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indoor radon exposures were updated, and complementary recommenda-
tions for policymakers were introduced. UVR and radon are classified as
carcinogenic to humans (group 1 carcinogens) in the International Agency
for Research on Cancer (IARC) Monographs. Solar UVR and, to a lesser
extent, artificial forms of UVR exposure are major causes of skin cancer,
while radon gas is a leading cause of lung cancer. This paper summarises
the evidence for retaining and refining these recommendations. For
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individuals, ECACS5 advises avoiding excessive sun exposure, especially in
children, using sun protection, and never using sunbeds; for radon, check-
ing local radon maps, seeking professional measurement where appropriate
and taking remedial action, if necessary, are recommended. For policy-

makers, ECACS encourages harmonised UVR protection measures across

(Received 13 August 2025, revised 13
October 2025, accepted 14 November

the European Union, enforcement of regulations concerning indoor tan-
ning devices, and enabling access to testing of radon levels, and support

2025) for mitigation and remediation. These recommendations provide action-
able, evidence-based recommendations to help reduce cancer risk and align

doi:10.1002/1878-0261.70171

with Europe’s Beating Cancer Plan.

1. Introduction

The European Code Against Cancer (ECAC) is an ini-
tiative of the European Commission that provides
evidence-based cancer prevention recommendations for
the public [1]. The latest 5th edition (ECACS) has been
coordinated by the International Agency for Research
on Cancer (IARC) as part of the World Code Against
Cancer Framework [2], under which region-specific
codes are developed following a standardised method-
ology as described in Espina et al. [3].

ECACS distils the latest scientific evidence arising since
the 2014 publication of the ECAC’s 4th edition (ECAC4)
to propose 14 cancer prevention recommendations
(Fig. 1). ECACS differs from previous editions by also
targeting European Union (EU) policymakers with 14
complementary population-level recommendations [4].
The full text of ECACS is presented in Annex S1. This
article presents the rationale and justification for updating
the ECAC4 recommendations concerning exposure to
ultraviolet radiation (UVR) and indoor radon.

Other types of ionising radiation, although also
established to be carcinogenic [5], were not considered
for ECACS due to low public exposure or the lack
of feasible opportunities to prevent exposure.
Non-ionising electromagnetic fields were not included
given the limited evidence of carcinogenicity in humans
[6-8]. Occupational exposure to ionising radiation is
formally addressed in a separate recommendation
described in Jochems et al. [9].

2. Ultraviolet radiation and radon
exposure in the European
Union/Europe

2.1. Ultraviolet radiation

UVR is a part of the electromagnetic spectrum. Sun-
light is the principal source of UVR in daily life,

although artificial sources for medical, industrial or
cosmetic purposes provide further exposure for certain
population groups. Solar UVR and UV-emitting
indoor tanning devices have both been classified as
‘carcinogenic to humans’ (Group 1) by the IARC
Monographs on the Identification of Carcinogenic
Hazards to Humans (IARC Monographs) [5]. The
established biological properties of UVR are described
in Greinert et al., which details the scientific justifica-
tion for the ECAC4 recommendation on UVR [10].

The irradiance of solar UVR is influenced by vari-
ous factors including time of day, season, latitude, alti-
tude, cloud cover and air pollution. Its intensity at the
Earth’s surface can be measured using the Global
Solar UV Index (UVI), which provides a standardised
measure of solar UVR [11]: the higher the index, the
greater and more rapid the potential harm to skin and
eyes. Sun protection measures are recommended once
the UVI reaches 3 or higher [10]. As an illustrative
example, the global UVI forecast at 12:00 UTC on 13
June 2025 is provided in Fig. S1.

UVR increased in southern and central Europe since
the 1990s [12]. Recent monitoring data from central
Europe indicates increases in UV exposure in the
range of ~10-20% since the 1990s [13].

In eastern Europe, decreased ozone and cloud cover
led to daily UV radiation increasing by 5-8% per
decade [14]. Long-term atmospheric monitoring data
have indicated that UVI has increased across western
Europe, but such trends are not replicated in
high-latitude northern European settings [15,16]. Nev-
ertheless, high values of the UVI have been periodi-
cally recorded across Nordic countries, for example
during the summer of 2018. This phenomenon has
been linked to regular clear skies, dry conditions and
heatwaves, which have become more common in
recent years [17].
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European Code Against Cancer, 5th edition
14 ways you can help prevent cancer

Smoking
Do not smoke. Do not use any form of tobacco, or vaping products. If you smoke, you should quit.

Exposure to other people’s tobacco smoke
Keep your home and car free of tobacco smoke.

Overweight and obesity

Take action to avoid or manage overweight and obesity:
e Limitfood high in calories, sugar, fat, and salt.
e Limitdrinks high in sugar. Drink mostly water and unsweetened drinks.
e Limitultra-processed foods.

Physical activity
Be physically active in everyday life. Limit the time you spend sitting.

Diet
Eat whole grains, vegetables, legumes, and fruits as a major part of your daily diet. Limit red meat, and avoid processed meat.

Alcohol
Avoid alcoholic drinks.

Breastfeeding
Breastfeed your baby for as long as possible.

Sun exposure
Avoid too much sun exposure, especially for children. Use sun protection. Never use sunbeds.

Cancer-causing factors at work
Inform yourself about cancer-causing factors at work, and call on your employer to protect you against them. Always
follow health and safety instructions at your workplace.

Indoor radon gas
Inform yourself about radon gas levels in your area by checking a local radon map. Seek professional help to measure
levels in your home and, if necessary, reduce them.

Air pollution
Take action to reduce exposure to air pollution by:
e Using public transportation, and walking or cycling instead of using a car
e Choosing low-traffic routes when walking, cycling, or exercising
e Keeping your home free of smoke by not burning materials such as coal or wood
e Supporting policies that improve air quality.

Cancer-causing infections
e Vaccinate girls and boys against hepatitis B virus and human papillomavirus (HPV) at the age recommended in your
country.
e Take partin testing and treatment for hepatitis B and C viruses, human immunodeficiency virus (HIV), and Helicobacter
pylori, as recommended in your country.

