
TYPE Perspective
PUBLISHED 23 December 2022
DOI 10.3389/fpubh.2022.1110158

OPEN ACCESS

EDITED BY

Balázs Ádám,
United Arab Emirates University,
United Arab Emirates

REVIEWED BY

Yuke Tien Fong,
Singapore General Hospital, Singapore

*CORRESPONDENCE

Cara Symanzik
cara.symanzik@uni-osnabrueck.de

SPECIALTY SECTION

This article was submitted to
Occupational Health and Safety,
a section of the journal
Frontiers in Public Health

RECEIVED 28 November 2022
ACCEPTED 12 December 2022
PUBLISHED 23 December 2022

CITATION

Symanzik C and John SM (2022) Sun
protection and occupation: Current
developments and perspectives for
prevention of occupational skin
cancer.
Front. Public Health 10:1110158.
doi: 10.3389/fpubh.2022.1110158

COPYRIGHT

© 2022 Symanzik and John. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Sun protection and occupation:
Current developments and
perspectives for prevention of
occupational skin cancer

Cara Symanzik1,2* and Swen Malte John1,2

1Institute for Interdisciplinary Dermatological Prevention and Rehabilitation (iDerm), Osnabrück
University, Osnabrück, Germany, 2Department of Dermatology, Environmental Medicine and Health
Theory, Institute for Health Research and Education (IGB), Faculty of Human Sciences, Osnabrück
University, Osnabrück, Germany

A substantial proportion of all reported occupational illnesses are constituted

by skin cancer, making this disease a serious public health issue. Solar ultra-

violet radiation (UVR) exposure is the most significant external factor in the

development of skin cancer, for which the broad occupational category of

outdoor workers has already been identified as high-risk group. Sun protection

by deploying adequate technical, organizational, and person-relatedmeasures

has to be understood as a functional aspect ofworkplace safety. To prevent skin

cancers brought on by—typically cumulative—solar UVR exposure, outdoor

workers must considerably lower their occupationally acquired solar UVR

doses. Estimating cumulative sun exposure in outdoor workers requires

consideration of the level of solar UVR exposure, the tasks to be done in

the sun, and the employees’ solar UVR preventive measures. Recent studies

have highlighted the necessity for measures to enhance outdoor workers’

sun protection behavior. In the coming decades, occupational dermatology

is expected to pay increasing attention to sun protection at work. Also,

the field of dermato-oncology will likely be concerned with sky-rocketing

incidences of occupational skin cancers. The complete range of available

alternatives should be utilized in terms of preventive actions, which seems

pivotal to handle the present and future challenges in a purposeful manner.

This will almost definitely only be possible if politicians’ support is e�ectively

combined with communal and individual preventive actions in order to spur

long-term transformation.
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1. Introduction

The quantity of individuals diagnosed with skin cancer

has progressively increased over the past few decades (1,

2). In this day and age, a substantial proportion of all

reported occupational illnesses are constituted by skin cancer

(3), making this disease a serious issue of public health all

over the globe—especially in fair skinned populations. Solar

ultra-violet radiation (UVR) exposure is the most significant

external factor in the development of skin cancer (4). The

broad occupational category of outdoor workers with direct

and indirect occupational solar UVR exposure has already

been identified as high-risk group for the development of

occupational skin cancer (3, 5, 6). In terms of the number

of employees exposed and incidence, solar UVR is the most

important occupational carcinogenic exposure (7–9), as solar

UVR is the leading cause of non-melanoma skin cancer

(NMSC), more precisely referred to as keratinocyte carcinoma

(KC), which manifests as actinic keratosis (AK, intra-epidermal

SCC), invasive cutaneous squamous cell carcinoma (SCC),

and/or basal cell carcinoma (BCC) (10–12). Despite the fact

that millions of employees worldwide are exposed to the

occupational carcinogenic exposure represented by solar UVR

for a huge fraction of their working hours, occupational

safety and health directives and legislation in many countries

around the world still do not acknowledge this work-related

risk factor (10, 13, 14). Moreover, no particular occupational

exposure threshold values are broadly accepted; however,

the International Commission on Non-Ionizing Radiation

Protection (ICNIRP) has proposed an occupational solar UVR

exposure limit equivalent to 1.0–1.3 Standard Erythema Doses

(SED) per day; 1 SED equals 100 J/m2 of the biologically

weighted erythema action spectrum (14, 15).

