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Introduction: Solar ultraviolet radiation (UVR) is one of the main causes of skin 
cancer, with squamous cell carcinoma (SCC) being particularly prevalent among 
outdoor workers due to chronic UVR exposure. Despite the increasing incidence 
of SCC in this group, cases remain under-reported and are not always classified 
as an occupational disease. Current guidelines for UVR exposure are established 
for a limit of 30 J/m2 over an 8-h workday, and they are implemented for both 
solar and artificial UVR (non-specific). This study aimed to calculate the excess 
risk of SCC among gardeners, gravediggers, pavers, asphalters, sanitation 
workers, and sailors in Lisbon based on measured solar UVR, in comparison 
with indoor workers.
Methods: A prospective observational study using personal dosimeters was 
conducted to assess solar UVR in 90 outdoor workers from Lisbon Municipality, 
from April to October 2023. This data was used to calculate the relative risk (RR) 
of SCC for each of the investigated occupations as well as for each individual 
using a formula developed by Milon et al.
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Results: Solar UVR exposure was associated with an increased risk of developing 
SCC by values ranging from 22 to 437%, in terms of individual UVR dose 
assessment. Pavers had an increased risk of developing SCC by 65%, Asphalters 
by 133%, Sanitation Workers by 179%, Gravediggers by 187%, and Gardeners by 
193%. Despite some limitations, a novel approach was tested by using direct 
UVR dose measurements in real environmental exposure conditions to estimate 
the risk of developing SCC.
Discussion: Outdoor work is associated with a substantially increased risk of 
SCC. However, the current model needs to be refined to improve the accuracy 
of risk assessment and to support the development of targeted prevention 
interventions. The relevance of the study provides valuable insights for health 
and safety policies in reducing UVR exposure and SCC risk among outdoor 
workers.

KEYWORDS

epidemiology of occupational exposures, occupational risks, outdoor workers, solar 
ultraviolet radiation, squamous cell carcinoma

1 Introduction

Solar ultraviolet radiation (UVR) exposure is the primary external 
factor associated with the development of skin cancer and has been 
classified as carcinogenic to humans (i.e., group 1 carcinogen) by the 
International Agency for Research on Cancer (IARC) of the World 
Health Organization (WHO) (1). Solar UVR is the most significant 
occupational carcinogenic exposure in terms of both incidence and 
the number of exposed workers (2–4). Outdoor workers (OW) have 
already been classified as a high-risk occupational category for the 
development of skin cancer (5). This mostly accounts for keratinocyte 
carcinoma (KC; more often referred to as non-melanoma skin cancer 
[NMSC]), which manifests as actinic keratosis (AK, intra-epidermal 
SCC), invasive cutaneous squamous cell carcinoma (SCC), and/or 
basal cell carcinoma (BCC) (6–8). SCCs and BCCs account for 
approximately 99% of all NMSC cases, and one-third of all diagnosed 
cancer cases annually (9, 10). BCCs are generally associated with 
intermittent, acute UVR exposure to intermittently sun-exposed skin 
areas, while SCCs might result from chronic, prolonged UVR 
exposure. Therefore, SCCs are more prevalent among outdoor 
workers, as they are exposed to solar UVR for extended periods of 
time (11).

In 2020, the World Cancer Research Fund classified NMSC as the 
fifth most common cancer globally, highlighting the urgent need for 
enhanced reporting and prevention measures, given the high number 
of unreported cases, with over a million diagnoses and a disregard for 
risk factors and protective measures. As indicated in the GLOBOCAN 
2022 report, there were approximately 20 million new cases of cancer 
in 2022. Of these cases, over 1.2 million were NMSC (excluding BCC) 
(12). Despite the relatively low mortality rate associated with this 
cancer type, particularly when diagnosed in the initial stages, NMSC 
results in significant morbidity, largely due to the limitations of 
available treatment options (12, 13). In the present paper, the focus 
will be on SCC as it is most strongly associated with occupational 
exposure due to its continuous pattern of exposure to solar UVR.

Occupational safety and health guidelines and laws in many 
nations still fail to recognize this work-related risk factor, even though 
millions of workers worldwide are exposed to the occupational 
carcinogenic exposure represented by solar UVR for a significant 

portion of their working hours (14). According to a recent German 
classification for the recognition of UVR-induced occupational 
diseases, occupational health protection should be provided to any 
worker who spends more than 50 days outdoors between April and 
September, between 11 a.m. and 4 p.m. (15). Furthermore, there is no 
consensus on any specific threshold levels for occupational exposure. 
The exposure limit recommended by the International Commission 
on Non-Ionizing Radiation Protection (ICNIRP) of 30 J/m2 over an 
8-h workday, is based on a biological action spectrum that accounts 
for both skin and eye effects and is applied to spectral irradiance 
independently of whether UVR originates from solar or artificial 
sources (16). A solar exposure corresponding to 30 J/m2 when 
weighted with the ICNIRP action spectrum typically corresponds to 
approximately 100–130 J/m2. An erythemally weighted radiant 
exposure of 100 J/m2 is equivalent to one Standard Erythema Dose 
(SED) (16). Considering the absence of a specific occupational limit 
for solar UVR, a recent WHO-ILO working group of experts 
conducting systematic reviews has used the exposure limit of 1.0–1.3 
SED per day (5, 16).

In this context, this paper presents the first Portuguese 
measurements of personal solar UVR radiation in six outdoor 
occupations. The findings shall provide better knowledge about 
occupational solar UVR exposure among outdoor workers and, 
collaterally, flow into improved occupational safety measures 
contributing to the protection of outdoor workers from developing 
occupational skin cancer.

The main objective of this paper was to calculate the excess risk of 
developing SCC among outdoor workers in Lisbon, based on accurate 
solar UVR doses measured by digital dosimeters.

2 Materials and methods

This study is part of a project entitled “digitally measuring solar 
ultraviolet radiation in outdoor workers,” also known as the MEAOW 
project, which has been previously described in detail elsewhere (17). 
In summary, the objective of the MEAOW study was to increase 
awareness of solar UVR-induced occupational skin cancers among 
the public, working population, stakeholders in occupational health 
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and safety, and policymakers in Lisbon and across Portugal. The 
study was developed on the premise that the relative risk (RR) 
associated with various patterns of long-term measurements of 
personal solar UVR exposure differs between subtypes of keratinocyte 
carcinoma.

