloma risk becomes elevated, aligning with a cumulative exposure model. Indeed,
case-control research in California found higher odds of myeloma among senior firefighters 38 .

Melanoma (Skin Cancer): Melanoma is consistently found at higher rates in firefighters
(approximately 1.3-1.4x the risk) 16 . Two factors unique to firefighting likely contribute: dermal
exposure to PAHs and excess UV radiation. During fires, firefighters are exposed to PAHs like
benzo[alpyrene, a potent skin carcinogen, which can deposit on skin and gear. Studies have shown
firefighters can absorb PAHs through the skin - even with protective clothing - especially at areas of
thin skin or high sweat (e.g. neck, jaw) 39 . If gear decon is insufficient, these carcinogens remain on
the skin for hours. PAHs cause DNA mutations in skin cells and, combined with chronic inflammation
from soot, can initiate melanoma or other skin cancers. Concurrently, firefighters responding to
outdoor incidents or wildfires have increased sun exposure (both during firefighting and often
during downtime at the fireground). UV radiation is a well-known cause of melanoma. The
combination of chemical carcinogens and UV may synergistically heighten skin cancer risk.
Mechanism: PAHs bind to DNA in skin cells forming adducts, while UV causes direct DNA damage;
both pathways can hit the same cells. Firefighters also may experience immune suppression from
stress and interrupted sleep (circadian disruption), reducing skin cancer immunosurveillance.
Latency: Melanomas can develop in a relatively shorter latency (possibly 5-15 years post-exposure)
compared to internal cancers. Indeed, cases of melanoma have been reported even in middle-aged
firefighters. One large case-control study (Tsai et al. 2015) found elevated odds of melanoma in
active firefighters 27 , suggesting that increased vigilance for skin changes should start early in a
firefighter's career.

Prostate Cancer: Prostate cancer is one of the most common cancers in men, and firefighters show
a modestly higher incidence (approximately 1.2-1.3x) 40 17 _ Several occupational exposures and
conditions in firefighting could influence prostate carcinogenesis. Endocrine-disrupting chemicals
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are a key suspect: many combustion byproducts (like some PAHs, dioxins, PCBs, and flame
retardants) have estrogenic or anti-androgenic effects 30 . Firefighters’ gear has been found to be
contaminated with phthalates and flame retardant residues that exhibit estrogen-like activity 4!

42, Such hormonal perturbations can contribute to prostate tumor development, as the prostate is
highly hormone-sensitive. Additionally, night shift work (common in firefighting due to 24-hour
shifts) is recognized as a probable carcinogen (IARC Group 2A) that may increase prostate cancer risk
via circadian rhythm disruption and lowered melatonin. Firefighters often have erratic sleep
schedules, which may partly underlie higher prostate risk. Mechanistically, circadian disruption can
alter testosterone regulation and immune function. Moreover, heavy metal exposures like
cadmium (a known risk factor for prostate cancer) can occur in fires (cadmium is present in some
batteries, paints, and plastics that may burn). Latency: Prostate cancer typically has a long latency
and is mostly a disease of aging; thus, firefighters usually are diagnosed near or after retirement
age. However, some studies indicate firefighters may start showing elevated prostate cancer rates in
their 50s. For instance, a Florida firefighter cancer assessment found firefighting was associated with
increased prostate cancer incidence in men, even controlling for age 43 . This suggests that
occupational exposure accelerates what is otherwise an age-driven cancer, warranting earlier and
more frequent screening for firefighters.

Kidney Cancer: Renal cell carcinoma (kidney cancer) has emerged as a concern in newer firefighter
studies. While earlier analyses showed only a slight, non-significant elevation (meta-incidence RR
~1.1) 44, more recent data (like the 2025 ACS study) indicate firefighters have about a 40% higher
mortality from kidney cancer compared to other workers 5 . Cadmium and arsenic, both known
renal carcinogens, can be encountered in smoke from burning pressure-treated wood, electronics,
and other materials. Chlorinated solvents (e.g. trichloroethylene, a known kidney carcinogen) may
also be present at fires (from degreasers, refrigerants, etc.) and in firefighting foam or cleaning
products. Firefighters might inhale or absorb these substances during incidents, and the toxins then
circulate to the kidneys for excretion, potentially damaging renal tubule cells. Another significant
exposure is diesel exhaust: recent evidence suggests that chronic exposure to diesel particulate and
exhaust chemicals correlates with higher kidney cancer incidence 45 46 . Diesel exhaust contains
aromatic amines and PAHs that preferentially affect the urinary tract (bladder and kidneys).
Mechanistically, kidney carcinogens often induce mutations in renal cells or promote chronic
nephritis that can lead to cancer over decades. Latency: Kidney cancer often develops after
prolonged exposure and typically in older age (60s). Firefighters with long service (20+ years) are the
ones starting to show elevated kidney cancer cases; indeed, risk was “strongest for..kidney” in
firefighters after >30 years follow-up 47 5 . This long latency aligns with cumulative toxin dose to
the kidneys over a career. Importantly, a 2023 urinary biomonitoring study found firefighters had
elevated biomarkers that signal risk for urological cancers (including kidney) after fire responses
48 , reinforcing biologically that even short-term fire exposures reach the kidneys.

Each cancer above underscores a theme: specific fireground exposures can be mapped to
corresponding cancer risks in firefighters. There is a latency of one to several decades in most cases,
meaning today's exposures dictate cancers in the future. It is also notable that many of these cancers
(testicular, prostate, melanoma, etc.) are potentially curable with early detection - highlighting the
importance of vigilant screening for firefighters. Before addressing early detection gaps (Section 6), we
delve deeper into the exposures themselves in the next section, to understand how and when firefighters
are encountering these carcinogenic hazards.
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Section 4 — The Exposures

Firefighters are occupationally exposed to a complex mix of carcinogens and toxicants through every
phase of their work. This section breaks down firefighter exposures into five key categories:

A. Combustion Byproducts - the suite of chemicals released by fires;

B. PFAS (“Forever Chemicals”) - fluorinated compounds from foams and gear;

C. Diesel Exhaust - emissions from fire apparatus engines;

D. Gear Contamination & Off-gassing - toxins that accumulate on and emit from PPE;
E. Wildland Fire Smoke Exposure - unique hazards from wildfires.

For each category, we describe the primary chemical agents, routes of firefighter exposure (inhalation,
dermal absorption, ingestion), typical duration/frequency, and cumulative burden over a career.

A. Combustion Byproducts (Smoke & Soot)

When materials burn, they release a toxic cocktail of combustion byproducts. Firefighters battling
structure and vehicle fires are immersed in smoke that contains numerous known carcinogens and irritants.
Key examples include:

* Benzene: A volatile organic compound (VOC) present in virtually all smoke (from burning wood,
plastics, gasoline, etc.). Benzene is classified by IARC as Group 1 (carcinogenic to humans) and is
strongly linked to leukemia and lymphoma. Firefighters inhale benzene at the fire scene, especially
in the early stages of a fire and during overhaul when smoldering materials continue to off-gas.
Benzene can also be absorbed dermally to some extent if it adsorbs onto soot particles on the skin.
Exposure frequency: nearly every fire, especially enclosed structure fires, produces some benzene.
Short-term peak exposures occur when not wearing SCBA (self-contained breathing apparatus) or if
SCBA is removed too early. Chronic exposure accrues from repeated fires over years.

Polycyclic Aromatic Hydrocarbons (PAHs): These are a class of byproducts from incomplete
combustion of carbon materials. Examples: benzo[alpyrene, chrysene, phenanthrene. PAHs are
heavy molecules that adhere to soot and smoke particles. Many PAHs are Group 1 or 2A
carcinogens (benzo[alpyrene is Group 1, known to cause lung and skin cancer 49 ). Firefighters
inhale PAHs in smoke and also get them on their skin when soot lands on gear and penetrates gaps
(neck, wrists). Notably, studies have detected elevated PAH metabolites in firefighters’ urine after
working fires, confirming absorption 36 37 . Exposure duration: PAHs can linger; even after the fire
is out, soot on gear and surfaces continues to expose firefighters (hence the push for immediate
gross decon). Cumulative PAH exposure (a driver of lung, skin, and bladder cancer) builds with each
fire.

