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Approaches to Radiation Protection in a Deregulated World  

Assoc. Prof Paddy Gilligan, Mater Misericordiae University Hospital, University College Dublin, Eccles St., 
Dublin 7, Ireland.  

For nearly one hundred years a system for radiation protection in medicine has evolved 
based on scientific consensus from the International Commission on Radiological 
Protection. Regulation is a key component of radiological protection in medicine. 
Although policies may take account of expert scientific views and stake holder 
consultation the ultimate responsibility is with politicians to enact laws. Their decisions 
may be based on multiple considerations many of which may be non-scientific. 
Regulatory consensus for radiation protection in medicine has come via the United 
Nations and the International Atomic Energy Agency. In Europe, this consensus is 
reflected in the EURATOM treaty and subsequent directives. The origins and purposes of 
this treaty are sometimes overlooked by the medical community. The European 
commission through expert scientific groups such as the Article 31 group has 
progressed the implementation of medical radiological protection regulations. Although 
there is debate about the appropriateness of the linear no-threshold (LNT) model, this 
debate has largely remained within the scientific community. As the world goes through 
a period of upheaval, recent executive orders from the White House in the US weighing 
in on the LNT debate point to a regulatory system that may be more fragile than we have 
been used to. The radiation regulatory system is also part of a fabric of other regulations 
such as the Medical Devices Directive, Pharmaceutical legislation, GDPR, REACH and 
AI directives that affect the delivery of modern radiological medicine in Europe. Such 
regulations can be perceived as barriers to growth and innovation in the European 
Economic Area compared to other territories. In terms of healthcare, competing for 
resources to fund growth, defence and energy spending the requirement for the medical 
radiation community to listen, communicate, justify, and advocate will become more 
important than ever. In a deregulated world, reliance on regulatory compliance and 
enforcement as a funding source or motivator for personnel, equipment and those 
involved with radiation protection in medicine may be diminished. The ethical basis of 
radiological protection in medicine and sound scientific principles will be essential in 
maintaining the trust of the public and delivering optimised accessible radiological 
medicine. That public who must be confused by being threatened by radiological 
hazards in terms of nuclear weapons and at the same time being told radiation is safer 
than previously thought. A mixed message dichotomy that also exists in the medical 
radiological community 
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Developing Nuclear Emergency Preparedness and Response Plans for New 
Jurisdictions - Luke Lebel 

Jurisdictions around the world are establishing nuclear power programs for the first 
time as part of efforts to reduce greenhouse gas emissions from electricity generation 
while enhancing energy diversity and independence. These programs may involve large 
conventional reactors as well as small modular reactors (SMRs). A critical component 
of the supporting infrastructure for new nuclear jurisdictions is the establishment of an 
off-site emergency preparedness and response program. In Canada, for example, this 
responsibility lies primarily with provincial governments, reflecting their broader role in 
conventional (non-nuclear) emergency management. Although Canada has a long-
standing nuclear program based on CANDU reactor technology, some provinces (e.g., 
Saskatchewan, Alberta) are considering deploying their first nuclear facilities, while 
established provinces are preparing for the introduction of new SMR technologies. In 
this context, international guidance such as the IAEA NG-G-3.1 Milestones in the 
Development of a National Infrastructure for Nuclear Power plays an important role in 
shaping emergency preparedness and response programs. It is also necessary to 
review national and international standards for nuclear emergency management and 
compare them against established response plans in other jurisdictions, with the aim of 
identifying practices that new entrants must adopt. This work provides suggestions on 
how the development of emergency management programs can be aligned with the 
overall project timeline for new nuclear facilities, while adhering to internationally 
recognized guidelines. 

  

  

Updates on the NEA/CRPPH SMR Task Force - Mike Webley (CRPPH)  
The Committee on Radiological Protection and Public Health (CRPPH) Task Force on 
Small Modular Reactors (TFSMR) conducted a high-level analysis of Radiological 
Protection (RP) challenges related to Small Modular Reactor (SMR) deployment. Ten 
key RP challenges were identified and analysed following a prioritisation exercise 
assessed these challenges based on their potential impact on RP frameworks, 
regulatory compliance, and public confidence. The presentation will share the key 
radiological protection challenges associated with SMR deployment and outline the 
additional work initiated by the NEA in response to the Task Force’s conclusions.  
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Advances in risk management of radon & norm through the RadoNorm project  
 

Warren John1, Laureline Février2, Balázs Madas3, Jonne Naarala4, Valtteri Nieminen4, Aleš Froňka5, Tanja 
Perko6, Andrzej Wojcik7, Nadja Železnik8  
1Federal Office for Radiation Protection (BfS), Oberschleissheim, Germany. 2Autorité de Sûreté Nucléaire 
et de Radioprotection (ASNR), Saint Paul-lez-Durance, France. 3HUN-REN Centre for Energy Research, 
Budapest, Hungary. 4University of Eastern Finland, Kuopio, Finland. 5National Radiation Protection 
Institute (SURO), Praha, Czech Republic. 6Belgian Nuclear Research Center (SCK CEN), Mol, Belgium. 
7Stockholm University, Stockholm, Sweden. 8Elektroinštitut Milan Vidmar (EIMV), Ljubljana, Slovenia  
Abstract  
RadoNorm addressed scientific, technical and societal uncertainties in the 
assessment of risks from radon and naturally occurring radioactive material (NORM).  
Progress was made in occupational protection against radon, investigating the 
exposure scenarios in underground workplaces and assessing the functionality of 
radon monitors. Registers for identifying and classifying NORM-involving industries 
were developed, to help industries and authorities ascertain risks from NORM. 
Exemplarily, operational values for situations not covered by the current guidance, 
thereby ensuring better radiation protection compliance. Improvements to 
radioecological models and other studies have also revealed exciting possibilities for 
bioremediation of contaminated sites.  
Assessing radon mitigation systems for their environmental impact, the assessment of 
radon diffusion coefficients in building materials, and research into the barriers and 
facilitators of NORM-containing alternative cementitious binders will support the 
construction industry in ensuring better radiation protection compliance.  
Radon dose to the lungs and other organs has also been assessed in combination with 
other stressors, such as smoking. Quantification of dose distributions was also used in 
the evaluation of in vitro experiments. Substantial progress has also been made in 
improving diagnosis of radon-induced lung cancer, biokinetic models for pregnant 
women, and ascertaining risks for non-cancer diseases.  
The public perception and behaviour towards radon, has been successfully mapped 
across European countries. Combined with research on communication strategies, 
these results will help regional authorities design more effective anti-radon campaigns. 
RadoNorm citizen science projects and education & training initiatives compound its 
contribution to radiation protection.  
  

  



 

6 
 

 

 

 

 

 

 

Parallel session abstracts  



 

7 
 

 

 

 

Tuesday 30th September 

13:30-15:00 

Parallel Sessions 1, 2, & 3 Abstracts 
 

 

Parallel 1: Non-cancer diseases: risks and mechanisms at low 
doses/dose-rates 

 

 

Parallel 2: Infrastructures for radiation protection research 

 

 

Parallel 3: Environmental and human protection from multiple stressor 
exposure 

 

 

  



 

8 
 

Parallel 1: Non-cancer diseases: risks and mechanisms at low 
doses/dose-rates 

 

Chronic vs. acute gamma-irradiation produce distinct effects both as 
single stressors and as co-stressors with high fat diet on the brain and 
heart microcirculation in mice 
Léa OULD BOUKHITINE1, Mouna CHAJADINE1, Chloé BRIZAIS1, Florence BACHELOT1, Chrystelle IBANEZ1, 
Virginie MONCEAU1, Christelle Durand1, Justyne VETEL1, Imène GARALI1, Boris MANOURY2, Dmitry 
KLOKOV1, Teni EBRAHIMIAN1 

1ASNR, Fontenay-aux-roses, France. 2INSERM UMR-S 1180, Paris-Saclay, France 

Association between low-to-moderate doses of ionizing radiation and cardiovascular 
and cerebrovascular diseases has been suggested, with exposure mode playing a role. 
Microvascular alterations are involved in cardiovascular diseases, with obesity being a 
strong risk factor. The aim of this study was to study the effects of different modes of 
exposure to moderate doses of gamma radiation (137Cs) on endothelial dysfunction in 
cardiac and cerebral microcirculation, to determine the dose rate effect and to examine 
their potential interaction with high fat diet (HFD). 

C57BL/6J mice were fed with normal or HFD, and acutely (300mGy or 1Gy) or 
chronically (cumulative 400mGy) exposed to total-body gamma-irradiation using an 
external beam or internal 137Cs at 500kBq/L in drinking water, respectively. Analyses 
were conducted at 6 months post-acute irradiation or immediately upon cessation of 
chronic exposure. Gene expression for oxidative stress (heart and hippocampus), 
inflammation, endothelial dysfunction and vascular remodeling were assessed. 
Hippocampus microvessels were identified using CD31 immunostaining. Heart 
function was assessed using echocardiography. 

Chronic exposure (400mGy) caused a more pronounced endothelial and heart 
dysfunction compared to acute 300mGy exposure using a variety of readouts. While a 
300mGy acute dose did not induce adverse alterations, 1 Gy triggered a significant 
response of the genes involved in brain oxidative stress and inflammation, suggesting 
detriment. HFD did not alter the response to 400mGy, but significantly potentiated 
detriment from 1 Gy. 

Our results demonstrate a dose-rate effect on brain endothelial and heart functions and 
additivity of adverse effects between HFD and 1Gy acute dose. 
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Low-dose gamma irradiation (¹³⁷Cesium) induces cardiac dysfunction and 
remodeling in the heart-lung axis three months after exposure. 
Florian Saliou1, Florence Bachelot1, Solyne Allirol1, Thin Hinan Nabet1, Nathalie Mougenot2, David 
Suhard3, Magali Floriani4, Imène Garali Zineddine5, Françoise Mercier-Nome6, Florence Lefebvre7, Fabrice 
Atassi8, Véronique Ménard9, Pierre Sicard10, Ana-Maria Gomez7, Sophie Nadaud8, Eric Morel7, Virginie 
Monceau1 

1Autorité de Sûreté Nucléaire et de Radioprotection (ASNR), PSE-SANTE/SESANE/LRTOX, F-92260, 
Fontenay-aux-Roses, France. 2UMS28, INSERM, Sorbonne Université, Plateforme PECMV, Paris, France. 
3Autorité de sûreté nucléaire et de Radioprotection (ASNR), PSE-SANTE/SESANE/LRSI, F-92260, 
Fontenay-aux-Roses, France. 4Autorité de sûreté nucléaire et de Radioprotection (ASNR), PSE-
SANTE/SERPEN/LECO, Cadarache, France. 5Autorité de sûreté nucléaire et de Radioprotection (ASNR), 
PSE-SANTE/SERAMED/LRAcc, F-92260, Fontenay-aux-Roses, France. 6Ingénierie et Plateformes au 
Service de l'Innovation Thérapeutique (PHIC), Inserm, CNRS, Orsay, France. 7UMR-S 1180, Signalisation 
et Physiopathologie Cardiovasculaire, INSERM, Saclay, France. 8UMR 1166, unité de recherche sur les 
maladies cardiovasculaires et métaboliques INSERM, Paris, France. 9DRF/ric/plateforme d’irradiation, 
Commissariat à l’énergie atomique et aux énergies alternatives, Fontenay aux Roses, France. 
10PhyMedExp, IPAM/Biocampus, INSERM, CNRS, Université de Montpellier, Montpellier, France 

Today, high-dose radiation is recognized to cause cardiac lesions, but the effects of 
ionizing radiation (IR) at doses ≤ 500 mGy on the cardiovascular system remain unclear 
due to limited biological evidence and conflicting epidemiological data. We hypothesize 
that gamma IR doses below 500 mGy can induce cardiovascular pathologies (CVP) 
through long-term remodeling of cardiac and pulmonary tissues. Male C57BL/6J mice 
were subjected to whole-body irradiation with single doses of gamma IR (Cesium-137) 
ranging from 250 to 500 mGy. Three months post-exposure, Doppler ultrasound 
revealed a significant decrease in ejection fraction and impaired myocardial strain, 
indicating reduced cardiac function. Electron microscopy identified structural 
alterations in cardiac myofilaments and mitochondria.  At 250 mGy, increased calcium 
transients suggested a compensatory enhancement of excitation-contraction (EC) 
coupling; however, at 500 mGy, reduced calcium transients along with decreased RyR2 
and NCX protein expression indicated impaired coupling. Additionally, right ventricular 
systolic pressure was elevated, associated with notable neomuscularization of small 
pulmonary arteries, consistent with activation of the Smad2/3 pathway. In conclusion, 
we demonstrate and characterize for the first time molecular and functional alterations 
triggered by IR as low as 250mGy that could be at the origin of CVP; highlighting the 
need for further studies on the effects of IR at doses as low as 250mGy and the need for 
increased vigilance with respect to exposure to medical and occupational radiation.  