2.1 Study design

The presented study consists of a modeling study based on the 
data collected during the MEAOW study—a prospective observational 
study conducted between the 10th of April and the 31st of October 
2023 (7 months) (18). Personal dosimeters were employed, specifically 
the GENESIS-UV system (19, 20), which enabled decentralized, long-
term measurements of solar UVR using data-logging devices.

2.2 Setting

The Lisbon Municipality (CML) occupational health services are 
integrated within the Department of Health, Hygiene and Safety 
(DSHS), one of the organic units of the Municipal Directorate of 
Human Resources. DSHS is responsible for promoting policies and 
implementing actions to promote health and wellbeing at work, as 
well as ensuring monitoring to create safe places by eliminating/
minimizing the risks at CML.

2.3 Participants

The MEAOW study (17) included individuals who were engaged 
in outdoor work activities and employed by the CML. It is important 
to note that the initial study protocol comprised three occupations: 
gardeners, masons, and gravediggers (17). However, during the 
implementation phase and participant recruitment, there was the 
opportunity to extend to additional outdoor occupations, including 
gardeners, pavers, gravediggers, asphalters, sanitation workers, and 
sailors.

2.4 Data sources/measurements and 
variables

The occupational solar UVR exposure monitoring was performed 
with the GENESIS-UV (GENeration and Extraction System for 
Individual Exposure) methodology (20, 21). The data collected during 
the MEAOW study via GENESIS-UV dosimeters provided 
erythemally weighted irradiance, which is integrated over time (half 
hour, day) resulting in radiant exposure in joules per square meter (J/
m2) per half hour and per day (18), i.e., erythemally weighted with the 
CIE erythemal action spectrum (22). More specifically, the dosimeters 
were programmed to measure UVA and UVB/C radiation at 
one-second intervals, with the data weighted using the erythema 
action spectrum directly on the device through specific filter 
combinations. Quality control excluded daily records with <5 h of 
valid measurements or implausible values (e.g., negative readings); 
dosimeters that failed these criteria systematically were removed from 
further analyses.

The GENESIS-UV dosimeter’s sensors are routinely verified by 
the manufacturer to ensure proper calibration. When necessary, 
recalibration is performed according to national standards. 
Furthermore, potential deviations caused by aging effects are assessed 
through internal calibration checks at both the beginning and end of 
the measurement cycle. These deviations are corrected in the recorded 
data if required. If the sensor shows a variation exceeding 30% over 
time, the device undergoes a detailed technical inspection and 
recalibration by the manufacturer.

During the data collection period, the participants were required 
to wear the GENESIS-UV personal electronic dosimeter on their left 
upper arm. Subsequently, the data collected from each dosimeter was 
transferred to a tablet every Friday by the workers who wore the 
dosimeter with the help of the supervisor, and initially, from the 
research team. This data was then transferred to a computer from the 
GENESIS-UV unit, thereby enabling the automatic reading of data. 
The experimental campaign took place between spring and fall, i.e., 
between April (spring) and October (fall) 2023, as previously 
mentioned.

To ensure adherence to the protocol throughout the seven-month 
study, several awareness campaigns were conducted at the workplace 
during breaks, lunch periods, and after work to explain the study’s 
purpose and invite participation. During this initial implementation 
phase, the research team anticipated challenges in maintaining worker 
compliance over the entire period. To mitigate this, dosimeters were 
rotated within each occupational group during data collection. Each 
worker wore a dosimeter for 1 week before passing it to a colleague for 
the following rotation. This process was not entirely linear, as data 
collection coincided with holiday periods, and participation was 
voluntary—some workers discontinued wearing the dosimeters after 
a few weeks. To maximize valid measurements, the research team 
collaborated closely with on-site supervisors to coordinate rotations 
and maintain coverage within each occupation. A total of 42 
dosimeters were meticulously assembled and subsequently distributed 
among the six occupational groups participating in the study.

2.5 Annual dose estimation

To apply the risk model of Milon et al. (22), which requires annual 
solar UVR measures, we converted the 7-month MEAOW dataset into 
full-year estimates. Because observations spanned only 7 months, 
annual doses were estimated in two steps. First, for each measured 
month (April–October) we computed the mean daily occupational 
dose. Mean daily doses can be extracted for each dosimeter, as well as 
grouped for each occupation. Mean daily doses are thereafter 
multiplied by the monthly number of working days to obtain monthly 
doses. The number of working days per month results from the 
number of working days for a standard Portuguese working year 
according to Milon et al. (22) with 239 effective workdays (weekends 
and 22 vacation days excluded). Doses for the unmeasured months 
(mainly November–March) were extrapolated using relative monthly 
UV-intensity weighting factors derived from the German ambient UV 
climatology employed by Wittlich et al. (20). Monthly doses resulting 
either from measurement data or extrapolation are finally summed up 
to the annual dose (22). These factors preserved the expected seasonal 
distribution of solar UVR and allowed the Lisbon measurements to be 
adjusted to a full-year cycle (22, 23).
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2.6 Statistical methods

2.6.1 Relative risk (RR) modeling
To estimate the increased risk of an outdoor worker developing 

SCC, the model developed by Milon et al. (22) was employed. This 
model/formula expresses the relative risk (RR) as a function of 
cumulative UVR exposure and age, and it assumes that the person 
accrues a 25-year history of outdoor work and is 60 years of age. The 
model developed by Milon et al. (22) assists in estimating the 
increased likelihood of developing SCC in an individual with a history 
of outdoor work in comparison to an individual with no such history, 
by considering the cumulative UV exposure over time. This is 
expressed by the following formula:
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UVtot is the cumulative UV dose received from occupational and 
recreational exposure. In these formulas, UVtot,A and UVtot,B represent 
two people of the same age, exposed to two different cumulative doses 
at an estimated age of 60 years. The model posits that the risk of SCC 
increases with both age and cumulative UVR exposure and includes 
an amplification factor β = 2.5 derived from epidemiology studies (23).

Our research team considered 25 years of outdoor work to be an 
unrealistically short exposure period for a 60-year-old individual. 
Therefore, extra calculations were performed to consider the risk of 
someone who is 60 years old and has 40 years of outdoor exposure.

2.6.2 Model assumptions and bias
The fundamental premise of the model is that the likelihood of 

developing SCC increases proportionately with age and the cumulative 
amount of UVR exposure received during occupational, recreational, 
and incidental moments (e.g., during lunch breaks). In this model, the 
fixed value of β at 2.5 refers to earlier work by Slaper et al. (23). β 
represents the biological amplification factor for the cumulative UV 
dose received from occupational and recreational exposure (22). 
However, the derivation of this specific value remains methodologically 
ambiguous. Nevertheless, the value was retained in our study for 
consistency and comparability of findings.

