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Abstract— Nuclear law is a complex and highly specialised 

branch of law that regulates all activities involving fissile materials, 

ionising radiation, and exposure to natural sources of radiation. Its 

primary purpose is to establish a rigorous legal framework that 

ensures comprehensive protection of individuals, society, and the 

environment from the potentially harmful effects of radiation, 

while also creating the necessary legal prerequisites for the 

peaceful use of nuclear energy. Due to the specific and far-reaching 

risks inherent in nuclear activities, this field requires continuous 

harmonisation of national legislation with international standards. 

This paper critically analyses the definition and legislative 

scope of nuclear law, examining its sources and the hierarchy of 

legal instruments in detail. Special attention is given to the role of 

key actors in this field, as well as the historical evolution of legal 

norms directly prompted by major nuclear accidents at Chernobyl 

and Fukushima. Through the analysis of these events, the paper 

demonstrates the shift from strictly national regulations to a 

transnational approach to safety, emphasising the importance of 

international cooperation and constant oversight to maintain 

global nuclear security. 

Keywords— Nuclear law, ionising radiation, nuclear safety, 

international conventions, environmental protection. 

I. INTRODUCTION

Nuclear law consists of specific legal norms that regulate the 
conduct of legal entities and individuals involved in activities 
with fissile materials, ionizing radiation, and exposure to natural 
sources of radiation [1]. This definition includes four key 
elements. First, as a set of specific legal norms, nuclear law is 
recognized as part of the general national legal system, while also 
incorporating distinct rules required by the unique nature of 
nuclear technology. Second, the regulatory element involves a 
risk-benefit approach, which is essential for managing activities 
that present both hazards and benefits for social and economic 
development. Third, as with all legal regimes, these specific legal 
norms apply to the conduct of legal entities – including 
commercial, academic, scientific, and governmental 
organizations – as well as individuals. Fourth, the defining 
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characteristic that justifies a special legal regime is radioactivity, 
whether produced through the use of fissile materials or ionizing 
radiation. 

The scope of nuclear law is extremely broad and covers 
several key aspects, often summarized by the International 
Atomic Energy Agency (IAEA) concept of “3S + Liability” [2]. 
This concept forms the foundation of modern nuclear law and 
includes four mutually reinforcing pillars: nuclear safety, nuclear 
security, safeguards, and liability for nuclear damage. Although 
each pillar has a distinct function, they share a common objective 
– the protection of people and the environment – and must be
designed and implemented in an integrated manner to avoid
conflicts.

Nuclear safety concerns protection against unintentional 
events. Its focus is on preventing accidents caused by technical 
failures, human error, or natural disasters, as well as mitigating 
their consequences. The primary objective is to achieve and 
maintain adequate operating conditions to protect workers, the 
public, and the environment from excessive radiation risks [3]. 
Responses to safety-related risks include engineering safety 
systems, safety management, and regulatory oversight. 

In contrast, nuclear security addresses protection against 
intentional malicious acts. Its focus is on preventing, detecting, 
and responding to criminal activities such as theft, sabotage, 
unauthorized access, illegal transport, or other misuse of nuclear 
or radioactive materials [4]. The primary objective is to prevent 
nuclear materials from falling into the hands of non-state actors, 
such as terrorists, who could use them to construct improvised 
nuclear devices or “dirty bombs.” Responses to security threats 
include physical protection measures, intelligence gathering, and 
law enforcement activities. 

Safeguards aim to prevent the proliferation of nuclear 
weapons at the state level. They comprise a system of 
verification and inspections to ensure that states comply with 
their international obligations to use nuclear materials and 
technologies exclusively for peaceful purposes. The focus is on 
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preventing state activities that could lead to the acquisition of 
nuclear weapons. Responses in this area include international 
legal obligations, such as the Treaty on the Non-Proliferation of 
Nuclear Weapons (NPT), export and technology transfer 
controls, and verification through the IAEA inspection system. 