 

10 
 

MeChanisms Linking transcriptional cOntrol of the Circadian clocK and the DNA 
Damage Response (CLOCK-DDR) 
Gráinne O'Brien1, Milagrosa Lopez-Riego1, Yannick Comoglio1, Mustafa Najim1, Paul Finnon1, Maria 
Polozova1, Philip Davies1, Petruta Morvay1, Danny Freestone1, Jayne Moquet1, Lauren Ashworth-Donn1, 
Hannah Mancey1, Mingzhu Sun1, Will Timbury1,2, Aleksandra Czyzak3, Amanda Watling4, Rebekah Girling4, 
Laura Lee4, Victoria Underwood4, Michelle Frost4, Victoria Hart4, Michelle Frost4, Victoria Hart4, Stephen 
Barnard1, Lourdes Cruz-Garcia1, Christophe Badie1 

1UKHSA, Oxford, United Kingdom. 2Newcastle University, Newcastle, United Kingdom. 3Oxford University, 
Oxford, United Kingdom. 4The Norfolk and Norwich University NHS Foundation Trust, Norwich, United 
Kingdom 

Small scale studies on nightshift workers show that circadian disruption induces 
significant transcriptomic, metabolomic and proteomic changes as well as increased 
endogenous and IR-induced DNA damage. Further research is needed to discover gene 
expression markers of circadian dysregulation and better understand the biological 
effects of circadian misalignment, including its interaction with the DDR which may 
modify cancer risk and IR response. The latter would have implications for radiation 
protection (interindividual variability in radiation effects), medical (radiation toxicity and 
radiation oncology) and biodosimetry applications (molecular or cytogenetic markers of 
IR exposure, often related to DDR). Thus, the hypothesis is that circadian dysregulation 
may affect the DDR, which may impact biodosimetry estimates in radiological 
emergencies and, importantly, may initiate/promote cancer development, particularly 
following exposure to carcinogens such as IR. 

The present study aims at investigating IR-induced transcriptomic, proteomic, 
epigenomic, metabolomic and DNA damage responses for exposures in night shift 
workers. To that end, peripheral blood samples were obtained at different times of the 
day from staff at Norfolk & Norwich University Hospital and irradiated to compare the 
response of well-established IR radiation exposure markers and preliminary data 
presented. These include highly responsive genes, analysed by 3rd generation nanopore 
long-read RNA sequencing and validated by multiplexed qPCR; DNA damage, using the 
γ-H2AX assay; and protein markers. 

Altogether, the study will help characterize the role of circadian misalignment, 
investigating their link to the DDR and assessing the potential implications for radiation 
protection. 
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Ionizing radiation and extracellular vesicles activate cytoplasmic DNA sensing 
and modulate immune phenotypes in bone marrow MSCs 
Ilona Barbara Csordás1,2, Tünde Szatmári1, Katalin Lumniczky1 

1National Centre for Public Health and Pharmacy, Budapest, Hungary. 2Doctoral School of Pathological 
Sciences Semmelweis University, Budapest, Hungary 

Cytoplasmic DNA sensing, which bridges DNA damage and immune activation, 
represents a critical pathway following ionizing radiation (IR), as it is triggered by 
radiation-induced DNA breaks. This study aims to determine whether IR and 
extracellular vesicles (EVs) activate DNA sensing pathways in bone marrow (BM)-
derived mesenchymal stem cells (MSCs), to better understand how DNA damage 
influences BM function and immune status. 

C57BL/6 mice were irradiated with 2Gy X-rays. EVs were extracted from BM 
supernatants 24 hours post-irradiation. BM-MSCs were cultured and irradiated using 
the same doses and collected 24 hours after IR. EVs from irradiated and control mice 
were co-cultured with non-irradiated MSCs for 24 hours prior to RNA extraction. 
Quantitative PCR (qPCR) was used to assess the expression of genes associated with 
DNA sensing and immune regulation. DNA damage was investigated with flow 
cytometry, using γH2ax staining. 

MSCs irradiated with 2Gy showed upregulated expression of cytoplasmic DNases and 
DNA sensors. EVs derived from both control and irradiated BM increased the expression 
of cytoplasmic DNases and sensors, along with their downstream signaling 
components. IR fostered an immunosuppressive phenotype, while EV exposure 
promoted a pro-inflammatory response in MSCs. Among the cytoplasmic DNA sensing 
pathways analyzed, STING-related sensors showed the most pronounced changes. 

In conclusion, both irradiation and EV treatment of BM-MSCs increased the level of DNA 
with double-strand breaks and activated cytoplasmic DNA sensing mechanisms, with 
STING pathway being predominantly affected. The distinct inflammatory profiles 
suggest different immunomodulatory effects, requiring further investigations. 

Funding: “EURATOM” research and innovation program-101061037 grant agreement. 
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Radiation-Induced Inflammatory Crosstalk Between Head and Neck Tumor 
Cells and Keratinocytes Mediated by DNA Damage Response 
Omar Elsaeed, Chiara Huber, Franziska Krumm, Simone Moertl 

Radiation Biology, Federal Office for Radiation Protection, Neuherberg, Germany 

Radiotherapy remains a cornerstone treatment for head and neck squamous cell 
carcinoma (HNSCC), yet challenges such as radioresistance, local recurrence, and 
severe side effects like mucositis persist. Keratinocytes, key components of the local 
tissue environment, are implicated in mucositis and may influence tumor response via 
inflammatory signaling. Understanding the mechanisms linking radiotherapy-induced 
inflammation, tumor cell radioresistance, and keratinocyte activation is critical for 
improving therapeutic outcomes. 

In this study, we demonstrate that irradiation of HNSCC cells induces a robust 
inflammatory response characterized by the upregulation of interferon IFN-β and 
interferon-stimulated genes (ISGs) such as OAS2, OAS3 and ISG15 as well as the 
increased secretion of ISG-15 and IFN-β. This response is dose- and time-dependent, 
observed in several HNSCC cell lines including BHY, Cal33, Cal27, and SCC154. 
Mechanistically, activation of the cytosolic DNA sensing cGAS-STING pathway 
mediates this inflammation. Notably, impaired DNA double-strand break repair induced 
by small molecule inhibition of ATM (evidenced by micronuclei formation) exacerbates 
the inflammatory genes expression and interferon release. 

Furthermore, conditioned media from irradiated HNSCC cells transfers this 
inflammatory phenotype to normal tissue keratinocytes, reducing their proliferation and 
increasing their inflammatory gene expression. Similar responses occur after direct 
keratinocyte irradiation, and our findings suggest these effects can also arise indirectly 
via bystander intercellular communication. 

Our findings highlight a radiation-induced inflammatory axis involving tumor cells and 
keratinocytes, mediated by DNA damage response pathways. This interplay may 
contribute to both tumor radioresistance and mucositis pathogenesis, providing 
potential targets for therapeutic intervention to enhance radiotherapy efficacy and 
reduce adverse effects. 
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Parallel 2: Infrastructures for radiation protection research 

 

Towards radiation protection research infrastructure harmonization: 
PIANOFORTE task 5.3 initiatives 

De Angelis Cinzia on behalf of PIANOFORTE task 5.3 partners 

Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, Italy 

Europe offers a wide network of research infrastructures devoted to Radiation Protection 
(RP), including facilities for biological, radioecological, and dosimetric research, as well 
as data and sample repositories. However, several challenges limit the optimal impact 
and exploitation of these infrastructures: harmonization of quality standards, practices 
and protocols, and proper visibility, utilization, and sustainability. These issues demand 
coordinated and long-term solutions. 

The cited challenges have already been highlighted and addressed within the CONCERT 
project, which led to the implementation of the AIR2D2 platform. Currently, the 
PIANOFORTE partnership continues along this path, specifically within the framework of 
the WP5 tasks. Significant activities are underway to develop unified policies for 
infrastructure access, improve user procedures, and enhance quality assurance, also 
through specific WP5 calls. Additionally, collaborations with key stakeholders (e.g. 
researchers, infrastructure representatives/operators, regulatory bodies, end users, 
etc.), EU RP platforms (ALLIANCE, EURADOS, MELODI, ...) and national metrology 
institutes ensure that policies, access protocols, and standards adopted reflect real 
requirements, and that the initiatives undertaken are aligned with international 
recommendations.   

The task 5.3 leaded by ISS is actively working on the following two main initiatives: 

i) review existing infrastructure intercomparisons, which are an important tool facilitating 
infrastructure harmonization. In fact, the intercomparisons allow infrastructures to 
compare their practices and performance, foster the identification of critical aspects 
highlighting potential gaps and areas for improvement. In addition, the auditing process 
encourages all infrastructures to maintain/improve high-quality standards. The outcome 
of the review is the starting point for the identification and implementation of systematic 
intercomparisons to cover potential lacks or weaknesses in the existing frameworks. 

ii) Efforts are also made to promote the harmonization of Standard Operating Procedures 
(SOPs). The adopted approach includes reviewing existing SOPs for selected classes of 
infrastructures and proposing new ones if necessary. Then, a validation process, 
potentially conducted through voluntary facility intercomparison, will be implemented 
before dissemination and application to ensure their reliability and effectiveness.  
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In this work the ongoing activities related to these initiatives will be presented. 
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Radiation Protection Research infrastructure database AIR2D2 up-date / up-
grade: challenges and proposals. 
 