Formaldehyde: A gas released from burning wood, fabrics, and synthetic materials (e.g. insulation,
furniture). Formaldehyde is a Group 1 carcinogen for nasopharyngeal cancer and leukemia. In a
fire, formaldehyde contributes to the sharp, irritating quality of smoke. Firefighters inhaling even
brief high concentrations (common during knockdown and overhaul) get acute airway and eye
irritation, and chronic low-level inhalation may damage respiratory tissues over time. Formaldehyde
is water-soluble, so it primarily affects the upper airways and eyes, but some reaches the lungs and
blood. Exposure route: inhalation is primary; it's unlikely to significantly absorb through skin due to
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its volatility, but can stick to moist surfaces (like the eyes, throat). Repeated formaldehyde exposure
over years could increase risks of throat and nose cancers and has been implicated in myeloid
leukemia risk (through bone marrow effects).

Acrolein, Hydrogen Cyanide (HCN), Carbon Monoxide (CO): These acute toxicants are abundant in
smoke (especially from plastics, foams, and wool). While not direct carcinogens, they are relevant
exposure burdens. HCN (from burning nitrogen-containing materials) is extremely dangerous
acutely, and CO is the classic cause of acute smoke inhalation injury. Chronic exposure to these can
weaken the cardiovascular and neurological health of firefighters, indirectly affecting long-term
wellness and potentially immune function. In terms of cancer, CO and acrolein are more short-term
hazards; however, their presence often indicates concurrent carcinogens are present (they coexist
with PAHs, benzene, etc. in smoke). Exposure frequency: high in every fire's active phase; typically
mitigated by SCBA use during firefight, but exposures spike if SCBA is removed during overhaul
while these gases are still emitting.

Heavy Metals (e.g. Arsenic, Cadmium, Lead): Combustion can volatilize metals found in building
components and electronics. Cadmium (Group 1 carcinogen for lung cancer, and implicated in
prostate/kidney cancer) is found in batteries, pigments, and plastics; when these burn, cadmium
fumes and smoke particulates can be inhaled by firefighters. Arsenic (Group 1, causes lung, skin,
bladder cancer) can be present in treated wood (older lumber was arsenic-treated) or certain alloys.
Lead from paints and pipes can also become airborne as fume/ash. Firefighters mainly inhale these
metal particles; some can settle on skin and be absorbed or inadvertently ingested (hand-to-mouth
contact during rehab, if hygiene is poor). Over years, metals can accumulate in the body. For
example, cadmium accumulates in the kidney and can contribute to renal dysfunction and cancer
risk 50 . Exposure route and frequency: inhalation of smoke and soot is primary; dermal
absorption is secondary (some metals like arsenic can absorb through skin). Frequency depends on
encountering materials - e.g. an electronics factory fire or car fire might have high metal smoke.
Cumulatively, structural firefighters in industrial areas could amass significant metal exposure.

Dioxins and Furans: These highly toxic compounds form when chlorinated products burn (e.g. PVC
plastic, certain pesticides). They are persistent organic pollutants and known carcinogens (TCDD
dioxin is Group 1, linked to soft-tissue sarcoma, non-Hodgkin lymphoma, etc.). Firefighters may
encounter dioxins when fighting fires in structures loaded with PVC pipes, vinyl siding, or when
electronic equipment burns. Dioxins attach to soot particles; firefighters can ingest or absorb them
through skin contact with soot (dermal absorption of dioxins is significant - they dissolve in skin oils).
Over time, even small doses accumulate in body fat (they have very long biological half-lives).
Exposure route: mainly dermal (soot contact) and ingestion (contaminated hands/food), less by
inhalation (though inhalation of particles is possible). Cumulative burden: dioxins are a long-term
concern - a firefighter's body burden could increase with each exposure, potentially contributing to
cancers of the immune and endocrine systems.

In summary, combustion byproducts present a multi-faceted exposure hazard - a firefighter in a smoky
environment is simultaneously exposed to a soup of carcinogens (benzene, PAHs, formaldehyde, asbestos if
present, metals, etc.) along with acute toxins (CO, HCN). The inhalation route is dominant during active
firefighting (hence the critical importance of SCBA), but dermal absorption and ingestion become
significant during the after-fire period when contaminated soot covers gear and skin. The duration of
exposure is typically minutes to hours per incident, but without proper decontamination, firefighters can
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continue to be exposed for hours after (e.g. riding back in an engine while wearing soiled gear can result in
off-gassing inhalation and skin exposure). Over a 20- or 30-year career, these intermittent exposures add
up, explaining why epidemiologic studies find elevated cancers tied to these agents (digestive cancers from
PAHs 6 ,lung cancer after long latency 57, etc.).

B. PFAS (Per- and Polyfluoroalkyl Substances)

PFAS are synthetic fluorinated chemicals nicknamed “forever chemicals” because they resist degradation.
They have been widely used in firefighting foams (AFFF - Aqueous Film-Forming Foam) for flammable liquid
fires, and in firefighter turnout gear for water, oil, and stain resistance. Firefighters' PFAS exposures come
from two main sources: AFFF use and protective gear.

AFFF Foam: Many firefighters (especially those in military, airport, or large municipal departments) train
with or respond to fuel fires using PFAS-containing foams. During training exercises or incidents, foam can
get on a firefighter’s skin or gear, or they may inhale aerosolized foam droplets. PFAS in foam (notably PFOS
and PFOA) can then absorb through skin or be incidentally ingested (e.g. via hand-to-mouth). Firefighters
working at crash sites or oil refinery fires historically had heavy exposure. Studies of military firefighters
found significantly higher blood PFOS/PFOA levels in those who used AFFF regularly 52 29 .

Turnout Gear: Many modern turnout jackets and pants are coated with PFAS-based finishes for
waterproofing. This means firefighters carry PFAS on them every shift. Research indicates that PFAS can
shed from gear fibers or off-gas as the gear heats up. Inside fire stations, air and dust samples near gear
storage have shown PFAS presence, implying firefighters can inhale or ingest PFAS just from their gear
being in living quarters. Handling the gear (especially older, breaking-down gear) can transfer PFAS to the
skin. Over time, the durable gear could be a continuous low-dose source of PFAS exposure.

Health relevance: Certain PFAS (like PFOA, PFOS) are linked to cancers - notably kidney and testicular
cancer - in exposed human cohorts 50 . IARC has classified PFOA as possibly carcinogenic to humans
(Group 2B) with evidence for testicular and kidney tumors. In firefighters, as discussed, testicular cancer
excess is plausibly linked to PFAS from foam/gear. PFAS are also endocrine disruptors; beyond cancer, they
can affect thyroid function, lipid metabolism, and immune response - all relevant to long-term firefighter
health.

Exposure routes & kinetics: PFAS exposure is primarily via ingestion and dermal absorption (inhalation
is less common unless in aerosol form). Firefighters might ingest PFAS by eating/drinking with
contaminated hands or in a station environment with PFAS-laden dust (lack of hygiene leads to ingestion of
settled dust). Dermal exposure occurs when sweaty skin contacts PFAS on gear - some PFAS compounds
can cross the skin barrier, especially if the skin is damaged or warm. Once in the body, PFAS have very long
half-lives (years). They circulate and accumulate, primarily in blood, liver, and some in kidneys and testes.
The cumulative burden can build every year of service.

For example, a firefighter starting in 2000 might have used legacy PFOS foams and now has elevated PFOS
in blood; even if PFOS use stopped, that PFOS remains for decades in blood. Meanwhile, newer C6 foams
and gear still contribute other PFAS. Therefore, a veteran firefighter often has a PFAS blood profile much
higher than the general public 29 .


https://stacks.cdc.gov/view/cdc/195199#:~:text=%28SMR%3D1.14%2C%2095,under%20differing%20assumptions%20and%20analytic
https://pressroom.cancer.org/Firefighters-Face-Increased-Mortality-Rates#:~:text=Results%20showed%20that%20being%20a,up
https://www.elglaw.com/blog/statistics-of-testicular-cancer-firefighters-pfas/#:~:text=Recently%2C%20a%20study%20conducted%20by,who%20also%20served%20as%20firefighters
https://www.elglaw.com/blog/statistics-of-testicular-cancer-firefighters-pfas/#:~:text=Research%20shows%20that%20firefighters%20are,for%20testicular%20cancer
https://www.publichealth.va.gov/exposures/pfas.asp#:~:text=Health%20www,and%20other%20occupations%20with
https://www.elglaw.com/blog/statistics-of-testicular-cancer-firefighters-pfas/#:~:text=Research%20shows%20that%20firefighters%20are,for%20testicular%20cancer

Exposure frequency: PFAS exposure from gear is chronic (daily wearing of gear). From foam, it's episodic
(trainings, specific fire calls). Firefighters in specialized roles (hazmat, ARFF - Aircraft Rescue Firefighting)
have higher frequency foam use. Some departments have phased out PFAS foams recently, but legacy
contamination in trucks, equipment, and even firefighters’ bodies persists.