Liability refers to the establishment of a legal regime that 
ensures adequate and prompt compensation for damage in the 
event of a nuclear incident, including transboundary damage [5]. 
It is a necessary addition to the 3S concept because, despite the 
highest standards of safety and security, the possibility of an 
accident can never be completely eliminated. This regime 
defines third-party liability by channeling liability exclusively to 
the operator of a nuclear installation, regardless of fault, and 
requires mandatory insurance or other forms of financial security 
to cover potential damage. 

The national regulatory framework must be based on 
regulations that ensure the integration of these four 
interconnected elements. Measures taken within one pillar may 
contribute to the objectives of another; for example, robust 
physical protection measures (security) may simultaneously 
prevent sabotage (safety) and the theft of materials (safeguards). 
However, conflicts between these objectives are also possible, so 
security measures must not be designed in a way that 
compromises safety, and vice versa. 

In addition to these aspects, nuclear law also covers areas 

such as radiological protection, radioactive waste management 

and decommissioning, emergency preparedness and response, 

environmental protection, and international trade in nuclear. 

II. SOURCES OF NUCLEAR LAW

Sources of nuclear law can be classified in various ways, 
including international and national law, hard and soft law, as 
well as public and private law, allowing for a comprehensive 
approach to regulating this complex field, Figure 1. 

Fig. 1. Sources of Nuclear Law: Three Approaches [6] 

Based on the level at which norms are adopted – specifically 
the criteria of territorial scope and the entity issuing the legal 
norms – a distinction is made between international and national 
sources of nuclear law. 

At the international level, these primarily consist of treaties 
and conventions, involving bilateral and multilateral agreements 
that establish rules expressly recognised by the contracting states 
("international conventions"). Examples include the Convention 

on Nuclear Safety, the Joint Convention on the Safety of Spent 
Fuel Management and on the Safety of Radioactive Waste 
Management, and the Vienna Convention on Civil Liability for 
Nuclear Damage. Furthermore, these sources include 
international customs, which serve as evidence of a general 
practice accepted as law; general principles of law recognised by 
civilised nations; and judicial decisions and teachings, which 
serve as subsidiary means for determining rules of law. 

At the national level, nuclear law consists of legal norms 
enacted by a sovereign state and applied within its territory. 
These primarily include the constitution, laws, and bylaws 
(regulations). National nuclear law is crucial for implementing 
international obligations and regulating specific national 
circumstances. 

According to the criteria of legal bindingness and 
enforceability, the sources of nuclear law are divided into hard 
and soft law. 

Hard law encompasses legally binding instruments, the 
violation of which entails international responsibility. It consists 
of conventions and treaties (bilateral and multilateral) that 
establish rules explicitly recognised by the contracting states. 

Soft law refers to international instruments that are not 
treaties but aim to promote norms believed to be beneficial and 
thus deserving of general or universal application. Examples 
include IAEA standards, guidelines, and recommendations, such 
as the IAEA Basic Safety Standards and other international 
guidelines. Although not formally binding in themselves, they 
can become binding once implemented into national legislation. 

Based on the subjects whose relationships are regulated by 
legal norms, we distinguish between public and private law. 

Public law regulates relations between the state and the 
general population regarding matters of public order, as well as 
relations between states and international bodies. In the nuclear 
context, this includes constitutional, administrative, and criminal 
law that defines the frameworks for nuclear activities. 

Private law, unlike public law, regulates relations between 
private legal entities (individuals and companies) in matters such 
as property rights, trade, finance, commercial contracting, and 
investment. In nuclear law, private rights and obligations are 
particularly significant in the context of liability for nuclear 
damage, where legal regimes are established for compensation 
in the event of a nuclear accident, channelling liability to the 
licence holder. 

The classifications presented are not mutually exclusive; 

rather, they overlap and complement each other, forming a 

complex and coherent legal system that enables the effective 

regulation of nuclear activities at all levels. 

III. KEY ACTORS IN NUCLEAR LAW 

Different stakeholders play a key role in the development and 
implementation of nuclear law at the national, regional, and 
international levels, ensuring a comprehensive approach to 
managing nuclear risks and benefits. 

At the national level, several actors operate with roles and 
responsibilities defined by national legislation. Foremost among 
them are the national government and parliament, which adopt 
laws and policies. The National Assembly of the Republic of 
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Serbia, as the highest representative body and holder of 
constituent and legislative authority, adopts laws and other 
general acts, including those related to nuclear law. 