Florence Miller1*, Veronika Groma2*, Balázs G. Madas2*, Marie Davídková CSc3, Yannick Saintigny4, 
Giacomo Cuttone5, Alan H. Tkaczyk 6, Evaristo Cisbani 7, Omid Azimzadeh8, Elizabeth A. Ainsbury9, Simon 
Bouffler9  

1Université Paris-Saclay, CEA, DIREI, 91191, Gif-sur-Yvette, France; 2 Institute for Energy Security and 
Environmental Safety, HUN-REN Centre for Energy Research, 1121 Budapest, Hungary; 3Natl Radiat 
Protect Inst, Prague, Czech Republic; 4Université Paris-Saclay, CEA, JACOB, 92265 Fontenay aux Roses, 
France; 5 Laboratori Nazionali del Sud, Istituto Nazionale di Fisica Nucleare INFN-LNS, Catania, Italy; 
6University of Tartu, Institute of Technology, Ravila 14a, 50411 Tartu, Estonia; 7Istituto Superiore di Sanità, 
National Center of innovative Technologies in Public Heath, viale Regina Elena 299, 00161 Rome, Italy; 
8Radiation Biology, Federal Office for Radiation Protection, Ingolstädter Landstr.1, 85764 Neuherberg, 
Germany; 9UKHSA Radiation, Chemical, Climate and Environmental Hazards Directorate, UK Health 
Security Agency, Oxfordshire OX11 0RQ, UK 

*all authors contribute equally 

florence.miller @cea.fr 

  

The Access to Infrastructures for Radiation protection Research Documented Database 
known as AIR²D² (https://www.concert-infrastructures.eu/home) is based on a 
compilation of all the infrastructures collected during the CONCERT Joint Research 
Program. Infrastructures are classified into three categories: (1) exposure platforms and 
contaminated sites, (2) databases, sample banks and cohorts, (3) analytical platforms, 
models and tools. Originally, AIR²D² was an easy-to-use communication and 
dissemination tool based on Google technology offering two main functions: (i) Research 
scientists can perform searches to find the infrastructure(s) corresponding to their needs 
thanks to filters (ii) Owners of infrastructures can register and modify their research 
infrastructure(s) at any time. Although it is still possible to search for infrastructures 
there: https://www.concert-infrastructures.eu/global-map , updates or upgrades are no 
longer supported. Facing the inevitable challenge of web-page obsolescence, Task 5.2.1 
proposes a more sustainable, three-step solution that includes Artificial Intelligence (AI): 

1. Creation of a radiation protection infrastructures dedicated page on PIANOFORTE 
website: https://pianoforte-partnership.eu/about/infrastructures, to increase 
AIR²D² visibility, to list new infrastructures for a partial update and collect inputs 
for its upgrade. 

2. With the support of AI, development of a modern tool, allowing AIR²D² update of 
data concerning existing infrastructures, adding the ones linked with EURAMED & 
new selected research projects and its upgrade considering infrastructures 
required for medical applications using ionising radiations. 

3. Establishment of a new vision for databases, their maintenance, and promotion 
that is more sustainable, more shared, and more coordinated. Imagine a 

https://www.concert-infrastructures.eu/home
https://www.concert-infrastructures.eu/global-map
https://pianoforte-partnership.eu/about/infrastructures


 

16 
 

collaborative network of at least AIR²D² & OFFERR databases which could take 
advantage of each other lasting over time. 

Consequently, unexpected failures of AIR2D2 push us to redefine the current radiation 
protection infrastructures border incorporating not only medical sphere, geopolitical & 
economic challenges and but also the support of AI. In other words, they give us the 
opportunity to improve AIR2D2 to make it more efficient to fit the European Commission's 
objectives in term of accessibility, visibility, and promotion of infrastructures. Moreover, 
these approaches are compliant with Open Science and FAIR (Findable, Accessible, 
Interoperable and Reusable) principles which emphasise open collaboration and 
systematic sharing of data, knowledge and tools as early and as widely as possible. 

So, you are all welcome to this presentation with your constructive inputs. 
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Parallel 3: Environmental and human protection from multiple 
stressor exposure 

 

Impact of intrauterine exposure to low-dose of cesium-137 intake on offspring 
Honoré Raharivelonarivo1, Céline Gloaguen1, Chloé Brizais1, Florence Bachelot1, Amandine Sache2, 
Raphaël Bo3, Dmitry Klokov1, Jean-Charles Martin4, Audrey Legendre5, Maâmar Souidi6, Stéphane Grison1 

1ASNR/PSE-SANTE/SESANE/LRTOX, Fontenay-aux-Roses, France. 2ASNR/PSE-SANTE/SESANE/GSEA, 
Fontenay-aux-Roses, France. 3ASNR/PSE-SANTE/SDOS/LEDI, Fontenay-aux-Roses, France. 4Biomet 
CriBioM, C2VN, UMR 1260 Inserm-Inrae-AMU, Faculté de médicine La Timone, Marseille, France. 
5ASNR/USNR/SEARCH, Fontenay-aux-Roses, France. 65ASNR PSE-SANTE/SERAMED/LRACC, Fontenay-
aux-Roses, France 

The effects of low-dose radiation (LDR) on offspring remain a key concern in radiation 
protection. Prenatal life is a critical developmental period, during which exposure to 
LDR may cause lasting effects on the offspring’s health, especially when combined with 
lifelong environmental stressors. 

This study aimed to identify the delayed effects of intrauterine exposure to LDR. 
Pregnant C57BL/6J mice were exposed to a cumulative dose of 100 mGy by ingesting a 
cesium-137 drinking solution throughout gestation. After weaning, the pups were fed 
either a normal or high-fat diet, the latter acting as co-stressor that targets lipid 
metabolism, a known target of ionizing radiation. To investigate delayed effects, 
analyses were conducted on three physiological systems known to be sensitive to 
gestational stress. These included targeted molecular analyses such as RT-qPCR and 
biochemical assays, as well as untargeted metabolomic and lipidomic profiling, 
alongside tissue and functional assessments. Evaluations were carried out in both 
sexes at 10 weeks and 15 months of age to capture sex- and age-dependent responses. 

Significant effects influenced by sex and diet were observed in the central nervous 
system and liver at both time points. In the male reproductive system, no major 
changes were detected at 10 weeks, aside from some alterations in gene expression. 

These results demonstrate that intrauterine exposure to LDR causes lasting biological 
effects postnatally, modulated by age, sex, and diet, and may predispose to cancerous 
or non-cancerous pathological outcomes. These insights highlight the need to consider 
early-life radiation exposure in delayed health risk assessments. 

 

Analysis of the transfer of radionuclides to groundwater from liquid discharges in 
NORM industries using synthetic test scenarios 
Francisco Javier Guillén Gerada, Laura Cabezas Vinagre, Alejandro Salas García 
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University of Extremadura, Caceres, Spain 

NORM (Naturally Occurring Radioactive Material) industries generate by-products and 
liquid wastes that can present enhanced concentration of naturally occurring 
radionuclides, such as acid mine drainage sites, uranium mine tailings, or 
phosphogypsum ponds. In order to predict the transfer of these radionuclides to the 
environment, there is a huge variability conditions that can have a significant effect: 
types of locations, size of water bodies, radionuclide concentration, type of water, 
hydrogeochemical characteristics of the site that can have a significant influence on the 
transfer of naturally occurring radionuclides to groundwater. In this study, we  present 
the results obtained for two different scenarios in which most of these parameters are 
fixed after consulting the corresponding literature. So, differences in the assessment 
might be attributed to the use of specific modelling software (PC-CREAM08, RESRAD 
offsite, Normalysa, AFRY, etc.). The first synthetic test scenario is based on a pond with 
high radionuclide concentration that leaks into a groundwater aquifer; whereas in the 
second scenario the source term is a leaking pipe in the ground above the aquifer. 
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Modifications and scientific rationales for improving regulatory approaches of 
NORM treatment and management 
BOGUSLAW MICHALIK1, Zbigniew Bzowski Bzowski1, Hubert Makula1, Kateřina Navrátilová Rovenská2, 
Ivana Ženatá2 

1Central Mining Institute - National Research Institute, Katowice, Poland. 2National Radiation Protection 
Institute, Prague, Czech Republic 

The main goal of RadoNorm project was to enhance radiation protection for workers, 
the general public, and the environment against the harmful effects of ionising radiation 
related to Naturally Occurring Radioactive Materials (NORM). A specific objective was 
the development of treatment strategies for NORM residues based on preventive 
actions and mitigation methods tailored to specific industries, technological processes, 
legacy sites, and environmental conditions. Activities focused on reviewing, evaluating, 
and possible improving the mitigation of hazards caused by NORM present in industrial 
processes and the environmental burden related to NORM released into the 
environment. 

The knowledge gathered enabled us to formulate scientifically justified suggestions for 
modifying radiation protection systems to improve their effectiveness in managing 
NORM. The presentation discusses the need for improved regulatory approaches to the 
treatment of NORM, emphasizing the importance of integrating NORM into existing 
waste management systems to optimize NORM management. It outlines the challenges 
posed by possible classifications of NORM as radioactive waste, which can hinder 
recovery and disposal efforts, and provides rationale to avoid such situations. 
Additionally, it highlights the origin of existing exemption and clearance levels used for 
NORM classification, expressed in terms of decay series parent radionuclides activity 
concentration, and justifies the use of criteria based on effective dose evaluations. 

From a pragmatic perspective, the presentation emphasizes the potential of NORM 
residues for sourcing valuable elements, noting that most options are technically 
available. The proposals aim to align regulatory frameworks with practical solutions 
while fostering collaboration between radiation protection experts and industry 
operators. 
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Methodologies for assessing doses from NORM residues in disposal and 
agricultural reuse scenarios developed in the framework of RadoNorm project 
Gennaro Venoso1, Cristina Nuccetelli1, Federica Leonardi2, Rosabianca Trevisi2, Flavio Trotti3, Raffaella 
Ugolini3, Jelena Mrdakovic Popic4, Laureline Février5, Danyl Pérez-Sánchez6, Laura Urso7 

1Italian National Institute of Health, Rome, Italy. 2National Institute for Insurance against Accidents at 
Work, Monte Porzio Catone (RM), Italy. 3Regional Agency for Environmental Protection and Prevention of 
the Veneto (ARPAV), Verona, Italy. 4Norwegian Radiation and Nuclear Safety Authority (DSA), Oslo, 
Norway. 5Autorité de sûreté nucléaire et de radioprotection (ASNR), Saint Paul-lez-Durance, France. 
6CIEMAT –Research Centre for Energy, Environment and Technology, Madrid, Spain. 7BfS –German Federal 
Office for Radiation Protection, Neuherberg, Germany 

In the context of the European RadoNorm project (Task 2.8), a methodological approach 
was developed for estimating the effective dose from the management of Naturally 
Occurring Radioactive Material (NORM) residues in different scenarios. This approach 
was applied to both workers and members of the public, considering residue disposal in 
landfills and their application in agriculture. Dose estimations were performed in 
alignment with the European Guideline Radiation Protection 122-Part II, utilizing the 
RESRAD code and the most recent ICRP dose coefficients both for intake and external 
exposure. From these estimations, Operational Levels (OLs), serving as screening tools, 
were derived. Expressed in activity concentration (kBq/kg), these levels are estimated to 
ensure compliance with the annual dose criterion of 1 mSv for specific radionuclides in 
the U-238 and Th-232 decay chains, as well as for K-40. This work presents the 
developed methodology and the estimated Operational Levels. It highlights the efficacy 
of OLs as practical tools for assessing the radiological impact of NORM residue 
management, thereby supporting regulatory compliance and fostering sustainable 
strategies for both NORM disposal and valorization in line with the principles of Circular 
Economy. 
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Overview of NORM exposures sites in Europe, their characterization and relation 
to UN SDGs 
Jelena Mrdakovic Popic1, Alla Dvorzhak2, Boguslaw Michalik3, Gennaro Venoso4, Cristina Nuccetelli4, 
Federica Leonardi5, Rosabianca Trevisi5, Rafaella Ugolini6, Flavio Trotti6, Almudena Real2, Alicia 
Escribano2, Danyl Perez2, Laureline Fevrier7 

1DSA, Østerås, Norway. 2CIEMAT, Madrid, Spain. 3GIG, Katowice, Poland. 4ISS, Rome, Italy. 5INAIL, Rome, 
Italy. 6ARPAV, Verona, Italy. 7ASNR, Saint Paul-lez-Durance, France 

Naturally occurring radionuclides (NOR) are ubiquitous in the environment. In most of 
the rocks, minerals and soils, NOR are not of radiation protection concern since they 
are present at low activity concentrations. However, there are certain rocks and 
minerals as well as processes (e.g. mining, chemical mass reduction, high temperature 
and pressure processes) that may lead to accumulation of NOR. Therefore, naturally 
occurring radioactive materials (NORM) may emerge in certain industries or in the 
environment, potentially giving radiation exposure of workers, public and the 
environment. Such situations cannot be excluded from regulatory control without 
careful consideration of radiation protection aspects and principles of justification, 
optimisation and dose limits or constraints. 

