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Summary: The Strategic Research Agenda (SRA) for Radiological Protection (RP) in Poland was created as
a comprehensive plan for the development of basic research aimed at indicating radiological protection research priorities
for the next decade, in the context of the growing importance of nuclear energy, medical applications of radiation, and civil 
and military threats.

Establishing long-term priorities for research activities will enable the coordination of efforts among various research
centres to accomplish the long-term objectives of Poland’s science policy. This approach aims to enhance Poland’s role in
international research projects and deve lop necessary competencies ahead of the commissioning of the first Polish nuclear 
power plant, scheduled for 2035. The Agenda aims to outline key research priorities for Poland, aligning with similar
European initiatives such as the PIANOFORTE White Paper published in 2025 and the Strategic Research Agenda
(SRA) of the European Ionising Radiation Dosimetry Group (EURADOS).

The SRA is divided into four main research areas. The „Human“ area mainly concerns the biological effects of
radiation, radiotherapy and exposure to cosmic radiation. The area of „Safety“ includes the issues of accidents and
contamination, radio protectors, as well as psychology and communication of threats. In the „Energy“ area, research is
postulated that will result in increased work safety in the nuclear industry, better dosimetry and radioactive waste
management. In the area of „Environment“, research directions are postulated that will help improve the principles of
monitoring, understand the migration of contamination or model the long-term impact of waste. In each of the areas,
prospective research directions (perspectives) and corresponding challenges are defined.

RP does not yet have a permanent place in the structure of research funding in Poland. We call for the creation of an
interdisciplinary thematic panel at the NCNb, which would create a permanent institutional framework for the planned
and sustainable development of research in the field of RP, meeting both the needs of science and the requirements of
public safety.

Streszczenie: Strategiczna Agenda Badawcza (SAB) dla Ochrony Radiologicznej (OR) w Polsce powstała jako kompleks -
owy plan rozwoju badań podstawowych mający na celu wskazanie priorytetowych kierunków badań dla ochrony radiolo -
gicznej na najbliższą dekadę, w kontekście rosnącego znaczenia energetyki jądrowej, medycznych zastosowań promieniowania
oraz zagrożeń cywilnych i militarnych.

Wytyczenie długoterminowych priorytetów prac badawczych pozwoli na koordynację wysiłków różnych ośrodków
naukowych dla realizacji długofalowych celów polityki naukowej państwa polskiego, wzmocnienie roli Polski w między -
narodowych projektach badawczych oraz rozwój kompetencji w obliczu planowanego na 2035 rok uruchomienia pierwszej
polskiej elektrowni jądrowej. Agenda jest próbą sformułowania głównych dla Polski priorytetów badawczych w odnie sieniu do
podobnych inicjatyw europejskich, takich jak opublikowana w 2025 roku biała księga projektu PIANOFORTE czy SAB
Europejskiej Grupy Dozymetrii Promieniowania Jonizującego EURADOS.

SAB podzielona jest na cztery główne obszary badawcze. Obszar „Człowiek” dotyczy głównie skutków biologicznych
działania promieniowania, radioterapii i ekspozycji na promieniowanie kosmiczne. Obszar „Bezpieczeństwo” obejmuje
zagadnienia awarii i skażeń, radioprotektorów oraz psychologii i komunikacji zagrożeń. W obszarze „Energia” postulowane są
badania, których efektem będzie zwiększone bezpieczeństwo pracy w energetyce jądrowej, lepsza dozymetria i gospodarka
odpadami promieniotwórczymi. W obszarze „Środowisko” postulowane są kierunki badań, które pomogą w ulepszeniu zasad
monitoringu, zrozumieniu migracji skażeń czy modelowaniu długoterminowego wpływu odpadów na środowisko. W każdym
z obszarów określone są perspektywiczne kierunki badawcze (perspektywy) i odpowiadające im wyzwania.

OR nie ma jeszcze trwałego miejsca w strukturze finansowania badań w Polsce. Postulujemy utworzenie inter dyscy -
plinarnego panelu tematycznego w Narodowym Centrum Nauki (NCN), w którego obszarze zostaną stworzone trwałe ramy
instytucjonalne dla planowego i zrównoważonego rozwoju badań z zakresu OR, odpowiadające zarówno potrzebom nauki, jak 
i wymogom bezpieczeństwa publicznego.

1. Admission

1.1. Introduction

Radiological protection (RP) is an interdisciplinary field
of science that deals with the study and implementation of
methods for determining and reducing the exposure of
humans and the environment to ionizing radiation.
Progress in the field of RP concerns not only the practical
implementation of methods to reduce exposure to
radiation of humans and the environment, but above all

the expansion of knowledge about the mechanisms and
effects of radiation. A key role in the development of RP is 
played by basic research, providing fundamental
knowledge on the interaction of ionizing radiation with
matter, in particular with living organisms. They consist of
the successes of natural sciences, in particular physics,
chemistry, biology or geology, medical sciences (medicine,
medical biology, genetics, epidemiology, bioengineering)
and environmental sciences (ecology, sozology, earth
science). Mathematical sciences, in the field of statistics
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and modelling of the mechanisms of hazard formation,
and social sciences, especially in the field of communi -
cation of hazards and risks associated with exposure to
ionising radiation, play an increasingly important role.