Hormone replacement therapy
If you decide to use hormone replacement therapy (for menopausal symptoms) after a thorough discussion with
your health-care professional, limitits use to the shortest duration possible.

Organized cancer screening programmes
Take part in organized cancer screening programmes, as recommended in your country, for:
e Bowelcancer
e Breastcancer
e Cervical cancer
e Lungcancer.

Fig. 1. European Code Against Cancer, 5th edition: recommendations for individuals. The 14 recommendations of the European Code
Against Cancer, 5th edition (ECAC5) adopted by the Scientific Committee of the ECAC5 project. © 2026 International Agency for Research
on Cancer / WHO. Used with permission.
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Occupational exposure to solar and artificial UVR is
an important concern. Occupational exposure to UVR
is mostly attributable to outdoor work, during which
individuals may be exposed without adequate protec-
tion to solar UVR for extended periods of time.
According to data from a workers’ survey conducted
by the European Agency for Safety and Health at
Work (EU-OSHA) in 2023 across six EU countries,
20% of workers face substantial occupational exposure
to solar UVR [18]. Artificial sources of UVR in an
occupational setting include various forms of lamps
used in surface-coating, medical, cosmetic and
food-hygiene applications which expose between 1.5%
and 3.3% of workers in the EU [19]. Further details of
occupational exposure to carcinogens and the associ-
ated ECACS5 recommendation are addressed in
Jochems et al. [9].

UV-emitting indoor tanning devices deliver UVR
equivalent to a UVI of 12, equivalent to midday sun
at the Equator. While the UVR may vary across the
devices, there is an increasing tendency towards higher
UV irradiance [20]. Usage also varies by country. A
2014 meta-analysis covering 16 countries globally
(including Denmark, France, Germany, Ireland, Swe-
den and the United Kingdom) reported that 35.7% of
adults and 19.3% of adolescents in the included stud-
ies had used indoor tanning devices at least once [21].
A more recent 2019 study of 227 888 individuals par-
ticipating in a skin cancer campaign in 30 European
countries found that the prevalence of ever use of
indoor tanning devices was considerably lower at
10.6%. The prevalence of use at a country level ranged
from 0.5% (95% CI, 0.1-1.7) in Malta to 26.5% (95%
CI, 25.6-27.4) in Belgium [22]. Data from Germany
show an overall decline in the current use of indoor
tanning devices for people aged between 14 and
45 years from 14.6% (95% CI, 13.6-15.6) in 2012 to
6.5% (95% CI, 5.4-7.4) in 2022 [23], which in part
may be due to the COVID-19 pandemic.

2.2. Radon

Radon-222 is a naturally occurring radioactive gas
that occurs as an intermediate decay product in the
uranium-238 decay chain and is immediately preceded
by radium-226 [24]. It can infiltrate buildings through
structural gaps in the basement and accumulate in
confined and poorly ventilated spaces [25]. As a conse-
quence, thermal insulation measures without consider-
ing appropriate radon protection have been observed
to lead to increased indoor radon levels [26]. Indoor
concentration depends on a variety of factors including
geology, sub-surface gaseous permeability, ventilation

D. Ritchie et al.

and building materials [27,28]. Although residential
settings remain the primary source of radon exposure
for most people, occupational exposure to radon can
occur in any workplace, particularly those located in
high radon areas, or in buildings or rooms with poor
ventilation [29-31]. Mining and water treatment sec-
tors are deemed at elevated occupational radon expo-
sure risk [32,33], but any workplace in a basement
setting, such as libraries, schools, universities and cul-
tural centres, may also pose an elevated occupational
radon exposure risk [29,34].

Radon levels vary across Europe with concentra-
tions highest in areas with uranium-rich bedrock,
Quaternary deposits or soil, including but not limited
to areas in the Czech Republic, Finland, Germany,
Ireland, Portugal and Switzerland [32,35-37]. Indoor
radon concentration is measured in becquerels per
cubic metre (Bq-m~?). The WHO recommends that
indoor radon levels do not exceed 100 Bq-m ™ [38]. As
typical indoor radon concentration in dwellings varies,
EU legislation has been enacted to set a recommended
upper limit for Member States of 300 Bq:m~> [39].
The Joint Research Centre (JRC) of the European
Commission has developed a programme to periodi-
cally map indoor radon exposure at the European
level. Figure 2 presents the most recent (at the time of
writing) annual indoor radon concentrations in Europe
(2024) [40].

3. Cancer burden in the European
Union/Europe attributable to
ultraviolet radiation and radon
exposure

3.1. Ultraviolet radiation

The European Environment Agency (EEA) estimated
that between 3% and 4% of all cancer cases in Europe
may be attributable to UVR [41]. Much of this is
attributed to skin cancer for which UVR is the major
cause. UVR has the potential to both initiate skin can-
cer by causing DNA damage leading to mutations
causing cancer and it can also promote skin cancer
development by suppressing the immune response
[42,43]. For this reason, it is known as a complete
carcinogen.

UVR causes cutaneous melanoma (CM), which is
the most lethal form of skin cancer. In the EU, there
were approximately 101 500 cases (Age-Standardised
Rate [ASR] 11.9/100 000) and 16 700 deaths attributed
to CM in 2022 [44]. The number of cases has contin-
ued to rise in recent decades. Data from 18 cancer reg-
istries in Europe showed that the incidence rate of
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European Indoor Radon Map, Arithmetic Mean, November 2024

—

Arithmetic means over 10 km x 10 km cells of long-term radon concentration in ground-floor rooms.