In summary, PFAS represent an insidious, long-term exposure for firefighters. The risk is not
immediately felt (PFAS are not acutely toxic at the doses encountered), but the health effects accumulate.
This category of exposure is a newer concern (under serious study only in the last decade), and it uniquely
links the firefighter occupation to cancers like testicular and kidney which were otherwise unexplained by
classic fireground smoke. Reducing PFAS exposure is challenging since it's built into gear - a big motivation
for gear manufacturers now exploring PFAS-free gear. Until then, any solution (from better laundering to
policy changes in foam usage) can help mitigate this long-term burden.

C. Diesel Exhaust

Fire stations often house diesel-powered fire apparatus (engines, ladder trucks, ambulances). Diesel
exhaust is a complex mixture of soot (particulate matter) and gases resulting from combustion of diesel
fuel. In 2012, IARC classified diesel engine exhaust as Group 1 carcinogenic to humans, with strong
evidence linking occupational diesel exposure to lung cancer (and some evidence for bladder cancer) 53 .
Firefighters can be significantly exposed to diesel exhaust in two scenarios: within fire stations (apparatus
bays) and during responses (when operating or standing near running engines).

Station-level exposures: When fire vehicles start up or return to the bay, without adequate exhaust
capture, they emit clouds of diesel particulates and gases that can linger in the station. Many older or
smaller firehouses lack source-capture ventilation; thus, soot can settle on surfaces (including kitchen and
sleeping quarters if not isolated) and exhaust fumes accumulate in the air. Measurements in some stations
have found alarmingly high particulate concentrations after trucks exit or back in 54 7 . Firefighters living
24/48-hour shifts in such stations essentially breathe diluted diesel exhaust for hours - even off-duty
firefighters visiting or performing maintenance can be exposed.

On-scene exposures: Fire apparatus often remain idling at fire scenes to power pumps, lights, etc.
Firefighters working near running engines (e.g. the pump operator or crews staging near the truck) inhale
exhaust, especially if multiple vehicles are operating in a confined area. Additionally, during wildland fires or
large incidents, apparatus may create a haze of diesel smoke at base camps or along fire lines.

Composition and health effects: Diesel exhaust contains fine particulate matter (PM2.5) which carries
adsorbed PAHs and metals into the deep lung. It also has gases like nitrogen dioxide, sulfur compounds,
and hundreds of organic chemicals (some overlapping with fire smoke constituents). Chronic inhalation of
diesel soot causes lung inflammation and DNA damage in lung cells, explaining the elevated lung cancer
rates in exposed occupations 55 . Firefighters with heavy station exposure may also have increased risk of
bladder cancer, since certain PAHs in diesel exhaust (like 3-nitrobenzanthrone) are known bladder
carcinogens - inhaled particles can be cleared and excreted via urine, affecting the bladder epithelium.

Exposure metrics: A notable data point - about 56-59% of U.S. fire stations do not have diesel exhaust
extraction systems as of recent surveys 7 . That equates to tens of thousands of firefighters potentially
breathing exhaust daily. Those departments that have installed systems (like plymovent hoses attached to
tailpipes or high-powered fans) drastically reduce this exposure. The difference in a firefighter's diesel soot
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uptake between a controlled station and an uncontrolled one is reflected in particulate measurements and
even biomarkers. Diesel soot can be measured as elemental carbon on filters - in some uncontrolled
stations, levels have exceeded recommended limits after an engine runs 54 .

Route: Inhalation is the primary route for diesel exhaust. The very fine particles (<1 micron) can also enter
circulation from the lungs. Dermal exposure is minimal (except maybe deposition of soot on skin, which is
minor compared to inhalation). Ingestion could occur indirectly (soot settling on food surfaces), but that's
less of a concern.

Off-duty risks: Interestingly, firefighters may also have diesel exposure outside the station - e.g., volunteer
firefighters who respond in personal diesel trucks, or career firefighters commuting long distances in diesel
vehicles. However, these are small compared to the concentrated exposures in apparatus bays.

The cumulative burden of diesel exhaust is akin to a firefighter being a part-time mechanic or truck driver.
If a firefighter spends cumulative years in a station with poor ventilation, their lung's exposure could rival
that of transportation workers. This chronic burden can help explain why even firefighters who avoided a lot
of fires still show some elevated cancer risk - the station environment itself can be a source of carcinogens.

Beyond cancer, diesel exhaust also contributes to respiratory diseases (chronic bronchitis, decreased lung
function) and possibly cardiovascular issues due to particulate-induced inflammation. In context,
addressing diesel exhaust is “low-hanging fruit” for prevention - engineering controls exist. Many
organizations (NIOSH, IAFF) strongly recommend source-capture exhaust systems and no idling policies

56 . The gap is largely funding and compliance: smaller/rural stations often lack the budget for upgrades,
which is why more than half remain without these protections 7 .

D. Gear Contamination & Off-gassing

Firefighter Personal Protective Equipment (PPE) - turnout coat, bunker pants, helmet, hood, gloves, SCBA -
is lifesaving during a fire, but it can become a toxic sponge. During fire exposure, the outer and inner layers
of gear trap smoke particles, soot, and volatile compounds. After the fire, this contaminated gear continues
to off-gas chemicals and can cross-contaminate other environments (trucks, fire stations, even homes). This
category of exposure has gained attention recently under initiatives like “clean cab” and “wash your hood”
campaigns, aiming to break the secondary exposure cycle.

Off-gassing: Studies have shown that gear that was worn in a fire will emit volatile compounds for some
time after. For example, a soiled turnout jacket can off-gas compounds like benzene, toluene,
naphthalene, and acrolein for hours in an enclosed space (like the cab of an engine or the gear locker) 57

41 _ Firefighters riding back from a fire, if not removing gear or not segregating it, are essentially breathing
those off-gassed fumes in the vehicle. In the station, gear hung in the locker room can raise ambient levels
of certain VOCs. In one controlled test, researchers noted that contaminants on gear led to measurable
airborne PAHs and phthalates in a closed room for over an hour post-incident 41 .

Dermal contact and persistence: Contaminated gear and equipment also transfer soot and liquids to skin
on contact. A classic example is the firefighter's hood (the fabric that protects the neck/face); hoods often
become saturated with soot around the jawline and neck. If not cleaned, every time that hood is worn the
firefighter's skin is re-exposed to whatever is embedded in it. The neck and lower jaw have thinner skin,
which has been shown to absorb carcinogens (like PAHs) readily - indeed, elevated levels of PAH
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metabolites in firefighters correlate with soot deposition on neck skin 8 . Gloves and turnout pants can
likewise transfer contaminants to hands and body if not handled carefully.

Cross-contamination into living spaces: It used to be common for firefighters to take their gear home or
keep it in personal vehicles. This practice, now discouraged, led to home contamination - family members
could be indirectly exposed (e.g. carcinogenic dust in the car or house). Even within the station, if gear is
stored in open air or brought into dormitories, it can contaminate those areas. One noteworthy pathway is
via washing machines: cleaning heavily soiled gear in a shared washer can deposit contaminants that then
get on regular clothes if not managed with special procedures.

Duration of exposure: Gear contamination extends the exposure window from the duration of the fire
(maybe 30 minutes) to potentially the entire day or more after the fire. For example, without gross decon, a
firefighter might wear the same soot-laden gear to the station, sit in it during incident debrief, and only
clean up an hour later - that's an extra hour of inhalation and dermal exposure. If the gear isn't thoroughly
cleaned soon, each subsequent handling is an exposure. Cumulatively, this means a significant portion of a
firefighter's carcinogen exposure could occur after the flames are out.

Main culprits retained in gear: Soot contains PAHs, metals, and other semi-volatile organics that adhere
to textiles. Also, flame retardant chemicals from household items (like polybrominated diphenyl ethers,
which are themselves endocrine disruptors) can stick to gear. These can have hormone-disrupting activities
and have been detected on firefighters' clothing and skin 41 . As mentioned earlier, phthalates (from
melted plastics) were found to significantly contaminate gear, and these show estrogenic activity that could
be linked to prostate and testicular cancer risk 30 .