The Stra te gic Research Agenda (SRA) defines the
most impor tant research goals for a long-time hori zon,
usu ally cov er ing at least the next decade. The point is to
indi cate pri or i ties and avoid dis per sion of efforts of var i -
ous research cen tres to achieve the long-term goals of the
state or a given orga ni za tion. Between 2010 and 2020,
multiannual research plans were pre pared by the so-called
research plat forms, which group Euro pean insti tu tions
con duct ing research in var i ous areas of radio log i cal pro -
tec tion. The Euro pean Radi a tion Dosim e try Group
(EURADOS), asso ci at ing over 80 Euro pean insti tu tions
(includ ing 4 Pol ish ones), pub lished its SRA in the field of
dosim e try in 2010 and updated it in 2020 [1]. Sim i lar agen -
das have been pub lished by the Multidisciplinary Euro pean
Low Dose Ini tia tive (MELODI) [2], the Euro pean Plat form 
on pre pared ness for nuclear and radio log i cal emer gency
response and recov ery (NERIS) [3], the Euro pean Alli ance
for Med i cal Radi a tion Pro tec tion Research (EURAMED)
[4], the Euro pean Alli ance for Radioecology [5], and the
Sci ences and human i ties in ion iz ing radi a tion (SHARE)
[6]. The Euro pean Com mis sion’s Direc tor ate-Gen eral for
Research has agreed to estab lish research pri or i ties in the
area of RP on the basis of these updated research agen das. 
These programmes pro vide the basis for the for mu la tion
of Euro pean sci en tific pol icy in the field of RP, and in
detail, are used to pro pose research pri or i ties in cur rent
pro jects related to RP. Many Pol ish research teams
actively par tic i pate in inter na tional research pro jects in
these areas, although they very rarely have a lead ing role in 
them.

In March 2025, the European Partnership for Radia -
tion Protection Research (PIANOFORTE) published
a document addressed to the European Commission, „The 
Vital Role of Radiation Protection Research in Europe’s
Future“ [7], defining the basic objectives of RP in terms of
improving public health and environmental protection,
supporting research on RP to develop industrial innova -
tions, and preparing for emergencies. The docu ment also
highlights the importance of RP research for the Euro -
pean Research Programme 2024–2029, and in particular
for actions on human health and the environment,
competitiveness, a risk-aware society and the choice of
energy sources to mitigate climate change.

In July 2023, a sym po sium enti tled „Radio log i cal Pro -
tec tion in Poland in the Face of the Chal lenges of the Pol -
ish Nuclear Energy Pro gram (PPEJ)“ was orga nized at the 
Insti tute of Nuclear Phys ics of the Pol ish Acad emy of Sci -
ences (IFJ PAN) in Krakow. At that time, the report of the 
Pol ish Con sor tium for Radio log i cal Pro tec tion (PKOR)
[8] on the role of radio log i cal pro tec tion in Poland in rela -
tion to the PPEJ pro gram was pre sented. One of the pos -

tu lates for mu lated dur ing the sym po sium was the need to
pre pare the SRA for Radio log i cal Pro tec tion. The Agenda 
would pro vide sub stan tive assis tance to the Min is try of Sci -
ence and Higher Edu ca tion, the Min is try of Cli mate and
Envi ron ment, the Min is try of Indus try and to research
fund ing agen cies in Poland to con duct sci en tific pol icy in
the area of RP and in related fields such as phys ics, chem -
is try, biol ogy, med i cine, geol ogy and oth ers. This is par tic -
u larly impor tant in light of the pro spec tive Pol ish Nuclear
Energy Programme, the devel op ment of radio ther apy and
nuclear med i cine, or the grow ing involve ment of the Pol ish 
Space Agency in activ i ties related to space explo ra tion. In
addi tion, the research agenda could pro vide sig nif i cant
sup port in artic u lat ing Pol ish research needs within the
frame work of Euro pean pro jects.

The changing socio-political environment, the growing
number of states possessing nuclear weapons and the
repeated threats of their use by the Russian Federation
have resulted in a growing interest in the issues of civil
defence, both from the perspective of monitoring potential 
radioactive contamination and the ways of informing
about threats. On 5 December 2024, the Act on Civil
Protection and Civil Defence in Poland came into force,
which defines, among others, the rules of operation and
organisation of civil defence in the context of possible
threats, also as a result of the use of weapons of mass
destruction.

In the current model of funding science, research
projects in the field of RP, due to their interdisciplinary
nature, often encounter difficulties related to their proper
substantive evaluation compared to projects in traditional
scientific disciplines. Therefore, one of the key postulates
of the PKOR report was the creation of a thematic panel
on Nuclear Safety and Radiation Protection (BJiOR) at
the National Science Centre. The creation of such a panel
would enable the creation of a permanent institutional
framework for the planned and sustainable development
of research in the field of RP, corresponding to both the
needs of science and the requirements of public security,
and, as a natural consequence, a more adequate asses -
sment of research projects in this area.