(The cell mean is neither an estimate of the population exposure, nor of the risk.)
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Fig. 2. European indoor radon concentration map (November 2024). Concentration is measured in ground-floor rooms and aggregated into
uniform 10 km x 10 km grids according to available data supplied by national authorities. The colour of each cell corresponds to its average
radon concentration. © European Union, 2024. Reuse authorised under the Creative Commons Attribution 4.0 International (CC BY 4.0)

licence.

invasive CM increased annually by 4% in men and
3% in women between 1995 and 2012 [45,46]. Trends
for CM mortality have differed from incidence. Using
global burden of disease estimates for 28 European
countries (for the years 1992-2021), age-standardised
mortality increased until 2015 (annual percentage
change [APC] 0.91; 95% CI, 0.71-1.10) and thereafter
declined between 2015 and 2021 (APC —1.82; 95% CI,
—3.02 to —0.60) [47]. The divergence reflects the
impact of improved early detection, together with
advances in treatment that have improved survival.
UVR likewise causes keratinocyte skin cancers,
namely, cutaneous squamous-cell carcinoma (SCC)
and basal cell carcinoma (BCC), which are less fatal
but occur more frequently than CM [48,49]. In 2022,
an estimated 248 900 cases of NMSC (ASR

16.1/100 000) and 8600 deaths were attributed to
NMSC in the EU [44]. However, this may be an
underestimate as most cancer registries do not rou-
tinely collect or process NMSC data, especially BCC.
Country-level data show an increasing trend of NMSC
over recent decades [50,51]. Between 2013 and 2015 in
England, the age-standardised incidence rates of SCC
were 77.3 per 100 000 person-years in men and 34.1
per 100 000 in women [52]. Projections from the
United Kingdom suggest the age-standardised inci-
dence rate of NMSC will increase by 14% between the
years 2023-2025 and 2038-2040 [53].

In addition to skin cancer, UVR can also cause can-
cer of the lip, whereas UVR from indoor tanning
devices has been linked to ocular melanoma, as well
as CM and SCC [5,20,54]. A meta-analysis of
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epidemiological studies reported an increased risk of
CM associated with indoor tanning devices (summary
relative risk of 1.20; 95% CI, 1.08-1.34) for ever use
compared to never use. First exposure before the age
of 35 years was associated with a higher risk (sum-
mary relative risk of 1.59; 95% CI, 1.36-1.85) [54]. To
place this in context, approximately 3438 CM cases
annually across 18 European countries have been esti-
mated to be attributable to use of indoor tanning
devices, corresponding to an attributable fraction of
5.4% [54].

3.2. Radon

Radon is a key risk factor for lung cancer and is
recognised as one of the leading cause of lung cancer
among never smokers. Overall, radon is considered
the second-leading cause of lung cancer, following
tobacco smoking [38]. The World Health Organiza-
tion (WHO) estimates that between 3% and 14% of
lung cancer cases may be attributed to radon expo-
sure. The proportion attributable to radon exposure
is influenced by factors such as the mean concentra-
tion of indoor radon, differences in building struc-
tures and prevalence of tobacco smoking, which acts
synergistically with radon exposure [38]. It has been
estimated that around 19 000 lung cancers in Europe
were attributable to indoor radon exposure in
2019 [55].

National level estimates indicate that the proportion
of lung cancer cases attributable to radon exposure
varies across Europe. For example, in Germany, about
2800 lung cancer deaths per year (6.3% of the total)
are linked to indoor residential radon exposure [56]. In
France, this figure is around 2924 deaths annually,
accounting for 9.6% of lung cancer deaths [57]. In
Finland, indoor radon is estimated to contribute to
3-8% of lung cancer cases [58], and in Ireland, studies
suggest that approximately 13% of lung cancer cases,
or about 350 cases per year, are associated with resi-
dential radon exposure [59]. While indoor residential
radon exposure accounts for the majority of
radon-attributable lung cancer cases, occupational
exposure, particularly among underground miners
exposed to high radon gas concentrations, is also a
considerable factor. A pooled analysis of cohort stud-
ies of lung cancer mortality among 57 873 male ura-
nium miners from five countries reported an increasing
relative rate of lung cancer with cumulative exposure
to radon gas and its decay products (Estimated Rela-
tive Rate/100 Working Level Months of 1.33; 95% CI,
0.89-1.88) [60].

D. Ritchie et al.

4. Recommendations for individuals

4.1. Scientific justification for update of the
recommendations on ultraviolet radiation
exposure in ECAC5

The latest evidence on UVR and cancer was reviewed
to update the ECAC4 recommendation: Avoid too
much sun, especially for children. Use sun protection.
Do not use sunbeds [1].

4.1.1. Evidence on the association between exposure to
ultraviolet radiation and cancer

The TARC Monographs (Volume 100, Part D) classi-
fied UVR as ‘carcinogenic to humans’ (Group 1) and
elevated the classification of UV-emitting tanning
devices usage to Group 1 [61]. As both solar and artifi-
cial forms of UVR are classified as Group 1 carcino-
gens, they demonstrate sufficient evidence to remain in
ECACS. The carcinogenicity and mechanisms of solar
and artificial UVR exposure are detailed in Greinert
et al. [10].

Evidence published since the publication of ECAC4
in 2014 has further elaborated the association between
UVR and skin cancer. For NMSC, the risk of SCC
tends to increase with cumulative lifetime UVR expo-
sure and typically develops on chronically sun-exposed
skin, such as the head and neck. In contrast, BCC
shows a stronger association with intense, intermittent
exposures. Canadian data from 2015 indicated that
46.2% of BCC (25 870 cases) were linked to sunburn,
sunbathing and indoor tanning devices, while 17.3%
(3433 cases) of SCC were linked to sunburn and
indoor tanning [62]. On the other hand, CM is associ-
ated with intense, intermittent sun exposure particu-
larly for intermittently sun-exposed skin [63]. Evidence
suggests that CM located on intermittently sun-
exposed skin occurs more frequently in individuals
with a high number of naevi. In a pooled analysis of
2617 cases from the UK and Australia, the likelihood
of developing CM on intermittently sun-exposed sites,
such as the trunk, was higher for individuals with high
naevus counts compared with individuals with few
naevi (odds ratio [OR]6.9; 95% CI, 4.5-10.6).
Whereas CM on chronically sun-exposed skin is more
strongly associated with cumulative UVR exposure.
Findings from the Norwegian Women and Cancer
study prospective cohort study reported that outdoor
work was associated with increased CM risk on the
head and neck (relative risk [RR] 2.07; 95% CI,
1.06-4.04) [64,65].
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Occupational solar UVR exposure in outdoor
workers remains an important factor for skin cancer.
Outdoor workers face protracted exposure leading to
heightened risk of NMSC. Results from a case—control
study in eight European countries published in 2016
found an increased risk of SCC (OR 2.77; 95% CI,
1.97-3.88) and BCC (OR 1.83; 95% CI, 1.80-2.96) for
outdoor workers in the farming and construction sec-
tors, compared to indoor workers [66]. Data from the
French Agriculture and Cancer cohort study published
in 2021 found that CM occurred at a higher rate
among female agricultural workers compared to the
general population (standardised incidence ratio [SIR]
1.21; 95% CI, 1.02-1.42) [67].