Within the RadoNorm project, investigation of diverse aspects of NORM exposure 
situations across European countries was systematically conducted. The main 
outcomes are presented in this work: 

Overview of the different NORM sites across Europe; 

Description of the main identified planned exposure situations – NORM involving 
industries, and existing exposure situations – NORM affected legacy sites; 

Consideration of legislative frameworks and regulatory practices in different countries 
with respect to NORM; 

Improved data on NORM matrices in different industries, per different exposure 
categories, updated quantitative data on NOR in different materials – raw materials, 
main and by-products, residues, discharges and wastes; 

Overview of exposure scenarios and pathways considered in different countries for 
estimation of radiation dose magnitude for workers, public and non-human biota; and 

Identified research and regulatory challenges and directions for future work. 
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Parallel 4: PrISMA roundtable, quality and safety of medical 
applications 

EU4Health Joint Action PrISMA: Preparatory activities for Implementation of quality and 
Safety of Medical ionizing radiation Applications 

Charlotte Rosenbaum (Dutch National Institute for Public Health and the Environment (RIVM)) 
on behalf of the PrISMA consortium 

Abstract 

In May 2024, the preparatory Joint Action PrISMA started. The goal of PrISMA was to make 
preparations for a future SAMIRA Joint Action, of which the objective is to sustain impact of the 
projects (being) carried out under the SAMIRA Action Plan, quality and safety strand. This future 
SAMIRA Joint Action is expected to start in 2026.  

The PrISMA consortium consists of 18 organizations from 11 European countries, including 
representatives from radiation protection authorities, health authorities, competent authorities 
for radiopharmaceuticals, one national professional society, and health care institutions.  

The key objectives of PrISMA are 1) mapping the relevant actors in Member States and 
conducting networking and communication activities among those actors to promote the future 
initiative and mobilize the identified actors, and 2) writing a report with a detailed definition of 
the objectives, scope, and activities of the future SAMIRA Joint Action. 

Stakeholder mapping has been carried out mainly in the first half of PrISMA. The identified 
stakeholders in the field of quality and safety of medical ionizing radiation application were 
subsequently informed of the objectives of PrISMA and invited to a stakeholder meeting in 
Zagreb, Croatia, in April 2025. Main objective of this meeting was to discuss 11 proposed 
projects.  

At the meeting in Zagreb, a total of 24 European countries were represented, with more than 60 
people attending onsite and over 80 people participating online. Representatives came from 
health authorities (15%), health institutions (28%), professional societies (24%), radiation 
protection authorities (18%) and research institutes (15%).  

  



 

24 
 

EU4Health Joint Action PrISMA: Results from the Preparatory Joint Action for 
Implementation of quality and Safety of Medical ionizing radiation Applications 

Ritva Bly (Radiation and Nuclear Safety Authority (STUK)) on behalf of the PrISMA consortium 

Abstract 

The preparatory Joint Action PrISMA has made preparations for a future SAMIRA Joint Action, of 
which the objective is to sustain impact of the projects that have been or are still being carried 
out under the SAMIRA Action Plan, quality and safety strand. The stakeholders that the PrISMA 
identified were invited to the stakeholder meeting in April 2025 to discuss further on proposals.  

In the PrISMA, 11 project proposals for the future SAMIRA Joint Action had been prepared for the 
stakeholder meeting. The topics of these projects are: 

1) Strengthening & Streamlining Generic Justification in Europe 

2) Individual justification of medical CT procedures 

3) A Roadmap to Optimisation of Radionuclide Therapy 

4) Optimisation of Radiation Protection in Paediatric Imaging 

5) Optimisation of radiation protection in interventional radiology 

6) Optimisation in image guided radiotherapy (IGRT) 

7) Diagnostic reference levels in NM, CT, IR and radiography procedures of adult patients 

8) Radiation protection during pregnancy related to medical exposure 

9) Strengthening the implementation of incident learning systems 

10) Effective implementation of clinical audits 

11) Revisiting European clinical image quality criteria for x-ray imaging supporting clinical 
optimisation 

Interactions on the proposed projects continued after the workshop via online discussions, 
with organizations and countries not represented in the PrISMA consortium.   
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Would a fully automated and nationally adopted United States (U.S.) quality 

measure for computed tomography (CT) scanning, titled ‘Excessive Radiation 

Dose or Inadequate Image Quality for Diagnostic CT in Adults,’ which is easy 

to report with low burden, be valuable in Europe?” 
Rebecca Smith-Bindman1, Guy Frija2 

1University of California, San Francisco, San Francisco, USA. 2Université de Paris 
France,, Paris, France 

Abstract 

Background: Excessive CT radiation doses pose a patient safety issue, often due to technical 

parameter choices. 

Intervention: UCSF partnered with the U.S. Centers for Medicare & Medicaid Services to 

develop a CT quality measure for its quality payment programs, aiming to reduce 

unnecessary radiation while preserving diagnostic value. The measure focuses on dose and 

includes image noise as a balancing measure to ensure diagnostic utility. 

The Measure: The measure automates CT radiation and image noise calculation using 

standardized data based on scan indications. Most adult diagnostic CT exams are eligible. 

Radiation dose is adjusted for patient size, and dedicated software pulls EHR and Radiology 

data and assigns exams to categories reflecting allowable dose and noise thresholds based 

on the study indication. These are compared to evidence-based thresholds. The measure is 

expressed as the percentage of CT exams that are “out-of-range” for excessive radiation or 

image noise. 

Measure Testing: The measure was tested across 8 health system in 5 states, including 16 

hospitals, 606 clinicians, and 48,500 CT exams. Approximately 33% of exams were out-of-

range. We estimate that around 15.4% of CT scans in Europe would be out-of-range based 

on 507,705 CTs assembled from four countries and included in UCSF International CT Dose 

registry. 

Measure Status: The measure has been included in U.S. legislation and is being 

implemented across US hospital and physician payment programs, with 3500+ hospitals in 

the process of reporting.The presenters will describe the measure’s data elements and 

methodology,and the potential for implementing a similar measure across Europe. 
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Parallel 5: Emergency Preparedness, Response and Recovery 
(EPRR) for nuclear detonation 

An approach to ranking radionuclides in terms of their contribution to ingestion 

dose following a nuclear detonation 
Justin Brown, Håvard Th, Ali Hosseini 

Norwegian Radiation and Nuclear Safety Authority, Oesteraas, Norway 

Abstract 

A central theme of the PREDICT (Improvements in atmospheric dispersion modelling and 

protective action strategies in case of nuclear detonations) project has involved the 

identification of radionuclides that predominately contribute to total effective doses 

following a nuclear detonation. Preliminary work in the project provided an initial ranking of 

radionuclides from an ingestion pathway by multiplying the produced radionuclides (Bq/kt), 

from fission yield datasets, by corresponding dose coefficients (Sv/Bq) from the ICRP 

(Publication-119) to derive ‘dose products’. Subsequent developments have involved the 

consideration of transfer of radionuclides through agricultural food chains to provide the 

missing radioecological factors necessary to complete the characterization of ingestion 

doses. The approach involves the selection of important foodstuffs from a radiological 

perspective (Cereals, Leafy vegetables, Root vegetables, Potatoes, Fruits and berries, Dairy 

products and Meat) and various relevant time points to provide a dynamic assessment of 

exposures (7 and 30 days, 6 months and 1 year). Basic processes that are important for the 

transfer of radionuclides (including interception, weathering (from vegetation), translocation 

and animal transfer) have been modelled in a simplified way using aggregated transfer 

factors (Tags in units of m2/kg) drawing heavily on the model FDMT (Terrestrial Food Chain 

and Dose Module). Nonetheless, for some parameters, information has been extracted from 

more recent reviews on the subject. The new ranking, accounting for radioecological transfer 

processes, leads to some moderate changes in the ranking of radionuclides compared to the 

original, based on dose products, especially for the later time points (30 days and beyond). 
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Criticality accident dosimetry with human blood 
Daniela Ekendahl1, Jakub Vávra1, Miroslav Hýža1, Ondřej Huml2 

1National Radiation Protection Institute, Prague, Czech Republic. 2Czech Technical 
University in Prague, Prague, Czech Republic 

Abstract 

In the case of a criticality accident, human blood can be used for dosimetry employing the 

dicentric chromosome assay (DCA) and the neutron activation technique. An experimental 

comparison of these different methods was performed within a trial where blood samples 

were irradiated in a mixed gamma-neutron radiation field generated by a training nuclear 

reactor. Gamma and neutron doses were evaluated by means of an iteration technique 

utilizing previously derived neutron and gamma radiation specific dose-effect relationships 

for DCA and known ratio between neutron and gamma doses that was found via reference 

dosimetry and calculations. Neutron dose was also determined on the basis of the neutron 

activation of sodium occurring in blood via nuclear reaction 23Na(n,γ)24Na. Neutron 

spectrum specific activity-to-dose conversion factors were derived for both blood serum and 

blood. As regards neutron dose, results of the DCA and the neutron activation technique 

were in a good agreement. Gamma doses obtained using the DCA were also in an acceptable 

agreement with gamma dose reference values. The neutron activation technique is faster 

and less laborious, but its accuracy is dependent on the knowledge of neutron spectrum. 

The iteration technique applied within the DCA proved successful but its applicability is 

conditioned by the known ratio between neutron and gamma doses. The DCA and neutron 

activation technique used together may complement each other, however, additional 

methods may be needed to obtain all necessary data. 
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Results from PREDICT Work Package 3.1 Phase 1: Comparing Historical 

Measured Nuclear Fallout with Modern Atmospheric Dispersion and Dose 

Model Output for Nuclear Detonations for Emergency Response Applications 
Lois Huggett1, Astrid Kloosterman2, Michiel de Bode2, Hendrik Bergsma2, Justin Brown3, 
Ali Hosseini3, Cristoph Haller4, Wolfgang Raskob4,5, Ole Christian Lind6, Erik Berge7, 
Heiko Klein7, Sarah Millington1, Gemma Halloran1 

1UK Met Office, Exeter, United Kingdom. 2RIVM, Bilthoven, Netherlands. 3Norwegian 
Radiation and Nuclear Safety Authority, Oesteraas, Norway. 4Karlsruhe Institute of 
Technology, Karlsruhe, Germany. 5Walter Baetz Consulting, Winden, Germany. 
6Norwegian University of Life Sciences, Oslo, Norway. 7Norwegian Meteorological 
Institute, Oslo, Norway 

Abstract 

This study presents early findings from PREDICT Work Package 3.1, which is a sub-project of 

the European Project PIANOFORTE, and focuses on the evaluation of modern atmospheric 

dispersion models in the context of emergency management and response to nuclear 

detonations. We conducted a visual and statistical comparison between fallout exposure 

rate and time-of-arrival contours derived from five historical above-ground nuclear 

detonation tests and those generated by contemporary dispersion models. So far six 

atmospheric dispersion models and decision support tools have participated in the exercise. 