1.2. Objectives

The devel op ment of nuclear energy (based on both large
power reac tors and geo graph i cally dis persed small mod u -
lar reac tors), the improve ment of new tech nol o gies for
gen er at ing radi a tion (such as accel er a tors and high-power
lasers), the search for new energy sources (e.g. fusion
energy), as well as the rapid prog ress of appli ca tions of
ion iz ing radi a tion in radio ther apy and med i cal diag nos tics
gen er ate sev eral new chal lenges in the field of RP. At the
same time, issues related to the safe stor age and treat ment 
of radio ac tive waste and the grow ing inter est in space
explo ra tion require the devel op ment of an inte grated, new 
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approach to the fun da men tal issues of RP, in par tic u lar in
the con text of the assess ment of the risks caused by radi a -
tion expo sure and the dif fer ences in bio log i cal effi cacy of
dif fer ent types of radi a tion. This is also impor tant in con -
nec tion with the intro duc tion of new radio ac tive nuclides
into nuclear med i cine or the occur rence of mate ri als con -
tain ing increased con cen tra tions of natural radionuclides
in the immediate human environment and in the work
environment.

It is the issue of the biological effects of human expo -
sure to ionizing radiation that is the most controversial
field of basic research in RP. The views of the supporters
of the linear no-threshold model (LNT), which assumes
that even the smallest dose of ionizing radiation carries the 
risk of causing cancer, compete with concepts suggesting
the existence of adaptive response mechanisms, according
to which low doses of radiation can activate the body’s
immune system and increase its resistance to subsequent
exposures, and with the radiation hormesis hypothesis,
which postulates potentially beneficial effects of very low
doses of radiation. The results of these studies may have
a direct impact on the association between levels and types 
of exposure and their possible adverse consequences.

This Strategic Research Agenda aims to set out pro -
mising directions of scientific activity, the development of
which in the coming decade will enable the strengthening
of national competences in the area of RP including the
impact of nuclear energy on humans and the environment.
A key element is to identify existing gaps and needs for
further scientific work and to solve new and emerging
challenges in the field of RP. The implemen tation of the
SRA will contribute to enhancing the substantive and
operational potential of research teams in Poland prior to
the launch of the first nuclear power plant in 2035.

The Agenda will have a positive impact on the parti -
cipation of Polish scientific units in the process of shaping
new research programmes at the European level. Current -
ly, Poland receives draft documents for consulta tions from
the European Commission defining research priorities in
subsequent framework programs and under the Euratom
Treaty. These documents are often drawn up taking into
account the interest and research potential of selected
Member States, research centres or research teams.
Having its own SRA enables Polish organizations to pro -
actively participate in the process of defining Euro pean
Union research programs, increasing the chances of imple -
menting projects that meet the real needs and research
priorities of Poland and the region of Central and Eastern
Europe.

1.3. Research directions: areas, perspectives
and challenges

Research in the field of radio log i cal pro tec tion is inher -
ently inter dis ci plin ary, inte grat ing knowl edge and meth od -
ol ogy from many areas of sci ence. They include issues in
the field of nat u ral sci ences, med i cine, envi ron men tal sci -
ences, math e mat i cal and social sciences.

This document divides the research topic into four key
areas: Human, Energy, Safety, and Environment (Fig. 1).
Although this division is somewhat arbitrary, it reflects the
primary research directions related to RP and provides
a structured arrangement of research priorities. The
Human area concentrates on the biological and medical
aspects of ionising radiation. The Energy area examines
nuclear energy and its effects on humans, flora, fauna, and
the management of radioactive waste. The Security area
encompasses all aspects of radiological protection con -
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Fig. 1. Prospective research directions (“perspectives”) for radiological protection in the areas of HUMAN, ENERGY, SAFETY and ENVIRONMENT.

Rys. 1. Perspektywiczne kierunki badawcze dla ochrony radiologicznej w obszarach CZ£OWIEK, ENERGIA, BEZPIECZEÑSTWO i ŒRODOWISKO.



cerning nuclear accidents, terrorist acts, and the use of
nuclear weapons. The Environment area primarily invol -
ves specialised methods for monitoring radioactivity levels, 
nuclide transfer, and indicators of environmental change.
These areas frequently intersect, sharing the common goal 
of ensuring safety in exposure to ionising radiation.

In each of these areas, perspectives are formulated to
indicate the main research priorities in which, due to their
scientific importance and public interest, it is worth inves -
ting in the next decade. Within each perspective, examples
of needs and challenges are also identified, which may
serve as a focus of individual projects.

2. Strategic Research Agenda

2.1. The „Human“ area

The study of the impact of ionizing radiation on the human 
body is one of the most difficult and one of the most
controversial issues of modern science. Research in this
area is carried out at the intersection of radiobiology,
micro-dosimetry and medical physics. Studies on the
biological effects of low doses of radiation do not yield
conclusive results, and this issue is of key importance for
the foundations of RP. At the same time, in the context of
the use of high doses of radiation in medical procedures,
the need for their individualization, taking into account
both the biological characteristics of the patient and the
characteristics of a specific therapy, is increasingly noticed. 
There is also a growing interest in research into human
presence in space, where high-energy cosmic rays may be
one of the main risk factors in interplanetary flights.

Perspective 2.1-1: Conditioning the
biological response to radiation
Perspektywa 2.1-1: Warunkowanie
odpowiedzi biologicznej na dzia³anie
promieniowania

This perspective includes advancing our understanding of
the molecular, cellular and genetic mechanisms of the
human body’s response to ionizing radiation. Under stan -
ding these mechanisms will lead to the development of
new strategies to protect against the harmful effects of
radiation, as well as to improve the precision and effec -
tiveness of radiotherapy techniques, both in the context of
cancer treatment and the protection of healthy tissues.
This research could also lead to the development of new
biomarkers and biophysical/nume rical models that will be
used in medicine to monitor and predict the body’s
response to radiation.

