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Abstract: Radon exposure is a major health concern associated with an increased risk of
lung cancer, particularly in smokers, highlighting the need for effective mitigation measures
in enclosed spaces by improving indoor air quality (IAQ), thus ensuring more sustainable
buildings. The Euratom Directive, a key piece of EU legislation, sets standards for the
protection of workers and the general public from ionizing radiation throughout Europe. It
requires member states to implement safety measures, set exposure limits, monitor radon
levels, and develop emergency plans and mitigation strategies for nuclear accidents and
radiation incidents. The directive also sets reference and action levels for indoor radon.
The aim of this article is to analyze the legislation on indoor radon exposure in European
countries and to evaluate the impact of the directive on the standardization of the action
and intervention levels. By conducting a comprehensive legislative review, this study
will compare the action levels, assess the directive’s ability to harmonize the regulations,
and identify legislative trends and developments. In addition, it will examine the factors
contributing to the discrepancies between countries and highlight areas for improvement
to ensure adequate protection against the risks of radon exposure and thereby increase the
sustainability of buildings.

Keywords: radon exposure; Euratom Directive; ionizing radiation protection; sustainability
of buildings

1. Introduction

Radon exposure is a matter of great concern due to its association with an increased
risk of lung cancer, particularly among smokers, as the harmful chemicals in tobacco exac-
erbate the lung damage caused by radon exposure [1]. The inhalation of radon can lead to
the deposition of alpha particles in the lungs, potentially leading to cancer development [2].
The World Health Organization (WHO) recognizes radon as the second leading cause
of lung cancer after tobacco smoking [3]. Therefore, it is essential to take measures to
reduce the radon exposure in indoor environments, thereby improving indoor air quality
(IAQ) and contributing to the sustainability of buildings, by measuring radon levels and
implementing strategies to reduce indoor exposure [4]. The 2013/59/Euratom Directive
(https:/ /eur-lex.europa.eu/legal-content/ EN/TXT/HTML/?uri=CELEX:32013L0059, ac-
cessed on 7 February 2025) is a legislative act of the European Union that establishes the
standards for protection against ionizing radiation throughout Europe, encompassing the
safeguarding of workers and the public [5]. It mandates that member states establish
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fundamental safety requirements in all activities involving ionizing radiation, set exposure
limits, and monitor exposure [6]. Additionally, the directive requires national authorities
to formulate contingency plans and mitigation measures in the event of nuclear accidents
or other radiation incidents, address the management of radioactive waste, and establish
decontamination programs for outdated nuclear facilities [7]. The directive is periodically
updated to ensure that safety standards align with the latest scientific and technological
advancements [8]. The directive sets the reference and action levels for radon in indoor
environments [9]. The reference levels indicate whether exposure to a particular source
of radiation poses health risks, while the action levels guide the appropriate responses to
the measured levels of radiation [10]. If the measured radiation levels exceed the action
level, mitigation measures must be taken to reduce exposure to radiation [4]. The reference
levels for the radon exposure in workplaces and residences are set at 300 Bq-m 3, and the
action levels are established at 400 Bq-m 2 for occupational exposure and 1000 Bq-m 2 for
exposure in public buildings [11].

EU member states must implement the guidelines outlined in the 2013/59/Euratom
Directive, which establishes fundamental safety standards for protection against the haz-
ards arising from exposure to ionizing radiation, including radon [12]. Each country is
responsible for transposing the directive into its national legislation, involving an internal
legislative process, including the creation of new laws or amending existing laws, estab-
lishing regulatory bodies, and implementing monitoring and control systems [13]. The
directive aligns with the international norms and recommendations established by the
International Atomic Energy Agency (IAEA) and the International Commission on Radio-
logical Protection (ICRP) and is perceived as a blueprint for the best practices regarding
protection against ionizing radiation globally [14]. EU legislation frequently influences the
policies and regulations of other European countries, and certain countries that have an
association or free trade agreements with the EU also adopt and enforce the guidelines and
standards outlined by the Euratom Directive within their legislative frameworks [15].

This article seeks to identify and analyze the current legislation regarding radon expo-
sure in indoor environments across European countries, including both European Union
(EU) member states subject to the Euratom Directive and non-member countries that are not
directly bound by the directive. The primary objective is to assess the directive’s influence
on the standardization of the action and intervention levels for mitigating the effects of
radon exposure in indoor spaces. The analysis will involve a comprehensive review of
the legislation from all European countries, focusing on the action levels established for
residential and workplace settings. It will compare the action levels adopted by EU member
states, which are required to comply with the Euratom Directive, with those implemented
by non-member countries, which typically follow guidelines and recommendations is-
sued by international organizations such as the International Commission on Radiological
Protection (ICRP) and the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR). Additionally, this study will explore the directive’s effectiveness in
harmonizing the radiological protection measures among member states, highlighting the
similarities and differences in national legislations. Particular attention will be given to the
monitoring and mitigation practices for radon exposure, as well as protocols and proce-
dures for assessing and reducing the associated risks in indoor environments. The analysis
will also examine the legislative trends and developments across Europe, identifying the
factors—such as political, economic, and cultural considerations—that may contribute to
variations between countries. The aim of this evaluation is to provide a deeper insight into
the role of the directive in standardizing the levels of action and intervention across Europe
and to identify areas where further improvements are needed to ensure comprehensive
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protection against the risks of radon exposure, thereby contributing to the sustainability of
buildings through improved IAQ.

2. Materials and Methods
2.1. Study Design

This study employed a comparative review of the legislation concerning radon expo-
sure in indoor environments across European countries. The methodology consisted of
three main stages. First, the data sources were identified and selected, including official
databases and regulatory documents. Subsequently, the relevant data were collected and
categorized, with a focus on extracting legislative information, action levels, and mitiga-
tion measures. Finally, a comparative analysis was conducted to examine the differences
between EU member states, which are required to comply with the Euratom Directive, and
non-signatory countries that follow international guidelines.

2.2. Data Sources

National and international databases were used to ensure a comprehensive collection
of radon-related regulations. Table 1 presents the data sources, including Eur-Lex, the
WHO, the ICRP, the IAEA, and UNSCEAR, along with the national legislative databases
listed in Tables 2 and 3.

Table 1. List of digital databases used in the collection of general information, monitoring parameters,
technical procedures, and action levels.

Database

Description

Eurolex

Eur-Lex is a database maintained by the European Union that provides access to legal documents,
including treaties, legislation, case law, and preparatory acts, from all EU member states. It is
available in all official EU languages and can be accessed at https:/ /eur-lex.europa.eu/.

WHO

The World Health Organization (WHO) is a specialized agency of the United Nations dedicated to
international public health. It plays a central role in coordinating and directing global health
initiatives, including efforts to control and prevent infectious diseases, improve maternal and child
health, and promote healthy lifestyle practices. The organization’s headquarters are located in
Geneva, Switzerland (https://www.who.int/).

ICRP

The International Commission on Radiological Protection (ICRP) is an independent international
organization that provides recommendations and guidance on radiation protection. Its mission is
to safeguard people and the environment from the harmful effects of ionizing radiation

(https:/ /icrp.org/).

IAEA

The International Atomic Energy Agency (IAEA) is an international organization dedicated to
promoting the peaceful use of nuclear energy and preventing the proliferation of nuclear weapons.
Established in 1957, the IAEA is headquartered in Vienna, Austria (https://www.iaea.org/).

UNSCEAR

The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) was
established in 1955 to provide scientific advice to the United Nations and its member states on the
effects of ionizing radiation on human health and the environment (https://www.unscear.org/).

Table 2. Digital legislation databases in EU member states.

Country

Description

Austria

The official database for online legal information in Austria is the “Rechtsinformationssystem des
Bundes” (RIS). It can be accessed at https://www.ris.bka.gv.at, accessed on 7 February 2025.

Belgium

The official database for online legislation in Belgium is the “Moniteur Belge/Belgisch Staatsblad”,
accessible at https:/ /www.ejustice just.fgov.be/cgi/welcome.pl, accessed on 7 February 2025. It
contains all laws, decrees, orders, and other regulations published in the Belgian Official Journal,
including consolidated and updated versions. Additionally, private databases such as LegalWorld,
Lex.be, Juridat, and Jurisquare also provide free or paid access to legal information in Belgium.
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Table 2. Cont.

Database

Description

Bulgaria

The official database for online consultation of legislation in Bulgaria is the Bulgarian Legislative
Information System (LEX), maintained by the Council of Ministers. It provides free access to all
laws, regulations, and decisions published in the Official Gazette of Bulgaria since 1990. The
database can be accessed at http://www.lex.bg, accessed on 7 February 2025.