These models were configured to operate under emergency response conditions and were 

driven by ERA5 reanalysis meteorological data. 

The historical test data provide a rare benchmark for assessing the performance and realism 

of current modelling approaches. By aligning model outputs with observed fallout patterns, 

we identify key areas of agreement and divergence, offering insights into model strengths 

and limitations. The comparison highlights how modern tools interpret complex dispersion 

scenarios and the extent to which they replicate known outcomes. 

Our findings are intended to inform the radiation protection community, emergency 

planners, and model developers about the reliability and practical implications of using 

these models in real-time decision-making. The results also contribute to ongoing efforts to 

improve model accuracy and confidence in emergency preparedness frameworks. 
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Performance comparison of gamma detectors for drinking water monitoring 

following radiological emergencies 
Jonathan Sundström1, Charlotta Nilsson2, Christopher Rääf2 

1University of Gothenburg, Gothenburg, Sweden. 2Lund University, Lund, Sweden 

Abstract 

Ensuring sufficiently low levels of radioactivity in drinking water is a central requirement of 

the Euratom drinking water regulation (Council Regulation (Euratom) 2016/52). In this study, 

we present a comprehensive simulation-based evaluation of ten gamma detectors for real-

time monitoring of drinking water at the water treatment plant site following various 

nuclear fallout. 

 

 Two types of source terms have been used in the simulations: fallout from a nuclear 

weapon detonation and a nuclear power plant accident, at two points in time (48 h and 7 d 

post-release). For each source term, two types of measuring geometries have been 

simulated: a 4 L Marinelli beaker and a shielded detector placed directly against an outgoing 

water pipe. Spectra were generated for each combination of detector, geometry, source 

term, and point in time with Monte Carlo simulations, based on the worst-case scenario 

from a radiometric point of view, where all nuclides from the fallout were transferred to the 

drinking water. 

 

For each spectrum, the Minimum Detectable Activity (MDA) and Minimum Quantifiable 

Activity (MQA) were calculated for the nuclides 131I and 137Cs. MQA was derived from the 

term Quantification Limit (LQ), which may give a more robust measure of detectability than 

the traditional Detection Limit (LD). The results enable a direct comparison of the detectors' 

efficiency and resolution, geometric impact, and the time windows in which 131I and 137Cs 

are quantifiable. 

 

 This study provides valuable knowledge for selecting a suitable detector setup for 

continuous monitoring of gamma-emitting radioactivity in drinking water during a 

radiological emergency. 
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Improving the modelling of radionuclides and their progeny in the assessment 

of external dose following a nuclear detonation 
David Igwesi1, Helen Miller2, Peter Bedwell1 

1UK Health Security Agency, Didcot, United Kingdom. 2Met Office, Exeter, United 
Kingdom 

Abstract 

The aftermath of a nuclear detonation is governed by complex nuclear processes that produce a 

wide range of progeny nuclides, each following distinct decay pathways. The dose rate from 

radioactive fallout after a nuclear detonation varies rapidly over time, especially in the short 

term, due to characteristic radiation emissions, decay chains, and radiological half-lives. Accurate 

modelling of these radionuclides and their progeny is crucial for assessing radiological hazards 

and informing emergency response strategies. This study initially examines the significance of 

dose contributions from radionuclide progeny. Subsequently, it focuses on optimising the 

frequency of intermediary deposition concentrations calculated to enhance predictive accuracy 

and improve radiological assessments. Using computational simulations in the Atmospheric 

Dispersion Model and comparative analysis, the impact of varying temporal intervals on the 

precision of radionuclide dispersion and decay chain modelling was evaluated. Refining the time 

resolution helps capture fallout deposition and dose rate evolution more effectively, improving 

dose estimation accuracy. Estimated deposition concentrations at varying intervals were 

assessed, beginning with a 20-minute resolution for the first hour (0–1 h), followed by 30-minute 

intervals for 1–2 hours. Data were then processed at 60-minute intervals for 2–6 hours, 3-hour 

intervals for 6–12 hours, 6-hour intervals for 12–24 hours, and an 8-hour interval for 24–48 

hours to capture longer-term trends. The findings demonstrate that a graded approach, 

particularly in the initial hours following detonation, provides significant improvements in 

estimating dose. This optimised approach enhances decision-making for emergency response 

and longer-term recovery strategies in affected areas. 
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Parallel 6: Adverse Outcome Pathways in Radiation Protection 

RNA-Seq: single or multimodal integration approach to understand the impact 

of low doses radiation under colon cancer? 
Imène GARALI1, Geoffroy COCHIN1, Guillaume Vares1, Stephane GRISON1, Holly 
laakso2, Dmitry KLOKOV1 

1ASNR, Fontenay-aux-roses, France. 2CNL, Ontario, Canada 

Abstract 

Examining effects of low-dose radiation (LDR) across multiple levels of biological organization 

provides deeper insights compared to a single level. Integrating multi-omics/multi-modal 

datasets into a unified framework increases statistical robustness, and alleviates limitations 

associated with both small sample sizes and subtle changes induced by LDR. The objective of 

our study was to perform the most effective approach for integrative analysis and to 

compare it with conventional single-modality analysis results. 

We used a dataset generated in a study of the effects of chronic gamma-irradiation (10, 100 

and 2000 mGy) on intestinal tumorigenesis in the ApcMin/+ mouse model of colon cancer. It 

comprised RNA-seq, plasma cytokine and blood cell profiles, and tumorigenesis metric 

collected at animal ages of 4, 12, 16, and 20 weeks. Fast-progressing health decline 

presented an additional challenge (effect of age). First, we established a baseline 

understanding of the transcriptomic landscape using RNA-seq data analysis. Subsequently, 

multi-block analytical methods were employed to reconstruct mechanistic and/or causal 

relationships among diverse molecular endpoints, measured across varying radiation doses 

and ages. Two distinct multiblock approaches were evaluated. One produced biologically 

relevant information from the RNA-seq data in relation to dose, whereas the other showed 

less utility, even when compared to conventional RNAs-seq results. We also examined the 

impact of confounding factors, such as age, on the analysis results. 

Our results demonstrate that multi-modal data integration is valuable for understanding 

biological responses to LDR, but its effectiveness depends on careful optimization to capture 

subtle changes and account for confounding factors. 
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A Flexible Web-Based Tool for International Cancer Risk Assessment 
Janine Becker, Peter Scholz-Kreisel, Maria Schnelzer, Felix Heinzl, Markus Eidemüller 

BfS, Munich, Germany 

Abstract 

The ProZES software represents an advanced tool designed to calculate the assigned share 

(AS) of cancer resulting from previous exposure to ionizing radiation thus a retrospective 

assessment. It is used in Germany for compensations claims. ProZES is currently a 

standalone program but it is planned to be implemented  as web application. To support 

international applicability, ProZES is being developed with the consideration to enable 

interfaces that allow nations to implement their specific incidence and population data. 

Utilizing Excess Absolute Risk (EAR) and Excess Relative Risk (ERR) models, ProZES provides 

robust calculations for both solid cancers and hematological malignancies. The models are 

integrated with population incidence and mortality rates. One of ProZES's key advantages is 

the robustness of its models and the assessment of uncertainties. While primarily based on 

the Life Span Study (LSS) cohort data, ProZES extends this foundation to cover a wide dose 

range, effectively extrapolating LSS findings to lower dose exposures. This extrapolation is 

critical for enhancing the reliability of risk assessments in varied exposure scenarios. 

A feature of ProZES is its multi-model inference capability, providing essential flexibility to 

incorporate additional risk models. 

The EAR and ERR risk models are also extendable for prospective risk calculation e.g. for 

estimating lifetime cancer risks. Overall, ProZES contains a rich scientific  foundation for 

international adaptation and even detriment evaluation. 
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Personalised responses to short-wavelength radiation: in-silico study 
Adya Khandelwal, Olusola Idowu, Ewa Markiewicz 

Hexis Lab, Newcastle upon Tyne, United Kingdom 

Abstract 

Personalised radioprotection refers to tailoring radiation safety measures to individual-

specific characteristics such as age, pre-existing health conditions, and ethnicity. A key 

component of this approach is radiosensitivity—the variation in susceptibility to radiation-

induced tissue damage as a function of dose. Recent research increasingly recognises inter-

individual variations in radiosensitivity across a broad spectrum of short-wavelength 

radiation, including ionising radiation (IR), ultraviolet (UV), and blue light. 

These differences are strongly influenced by genetic makeup. Among the best-characterised 

traits are biomarkers associated with skin pigmentation, many of which are affected by 

single-nucleotide polymorphisms (SNPs). Altered expression and activity of these genes may 

underlie personalised responses to radiation, extending beyond the visible short-wavelength 

spectrum. Pigmentation-linked traits have also been associated with varied responses to IR, 

including  DNA damage, hyperpigmentation, and skin fibrosis following radiotherapy or 

radiation exposure. 

In this study, we identified a range of biomarkers broadly involved in skin pigmentation, with 

known and predicted changes in gene expression and activity that influence skin tone. Gene 

interaction network analysis revealed several key functional clusters associated with DNA 

damage response, extracellular matrix remodelling, and inflammation. 

To further characterise these interactions, we applied deep learning algorithms integrating 

text mining with experimental data to predict likely molecular interactions between these 

biomarkers and their functional involvement in biological pathways. This approach identified 

both distinct and overlapping signalling pathways activated by UV and low-dose IR. Further 

identification of these biomarkers and their modalities will enhance current understanding 

of individual characteristics, which is crucial for advancing personalised approaches to 

radioprotection. 
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Minimising mutation load as a mechanism for low-dose hyper-radiosensitivity 

and induced radioresistance 
Szabolcs Polgár1,2, Balázs Madas2 

1ELTE Eötvös Loránd University, Budapest, Hungary. 2HUN-REN Centre for Energy 
Research, Budapest, Hungary 

Abstract 

Low-dose hyper-radiosensitivity (HRS) and induced radioresistance (IRR) are unexpected 

features of cellular survival curves that challenge classical radiobiological models. While 

often interpreted phenomenologically, their underlying biological purpose remains unclear. 

Here we propose that these effects reflect an evolved strategy by which tissues minimise 

mutational burden through context-dependent cell elimination. We introduce the Minimum 

Mutation Load (MML) model, a mechanistic framework in which irradiated cells assess their 

survival based on local intercellular signals that reflect neighbourhood damage. This 

cooperative behaviour balances the benefit of removing highly damaged cells with the 

mutational cost of their replacement. Using a curated dataset of 99 clonogenic survival 

experiments, we show that the MML model replicates key features of HRS and IRR across 

diverse conditions, with an average adjusted R² of 0.74, and performs comparably to the 

established Induced Repair (IR) model. Unlike the IR model, which is phenomenological, the 

MML model provides biologically interpretable parameters with independent theoretical 

grounding. The model suggests that mutation minimisation may be an organising principle of 

tissue homeostasis. These findings support a new conceptual framework in which tissue-

level cooperation, rather than purely cell-intrinsic responses, governs somatic maintenance 

and cancer suppression. 
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Chromosomal damage in breast cancer patients undergoing different 

radiotherapy regimens: Insights from the SINFONIA Project 
Lama Ramadan1, Renu Dayal1, Liv Veldeman1, Magdalena Plodowska2, Halina 
Lisowska2, Aneta Wegierek-Ciuk2, Janusz Braziewicz3, Prabodha Kumar Meher4, Hans-
Olof Nilsson4, Andrzej Wojcik4, Anne Vral1, Ans Baeyens1 

1Ghent University, Ghent, Belgium. 2Jan Kochanowski University, Kielce, Poland. 35Holy 
Cross Cancer Centre, Kielce, Poland. 4Center for Radiation Protection Research, 
Stockholm, Sweden 

Abstract 

Radiotherapy (RT) remains a cornerstone in the treatment of breast cancer following breast-

conserving surgery, with evolving fractionation schedules aimed at improving outcomes and 

minimizing side effects. Since decades, a conventional regimen of 50 Gy in 25 fractions over 

5 weeks was standard. This has transitioned to moderate hypofractionation (40 Gy in 15 

fractions over 3 weeks) and more recently to ultra-hypofractionation (28.5 Gy in 5 fractions 

over 5 days). While RT is effective, exposure to surrounding healthy tissues can lead to 

chromosomal damage and potentially increase the risk of secondary cancers. 