Mitigation efforts: To address this exposure, many departments have adopted “clean cab” policies -
meaning contaminated gear is bagged and kept out of the passenger compartment on the return trip.
Gross decontamination on scene (e.g. rinsing gear with water, using soap solutions to remove soot) can
dramatically cut down the residues. A study by NIOSH found that on-scene gross decon reduced PAH
contamination on gear by ~85% and also lowered firefighters’ urinary PAH metabolites accordingly 58 .
Additionally, providing a second set of gear allows one set to be cleaned while the other is used,
minimizing wearing dirty gear.

Reality gap: Despite recommendations, surveys reveal many firefighters do not consistently perform on-
scene decon or may downplay its importance due to time or cultural habits. One survey in Florida found
only ~15% of firefighters regularly performed all recommended decontamination steps post-fire 9 .
Reasons include lack of equipment (not all engines carry decon Kkits), urgency to pack up and return to
service, or the outdated perception that a sooty helmet/gear is a “badge of honor.” This gap between best
practice and practice means gear contamination remains a significant contributor to exposure in the real
world.

In essence, firefighter PPE can ironically become a secondary source of carcinogen exposure.
Addressing this requires changes in both technology (easy-to-clean gear, on-scene decon tools) and
behavior (strict protocols to shower and change within the hour - often phrased as “Shower Within the
Hour” 59 ). It's worth highlighting this is an area ThePharmaBridge and similar initiatives can influence by
education and by tracking compliance (for example, logging exposure events and decon actions in an app
could reinforce behavior).
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E. Wildland Fire Exposure

Wildland firefighters (and structural firefighters during wildland urban interface fires) encounter a
somewhat different exposure profile characterized by massive smoke inhalation, particulate matter, and
unique fireground conditions. While structural fire smoke comes from buildings and contents, wildland
fire smoke comes from burning vegetation (trees, brush) and often large geographical areas over extended
periods. Key exposure aspects for wildland scenarios include:

* Particulates (PM2.5 and PM10): Wildfire smoke is dominated by fine particles from burning
biomass. These particles (a mixture of black carbon, organic carbon, and ash) can penetrate deep
into the lungs. Wildland firefighters, often lacking SCBA (because it's impractical for long hikes and
hours of work), breathe this particulate-rich smoke sometimes for entire shifts. The particulate levels
on the fireline can far exceed occupational exposure limits, especially when firefighters are
downwind of active flame fronts or working in smoldering areas with poor ventilation. Adetona et al.
(2017) measured personal particulate exposures and found exceedances of short-term limits during
certain tasks like mop-up €0 . Chronic exposure: A wildland firefighter might work ~14 days straight
on a major fire, 12-16 hours a day in smoke - a substantially longer continuous exposure than
typical structure fire responses. Over years of seasonal firefighting, the cumulative inhaled dose of
particulates is enormous, raising concern for lung cancer and chronic lung disease.

Carbon Monoxide (CO): CO is a major acute hazard in wildland fires, especially in smoldering phases
or when working in valleys where CO accumulates. While typically below immediately deadly
concentrations, CO can cause headaches, cognitive impairment, and long-term heart strain. Some
studies reported wildland firefighters’ CO exposure occasionally exceeding short-term exposure
limits 26 . Chronic CO exposure may not directly cause cancer, but it indicates poor air quality and
can indirectly affect health (cardiovascular stress).

Aldehydes (Formaldehyde, Acrolein) and Irritants: Burning wood and vegetation releases irritant
gases similar to structure fires, including formaldehyde (also in wood smoke) and acrolein. In
wildland settings, firefighters often note sore throats and irritated respiratory tracts after days in
smoke, a result of these aldehydes. Formaldehyde exposure, as earlier noted, is carcinogenic (nasal
passages, etc.), so prolonged inhalation without protection could elevate those risks.

Polycyclic Aromatic Hydrocarbons (PAHs): Contrary to some assumptions, wildland smoke does
contain PAHs, though generally at lower concentrations than structure fire smoke because pure
wood combustion yields less PAH than plastics. However, when wildfires encroach on urban areas
(WUI fires), they start burning houses, cars, and infrastructure - effectively becoming structure fires
on a large scale. In those cases, wildland firefighters might be exposed to the same PAHs and
plastics-derived toxins as structural firefighters, but potentially on a broader scale (whole
neighborhoods burning, as seen in recent California fires). Traditional wildland crews are not
outfitted with full turnouts and SCBA, so they might actually inhale more of these toxins during WUI
incidents.

Silica and Mineral Dust: In certain wildland operations (e.g., firefighting in desert or chaparral
environments, or after fire when ash becomes airborne), there can be inhalation of fine mineral dust,
including crystalline silica from soil. This is more of a chronic lung disease concern (silicosis risk) but
is part of the exposure landscape.
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« Dermal exposures: Wildland firefighters generally have less encapsulating gear - they often wear
lighter weight flame-resistant clothing (Nomex shirts, etc.). While this reduces heat stress, it also
means more skin is directly exposed to smoke. Soot can deposit on skin and remain there for long
shifts (and washing facilities are limited in the field). So dermal uptake of PAHs or irritants can
happen over large skin surface areas.

+ Heat and hydration factors: Though not chemical, it's worth noting that extreme heat and sweating
in wildland firefighting can exacerbate chemical absorption. Hot skin with open pores and high
blood circulation can absorb contaminants faster. Plus, long hours may lead to compromised
hygiene (e.g. eating a quick meal with soot-covered hands), increasing ingestion of chemicals.

Exposure duration and frequency: A single wildfire incident can last days to weeks, which is different from
the short intense bursts of structural fires. Wildland firefighters might accumulate as many hours of smoke
exposure in one season as a structural firefighter might in a decade of short calls. However, wildland
seasons are seasonal; many wildland firefighters only work part of the year, though seasons are
lengthening with climate change. Structural firefighters who deploy to wildfires occasionally get a
concentrated dose during that deployment.

Chronic impacts: There is concern about lung cancer and possibly other cancers from wildland
firefighting. As noted earlier, risk modeling suggests a notable increase in lung cancer risk (8-43%) from a
career of wildland firefighting 25 . This has yet to be confirmed by long-term epidemiology, but
mechanistically it is plausible given the particulate exposure. Wildland smoke also contains benzene (from
burning plant resins and maybe structures), so leukemia/NHL could be of concern if exposures are high
enough over time.

Another emerging concern is wildfire-specific toxins: Poison oak/ivy smoke (causing severe respiratory
allergic reactions), or smoke from unusual fuels (like plastic pipelines, pesticide-sprayed fields) can yield
unique toxic exposures.

Summary: Wildland fire exposure is characterized by lower concentration per chemical but much longer
exposure time. Whereas a structure firefighter might face extremely high benzene for 15 minutes but then
be clear, a wildland firefighter might face moderately elevated benzene for 10 hours straight. The health
effects of chronic smoke inhalation include not just cancer, but also pulmonary disease (some studies show
decreased lung function in wildland firefighters over a season). The mix of inhalation and dermal routes
with infrequent use of respiratory protection makes wildland firefighters a population where improved
respiratory protective strategies (like new portable respirators) are being studied.

In closing this section, it's clear that firefighters - whether structural or wildland - encounter a formidable
array of carcinogens and toxins through varied routes. Inhalation is prominent in active firefighting and
station work, dermal absorption and ingestion become significant during post-fire and station life. The
frequency ranges from daily chronic exposures (diesel, station air, gear off-gassing) to episodic acute
exposures (fire incidents themselves), but all contribute to the cumulative toxic burden on a firefighter’s
body. This exposure landscape directly informs why current prevention measures are in place and where
they are failing, as discussed in the next section.
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Section 5 — Current Prevention Measures

Over the past decade, the fire service has increasingly recognized the cancer risk and implemented various
prevention measures aimed at reducing exposure and catching disease early. This section summarizes the
major current strategies and critically evaluates their effectiveness and the gaps between policy and
practice:

+ Clean Cab Initiatives: The “clean cab” concept dictates that contaminated gear and equipment
should not share the crew compartment with firefighters after an incident. This often involves
storing gear in exterior compartments or bagging it for transport back to the station. Some
departments have even gone as far as designing apparatus with completely separate gear pods. In
theory, clean cab greatly reduces firefighters’ inhalation of off-gassed smoke toxins and dermal
contact with soot during transport (as discussed in Section 4D). Gaps: Implementation is uneven.
Many departments with older apparatus cannot physically separate gear storage, and not all crews
consistently bag gear due to time or lack of bags. In a survey, a significant number of firefighters
admitted to riding back in dirty gear, citing convenience or lack of immediate storage options. Thus,
while the concept is sound (and departments that enforced it saw reductions in cab contamination),
compliance is a challenge, especially in volunteer or busy urban departments where quick
turnaround is critical.