The increased risk of CM from UVR via the use of
indoor tanning devices has been reaffirmed by recent
evidence. A meta-analysis of 36 observational studies
containing 14 583 CM cases showed a strong associa-
tion between indoor tanning and CM risk (RR 1.27;
95% CI, 1.16-1.39). The risk increases when the first
exposure occurs at age < 20 years (RR 1.47; 95% CI,
1.16-1.85) compared with never users. For NMSC,
based on 10 406 cases from 18 cohort and case—
control studies, the risk was also increased for users of
indoor tanning devices (RR 1.40; 95% CI, 1.18-1.65).

4.1.2. Presentation of the recommendation

The starting point for the ECAC5 UVR recommenda-
tion was the corresponding recommendation in
ECAC4. Data obtained from the experimental study
to evaluate the preliminary ECAC5 recommendations,
reported in Mantzari et al. [68], and additional find-
ings from a qualitative study on the adoption of the
ECAC4 recommendations, reported in Feliu et al. [69],
were taken into account when constructing the
updated recommendation. Consequently, minor adap-
tations to enhance scientific precision and clarity for
the target audience were included. The ECACS5 recom-
mendation now reads:

Avoid too much sun exposure, especially for chil-
dren. Use sun protection. Never use sunbeds.

The phrasing in ECAC4 to avoid ‘too much sun’
may be interpreted as referring simply to being out-
doors without any reference to precautionary measures
during hot weather conditions. The updated ECACS5
recommendation inserts the clarification of avoiding
excessive sun ‘exposure’, which more precisely
describes the modifiable behaviour increasing cancer
risk, namely, unprotected or prolonged exposure to
solar UVR [42,70]. It aims to make clear that the key
risk factor in question is the magnitude of solar UVR
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exposure, which is influenced by factors including skin
phototype, geographical location (latitude and alti-
tude), time of the day and season [43,71]. The recom-
mendation in ECAC4 stated simply ‘avoid too much
sun’ without defining what would constitute ‘too
much’ sun exposure for an individual. This was delib-
erate, given the variation in personal characteristics,
such as skin phototype, location and seasonality,
which makes it difficult to generate a more precise
message for the general population. Building on this,
and to avoid implying a safe level of solar UVR expo-
sure while also recognising that complete avoidance is
neither feasible nor desirable for health, the ECACS
recommendation retains the wording ‘too much’. This
is intended to draw attention to situations likely to
cause sunburn and encourage the use of sun protection
measures.

The statement on indoor tanning devices in ECAC4
‘do not use sunbeds’ has been updated to urge individ-
uals to ‘never use sunbeds’. This refinement is consis-
tent with the unequivocal message from the Scientific
Committee on Health, Environmental and Emerging
Risks (SCHEER) report on the biological effects of
UVR from the use of UV-emitting tanning devices for
cosmetic purposes, which was published in 2016. It
stated that as the induction of skin cancer is stochas-
tic, lower doses only reduce the probability of skin
cancer but do not indicate a level of irradiance at
which skin cancer risk may reach zero. Consequently,
there is no safe limit for exposure to UVR from
indoor tanning devices [20]. Therefore, the wording of
the ECACS5 recommendation was deliberately modified
to reflect this evidence and reduce the possibility of
misinterpretation or risk minimisation by the target
audience.

The remaining statements issued in ECAC4 refer to
the importance of protecting children from UVR and
using sun protection. Individuals are recommended to
take measures to protect against sun exposure by limit-
ing time in the sun and seeking shade; wearing protec-
tive clothing, a broad-brimmed hat and UV-protective
sunglasses [72]. Broad-spectrum (UVA and UVB) sun-
screens with a sun protection factor (SPF) of 30+ to
50+, applied daily to sun-exposed body parts not pro-
tected by clothing, should be used in combination with
other sun protection measures as a last line of defence
[73]. This advice extends to outdoor solar UVR expo-
sure in occupational settings. For children, shade and
protective clothing are key and infants should be kept
out of direct sunlight. The statements on sun protec-
tion measures in ECACS5 have remained unchanged in
their phrasing as they continue to be both scientifically
and behaviourally relevant. Consequently, no benefit
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would be attained through modifying these particular
statements.

4.1.2.1. Aspects of equity

Matters of equity were of key importance to reflect
upon during the development of all ECACS recom-
mendations. In this respect, the continuation from
ECAC4 of highlighting children as a key vulnerable
population group is warranted due to their limited
capacity to take protective action independently, plus
the established evidence demonstrating that childhood
is a susceptible period for UVR-related carcinogenesis
[10].

Although individuals with lighter skin phototypes
are at higher risk of skin cancer than individuals with
naturally darker skin or with a tendency to tan easily,
the recommendation is intentionally inclusive of all
phototypes to avoid misconceptions about its relevance
to individuals with darker skin [70,74-76].

Additionally, due in part to the recognition of
potential economic barriers and variability of access
for individuals in the EU, the recommendation does
not refer explicitly to sunscreen use as a recommended
action when referring to the use of sun protection
measures. Nevertheless, appropriate use of sunscreen
remains an important behavioural component for pro-
tection against solar UVR. Evidence suggests regular
sunscreen use, when applied consistently and correctly,
may be effective in reducing CM risk [50,73,77-78].

4.1.2.2. Suitability, actionability and acceptability of
the recommendation

The recommendation promotes simple, accessible and
protective behaviours that are feasible for the vast
majority of people, including workers. It is consistent
with existing national sun and UVR safety guidance in
EU Member States, further supporting its appropriate-
ness and acceptability in the region [3].