Cyprus

The online database for legislation in Cyprus is called “CYLAW”, maintained by the Press and
Information Office of the Government of Cyprus. It provides access to legal information and can be
accessed at https:/ /www.cylaw.org/.

Croatia

The official database for online legislation consultation in Croatia is called “Narodne novine”,
meaning “National Newspapers”. This digital platform, maintained by the Croatian government,
provides access to all laws, regulations, and other official acts published in the Official Gazette of
the Republic of Croatia. The site is available in both Croatian and English and can be accessed at
https:/ /narodne-novine.nn.hr/, accessed on 7 February 2025.

Czech Republic

The official database for online legislation consultation in the Czech Republic is the “Sbirka zakont”
(Collection of Laws). It is maintained by the Chamber of Deputies of the Czech Republic and can be
accessed at https:/ /www.nssoud.cz/, accessed on 7 February 2025.

Denmark

The official database for online legislation consultation in Denmark is “Retsinformation”. It
provides access to laws, decrees, executive orders, and other legal acts of the Danish government.
The service is free and open to the public and can be accessed at https://www.retsinformation.dk/,
accessed on 7 February 2025.

Estonia

The official database for online legislation consultation in Estonia is the “Riigi Teataja”. It provides
access to laws, decrees, regulations, directives, and other legal documents issued in Estonia. The
database can be accessed at https://www.riigiteataja.ee/en, accessed on 7 February 2025.

Finland

The official legislation database for online consultation in Finland is “Finlex”, accessible at
https:/ /www.finlex.fi/en/, accessed on 7 February 2025.

France

The official database for online legislation consultation in France is “Legifrance”, accessible at
https:/ /www.legifrance.gouv.fr/en/, accessed on 7 February 2025.

Germany

The official database for online legislation consultation in Germany is called “Bundesrecht”. It is
available on the official website of the German federal government at
https:/ /www.gesetze-im-internet.de/, accessed on 7 February 2025.

Greece

The official database for online consultation of Greek legislation is the “National Printing House”,
accessible at http:/ /www.et.gr/, accessed on 7 February 2025.

Hungary

The official database for online legislation consultation in Hungary is the “Magyar Kozlony Lap- és
Adattar” (Official Journal and Database). It provides access to all laws, regulations, and other
official publications of the Hungarian government and can be accessed at https://www.mhk.hu/,
accessed on 7 February 2025.

Ireland

The official database for online legislation consultation in Ireland is the “Irish Statute Book”,
accessible at https:/ /www.irishstatutebook.ie/, accessed on 7 February 2025. Additionally, the Office
of the Attorney General in Ireland maintains an updated list of legislative acts, which is available at
https:/ /www.attorneygeneral.ie/en/for-the-public/the-law/, accessed on 7 February 2025.

Italy

The official database for online legislation consultation in Italy is the “Gazzetta Ufficiale”,
maintained by the Italian government. It provides access to Italian laws, public announcements,
and judicial decisions. The database can be accessed at https:/ /www.gazzettaufficiale.it/, accessed
on 7 February 2025.

Latvia

The official database for online legislation consultation in Latvia is “Latvijas Véstnesis”, accessible
at https://www.vestnesis.lv/, accessed on 7 February 2025.

Lithuania

”

The official database for online legislation consultation in Lithuania is the “Register of Legal Acts
(Registruoty teisés aktu registras). It is accessible at
https:/ /www.e-tar.lt/portal/en/legal Acts.aspx, accessed on 7 February 2025.

Luxembourg

The official database for online legislation consultation in Luxembourg is “Legilux”. It serves as the
official electronic publishing platform of the Luxembourgish state, offering free access to all laws,
decrees, and regulations published in the Journal Officiel (Official Journal) of Luxembourg since
1972. The website can be accessed at https:/ /legilux.public.lu, accessed on 7 February 2025.
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Malta

The official database for online legislation consultation in Malta is the Maltese government’s official
website, “Laws of Malta”, accessible at https://legislation.mt/, accessed on 7 February 2025. It
provides access to all of the current legislation in force in Malta, allowing users to search and access
laws, regulations, and other legal provisions of the country.

Netherlands

The official legislation database for online consultation in the Netherlands is the “Wettenbank”,
accessible at https:/ /wetten.overheid.nl/, accessed on 7 February 2025.

Poland

The official database for online legislation consultation in Poland is the “Internetowy System Aktéw
Prawnych” (ISAP), or the Online System of Legal Acts. This portal provides free access to updated
Polish legislation, including the laws, regulations, and decisions of the Constitutional Tribunal. It is
available in Polish and can be accessed at https:/ /isap.sejm.gov.pl/, accessed on 7 February 2025.

Portugal

The official database for online legislation consultation in Portugal is the Electronic Official Gazette
(Didrio da Repuiblica Eletrénico, or DRE). It serves as the official source for laws, decrees, regulations,
and other acts published by the Portuguese government. The DRE can be accessed at

https:/ /dre.pt/home/-/dre/117407729 /details/maximized, accessed on 7 February 2025.

Romania

The official database for online legislation consultation in Romania is the “Monitorul Oficial al
Romaéniei” (Official Gazette of Romania). It allows users to search for regulatory acts and laws and
view the latest editions of the official gazette. The database can be accessed at

https:/ /www.monitoruloficial.ro/, accessed on 7 February 2025.

Slovakia

The official database for online legislation consultation in Slovakia is Slov-Lex, maintained by the
Ministry of Justice of Slovakia. It provides free access to updated legislation and other legal
information. The database can be accessed at

https:/ /www.slov-lex.sk/legislativne-procesy /LexKons/, accessed on 7 February 2025.

Slovenia

The official database for online legislation in Slovenia is the “Slovenski zakonodajni informacijski
sistem” (Slovenian Legislative Information System), also known as “SIoLIS”. It can be accessed at
https:/ /www.uradni-list.si/1/seznam-zakonov, accessed on 7 February 2025.

Spain

The official database for online legislation consultation in Spain is the “BOE” (Boletin Oficial del
Estado), accessible at https:/ /www.boe.es/, accessed on 7 February 2025.

Sweden

’

The official database for online legislation consultation in Sweden is the “Swedish Code of Statutes”
(SFS), accessible at https://www.riksdagen.se/sv/dokument-lagar/bocker/svensk-forfattningssamling/,
accessed on 7 February 2025. While the Riksdagen website also provides access to laws and
regulations, the SFS serves as the official database.

Table 3. Digital legislation databases in non-signatory European countries.

Country

Description

Albania

The online legislation database for Albania is the Albanian Legal Information System (ALIS),
accessible at http:/ /alis.cdb.gov.al/, accessed on 7 February 2025.

Andorra

Andorra is a principality situated between France and Spain, with a legal system based on civil and
canon law, as well as international agreements signed by the country. However, there is no official
online legislation database available through the Andorran government’s website. Legislation may
be accessible in physical format at libraries or public agencies within the country.

Armenia

The official online database for legislation consultation in Armenia is the “Unified Information
System of Legal Acts”, accessible at http:/ /www.arlis.am/DocumentView.aspx?docID=12230,
accessed on 7 February 2025. Additionally, the website of the National Assembly of Armenia
provides a “Legislation” section with access to national laws and regulations at

http:/ /www.parliament.am/legislation.php, accessed on 7 February 2025.

Azerbaijan

The online database for legal acts in Azerbaijan is the “Legal Acts Database”, available on the
“National Legal Internet Portal of Azerbaijan” at http://www.e-qanun.az/.

Belarus

The National Legal Internet Portal of the Republic of Belarus is the official database for online
legislation consultation in Belarus. It can be accessed at https:/ /www.pravo.by/, accessed on
7 February 2025.
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Country
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Bosnia and Herzegovina

The online database for legislation consultation in Bosnia and Herzegovina is the “Official Gazette
of Bosnia and Herzegovina”, accessible at https:/ /www.sluzbenilist.ba/, accessed on

7 February 2025. Additionally, the Parliament of Bosnia and Herzegovina provides a legislative
database, which can be accessed at http://www.parlament.ba/, accessed on 7 February 2025.

Georgia

The official database for online legislation consultation in Georgia is the “Legislative Herald of
Georgia”, accessible at http:/ /matsne.gov.ge/en/, accessed on 7 February 2025.

Iceland

The online legal database for Iceland is the “Legal Gazette”, accessible through the official website
of the Icelandic government at https:/ /www.althingi.is /lagasafn/, accessed on 7 February 2025.