Another assumption of the model pertains to the life-course UVR 
exposure profile of the two hypothetical comparator individuals: one 
“outdoor” worker who was exposed to UVR in the course of his/her 
occupation (including lunch breaks) for a period of 25 years or 
40 years, and one “indoor” worker whose exposure was limited to 
recreational activities throughout his/her until the individual is 
60 years old (as the model premise). The total UVR exposure for both 
indoor or outdoor workers was calculated by combining empirical 
dosimetry data (for occupational UVR) and literature-based estimates 
from the Expolis study (for indoor and outdoor recreational UVR) 
(24), as in the present study, recreational solar UVR was not 
measured. It is important to note that while occupational doses were 
measured locally in Lisbon through the MEAOW study using 
GENESIS-UV personal dosimeters, the recreational exposure values 

were not directly measured. Instead, they were assumed to be the 
same as those used in Milon’s study, having been derived from data 
from Switzerland and Italy (i.e., the recreational dose was derived 
from Italy) (22). This approach is based on the assumption that there 
is comparable leisure-time sun behavior and UV intensity across 
populations, a supposition which may not accurately reflect real-
world variations in latitude, cultural habits, standard of living or 
occupational structure.

Furthermore, the model assumes homogeneity in exposure across 
individuals in each group; that is to say, all “outdoor workers” and all 
“indoor workers” have similar patterns of sun exposure within their 
category. The original formula also assumes that there is a linear 
accumulation of UVR across 25 years of occupational work and up to 
60 years of life. However, it does not consider potential mitigating 
factors such as the use of sunscreen, protective clothing, or genetic 
predisposition to skin cancer.

When considered as a whole, these assumptions give rise to 
potential sources of bias and generalization error, particularly when 
the model is applied across different populations or geographical 
areas. However, in the absence of Portuguese-specific baseline SCC 
risk data and longitudinal clinical outcomes, the Milon model remains 
a valuable tool for quantifying relative risk from high-quality UVR 
dosimetry data.

3 Results

The dataset for the present study was obtained from the usage of 
42 personal electronic dosimeters during 7 months, performing a total 
of 1,141 days of valid measurements across the six occupations studied 
(18). The number of dosimeters per occupational group varied 
depending on the size of the team involved and according to their 
supervisor’s agreement. In this way, 10 dosimeters were given to two 
teams of gardeners, 10 were distributed to gravediggers of three 
different graveyards, eight for one team of asphalters, eight for the one 
team of sanitation workers, five for one team of pavers, and one for the 
one sailor.

Ninety individuals, from the above teams, agreed to take part in 
our study, accepted the invitation letter, and completed the informed 
consent. The distribution of the outdoor workers per occupation is as 
follows: there was one Sailor, six Pavers, eight Asphalters, 18 
Gardeners, 25 Sanitation workers, and 32 Gravediggers. Pavers, 
Asphalters, and the Sailor always wore the same dosimeter during the 
campaign, while in the other occupations, the dosimeters rotated to 
maintain data collection compliance. For these reasons, the results 
presented here are based on the dosimeter data collection not directly 
mean that the data refers to specific individuals.

3.1 Average annual occupational UVR dose 
and SED by occupation

Annual occupational UVR dose and SED calculations were 
computed by occupational group. The one Sailor had the highest 
annual occupational exposure to solar UVR (1,087 SED). This one 
sailor estimates is the same per occupational group and individually. 
Gardeners, Gravediggers, and Sanitation Workers followed, with 
similar annual exposures, ranging from 361 to 382 SEDs. Pavers 
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showed the lowest doses of occupational solar UVR (158 SED) 
(Table 1).

3.2 Cumulative UV dose

As the annual recreational UVR dose is considered 
age-independent, it was assumed to remain constant over the 60-year 
period for which the relative risk (RR) model is valid (22). Therefore, 
in terms of recreational UVR dose, a person would receive a total dose 
of 17,820 SED over a period of 60 years (297 × 60). Additionally, 
occupational UVR was assumed to remain constant over both 25- and 
40-year employment durations (22). This is based on the premise that 
an individual is employed in the same occupation over the course of 
these 25 and 40 years and works 7 h per day, plus 1 h for lunch, spent 
outside. As a result, the cumulative occupational UVR exposure 
(25 years) was calculated (Table 2). Further assumptions in the case of 
outdoor workers who have worked outdoors for 40 years and continue 
to do so were not made.

3.3 Relative risks of developing SCC

Indoor workers are the reference group for the risk estimates, 
and their occupational exposure was considered to be 0 SEDs, while 
the same values for recreational exposure to solar UVR were equal 
for both groups, as referred to in the methods. The RR of developing 
SCC was calculated by occupational group for 25 and 40 years of 
outdoor work (Table 1), and the results presented in Table 1 were 
obtained by the doses presented in Table 2. Obviously, the results 
from both tables follow the same order of increased risk by 
occupation, which is also directly related to the measured 
occupational solar UVR.

Table 3 shows relative risk values for developing SCC per 
dosimeter, which range from 22% (Paver) to 437% (Asphalter) over 
25 years, and from 36 to 921% over 40 years of outdoor work. These 
minimum and maximum values reflect the range of doses recorded by 
individual dosimeters and illustrate inter-individual variability within 
each occupation. This result suggests that working position, working 
tasks, and their duration can play a role as relevant as latitude and 
local working conditions (shaded areas). For this reason, the lowest 
and highest risks per occupation are highlighted in bold in Table 3.

4 Discussion

In the present study, the RR of outdoor workers developing SCC 
was calculated based on measurements of occupational solar UVR 
exposure. Higher exposure levels of solar UVR are associated with an 
increased risk of disease development.

This study provides the first SCC risk estimates for outdoor 
workers in Portugal using personal electronic dosimeters to assess 
occupational solar UVR exposure. Occupational exposure to solar 
UVR increases the risk of developing SCC among outdoor workers, 
with RR values ranging from 1.2 to 5.4, and from 1.7 for Pavers to 2.9 
for Gardeners in terms of occupational groups exposed during 
25 years. Higher cumulative occupational UVR exposure over 25 years 
exhibited a significantly elevated RR for developing SCC. Due to the 
method for the risk estimation employed and the use of direct 
occupational measurements, the highest RR (5.4) corresponds to the 
highest cumulative UV dose of 683 SED per year. Conversely, the 
lowest RR value (1.2) was associated with a cumulative UV dose of 59 
SED over the same period, representing the lowest value.