Sun protection (e.g., by deploying adequate technical,

organizational, and person-related measures) has to be

understood as a crucial aspect of occupational safety. Outdoor

workers must considerably lower their occupationally

acquired solar UVR doses in order to prevent skin cancers

brought on by—typically cumulative—solar UVR exposure.

Estimating cumulative sun exposure in outdoor workers

requires consideration of the level of solar UVR exposure,

the tasks to be done in the sun, and the employees’ solar

UVR preventive measures. Recent studies have revealed a

low health literacy in outdoor workers, thus highlighting

the necessity for (educational) measures to enhance outdoor

workers’ sun protection behavior (16). As yet, outdoor workers’

particular demands for improved sun protection behavior are

frequently disregarded. Risk perception and attitudes regarding

sun protection strategies are likely to impact practical sun

protection behavior at work (17). In the coming decades,

occupational dermatology is expected to pay increasing

attention to sun protection at workplaces (3). Also, the field of

dermato-oncology will likely be concerned with sky-rocketing

incidences of occupational skin cancers, as the global need

for not only preventive measures against the constantly rising

number of skin cancer cases but also their treatment is high

(2). Against this background, this article seeks to present and

evaluate current developments and future implications for the

prevention of occupational skin cancer.

2. Skin cancer by solar ultraviolet
radiation (UVR)

2.1. Outdoor workers as high-risk group

Outdoor workers are exposed to high amounts of solar UVR

due to the fact that they spend most of their work time in the

open (18). Thus, they are strikingly more likely to acquire KC

than the general population; risk is increased at least 2-fold,

with SCC being the cancer most directly related to cumulative

UVR exposure (10, 19–21). Examples for occupations with

a high share of outdoor work and direct as well as indirect

occupational solar UVR exposure are construction workers,

agricultural workers, gardeners, child carers, firefighters, police

officers, bath attendants, sports people, street vendors, and zoo

workers (22).

2.2. Malignant melanoma (MM)

Although UVR exposure has been associated with malignant

melanoma (MM), intermittent UVR exposure and particularly

UVR exposure in children as well as genetic predispositions

appear to play a more significant role (23). Even though

several recent studies revealed a potential association between

chronic occupational sun damage and some MM subtypes [i.e.,

lentigo maligna melanoma (LMM)] the correlation between

(cumulative) occupational solar UVR exposure and MM is seen

as not conclusive (11, 24).

2.3. Non-melanoma skin cancer (NMSC)

Globally, NMSC is increasing, especially among outdoor

workers. Employees in this occupational group frequently

experience severe actinic damage, which results in a chronic

condition with a great number of newly emerging lesions

and calls for ongoing treatment (3). Outdoor workers are

commonly exposed to daily solar UVR doses that are regularly

five times higher than the ICNIRP exposure guidelines and

are exposed to solar UVR doses that are at least 2–3 times

more than those of indoor workers (14, 15, 18, 25–30). After

years of cumulative solar UVR exposure, epidemiologic studies

show a notably high frequency of both BCC and SCC among

outdoor workers, suggesting a significant relationship between
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occupational solar UVR exposure and the prevalence of NMSC

(19, 20, 31, 32). Given the long latency period of up to 20-years

between exposure and (chronic) illness, the disease frequently

remains “hidden” to the patient, just as the causing UVR. Over

80% of cases affect those 60 years of age and older (33), with

the exception of outdoor workers who are immunosuppressed

and frequently develop AK/SCC very early. The prevalence of

occupational NMSC is anticipated to increase over time as a

result of the demographic shift, placing an even higher burden

on global health care needs and insurance systems (3). At this

juncture it should be mentioned that NMSC, however, is one of

the few cancers that is easily detectable and recoverable; butmost

importantly even completely avoidable (3).