Gross Decontamination on Scene: This involves a quick wash-down of gear and equipment at the
fireground, typically using a hose or specialized decon kits (water, soap, scrub brushes) to remove
bulk soot. Firefighters are also advised to use wet wipes on their face, neck, hands immediately after
exiting the hot zone. Gross decon has been shown to remove a large fraction of PAHs from gear 58
and is relatively low-cost. Adoption: Many departments have added decon buckets on engines and
established SOPs that crews “line up for decon” before rehab. For example, the procedure might be:
stay on air (SCBA) until a hose line sprays you down, scrub gear, then air pack can be removed. Gaps:
Adherence is inconsistent. Cultural factors play a role; some veteran firefighters initially resisted,
feeling it slows operations or isn't “tough.” A 2018 study noted that while ~85% of firefighters
acknowledged gross decon’s importance, only ~44% reported always doing it when available 8 .
Barriers include cold weather (water decon in freezing conditions is problematic), lack of personnel
(small incidents might not have someone to manage decon), or simply oversight in the heat of the
moment. Additionally, gross decon is not 100% effective - it doesn't remove all embedded toxins, so
gear still needs thorough cleaning later.

SCBA Use During Overhaul: Overhaul (the phase after active flames are out, where firefighters dig
through debris to find hidden embers) often has significant toxic smoke and fumes, but historically
firefighters would remove SCBA at this stage, assuming the danger had passed. Now, best practice
strongly urges continued SCBA use throughout overhaul to prevent inhaling smoke that can be
heavy with carcinogens (especially since ventilation may still be poor). Reality: There's improvement,
but compliance is not universal. Firefighters cite SCBA weight and air supply limitations - they may
have used most of their air during fire attack and don't have enough cylinders to stay on air the
entire overhaul. Some departments have implemented policies that fresh crews with full air replace
initial crews for overhaul, to ensure SCBA is worn. Others use portable air purifying respirators as a
lighter alternative (with limited success). A survey by the NFPA found that while nearly all firefighters
wear SCBA during fire attack, a significant percentage (estimates of 30-50%) take it off too early
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during overhaul, especially in volunteer departments or smaller fires. This gap is partly educational
(tradition of removing mask when “fire’s out” persists) and partly logistical.

Station Upgrades (Diesel Capture Systems): To combat diesel exhaust (Section 4C), many stations
have installed exhaust extraction systems: e.g., hoses that attach to apparatus tailpipes and vent
exhaust outside, or high-powered room ventilators. Some newer stations are designed with
negative-pressure apparatus bays and automatic exhaust fans that activate when engines start.
Grants (e.g., FEMA's Assistance to Firefighters Grants) have funded these installations in thousands
of stations. Current state: Progress has been made in urban/career departments, but as noted,
over half of U.S. fire stations still lack these systems 7 , often due to cost or facility age. So while
the technology exists (and is standard in new builds), many older or rural stations remain as-is. Even
where systems are installed, they must be used properly - firefighters need to connect the hose to
the tailpipe, etc. Some health hazard evaluations by NIOSH found that in stations with exhaust
systems, diesel fume levels dropped dramatically 56 , whereas those without were well above
recommended limits. The gap here is primarily funding and infrastructure; awareness is high that
diesel is bad, but not every department has resources to fix it.

Cancer Registries and Screenings: Recognizing the elevated cancer risk, organizations have
pushed for routine medical screenings for firefighters. NFPA 1582, a standard on firefighter medical
exams, now recommends annual or biennial medical evaluations that include cancer screening
appropriate to age (e.g. colonoscopy, skin exams, prostate PSA tests, etc.). Some departments have
partnered with hospitals for special firefighter cancer screening programs, including low-dose CT
scans for lung cancer in older firefighters, and full-body skin checks. For example, the Firefighter
Cancer Support Network (FCSN) has coordinated free skin screening events 61 . Additionally, cancer
registries: The U.S. has launched the National Firefighter Registry (NFR) in 2022, a voluntary
registry to track firefighters’ cancer incidence nationally 37 . This will help identify cases and trends
for research. Gaps: Many firefighters, especially volunteers or those in smaller departments, do not
get regular occupational health exams at all, let alone specialized cancer screening. There's no
national mandate; it's up to local jurisdictions. Some firefighters forego screenings due to fear of
finding something that could sideline their career, or simply inconvenience. As a result, cancers are
still often detected at later stages than ideal. The new NFR is promising, but it's still enrolling and will
take years to yield data - participation needs to be robust (outreach is ongoing to encourage
firefighters to sign up). So, while the awareness for screening has grown (e.qg., Firefighter Cancer
Awareness Month every January promotes “get checked”), the actual implementation across the board
is patchy.

Existing Detox/Pilot Programs: A few fire departments and charities have experimented with
detoxification protocols aimed at eliminating stored toxins from firefighters’ bodies. For instance,
departments in Florida and California have trialed infrared sauna programs where firefighters sit in
saunas post-fire to sweat out toxins 62 . The theory is that sweating can excrete PAHs and metals.
Some have combined this with exercise and niacin supplementation (a protocol similar to those
used for chemical exposure victims) to enhance toxin removal. Additionally, IV therapies like IV
glutathione (a potent antioxidant/detoxifier) and N-acetylcysteine (NAC) supplements have been
tried on small scales - for example, a pilot program in southern California provided weekly IV
glutathione to firefighters to see if it improved their liver function or reduced fatigue 3 . In another
case, a firefighters’ clinic offered NAC after fires to potentially help with smoke inhalation recovery.
Gaps and reception: These approaches are not yet mainstream or officially endorsed by firefighter
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associations pending more evidence. The IAFF and other bodies have actually cautioned against
assuming saunas = detox; a 2018 IAFF bulletin noted there isn't conclusive evidence that saunas
remove carcinogens and they shouldn't replace standard decon 64 . Moreover, resources for such
programs are limited - few departments can afford medical oversight for IV infusions or have on-site
saunas. Florida's experimentation (some firehouses installing saunas) had mixed results, and some
firefighters found it beneficial for wellness, whereas others did not use it. This is very much a gap in
the sense that while these novel prevention ideas exist, they aren’t widely accessible or proven,
reflecting a need for further research and structured implementation if found effective.

In evaluating these measures overall, a pattern emerges: awareness has improved and policies exist, but
real-world compliance lags. For example, departments might have a rule to shower within the hour, but
maybe only 63% of firefighters actually do so every time & . SCBAs might be available, but wearing them
during overhaul might not be enforced by all officers in the field. Diesel exhaust systems might be present,
but some firefighters may still idle vehicles outside of them for convenience.

Reasons for gaps: They include cultural inertia (“we've always done it this way”), lack of time (volunteers
rushing back to day jobs might skip decon), machismo (unfortunately a factor - the dirty gear image), and
financial/logistical constraints. Additionally, volunteer and rural departments face larger gaps due to limited
budgets and training. A rural firefighter might respond from home without easy access to cleaning facilities
(no on-scene decon unit, maybe no second gear set), so the best practices can fall through.

Another current measure is the rise of presumptive cancer laws in many states, which don't prevent
cancer but ensure firefighters diagnosed with certain cancers are covered by workers’ comp and benefits.
This indirectly encourages prevention because municipalities have a financial incentive to reduce cancer
cases. However, presumptive laws also highlight the problem’s scale and the fact that prevention to date
hasn't eliminated the excess cancer risk.

In conclusion, today's prevention landscape shows positive strides (we are not where we were 20 years ago
- gross decon, clean cab, medical screenings were rare then), yet it also reveals significant gaps between
recommended practice and what's actually happening on the ground. These gaps are precisely where an
organization like ThePharmaBridge can aim interventions - by identifying why those lapses occur and
finding innovative ways to close them (through better education, technology, incentives, etc.). The next
section will delve into those gaps and how ThePharmaBridge plans to fill them.