Risk variability across occupations certainly reflected differences 
in work conditions and protective behaviors. Gravediggers, Pavers, 
and Gardeners had higher mean RRs than Sanitation Workers and 
Asphalters, possibly due to reduced shade access or more time spent 
outdoors. In contrast, Sanitation Workers often operate from vehicles, 
which offer UVR protection.

There were also differences between workers of the same group. 
Lower RR values may be indicative that some outdoor workers 
mitigate risk through the use of adequate personal protective 
equipment (PPE). Heightened awareness of environmental potential 
dangers may encourage outdoor workers to utilize PPE, sunscreen, 
and seek the shade, thereby reducing the risks associated with 
prolonged occupational exposure to UVR. It is also worth noting that 
at CML, certain occupational group supervisors (e.g., Pavers) have the 
autonomy to choose their work locations, timings of work and breaks, 
and the ability to choose shaded areas to work. During data collection, 
it was observed that the pavers supervisor consistently opted for or 
attempted to work in shade areas when a street needed paving.

Regarding Sailors, work is highly seasonal—mainly from June to 
September—and often intermittent during voyages. Despite limited 
continuous exposure, from one worker with 7 days of valid data, he 
recorded the highest RR, emphasizing that even brief but intense UVR 
episodes can meaningfully elevate cancer risk. This highlights the 
importance of considering not just total exposure, but also intensity 
and context when evaluating occupational UVR risk.

Milon et al. (25) remains the main source of the RR formula used 
here, though their model was based on estimated, not directly 
measured, UVR doses. The novel approach of this study is to use 

TABLE 1  Relative risk of developing SCC by occupation for 25 and 
40 years of outdoor work.

Occupation Average 
UV dose 

[SED]—8 h 
workday

Relative 
risk (8 h)

% increased 
risk (RR-
1*100%)

25 years of outdoor occupation

  Sailor 27,163 10.1 912%

  Gardeners 9,562 2.9 193%

  Gravediggers 9,366 2.9 187%

  Sanitation workers 9,031 2.8 179%

  Asphalters 7,158 2.3 133%

  Pavers 3,951 1.7 65%

40 years of outdoor occupation

  Sailor 43,460 21.9 2,093%

  Gardeners 15,299 4.7 371%

  Gravediggers 14,986 4.6 360%

  Sanitation workers 14,499 4.4 341%

  Asphalters 11,453 3.5 246%

  Pavers 6,322 2.1 114%
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TABLE 2  UV estimates over 1 year, 25 years, and 40 years of outdoor work.

Occupation Dosimeter identification UV dose per year 
[SED] 239 working 

days/year

UV dose for 
25 years [SED] 239 
working days/year

UV dose for 
40 years [SED] 239 
working days/year

Gravediggers (n = 32)

318 days of valid measurements

Annual extrapolation of 375 SED

PRT-2023-900-001 515 12,880 20,608

PRT-2023-900-002 482 12,042 19,268

PRT-2023-900-003 422 10,562 16,899

PRT-2023-900-004 263 6,564 10,503

PRT-2023-900-005 403 10,068 16,109

PRT-2023-900-006 337 8,414 13,463

PRT-2023-900-007 484 12,096 19,354

PRT-2023-900-008 195 4,883 7,813

PRT-2023-900-009 279 6,981 11,170

PRT-2023-900-010 367 9,172 14,675

Pavers (n = 6)

49 days of valid measurements

Annual extrapolation of 158 SED

PRT-2023-900-011 59 1,465 2,344

PRT-2023-900-014 182 4,546 7,274

PRT-2023-900-016 93 2,321 3,713

PRT-2023-900-018 98 2,446 3,913

PRT-2023-900-019 359 8,979 14,366

Gardeners (n = 18)

265 days of valid measurements

Annual extrapolation of 382 SED

PRT-2023-900-021 393 9,834 15,735

PRT-2023-900-022 440 10,992 17,587

PRT-2023-900-023 339 8,463 13,541

PRT-2023-900-024 417 10,423 16,677

PRT-2023-900-025 467 11,675 18,680

PRT-2023-900-026 219 5,487 8,779

PRT-2023-900-027 418 10,458 16,734

PRT-2023-900-028 336 8,400 13,439

PRT-2023-900-029 286 7,152 11,443

PRT-2023-900-030 509 12,734 20,374

Sanitation workers (n = 25)

352 days of valid measurements

Annual extrapolation of 361 SED

PRT-2023-900-031 343 8,576 13,722

PRT-2023-900-032 430 10,739 17,182

PRT-2023-900-033 291 7,273 11,637

PRT-2023-900-034 238 5,953 9,524

PRT-2023-900-035 331 8,264 13,222

PRT-2023-900-036 390 9,761 15,617

PRT-2023-900-037 390 9,756 15,609

PRT-2023-900-038 477 11,924 19,079

Asphalters (n = 8)

150 days of valid measurements

Annual extrapolation of 286 SED

PRT-2023-900-039 162 4,038 6,460

PRT-2023-900-040 177 4,417 7,067

PRT-2023-900-041 106 2,655 4,248

PRT-2023-900-042 389 9,714 15,543

PRT-2023-900-043 287 7,182 11,491

PRT-2023-900-044 683 17,074 27,318

PRT-2023-900-045 182 4,551 7,281

PRT-2023-900-046 305 7,632 12,212

Sailors (n = 1)

7 days of valid measurements

Annual extrapolation: 1,087 SED

PRT-2023-900-048 1,087 27,163 43,460
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TABLE 3  Relative risk of developing SCC when exposed to solar UVR for a total of 8 h per day (in bold are the highest and lowest risks per occupation).