Within the framework of the European H2020 SINFONIA project, we assessed the 

chromosomal damage in lymphocytes in breast cancer patients exposed to different RT 

regimens. A total of 232 patients (182 with primary breast cancer and 50 with second breast 

cancers) were enrolled. Blood samples were collected pre- and post-RT, and peripheral blood 

mononuclear cells (PBMCs) were analyzed using the G0 cytokinesis-block micronucleus 

(CBMN) assay to quantify chromosomal damage. 

Our findings indicate that RT-induced chromosomal damage, as measured by micronuclei 

(MN) frequency, varies by treatment scheme. The conventional 25-fraction regimen was 

associated with the highest MN induction, while the ultra-hypofractionated 5-fraction 

schedule resulted in the lowest. Additionally, increased chromosomal damage was 

correlated with higher total tumor doses, larger irradiated volumes, and lymph node 

irradiation. 

These results suggest that shorter RT regimens with higher dose per fraction may mitigate 

cytogenetic damage in non-target tissues, offering potential advantages in long-term safety 

profiles. 
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An Adverse Outcome Pathway Relevant to Uranium Induced Kidney Toxicity 
Baki Billah Sadi, Vinita Chauhan 

Health Canada, Ottawa, Canada 

Abstract 

Adverse Outcome Pathways (AOPs) are structured frameworks that delineate a sequence of 

causally linked key events (KEs) between an initiating molecular perturbation and an adverse 

health outcome across biological scale. Endorsed by the OECD as the backbone of its 

toxicological knowledge framework and embedded within the AOP-Knowledge Base, AOPs 

have become essential tools in chemical risk assessment. Their application is now expanding 

into radiation protection, fully demonstrated by AOP 272 (radon‑induced lung cancer) on 

AOP‑Wiki. 

We are currently constructing AOP 437, which describes uranium‑induced kidney toxicity. 

Uranium presents dual hazards: as a heavy metal and an alpha‑emitting radionuclide. While 

nephrotoxicity from uranium has been classically ascribed to its chemical reactivity, 

mounting in vitro and in vivo data suggest a genotoxic component driven by both chemical 

interactions and radiation‑induced free radicals. Consistent with other nephrotoxicants—

platinum, lead, cadmium, mercury, arsenic, chromium—the pathway begins with oxidative 

stress (elevated reactive oxygen species, ROS). Unique to uranium, ROS generation occurs 

via both metal‑mediated redox dysfunction and alpha particle emissions . ROS initiates 

mitochondrial dysfunction, tubular epithelial cell damage, DNA strand breaks, apoptosis, 

inflammation, and ultimately proximal tubule pathology followed by kidney impairment or 

failure. 

AOP 437 is timely due to widespread uranium exposure through occupational settings, 

mining, well‑water, and environmental sources. It was approved by OECD’s EAGMST and is 

now in development on AOP‑Wiki. This presentation (oral/poster) will showcase the current 

state of our AOP development process. 
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Parallel 7: Dosimetry in space and at high altitudes 

 

Practical radiation protection of aircraft crew in Europe 
Marcin Latocha, Peter Beck 

Seibersdorf Laboratories, Seibersdorf, Austria 

Abstract 

Aircraft crew are occupationally exposed to elevated levels of cosmic radiation during flight. 

According to Directive 2013/59/Euratom, such exposure constitutes a planned exposure 

situation. 

Routine dose assessments are primarily conducted using computational models, with 

measurements employed for validation. This contrasts with common practice in other 

radiation protection domains, where personal dosimetry is standard. The dominant 

contribution arises from galactic cosmic radiation (GCR), which is modulated by solar activity 

and highly dependent on flight parameters—altitude, latitude, and flight duration being 

most significant. 

Infrequent but potentially high-dose contributions from solar particle events (SPE), 

particularly ground level enhancements (GLEs), pose an additional radiological hazard. While 

GCR exposure is addressed by established regulatory and operational frameworks, the 

management of GLE-induced exposures lacks standardized protocols. Accurate dose 

reconstruction for GLEs remains scientifically challenging due to their sporadic nature and 

limited dosimetric measurements. 

The legal annual effective dose limit for occupational exposure is 20 mSv. In aviation, a 

secondary threshold of 6 mSv is widely adopted as a criterion distinguishing category A from 

category B workers and has operational implications for aircraft operators. 

This presentation outlines the regulatory and operational framework in Europe for managing 

cosmic radiation exposure in aviation. It covers implementation strategies, roles of 

authorized dosimetry services, and ongoing efforts to optimize protection and ensure legal 

compliance. 
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Space Weather Radiation Mitigation in Low Earth Orbit 
Alessandro Bucci1, Angelo Romito2, Pio Ciro Aspetti1, Laura Mucciarelli3, Andrea 
Malizia1 

1University of Rome Tor Vergata, Rome, Italy. 2Italian Air Force, Rome, Italy. 3Ita Airways, 
Rome, Italy 

Abstract 

As human activities in Low Earth Orbit (LEO) continue to expand, a detailed understanding of 

radiation exposure risks driven by space weather phenomena is critical for astronaut safety. 

This study investigates the complex radiation environment encountered at orbital altitudes 

near 400 km, focusing on the influence of mission duration, shielding effectiveness, and 

solar activity on radiation dose rates. 

Key elements of this research include the evaluation of passive shielding materials, 

optimization of operational protocols, and integration of real-time radiation monitoring and 

forecasting systems to mitigate health risks during long-duration missions. Analysis of data 

from 2024, characterized by elevated solar activity during Solar Cycle 25, highlights the 

potential for unshielded radiation doses to surpass established regulatory limits. 

Nevertheless, through the combination of effective shielding and adaptive mission planning, 

exposure levels can be maintained within acceptable safety thresholds. 

The findings emphasize the critical role of advanced radiation detectors and space weather 

forecasting in enabling proactive operational measures, such as postponing extravehicular 

activities and utilizing sheltering strategies during solar particle events. Beyond quantitative 

dose evaluation, this study advocates a comprehensive radiation risk management 

framework that integrates material innovation, mission design, and predictive technologies 

to enhance crew safety and mission resilience in LEO and provides foundational knowledge 

for future deep-space exploration initiatives. 

Keywords: Low Earth Orbit, space radiation, radiation shielding, solar particle events, 

radiation monitoring, space weather forecasting, astronaut health, mission safety. 

  



 

40 
 

High-energy thunderstorm radiation detected on the high mountain 

observatory on Lomnický štít, Slovakia 
Jakub Šlegl1,2, Martin Kákona1,3, Ronald Langer3, Igor Strhárský3, Ján Kubančák3, Martina 
Lužová1,2, Helena Velyčková1,2, Marek Sommer1, Iva Ambrožová1, Ondřej Ploc1 

1Nuclear Physics Institute of the CAS, Husinec-Rez, Czech Republic. 2Faculty of Nuclear 
Sciences and Physical Engineering , Czech Technical University in Prague, Prague, 
Czech Republic. 3Institute of Experimental Physics SAS, Tatranská Lomnica, Slovakia 

Abstract 

High-energy thunderstorm radiation can reach up to 50 MeV in energy and temporarily 

surpass the normal level of background ionizing radiation many times. Those events are 

divided into three types: gamma-ray glows, terrestrial gamma-ray flashes, and stepped 

leader x-ray pulses. The presentation will be focused on minute-scale gamma-ray glows that 

often precede lightning. Lomnický štít observatory, Slovakia, is a unique facility frequently 

inside the clouds and thus very near the thunderstorm’s region of strong electric field. This 

region accelerates secondary cosmic ray electrons and positrons, adds to the atmospheric 

ionization, and through bremsstrahlung enhances a number of high-energy photons in the 

environment even further from the accelerating region. This excess of photons or electrons 

is detected on Lomnický štít by a set of ionizing radiation detectors, including a large NaI(Tl) 

gamma spectrometer RT-56, SEVAN, TimePix, Mosaic, LABDOS PIN diode, and sometimes 

also by Neutron Monitor. In the presentation, we will show some of the most interesting 

gamma-ray glow events detected on Lomnický štít. 
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Research Flight of EURADOS and CRREAT: Inflight Ambient Dose Measurements 

Anna Cimmino1, Iva Ambrožová2, Ondřej Ploc2, Lucie Švihrová2, Martin Kákona2, Marco 
Caresana3, Luisella Garlati3, Francois Trompier4, Matej Maciak5, Szymon Domanski5, 
Fabio Pozzi6, Hyasuda Yasuda7, Thomas Berger8, Bartos Przybyla8, Roman Truneček1, 
Veronika Olšovcová1 

1ELI ERIC, Dolni Břežany, Czech Republic. 2Nuclear Physics Institute, Prague, Czech 
Republic. 3Polytechnic of Milan, Milano, Italy. 4Institute for Radiological Protection and 
Nuclear, Fontenay-aux-Roses, France. 5National Centre for Nuclear Research, Otwock-
Świerk, Poland. 6CERN, Geneve, Switzerland. 7Department of Radiation Biophysics, 
Research Institute for Radiation Biology and Medicine, Hiroshima, Japan. 8Institute of 
Aerospace Medicine, Köln, Germany 

Abstract 

Understanding the exposure of civil aircrew to elevated levels of cosmic radiation, and ability 

to accurately determine the dose received inflight is crucial to ensure minimizing risk factors. 

The radiation field at flight altitudes is composed of a mixture of particles (neutrons, 

electrons, photons, and muons) with a wide range of energies covering several orders of 

magnitude. Additionally, these radiation fields are not constant in time nor space, as they 

depends on solar modulation of the galactic cosmic radiation (GCR), variations of particle 

fluences and energies in episodic solar energetic particles (SEPs), latitude effects caused by 

the geomagnetic field and build-up/absorption effects in the atmosphere. Therefore, the 

flight altitude also provide a unique and challenging radiation environment for testing and 

comparing dosimetric measurement methods to improve their accuracy and reliability in 

high-energy mixed radiation fields in general. 

Within the framework of the REsearch FLight of EURADOS and CRREAT (REFLECT) initiative, 

response of various passive dosimetry methods were tested - namely, track etched 

detectors, D-shuttles, AIRDOS dosimeters, together with radio, thermo, and optically 

stimulated luminescence detectors. The detectors were installed on a commercial airline and 

collected the data for a total of ~ 2000 flight hours over 800 individual flights. Additionally, 

the onboard data were compared to Monte Carlo simulations and a dedicated measurement 

was performed at the CERF facility at CERN using the same experimental setup. Preliminary 

results and conclusions are presented in this contribution. 