• Challenge 1: Identification of detailed mechanisms that
determine the response of cells to ionizing radiation,
including at the level of nucleic acids, proteins, lipids of
intra- and extracellular structures (exosomes).

• Challenge 2: Study of individual radiosensitivity and
factors modulating the individual response to ionizing
radiation (radioprotectors and radiosensitizers, adapta -
tion to low doses).

• Challenge 3: Research on the molecular mechanisms of
action of nanostructures and nanosystems in the context
of protecting healthy cells from damage or pro moting
DNA repair in cells that have been damaged by radiation.

• Challenge 4: Understanding the mechanisms of the
body’s individual response to different ways of delivering
the dose of ionizing radiation (FLASH technique, mixed
radiation, fractionation).

Perspective 2.1-2 Rapid biological
dosimetry to assess human exposure to
emergency situations
Perspektywa 2.1-2: Szybka dozymetria
biologiczna do oceny ekspozycji
cz³owieka w sytuacji awaryjnej

This per spec tive focuses on the use of radiobiological
research to develop meth ods for assess ing the dose of radi -
a tion after expo sure. The ret ro spec tive dosim e try is cru cial 
in case of radi a tion acci dents or nuclear acci dents. The
main prob lem of the cur rently used meth ods of ret ro spec -
tive dosim e try is the long-time of mea sure ments, rel a tively
low sen si tiv ity, high level of com pli ca tion, lim it ing their
mass application.

• Challenge 1: Automation and application of artificial
intelligence and machine learning to analyse DNA dama -
ge and other biomarkers.

• Challenge 2: Cytogenetics of FISH, m-FISH, m-BAND,
PCC for biological dosimetry.

• Challenge 3: Determination of the baseline level of bio -
-dosimetry markers and the ranges and reasons for their
fluctuation in the Central European population.

Perspektive 2.1-3: Safe diagnostics
and radiotherapy
Perspektywa 2.1-3: Bezpieczna
diagnostyka i radioterapia

Ionizing radiation used in the diagnosis and treatment of
cancer patients is not selective – it can also affect healthy
cells and tissues, leading to genetic damage, organ dys -
function, and even the development of secondary cancers.
The development of modern diagnostics and radiotherapy
is associated with a constant need to improve the accuracy, 
safety and effectiveness of procedures, while minimizing
the risks associated with exposure to ionizing radiation.
Despite advanced technologies such as thomo therapy or
proton therapy, there is still a risk of unintentional damage 
to healthy tissues, especially near the tumors.

• Challenge 1: To develop accurate bio-dosimetry models
for real-time monitoring of radiation dose.

• Challenge 2: Research on the possibility of reducing the
dose of scattered radiation in modern methods of radia -
tion oncology.
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• Challenge 3: Development of new tissue-like materials,
including 3D printing technology, for verification and per -
so nalization of radiotherapy.

• Challenge 4: Innovative radio-pharmaceuticals for perso -
nalized medicine in diagnostics and radioisotope targeted
therapy.

• Challenge 5: Modelling of radiobiological processes
taking into account the biological efficacy of different
types of radiation and physicochemical interactions at the 
nanometre scale, as a basis for further development of
biologically targeted radiotherapy planning.

Perspective 2.1-4: Human expansion
in space
Perspektywa 2.1-4: Ekspansja cz³owieka
w kosmosie

Cosmic rays are one of the main environmental factors
limiting the possibility of long-term human stay in space,
especially beyond the Earth’s orbit. There is no consensus
in the scientific community on the principles of radio -
logical protection in space, and individual space agencies
have their own policies in this area. Research directions
should concern both methods of reducing exposure,
methods of reducing the effects of radiation (radiopro -
tectors, radio-modulators) and post-exposure manage -
ment. To develop a risk assessment under conditions of
exposure to cosmic radiation, both mathematical models
that enable the simulation of occurring phenomena and
radiobiological experiments are necessary. A separate
issue is the problem of the resistance of electronics to
cosmic radiation, especially to secondary radiation,
generated as a result of the interaction of high-energy
particles with the material of the spacecraft.

• Challenge 1: Development of radiobiological models for
the assessment of the effects of acute and chronic expo -
sure to cosmic radiation.

• Challenge 2: Study of the effects of solar and galactic
radiation of different spectral composition on humans
and electronics.

• Challenge 3: Testing the reliability of electronic systems
under conditions of chronic and acute exposure to cosmic 
radiation.

• Challenge 4: Study of electrical and optical phenomena
caused by ionizing radiation in semiconductor ma terials,
scintillators, luminescent crystals for innovative methods
of detection, spectrometry, dosimetry of cosmic rays.

• Challenge 5: Research on plant growth under exposure to
high-energy cosmic rays.

• Challenge 6: Investigation of the composition and radio -
activity of rocks and regoliths of extraterrestrial origin.

• Challenge 7: Simulation of cosmic rays using accele -
rators.

2.2. The „Security“ area

The increasing risk of nuclear conflict, attack on nuclear
installations or contamination with a dirty bomb gives high 
priority to radiation safety research. One of the priorities
is to study the mechanisms of radioactive contamination
transport in the environment, which, combined with the
development of atmospheric physics and ultra-sensitive
methods of radionuclide detection, will enable early detec -
tion of contamination and will allow for the identification
of the site of contamination emission and the original
emission value. It is extremely important to look for more
efficient indicators that allow you to assess a large number
of people in a short period of time.