Occupation Dosimeter 
identification

Relative risk for 
SCC due to 

25-year 
outdoor work

% increased risk 
(8 h) due to 25-

year outdoor 
work

Relative risk for 
SCC due to 

40-year 
outdoor work

% increased risk 
(8 h) due to 40-

year outdoor 
work

Gravedigger (n = 32) PRT-2023-900-001 3.9 290% 6.8 583%

PRT-2023-900-002 3.6 264% 6.2 525%

PRT-2023-900-003 3.2 220% 5.3 430%

PRT-2023-900-004 2.2 119% 3.2 218%

PRT-2023-900-005 3.1 206% 5.0 400%

PRT-2023-900-006 2.6 163% 4.1 308%

PRT-2023-900-007 3.7 265% 6.3 529%

PRT-2023-900-008 1.8 83% 2.5 148%

PRT-2023-900-009 2.3 129% 3.4 238%

PRT-2023-900-010 2.8 182% 4.5 349%

Paver (n = 6) PRT-2023-900-011 1.2 22% 1.4 36%

PRT-2023-900-014 1.8 76% 2.4 135%

PRT-2023-900-016 1.4 36% 1.6 61%

PRT-2023-900-018 1.4 38% 1.6 64%

PRT-2023-900-019 2.8 177% 4.4 338%

Gardener (n = 18) PRT-2023-900-021 3.0 200% 4.9 387%

PRT-2023-900-022 3.3 232% 5.6 457%

PRT-2023-900-023 2.6 164% 4.1 311%

PRT-2023-900-024 3.2 216% 5.2 421%

PRT-2023-900-025 3.5 252% 6.0 500%

PRT-2023-900-026 2.0 96% 2.7 172%

PRT-2023-900-027 3.2 217% 5.2 424%

PRT-2023-900-028 2.6 163% 4.1 308%

PRT-2023-900-029 2.3 132% 3.5 246%

PRT-2023-900-030 3.8 285% 6.7 573%

Sanitation workers (n = 25) PRT-2023-900-031 2.7 167% 4.2 317%

PRT-2023-900-032 3.3 225% 5.4 441%

PRT-2023-900-033 2.4 135% 3.5 251%

PRT-2023-900-034 2.1 106% 2.9 192%

PRT-2023-900-035 2.6 159% 4.0 301%

PRT-2023-900-036 3.0 198% 4.8 382%

PRT-2023-900-037 3.0 198% 4.8 382%

PRT-2023-900-038 3.6 260% 6.2 517%

Asphalters (n = 8) PRT-2023-900-039 1.7 67% 2.2 117%

PRT-2023-900-040 1.7 74% 2.3 131%

PRT-2023-900-041 1.4 42% 1.7 71%

PRT-2023-900-042 3.0 197% 4.8 380%

PRT-2023-900-043 2.3 133% 3.5 247%

PRT-2023-900-044 5.4 437% 10.2 921%

PRT-2023-900-045 1.8 77% 2.4 135%

PRT-2023-900-046 2.4 144% 3.7 269%

Sailor (n = 1) PRT-2023-900-048 10.1 912% 21.9 2,093%
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actual occupational UVR data from personal dosimeters, as Milon et 
al. recommended for future research. While several studies have cited 
Milon’s work, they have predominantly referenced the empirical data 
without applying the RR formula (26–29). Regarding other studies 
that attempt to calculate the risk of developing SCC, there is 
considerable variation between studies. They generally do not employ 
a RR model like the one employed in this case. Alternatively, they 
attempt to calculate the risk of developing SCC through systematic 
reviews and estimations, or qualitative studies (25, 30).

Numerous international studies across diverse geographic and 
occupational settings consistently demonstrate a significantly elevated 
risk of SCC among outdoor workers exposed to solar UVR. A 
European multicenter case–control study reported an odds ratio (OR) 
of 2.8 for SCC among individuals employed in farming and 
construction sectors compared to indoor workers (31). National 
registry data from Bavaria, Germany, found relative risks (RR) of 2.5 
in men and 3.6 in women with significant outdoor exposure (32), while 
the HELIOS-I multicenter study indicated ORs ranging from 2.55 to 
2.95 in masons and construction workers (33). The latter finding is 
corroborated by a German case–control study in 632 incident SCC 
cases, which shows that SCC-OR doubles at 633 SED lifetime 
occupational UVR exposure, and then beyond, even rises further 
exponentially with higher received UVR dosages (34). Furthermore, a 
global systematic review encompassing data from Europe, Oceania, 
and the Americas confirmed that 7 of the 7 included studies on SCC 
observed a significant increase in SCC odds ratio among outdoor 
workers, varying from 1.4 to 1.9 (6). These findings support the need 
for effective preventive strategies and recognition of occupational UVR 
exposure as a carcinogenic risk factor. Only by taking this into account 
will it be possible to address the global public health challenge of skin 
cancer and its prevention effectively in the future.

4.1 Generalizability of the study results

When extrapolating the findings, it is important to acknowledge 
that the measurement campaign was conducted during the months of 
the year with the higher daily radiant exposure, which may lead to an 
overestimation of exposure levels when generalized to other periods 
of the year. Daily radiant exposure if influenced by seasonal variations 
in daylight duration. In addition, not all individuals engaged in the 
outdoor activities studied have identical working hours and tasks. For 
example, sanitation workers in are routinely engaged in night shifts, 
experiencing minimal exposure to sunlight during their assigned 
work schedules. This might not apply to all Lisbon councils, therefore, 
to ensure the accuracy of extrapolating the RR estimates for the wider 
Lisbon district, it would be prudent to replicate the MEAOW study 
methodology with a larger and more geographically diverse cohort of 
outdoor workers.

Portugal’s geography and climate result in considerable variability 
in UVR intensity, which is commonly expressed using the UV Index, 
a standardized indicator of the potential for erythema caused by solar 
UV radiation (35). Higher-altitude inland areas may experience 
greater UVR intensity, while northern coastal areas are generally 
cloudier and therefore exhibit lower UVR intensity. In contrast, 
southern regions such as the Algarve, central mountainous zones, and 
eastern inland areas (around Portalegre), frequently exhibit higher UV 
Index values, particularly during the summer months when cloudiness 
is lower (36, 37). Moreover, the islands of Madeira, due to their lower 

latitudes, can also experience higher UVR intensity, and the Azores 
islands’ latitudes are frequently covered by orographic clouds and/or 
large-scale cloudiness, which generally limits UVR intensity. Even 
though the RR estimates are based on UVR data from Lisbon, the 
country’s Mediterranean climate suggests high cumulative exposures 
in other regions. These differences are also reflected in terms of 
occupational groups, varying substantially in accordance with the 
geographical region. Agriculture predominates in rural regions such 
as Alentejo and the Douro Valley, while fishing and maritime activities 
are more prevalent in the Algarve and the Azores. These regional 
differences may shape UVR exposure and influence the risk of 
developing SCC, reinforcing the need to replicate this study across 
diverse geographical and occupational contexts.