The authors would like to acknowledge contribution of the colleagues from PSI, Switzerland: 

E.Yukihara, S.Motta, A.Stabilini. 
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Radiation risks to human health (terrestrial, air crew, astronauts) due to cosmic 
radiation 

Rick Tanner, Jon Eakins & Luke Hager 

Radiation, Chemical, Climate and Environmental Hazards Directorate, UKHSA, Harwell 
Campus, Chilton, Didcot, Oxon OX11 0RQ 

In 1911 and 1912, Victor Hess measured radiation in the atmosphere during balloon ascents, 
thereby discovering “cosmic radiation”, only about 15 years after the discovery of radioactivity. 
Since then, the variation of dose rate in the atmosphere has become well established with the 
dose rates peaking at about 55,000-60,000 ft, somewhat higher than routine commercial 
aviation flights. The short-term temporal variation of these dose rates is referred to as space 
weather. 

Despite this long-standing awareness of the ionizing radiation doses that those in aviation and 
space receive, radiation protection legislation has been somewhat slow catching up with that 
for other industries. As commercial aviation expanded and human space flight increased, the 
need for radiation protection to cover those exposures became clear. This evolution of 
legislation for those exposed to ionizing radiation is reviewed and contrasted with that for other 
industries. The recommendations of the ICRP and the interpretations of those 
recommendations by EURATOM and IAEA for their Basic Safety Standards is discussed. The 
subsequent impact on UK legislation via the Air Navigation Order is also reviewed. 

The sources of cosmic radiation, the radiation types and the doses that people in aviation and in 
space are exposed to are discussed. These exposures have two distinct sources: from outside 
our solar system, galactic cosmic radiation; from the Sun. Further, some of this incident 
radiation gets trapped in the Earth’s magnetic field producing radiation belts at specific 
altitudes. The galactic and solar components differ in terms of the particles and energies in the 
radiation field, but especially in terms of how time dependent they are. Significant, short-term 
increases in dose rate are due to solar sources and could give relatively high doses to people in 
civil aviation and in space. These exposures are discussed and contrasted with radiation 
emergencies.  

The recent SWIMMR (Space Weather Instrumentation, Measurement, Modelling and Risk) 
project has added capability to help the UK respond to the risks in commercial aviation via on-
board and ground-based measurements, as well as updates to the MAIRE-+ model, that will give 
much better data during an event.  

The UK preparedness to react to severe space weather events is outlined, with reference to the 
added capability that is now available to us. This is put in terms of the wider context of impacts 
outside radiation protection. For radiation, retrospective advice is the key component of what 
we can do for those who have been exposed, but progress towards prompt alerting that could 
enable flight patterns to be altered is presented. 
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Parallel 8: Risks and patient protection in medical applications 

 

Unravelling cellular mechanisms behind radiotherapy-induced chronic pain 
Will Timbury, Sean Gettings, Raymond Shek, Riddhi Sharma, Nora Bourbia 

UK Health Security Agency, Harwell Campus, Chilton, United Kingdom 

Abstract 

Radiotherapy is used to treat cancer by killing tumour cells. Unfortunately, healthy cells are 

not spared by radiation, leading to side effects including long-term neurological effects. 

About 30% of cancer survivors suffer from chronic pain due to their cancer treatment, and 

radiotherapy alone can cause chronic pain. Therefore, it is important to investigate 

mechanisms surrounding radiotherapy-induced chronic pain to work towards preventing 

long-term pain-related complications in patients. 

This study assessed whether radiation can damage primary sensory nerves that conduct 

sensory input, including nociception (sense perceived as pain) from the periphery (skin, 

organs) to the brain, via the spinal cord. 

We utilised the F11 cell line – rodent primary sensory neurons derived from rat dorsal root 

ganglia. We exposed the cells to hypofractionated X-Rays (5Gy per day for 4 days), mimicking 

radiotherapy, and assessed cellular and molecular phenotypes involved in known radiation-

affected pathways (senescence, cell death, DNA damage, mitochondrial functions), and in 

nociception signalling such as gene expression level associated with nociceptors (receptor 

detecting noxious stimuli). 

We found that radiotherapy induced expected cellular damage to F11 cells. Interestingly, 

radiation also increased expression of genes associated with nociception signalling. This 

suggested that radiotherapy could induce hypersensitivity of the nociceptors, but also impact 

mechanoreceptors (receptors detecting mechanical stimuli/touch). Mechanoreceptors are 

usually non-receptive to noxious stimuli, but are known to participate in chronic pain, in the 

context of nerve injury. 

In conclusion, we found that radiotherapy damages nociceptors and mechanoreceptors of 

primary sensory neurons. This damage is similar to that involved in chronic pain. 
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Biomarker identification of radionuclide therapy-induced radiation responses 
Lourdes Cruz-Garcia1, Nina Becx2, Giulia Tamborino2, Tijmen de Wolf2, Petruta Morvay1, 
Grainne O'Brien1, Philip Davies1, Mark Kinijnenberg2, Txema Heredia Genestar2, Hans 
Hofland2, Christophe Badie1, Julie Nonnekens2 

1UKHSA, Chilton, United Kingdom. 2Erasmus MC Cancer Institute, Rotterdam, 
Netherlands 

Abstract 

This study investigated the feasibility of liquid biopsies to assess radiation responses to [177Lu]Lu-

DOTA-[Tyr3]octreotate (177Lu-DOTATATE), focusing on DNA damage induction and transcriptional 

effects. These irradiation responses could serve as potential biomarker for clinical Peptide 

receptor radionuclide therapy (PRRT) outcome. 

 

Patients with gastroenteropancreatic NET receiving their first cycle of 7.4 GBq 177Lu-DOTATATE 

were included. Blood samples were collected at baseline, 4 hours, 24 hours and 8 weeks post-

PRRT. DNA damage was assessed using 53BP1 immunofluorescence staining and transcriptomic 

analysis were performed using cDNA nanopore sequencing 

 

Following PRRT, the average number of 53BP1 foci per nucleus increased at 4 and 24 hours, 

compared to baseline. The absorbed dose to the blood was on average 36.47±13.44 mGy at 

4 hours and 106.69±35.94 mGy at 24 hours. A significant correlation was found between the 

number of radiation-induced foci and absorbed dose after 4 hours (0.018 foci/mGy (95%CI 

0.009-0.027), p<0.001). Remarkably, considering the low dose to circulating PBMCs, qPCR 

analysis showed significant upregulation of DNA damage response genes after 24 hours. RNA 

sequencing showed a significant upregulation of DNA damage response genes in various 

pathways, after 4 and 24 hours. Importantly, a significant downregulation of immune 

response genes was observed 8 weeks post-PRRT. Our results here show for the first time 

that PRRT with 177Lu-DOTATATE induces DNA damage and transcriptional changes in PBMCs 

with a significant correlation between radiation dose and DNA damage, these responses 

may serve as potential biomarkers for predicting clinical outcomes of PRRT. 
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THE SONORA PROJECT: TOWARDS SAFE, OPTIMIZED AND PERSONALIZED 

RADIOLOGY AND RADIOTHERAPY PROCEDURES FOR PREGNANT PATIENTS 
Christos Pafilis1, Francesca De Monte2, Marijke De Saint-Hubert3, Dario Faj4,5, Christelle 
Huet6, Maria Kalathaki1, Željka Knežević7, Zoi Thrapsanioti1, Hrvoje Brkić4,5 

1Greek Atomic Energy Commission (EEAE), Athens, Greece. 2Veneto Institute of 
Oncology IOV-IRCCS, Padua, Italy. 3Belgian Nuclear research centre (SCK-CEN), Mol, 
Belgium. 4Faculty of medicine (MEFOS), Osijek, Croatia. 5Faculty of dental medicine and 
health, Osijek, Croatia. 6Authority for nuclear safety and radiation protection (ASNR), 
Fontenay-aux-Roses, France. 7Ruđer Bošković Institute (RBI), Zagreb, Greece 

Abstract 

Introduction: The SONORA Project (EU Pianoforte) aims to enhance the accuracy of fetal 

dose estimation in diagnostic and interventional radiology (DIR) and radiotherapy (RT) 

during pregnancy. A consortium of 17 institutions across 12 European countries collaborates 

through five Work Packages to harmonize practices, develop phantoms for various 

gestational stages, quantify fetal doses, and create a patient-specific proton therapy dose-

estimation tool. 

Material and Methods: To accomplish these objectives two broad surveys have been 

initiated across Europe to examine the methodologies and tools employed in fetal dose 

assessment, assess dose variations across different DIR procedures and RT treatments and 

identify optimization strategies to minimize fetal radiation exposure. Moreover, the project 

utilizes both computational and physical representation of Tena phantom, a pregnant 

anthropomorphic model featuring a breech-positioned fetus. Ongoing measurements are 

performed using the Tena phantoms, designed to represent the first and the second 

gestational periods, while a version simulating the third gestational period is currently under 

development. Fetal dose measurements are performed with several passive solid- state 

dosimeters (RPLDs, TLDs, radiochromic films) using various CT and radiography clinical 

protocols and RT techniques. 

Results: Preliminary findings from the analysis of the DIR survey results and measurements 

already made across various European institutions will be presented. 

Conclusions: The SONORA project will produce a comprehensive best-practice guide aimed 

at accurately estimating fetal dose in pregnant patients undergoing DIR or RT procedures. 

Harmonizing current clinical practices will improve accuracy of fetal dose assessment, 

ensuring safer imaging and therapy for pregnant patients. 
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Parallel 9: (Early career researchers) From theory into practice, 
translating research into action 

 

A gamma camera model for Monte Carlo simulations of detector response for 

relevant radionuclides in radiological emergency preparedness 

Martin Hjellström, Mats Isaksson 

Department of Medical Radiation Sciences, Institute of Clinical Sciences, Sahlgrenska 
Academy, University of Gothenburg, Gothenburg, Sweden 

Abstract 

Following a radiological or nuclear (RN) event measurement equipment for estimation of 

internal contamination is of great importance. Whole-body counters (WBC) are generally 

used for estimation of the whole-body content, but the number of available units might be 

insufficient in some areas. Gamma cameras, situated at hospitals, generally have a higher 

abundance, and can be used as a supplement to the WBCs as gamma cameras have been 

shown feasible for estimation of whole-body content of RN event relevant radionuclides. 

However, as the energy interval available for gamma cameras often is restricted, activity 

estimation of multiple contaminants in a subject is complex, or in some cases impossible. 

In this project we have constructed a Monte Carlo (MC) model of a 5/8′′ NaI gamma camera 

in the Geant4 based MC toolkit GATE. The model was validated with point source 

measurements of 133Ba and 137Cs and phantom measurements of 40K, 60Co, 131I, 137Cs and 
152Eu. The validated MC model was used to simulate the gamma camera detector response 

for several relevant radionuclides following a nuclear power plant accident, as well as 

different combinations of relevant mixed contaminations, such as caesium isotopes and 

iodine isotopes, for estimation of internal contamination in children, adolescents and adults. 

The challenge with multiple contaminants has, therefore, been addressed. The MC model 

can furthermore be used to simulate the gamma camera detector response for other 

relevant radionuclides and source terms following RN events. 
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Emerging evidences for lower dose effects on the brain – a challenge for the 

classification as tissue effects? 
Andreas Woerner1, Chunsheng Li2, Simone Moertl1, Omid Azimzadeh1, Julie Lopes3, 
Elizabeth Ainsbury4, Ludovic Vaillant3 

1Bundesamt für Strahlenschutz, Neuherberg, Germany. 2Health Canada, Ottawa, 
Canada. 3CEPN, Fontenay-aux-Roses, France. 4UKHSA, Oxford, United Kingdom 

Abstract 

As part of the re-evaluation of classification of radiation effects, ICRP Task Group 123 is 

analysing the occurrence and biological mechanisms of radiation effects on the central 

nervous system. In humans, radiotherapy patients suffer from enduring cognitive deficits 

after high doses. Recent epidemiological data indicated the possibility of increased risks after 

single or chronic lower-dose exposures of developing cognitive impairments (mean exposure 

<100 mGy, acute or long-term), and symptoms of neurodegeneration. In line, cognitive 

assessments of astronauts revealed cognitive effects after lower doses of cosmic rays. 