4.1.3. Co-benefits for prevention of noncommunicable
diseases other than cancer with similar risk factors and
opportunities for health promotion

UVR exposure can cause suppression of the immune
function with effects on both local and systemic immu-
nity [79]. Excessive exposure is associated with certain
eye conditions such as cataracts and age-related macu-
lar degeneration [20,80]. On the other hand, UVB trig-
gers vitamin D synthesis in the skin, which is the
body’s primary source of vitamin D and is essential
for bone development and maintenance [10,81]. For
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most individuals, short periods spent outdoors,
depending on the season, skin type and geographical
location, are sufficient to regulate the levels of vitamin
D in the body. Therefore, limited sun exposure, man-
aged carefully in line with the ECACS5 recommenda-
tion, is sufficient for maintaining the benefits from
vitamin D while minimising the associated health risks
[82,83].

Shading public places reduces UVR exposure of the
public (including outdoor workers) and at the same
time reduces temperature in urban areas. These mea-
sures may help to mitigate health consequences related
to heat stress [13,84-85].

4.2. Scientific justification for update of the
recommendation on radon exposure in ECAC5

The latest evidence on indoor radon exposure and can-
cer was reviewed to update the ECAC4 recommenda-
tion: Find out if you are exposed to radiation from
naturally high radon levels in your home. Take action to
reduce high radon levels [1].

4.2.1. Evidence on the association between exposure to
radon and cancer

Radon-222 and decay products were classified as ‘car-
cinogenic to humans’ (Group 1) by the IARC Mono-
graphs (Volume 100, Part D) [61]. This classification
provides sufficient confidence in the evidence to sup-
port the continued inclusion of this recommendation
in ECACS. The carcinogenicity and mechanisms of
radon and its decay products are explained in McColl
et al., which outlines the scientific justification for the
ECAC4 recommendation on indoor radon gas [25].

A 2020 meta-analysis of 28 studies, including 13 748
lung cancer cases and 23 112 controls, confirmed ear-
lier findings on the dose-response relationship between
residential radon exposure and lung cancer risk. For
every 100 Bq-m* increase in residential radon concen-
tration, the overall risk of lung cancer increases by
11% (excess odds ratio [EOR] 0.11; 95% CI,
0.05-0.17). The association was greater for certain his-
tological subtypes, with a 19% increase in risk for
small cell lung cancer (EOR 0.19; 95% CI, 0.07-0.32),
and 13% for adenocarcinoma (EOR 0.13; 95% CI,
0.01-0.25) [86]. These findings are consistent with the
previously published, and well-established, 2005 pooled
analysis of individual data from 13 case—control stud-
ies of residential radon and lung cancer in nine Euro-
pean countries, which estimated a 16% (95% CI,
5-31%) increase in lung cancer risk per 100 Bq-m > of
residential radon gas exposure [87].
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A systematic review and meta-analysis of pooled
collaborative studies published in 2021 further demon-
strated the dose-response relationship between residen-
tial radon and lung cancer with stratification by
smoking status. An increase per 100 Bq-m > in radon
concentration heightened the risk of lung cancer by
15% among never-smokers (adjusted Excess Relative
Risk [aERR] 0.15; 95% CI, 0.06-0.25) and 9% among
people who have ever smoked (aERR 0.09; 95% CI,
0.03-0.16) [88]. As the baseline lung cancer risk is
higher for people who have ever smoked compared to
never smokers, the absolute increase is higher for ever
smokers.

Research investigating possible associations between
radon exposure and cancers other than lung cancer,
such as leukaemia, gastric and skin cancers, remain
inconclusive at present. Evidence from a German ura-
nium miners cohort shows very limited increased risk
for cancers other than lung cancer, even at very high
exposure levels. This suggests that the nonlung cancer
risk at residential radon exposure levels is very small
[30].

Most national and international health agencies,
including the WHO, currently adopt the linear-no-
threshold (LNT) model to assess the risk of
radon-induced lung cancer. The LNT model posits
that any incremental increase in radon exposure
proportionally raises lung cancer risk, with no safe
lower threshold below which there is no risk. The
LNT approach serves as a precautionary basis for
radiation protection standards worldwide. A review
of existing scientific literature by the United
Nations Scientific Committee on the Effects of
Atomic Radiation highlighted complications in
reconstructing exposure and dose for epidemiologi-
cal assessments, reinforcing how dose uncertainty
and retrospective reconstruction can artificially nar-
row or widen confidence intervals and obscure the
true relationship between dose and response [89].
Despite these debates, the balance of evidence and
policy remains strongly in favour of the LNT
model, given the imperative of public health protec-
tion [90].

4.2.2. Presentation of the recommendation

The ECACS5 recommendation on indoor radon gas
builds upon the ECAC4 recommendation taking into
account findings from Mantzari et al. [68] and Feliu
et al. [69]. It focuses specifically on indoor residential
exposure to radon gas, while occupational exposure is
addressed separately in the corresponding ECACS5 rec-
ommendation described by Jochems et al. [9]. The
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approved ECACS5 recommendation on indoor radon
reads:

Inform yourself about radon gas levels in your area
by checking a local radon map. Seek professional
help to measure levels in your home and, if neces-
sary, reduce them.

The recommendation is structured according to the
practical steps to be taken to understand and make an
informed decision about potentially reducing radon
exposure. It encourages individuals to adopt proactive,
information-seeking behaviour, while emphasising that
remediation measures themselves are conditional. This
can help to avoid raising anxiety and alarm among
individuals whose dwellings have low radon
concentration.

Each message reflects the sequence of events in the
order they are intended to occur. The first step encour-
ages individuals to consult local radon maps to
become informed about the radon concentration in
their area. The inclusion of ‘radon maps’ in the
ECACS recommendation is critical as it offers individ-
uals an entry point to learn more about their potential
residential radon exposure, in line with the require-
ments of the Basic Safety Standards Directive [39,40].