Perspective 2.2-1: Identifying remote
sources of contamination
Perspektywa 2.2-1: Identyfikacja
odleg³ych Ÿróde³ ska¿eñ

Modern air monitoring methods enable the detection of
trace concentrations of radioactive elements. Conducting
research and testing with radioactive substances leads to
releases that can be detected from long distances. Such
events occurred, for example, in 2017 during the uncontro -
lled release of the Ru-106 in the southern Urals and during 
the failed test of the Burevestnik nuclear-powered missile
at the Nyonoksa test site in 2019. Individual types of
nuclear reactors can also have their own unique release
signature, which was shown, for example, during the Fuku -
shima disaster. Determination of the scale of radioactive
emissions and their composition based on measurements
taken at a great distance from the source allows for early
detection and monitoring of accidents or activities invol -
ving the use of nuclear technologies or radioactive sources
carried out outside the arrangements resulting from
international treaties.

• Challenge 1: Methods of multipoint contamination detec -
tion data analysis to identify the place of emission, source
and scale of radioactive element emissions.

• Challenge 2: Determination of the stoichiometry of
anthro pogenic and natural nuclides in order to determine
the origin of sources of radioactive conta mination.

• Challenge 3: Selective methods of detection and spec tro -
metry of radionuclides using air, land and sea drones.

Perspective 2.2-2: Identifying remote
sources of contamination
Perspektywa 2.2-2: Wysokowydajna
dozymetria awaryjna

In the case of exposure of the population to high doses of
radiation, a rapid assessment of individual doses is
necessary for a decision on possible treatment. Currently
used methods of emergency dosimetry do not allow for
such an assessment in cases of exposure to hundreds or
thousands of people. The search for physical and chemical
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phenomena, finding materials and developing rapid
measurement methods should significantly increase the
possibilities of rapid triage of victims exposed to unknown
doses of ionizing radiation. Such a rapid assessment of
absorbed doses in irradiated people can also prevent panic 
outbreaks.

• Challenge 1: Searching for a signature of phenomena that 
will enable the assessment of the absorbed dose based on
rapid physical screening of items of clothing or everyday
equipment.

• Challenge 2: Physical emergency dosimetry for neutron
radiation exposure.

• Challenge 3: Concepts of algorithms and mathematical
models for the analysis of environmental data and expo -
sure times supporting automatic radiation triage.

Perspective 2.2-3: Radio-protectors
Perspektywa 2.2-3: Radioprotektory

Radioprotectors are sub stances that limit expo sure to radi -
a tion asso ci ated with the intake of radionuclides or reduce
the adverse effects of expo sure to high doses of ion iz ing
radi a tion. One exam ple of a well-known radioprotector is
potas sium iodide, used to pro tect the thy roid gland from
the uptake of radio ac tive iodine. Radioprotectors are also
used to reduce the num ber of free rad i cals that dam age
DNA, pro teins and cell mem branes; to sup port cell repair
mech a nisms; reduce apoptosis of healthy cells and alle vi -
ate inflam ma tion after irra di a tion. In addi tion to ami -
fostine, used in radio ther apy, gold nanoparticles, vita -
min E, sele nium and other sub stances have some radi a -
tion -pro tec tive properties.

• Challenge 1: Understand the mechanisms and develop -
ment of targeted radioprotectors that act mainly in
healthy tissues rather than cancers.

• Challenge 2: Development of radio-protectors for mass
applications, in particular for the military, rescuers in
radiation events, astronauts, etc.

Perspective 2.2-4: Psychology and
sociology of security
Perspektywa 2.2-4: Psychologia
i socjologia bezpieczeñstwa

In the case of radi a tion acci dents, it is easy for panic
attacks, and false infor ma tion or con spir acy the o ries
spread by social media can eas ily under mine the effec tive -
ness of pro tec tive mea sures. To pre vent panic out breaks,
trust in author i ties, healthcare ser vices, sci en tists, and
experts is cru cial in emer gency sit u a tions. Com mu ni ca tion
errors after the Chernobyl reac tor disas ter, involv ing the
con ceal ment of true data, result in long-term dis trust of
offi cial sources of infor ma tion. In the case of acci dents
with a large num ber of vic tims, stig ma ti za tion and exclu -

sion of peo ple from con tam i nated areas may also occur.
After such events, symp toms of post-trau matic stress, anx i -
ety, and depres sion may also appear even in peo ple who
are not phys i cally irra di ated, which can worsen health
more than the radi a tion itself. The aim of the research will
be to under stand the mech a nisms and develop prin ci ples
and meth ods of com mu ni ca tion under nor mal con di tions
of radi a tion sources use and after the occur rence of a radi -
a tion event, disaster, or outbreak of conflict involving
weapons of mass destruction.

• Challenge 1: To develop educational methods, adapted to 
the level of knowledge of the society, to build trust in
institutions and experts.

• Challenge 2: Study of the perception of risk associated
with radiation exposure for different social groups (age,
education, occupation).

• Challenge 3: Developing methods to determine the
readiness of state services and medical personnel to work
in radiation hazard conditions.