In addition to the legislative and executive branches, 
important national actors include the nuclear industry and 
scientific research institutions. Operators of nuclear facilities and 
suppliers, as well as research organizations such as the Institute 
of Nuclear Sciences “Vinča,” are key stakeholders in the 
implementation and development of nuclear technologies. The 
regulatory body is the central point of the national system for 
controlling nuclear activities. Its role is active; it participates in 
all phases of the life cycle of a nuclear facility, from conception 
to decommissioning. 

Non-governmental organizations and the public are also 
important actors in the nuclear field, contributing to public 
debate and oversight of nuclear activities. 

At the regional level, regional governmental organizations 
such as the European Atomic Energy Community (Euratom) 
coordinate nuclear policies. In addition to governmental 
regulatory organizations, there are regional regulatory bodies 
such as the European Nuclear Safety Regulators Group 
(ENSREG), which exchange experience and best practices in 
regulation, as well as regional industry organizations such as 
nucleareurope, which represent the interests of the nuclear 
industry. 

Key international actors include organizations such as the 
International Atomic Energy Agency (IAEA), the Organisation 
for Economic Co-operation and Development – Nuclear Energy 
Agency (OECD/NEA), and the International Commission on 
Radiological Protection (ICRP), which set standards and provide 
guidance. Other important international actors include regulatory 
associations such as the International Nuclear Regulators’ 
Association (INRA), which brings together regulatory bodies 
worldwide, and international industry organizations such as the 
World Association of Nuclear Operators (WANO), which 
promotes operational excellence and safety. 

As a central entity, the regulatory body has key functions that 
can be grouped into four interrelated areas: licensing, safety 
assessment, inspection supervision, and enforcement of 
regulations. These functions form a continuous regulatory cycle 
that ensures the protection of people and the environment is 
maintained at the highest level. In the Republic of Serbia, the 
regulatory authority is the Directorate for Radiation and Nuclear 
Safety and Security of Serbia (SRBATOM). 

Licensing is a formal process by which the regulatory body 
grants authorization to a legal or natural person to carry out an 
activity involving ionizing radiation sources, serving as a key 
preventive control mechanism. Without such authorization, the 
activity would be unlawful. 

The licensing process begins when the applicant submits a 
request to the regulator. In Serbia, the Law on Radiation and 
Nuclear Safety and Security prescribes the obligation to notify 
the intention to perform an activity, followed by the submission 
of an application for the relevant authorization. The regulator 
applies the graded approach principle, meaning that the 
requirements and depth of review are proportional to the 
potential risk; for low-risk activities, a registration decision is 
issued, while for moderate- and high-risk activities, a license is 
granted. 

For complex facilities such as nuclear power plants, licensing 
is divided into several phases. Serbian law provides for separate 
licenses for each phase: site selection, design, construction, 
commissioning, operation, and decommissioning. This approach 
allows the regulator to perform a detailed review at each critical 
project milestone before allowing transition to the next phase. If 
the regulator determines that all legal requirements have been 
met, it issues a decision granting authorization. This decision 
contains specific conditions and limitations under which the 
activity must be carried out. 

The core of the licensing process is the safety assessment, an 
analytical function of the regulator designed to determine 
whether the applicant has adequately identified all risks and 
provided appropriate control measures. The regulator reviews 
and evaluates extensive documentation submitted by the 
applicant. The most important document is the Safety Report, 
which must include a description of the activity, a safety analysis 
under normal conditions, an analysis of potential failures and 
accidents, and measures for their prevention and mitigation. 

IV. THE ASSESSMENT WITHIN THE LICENSING PROCESS COVERS 

THREE KEY ASPECTS: THE DESIGN (E.G., APPLICATION OF 

DEFENSE-IN-DEPTH PRINCIPLES), THE SITE (E.G., SEISMIC RISKS, 

POPULATION DENSITY), AND THE APPLICANT (E.G., 

ORGANIZATIONAL STRUCTURE, SAFETY CULTURE, FINANCIAL 

RESOURCES). GIVEN THE COMPLEXITY OF THE SUBJECT, THE 

REGULATOR OFTEN RELIES ON TECHNICAL SUPPORT 

ORGANIZATIONS. IN SERBIA, THE LAW PROVIDES THAT THE 

DIRECTORATE MAY ENGAGE ADVISORS OR ADVISORY BODIES 

FOR EXPERT ASSISTANCE.EVOLUTION OF NUCLEAR LAW   

Nuclear law has developed in response to technological 
advances and significant events, making it a reactive rather than 
a proactive field. 