While local radon maps provide valuable informa-
tion regarding geographic variations in exposure, they
lack sufficient resolution to determine radon concen-
trations at the level of individual dwellings. Therefore,
some national authorities have added supplementary
queries, such as foundation type or year of construc-
tion, alongside their national radon map, for example
in Switzerland [91]. Accurate assessment of residential
radon concentrations requires in situ measurements to
be taken over a period of time. The ECACS5 recom-
mendation acknowledges this requirement emphasising
the importance of engaging trained professionals to
ensure proper installation of test kits, reliable measure-
ment procedures and accurate interpretation of results.
Additionally, informing people to ‘seek professional
help’ can help to facilitate appropriate remediation
methods where necessary and to avoid the implemen-
tation of ineffective and potentially counterproductive
measures [92,93].

The final step of the recommendation is to take
action to reduce indoor radon concentration only ‘if
necessary’. This aligns with national radon action
plans, which typically recommend remediation only
when indoor radon concentration exceed national ref-
erence levels. In this way, the recommendation pro-
vides clear guidance without causing undue concern
among individuals whose residential exposure does not
warrant action [94].
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4.2.2.1. Aspects of equity

The development of the ECACS5 recommendation con-
sidered the potential equity implications across the
EU. Maintaining radon as a recommendation in
ECAC may help raise further awareness of radon
exposure and its associated cancer risk, which could
encourage greater uptake of testing and remediation,
where needed. This has the potential to positively
influence equity, particularly for individuals living in
radon-affected areas who may otherwise be unaware
of their exposure. However, challenges remain, espe-
cially for individuals living in rented accommodation
or property owners, who may face barriers to testing
or remediation due to limited financial means and may
not prioritise undertaking necessary remediation mea-
sures. In this context, the corresponding ECACS5 rec-
ommendation for policymakers becomes especially
important to implement.

4.2.2.2. Suitability, actionability and acceptability of
the recommendation for the individual

The ECACS5 recommendation on indoor radon gas has
been evaluated in terms of its suitability to the general
population in EU Member States, its capacity to sup-
port individual action, and the acceptability of its mes-
sages. Given that radon exposure occurs at varying
concentrations across all Member States, the recom-
mendation is broadly relevant for the general popula-
tion and appropriately raises awareness of the
association between radon gas and lung cancer.

Evidence suggests that including a ‘call to action’
can increase emotional engagement and may improve
uptake of public health guidance [95]. Consequently,
the phrasing of the recommendation deliberately
emphasises the sequential, actionable steps to be taken
by individuals. This stepwise framing enhances the
actionability of the recommendation and may in turn
help to improve its acceptability by empowering indi-
viduals with concrete steps to follow.

A Canadian study in 2021 reported that only 20%
participants obtained a radon test kit following a sin-
gle encounter with public health information designed
to raise awareness of radon gas, with 65% of partici-
pants requiring multiple follow-up interactions before
obtaining a kit. Delays in obtaining a kit and anxieties
raised upon presentation of the information on radon
gas varied by age, sex and occupation [96]. Variation
across demographic groups suggests that different
approaches are required to tailor messaging, frequency
and format to the needs of specific groups. Therefore,
authorities should consider to develop targeted
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information campaigns to more effectively address
their populations on this topic.

4.2.3. Co-benefits for prevention of noncommunicable
diseases other than cancer with similar risk factors and
opportunities for health promotion

Reducing exposure to radon has cobenefits for health
beyond cancer prevention. Efforts to lower indoor
radon gas concentration, such as addressing structural
gaps at the basement level and better ventilation, will
also improve indoor air quality and may help alleviate
respiratory conditions such as asthma [97]. As noted in
McColl et al., the majority of radon-induced cancers
occur among people who smoke due to the combined
effect of smoking and radon exposure and reflecting
their substantially higher baseline lung cancer risk
[25,87]. Recent estimates from Germany have under-
scored this synergy by reporting that approximately
80% of radon-attributable lung cancers occur among
current or former smokers [56]. Therefore, the ECAC5
recommendation can also be used to reinforce broader
tobacco control objectives, complementing actions on
smoking cessation.

5. Recommendations for
policy-makers

Effective cancer prevention requires a dual-approach
combining individual-level behavioural strategies with
structural interventions that enable environments in
which individuals can adopt cancer prevention guid-
ance [98]. Policymakers are key to this process as they
have the authority to regulate and promote public pro-
grammes conducive to cancer prevention [99].

In recognition of this, ECACS5 introduces a comple-
mentary set of 14 policy recommendations, which rein-
force those for individuals. The recommendations
reflect authoritative international policies selected
according to the JARC methodology [3] and that are
also supported to some extent by Europe’s Beating
Cancer Plan (EBCP) [100] and the WHO’s NCD Best
Buys [101].

5.1. Presentation of the recommendation for
policymakers: Ultraviolet radiation exposure

Table 1 shows the adopted ECACS5 policy recommen-
dation on UVR exposure, which includes a series of
priority actions for policymakers.

The recommendation calls upon policymakers to
adopt a harmonised approach towards protecting the
population from UVR exposure across the EU. While
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Table 1. European Code Against Cancer, 5th edition:
recommendations for policymakers on sun and ultraviolet
radiation exposure.

Sun and ultraviolet (UV) radiation exposure

e Harmonise and enforce policies and recommendations on
protection from exposure to UV radiation across the EU

e Continue to support measures to reduce exposure to UV

radiation in the public and especially in children, including from

sunbeds and excess solar UV radiation

Provide collective protection from sun exposure, such as shading

infrastructures and greening, at the local level

In the workplace, provide organisational measures, shading and

access to UV-safe clothing or other collective and individual

protective equipment to reduce exposure of workers to solar and

artificial UV radiation

Complementing the above-mentioned policy measures, invest in

and promote regular public health campaigns to raise awareness

and knowledge of exposure to UV radiation and cancer risk, and

monitor their effectiveness in changing behaviour and reducing

exposure

© 2026 International Agency for Research on Cancer / WHO. Used
with permission.
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many Member States have issued national guidelines,
such as the German Guideline on Skin Cancer Preven-
tion [104], there is currently no EU-wide strategy to
prevent harmful UVR exposure, resulting in a patch-
work of national recommendations. A coordinated
EU-level framework could facilitate alignment and
enhance the effectiveness of existing prevention policies
through shared experiences and best practices.
Published in 2021, EBCP highlighted the need to
explore measures targeting UVR exposure, with special
attention to artificial UVR [100]. Therefore, the recom-
mendation urges policymakers to address artificial
UVR exposure from indoor tanning devices. Justifica-
tion stems from the SCHEER opinion (2016), which