The identification of particular at-risk groups among

outdoor workers has benefited from the use of objective

dosimetric measurements (3, 26, 28–30). The occupation and

responsibilities connected with this activity within the industrial

sector were found to be more important in determining the

amount of solar UVR exposure experienced at work than the

industrial sector as a whole (3, 29, 30). As a result, the German

statutory social accident insurance (DGUV) adopted the

“Wittlich’s algorithm,” a mathematical model, which evaluates

individual occupational lifetime solar UVR exposure based

on the gathered dosimetric data. The “Wittlich’s algorithm”

is currently used to enhance prevention strategies, healthcare

options, and compensation for impacted workers (29). It is

based on the idea that if a person’s lifetime solar UVR exposure

increases by 40% as a result of their job, their risk of developing

AK/SCC doubles. Consequently, occupational influences are

taken into consideration, and skin cancer that develops in

body parts exposed to solar UVR at work is recognized as an

occupational disease that is eligible for compensation. Given

that the extensive dosimetric measuring campaign in Germany

by Wittlich et al. with over a thousand outdoor workers

for three full April to October periods revealed surprisingly

high occupational exposures of up to 600 SED per summer

period (30), outdoor workers typically meet the aforementioned

requirements if they work for more than 10 years full-time in a

high-risk profession.

3. Prevention of (occupational) skin
cancer by solar UVR

3.1. Sun protection as occupational
safety measure

Sun protection is generally a component of workplace

safety. In the main, a significant reduction in occupationally

acquired UVR doses is necessary for outdoor workers to

prevent skin malignancies brought on by solar UVR exposure.

The amount of solar UVR exposure, the specific outside

activities, and the employees’ solar UVR preventive behaviors

all play a role in understanding the cumulative sun exposure

for outdoor workers. Recommendations incorporate technical,

organizational, and person-related measures and adhere to the

so-called hierarchical TOP concept. In this sense, technical

measures are the first to be used and seek to limit exposure

to sunlight. This spans all types of shade, including sun sails

and weather protection tents. Organizational measures follow

technical measures and are used to avoid outside work while the

sun is particularly bright. Even changing working hours to avoid

the midday sun might be crucial for occupational safety. This

is especially true in Europe between the months of April and

September from∼11 a.m. to 4 p.m. It is advised tomove working

hours to the morning, take pauses in the shade, and, if possible,

complete individual job tasks generally in the shade. Lastly,

person-related measures follow the aforementioned measures

and include supporting outdoor workers with appropriate

Personal Protective Equipment (PPE)—which in Germany must

be funded by the employer. Adequate PPE spans sunglasses with

wide, solar UVR filtering lenses, protective clothing with a UVR

protection factor (UPF; such as long-sleeved shirts, but “better a

T-shirt than no shirt,” and pants), and headgear (such as broad-

brimmed helmets or hats with sun shields as well as ear and neck

guards) (34, 35).

Sunscreens in itself are not classified as PPE. They should,

however, be used in situations where other forms of protection in

terms of other measures are impractical (i.e., on the back of the

hands and in the facial area). Adequate sunscreens must block

UV-A and UV-B rays (i.e., have a so-called broad-spectrum UV

filter), have a Sun Protection Factor (SPF) of at least 30, but

preferably 50+, and be water- and sweat-resistant as well as

simple to apply so that they can be reapplied regularly during

the entire day (i.e., ideally every 2 h) in adequate amounts of 2

mg/cm² (34–37). The so-called “two finger rule” can be helpful in

this regard; it suggests applying this amount, namely 2 mg/cm²,

of sunscreen to certain areas, such as the head, neck, and face, by

squeezing two strips of sunscreen from the tip to the base of the

index and middle fingers.

3.2. Primary, secondary, and tertiary
prevention

Primary prevention is defined by the International Agency

for Research on Cancer (IARC) as any preventive action that

reduces the risk of developing cancer in humans (35), with

the collective level and the individual level being further sub

classified (34). Primary prevention shouldn’t be restricted to

the corporate sphere; rather, it could be a component of a

larger strategy that also includes institutional, governmental,

and societal preventative policies and initiatives, as well as the

adoption of norms, standards, and prevention-related initiatives

(34, 38). The first stage in primary prevention in the workplace
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is the establishment of an efficient risk assessment procedure,

which must be reviewed and updated on a regular basis.