Section 6 — Gaps Your Org Wants to Fill

Despite the measures described, firefighters remain at heightened cancer risk, underscoring specific gaps
that ThePharmaBridge aims to address. This section highlights those gaps, each substantiated by
evidence from prior sections, and outlines how filling them would improve firefighter health outcomes:

* 1. Lack of Early Detection Infrastructure: There is currently no nationwide, occupation-specific
early cancer detection program for firefighters. While general screening guidelines exist (e.g.
colonoscopy at 45, etc.), they do not account for firefighters' elevated risks at younger ages or for
specific cancers like NHL or kidney cancer. Many firefighters, especially volunteers, do not undergo
annual medical exams that could catch cancers early. The new National Firefighter Registry will track
cancers but doesn't itself perform screening. Why this is critical: Early detection saves lives - for
example, detecting melanoma or colon cancer at an early stage drastically improves prognosis.
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Given firefighters’ 1.3x to 2x risk for these cancers 4 19, waiting for symptomatic presentation is
missing a chance to intervene. Evidence of gap: In one initiative, when nearly 5,000 firefighters were
offered broad cancer screening blood tests (as part of a trial program), numerous previously
unknown cancers were found at treatable stages 65 . The fact that a special program found these
implies they were not being caught in routine care. Additionally, a 2024 report emphasizes the need
for the primary care community to understand firefighter cancer risks and presumably tailor early
detection 10 ., ThePharmaBridge seeks to fill this by facilitating exposure-informed screening - e.g.,
recommending a firefighter who fought many vehicle fires (high benzene exposure) to get annual
blood counts or earlier colonoscopies, or connecting firefighters to screening programs (like low-
dose CT for those with heavy smoke exposure history). Essentially, building an infrastructure
(possibly via an app or partner clinics) that flags high-risk individuals for targeted screening (PSA,
dermoscopy, etc.) is a gap the organization can fill.

2. Inaccessibility of Preventative Therapies (NAC, Glutathione, etc.): There is growing interest in
using chemopreventive or detoxification aids (like antioxidants) for firefighters, but currently these
are not part of standard care and are hard to access. For example, N-acetylcysteine (NAC) is a
supplement that boosts glutathione and could theoretically help the body clear smoke toxins or
mitigate oxidative stress from exposures. Glutathione itself, administered 1V, is touted to help
detoxify heavy metals and enhance liver clearance. However, a firefighter would typically not have
these offered unless they seek out an alternative medicine practitioner on their own. No
departmental medical program currently prescribes antioxidants for exposure (aside from perhaps
vitamin supplements recommended). Why this matters: Firefighters often have high oxidative
stress markers and inflammation after fires; such biological stress can contribute to cancer
development over time. Small studies (or anecdotal reports) suggest that NAC may reduce
respiratory symptoms post-smoke exposure, and glutathione might help with toxic burden (some
fire chiefs have personally funded glutathione treatments for crews in pilot programs ¢6 ). Evidence
of gap: The mere fact that organizations like the Volunteer Firefighter Alliance and private clinics are
stepping in with “detox clinics” for firefighters 6 shows the mainstream system isn't providing it.
Firefighters have to pay out-of-pocket or rely on charity for these interventions. ThePharmaBridge
could fill this gap by making evidence-based preventative therapies accessible - for instance,
partnering with medical providers to offer discounted NAC protocols to firefighters, or including a
glutathione product in a wellness kit. It's important to note any therapy ThePharmaBridge provides
must be backed by evidence; part of the gap is also the lack of large studies on these therapies in
firefighters, which ThePharmaBridge could help facilitate by pilot programs and tracking outcomes.

3. No Routing System for Detox or Exposure-Aware Clinics: When a firefighter finishes a 30-year
career with numerous exposures, there is no formal “detox” or specialized health evaluation
pathway. They return to regular civilian life and primary care doctors who may not fully grasp what
they've been through. There are very few exposure-aware clinics - e.g.,, some universities
(University of Miami, etc.) have firefighter cancer clinics, but these are limited and not widely
advertised. This means firefighters, especially retirees, may not get specialized surveillance or detox
plans. Gap impact: We know from Section 4 that firefighters accumulate persistent toxins (like PFAS,
dioxins). Without some detox intervention or at least monitoring, these remain in their bodies
possibly contributing to late-life cancers. Also, health providers may miss occupational connections;
e.g., a retired firefighter with renal failure might not be asked about past cadmium exposure,
missing an opportunity for proper diagnosis or monitoring for kidney cancer. What
ThePharmaBridge can do: Act as a navigation system - when a firefighter inputs their exposure
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history (e.g., “20 years structural, lots of AFFF use, some asbestos exposures”), the platform could
route them to appropriate services: maybe a partner clinic for PFAS blood testing, or a referral to a
center that does heavy metal chelation if warranted. This kind of personalized routing does not exist
today. As evidence, consider that over 60% of U.S. firefighters are volunteers and often have no
occupational health program at all; they are essentially on their own for health. A national platform
that connects them with knowledgeable practitioners would fill a huge void.

4. Absence of Personalized Exposure-Based Advice: Current health guidance for firefighters is
mostly one-size-fits-all (e.g., “get your annual medical, wear your SCBA, use decon”). While these
general advisories are crucial, they don't account for individual differences in exposure profiles. For
instance, a firefighter who fought predominantly structure fires in a big city might need different
advice than one who primarily responded to wildfires or one who seldom fought fires but spent
decades in a diesel-laden firehouse. Right now, there is no system that takes an individual's detailed
exposure history and gives tailored health recommendations. Why needed: Firefighters often ask,
“What does my exposure to X mean for me?” For example, someone heavily involved in training
academy burns (lots of smoke training) might wonder if they should get extra pulmonary check-ups
- but where do they get that info? Usually from informal sources or not at all. Evidence of gap: The
complexity of exposures (Section 4 shows how varied exposures can be) implies generic advice may
not cover certain edge cases. Perhaps a firefighter with repeated high CO exposure might benefit
from cardiology follow-ups (CO can cause heart issues), but if guidelines don't specify, it won't
happen. ThePharmaBridge can fill this gap with AI-driven intake that produces a risk profile and
generates personalized advice. For example, “Based on your history of X number of wildfires and Y
years of diesel exposure, we recommend annual kidney function tests and a discussion with your
doctor about bladder cancer screening beyond standard guidelines.” This level of personalization is
currently absent in the fire service. Essentially, we move from reactive to proactive, tailored wellness
planning.

5. Rural and Volunteer Department Disadvantage: Fire service members in rural or volunteer
departments face disproportionate gaps. They often lack formal decontamination equipment,
second sets of gear, or even health insurance to access screenings. Many rural firefighters hold
another job and may not prioritize or afford health check-ups. Presumptive cancer laws in some
states might not cover volunteers or may require documentation they don't have. The gap is a
disparity in resources and knowledge between well-funded metro departments and small-town
ones. Evidence: The NFPA's Needs Assessment reports consistently show smaller departments lag in
safety equipment (e.g., majority of departments without exhaust systems are small/rural 7 ). Also,
volunteer firefighters rarely get the comprehensive training on cancer prevention that big city
firefighters do; they might not hear about the latest guidelines. How ThePharmaBridge helps: By
providing an accessible platform available to anyone with internet, it can bring resources to those who
lack departmental support. A volunteer firefighter could use ThePharmaBridge app to document an
exposure and get guidance, something they likely wouldn't get otherwise. The platform can also
aggregate data to advocate for those areas - e.g., showing higher exposure or later cancer
diagnoses in rural vs urban firefighters, which can be used to lobby for funding or mobile screening
programs in rural areas. In short, ThePharmaBridge can level the playing field by giving every
firefighter access to expert information and referrals, not just those in big departments.

* 6. Evidence Confusion and Information Overload: There is a tremendous amount of research and
recommendations out there now - NIOSH reports, IARC monographs, state laws, etc. Firefighters
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and fire officers can be overwhelmed or uncertain about what's truly effective. For example,
conflicting messages: one source says “use saunas”, another says “saunas not proven”; some articles
tout certain supplements, others warn against them. This can lead to skepticism or paralysis (doing
nothing). Additionally, myths can circulate (e.g., “if I get cancer it's just luck, nothing can be done” or
conversely “this one gadget will solve our exposure problem”). The absence of a single authoritative
“source of clarity” is a gap. Evidence of confusion: The CDC felt the need to clarify their firefighter
cancer study because media was misrepresenting data ¢ - indicating even basic stats were
misunderstood. Also, the Firefighter Cancer Support Network FAQ addresses misconceptions
regularly €8 €9 . ThePharmaBridge can serve as a trusted knowledge hub, translating the latest
science (as done in Sections 2-4) into digestible, actionable insights for firefighters. By centralizing
peer-reviewed evidence and best practices and dispelling myths, it fills the knowledge gap. For
instance, the platform could have a dynamic FAQ: “I had X exposure, what does research say I should
do?” and provide an evidence-backed answer. It can also keep an updated repository of vetted detox
methods or prevention tactics, so firefighters and chiefs aren't left sorting through heaps of articles
or vendor claims.