Kosovo

The official website of the Kosovan government is https:/ /kryeministri-ks.net/en/,
accessed on 7 February 2025. The legislation section is accessible at
https:/ /kryeministri-ks.net/en/category/documents/legislation/, accessed on 7 February 2025.

Liechtenstein

The legislation of Liechtenstein is available on the official website https:/ /www.gesetze.li/,
accessed on 7 February 2025.

Moldova

The online database for legislation in Moldova is the Legislative Information System (SIL),
accessible at https:/ /lex.justice.md/index.php/home/index/en, accessed on 7 February 2025.

Monaco

The official legislation database of Monaco is the Journal de Monaco, where the laws, regulations,
and government decisions of the principality are published. It is available online through the
official website of the Government of Monaco. Additionally, French legislation is applicable in
Monaco due to the cooperation agreement between the two countries. French legislation can be
consulted on the official website of the French government.

Montenegro

The official database for online legislation consultation in Montenegro is the “Official Gazette of
Montenegro”, accessible at https:/ /www.sluzbenilist.me/, accessed on 7 February 2025.

North Macedonia

The official database for online legislation consultation in North Macedonia is the “Official Gazette
of the Republic of North Macedonia”, accessible at https:/ /www.slvesnik.com.mk/Home/Index,
accessed on 7 February 2025. The website provides free access to legislation in both Macedonian
and English.

Norway

The official legislation database for online consultation in Norway is “Lovdata”. This online
platform provides access to all Norwegian legislation, including laws, regulations, agreements, and
other legal provisions. The site is regularly updated and features advanced search options to help
locate specific information. While basic access is free, some advanced features require a
subscription. The database can be accessed at https:/ /lovdata.no/, accessed on 7 February 2025.

United Kingdom

The website for online legislation consultation in the United Kingdom is
https:/ /www.legislation.gov.uk/, accessed on 7 February 2025.

Russia

The official database for online legislation consultation in Russia is the “Legal Information
Consultation System”, accessible at https:/ /www.consultant.ru/, accessed on 7 February 2025. It
contains a comprehensive collection of the federal laws, government decrees, and other legal
regulations of Russia. An English version of the portal, which includes a selection of laws and legal
regulations translated into English, is available at https://www.consultant.ru/en/, accessed on

7 February 2025. Additionally, other platforms such as “Garant” (https:/ /www.garant.ru/,
accessed on 7 February 2025) provide access to federal and regional legislation, jurisprudence, and
other legal information sources.

San Marino

San Marino provides access to its legislation online through the government’s official website at
https:/ /www.sanmarino.sm/, accessed on 7 February 2025.

Serbia

The official legislation database for online consultation in Serbia is the SluZbeni glasnik Republike
Srbije (Official Gazette of the Republic of Serbia). It can be accessed at
https:/ /www.sluzbenikupac.rs/, accessed on 7 February 2025.

Switzerland

The official database for online legal information and legislation in Switzerland is the Legal
Information System (SIS), accessible through the Swiss government’s website at https:
//www.admin.ch/gov/en/start/documentation/laws/ official-compilation-of-federal-law.html,
accessed on 7 February 2025. SIS serves as the official legal information system of the Swiss federal
government and includes federal laws, orders, provisions, and decisions, as well as the opinions of
the federal courts.
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Turkey

The official database for online legislation consultation in Turkey is the “Electronic Official Gazette
(e-Gazette)”, accessible at https:/ /www.resmigazete.gov.tr/, accessed on 7 February 2025.

Ukraine

The official online database for accessing legislation in Ukraine is “Legal Space”, available at
https:/ /zakon.rada.gov.ua/, www.vatican.va. The platform provides access to all Ukrainian
legislation, including laws, decrees, regulations, and other legal provisions. It also offers advanced
search tools to facilitate finding specific information. Access to the platform is free

and regularly updated.

Vatican

The Vatican, as an independent state, has its own legal system and legislation database. The
Vatican’s legislation can be accessed through the official website of the Vatican, which includes the
“Lexicon recentis Latinitatis” section containing updated laws in Latin and Italian: www.vatican.va.

2.3. The Selection Criteria

Documents were selected based on specific inclusion and exclusion criteria. Included
materials comprised official legislation on radon exposure, technical standards, official re-
ports from radiation organizations, and national policies applicable to indoor environments,
including both residential and workplace settings. Excluded materials encompassed aca-
demic studies unrelated to legislation, opinion articles, and unofficial technical documents.

2.4. The Data Collection Procedures

Data were manually collected through a structured search of official databases. Each
document was systematically reviewed to extract information on the action and interven-
tion levels (in Bq/m?), monitoring and mitigation requirements, enforcement and compli-
ance mechanisms, and differences between EU member states and non-signatory countries.
The collected data were subsequently organized into a spreadsheet for further analysis.

2.5. Analytical Methods

The analysis was conducted in two main phases. In the qualitative analysis, regu-
lations were examined in terms of their implementation of the Euratom Directive and
their alignment with recommendations from the ICRP and UNSCEAR. In the comparative
analysis, the data were structured into a comparative matrix to assess the discrepancies
between EU member states, which are required to comply with the Euratom Directive, and
non-signatory countries, which follow international guidelines.

3. Transposition of the Euratom Directive in the Countries of the
European Union

3.1. Framework

The Euratom Directive is signed by the member states of the European Union, which
currently consists of 27 nations: Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Lithuania, Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania, Slo-
vakia, Slovenia, Spain, and Sweden. It is important to note that not all EU member states
have transposed the Euratom Directive into their national legislation within the deadline
established by the European Union. However, the transposition of the directive is manda-
tory for all member states, and failure to comply may result in legal consequences being
imposed by the EU.
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3.2. European Union Countries
3.2.1. Austria

The Allgemeine Strahlenschutzverordnung (ASV)—2018 General Radiation Protec-
tion Regulation—is Austrian legislation that establishes guidelines and requirements for
protection against ionizing and non-ionizing radiation, including radon exposure in indoor
environments. In accordance with the ASV, Austria has adopted a reference level for the
radon concentration in enclosed spaces, as recommended by the Euratom 2013 /59 Directive
of the European Commission. The reference level for radon exposure in workplaces and
residences in Austria is set at 300 Bq/m?3.

3.2.2. Belgium

The Arrété Royal relatif a la protection de la population et de I’environnement contre
les dangers résultant des rayonnements ionisants (Royal Decree on the protection of the
population and the environment against hazards arising from ionizing radiation) is a piece
of legislation in Belgium that establishes guidelines and requirements for protection against
ionizing radiation, including radon exposure in indoor environments. In accordance with
the Euratom Directive, Belgium has set a reference level for the radon concentration in
enclosed spaces. The reference level for radon exposure in workplaces and residences in
Belgium is 400 Bq/m?3.

3.2.3. Bulgaria

Regulation No. 8 of 28 July 2004, on the Basic Standards of Radiation Safety, is
Bulgarian legislation that establishes guidelines and requirements for protection against
ionizing radiation, including radon exposure in indoor environments. In accordance with
the recommendations of the Euratom Directive, Bulgaria has set a reference level for
the radon concentration in enclosed spaces. The reference level for radon exposure in
workplaces and residences in Bulgaria is 300 Bq/m?.

3.2.4. Cyprus

The Regulations for Protection against Ionizing Radiation of 2002 (K.D.P. 112/2002)
are a set of laws in Cyprus that establish guidelines and requirements for protection against
ionizing radiation, including radon exposure in indoor environments. In compliance with
the Euratom Directive, Cyprus has set a reference level for the radon concentration in
enclosed spaces. The reference level for radon exposure in workplaces and residences in
Cyprus is 200 Bq/m?.

3.2.5. Croatia

The Radiological and Nuclear Safety Act of 2018 is Croatian legislation that establishes
guidelines and requirements for protection against ionizing radiation, including radon
exposure in indoor environments. In compliance with the Euratom Directive, Croatia has
set a reference level for the radon concentration in enclosed spaces. The reference level for
radon exposure in workplaces and residences in Croatia is 300 Bq/m?.