ECAC5 - UV and radon

reported that there is no safe level of UVR exposure
from indoor tanning devices [20]. Such devices are cur-
rently regulated under the EU Low Voltage Directive,
which focuses on product safety more than public
health concerns [105]. WHO has outlined various
evidence-based regulatory options for governments,
including either a complete ban on the use of indoor
tanning devices for cosmetic purposes or control mea-
sures that are coupled with stringent requirements for
informed consent [106]. Countries such as Brazil and
Australia have already implemented outright national
bans on these devices for cosmetic use [107]. A 2025
report has provided an overview of regulatory
measures taken across the EU [108]. In Ireland, for
example, the Public Health (Sunbeds) Act 2014 intro-
duced comprehensive restrictions on the use of indoor
tanning devices, which included a prohibition on use
by minors aged < 18 years, mandatory health warn-
ings, and a ban on promotional pricing [109]. As of
2022, 16 EU Member States have prohibited use by
minors aged < 18 years [21]. This highlights the vari-
ability in regulatory approaches across the EU, which
may be addressed through harmonised legislation.
Although the European Parliament has supported the
calls for EU legislation [110], at present the European
Commission has yet to bring forward a Commission
Recommendation on reducing the health risks associ-
ated with the use of indoor tanning devices.

To reinforce the individual-level recommendations,
measures in the built environment to reduce solar
UVR exposure are important for protecting the gen-
eral public and affected occupational groups. In Fin-
land, the Radiation and Nuclear Safety Authority
promotes shade provision in nurseries, school grounds
and recreational areas, noting that such measures can
reduce solar UV radiation by up to half compared to
direct sun exposure [111]. The ECACS recommenda-
tion for policymakers recommends that shade provi-
sion is introduced, particularly in spaces for children
and young people, throughout the EU.

The ECACS5 recommendation specifically encourages
policymakers to adopt protective measures for workers
exposed to UVR of any kind. Two EU directives are rel-
evant in this context. Firstly, Directive 2006/25/EC on
artificial optical radiation sets exposure limit values to
protect workers against ocular and skin damage from
artificial UVR but does not extend to solar radiation
[102]. Nonetheless, the Occupational Safety and Health
(OSH) Framework Directive (Directive 89/391/EEC)
establishes general principles for workers’ risk preven-
tion, which apply to any hazards at work including nat-
ural sources of UVR. This directive states that
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employers have the responsibility to assess and manage
UVR-related occupational risks in accordance with the
established hierarchy of control measures [103].

Finally, the ECAC5 recommendation encourages the
implementation of public health campaigns and other
awareness-raising initiatives. These should be targeted
(e.g. age-relevant), evidence-based, and implemented on a
regular basis to build and maintain public understanding
of UVR-related risks and encourage protective behav-
iours [112]. Particular attention should be given to chil-
dren, who are especially vulnerable due to their increased
susceptibility and cumulative lifetime UVR exposure. As
such, interventions in educational and childcare settings
that involve families are especially warranted.

5.1.1. Feasibility and resources required to implement
the recommendation

The actions set out in the recommendation are opera-
tionally feasible and rooted in existing policies, provid-
ing a solid foundation for implementation at national
and local levels across the EU.

While the resources required will vary depending on
the specific context and scale of implementation, there
is evidence to support a strong return on investment
for skin cancer prevention initiatives consistent with
the recommendation [113]. For example, in Belgium,
primary prevention initiatives have been estimated to
yield savings of €3.60 for every €1.00 invested by pub-
lic health authorities [114].

Policymakers may also consider going further than the
actions outlined in the recommendation. Although
ECACS does not explicitly advocate for an outright ban
on the use of indoor tanning devices, economic modelling
has indicated that such a measure could result in greater
long-term economic benefits. In particular, healthcare
savings and productivity gains have been estimated to be
approximately up to three times higher under scenarios
involving a complete commercial ban, compared to poli-
cies limited to restricting use by minors [115].

Overall, while some measures in the recommenda-
tion require initial investment, their implementation is
feasible and justified by the anticipated long-term pub-
lic health and economic and social benefits.

5.2. Presentation of the recommendations for
policymakers: Radon exposure

Table 2 shows the adopted ECACS policy recommen-
dation on indoor radon gas.

A core priority for policymakers is the enforcement of
basic safety standards to reduce radon-related cancer risk.

D. Ritchie et al.

Table 2. European Code Against Cancer, 5th edition:
recommendations for policymakers on indoor radon gas.

Indoor radon gas

e Enforce basic safety standards for the protection of individuals’
health against radon exposure. Adapt the existing EU Directive
on ionising radiation to include alpha radiation emitters such as
radon as a source of ionising radiation in building materials

e Develop general awareness programmes for radon, make user-
friendly tools available that include radon prediction maps at the
residential, school and workplace level, and increase population-
based radon testing

e Provide financial support for radon remediation in homes and
other buildings.

e Invest in training of recognised public and private bodies for
workplace and residential radiation protection

© 2026 International Agency for Research on Cancer / WHO. Used

with permission.

References:

e Directive 2013/59/EURATOM of 5 December 2013 laying down
basic safety standards for protection against the dangers arising
from exposure to ionising radiation. OJEU. 2014;L13:1-73.
Available from: https://eur-lex.europa.eu/eli/dir/2013/59 [39].

e Protection against exposure due to radon indoors and gamma
radiation from construction materials — Methods of prevention
and mitigation, IAEA-TECDOC-1951. Vienna: International Atomic
Energy Agency; 2021. Available from: https://www-pub.iaea.org/
MTCD/publications/PDF/TE-1951web.pdf [92].