The early development of nuclear law focused on 
establishing international organizations concerned with nuclear 
energy, radiological protection, and the non-proliferation of 
nuclear weapons. Key milestones included the creation of the 
International Commission on Radiological Protection (ICRP) in 
1928 and the International Atomic Energy Agency (IAEA) in 
1957. In the 1960s, attention shifted to nuclear weapons non-
proliferation, leading to the Treaty on the Non-Proliferation of 
Nuclear Weapons (NPT) in 1968 and the establishment of 
nuclear liability regimes through the Paris and Vienna 
Conventions. 

Major nuclear accidents significantly influenced the further 
development of nuclear law, serving as catalysts for substantial 
changes in both international and national legal frameworks. 
Notable incidents include the Three Mile Island accident (1979), 
the Chernobyl disaster (1986), and the Fukushima accident 
(2011). Although the Three Mile Island accident did not result in 
new binding international legal instruments, it promoted the 
exchange of operational experience and laid the groundwork for 
bilateral and multilateral emergency assistance approaches. 
Nationally, the United States introduced significant new safety 
measures and emergency planning requirements, and some U.S. 
states imposed moratoria on nuclear energy. 

In contrast, the Chernobyl disaster, due to its catastrophic 
transboundary effects, had the most profound impact on the 
development of the international nuclear legal regime. As a 
direct result, two key instruments establishing a binding 
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framework for international cooperation in emergencies were 
rapidly adopted: the Convention on Early Notification of a 
Nuclear Accident (entered into force in October 1986), which 
requires states to promptly notify the IAEA and potentially 
affected states of any nuclear accident with possible 
transboundary radiological consequences, and the Convention 
on Assistance in the Case of a Nuclear Accident or Radiological 
Emergency (entered into force in February 1987), which 
establishes a framework for requesting and providing 
international assistance. Serbia has incorporated these 
conventions into its legal system. 

Chernobyl also initiated long-term efforts to establish 
binding international safety standards, resulting in the adoption 
of the Convention on Nuclear Safety (1994), which introduced 
an innovative “incentive-based” mechanism requiring states to 
submit national reports and participate in peer review processes 
instead of relying on traditional sanctions, as well as the Joint 
Convention on the Safety of Spent Fuel Management and on the 
Safety of Radioactive Waste Management (1997), which 
extended the Convention on Nuclear Safety model to radioactive 
waste and spent fuel management. The Republic of Serbia 
ratified this convention through the Law on Ratification of the 
Joint Convention. 

The Chernobyl accident also exposed the inadequacy of the 
existing nuclear liability regime, leading to its substantial 
strengthening through the adoption of the Joint Protocol (1988), 
the Protocol to Amend the Vienna Convention (1997), and the 
Convention on Supplementary Compensation for Nuclear 
Damage (1997), thereby increasing compensation amounts and 
expanding the geographical scope of the liability regime. 

The Fukushima Daiichi accident, caused by an earthquake 
and tsunami, prompted a global reassessment of assumptions 
regarding nuclear power plant safety, particularly concerning 
external hazards. Although no new international treaties were 
adopted, significant changes occurred in regulatory approaches 
and in strengthening existing mechanisms. The IAEA adopted 
the Action Plan on Nuclear Safety, aimed at reinforcing existing 
conventions, particularly through more effective implementation 
and broader acceptance of the global nuclear liability regime [7]. 