2.3. The „Energy“ area

Broadly understood radiological protection in nuclear
power is aimed at ensuring the safety of employees, society 
and the environment under normal operating conditions
and in an emergency situation at a nuclear power plant
(NPP) and in the long-term management of radioactive
waste. One of the elements of ensuring radiological safety
for employees, the public and the environment is the
preparation of a multi-level radiation protection system,
covering biological, medical, organizational and social
aspects. The construction of nuclear power plants is one of 
the greatest civilizational challenges of Poland nowadays.
A project is underway to build the first Polish nuclear
power plant in Lubiatowo-Kopalino with AP1000 nuclear
reactors from Westinghouse Electric Company, and the
construction of a number of small modular reactors
BWRX-300 is being considered. Social acceptance of this
project is inextricably linked to the safety of using this
energy source. Scientific research conducted in order to
increase radiological safety in connection with nuclear
energy activities should combine basic sciences (materials
science, biology, physics), social sciences (psychology,
socio logy) and modern technologies (AI, sensors,
robotics).

Perspective 2.3-1: Radiation protection
safety culture in the nuclear industry
Perspektywa 2.3-1: Kultura
bezpieczeñstwa ochrony radiologicznej
w energetyce j¹drowej

One of the causes of accidents, including radiation
accidents, is human error and failure to respect the rules
and follow work instructions. This is how the Chernobyl
reactor disaster occurred, in which the reactor staff con -
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ducted reactor tests without proper preparation, ignoring
operational rules and disabling safety systems. Research
into the adherence to procedures by personnel and the
causes of operational errors is an indispensable part of the
mosaic that guarantees the safe operation of nuclear
power plants. This also applies to those responsible for
monitoring radiation safety at the NPP. This research aims 
to learn about the causes and then to develop methods to
eliminate human error as the causes of incidents.

• Challenge 1: Development of indicators and tools for an
objective assessment of the principles of safety culture in
nuclear energy.

• Challenge 2: To investigate the phenomenon of anaes -
thesia to risk in a long-term without incidents and to
develop methods to eliminate it.

Perspective 2.3-2: Intelligent Dosimetry
in the Work Environment
Perspektywa 2.3-2: Inteligentna
dozymetria w œrodowisku pracy

Nuclear power plant personnel are subject to routine
moni toring of external and internal exposure to ionizing
radiation, conducted by accredited dosimetric labora -
tories. Dose measurements from external sources are
gene rally carried out using passive luminescent dosimeters 
(TL, OSL), personal electronic dosimeters (EPDs) and
environmental monitors. A significant difficulty in dosi -
metric measurements is also the need to provide measu -
rements for the dose-rates changing from the natural
background to extremely high levels. The integration of
results from different measurement systems is generally
not straightforward and does not allow for retrospective
analysis of the causes, locations and scale of exposure.
An intelligent, integrated NPP dosimetry system would
enable better dose reconstruction for individual personnel
members, especially in the event of a radiation emergency.
In the case of emergency situations, it is advisable to
use mathematical models that enable real-time simula -
tion of the effective dose based on human numerical
phantoms.

• Challenge 1: Rapid machine learning and artificial
intelligence systems for analysis and synthesis of exposures 
from multiple measurement systems.

• Challenge 2: Intelligent sensors and dosimeters with data
transmission for monitoring doses in the mixed radiation
field.

• Challenge 3: Development of algorithms and mathema -
tical models for real-time simulation of radiation trans -
port in the environment, integrated with advanced
numerical phantoms for effective dose assessment.

• Challenge 4: Identification of dynamic changes in expo -
sure to ionizing radiation in the work environment at the
NPP.

Perspective 2.3-3: Rapid internal
dosimetry for NPP staff and the general
public
Perspektywa 2.3-3: Metody szybkiej
oceny ekspozycji wewnêtrznej dla
personelu EJ i ogó³u ludnoœci

Nuclear power plants, even during normal operation, are
a source of radionuclide emissions into the environment.
The rate of this emission is continuously monitored and
compared with the release limits set for the NPP. The
development of methods for measuring the concentration
of radioactive substances in the environment enables more 
accurate prediction of the value of their ingestion or
inhalation. Current methods for measuring the presence
of radioactive substances in the body, such as a whole-body 
counter or testing the concentration of radionuclides in
physiological fluids, are time consuming and cannot be
performed quickly for a large population.

• Challenge 1: Algorithms for the evaluation of intake and
committed effective dose based on the results of environ -
mental measurements and individual and emergency
dosimetry.

• Challenge 2: Adaptation of radiochemical methods used
for the determination of selected radionuclides for on-line 
measurements during normal operation of a nuclear
facility.

• Challenge 3: Biokinetic models of radionuclide transport
in the human body to increase the precision of the asses -
sment of the effective loading dose.

• Challenge 4: Epidemiological, economic and sociological 
studies of the impact of a nuclear facility on its environ -
ment.

Perspective 2.3-4: Radiological
protection around accelerators
Perspektywa 2.3-4: Ochrona
radiologiczna wokó³ akceleratorów

Acceleration of charged particles in medical, industrial
and scientific applications leads to the formation of
a strong primary and secondary radiation field, often with
a pulsed structure. Particular attention is paid to high -
-intensity beams of the FLASH type and innovative
methods of accelerating particles using high-power lasers.
Scattered radiation consists of gamma radiation, neutrons
and charged particles with a wide energy spectrum. High -
-energy particles can activate structural elements, and the
resulting radionuclides provide exposure even after the
accelerator is switched off. Therefore, the issue of expo -
sure to secondary radiation around accelerators is a gro -
wing concern for researchers.