The risk assessment’s findings can be used to choose the best

course of action, which may include technical measures at

first (34). Key tactics for collective prevention include the

development and distribution of specialized health-pedagogical

training programs. The prevention of skin cancer in outdoor

workers is thought to depend heavily on initiatives that include

health education, which can help employees better comprehend

and perceive the occupational solar UVR risk (13, 34, 39).

Secondary prevention includes screening and early diagnosis

as two main components, as stated by the IARC, which shall

ultimately result in the early identification of precancerous

conditions or malignancies in the beginning stages (35). One

of the most important approaches of secondary prevention

at work is occupational health surveillance of employees who

are exposed to solar UVR and are thus more likely to suffer

from subsequent adverse effects. Workers with conditions that

may affect their susceptibility to the risk (such as fair skin

phototypes I and II, those using hydrochlorothiazide, or those

who are under immunosuppression) should be given additional

caution. A frequent component of health surveillance involves

periodic health examinations of the personnel by licensed

occupational health specialists. Additional medical specialists,

such as dermatologists, should also be involved in supplemental

health management on an individual basis (13, 24, 38).

Tertiary prevention refers to intervention strategies used

after adverse effects have already developed. Tertiary preventive

measures aim to offer a safe return to work, recovery from the

condition, and a good quality of life along with compensation;

they further include medical and occupational rehabilitation

of employees with UVR-related skin cancers after treatments

(15, 38).

4. Discussion

A wide range of studies report on high levels of individual

solar UVR exposure at work and inadequate adoption of sun-

protective activities and routines by outdoor workers (13, 39,

40). The risks of exposure to solar UVR at work are mostly

neglected; legal recognition, medical care, and compensation

seem, however, to appear as obvious future issues (3). Improved

sun protection through legally enforceable laws and regulations

is equally pivotal to lowering cancer risks for outdoor workers

as general prevention—in this, the role of health professionals

is crucial (3). Dermatologists will likely become increasingly

important in improving patient care and outcomes in dermato-

oncology in the future, especially in light of novel diagnostic

and therapeutic approaches for both early and advanced skin

cancer, as well as the expanding range of abilities, skills, and

knowledge needed to manage this heterogeneous spectrum of

diseases (2). Nevertheless, it is crucial that cases are reported to

the appropriate authorities to showcase occupational causation.

Recently, open access notification forms with a variety of uses

for notifying the appropriate authorities of suspected cases were

provided (41).

Sadly, to this day, even in the few nations where NMSC

is recognized as an occupational disease, affected workers

are largely denied the benefits of legal recognition because

of the massive underreporting: the responsible physician

or rather dermatologist does not notify, as the correlation

between the disease and the occupation is not yet routinely

made (3). Since skin cancer was added to the list of

occupational diseases in 2000, only 36 instances have been

reported in Denmark (42). The situation is the same in

Italy, where UVR-induced NMSC is listed as one of the

country’s occupational diseases: Between 2002 and 2017,

there were, on average, only 34 instances recorded annually

(24); other nations also experienced a major underreporting

problem (38). When some types of NMSC (i.e., SCC, multiple

AK) were formally recognized in the national decree of

occupational diseases in 2015, the situation in Germany

changed. More than 7,700 cases of occupational skin cancer

were reported in the first 12 months after it was introduced.

With 9,931 reports in 2019, skin cancer was the second-

most commonly legally recognized disease and the third-

most frequently reported occupational disease. It is important

to note that a financial incentive has been implemented to

encourage physicians to report, which has undoubtedly played

a crucial role in the high notification rates. Additionally,

patients with recognized occupational skin cancer are given

priority medical attention and, in more serious circumstances,

significant compensation.

A striking advancement in health and safety laws has

been made in Germany as a result of the unexpectedly high

UVR exposures among outdoor workers by recent measuring

campaigns in this nation (30) and repeatedly in many other

countries (14, 18, 25–28). For the first time, as of 12 July

2019, companies are explicitly obliged to carry out a unique

solar UVR exposure risk assessment, provide personal protective

equipment (plus sunscreens), and give solar UVR-exposed

workers a triennial occupational physician consultation (43).

