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ABSTRACT

Ultraviolet radiation (UVR) is the main risk factor for the development of skin cancer, and outdoor workers are especially at risk. Despite
this, there is a lack of educational programs, and preventative measures are seldom implemented to protect these workers. This
review discusses the various occupational causes of skin cancer as well as the need for increased skin surveillance and public health
campaigns. Occupational exposures such as UVR, chemicals, and pesticides increase the risk of skin cancer. Examining the various
occupational risks of skin cancers highlights the need for enhanced surveillance, prevention, education, and public health initiatives for
these workers. Dermatologists are urged to tackle these issues to improve outcomes for these individuals.
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he incidence of melanoma and non-melanoma skin

I cancer (NMSC) has been increasing worldwide." NMSC
mainly consists of keratinocyte skin cancer, with about

80% basal cell carcinoma (BCC) and about 20% squamous cell
carcinoma (SCC).2 Studies have shown that 65 to 90% of all

skin cancers are attributable to solar ultraviolet radiation (UVR)
exposure.®4

This exposure can be impacted by certain occupations. Pega
et al found that globally in 2019, 1.6 billion workers were
occupationally exposed to UVR. They also found that over
2000-2019, attributable deaths and disability-adjusted life
years almost doubled.® Bauer et al found that participants
with high occupational ultraviolet (UV) exposure had a greater
than two-fold increased risk of developing BCC in commonly
UV-exposed body sites compared to participants with no or
moderate occupational UV exposure.The risk in individuals with
occupational exposure increases independently of histological
subtype, tumor localization, and Fitzpatrick phototype.® Keim et
al conducted a population-based cohort study of 1621 subjects,
with no previous keratinocyte carcinoma (KC), who were
followed up to sixteen years.They found that 21% of the patients
developed one KC, and 47% of those patients developed at
least 2 KCs.” Also, there have been several studies reporting
the coexistence of different types of KC, melanoma, and
premalignant lesions in the same individual .® Rarely, malignant
melanoma has been found within BCC and SCC.° Another
significant risk factor is chemical exposure.
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Our review aims to provide a comprehensive overview of
occupational risks of skin cancers, highlighting the importance
of skin surveillance and public health campaigns.

Occupations

Welder

Globally, there are about 11 million welders and an estimated
110 million additional workers who obtain welding-related
exposures. The latter may be employed in fields such as
construction, farming, shipbuilding, or vehicle servicing. Arc
welding exposes individuals to the full range of UVR, including
UVA, UVB, and UVC radiation, as well as fumes, gases, and
co-exposures to asbestos and solvents.”" While the association
between welding and skin cancer is still being studied, the
International Agency for Research on Cancer (IARC) classified
UVR and fumes from arc welding as Group 1 or ‘carcinogenic to
humans’ in 2017."°

Ocular melanoma is a well-recognized risk linked to UVR
exposure from welding. Case-control studies have shown
positive associations with risks persisting after adjusting for sun
exposure, sunbed use, or both. A dose-response relationship
with job duration was also observed.”? Other case-control
studies looked to see the association of welding with NMSC.
Heltoft et al examined a cohort of 4333 metal arc welders who
were followed for 25 years, and they found a significantly
increased risk of BCC in the head and neck region of welders
compared with controls." Most other case-control studies did
not find an increased prevalence of skin cancer in welders,
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but this may be due to limitations such as a small sample size
and a young average age of welders. In Emmett et al's study,
they investigated 158 workers with a mean age of 43 years.” In
addition to increased UVR exposure, chronic skin trauma and
chronic inflammation from welding burns may also play a role
in the development of skin cancer. Donoghue et al. reported a
case of BCC occurring at a site of previous episodes of welding-
induced cutaneous erythema and skin peeling.™

Farmer

Farmers are at a particularly high risk of developing skin cancer
due to their constant exposure to UVR and pesticides. One
study found that farmers made up 33% of all BCC patients, with
the nose and cheek being the most common areas affected.”™
Another study showed that 27% of farmers had a recurrence of
the disease, compared to 12% in non-farmers.®

Arsenic-based pesticides are particularly harmful to farmers,
leading to conditions like Bowen’s disease, multiple BCCs,
and SCCs. Non-arsenic pesticides, such as paraquat, are also
potentially carcinogenic.'®