Collectively, addressing these gaps means creating a comprehensive support system that currently does
not exist. ThePharmaBridge envisions providing that system: from first exposure logging, to personalized
health guidance, to connecting firefighters with appropriate care (screenings, detox programs,
specialist clinics), and serving as an educational beacon. By doing so, it can significantly bridge the
divide between what the current firefighter health paradigm is and what it needs to be to truly reduce
occupational disease.

Section 7 — How This Report Informs ThePharmaBridge

The findings and analysis in this report directly shape the design and priorities of ThePharmaBridge
platform. By understanding the cancer & exposure landscape in detail, ThePharmaBridge can tailor its
features to effectively mitigate the identified risks. Here's how key insights inform specific elements of
ThePharmaBridge’s blueprint:

+ AI-Driven Intake Fields: The wide array of exposures (PFAS, PAHs, asbestos, etc.) and the link to
specific cancers (Sections 3 and 4) indicate which data points ThePharmaBridge's intake
questionnaire must capture. For example, fields will include fire service duration, number of fires
fought (or annual fire runs), types of fires (structure vs wildland vs hazmat), use of AFFF foam,
diesel exhaust exposure level (station with or without extractor), and PPE decon habits. By
collecting granular exposure data, the Al can stratify a firefighter's risk profile. The epidemiological
stats from Section 2 (like relative risks for various cancers) will be built into the AI's algorithm. If a
user indicates 25 years of structural firefighting with poor decon practices, the system (informed by
higher digestive/respiratory cancer risks 6 ) might flag them for heightened screening
recommendations. Personalization example: A firefighter heavily involved in training fires (thus
high cumulative smoke exposure) would, via intake data, trigger the AI to suggest early lung
function tests or a low-dose CT scan for lung cancer at a younger age than normally recommended.
In essence, the report’s data allows ThePharmaBridge to create intelligent intake forms that don’t
just collect information but interpret it against known risk models (like those from NIOSH and
IARC). This ensures no critical exposure info is missed - a direct response to the gap of personalized
advice and early detection.
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« Exposure-Based Routing Logic: Armed with a user’s detailed exposure profile, ThePharmaBridge
will employ logic (rules and machine learning) to route that individual to specific next steps or
resources. This report provided the map of exposure—cancer links; ThePharmaBridge converts that
into a routing algorithm. For instance:

« A user with high PFAS exposure (noted foam usage, high PFAS gear era) will be routed to content or
providers for PFAS blood level testing and perhaps enrollment in a PFAS health monitoring
program (given the link to testicular and kidney cancer 50 29 ),

+ A retired firefighter with significant asbestos exposure (e.g., fires in old buildings before 1980)
might be flagged and routed to a specialized mesothelioma screening or a long-term CT
surveillance program, acknowledging the decades-long latency of mesothelioma 2 .

+ For wildland firefighters, the logic may route them to pulmonary clinics for evaluation of any
decrement in lung function and advise skin exams for melanoma given the UV exposure.

« If the intake finds a user is from a rural volunteer department lacking resources, the platform
might prioritize routing them to state-funded firefighter cancer screening events or provide
information on how to access the National Firefighter Registry to ensure they're counted (as they
might not hear about it otherwise).

Essentially, each of the exposures and gaps identified in Sections 4-6 is paired with a solution or resource.
ThePharmaBridge’s role is to connect the firefighter to that solution in a seamless way - this report’s
content serves as the database for making those connections rational and evidence-based.

* First Product Launch (Glutathione/NAC offering): Based on Section 6, antioxidants like
glutathione or NAC were highlighted as potentially beneficial yet inaccessible interventions.
ThePharmaBridge’s inaugural product could be a wellness kit or supplement regimen specifically
formulated for firefighter needs (e.g., to support detox pathways and reduce oxidative stress post-
exposure). The detailed exposure analysis supports this by showing firefighters have high levels of
oxidative DNA damage and toxins (like from diesel, smoke, etc.), which glutathione helps neutralize.
The decision to choose, say, glutathione as a first product is justified by its mechanistic alignment
with firefighters’ needs (detoxifying many smoke carcinogens via the glutathione pathway).
Moreover, the report revealed some departments already experimenting with glutathione IVs 66 ,
indicating acceptance. ThePharmaBridge can take that a step further by offering a science-backed,
convenient form (oral NAC to boost glutathione, or liposomal glutathione supplements) and
making it available to firefighters nationally. The report’s findings on what chemicals firefighters
accumulate (like heavy metals and PAHSs) guided the formulation - e.g., including ingredients known
to chelate metals or support liver function (milk thistle, etc., if evidence supports). And importantly,
ThePharmaBridge will use metrics from this report (like if a user reports high exposures, the app
might recommend trying the detox kit and provide education on how it may help, while also stating
what is and isn't proven - maintaining scientific honesty).

Clinical Partnerships (Exposure-Aware Network): The need for exposure-aware healthcare
providers (Section 6 gap #3) is clear. ThePharmaBridge will establish partnerships with clinics, labs,
and physicians who have experience with firefighter health or at least occupational medicine. This
report's catalog of health issues informs what types of specialists to partner with: dermatologists
(for skin cancer checks given elevated melanoma 16 ), urologists (for prostate and testicular
concerns with PFAS exposure 29 ), oncologists or cancer centers (like those running firefighter
screening programs 70 in New Hampshire or Roswell Park 71 ), pulmonologists (for lung function
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and nodules from smoke), and integrative medicine docs (for detox and prevention strategies). By
referencing this report, ThePharmaBridge can approach these providers with concrete data: e.g.,
showing a local hospital that in firefighters “kidney cancer mortality is 40% higher 5 " to encourage
a partnership for renal ultrasound screening, or showing primary care groups that “firefighters need
tailored screening because of 1.5x risk of NHL and no current guidelines address that.” The national
advocacy piece mentioned in the task is also served: using the rigorous data herein,
ThePharmaBridge can persuade top medical centers and funders (even Harvard/Cornell-level as
noted) that collaborating is both scientifically sound and socially impactful. For example,
ThePharmaBridge could work with an academic center to jointly analyze anonymized data collected
on the platform, contributing back to research (closing the evidence confusion loop by generating
new firefighter health data).

Educational Content Priorities: Finally, this report acts as the blueprint for all educational materials
ThePharmaBridge will produce for funders, fire chiefs, and firefighters. Quotable facts and
statistics from the report (like “Firefighters have a 129% higher risk of dying from mesothelioma

13" or “72% of IAFF line-of-duty deaths in 2023 were due to cancer 72 ") will be used in
presentations and marketing to drive home the need for the platform. The detailed mechanisms and
exposures outlined allow ThePharmaBridge to create authoritative articles, infographics, and
training modules. For instance, a module on “Firefighter exposures 101" can be directly drawn from
Section 4, ensuring consistency and credibility (with references like IARC and NIOSH embedded).
Educational content will also address the noted confusion in evidence: taking the gaps from Section
6, ThePharmaBridge can publish clarifying FAQs (e.g., “Do saunas help? Here's what current research
says 64 ") to become the go-to source for evidence-based answers. Moreover, the connection
between the problem and ThePharmaBridge's mission - explicitly made in the Executive Summary -
will be the narrative core of outreach materials. It paints the picture: exposure to carcinogens is
causing firefighter deaths, and ThePharmaBridge is the bridge to early detection and
prevention that's currently missing.

In summation, every section of this comprehensive report feeds directly into a component of
ThePharmaBridge's strategy. The Executive Summary provides the compelling justification (with hard data)
to secure funding and partnerships. Sections 2-4 give the knowledge base to design the platform’s intake
and educational features. Section 5's review of current measures identifies where ThePharmaBridge can
augment or support what's already being done (for example, complementing cancer registries by ensuring
individuals utilize them, or reinforcing decon compliance through app reminders tied to reported incidents).
Section 6 explicitly lists gaps that translate to ThePharmaBridge's service offerings. By grounding all
decisions in rigorous evidence - as compiled here - ThePharmaBridge positions itself as not just a tech
solution, but a scientifically-informed health ally to firefighters. This alignment of the platform’s design with
the research evidence ensures that ThePharmaBridge will be effective, credible, and truly responsive to the
needs identified in the firefighter cancer and exposure landscape.