4.2 Limitations

The recreational UVR values employed in the RR formula were 
sourced from Milon et al., based on indoor workers in Milan (45°N) 
(22), and it may not describe the recreational UVR exposure of the 
outdoor workers in Portugal. The city of Lisbon, located at a latitude 
of 38°N, is likely to experience higher levels of UVR due to its lower 
latitude (38) and milder climate during the winter, which is therefore 
more suitable for outdoor activities. This may have resulted in an 
underestimation of the risk of SCC in our analysis. While local 
atmospheric conditions, such as cloud cover, may potentially influence 
these findings, the absence of location-specific recreational UVR data 
remains a significant limitation. It is recommended that future 
research incorporate region-specific UV Index and environmental 
data. This would allow for the refinement of exposure estimates and 
improvement in the precision of the models. These findings would 
also be strengthened by the inclusion of statistical measures such as 
confidence intervals or p-values to indicate precision and significance. 
Future analyses should include at least confidence intervals around RR 
estimates to enhance the interpretability and robustness of the results, 
particularly when comparing occupational groups or when drawing 
inferences for policy recommendations.

The use of personal electronic dosimeter on the left “upper arm” 
is also a limitation of the study as there are differences in radiant 
exposure along the body. The study sample size was relatively small, 
and certain occupational categories, such as Sailors, were 
underrepresented, with only one dosimeter collecting data over a 
short period. This limited representation and may compromise the 
reliability of the RR values calculated for such groups.

4.3 Policy and public health implications

These findings have important implications for occupational 
health policy and the protection of outdoor workers. Given the 
elevated risk of SCC linked to long-term UVR exposure, there is a 
compelling case for the formal recognition of SCC as an occupational 
disease. At a global and national level, health policies may formalize 
evidence-based, comprehensive protection and prevention strategies 
for outdoor workers, critically supported by accurate, measured 
personal UVR dosimetry data. The direct measurement approach, by 
using actual occupational UVR data from personal electronic 
dosimeters to calculate SCC risk estimates, provides more reliable data 
for risk assessment than other data used from different geographical 
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regions and climates. The capability of these dosimeters for 
decentralized, long-term measurements is crucial for understanding 
exposure patterns and informing policy formulation, particularly 
given the significant underreporting and the varying, yet consistently 
high, exposure levels across diverse outdoor occupations.

At a national level, employers should implement protective 
measures according to the hierarchy of controls in risk management 
and TOP principles (technical, organizational, and personal 
measures), such as providing shades (technical measures), schedule 
breaks and regular skin checks for early detection (organizational 
measures), and UV-protecting clothing (personal measures). 
Furthermore, routine UVR monitoring could be part of occupational 
health surveillance in high-exposure professions, enhancing early 
intervention and prevention efforts. To ensure that similar contexts 
have the necessary legislative, administrative, and technical capabilities 
to implement occupational UVR policies effectively, capacity-building 
actions must be bolstered. This will contribute to a global, harmonized 
approach to prevent SCC. Nevertheless, these results have already 
been presented to the Lisbon Municipality health department.

5 Conclusion

This study presents the first SCC risk estimates for Portuguese 
(Lisbon) outdoor workers based on solar UVR exposure 
measurements by personal electronic dosimeters. Such data can 
improve the current understanding of the health risks associated 
with solar UVR exposure and the prevention of NMSC, more 
specifically SCC, among individuals engaged in outdoor work. The 
findings indicate an elevated SCC risk among these individuals, 
reinforce the value of direct dosimetry for accurate risk assessment, 
and highlight the necessity of comprehensive protective strategies. 
Moreover, they contribute to the advancement of public health 
strategies in Portugal, in the domains of epidemiology, public 
health, and occupational health and safety, as well as clinical 
research.

Data availability statement

The raw data supporting the conclusions of this article will be 
made available by the authors without undue reservation.

Ethics statement

Ethical review and approval was not required for the study on 
human participants in accordance with the local legislation and 
institutional requirements. Written informed consent to participate in 
this study was provided by the patient/participants.

Author contributions

MSP: Methodology, Data curation, Conceptualization, Project 
administration, Funding acquisition, Writing  – review & editing, 
Investigation, Supervision, Writing  – original draft. MC: Data 
curation, Methodology, Writing – review & editing, Investigation, 
Writing – original draft, Formal analysis. CS: Investigation, Formal 

analysis, Writing – review & editing, Data curation, Software. FC: 
Writing  – review & editing, Investigation, Funding acquisition, 
Methodology. TL: Writing  – original draft, Funding acquisition, 
Conceptualization. AM: Funding acquisition, Writing  – review & 
editing, Methodology, Conceptualization. FG: Conceptualization, 
Funding acquisition, Writing  – review & editing. JB-D: Project 
administration, Conceptualization, Methodology, Funding 
acquisition, Writing – review & editing. CP: Project administration, 
Writing  – review & editing, Supervision, Conceptualization. AR: 
Project administration, Supervision, Conceptualization, Writing – 
review & editing. TT: Funding acquisition, Conceptualization, 
Writing  – review & editing, Methodology. SJ: Conceptualization, 
Funding acquisition, Writing  – original draft, Methodology. CB: 
Methodology, Funding acquisition, Conceptualization, Writing  – 
original draft. LL: Funding acquisition, Writing – review & editing, 
Conceptualization. MM: Project administration, Funding acquisition, 
Writing – review & editing. SW: Software, Writing – review & editing, 
Investigation, Data curation. MW: Funding acquisition, Writing – 
original draft, Data curation, Investigation.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. This research is funded by Fundação para 
a Ciência e Tecnologia 2022.01888.PTDC.

Acknowledgments

We thank all the outdoor workers from Lisbon Municipality 
who have worn the dosimeters, and all the outdoor workers’ 
supervisors. Moreover, we thank the Health and Safety 
Technicians, from the Department of Health Safety and Hygiene 
from Lisbon Municipality who have supported the study 
implementation and regularly visited the sites with the research 
team: Rute Piriquito, Sófia André, Rita Costa, Cristina Paulino and 
Sandra Rodrigues.

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

https://doi.org/10.3389/fpubh.2026.1662734
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Paulo et al.� 10.3389/fpubh.2026.1662734

Frontiers in Public Health 10 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the reviewers. 
Any product that may be evaluated in this article, or claim that may 
be made by its manufacturer, is not guaranteed or endorsed by the 
publisher.

References
	1.	International Agency for Research on Cancer. IARCS monographs on the 

evaluation of carcinogenic risks to humans. Lyon: World Health Organization (1992).