Firefighter

Research has shown that despite wearing protective gear,
firefighters are still vulnerable because the UV protection
provided by their gear is often inadequate, and their work
involves prolonged outdoor activities.”® Firefighters also face
risks from polycyclic aromatic hydrocarbons (PAHs), benzene,
and polychlorinated biphenyls (PCBs). Studies have revealed
that after responding to fires, firefighters often have significantly
higher levels of PAHs on their skin, highlighting the elevated risk
of skin cancer in this profession.’™

The risk of developing melanoma is particularly high among
firefighters, and a systematic review of case-control studies
found that male firefighters are more likely to develop melanoma
compared to the general population, with a standardized
morbidity odds ratio of 1.5 (95% Cl: 1.33-1.70)."” Another study
found that firefighters have a higher risk of melanoma than
police officers.9?°

Pilot

Pilots are regularly exposed to significant levels of UVA
radiation during flights. While aircraft windshields are designed
to block UVB radiation, they still allow a substantial amount of
UVA radiation to pass through, with transmission rates ranging
from 0.41% to 53.5%.?" Research has shown that pilots flying at
30,000 feet for about 56.6 minutes receive the same amount of
UVA radiation as they would during a 20-minute session in a
tanning bed.?" Pilots are also exposed to higher doses of cosmic
radiation at high altitudes. Studies have found that commercial
airline pilots have a standardized incidence ratio of 1.80 for non-
melanoma skin cancer due to cosmic radiation exposure.?
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Pilots face a higher risk of melanoma due to their exposure to
UVA radiation and possibly cosmic radiation. A meta-analysis
found that pilots and cabin crew have a higher incidence of
melanoma, with a standardized incidence ratio of 2.22 for civil
pilots.?"?2 For NMSC, risk factors among pilots include having
an at-risk skin type, a history of childhood sunburns, a family
history of NMSC, and extended flight time at high latitudes.
Pilots who have flown for 20 years or more are at an increased
risk of developing NMSC, with an odds ratio of 1.4 associated
with flight time at high latitudes.?®

Veteran

Veterans who have been deployed in desert climates, such as
Irag and Afghanistan, face a high risk of skin cancer. Research
has shown that 77% of veterans spent 4 or more hours per
day in direct sunlight, and 63% of these veterans reported
experiencing at least one sunburn during their deployment.?
Ethnic background also plays a role in the risk of developing
NMSC among veterans. Those of Irish, Welsh, Scottish, or
English descent, along with veterans showing signs of solar
damage like actinic keratosis and solar elastosis, are at higher
risk. Actinic keratosis on the face and solar elastosis on the neck
have been identified as key predictors of skin cancer in this
group.®

Studies indicate that veterans with actinic keratosis, solar
elastosis, and prolonged sun exposure are more likely to
develop NMSC than the general population.?® Additionally, a
study found that veterans with a history of multiple BCCs had
a 40% chance of developing another within two years, which
highlights the importance of regular follow-up visits for early
detection and treatment.?

Construction

Thomas et al used an ecological model to examine melanoma
incidence in construction workers. They found that in US
counties with lower UVR, there is an association between
high proportions of construction workers and melanoma
incidence rates. In higher UV counties, melanoma incidence
was consistently elevated across all occupation proportions,
indicating occupation may not exert a significant impact at
higher ultraviolet exposure levels.?” Peters et al also looked at
UVR exposure and found 6.31% (4556 cases) of NMSC cases
were estimated to be attributable to occupational exposure, the
majority of which in construction fields, to solar UVR.?

Chemical Worker

Nonsolar factors are also important with regard to causing
NMSC. Gallagher et al conducted a case-control study and
found elevated risks for SCC in subjects exposed to insecticides,
herbicides, fungicides and seed treatments, petroleum products,
grease, and several other exposures. This group also found
increased risks of BCC in subjects exposed to fiberglass dust.?®
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Benzene exposure can occur in various fields such as petroleum,
chemical production, printing, and rubber manufacturing. In
2017, the IARC confirmed the carcinogenicity of benzene based
on evidence in experimental animals and humans.*® Stenehjem
et al examined a cohort of offshore petroleum workers and
found an association between exposure to crude oil or benzene
and skin cancer risk on hands and forearms.®' Lastly, arsenic
exposure has been associated with an increased risk for all
types of skin cancer.®