3.2.6. The Czech Republic

In the Czech Republic, protection against ionizing radiation, including radon exposure
in indoor environments, is regulated by Vyhldska ¢. 499/2000 Sb., o radia¢ni ochrané
(Regulation No. 499/2000 Coll., on Radiation Protection). This legislation was established in
alignment with the Euratom Directive. According to Czech regulations, the reference level
for the radon concentration in enclosed spaces has been set at 300 Bq/m? for workplaces
and residences.
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3.2.7. Denmark

The Bekendtgorelse om ioniserende straling og stralebeskyttelse (Instruction on Ion-
izing Radiation and Radiation Protection) of 2018 is Danish legislation that establishes
guidelines and requirements for protection against ionizing radiation, including radon
exposure in indoor environments. In accordance with this regulation and as recommended
by the Euratom Directive, Denmark has set reference levels for the radon concentration in
enclosed spaces. The reference level for radon exposure is 200 Bq/m? in workplaces and
100 Bq/ m? in residences.

3.2.8. Estonia

The Radiation Act of 2004 is Estonian legislation that establishes guidelines and
requirements for protection against ionizing radiation, including radon exposure in indoor
environments. This act was updated in 2018 to incorporate the recommendations of the
Euratom Directive and introduce new provisions aiming to protect the population and
the environment from the dangers of ionizing radiation. Additionally, the Radiation Work
Requirements of 2019 provide specific regulations for activities involving ionizing radiation,
including the proper handling of radon. Under the updated Radiation Act and Radiation
Work Requirements, Estonia has set reference levels for the radon concentration in enclosed
spaces. The reference level is 300 Bq/m3 for workplaces and 200 Bq/m? for residences.

3.2.9. Finland

Finland’s Radiation Act No. 859/2018 and Radiation Decree No. 861 /2018 establish
guidelines and requirements for protection against ionizing radiation, including radon
exposure in indoor environments. In accordance with these regulations and the recommen-
dations of the Euratom Directive, Finland has set reference levels for the radon concentra-
tion in enclosed spaces. The reference level is 400 Bq/m? for workplaces and 300 Bq/m?
for residences.

3.2.10. France

In France, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by the Code de la Santé Publique (Public Health Code) and
related regulations, such as the Euratom Directive. The French Public Health Code, together
with other regulations, establishes a reference level for the radon concentration in enclosed
spaces. The reference level for radon exposure in workplaces and residences in France is
300 Bq/m?.

3.2.11. Germany

The Strahlenschutzgesetz (Radiation Protection Act) and the Strahlenschutzverord-
nung (Radiation Protection Regulation) are key pieces of legislation in Germany that
establish guidelines and requirements for protection against ionizing and non-ionizing
radiation. These regulations address various aspects of radiation protection, including
occupational, medical, and environmental exposure, as well as radon exposure in indoor
environments. In alignment with the recommendations of the Euratom Directive, German
legislation sets the reference level for radon exposure in workplaces and new residential
buildings at 300 Bq/m?. For existing buildings, the reference level is applied flexibly, taking
into account specific circumstances such as the technical feasibility and cost-effectiveness of
mitigation measures. Additionally, property owners are encouraged to voluntarily reduce
the radon levels if they exceed 100 Bq/m?.
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3.2.12. Greece

In Greece, protection against ionizing radiation, including radon exposure in indoor en-
vironments, is governed by Ministerial Decision Y1y /I".I1/otk. 26008 (Y1g/G.P/oik. 26008)
of 2020. This decision updated and complemented the existing legislation in alignment
with the Euratom Directive. Under Ministerial Decision Y1y /T".IT/otk. 26008, Greece has
established a reference level for the radon concentration in enclosed spaces. The reference
level for radon exposure in workplaces and residences is 300 Bq/m?3.

3.2.13. Hungary

In Hungary, protection against ionizing radiation, including radon exposure in indoor
environments, is governed by Regulation No. 16/2000 (8 June) EiiM on Protection against
Ionizing Radiation and Related Procedures. In alignment with the Euratom Directive, this
regulation establishes the reference levels for the radon concentration in enclosed spaces.
The reference level for radon exposure in workplaces is 400 Bq/m?3, while in residences, it
is 300 Bq/m?.

3.2.14. Ireland

In Ireland, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by the Ionising Radiation Regulations 2019 (S.I. No. 30 of 2019).
These regulations were established in alignment with the Euratom Directive. According
to the Ionising Radiation Regulations 2019, Ireland has set a reference level for the radon
concentration in enclosed rooms. The reference level for radon exposure in workplaces and
residences is 200 Bq/m?.

3.2.15. Italy

In Italy, protection against ionizing radiation, including radon exposure in indoor
environments, is governed by Legislative Decree No. 101 of 31 July 2020. This decree
implements the Euratom Directive, replacing earlier legislation on the subject. According
to Legislative Decree No. 101/2020, Italy has established a reference level for the radon
concentration in enclosed spaces. The reference level for radon exposure in workplaces and
residences is set at 300 Bq/m?.

3.2.16. Latvia

In Latvia, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by the Radiacijas drosibas un radioaktivo atkritumu parvaldibas
likums (Law on Radiation Safety and Radioactive Waste Management) of 2018 and the
Grozijumi Ministru kabineta noteikumos par ionizg&joso starojumu aizsardzibu (Amend-
ments to the Cabinet of Ministers Regulations on Protection against Ionizing Radiation) of
2019. These laws and regulations were established in accordance with the Euratom Direc-
tive. Under Latvian legislation, a reference level for the radon concentration in enclosed
spaces has been set. The reference level for radon exposure in workplaces and residences is
300 Bq/m?.

3.2.17. Lithuania

In Lithuania, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by the Lietuvos Respublikos Radiacinés saugos istatymas (Law
of the Republic of Lithuania on Radiological Safety) of 2018 and the Vyriausybés nutarimas
dél Ionizuojanciosios spinduliuotés Saltiniu naudojimo ir Radiaciniu nuoteku valdymo
(Government Decision on the Use of Ionizing Radiation Sources and Management of
Radioactive Waste) of 2019. These laws and regulations were established in alignment
with the Euratom Directive. Lithuanian legislation sets a reference level for the radon
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concentration in enclosed spaces. The reference level for radon exposure in workplaces and
residences is 200 Bq/m?.

3.2.18. Luxembourg

In Luxembourg, the regulation on protection against ionizing radiation, including
radon exposure in indoor environments, is governed by the Law of 25 March 2020 on the
Protection of Public Health Against the Dangers Arising from Ionizing Radiation. This
law transposes the Euratom Directive and establishes general requirements for radiation
protection. While specific details regarding the action levels of radon are not explicitly
mentioned in these laws, it is likely that the reference level for radon exposure in workplaces
and residences aligns with the directive’s recommendation of 300 Bq/m?.

3.2.19. Malta

In Malta, protection against ionizing radiation, including radon exposure in indoor en-
vironments, is governed by the Protection from Ionising Radiation Regulations (SL. 424.29).
These regulations were established in alignment with the Euratom Directive. According to
Maltese regulations, the reference level for the radon concentration in enclosed spaces is
set at 300 Bq/m? for both workplaces and residences.

3.2.20. Poland

In Poland, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by the Rozporzadzenie Ministra Zdrowia w sprawie ochrony
przed promieniowaniem jonizujacym (Regulation of the Minister of Health on Protection
Against lonizing Radiation) of 2018. This legislation was established in accordance with the
Euratom Directive. Under Polish regulations, the reference level for the radon concentration
in enclosed spaces has been set at 300 Bq/m? for both workplaces and residences.

3.2.21. Portugal

In Portugal, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by Decree-Law No. 108/2018, of 3 December. This legislation
was established in compliance with the Euratom Directive. According to Portuguese
regulations, the reference level for the radon concentration in enclosed spaces is set at
300 Bq/m? for both workplaces and residences.

3.2.22. Romania

In Romania, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by Legea nr. 111/1996 privind desfasurarea in siguranta a
activitatilor nucleare (Law No. 111/1996 on the Safe Conduct of Nuclear Activities) and
its associated regulations. This legislation was established in alignment with the Euratom
Directive. Although the main legislation does not explicitly specify the reference levels for
the radon concentration in enclosed spaces, Romania likely adheres to the recommendations
of the European Commission, which sets a reference level of 300 Bq/m? for radon exposure
in workplaces and residences.

3.2.23. Slovakia

Regulation No. 345/2006 Coll., Concerning the Specifics of Protection Against lonizing
Radiation, serves as the legislative framework in Slovakia outlining the guidelines and
requirements for safeguarding against ionizing radiation, including radon exposure in
indoor environments. In accordance with the Euratom Directive, this regulation establishes
a reference level for the radon concentration in enclosed spaces. The reference level for
radon exposure in workplaces and residences in Slovakia is set at 300 Bq/m®.
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3.2.24. Slovenia

The Regulation on lonizing Radiation of 2017 is the current legislation in Slovenia
that establishes the guidelines and requirements for protection against ionizing radia-
tion, including radon exposure in indoor environments. In alignment with the Euratom
Directive, this regulation sets reference levels for the radon concentration in enclosed
spaces. The reference level for radon exposure is 300 Bq/m? for workplaces and 200 Bq/m?
for residences.