Sources: (All sources referenced in-text are listed below for further review, using APA-style citations where
applicable)
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https://pmc.ncbi.nlm.nih.gov/articles/PMC10300491/#:~:text=Colon%20%28C18%29%2010%201,003
https://pmc.ncbi.nlm.nih.gov/articles/PMC10300491/#:~:text=Firefighting%20and%20Cancer%3A%20A%20Meta,mortality%20and%20tended%20to
https://pmc.ncbi.nlm.nih.gov/articles/PMC10300491/#:~:text=,or%20brain%20and%20nervous%20system
https://pmc.ncbi.nlm.nih.gov/articles/PMC10300491/#:~:text=,or%20brain%20and%20nervous%20system
https://pmc.ncbi.nlm.nih.gov/articles/PMC10300491/#:~:text=Prostate%20%28C61%29%2014%201,0.01%200.026
https://pmc.ncbi.nlm.nih.gov/articles/PMC10300491/
https://www.iarc.who.int/news-events/iarc-monographs-volume-132-occupational-exposure-as-a-firefighter/#:~:text=The%20Working%20Group%20evaluated%20occupational,of%20carcinogens%20in%20exposed%20humans
https://www.iarc.who.int/news-events/iarc-monographs-volume-132-occupational-exposure-as-a-firefighter/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4672464/#:~:text=Estrogen%20plays%20a%20major%20role,Reduction
https://pmc.ncbi.nlm.nih.gov/articles/PMC4672464/#:~:text=Further%20identification%20of%20the%20specific,to%20estrogenic%20and%20antiestrogenic%20chemicals
https://pmc.ncbi.nlm.nih.gov/articles/PMC4672464/#:~:text=been%20implicated%20in%20prostate%20and,48
https://pmc.ncbi.nlm.nih.gov/articles/PMC4672464/#:~:text=Unpredictable%20exposure%20can%20occur%20from,unidentified%20harmful%20chemicals%20or%20EDCs
https://pmc.ncbi.nlm.nih.gov/articles/PMC4672464/
https://www.cdc.gov/niosh/hhe/reports/pdfs/2015-0159-3265.pdf#:~:text=,Acute%20health
https://www.cdc.gov/niosh/hhe/reports/pdfs/2015-0159-3265.pdf
https://www.firerescue1.com/cancer/acs-study-firefighters-face-higher-cancer-mortality-with-sharp-rises-in-skin-kidney-cancers#:~:text=ACS%20study%3A%20Firefighters%20face%20higher,Risk%20climbs
https://www.firerescue1.com/cancer/acs-study-firefighters-face-higher-cancer-mortality-with-sharp-rises-in-skin-kidney-cancers#:~:text=,Risk%20climbs
https://www.firerescue1.com/cancer/acs-study-firefighters-face-higher-cancer-mortality-with-sharp-rises-in-skin-kidney-cancers
https://sph.uth.edu/news/story/firefighters-may-be-at-an-increased-risk-of-urological-cancers-study-finds#:~:text=Firefighters%20may%20be%20at%20an,new%20research%20led%20by
https://sph.uth.edu/news/story/firefighters-may-be-at-an-increased-risk-of-urological-cancers-study-finds
https://www.publichealth.va.gov/exposures/pfas.asp#:~:text=Health%20www,and%20other%20occupations%20with
https://www.publichealth.va.gov/exposures/pfas.asp
https://www.firerescue1.com/fire-products/vehicle-equipment/exhaust-removal-systems/source-capture-the-gold-standard-for-keeping-toxins-out-of-fire-stations#:~:text=Source%20capture%3A%20The%20gold%20standard,Group%202A%29%20to
https://www.firerescue1.com/fire-products/vehicle-equipment/exhaust-removal-systems/source-capture-the-gold-standard-for-keeping-toxins-out-of-fire-stations
https://www.firerescue1.com/fire-products/vehicle-equipment/exhaust-removal-systems/source-capture-the-gold-standard-for-keeping-toxins-out-of-fire-stations
https://www.fireapparatusmagazine.com/the-fire-station/the-station-articles/keeping-it-safe-fire-stations-a-national-dilemma-part-2/#:~:text=2%20www,Stations%20without%20backup%20power
https://www.fireapparatusmagazine.com/the-fire-station/the-station-articles/keeping-it-safe-fire-stations-a-national-dilemma-part-2/
https://www.fireapparatusmagazine.com/the-fire-station/the-station-articles/keeping-it-safe-fire-stations-a-national-dilemma-part-2/
https://www.ncbi.nlm.nih.gov/books/NBK590901/#:~:text=Diesel%20Exhaust%20Particulates%20,principally%20in%20transportation%20or
https://www.ncbi.nlm.nih.gov/books/NBK590901/
https://www.plymovent.com/en/insights/news-articles/niosh-reports-underscore-need-for-firefighters-to-use-diesel-exhaust#:~:text=NIOSH%20HHE%20reports%20suggest%20diesel,and%20to%20encourage%20regular%20use
https://www.plymovent.com/en/insights/news-articles/niosh-reports-underscore-need-for-firefighters-to-use-diesel-exhaust
https://pmc.ncbi.nlm.nih.gov/articles/PMC8647371/#:~:text=Evaluation%20of%20Interventions%20to%20Reduce,infrared%20sauna%20treatment%20is%20needed
https://pmc.ncbi.nlm.nih.gov/articles/PMC8647371/

59 Best Practices: Are You Protecting Your Firefighters?
https://www.nhmunicipal.org/town-city-magazine/july-august-2019/best-practices-are-you-protecting-your-firefighters

62 Fire department uses sauna to help prevent cancer - WESH

https://www.wesh.com/article/fire-department-uses-sauna-to-help-prevent-cancer/22043459

63 66 Firefighter Detox Program - Volunteer Fire Foundation
https://www.volunteerfire.org/detox-pilot

64 Sauna Use for detox after fire suppression
https://firstrespondercenter.org/document/sauna-use-for-detox-after-fire-suppression/

65 OneTest for Cancer - Early Detection Saves Lives

https://Ip.onetestforcancer.com/

71 Cancer Screening for First Responders - Buffalo, NY
https://www.roswellpark.org/screening-prevention/cancer-screening-first-responders

72 Fire Fighter Cancer Awareness Month - IAFF

https://www.iaff.org/cancer-awareness-month/
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https://www.nhmunicipal.org/town-city-magazine/july-august-2019/best-practices-are-you-protecting-your-firefighters#:~:text=Best%20Practices%3A%20Are%20You%20Protecting,is%20the
https://www.nhmunicipal.org/town-city-magazine/july-august-2019/best-practices-are-you-protecting-your-firefighters
https://www.wesh.com/article/fire-department-uses-sauna-to-help-prevent-cancer/22043459#:~:text=Fire%20department%20uses%20sauna%20to,Watch%20the%20video%20above
https://www.wesh.com/article/fire-department-uses-sauna-to-help-prevent-cancer/22043459
https://www.volunteerfire.org/detox-pilot#:~:text=Foundation%20www,has%20funded%20his%20firefighters%27
https://www.volunteerfire.org/detox-pilot#:~:text=Foundation%20www,has%20funded%20his%20firefighters%27
https://www.volunteerfire.org/detox-pilot
https://firstrespondercenter.org/document/sauna-use-for-detox-after-fire-suppression/#:~:text=Sauna%20Use%20for%20detox%20after,fire%20decon
https://firstrespondercenter.org/document/sauna-use-for-detox-after-fire-suppression/
https://lp.onetestforcancer.com/#:~:text=OneTest%20for%20Cancer%20%E2%80%93%20Early,firefighters%20are%20more%20prone%20to
https://lp.onetestforcancer.com/
https://www.roswellpark.org/screening-prevention/cancer-screening-first-responders#:~:text=Cancer%20Screening%20for%20First%20Responders,will%20lead%20to%20better
https://www.roswellpark.org/screening-prevention/cancer-screening-first-responders
https://www.iaff.org/cancer-awareness-month/#:~:text=Fire%20Fighter%20Cancer%20Awareness%20Month,have%20robust%20presumptive%20laws%2C
https://www.iaff.org/cancer-awareness-month/
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