The recent German example demonstrates that politicians

tend to only act when they receive notifications. In order

to combat underreporting and collect better, more accurate

disease data worldwide, the 11th edition of the World Health

Organization (WHO) International Classification of Diseases

(ICD), adopted on May 25, 2019, can be seen as a significant

milestone. For the first time, NMSC, including AK, can be

categorized as an occupational disease, and BCC and SCC are

now distinct entities (44). As a result, ICD 11, implemented

in January 2022, will probably show the full epidemiological

scope of work-related solar UVR-induced skin cancer and could

offer essential new worldwide public health information for

preventing cancer among outdoor workers (3). Recent research
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by Loney et al. (10) has shown that there is currently a dearth

of information on skin cancer among employees who are

exposed to solar UVR at work in many parts of the world.

The WHO and the International Labor Organization (ILO)

are actively evaluating the global disease burden of NMSC

within the United Nations (UN) Sustainable Development Goals

2030 framework due to the urgency of the growing number of

NMSC cases connected to occupational solar UVR exposure.

It is included by both UN agencies as one of the top 10

occupational risk factors and health outcomes that are extremely

likely to account for a significant burden of disease but have

never been taken into consideration in prior global estimating

techniques (5, 6).

The urgent need for interventions to improve outdoor

workers’ sun protection behavior has previously been

acknowledged. Whilst designing interventions, the risk

perception and attitudes of outdoor workers regarding sun

protection measures should be taken into account, as in a recent

study it was shown that these variables may have an impact on

actual sun protection behavior at work (17). Another recent

study discovered that, despite the fact that many occupational

groups have shown a tendency to be generally willing to

improve their sun protection behavior, the special demands

of the outdoor workers are rarely considered (3, 16, 37).

Essential new methods for assessing secondary performance

attributes [i.e., bio-stability on the skin, eye irritation (burning),

absorption time, grip and subjective skin feeling, compatibility

with textiles, dust and dirt absorption, and whitening effect]

of sunscreens in order to specifically design them for use

in the occupational field and thus increase acceptance in

professional outdoor work have recently been developed (37).

Further, a curriculum in accordance with the “Template for

Intervention, Description and Replication” (TIDieR) (45)

for multipliers training for prevention of occupational skin

cancer in outdoor workers has been presented by Ludewig et al.

(46). It seems crucial to further investigate the effectiveness of

interventions to prevent occupational skin cancer in outdoor

workers, and consequently provide reliable indications for the

actual reduction of skin cancer incidence in this professional

group (47).

5. Conclusion

In conclusion, the complete range of available preventive

actions should be utilized for combating occupational skin

cancer. This seems pivotal to handle the present and future

challenges in a purposeful manner. This will almost definitely

only be possible if politicians’ support is effectively combined

with communal and individual preventive actions in order to

spur long-term transformation.
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25. Kovačić J, Wittlich M, John SM, Macan J. Personal ultraviolet
radiation dosimetry and its relationship with environmental data: A

longitudinal pilot study in Croatian construction workers. J Photochem
Photobiol B. (2020) 207:111866. doi: 10.1016/j.jphotobiol.2020.1
11866

26. Modenese A, Gobba F, Paolucci V, John SM, Sartorelli P, Wittlich M.
Occupational solar UV exposure in construction workers in Italy: Results of a
one-month monitoring with personal dosimeters. In: 2020 IEEE International
Conference on Environment and Electrical Engineering and 2020 IEEE Industrial
and Commercial Power Systems Europe (EEEIC/I&CPS Europe). Madrid.
(2020). doi: 10.1109/EEEIC/ICPSEurope49358.2020.9160852

27. Modenese A, Gobba F, Paolucci V, John SM, Sartorelli P, Wittlich
M, et al. One-month monitoring of exposure to solar UV radiation
of a group of construction workers in tuscany. Energies. (2020)
13:6035. doi: 10.3390/en13226035

28. Moldovan HR, Wittlich M, John SM, Brans R, Tiplica GS, Salavastru C,
et al. Exposure to solar UV radiation in outdoor construction workers using
personal dosimetry. Environ Res. (2020) 181:108967. doi: 10.1016/j.envres.2019.
108967

29. Wittlich M, Westerhausen S, Kleinespel P, Rifer G, Stöppelmann W. An
approximation of occupational lifetimeUVR exposure: Algorithm for retrospective
assessment and current measurements. J Eur Acad Dermatol Venereol. (2016)
30(Suppl.3):27–33. doi: 10.1111/jdv.13607

30. Wittlich M, Westerhausen S, Strehl B, Schmitz M, Stöppelmann W, Versteeg
H. Exposition von Beschäftigten gegenüber solarer UV-Strahlung - Ergebnisse des
Projekts mit Genesis-UV. Berlin: Deutsche Gesetzliche Unfallversicherung e.V.
(DGUV) (2020). Available online at: https://publikationen.dguv.de/widgets/pdf/
download/article/3993 (accessed November 28, 2022).