3.2.25. Spain

Royal Decree 783/2001 serves as the legal framework in Spain for protection against
ionizing radiation, including radon exposure in indoor environments. This decree was
updated by Royal Decree 1439/2010, which introduced new provisions to enhance the
protection of the population and the environment from the hazards of ionizing radiation.
In accordance with Royal Decree 783/2001, as updated by Royal Decree 1439 /2010, Spain
has established a reference level for the radon concentration in enclosed spaces, as recom-
mended by the Euratom Directive. The reference level for radon exposure in workplaces
and residences is set at 300 Bq/m?.

3.2.26. Sweden

In Sweden, protection against ionizing radiation, including radon exposure in indoor
environments, is regulated by the Stralskyddslag (2018:396) (Radiation Protection Act of
2018) and the Stralskyddsforordning (2018:506) (Radiation Protection Regulation of 2018).
In alignment with the Euratom Directive, the Swedish legislation establishes a reference
level for the radon concentration in enclosed spaces. The reference level for radon exposure
in workplaces and residences is set at 200 Bq/m?.

3.2.27. The Netherlands

In The Netherlands, protection against ionizing radiation, including radon exposure
in indoor environments, is regulated by the Besluit basisveiligheidsnormen stralings-
bescherming (Decision on Basic Safety Standards for Protection Against Radiation) of
2017. This legislation was established in compliance with the Euratom Directive. Under
Dutch regulations, reference levels for the radon concentration in enclosed spaces have
been set. The reference level is 100 Bq/m? for new constructions and 200 Bq/m? for
existing buildings.

4. Other Legal Norms and Regulations
4.1. Framework

Not all European countries adhere to the Euratom Directive. If a country chooses
not to follow Euratom, it may establish its own laws and regulations to ensure protection
against ionizing radiation and radon. Additionally, such countries may align with other
international standards and directives, such as those formulated by the International
Atomic Energy Agency (IAEA), which promotes global collaboration on nuclear-related
matters, including protection against ionizing radiation and radon. European countries
that do not adhere to Euratom can also reference the guidelines and standards issued
by international organizations such as the World Health Organization (WHO) and the
International Commission on Radiological Protection (ICRP).
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4.2. Legislation in Countries Outside the European Union
4.2.1. Albania

Regarding the radon legislation in Albania, no specific information is available. How-
ever, as Albania is a member of both the International Atomic Energy Agency (IAEA) and
the European Union (EU), it is likely that this country follows international guidelines
and recommendations for protection against ionizing radiation, including radon exposure.
Generally, countries adhering to the IAEA and EU guidelines implement measures to
safeguard public health from the hazards of ionizing radiation, including the establishment
of reference levels for radon exposure.

4.2.2. Andorra

Specific information on the legislation related to ionizing radiation in Andorra is
not readily available. However, it is likely that Andorra adheres to the international and
European regulations to ensure the safety and protection of its citizens.

4.2.3. Armenia

Although specific information about the radon legislation in Armenia is not available,
it is noteworthy that Armenia is a member of the International Atomic Energy Agency
(IAEA) and adheres to international guidelines and recommendations related to ionizing
radiation protection, including radon exposure. In 1999, Armenia adopted the Armenian
Law on Nuclear Energy and Radiological Safety, which outlines fundamental principles for
radiological safety and the protection of the public and the environment from ionizing radi-
ation hazards. This law also established a regulatory framework and designated authorities
responsible for monitoring and enforcing radiological protection measures. While specific
action levels for radon exposure were not identified, Armenia likely follows the interna-
tional guidelines and recommendations set by the IAEA and other related organizations.

4.2.4. Azerbaijan

Specific information on the radon legislation in Azerbaijan is not readily available.
However, as a member of the International Atomic Energy Agency (IAEA), Azerbaijan
is likely to adhere to the international guidelines and recommendations for protection
against ionizing radiation, including radon exposure. In 1998, Azerbaijan adopted the
Law on Radiological Safety, which established the fundamental principles for radiological
safety and the protection of the population and the environment from the hazards of
ionizing radiation. This law also outlined the regulatory framework and designated
authorities responsible for supervising and enforcing radiological protection measures.
While specific details about the action levels for radon exposure are not known, Azerbaijan
likely follows the international guidelines and recommendations issued by the IAEA and
other related organizations.

4.2.5. Belarus

Radon legislation in Belarus is governed by the Law of the Republic of Belarus on
Radiological Safety of the Population, enacted on 8 January 1998. This law established the
fundamental principles for radiological safety and the protection of the population and
the environment from the hazards of ionizing radiation, including radon exposure. As
a member of the International Atomic Energy Agency (IAEA), Belarus likely adheres to
international guidelines and recommendations for protection against ionizing radiation.
However, specific details about the action levels for radon exposure in Belarus are not
currently available.
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4.2.6. Bosnia and Herzegovina

Specific information on the radon legislation in Bosnia and Herzegovina is not avail-
able. However, as a member of the International Atomic Energy Agency (IAEA), Bosnia
and Herzegovina is likely to adhere to the international guidelines and recommendations
for protection against ionizing radiation, including radon exposure.

4.2.7. Georgia

In Georgia, the legislation related to radon and protection against ionizing radiation is
based on the Law on Occupational Hygiene and Radiological Safety of Georgia. This law
outlines the requirements and responsibilities for protecting workers and the general public
from the risks associated with exposure to ionizing radiation, including radon. However,
specific information regarding the action levels for radon and other details in the Georgian
legislation is limited and may be subject to change over time.

4.2.8. Iceland

In Iceland, protection against ionizing radiation, including radon exposure, is gov-
erned by the Log um geislavorn (Radiation Protection Act) No. 44/2015. This act establishes
the general requirements for radiation protection and defines the responsibilities of regula-
tory bodies and stakeholders. In alignment with the Euratom Directive, Icelandic legislation
sets a reference level for the radon concentration in indoor environments at 300 Bq/ m? for
both workplaces and residences.

4.2.9. Kosovo

In Kosovo, the legislation related to protection against ionizing radiation, including
radon, is based on the Law on Protection Against Radiation No. 05/L-109, adopted in 2016.
This law established the general requirements for radiation protection and defined the
responsibilities of regulatory bodies and stakeholders. While Kosovo aligns with the rec-
ommendations of the Euratom Directive concerning radon exposure, detailed information
on the specific reference levels for radon in Kosovo is not readily available.

4.2.10. Liechtenstein

In Liechtenstein, the legislation regarding protection against ionizing radiation, in-
cluding radon, is based on the Strahlenschutzgesetz (Radiation Protection Act) and the
Strahlenschutzverordnung (Radiation Protection Regulation). These laws and regulations
cover the general aspects of radiation protection and define the responsibilities of regula-
tory authorities and stakeholders. Liechtenstein aligns with the recommendations of the
Euratom Directive concerning the action levels for radon. However, detailed information
on the specific reference levels for radon in Liechtenstein may not be readily available.

4.2.11. Moldova

In Moldova, the legislation regarding radon is governed by Law No. 121 of 14 June 2012
on Protection Against Ionizing Radiation. This law establishes a legal framework for radio-
logical protection in Moldova and incorporates EU guidelines on protection against ionizing
radiation. However, specific information on the action levels for radon exposure in Moldovan
legislation is not available.

4.2.12. Monaco

No specific legislation on radon has been identified in Monaco to date. However, as an
“associated country” for the EU, Monaco maintains close relations with the EU through spe-
cial cooperation and partnership agreements. Consequently, the guidelines and standards
established by the Euratom Directive are applicable within the Monegasque territory.
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4.2.13. Montenegro

Montenegro currently lacks specific and comprehensive legislation related to radon.
However, this country may adhere to the guidelines established by the Euratom Directive,
which recommends a reference level of 300 Bq/ m3 for the radon concentration in indoor
environments. Additionally, the International Atomic Energy Agency (IAEA) has published
a guide titled “Protection of the Public Against Radon: A Guide to the Implementation of
the European Radon Action Plan”, which provides recommendations for developing radon
mitigation measures.

4.2.14. North Macedonia

In North Macedonia, there is currently no specific legislation addressing radon in
indoor environments. However, this country adopts the reference values recommended
by the European Commission for the radon concentration in indoor environments, set at
300 Bq/m?3. North Macedonia also aligns with the Euratom Directive, which establishes
basic safety requirements for protection against the hazards of ionizing radiation.