• Challenge 1. Development of methods for detection and
dosimetry of radiation around accelerators operating in
pulsed mode, including FLASH technology and laser -
-generated beams.
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• Challenge 2. Development of methods for neutron
radiation detection and spectrometry, enabling the
recording of the neutron radiation spectrum in situ.

• Challenge 3: Activation processes and forecasting
secondary radiation doses for employees and bystanders.

2.4. The „Environment“ area

The envi ron ment is a sep a rate object of radio log i cal pro -
tec tion. Indi vid ual com po nents of the envi ron ment, and in
a spe cial case biotope and biocenosis, are pro tected
regard less of exist ing rela tion ships with humans (ICRP
103) [9]. The type and scope of data nec es sary to carry out
an anal y sis of the cur rent state of the envi ron ment and the
pos si ble impact of ion iz ing radi a tion includes data char ac -
ter iz ing the sub ject of pro tec tion, pro cesses respon si ble for 
the migra tion of radionuclides and effects that should be
expected at the level of the abiotic envi ron ment, indi vid ual 
organ isms, pop u la tions or even eco sys tems. Basic research 
is usu ally lim ited to the study of the inter ac tion of indi vid -
ual ele ments of the envi ron ment with selected radio nucli -
des within the frame work of the so-called radioecology.
On the basis of the results obtained, math e mat i cal mod els
are usu ally cre ated that allow for a cer tain gen er al iza tion
of the observed phe nom ena. The results obtained by such
sim u la tions are sub ject to very high uncer tainty, usu ally
result ing from the vari abil ity of the sim u lated sit u a tion,
a sim pli fied descrip tion of the sub ject of research or the
phe nom e non and the use of aver aged (gen er al ized) para -
m e ters and coef fi cients usu ally obtained as part of the
study of another object. In addi tion to facil i ties strictly
related to the nuclear indus try, phe nom ena related to the
occur rence of nat u ral radionuclides are impor tant in the
con text of the envi ron ment, in par tic u lar in a sit u a tion
where exposure to radiation emitted by natural radio -
nuclides is increased as a result of accidental or intentional 
human activity.

Perspective 2.4-1: Safe nuclear waste
Perspektywa 2.4-1: Bezpieczne odpady
j¹drowe

Long-term storage of spent fuel and radioactive waste is
one of the most complex challenges in nuclear science and
technology. The geological materials and structures used
should last tens of thousands of years without corrosion,
cracking and loss of tightness under conditions of exposure 
to radiation, high pressure, temperature and the presence
of water. Spent fuel generates significant amounts of heat
and can destroy protective barriers or alter water flows in
rocks. In the presence of water, chemical reactions can
take place: dissolution of fuel, release of gases. It is also
important to realistically define the purposes of waste sto -
rage, as current regulations sometimes result from arbitra -
ry political decisions, in the absence of a reliable scientific
basis.

• Challenge 1: Analysis of the properties of spent nuclear
fuel in the context of possible interactions with the
environment at the intended final/intermediate storage
site and the materials used for the construction/con -
struction of the repository.

• Challenge 2: Investigation of the impact of biochemical
and microbiological processes on isotope migration in
radioactive waste repositories.

• Challenge 3: Developing reliable, probabilistic models to
simulate and predict changes in the functionality of
radioactive waste repositories.

Perspective 2.4-2: Radiative valorisation 
of the environment
Perspektywa 2.4-2: Waloryzacja
radiacyjna œrodowiska

From the per spec tive of radio log i cal pro tec tion, nat u ral,
and to some extent also arti fi cial radionuclides pres ent in
the envi ron ment are treated in gen eral as part of the nat u -
ral back ground of radi a tion. How ever, expo sure to envi -
ron men tal con di tions, inter ac tions with the bio sphere and
the impact of inten tional or acci den tal human activ ity
causes these radionuclides activ ity con cen tra tion to
change in a way char ac ter is tic of a given envi ron ment (nat -
u ral, human envi ron ment or work envi ron ment), cre at ing
typ i cal sig na tures deter mined pri mar ily by the way the
land, or nat u ral resources in gen eral, are used. Hav ing
detailed data in this area allows for the inter pre ta tion of
the results (or con sti tutes bound ary con di tions), basi cally
for all types of environmental monitoring, regardless of
the assumed monitoring goal.

• Challenge 1: Creation of a database of radiative
valorisation of the environment, taking into account the
impact of land use/natural resources in relation to
artificial and natural radionuclides (radon).

• Challenge 2: Research creating a scientific basis for the
organization of environmental monitoring, in particular
areas with significant area and variability.

• Challenge 3: Study of processes and methods towards
strengthening the resilience of the environment to
radiation hazards.