	2.	Peters, CE, Ge, CB, Hall, AL, Davies, HW, and Demers, PA. CAREX Canada: an 
enhanced model for assessing occupational carcinogen exposure. Occup Environ Med. 
(2015) 72:64–71. doi: 10.1136/OEMED-2014-102286

	3.	McKenzie, JF, El-Zaemey, S, and Carey, RN. Prevalence of exposure to multiple 
occupational carcinogens among exposed workers in Australia. Occup Environ Med. 
(2020) 78:211–7. doi: 10.1136/OEMED-2020-106629

	4.	Kauppinen, T, Toikkanen, J, Savela, A, Pedersen, D, Young, R, Ahrens, W, et al. 
Occupational exposure to carcinogens in the European Union. Occup Environ Med. 
(2000) 57:10–8. doi: 10.1136/OEM.57.1.10

	5.	Paulo, MS, Adam, B, Akagwu, C, Akparibo, I, Al-Rifai, RH, Bazrafshan, S, et al. 
WHO/ILO work-related burden of disease and injury: protocol for systematic reviews 
of occupational exposure to solar ultraviolet radiation and of the effect of occupational 
exposure to solar ultraviolet radiation on melanoma and non-melanoma skin cancer. 
Environ Int. (2019) 126:804–15. doi: 10.1016/j.envint.2018.09.039

	6.	Loney, T, Paulo, MS, Modenese, A, Gobba, F, Tenkate, T, Whiteman, DC, et al. 
Global evidence on occupational sun exposure and keratinocyte cancers: a systematic 
review. Br J Dermatol. (2021) 184:208–18. doi: 10.1111/bjd.19152

	7.	Fitzmaurice, C, Abate, D, Abbasi, N, Abbastabar, H, Abd-Allah, F, 
Abdel-Rahman, O, et al. Global, regional, and national cancer incidence, mortality, years 
of life lost, years lived with disability, and disability-adjusted life-years for 29 cancer 
groups, 1990 to 2017: a systematic analysis for the global burden of disease study. JAMA 
Oncol. (2019) 5:1749–68. doi: 10.1001/JAMAONCOL.2019.2996

	8.	Armstrong, BK, and Kricker, A. The epidemiology of UV induced skin cancer. J 
Photochem Photobiol B. (2001) 63:8–18. doi: 10.1016/S1011-1344(01)00198-1

	9.	Hu, W, Fang, L, Ni, R, Zhang, H, and Pan, G. Changing trends in the disease burden 
of non-melanoma skin cancer globally from 1990 to 2019 and its predicted level in 25 
years. BMC Cancer. (2022) 22:1–11. doi: 10.1186/S12885-022-09940-3

	10.	Kristensen, I, Iversen, IB, Fenger-Grøn, M, Kolstad, HA, Würtz, ET, Turner, MC, 
et al. Occupational solar ultraviolet radiation and incidence of non-melanoma skin 
cancer in a nationwide cohort. Environ Pollut. (2025) 386:127275. doi: 10.1016/J.
ENVPOL.2025.127275

	11.	Schmitt, J, Seidler, A, Diepgen, TL, and 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

	12.	Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. 
Global Cancer statistics 2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 
10.3322/CAAC.21660

	13.	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 ultra violet radiation (UVR) among outdoor workers. Front Public 
Health. (2021) 9:1–7. doi: 10.3389/fpubh.2021.756566

	14.	Modenese, A, Korpinen, L, and Gobba, F. Solar radiation exposure and outdoor 
work: an underestimated occupational risk. Int J Environ Res Public Health. (2018) 
15:2063. doi: 10.3390/ijerph15102063

	15.	Wittlich, M. Criteria for occupational health prevention for solar UVR exposed 
outdoor workers-prevalence, affected parties, and occupational disease. Front Public 
Health. (2022) 9:2328. doi: 10.3389/FPUBH.2021.772290

	16.	International Commission on Non-Ionizing Radiation Protection. International 
commission on non-ionizing radiation protection ICNIRP statement. Health Phys. 
(2010) 99:66–87. doi: 10.1097/HP.0b013e3181d85908

	17.	Paulo, MS, Symanzik, C, Maia, MR, Lapão, LV, Carvalho, F, Conneman, S, et al. 
Digitally measuring solar ultraviolet radiation in outdoor workers: a study protocol for 
establishing the use of electronic personal dosimeters in Portugal. Front Public Health. 
(2023) 11:1140903. doi: 10.3389/fpubh.2023.1140903

	18.	Carvalho, F, Strehl, C, Barroso-Dias, J, Castela, MM, Gobba, F, Lapão, LV, et al. 
Occupational exposure to solar ultraviolet radiation among outdoor workers in Lisbon, 
2023—first results of the MEAOW study. Front Public Health. (2025) 13:1659663. doi: 
10.3389/FPUBH.2025.1659663

	19.	Wittlich, M, John, SM, Tiplica, GS, Sălăvăstru, CM, Butacu, AI, Modenese, A, et al. 
Personal solar ultraviolet radiation dosimetry in an occupational setting across Europe. 
J Eur Acad Dermatol Venereol. (2020) 34:1835–41. doi: 10.1111/JDV.16303

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

	21.	Kovačić, J, Wittlich, M, John, SM, and 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.2020.111866

	22.	Milon, A, Bulliard, JL, Vuilleumier, L, Danuser, B, and Vernez, D. Estimating the 
contribution of occupational solar ultraviolet exposure to skin cancer. Br J Dermatol. 
(2014) 170:157–64. doi: 10.1111/BJD.12604

	23.	Slaper, H, Velders, GJM, Daniel, JS, De Gruijl, FR, and Van der Leun, JC. Estimates 
of ozone depletion and skin cancer incidence to examine the Vienna convention 
achievements. Nature. (1996) 384:256–8. doi: 10.1038/384256A0

	24.	Dadvand, P, Basagaña, X, Barrera-Gómez, J, Diffey, B, and Nieuwenhuijsen, M. 
Measurement errors in the assessment of exposure to solar ultraviolet radiation and its 
impact on risk estimates in epidemiological studies. Photochem Photobiol Sci. (2011) 
10:1161–8. doi: 10.1039/C0PP00333F

	25.	Rocholl, M, Ludewig, M, John, SM, Bitzer, EM, and Wilke, A. Outdoor workers’ 
perceptions of skin cancer risk and attitudes to sun-protective measures: a qualitative 
study. J Occup Health. (2020) 62:e12083. doi: 10.1002/1348-9585.12083

	26.	Ruppert, L, Ofenloch, R, Surber, C, and Diepgen, T. Occupational risk factors for 
skin cancer and the availability of sun protection measures at German outdoor 
workplaces. Int Arch Occup Environ Health. (2016) 89:1009–15. doi: 10.1007/
S00420-016-1138-2