At the regional level, the European Union conducted 
comprehensive “stress tests” for all nuclear power plants, 
resulting in amendments to the Nuclear Safety Directive 
(2014/87/Euratom), which introduced new requirements such as 
periodic safety assessments every ten years and specific 
objectives for accident prevention and mitigation of 
consequences. Instead of amending the Convention on Nuclear 
Safety, member states adopted the Vienna Declaration on 
Nuclear Safety at the 2015 Diplomatic Conference, which, 
although not legally binding, politically committed states to 
incorporate into their national regulatory frameworks principles 
such as designing facilities to prevent radioactive releases in the 
event of an accident and significantly reducing potential 
consequences. 

At the national level, many states revised their energy 
policies; Germany accelerated its nuclear phase-out plan, while 
Japan and South Korea implemented significant regulatory 
reforms aimed at strengthening the independence and authority 
of their regulatory bodies.Today, nuclear law faces new 
challenges, including the development of Small Modular 
Reactors (SMRs), transportable nuclear power plants, and new 

technologies in radioactive waste management. The focus is also 
shifting towards the human aspects of nuclear safety, workforce 
development, and the decommissioning of existing nuclear 
facilities..  

V. HIERARCHY OF LEGAL INSTRUMENTS 

The legislative framework of nuclear law is defined by a clear 
hierarchy of legal instruments, ensuring an integrated approach 
to regulation, Figure 2. 

Fig. 2. Legal Framework for Nuclear Law[6] 

The Constitutional Level: At the top of the hierarchy is the 
Constitution, the highest legal act of the state. It establishes the 
basic institutional and legal structure for regulating all relations 
within the state; all laws and other general acts must conform to 
it. 

The International Level: Following the Constitution are 
international treaties and generally accepted rules of 
international law. These are an integral part of the state's legal 
order and are directly applicable, provided they are ratified and 
do not conflict with the Constitution. They establish a broad legal 
framework that obliges member states to implement specific 
standards and principles into their national systems. 

The Statutory Level: This level consists of laws enacted by 
national parliaments. These laws establish regulatory bodies and 
define general measures and principles, representing the 
statutory level of the legal framework [8]. 

The Sub-statutory Level (Bylaws): Below laws are sub-
statutory acts (regulations). These acts represent a lower level of 
legal norms but contain detailed and often highly technical rules 
for controlling or regulating specific activities, developed by 
expert bodies, including regulatory authorities. 

Regulatory Guides and Industrial Codes: These follow, 
providing detailed instructions and best practices. Although not 
legally binding, they contribute significantly to the improvement 
of safety and security, often serving as a basis for the 
development of binding regulations. 

Operational Procedures and Plans: At the final level are plans 
for daily operations, such as security plans, which ensure the 
practical application of all prescribed measures at specific 
nuclear facilities and activities. 

The legislative framework of nuclear law can be visualised 
as a pyramid, with international treaties and obligations forming 
the broad foundation at the base, and specific operational plans 
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at the apex. This hierarchy ensures coherence and consistency in 
the application of legal norms. 

Integration of international obligations into national 
legislation is a key aspect of the legislative process in nuclear 
law. States are required to incorporate international conventions 
and treaties into their national laws. This ensures global 
harmonisation of standards and approaches to nuclear safety and 
security..  

VI. REGULATORY FRAMEWORK IN THE REPUBLIC OF SERBIA 

The development of nuclear energy in Serbia has primarily
focused on peaceful applications in science, medicine, and 
industry, rather than electricity generation, due to the decades-
long moratorium on the construction of nuclear power plants. 
With the adoption of the Law on Amendments to the Energy 
Law, which rendered the Law Prohibiting the Construction of 
Nuclear Power Plants invalid, the Republic of Serbia reopened 
the issue of introducing nuclear energy into its energy system, 
although state authorities have not yet made a final decision 
regarding the construction of a nuclear power plant. 

In this context, the central legal act in the Republic of Serbia 
is the Law on Radiation and Nuclear Safety and Security, which 
regulates protection measures, conditions for conducting 
activities involving radiation sources, and procedures applicable 
in all exposure situations, aiming to protect individuals, the 
population, and the environment. The key institution within the 
national legal framework is the Serbian Radiation and Nuclear 
Safety and Security Directorate (SRBATOM), established as an 
autonomous and functionally independent regulatory body. The 
Directorate is accountable to the Government of the Republic of 
Serbia, has the status of a legal entity, and exercises a broad range 
of competences, including the preparation of strategies, adoption 
of secondary legislation, issuance, suspension, and revocation of 
authorizations (registrations and licenses), maintenance of 
registers, and performance of regulatory control and inspection 
supervision. Procedures conducted by the Directorate, such as 
the issuance, suspension, or revocation of authorizations, are 
carried out in accordance with the Law on General 
Administrative Procedure.  