31. Schmitt J, Seidler A, Diepgen TL, Bauer A. Occupational ultraviolet light
exposure increases the risk for the development of cutaneous squamous cell
carcinoma: A systematic review and meta-analysis. Br J Dermatol. (2011) 164:291–
307. doi: 10.1111/j.1365-2133.2010.10118.x

32. Bauer A, Diepgen TL, Schmitt J. Is occupational solar ultraviolet irradiation
a relevant risk factor for basal cell carcinoma? A systematic review and meta-
analysis of the epidemiological literature. Br J Dermatol. (2011) 165:612–
25. doi: 10.1111/j.1365-2133.2011.10425.x

33. Breitbart EW, Choudhury K, Anders MP, Volkmer B, Greinert R, Katalinic
A, et al. Benefits and risks of skin cancer screening. Oncol Res Treat. (2014)
37(Suppl.3):38–47. doi: 10.1159/000364887

34. Alfonso JH, Bauer A, Bensefa-Colas L, Boman A, Bubas M, Constandt L,
et al. Minimum standards on prevention, diagnosis and treatment of occupational
and work-related skin diseases in Europe—Position paper of the COST Action
StanDerm (TD 1206). J Eur Acad Dermatol Venereol. (2017) 31(Suppl.4):31–
43. doi: 10.1111/jdv.14319

35. International Agency for Research on Cancer of the World Health
Organization. IARC Handbooks of Cancer Prevention - Preamble for Primary
Prevention. Lyon. (2019). Available online at: https://handbooks.iarc.fr/
documents-handbooks/hb-preamble-primary-prevention.pdf (accessed
November 28, 2022).

36. Tenkate T, Strahlendorf P. Sun Safety at Work: A Management Systems
Approach to Occupational Sun Safety. Toronto, ON: Ryerson University (2020).

37. Rocholl M, Weinert P, Bielfeldt S, Laing S, Wilhelm KP, Ulrich
C, et al. New methods for assessing secondary performance attributes of
sunscreens suitable for professional outdoor work. J Occup Med Toxicol. (2021)
16:25. doi: 10.1186/s12995-021-00314-2

38. Ulrich C, Salavastru C, Agner T, Bauer A, Brans R, Crepy MN, et al.
The European Status Quo in legal recognition and patient-care services of
occupational skin cancer. J Eur Acad Dermatol Venereol. (2016) 30(Suppl.3):46–
51. doi: 10.1111/jdv.13609

39. Reinau D, Weiss M, Meier CR, Diepgen TL, Surber C. Outdoor workers’
sun-related knowledge, attitudes and protective behaviours: A systematic review
of cross-sectional and interventional studies. Br J Dermatol. (2013) 168:928–
40. doi: 10.1111/bjd.12160

40. Schmalwieser AW, Casale GR, Colosimo A, Schmalwieser SS, Siani AM.
Review on occupational personal solar UV exposure measurements. Atmosphere.
(2021) 12:142. doi: 10.3390/atmos12020142

41. Skudlik C, Tiplica GS, Salavastru C, John SM. Instructions for use of the
OSD notification forms. J Eur Acad Dermatol Venereol. (2017) 31(Suppl.4):44–
6. doi: 10.1111/jdv.14320

42. Carøe TK, Ebbehøj NE, Wulf HC, Agner T. Recognized occupational skin
cancer in Denmark—Data from the last 10 years. Acta Derm Venereol. (2013)
93:369–71. doi: 10.2340/00015555-1484

43. FederalMinistry of Justice and for Consumer Protection.German “Ordinance
on Preventive Occupational Health Care (ArbMedVV).” (2019). Available online