	27.	Kramer, DM, Tenkate, T, Strahlendorf, P, Kushner, R, Gardner, A, and Holness, DL. 
Sun safety at work Canada: a multiple case-study protocol to develop sun safety and heat 
protection programs and policies for outdoor workers. Impl Sci. (2015) 10:1–18. doi: 
10.1186/S13012-015-0277-2

	28.	Haluza, D, Simic, S, Höltge, J, Cervinka, R, and Moshammer, H. Connectedness 
to nature and public (skin) health perspectives: results of a representative, population-
based survey among Austrian residents. Int J Environ Res Public Health. (2014) 
11:1176–91. doi: 10.3390/IJERPH110101176

	29.	Green, AC, and McBride, P. Squamous cell carcinoma of the skin (non-metastatic). 
BMJ Clin Evid. (2014) 2014:1709

	30.	Paulo, MS, Symanzik, C, Ádam, B, Gobba, F, Kezic, S, van der Molen, HF, et al. 
Risk of cutaneous squamous cell carcinoma due to occupational exposure to solar 
ultraviolet radiation: protocol for a systematic review and meta-analysis. PLoS One. 
(2023) 18:e0282664. doi: 10.1371/JOURNAL.PONE.0282664

	31.	Trakatelli, M, Barkitzi, K, Apap, C, Majewski, S, De Vries, E, Coebergh, JW, et al. 
Skin cancer risk in outdoor workers: a European multicenter case-control study. J Eur 
Acad Dermatol Venereol. (2016) 30:5–11. doi: 10.1111/jdv.13603

	32.	Radespiel-Tröger, M, Meyer, M, Pfahlberg, A, Lausen, B, Uter, W, and 
Gefeller, O. Outdoor work and skin cancer incidence: a registry-based study in 
Bavaria. Int Arch Occup Environ Health. (2009) 82:357–63. doi: 10.1007/
s00420-008-0342-0

	33.	Suárez, B, López-Abente, G, Martínez, C, Navarro, C, Tormo, MJ, Rosso, S, et al. 
Occupation and skin cancer: the results of the HELIOS-I multicenter case-control study. 
BMC Public Health. (2007) 7:1–13. doi: 10.1186/1471-2458-7-180

	34.	Schmitt, J, Haufe, E, Trautmann, F, Schulze, HJ, Elsner, P, Drexler, H, et al. Is 
ultraviolet exposure acquired at work the most important risk factor for cutaneous 
squamous cell carcinoma? Results of the population-based case–control study FB-181. 
Br J Dermatol. (2018) 178:462–72. doi: 10.1111/bjd.15906

	35.	World Health Organization. Global solar UV index: a practical guide. A joint 
recommendation of the World Health Organization, World Meteorological Organization, 
United Nations Environment Programme, and the International Commission on Non-
Ionizing Radiation protection. Geneva: World Health Organization (2002). 32 p.

	36.	Portugal Geographic Coordinates - Latitude & Longitude. Available online at: 
https://www.geodatos.net/en/coordinates/portugal?utm_content=cmp-true (Accessed 
June 26, 2025).

	37.	Yearly & Monthly Weather - Portalegre, Portugal. Available online at: https://www.
weather-atlas.com/en/portugal/portalegre-climate (Accessed June 26, 2025).

	38.	Vitt, R, Laschewski, G, Bais, AF, Diémoz, H, Fountoulakis, I, Siani, AM, et al. UV-
index climatology for Europe based on satellite data. Atmos. (2020) 11:727. doi: 10.3390/
ATMOS11070727

https://doi.org/10.3389/fpubh.2026.1662734
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
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/10.1016/j.envint.2018.09.039
https://doi.org/10.1111/bjd.19152
https://doi.org/10.1001/JAMAONCOL.2019.2996
https://doi.org/10.1016/S1011-1344(01)00198-1
https://doi.org/10.1186/S12885-022-09940-3
https://doi.org/10.1016/J.ENVPOL.2025.127275
https://doi.org/10.1016/J.ENVPOL.2025.127275
https://doi.org/10.1111/J.1365-2133.2010.10118.X
https://doi.org/10.3322/CAAC.21660
https://doi.org/10.3389/fpubh.2021.756566
https://doi.org/10.3390/ijerph15102063
https://doi.org/10.3389/FPUBH.2021.772290
https://doi.org/10.1097/HP.0b013e3181d85908
https://doi.org/10.3389/fpubh.2023.1140903
https://doi.org/10.3389/FPUBH.2025.1659663
https://doi.org/10.1111/JDV.16303
https://doi.org/10.1111/jdv.13607
https://doi.org/10.1016/J.JPHOTOBIOL.2020.111866
https://doi.org/10.1111/BJD.12604
https://doi.org/10.1038/384256A0
https://doi.org/10.1039/C0PP00333F
https://doi.org/10.1002/1348-9585.12083
https://doi.org/10.1007/S00420-016-1138-2
https://doi.org/10.1007/S00420-016-1138-2
https://doi.org/10.1186/S13012-015-0277-2
https://doi.org/10.3390/IJERPH110101176
https://doi.org/10.1371/JOURNAL.PONE.0282664
https://doi.org/10.1111/jdv.13603
https://doi.org/10.1007/s00420-008-0342-0
https://doi.org/10.1007/s00420-008-0342-0
https://doi.org/10.1186/1471-2458-7-180
https://doi.org/10.1111/bjd.15906
https://www.geodatos.net/en/coordinates/portugal?utm_content=cmp-true
https://www.weather-atlas.com/en/portugal/portalegre-climate
https://www.weather-atlas.com/en/portugal/portalegre-climate
https://doi.org/10.3390/ATMOS11070727
https://doi.org/10.3390/ATMOS11070727

	Increased risk of squamous cell carcinoma based on solar ultraviolet radiation measurements from outdoor workers in Lisbon, Portugal
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Setting
	2.3 Participants
	2.4 Data sources/measurements and variables
	2.5 Annual dose estimation
	2.6 Statistical methods
	2.6.1 Relative risk (RR) modeling
	2.6.2 Model assumptions and bias

	3 Results
	3.1 Average annual occupational UVR dose and SED by occupation
	3.2 Cumulative UV dose
	3.3 Relative risks of developing SCC

	4 Discussion
	4.1 Generalizability of the study results
	4.2 Limitations
	4.3 Policy and public health implications

	5 Conclusion

	Acknowledgments
	References