The lifting of the moratorium on the construction of nuclear 
power plants in Serbia, together with the global trend toward the 
development of Small Modular Reactors (SMRs), presents 
significant challenges for the national legislative framework. 
Although the Law on Radiation and Nuclear Safety and Security 
has established a detailed, multi-phase licensing process for 
nuclear facilities, it was primarily designed for traditional large-
scale nuclear power plants. This process, which includes 
approval by the Government of the Republic of Serbia regarding 
the intention to construct a facility, as well as licenses for site 
selection, design, construction, commissioning, and operation, 
represents an initial foundation. 

However, since the Law on Radiation and Nuclear Safety and 
Security has not yet had concrete practical application in this 
field, and considering that SMR technologies introduce specific 
features such as factory fabrication of modules, transportation to 
the site, and the potential for serial licensing, it is necessary to 
adapt and harmonize the norms of positive law with 
contemporary challenges. 

A key challenge will be developing technical expertise within 
the Directorate (SRBATOM) for assessing the safety and 

security of these new technologies, as well as adopting secondary 
legislation and regulatory and technical guidance documents 
addressing the specificities of constructing nuclear facilities and 
SMRs. Furthermore, Serbia will need to rely on international 
cooperation and the experiences of other countries in licensing 
these technologies. 

VII. CONCLUSION 

Nuclear law is emerging as a dynamic and highly significant 
branch of legal science [9], continually evolving in response to 
technological advances, contemporary global challenges, and 
lessons learned from major nuclear accidents. Its normative 
framework, based on the complex interplay of international 
treaties, national laws, and technical regulatory acts, is designed 
to ensure the safe and peaceful development of nuclear energy. 
Analysis of the definition and scope of nuclear law confirms that 
it is not an isolated legal system but functions as a lex specialis 
in relation to general administrative, environmental, and 
international law, adapting to the specific technical, safety, and 
social requirements of the nuclear industry.  

The current regulatory framework, synthesised through the 
"3S + Liability" concept, demonstrates a drive towards global 
harmonisation of standards, where safety, security, international 
safeguards, and liability form an interconnected whole. 
Particular significance is also found in the multidimensional 
nature of nuclear law (Nonuple Nature), which confirms that this 
legal branch encompasses a broad spectrum of social fields, 
ranging from energy production and the medical use of ionising 
radiation to environmental protection and fundamental human 
rights. In this process, national regulatory bodies, international 
organisations such as the IAEA, and scientific research 
institutions like the Vinča Institute of Nuclear Sciences play a 
key role, contributing to the improvement of regulatory solutions 
through their expertise.  

The evolution of nuclear law from the Chernobyl disaster to 

the Fukushima Daiichi accident shows a clear transition from a 

predominantly national to an internationally coordinated 

approach to nuclear safety. This has confirmed that international 

cooperation, information exchange, and harmonisation of 

standards are essential conditions for maintaining global 

security. Future developments in nuclear energy, including small 

modular reactors and advanced waste management technologies, 

present new challenges for legislators [10]. In the specific 

context of considering the integration of nuclear energy into the 

energy system of the Republic of Serbia, this rapid technological 

expansion underscores the critical importance of strengthening 

the capacities of the existing regulatory body—the Serbian 

Radiation and Nuclear Safety and Security Directorate 

(SRBATOM). This capacity building must primarily focus on 

developing advanced technical expertise aligned with emerging 

technologies and drafting specific sub-statutory acts, regulatory 

guides, and technical instructions . Consequently, nuclear law 

will need to shift from a predominantly reactive to a proactive 

regulatory model, capable of responding promptly to 

technological innovations. Continuous professional education, 

institutional transparency, and international cooperation remain 

key prerequisites for the safe use of nuclear energy in modern 

society. 
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