Lifeguards and maritime workers

Research has shown that lifeguards have a high frequency
of sunburns.® In addition, many lifeguards believe that a tan
makes people more attractive, which contributes to higher UVR
exposure. Even after participating in a sun safety program, this
belief did not significantly change, showing how deeply rooted
these attitudes are.®® Maritime workers are also at higher risk
of cancers due to UVR exposure, including mesothelioma and
non-melanoma skin cancer, most notably lip cancer.®

DISCUSSION

Standard prevention strategies like wearing sunscreen,
protective clothing, taking shade, and getting regular skin
checks are critical for workers. The Occupational Safety and
Health Administration (OSHA) tackles sun protection for outdoor
workers, specifically those in general industry, maritime,
and construction, through its regulations regarding personal
protective equipment (PPE), though the use of sunscreen is not
explicitly mentioned. OSHA requires employers to provide eye,
face, foot, and hand protection as well as filter lenses with the
appropriate associated shade number for affected employees.?®
In regard to welders, OSHA states that helmets and hand shields
that protect the face, neck, and ears from direct radiant energy
be provided. OSHA also states that where permitted, welders
should be enclosed in individual booths or noncombustible
screens painted with finishes of low reflectivity such as zinc
oxide and lamp black-=¢

Despite this, adherence can be inconsistent. One study found
that welders may not wear their protective gear due to the work
environment being too hot and the gear itself being more of a
hindrance when working jobs requiring more detailed welds.”
Even in welders who use protective gear, the UVR from the
welding light can be reflected off painted walls and ceilings.®®
Workers’ decisions to use sunscreen in addition to PPE are
also variable. For example, a study showed that only 44.3% of
outdoor workers regularly used sunscreen compared to 60.2%
of indoor workers.*® Cioffi et al found that 25% of construction
workers reported rarely or never using sunscreen, while Laporte
et al found 92% of construction workers reported this.*4
This highlights the need for more effective education on sun
protection practices and the importance of regular skin exams
for early detection of skin cancers.
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The Firefighter CancerInitiative (FCl) addresses occupational risks
by promoting regular skin cancer screenings and encouraging
better sun protection habits. The initiative also focuses on
reducing carcinogen exposure by recommending thorough
decontamination of personal protective equipment (PPE) to
limit skin absorption of hazardous chemicals. Additionally, FCI
uses innovative tools like skin swabs and silicone wristbands to
monitor toxic exposures during firefighting operations.”

Previous public health campaigns have been instrumental in
raising awareness. The Slip! Slop! Slap! Campaign, launched
in Australia in 1981, encouraged sun safety by promoting the
use of shirts, sunscreen, and hats. This campaign later added
messages about seeking shade and wearing sunglasses, making
it one of the most successful efforts to reduce skin cancer risks.*?

In addition to basic sun protection methods, setting up shaded
rest areas and adjusting work hours to avoid the strongest
midday sun can make a big difference.*® Heydari et al also
investigated the implementation of a mobile phone-based
text message intervention among a sample of seafarers, and
found significantly higher scores among the intervention
group compared to the control group in adopting skin cancer
preventive behaviors, perceived self-efficacy, protection
motivation, and fear.*

Beyond workplace conditions, other factors that may be
involved in these occupations may also play a role in skin
cancer risk. Kricker et al found that UVR exposure is correlated
with increased prevalence of B-HPV, and other studies have
shown a correlation between UVR and cutaneous beta human
papillomaviruses (B-HPV), specifically in the development of
SCC.%46 Additionally, having a family history of skin cancer can
also increase the risk, suggesting that genetics may play a role.
For example, inherited mutations in genes such as CDKN2A,
CDK4, POT1, and TERT confer a 60% to 90% lifetime risk of
melanoma.? Lastly, the risk of skin cancer increases with age
due to accumulated sun exposure.®®

The American Academy of Dermatology is in a strong position to
expand these efforts by leading educational campaigns and can
collaborate with local health departments to organize free skin
cancer screenings at worksites. Dermatologists can collaborate
with employersto establish workplace policies promoting regular
skin exams and sun protection, such as distributing sunscreen
and providing protective clothing. Workplace education on sun
protection practices has been seen as workplace support which
encourages workers to engage in these protective behaviors.*
These interventions can significantly reduce the incidence
of occupational skin cancers and ensure earlier detection,
improving outcomes for those at risk.
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