4.2.15. Norway

Radon legislation in Norway is governed by the Regulation on Protection Against
Radon (Radonbeskyttelsesforskriften) of 2013. This regulation provides guidelines for
measuring and evaluating the radon concentration in indoor environments and specifies
action levels to protect against radon exposure. These action levels are based on the annual
average concentration of radon in a given area, and mitigation measures may be required if
these levels are exceeded. In areas with low potential, the action level is set at 100 Bq/ mS3.
For areas with moderate potential, the action level is 200 Bq/m?, while in areas with high
potential, it is 400 Bq/m3. These classifications are determined using geological maps and
radon measurement data. Additionally, this regulation establishes guidelines for assessing
and reducing radon exposure in workplaces.

4.2.16. The United Kingdom

In the United Kingdom, radon legislation is governed by the Ionising Radiations
Regulations (IRR) of 2017, which include specific provisions for radon. The IRR 2017 set the
reference level for the radon concentration at 300 Bq/m? for workplaces and 200 Bq/m? for
dwellings, in line with the EU’s recommendations. These regulations also mandate mitiga-
tion measures in buildings where the radon levels exceed the established reference levels.

4.2.17. Russia

In Russia, radon legislation is governed by the federal regulation SanPiN 2.6.1.2523-09:
Sanitary and Epidemiological Rules and Regulations for Protection of the Population
from Exposure to Ionizing Radiation. This regulation establishes reference levels for the
radon concentration in indoor environments and provides guidelines for mitigating radon
exposure. According to the regulation, the reference level for the radon concentration in
indoor environments is set at 200 Bq/ m3 as an annual average, with a maximum allowable
concentration of 400 Bq/m? for up to 10% of the measurement period. Additionally, this
regulation includes guidelines for mitigating radon exposure in both new constructions
and existing buildings. Mitigation measures may be required by Russian authorities if
radon levels exceed the established reference limits.

4.2.18. San Marino

San Marino does not have specific legislation on radon. However, the Technical Com-
mission for Radiological and Nuclear Protection, associated with the Public Health Service,
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plays a key role in promoting radiological protection and nuclear safety in this country.
This commission can be consulted for guidance and recommendations on the subject.

4.2.19. Serbia

In Serbia, the legislation regarding radon is governed by the Ionizing Radiation and
Nuclear Safety Act (Zakon o jonizujuéem zracenju i nuklearnoj sigurnosti) of 2015, along
with technical norms for protection against radon. These include the Radiological Protection
Norm against Radon (Radon radioloska zastita) and the Radiological Protection Norm
in Buildings (Radioloska zastita u gradevinarstvu). The Ionizing Radiation and Nuclear
Safety Act establishes reference levels for the radon concentration in public and private
buildings, as well as requirements for radon measurement and evaluation. It also includes
provisions for the radiological protection of workers exposed to radon, covering exposure
monitoring and risk assessment. However, specific action levels for radon in Serbia are not
readily available.

4.2.20. Switzerland

The Swiss legislation concerning radon includes the Federal Law on Protection Against
Radiation (RS 814.501) and the Regulation on Protection Against Radiation (RS 814.501.1).
These regulations outline the requirements and guidelines for protection against ionizing
radiation across all sectors, including radon exposure. Switzerland has established a refer-
ence level of 300 Bq/m?3 for the radon concentration in indoor environments, consistent
with the values adopted by many other European countries. The recommended annual av-
erage exposure to radon is 100 Bq/m?. For workplaces, the regulations mandate mitigation
measures if the radon concentration exceeds 1000 Bq/m?. In residences, authorities may
require mitigation measures if radon levels exceed 300 Bq/ mS3.

4.2.21. Turkey

In Turkey, radon legislation is governed by the Regulation on Radiation Control in
Buildings (Binalarda Radyasyon Kontrolii Yonetmeligi), adopted in 2015. This regula-
tion establishes the concentration limits for radon in buildings, setting an action level
of 400 Bq/m? for workplaces and 300 Bq/m? for residences. Additionally, it mandates
mitigation measures when the radon levels exceed these action limits.

4.2.22. Ukraine

In Ukraine, several laws and regulations address protection against ionizing radiation,
although there is no specific legislation exclusively dedicated to radon. Radon protection
is integrated into general measures for protection against ionizing radiation in buildings
and workplaces. Key laws and regulations include the Ukrainian Law on Protection
of Population Against lonizing Radiation (2017), the Resolution of the Government of
Ukraine on Approval of Rules for Protection of Population Against lonizing Radiation
(2012), the Rules of Radiological Safety of Ukraine (approved by the Ministry of Health
in 2012), the Typical Norms of Radiological Safety (2012), and the Norms of Radiological
Safety of Ukraine (2012). Ukrainian legislation sets the reference level for the radon
concentration in indoor environments at 200 Bq/m?3. Additionally, it establishes an action
level of 400 Bq/m?3. When radon levels exceed this action level, mitigation measures are
recommended to reduce exposure.

4.2.23. Vatican

No specific information is available regarding legislation related to radon in the Vatican.
As an independent state, the Vatican may choose to follow European Union guidelines or
implement its own regulations on the matter.
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5. Discussion

The Euratom Directive serves as a legislative framework for establishing stringent
radiological protection standards across EU member states [16,17]. Applicable to activities
involving ionizing radiation sources, such as nuclear medicine, radiotherapy, and industrial
radiography, the directive primarily addresses enhanced safety standards for radiation
exposure [18]. It prescribes the radiation dose limits for workers and the public, mandates
rigorous monitoring protocols, and necessitates the formation of national radiological
protection authorities in each member state [19]. While the action levels adopted under the
Euratom agreement depend on individual countries’ legislation, they generally adhere to
the international recommendations, including those issued by the ICRP and UNSCEAR [20].
The directive sets common dose limits for ionizing radiation exposure across EU member
states, although the action levels may differ between countries [21]. The process for
determining action levels is intricate, taking into account various factors, including the
types of radiation sources and exposure activities [22]. Countries may adopt action levels
divergent from those in the international recommendations, reflecting political, economic,
and cultural considerations [23]. The recommendations of international organizations
are summarized in Table 4, and the action levels for countries that are signatories of the
Euratom Directive are summarized in Table 5.

Table 4. Recommendations from the international organizations.

Organization Workplaces (Bq-m—3) Public Buildings and Dwellings (Bq-m—3)
EURATOM ! 300 300

ICRP 2 100-300 (optimized range) 100-300 (optimized range)

TAEA 3 Not specified Not specified
UNSCEAR 4 Not specified Not specified

WHO?> Not specified 100 (but it should not exceed 300)

I For radon exposure, the Euratom Directive (2013/59/Euratom) establishes the following action levels:
Workplaces—A radon concentration action level of 300 Bq-m~3. If the radon levels measured in workplaces
exceed this value, employers are required to take measures to mitigate the radon exposure for the safety of their
employees. Residences and public buildings—While there is no specific action level mentioned in the directive
for residences and public buildings, it encourages member states to develop their own national action plans for
managing indoor radon concentrations. In practice, many countries adopt a reference level of 100-300 Bq-m 3
for residential buildings, based on the World Health Organization’s recommendations. 2 In ICRP Publication
126, the ICRP recommends an optimized range of the radon concentrations for dwellings, public buildings,
and workplaces. The optimized range provided is 100-300 Bq-m*3 for dwellings and public buildings, and
the same range is suggested for workplaces. It is emphasized that the objective is to keep the radon levels as
low as reasonably achievable (the ALARA principle) within this range, considering social and economic factors.
3 In the IAEA Safety Standards Series No. GSG-1, “Classification of Radioactive Waste”, the IAEA addresses
radon exposure by emphasizing the importance of the ALARA (as low as reasonably achievable) principle and
the optimization of protection in controlling radon levels. * UNSCEAR primarily focuses on evaluating the
sources, doses, and risks associated with ionizing radiation, including radon exposure. Their findings are used by
other organizations and member states to develop and implement radiation protection policies, regulations, and
recommendations. 5 In “the WHO Handbook on Indoor Radon: A Public Health Perspective”, this organization
recommends a reference level for the radon concentration in indoor environments. The WHO suggests a reference
level of 100 Bq-m ™2 for the radon concentration in dwellings. However, if this level cannot be achieved under
national circumstances, the reference level should not exceed 300 Bq-m~3. This guidance aims to minimize the
health risks associated with indoor radon exposure, particularly lung cancer.