Perspective 2.4-3: Migration of
radioactive substances in the
environment
Perspektywa 2.4-3: Migracja substancji
promieniotwórczych w œrodowisku

The com plex ity of radionuclide trans port pro cesses in the
envi ron ment remains a major source of uncer tainty in pre -
dict ing their impact on the bio sphere. The emis sion of
radionuclides into the envi ron ment occurs both as a result
of short-term releases and as a result of their long-term
migra tion from the site of pri mary depo si tion. With the
diver sity of eco sys tems, the rapid spread of con tam i na tion
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in the atmo sphere, migra tion in sur face and ground wa ter,
and bioaccumulation at dif fer ent lev els of eco sys tem orga -
ni za tion, the uncer tainty of radio log i cal risk assess ment
based on sim u la tions is very high. The expe ri ence of the
Chernobyl disas ter has shown that radio ac tive fall out con -
tam i na tion was a com plex func tion of atmo spheric
conditions, and in particular of local fallout.

• Challenge 1: Improvement of models with high temporal
and spatial resolution to simulate the proliferation of
radionuclides in the atmosphere and aquatic environ -
ment to predict the extent and scale of contamination,
taking into account a new type of data, including satellite
data.

• Challenge 2: Development of new methods for modelling
processes occurring in the environment based on experi -
mental reductionism – databases of basic parameters for
the migration of radionuclides.

• Challenge 3: Studies of long-term processes, on a scale of
decades and centuries, changes in the behaviour of radio -
nuclides in the environment.

Perspective 2.4-4: Integrated risk
assessment for ionising radiation and
other environmental hazards
Perspektywa 2.4-4: Zintegrowana ocena
ryzyka dla promieniowania jonizuj¹cego
i innych zagro¿eñ œrodowiskowych

Inte grated risk assess ment for ion iz ing radi a tion in the
con text of the coex is tence of toxic agents and other phys i -
cal haz ards is one of the most chal leng ing top ics in envi -
ron men tal tox i col ogy and radiobiology. Chem i cal con tam -
i nants can be toxic, but the inte gra tion of risk assess ment
for dif fer ent tox ic ity mech a nisms, includ ing ion iz ing radi a -
tion, is dif fi cult both at the cel lu lar level and for higher
organ isms. The results of tests car ried out with out con sid -
er ing pos si ble syn er gies/antag o nisms may lead to incor rect 
con clu sions based on require ments usu ally expressed as
a limit on the radio ac tive con cen tra tion in a given envi ron -
men tal com po nent. It is impor tant to dis tin guish between
con tam i na tion and pol lu tion, the lack of which may result
in mis in ter pre ta tion of the mon i tor ing results. An addi -
tional prob lem to be addressed is the gen eral ten dency to
take a dif fer ent approach to anthropo genic and nat u ral
radionuclides in the environment, when exposures from
natural sources are more easily accepted.

• Challenge 1: Integration of radiological protection of
humans, flora and fauna and ecosystems based on the
„one health“ assumption.

• Challenge 2: Interdisciplinary models of biological
response combining the effects of ionizing radiation with
chemical toxicology.

• Challenge 3: Research/analysis of synergy/antagonism of
radioactive and chemical pollutants from the perspective
of waste management, classification and reclamation of
post-industrial sites.

3. Summary

Many organizations around the world, including those
operating in the field of radiation protection, are making
efforts to prepare research programs that become
a guideline for activities for the coming years and decades.
These agendas cover the entire spectrum of topics, from
basic research, through its applications and implemen -
tation, to the implementation of educational and training
objectives. Research programs of European platforms in
radiation protection such as EURADOS, MELODI,
Radioecology ALLIANCE have become guidelines for
formulating research topics at the European level, e.g. in
the PIANOFORTE project, preparing calls for projects
implemented under EURATOM funding.

In Poland, the most impor tant enti ties fund ing sci ence
are the National Cen tre for Research and Devel op ment
(NCBR), which sup ports sci en tific research, devel op ment
work, com mer cia li sation of research results and imple -
men ta tion of inno va tive solu tions, and the National Sci en -
ce Cen tre (NCN), respon si ble for financ ing basic research
with out direct com mer cial appli ca tions. The NCBR man -
ages stra te gic research and devel op ment programmes,
usu ally car ried out within a strictly defined time hori zon.
NCN pro jects are awarded as part of 26 pan els that are rel -
a tively sta ble in time, the mat i cally cov er ing the entire area
of sci en tific research in three main sec tions: Arts and
Human i ties; Phys i cal and Tech ni cal Sci ences and Life Sci -
ences. Due to the inter dis ci plin ary nature of research,
encom pass ing the social sci ences, nat u ral sci ences, and life 
sci ences, the estab lish ment of a panel ded i cated to radio -
log i cal pro tec tion within the NCN will cre ate sig nif i cant
oppor tu ni ties for the devel op ment of this sci en tific field,
the strength en ing of human resource poten tial, and the
enhance ment of sci en tific com pe ten cies. The Stra te gic
Research Agenda pre sented in this doc u ment can be used
as a guide for both sci en tists and panel members in
selecting projects of key importance for the future of
radiation protection.

The Strategic Research Agenda should create the
foundations for innovative research, as well as become an
inspiration for researchers to undertake new projects in
the field of radiation protection in Poland. The scientific
foundation of radiological protection is basic research in
physics, chemistry, biology, and related fields. Without
them, it would not be possible to effectively reduce expo -
sure or develop modern methods of monitoring, diag no -
stics and prevention of the effects of radiation. This
research should provide knowledge about the mechanisms
of radiation action, help to understand how ionizing
radiation affects the cellular and molecular level, enable
understanding of the risk of cancer induction and provide
the foundation for models and standards used in radiation
protection.
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