At the EU level, the Basic Safety Standards (BSS) Direc-
tive (Council Directive 2013/59/EURATOM) sets out the
essential requirements for protection against the dangers
arising from exposure to ionising radiation [39]. The BBS
Directive covers all major forms of ionising radiation,
both natural and artificial, to protect workers, the public,
and patients from exposure risks. The forms of ionising
radiation addressed by this Directive include alpha and
beta particles, gamma rays, X-rays, neutron radiation
and cosmic radiation. The Directive applies to radiation
from radioactive materials including naturally occurring
radionuclides such as radon, nuclear installations, X-ray
machines and cosmic sources. It covers exposure in occu-
pational, medical, and public settings and addresses all
types of exposure situations: planned, existing (such as
radon in buildings) and emergency situations. The scope
specifically includes both particle and electromagnetic
forms of ionising radiation, in line with scientific recom-
mendations from the International Commission on
Radiological Protection (ICRP) [116]. The ECACS5 rec-
ommendation highlights the current gap in the Directive,
whereby recognised sources of ionising radiation exposure
in building materials do not comprehensively address
radon and its decay products. Currently, the Directive
focuses on gamma radiation emitters from building
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materials but does not explicitly regulate alpha-emitting
radiation, such as radon which may emanate from build-
ing materials and add to indoor radon concentrations
[27]. Including alpha-emitting ionising radiation from
building materials in the Directive would help to enable
clearer assessment, control and labelling of implicated
materials [27,117].

Under the BSS Directive, all Member States are
required to establish National Radon Action Plans,
which must detail how indoor radon concentration,
notably those exceeding the reference level of
300 Bg:m >, is measured, reported and addressed via
access to testing and remediation. All EU Member
States have now adopted national plans; however, the
level of implementation varies. Introducing harmonised
and quantifiable indicators for measurement, mitigation
and public awareness may help to better evaluate pro-
gress and support national implementation [118].

The upfront cost of radon mitigation remains a
major barrier for many individuals [119]. Consistent
with the spirit of the BSS Directive, policymakers are
encouraged to establish or expand financial support
schemes, particularly for those individuals residing in
high radon areas and for low-income households, as
part of National Radon Action Plans. Several Member
States have introduced such measures. For example, in
Sweden and Finland, homeowners can claim tax
deductions for radon remediation. In the Czech
Republic, public buildings with radon concentrations
exceeding 300 Bq-m ™~ are eligible for financial support
with remediation [94].

The ECACS5 recommendation for policymakers
highlights the importance of complementing ongoing
indoor radon measurement campaigns with sustained
public awareness initiatives in Member States. Despite
the well-documented risks of radon exposure, public
awareness remains limited, particularly regarding test-
ing and mitigation strategies [120,121]. Evidence indi-
cates that one-off information campaigns often fail to
achieve high uptake of testing and remediation [96].
Therefore, this underlines the need for continuous, tar-
geted communication strategies across the EU.

5.2.1. Feasibility and resources required to implement
the recommendation

The actions recommended for policymakers are techni-
cally feasible, financially justifiable and consistent with
EU policy and technical programmes. Policymakers
should prioritise investment in targeted subsidy
schemes and tailored communication strategies to sup-
port adherence to regulatory standards and deliver
equitable public health benefit.

ECAC5 - UV and radon

With the support of the existing EU regulatory
framework, monitoring, reporting and testing of
indoor radon are both practical and affordable. Radon
test kits typically cost under €50, and several Member
States already subsidise or provide free kits, particu-
larly in known high radon areas [122]. Additionally,
technical support for radon mapping and risk assess-
ment is available from the JRC’s European Indoor
Radon Map programme.

In terms of remediation, certain interventions, such
as indoor ventilation improvements, are likely to
involve only minor costs. Other interventions, such as
structural modifications, are likely to require consider-
able upfront investment but still deliver savings in the
long term [123]. Nevertheless, costs associated with
the remediation of existing buildings can vary across
Member States and can be substantial, especially
where complex structural work is required. Without
financial support via subsidy programmes, upfront
costs may deter individuals, housing associations and
corporate entities from taking necessary action to
reduce indoor radon concentration [37].

6. Conclusions

UVR and radon gas are well-established environmen-
tal and occupational carcinogens that remain impor-
tant contributors to the cancer burden in the EU and
globally. Both are classified as Group 1 carcinogens by
the IARC Monographs. In line with this and in accor-
dance with the IARC Methodology [3], ECAC5 main-
tains separate recommendations addressing UVR and
radon gas exposures.

The recommendations have been carefully reviewed
and refined to enhance their clarity, scientific precision
and behavioural relevance. The recommendation on
UVR exposure has been updated to emphasise the
need to limit sun exposure, especially in children,
encourage sun protection and firmly advise individuals
to never use indoor tanning devices. The recommenda-
tion on indoor radon gas adopts a sequential
approach, guiding individuals to consult local radon
maps, then seek professional measurement when perti-
nent and undertake remediation if necessary.

For the first time, ECACS introduces complemen-
tary recommendations for policymakers [4], recognis-
ing the critical role of structural and regulatory
interventions. For UVR, this includes advancing har-
monised EU-level policies related to UVR exposure,
more stringent regulation of indoor tanning devices,
and improved protection of workers exposed to both
solar and artificial forms of UVR. For indoor radon
gas, the recommendation calls for strengthened
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implementation of National Radon Action Plans,
expansion of financial support and subsidy schemes,
and investments in public awareness initiatives. Taken
together, the ECACS5 recommendations present a com-
prehensive, integrated framework for addressing these
key and widespread environmental carcinogens. Their
adoption and implementation can contribute towards
reducing preventable cancers in the EU and support
the goals of Europe’s Beating Cancer Plan.
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Fig.

S1. Global total-sky UV Index forecast for 12:00

UTC on 13 June 2025, produced by the Copernicus
Atmosphere Monitoring Service (CAMS).

Annex S1. European Code Against Cancer, Sth edition.
© 2026 International Agency for Research on Cancer /
WHO. Used with permission.
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