Non-Euratom European countries typically follow the ICRP and UNSCEAR rec-
ommendations, establishing national radiological protection authorities to oversee the
implementation of radiological protection measures [24]. Most European countries, in-
cluding non-Euratom members, adhere to the international standards on indoor radon
concentrations [24]. The IAEA facilitates technical assistance and cooperation, emphasizing
global collaboration and expertise-sharing to improve radiological protection measures [25].
Table 6 summarizes the action levels and legislation status of the non-Euratom members.
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Table 5. Action levels in Euratom Directive signatory countries.

Country Workplaces (Bq-m—3) Public Buildings and Dwellings (Bq-m~—3)

Austria 300 300
Belgium 400 400
Bulgaria 300 300
Cyprus 200 200
Croatia 300 300
The Czech Republic 300 300
Denmark 200 100
Estonia 300 200
Finland 400 300
France 300 300

Germany 300 300 (for new residential buildings and recommended voluntary

measures to reduce to 100)
Greece 300 300
Hungary 400 300
Ireland 200 200
Italy 300 200 for new public buildings after 31 December 2024
Latvia 300 300
Lithuania 200 200
Luxembourg Probably 300 Probably 300

Malta 300 300
Poland 300 300
Portugal 300 300
Romania 300 300
Slovakia 300 300
Slovenia 300 300
Spain 300 300
Sweden 200 200
The Netherlands 100 200

Comparing the Euratom Directive to the international norms reveals its rigor in
establishing stricter safety standards for ionizing radiation exposure [26]. For instance, the
directive prescribes an annual limit of 20 mSv for occupational exposure and 1 mSv for
general public exposure, with radon concentration limits similar to those in other countries,
such as Canada and the US [27]. The Euratom Directive necessitates specific requirements
for occupational radon exposure, including assessment, monitoring, and concentration
reduction measures [28]. Although the directive does not set a specific action level for
occupational radon exposure, EU member states have enacted varying national regulations
and guidelines [12]. The action levels for occupational exposure vary depending on the
circumstances and risks involved.

The majority of European countries, including non-Euratom members, have legisla-
tion addressing radon exposure, highlighting this issue’s significance and governmental
concern [24]. Radon is a natural radioactive gas that poses health risks, primarily of lung
cancer, particularly among smokers [29,30]. Implementing measures to monitor and reduce
the radon exposure in indoor environments is vital, as reflected in the legislation of various
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European countries, regardless of their Euratom membership. This legislation encompasses
reference and action levels for indoor radon concentrations and procedures for evaluating

and monitoring occupational radon exposure, promoting the protection of populations.

Table 6. Action levels and legislation status of the non-Euratom members.

Country Legizzi:;it‘i/:n? : Workplaces (Bq-m~3) Public Built(i]i;:frsn 311;()1 Dwellings
Albania n No information available No information available
Andorra n No information available No information available
Armenia y No information available No information available
Azerbaijan y No information available No information available
Belarus y No information available No information available
Bosnia and Herzegovina n No information available No information available
Georgia y No information available No information available
Iceland y 300 300
Kosovo y No information available No information available
Liechtenstein y No information available No information available
Moldova y No information available No information available
Monaco n Probably 300 Probably 300
Montenegro n Probably 300 Probably 300
North Macedonia n Probably 300 Probably 300
Depending on the regional potential (low, = Depending on the regional potential (low,
Norway y moderate, or high), it can be, respectively, = moderate, or high), it can be, respectively,
100, 200, or 400 100, 200, or 400
The United Kingdom y 300 200
Annual average of 200 (with maximum Annual average of 200 (with maximum
Russia y peaks of 400 in 10% of the peaks of 400 in 10% of the
measurement time) measurement time)
San Marino n No information available No information available
Serbia y No information available No information available
Switzerland y 300 300
Turkey y 400 300
Ukraine y 400 400
Vatican n No information available No information available

1 y—with active legislation; n—without active legislation or information not found.

6. Conclusions

The Euratom Directive represents a robust and comprehensive legislative framework
that establishes high-level standards for radiological protection across the European Union.
It addresses all areas involving the use of ionizing radiation, including nuclear medicine,
radioactive waste management, and nuclear safety. The directive mandates dose limits
for both workers and the general public, requires the monitoring of radiation exposure in
workplaces, and calls for the establishment of national radiological protection authorities
to ensure effective implementation of its provisions in each member state. The presence of
specific radon legislation in nearly all European countries, including non-Euratom member
states, highlights the significance of this issue and the deep concern of governments regard-
ing radon exposure. As a naturally occurring radioactive gas, radon can accumulate in
indoor environments, posing risks to public health. Consequently, governments are tasked
with adopting measures to monitor and mitigate the radon exposure in both residential
and workplace settings. The Euratom Directive is widely regarded as a cornerstone of radi-
ological protection in the European Union, ensuring the implementation of stringent safety
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standards across all member countries. It facilitates the deployment of effective radiological
protection measures in all activities involving ionizing radiation. The widespread adoption
of radon-specific legislation by European countries, irrespective of their Euratom member-
ship, underscores the recognition of radon’s risks and the commitment of governments to
safeguarding public health. The ultimate goal of indoor radon mitigation is to improve the
air quality in buildings and thus contribute to their sustainability, as the health of buildings
is highly dependent on the quality of indoor air.

Author Contributions: Conceptualization: L.J.R.N. and A.C. Methodology: L.J.R.N. and A.C. Valida-
tion: L.J.R.N. and A.C. Formal analysis: L.J.R.N. and A.C. Investigation: L.J.R.N. and A.C. Resources:
L.J.R.N. and A.C. Data curation: L.J.R.N. and A.C. Writing—original draft preparation: L.].R.N. and
A.C. Writing—review and editing: L.].R.N. and A.C. Visualization: L.J.R.N. and A.C. Supervision:
L.J.R.N. and A.C. All authors have read and agreed to the published version of the manuscript.

Funding: L.J.R.N. was supported by proMetheus, the Research Unit on Energy, Materials and Environ-
ment for Sustainability—UIDP /05975 /2020—funded by national funds through FCT—Fundacao para
a Ciéncia e Tecnologia. A.C. co-authored this work within the scope of the project proMetheus, the
Research Unit on Materials, Energy, and Environment for Sustainability, FCT Ref. UID/05975/2020,
financed by national funds through the FCT/MCTES.

Data Availability Statement: The data are available upon request to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Alavanja, M.C. Biologic damage resulting from exposure to tobacco smoke and from radon: Implication for preventive interven-
tions. Oncogene 2002, 21, 7365-7375. [CrossRef] [PubMed]

2. Degu Belete, G.; Alemu Anteneh, Y. General overview of radon studies in health hazard perspectives. J. Oncol. 2021, 2021, 6659795.
[CrossRef]

3. Murray, C.J.; Abraham, J.; Ali, M.K,; Alvarado, M.; Atkinson, C.; Baddour, L.M.; Bartels, D.H.; Benjamin, E.J.; Bhalla, K.; Birbeck,
G. The state of US health, 1990-2010: Burden of diseases, injuries, and risk factors. JAMA 2013, 310, 591-606. [CrossRef] [PubMed]

4. D’Avino, V.; Pugliese, M.; Verde, G.L. Effectiveness of passive ventilation on radon indoor level in Puglia Region according to
European Directive 2013/59/EURATOM. Indoor Built Environ. 2021, 30, 1580-1586. [CrossRef]

5. Barnes, PM. Nuclear safety for nuclear electricity—the search for a solid legal basis for nuclear safety in an enlarged European
Union. Manag. Law 2003, 45, 115-143. [CrossRef]

6.  McNeal, G.S. Security scanners in comparative perspective. Health Matrix 2012, 22, 461.

7.  Barquinero, ].F,; Fattibene, P.; Chumak, V.; Ohba, T.; Della Monaca, S.; Nuccetelli, C.; Akahane, K.; Kurihara, O.; Kamiya, K,;
Kumagai, A. Lessons from past radiation accidents: Critical review of methods addressed to individual dose assessment of
potentially exposed people and integration with medical assessment. Environ. Int. 2021, 146, 106175. [CrossRef]

8. Konijnenberg, M.; Herrmann, K.; Kobe, C.; Verburg, F.; Hindorf, C.; Hustinx, R.; Lassmann, M. EANM position paper on article 56
of the Council Directive 2013/59/Euratom (basic safety standards) for nuclear medicine therapy. Eur. J. Nucl. Med. Mol. Imaging
2021, 48, 67-72. [CrossRef] [PubMed]

9.  Sofia Silva, A.; de Lurdes Dinis, M. An overview of the development and implementation of the radon action plans in European
countries. In Occupational and Environmental Safety and Health; CRC Press: Boca Raton, FL, USA, 2022; pp. 225-235.