Frontiers in PublicHealth 06 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1110158
https://doi.org/10.1016/j.envint.2018.09.039
https://doi.org/10.1136/oemed-2014-102286
https://doi.org/10.1136/oemed-2020-106629
https://doi.org/10.1136/oem.57.1.10
https://doi.org/10.1111/bjd.19152
https://doi.org/10.1016/S1011-1344(01)00198-1
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.3390/ijerph15102063
https://doi.org/10.1093/annweh/wxz044
https://doi.org/10.1097/HP.0b013e3181d85908
https://doi.org/10.1007/s00420-020-01532-7
https://doi.org/10.1002/1348-9585.12083
https://doi.org/10.1111/jdv.16303
https://doi.org/10.1111/bjd.15906
https://doi.org/10.1097/JOM.0000000000001217
https://doi.org/10.1186/s12995-020-00279-8
https://doi.org/10.1016/j.soncn.2016.05.005
https://doi.org/10.1111/jdv.15768
https://doi.org/10.1016/j.jphotobiol.2020.111866
https://doi.org/10.1109/EEEIC/ICPSEurope49358.2020.9160852
https://doi.org/10.3390/en13226035
https://doi.org/10.1016/j.envres.2019.108967
https://doi.org/10.1111/jdv.13607
https://publikationen.dguv.de/widgets/pdf/download/article/3993
https://publikationen.dguv.de/widgets/pdf/download/article/3993
https://doi.org/10.1111/j.1365-2133.2010.10118.x
https://doi.org/10.1111/j.1365-2133.2011.10425.x
https://doi.org/10.1159/000364887
https://doi.org/10.1111/jdv.14319
https://handbooks.iarc.fr/documents-handbooks/hb-preamble-primary-prevention.pdf
https://handbooks.iarc.fr/documents-handbooks/hb-preamble-primary-prevention.pdf
https://doi.org/10.1186/s12995-021-00314-2
https://doi.org/10.1111/jdv.13609
https://doi.org/10.1111/bjd.12160
https://doi.org/10.3390/atmos12020142
https://doi.org/10.1111/jdv.14320
https://doi.org/10.2340/00015555-1484
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Symanzik and John 10.3389/fpubh.2022.1110158

at: http://www.gesetze-im-internet.de/englisch_arbmedvv/index.html (accessed
November 28, 2022).

44. World Health Organization. WHO Website. Classifications. ICD. (2021).
Available online at: https://www.who.int/classifications/icd/en/ (accessed
November 28, 2022).

45. Hoffmann T, Glasziou P, Boutron I, Milne R, Perera R, Moher D, et al. Better
reporting of interventions: Template for intervention description and replication
(TIDieR) checklist and guide. Br Med J. (2016) 348:g1687. doi: 10.1136/bmj.g1687

46. Ludewig M, Rocholl M, John SM, Wilke A. Prevention of occupational skin
cancer in outdoor workers: Development of a curriculum for multipliers training.
Präv Gesundheitsf. (2022) 2022:6. doi: 10.1007/s11553-022-00940-6

47. Modenese A, Loney T, Rocholl M, Symanzik C, Gobba F, John SM,
et al. Protocol for a systematic review on the effectiveness of interventions
to reduce exposure to occupational solar ultraviolet radiation (UVR) among
outdoor workers. Front Public Health. (2021) 9:756566. doi: 10.3389/fpubh.2021.7
56566

Frontiers in PublicHealth 07 frontiersin.org

https://doi.org/10.3389/fpubh.2022.1110158
http://www.gesetze-im-internet.de/englisch_arbmedvv/index.html
https://www.who.int/classifications/icd/en/
https://doi.org/10.1136/bmj.g1687
https://doi.org/10.1007/s11553-022-00940-6
https://doi.org/10.3389/fpubh.2021.756566
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Sun protection and occupation: Current developments and perspectives for prevention of occupational skin cancer
	1. Introduction
	2. Skin cancer by solar ultraviolet radiation (UVR)
	2.1. Outdoor workers as high-risk group
	2.2. Malignant melanoma (MM)
	2.3. Non-melanoma skin cancer (NMSC)

	3. Prevention of (occupational) skin cancer by solar UVR
	3.1. Sun protection as occupational safety measure
	3.2. Primary, secondary, and tertiary prevention

	4. Discussion
	5. Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