10. Mc Laughlin, J.P; Gutierrez-Villanueva, J.-L.; Perko, T. Suggestions for improvements in national radon control strategies of
member states which were developed as a requirement of EU directive 2013/59 EURATOM. Int. |. Environ. Res. Public Health
2022, 19, 3805. [CrossRef] [PubMed]

11. do Nascimento Santos, ].M.; dos Santos Junior, J.A.; dos Santos Amaral, R.; Ferndndez, Z.H.; Bezerra, M.B.C.F,; de Barros Correia,
F.L.; Aratjo, E.E.N.; Guimaraes, C.R.P; Aratjo, M.R.S.; da Silva Medeiros, N.V. Influx of radioactive gas in norm occurrences in
Northeastern Brazil. Appl. Radiat. Isot. 2022, 187, 110319. [CrossRef] [PubMed]

12.  Bochicchio, F. Protection from radon exposure at home and at work in the directive 2013/59/Euratom. Radiat. Prot. Dosim.
2014, 160, 8-13. [CrossRef] [PubMed]

13. Falkner, G.; Treib, O.; Hartlapp, M.; Leiber, S. Complying with Europe: EU Harmonisation and Soft Law in the Member States;
Cambridge University Press: Cambridge, UK, 2005.

14. Valentin, J. The 2007 Recommendations of the International Commission on Radiological Protection; Elsevier: Oxford, UK, 2007; Volume 37.


https://doi.org/10.1038/sj.onc.1205798
https://www.ncbi.nlm.nih.gov/pubmed/12379879
https://doi.org/10.1155/2021/6659795
https://doi.org/10.1001/jama.2013.13805
https://www.ncbi.nlm.nih.gov/pubmed/23842577
https://doi.org/10.1177/1420326X20940364
https://doi.org/10.1108/03090550310770965
https://doi.org/10.1016/j.envint.2020.106175
https://doi.org/10.1007/s00259-020-05038-9
https://www.ncbi.nlm.nih.gov/pubmed/33057773
https://doi.org/10.3390/ijerph19073805
https://www.ncbi.nlm.nih.gov/pubmed/35409491
https://doi.org/10.1016/j.apradiso.2022.110319
https://www.ncbi.nlm.nih.gov/pubmed/35752113
https://doi.org/10.1093/rpd/ncu101
https://www.ncbi.nlm.nih.gov/pubmed/24729590

Buildings 2025, 15, 618 21 of 21

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

Kleine, M. Informal Governance in the European Union: How Governments Make International Organizations Work; Cornell University
Press: Ithaca, NY, USA, 2013.

Simeonov, G. Criteria for acceptability of medical radiological equipment in Euratom legislation. Radiat. Prot. Dosim.
2013, 153, 147-149. [CrossRef]

Balboni, M. Nuclear Safety and Security in Europe. In International Law and Chemical, Biological, Radio-Nuclear (CBRN) Events; Brill
Nijhoff: Leiden, The Netherlands, 2022; pp. 248-263.

Ebdon-Jackson, S.; Frija, G.; European Society of Radiology. Improving justification of medical exposures using ionising radiation:
Considerations and approaches from the European Society of Radiology. Insights Imaging 2021, 12, 2. [CrossRef] [PubMed]
Rehani, M.; Gupta, R; Bartling, S.; Sharp, G.; Pauwels, R.; Berris, T.; Boone, J. ICRP publication 129: Radiological protection in
cone beam computed tomography (CBCT). Ann. ICRP 2015, 44, 7-127. [CrossRef] [PubMed]

Persson, L.; Shrader-Frechette, K. An evaluation of the ethical principles of the ICRP’s radiation protection standards for workers.
Health Phys. 2001, 80, 225-234. [CrossRef] [PubMed]

Trisolini, K.A. Decisions, disasters, and deference: Rethinking agency expertise after Fukushima. Yale L. Pol’y Rev. 2014, 33, 323.
Tsapalov, A.; Kovler, K. Metrology for Indoor Radon Measurements and Requirements for Different Types of Devices. Sensors
2024, 24, 504. [CrossRef]

World Health Organization. Evolution of WHO Air Quality Guidelines: Past, Present and Future; World Health Organization: Geneva,
Switzerland, 2017.

Impens, N.R.; Salomaa, S. The joint roadmap for radiation protection research: Outreach and future. J. Radiol. Prot. 2021, 41, S285.
[CrossRef] [PubMed]

Abdel-Wahab, M.; Rosenblatt, E.; Holmberg, O.; Meghzifene, A. Safety in radiation oncology: The role of international initiatives
by the International Atomic Energy Agency. |. Am. Coll. Radiol. 2011, 8, 789-794. [CrossRef]

Elio, J.; Crowley, Q.; Scanlon, R.; Hodgson, J.; Zgaga, L. Estimation of residential radon exposure and definition of Radon Priority
Areas based on expected lung cancer incidence. Environ. Int. 2018, 114, 69-76. [CrossRef] [PubMed]

Grupen, C.; Grupen, C. International safety standards for radiation protection. In Introduction to Radiation Protection: Practical
Knowledge for Handling Radioactive Sources; Springer Science & Business Media: Berlin/Heidelberg, Germany, 2010; pp. 90-109.
Meétivier, H.; Nielsen, S.; Tuomisto, J.; Weiss, W. International Evaluation of the Research Activities of the Finnish Radiation
and Nuclear Safety Authority (STUK). In Reports of the Ministry of Social Affairs and Health; Ministry of Social Affairs and Health:
Helsinki, Finland, 2006; Volume 60.

Darby, S.; Hill, D.; Auvinen, A.; Barros-Dios, J.; Baysson, H.; Bochicchio, F; Deo, H.; Falk, R.; Forastiere, F.; Hakama, M.
Radon in homes and risk of lung cancer: Collaborative analysis of individual data from 13 European case-control studies. BMJ
2005, 330, 223. [CrossRef] [PubMed]

Samet, ].M. Radon and lung cancer. [NCI |. Natl. Cancer Inst. 1989, 81, 745-758. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/rpd/ncs300
https://doi.org/10.1186/s13244-020-00940-0
https://www.ncbi.nlm.nih.gov/pubmed/33409611
https://doi.org/10.1177/0146645315575485
https://www.ncbi.nlm.nih.gov/pubmed/26116562
https://doi.org/10.1097/00004032-200103000-00004
https://www.ncbi.nlm.nih.gov/pubmed/11219534
https://doi.org/10.3390/s24020504
https://doi.org/10.1088/1361-6498/ac1c96
https://www.ncbi.nlm.nih.gov/pubmed/34380130
https://doi.org/10.1016/j.jacr.2011.07.014
https://doi.org/10.1016/j.envint.2018.02.025
https://www.ncbi.nlm.nih.gov/pubmed/29486412
https://doi.org/10.1136/bmj.38308.477650.63
https://www.ncbi.nlm.nih.gov/pubmed/15613366
https://doi.org/10.1093/jnci/81.10.745
https://www.ncbi.nlm.nih.gov/pubmed/2654404

	Introduction 
	Materials and Methods 
	Study Design 
	Data Sources 
	The Selection Criteria 
	The Data Collection Procedures 
	Analytical Methods 

	Transposition of the Euratom Directive in the Countries of the European Union 
	Framework 
	European Union Countries 
	Austria 
	Belgium 
	Bulgaria 
	Cyprus 
	Croatia 
	The Czech Republic 
	Denmark 
	Estonia 
	Finland 
	France 
	Germany 
	Greece 
	Hungary 
	Ireland 
	Italy 
	Latvia 
	Lithuania 
	Luxembourg 
	Malta 
	Poland 
	Portugal 
	Romania 
	Slovakia 
	Slovenia 
	Spain 
	Sweden 
	The Netherlands 


	Other Legal Norms and Regulations 
	Framework 
	Legislation in Countries Outside the European Union 
	Albania 
	Andorra 
	Armenia 
	Azerbaijan 
	Belarus 
	Bosnia and Herzegovina 
	Georgia 
	Iceland 
	Kosovo 
	Liechtenstein 
	Moldova 
	Monaco 
	Montenegro 
	North Macedonia 
	Norway 
	The United Kingdom 
	Russia 
	San Marino 
	Serbia 
	Switzerland 
	Turkey 
	Ukraine 
	Vatican 


	Discussion 
	Conclusions 
	References