Animal experiments have demonstrated behavioural changes and cognitive impairments 

after various exposure scenarios, affecting learning and memory, decision making and 

attention, anxiety- and depression-like behaviour. Cellular investigations demonstrated an 

impaired synaptic plasticity, neurotransmitter imbalances, structurally disturbed synapses, 

and at low doses especially an inhibition of neurogenesis. Biological findings point towards 

increased oxidative stress, inflammation, DNA-damage and signalling mediating cellular 

reactions, involving microglia and astrocytes. 

Whereas the CNS appeared for long relatively radioresistant (regarding cell death), 

functional deficits emerge as a multifaceted interplay of radiation dose and type, chronicity, 

brain region- and volume dependent exposure, and individual background (immunological, 

metabolic, genetic). The human brain seems to suffer from distinct sensitivities during its 

development (IQ decline) as well as during aging (altered immune functions, 

neurodegeneration). So far, we are in the early stages of deciphering the mechanisms that 

impact the sophisticated radiation response machinery. It is currently premature to draw 

conclusions regarding radiation protection considerations; however, emerging evidence 

suggests effects at doses lower than previously anticipated. 
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European Union member states benefit from activities of the European 

Commission to support Early Career Researchers and foster competence in 

radiation research and radiation protection – Germany as an example 
Lisa Simon1, Alisia Jaros2, Werner Rühm2 

1Federal Office for Radiation Protection (BfS), Salzgitter, Germany. 2Federal Office for 
Radiation Protection (BfS), Munich, Germany 

Abstract 

Recently, international organizations like the International Commission on Radiological 

Protection, national advisory bodies such as the German Radiation Protection Commission, 

and governmental institutions like the German ministry for environment have highlighted a 

critical lack of competence in radiation research and protection. This shortage threatens 

public health, emergency preparedness, and technology development. Consequently, the 

"Radiation Protection Qualification Network" (QV-S) has recently been established in 

Germany, with its office at the Federal Office for Radiation Protection. This initiative aims to 

unite German stakeholders to maintain and enhance high competence standards in radiation 

protection, identify gaps in education and training, and provide information on existing 

opportunities. A key focus is the engagement of young talent, reflecting their needs and 

ideas. In this paper it is illustrated how European research platforms and research projects 

funded by the European Commission can improve radiation protection competence in EU 

member states. Specifically, it describes how the QV-S gathers and shares information on 

European educational initiatives, enhancing competence building in Germany (regarding 

both ionising and non-ionizing radiation and including the social science perspective). In 

addition, such information provides early career researchers with a first overview of existing 

initiatives, which is needed as recently emphasised by the European ECRad network of Early 

Career Researchers in radiation protection. Based on these findings the European 

Commission is urged to continue their support of relevant education and training initiatives 

in radiation research and radiation protection and provide adequate funding in future 

frameworks. 
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Optimization of computational dosimetry of workers in dismantling and 

decommissioning using machine learning 
Federica Roberto1,2, Mahmoud Abdelrahman1, Pasquale Lombardo1, Filip Vanhavere1, 
John Lee2 

1SCK CEN - Belgian Nuclear Research Centre, Mol, Belgium. 2UCLouvain - Université 
catholique de Louvain, Louvain-La-Neuve, Belgium 

Abstract 
The work presented in this abstract aims to outline the ongoing developments of a long-term PhD project in 

the framework of computational dosimetry. The objective is to develop tools to improve occupational radiation 

protection of workers during Dismantling and Decommissioning (D&D) activities of nuclear facilities. The 

project addresses key limitations of current dosimeters, including, for example, high uncertainty in dynamic 

environments, by integrating Monte Carlo (MC) simulations with Machine Learning (ML) techniques to improve 

dose assessment accuracy. 

The proposed framework focuses on two main components: (1) characterization of facility-specific source 

terms using MC-based radiation transport calculations, and (2) development of ML models trained on these 

data to estimate effective and organ doses under variable work scenarios. The goal is to optimize 

computational and time efforts, for enabling nearly real-time dose monitoring and support ALARA-based 

planning. 

Preliminary studies already conducted include the use of sensitivity analysis for source characterization, 

regression methods for dose prediction, and initial exploration of reinforcement learning to assess task 

planning strategies. 

This contribution will present: the current development status, highlight key challenges in data 

integration and model generalization, and outline the roadmap toward a data-driven decision 

support system for radiation protection in D&D operations. 

Ultimately, the project aims to deliver a computational pipeline that utilizes MC-based simulation data to 

enable faster, more informative dose assessment and planning in D&D environments thought the application of 

ML techniques. 
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Closing the Ethical Gap: Advancing Standards in European Radiation Protection 

Research 
Jonathan Reese1,2, Rui Gaspar1,2, Tanja Perko3,4 

1COFAC-UL, Lisbon, Portugal. 2HEI-LAB, Lisbon, Portugal. 3SCK CEN, Mol, Belgium. 
4University of Ljubljana, Ljubljana, Slovenia 

Abstract 

According to the European Code of Conduct for Research Integrity (as revised by ALLEA in 

2023), it is imperative researchers are knowledgeable of good research practices within their 

respective fields to enhance the credibility of their work. 

 

While we may not know of ethical procedures across disciplines, one important research 

standards permeates fields of study: data involving human subjects such as stakeholders or 

citizens must first be approved by a recognized ethics committee prior to data collection. 

Despite this interdisciplinary requirement, the European Radiation Protection Research 

Community has been slow to recognize its importance, leaving procedural gaps when 

conducting ethical research involving people. 

 

This presentation offers a critical overview of the current ethical compliances and research 

standards within nuclear research. To facilitate the discussion on this pressing matter, we 

present a non-systematic review of public deliverables from European radiation protection 

projects assessing the extent to which ethical approvals have been obtained and/or 

reported, while drawing from the authors’ extensive experiences as members of ethics 

boards and reviewers of ethical proposals. 

 

Results highlight recurring issues and missed opportunities for ensuring ethical rigor, which 

includes a step-by-step overview of the required documentation, suggestions for preparing 

submissions, ethical interactions with human participants, and insights into what ethics 

committees look for when reviewing project proposals. 

 

Most importantly, the goal of this presentation is to offer support for strengthening ethical 

practices which will enhance the quality, credibility, and societal trust in future radiation 

protection research, thus, closing the ethical gaps of research involving humans. 
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Parallel 10: Stochastic effects: Advances in assessment of risk and 
underlying mechanisms 

Radiation risk assessment of leukaemia for flexible exposure conditions 

Markus Eidemüller1, Janine Becker1, Felix Heinzl1, Maria Schnelzer1, Peter Scholz-
Kreisel1, Munechika Misumi2, Hiromi Sugiyama2, Kyoji Furukawa3 

1Federal Office for Radiation Protection (BfS), Neuherberg, Germany. 2Radiation Effects Research 
Foundation, Hiroshima, Japan. 3Biostatistics Center Kurume University, Kurume, Japan 

Assessing the radiation risk for haematological diseases presents considerable 
challenges. Risk depends strongly on the type of leukaemia or lymphoma as well as age 
and sex-specific patterns. Here we present revised leukaemia models derived from the 
LSS cohort of atomic bomb survivors. The focus was on development of sex-specific 
models that can provide robust risk predictions for all times since exposure and adult 
ages at exposure. The method of multi-model inference proved to be an important tool 
in achieving these aims. Risk models for four groups of hematological malignancies 
were derived: acute lymphoblastic leukaemia (ALL), acute myeloblastic leukaemia 
(AML), chronic myeloid leukaemia (CML), and both Hodgkin and non-Hodgkin 
lymphoma (LYM). The ALL group is very radiosensitive, and risk decreases substantially 
with attained age. The AML has a strong non-linear dose response, suggesting different 
radiation mechanisms than for the other groups. The twin method was introduced to 
guarantee safe extrapolations to low doses and dose rates. CML depends strongly on 
time since exposure, and multi-model inference was applied for safe extrapolations to 
small times since exposure and consistency with risk estimates from the INWORKS 
study. Radiation risk for the lymphoma group is substantially lower compared to the 
other groups with notable sex differences. The models can be used for prospective risk 
estimates in flexible exposure conditions. Currently, these models are implemented in 
the software tool ProZES for assessment of the assigned share and related 
uncertainties. 
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Mechanisms of radiation-induced breast cancer induction: role of sex hormones 
and obesity 

Samuel Westerman Klyware1, Zuzana Kocibalova1, Prabodha Kumar Meher1, Stanislav 
Polozov2, Isabelle Testard3, Joanna Polanska4, Christophe Badie5, Umberto Galderisi6, 
Serge Candeias3, Andrzej Wojcik1,7 

1Department of Molecular Biosciences, The Wenner-Gren Institute, Stockholm University,, Stockholm, 
Sweden. 2HQ Science LTD, London, United Kingdom. 3Laboratory of Chemistry and Biology of Metals, 
CEA,, Grenoble, France. 4Department of Data Science and Engineering, Silesian University of Technology,, 
Gliwice, Poland. 5Radiation Effects Department, UK Health Security Agency, Didcot, United Kingdom. 
6Department of Experimental Medicine, Campania University Luigi Vanvitelli,, Naples, Italy. 7Institute of 
Biology, Jan Kochanowski University,, Kielce, Poland 

Puberty represents a radiosensitive developmental period for radiogenic breast cancer. 
Additionally, regardless of the age at exposure, early menarche (the first menstrual 
cycle) is a very strong potentiator of the risk. The mechanisms are not understood; 
however, obesity is known to promote early menarche. The aim of this work is to test if 
the obesity hormone leptin modifies the in vitro sensitivity of breast cells grown in the 
presence of female sex hormones. Normal breast epithelial cells MCF10A were treated 
for 4 weeks with oestrogen(E) & progesterone (P), each for one week to mimic the 
menstrual cycle. Leptin was added alone or in combination with sex hormones and 
radiation. γ-radiation (3.4 Gy) was delivered either acutely prior or after the treatment 
with hormones (0.65 Gy/min) or chronically (5 mGy/h). Cell proliferation was 
continuously monitored. After treatment, DNA damage (γH2AX foci), reactive oxygen 
species (dihydrorhodamine 123), chromosomal aberrations (FISH), gene expression of 
selected genes was measured by RT-qPCR.Preliminary data on the cumulative 
population doublings showed a decreasing trend of cell growth cotreated with sex 
hormones and leptin. Strongest effect was seen after acute exposure. γH2AX foci 
results suggest a higher DNA damage in cells treated solely with E/P, while leptin 
treatment appears to inhibit focus frequencies. An inhibiting effect of leptin was 
observed for gene expression. Preliminary data indicate the effect of hormones and 
leptin alone/in combination in response to radiation on multiple levels. Since the 
experiments are ongoing, more results will be presented during the meeting. 
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The DISCOVER Project: Dissection of Radiation Effects in the Cerebellar 
Microenvironment Using the Ptch1⁺/⁻ Mouse Model in Vitro 

Francesca Antonelli, Emanuela Pasquali, Casciati Arianna, Barbara Tanno, Ilaria De 
Stefano, Simona Leonardi, Emiliano Fratini, Clarice Patrono, Mariateresa Mancuso, 
Simonetta Pazzaglia 

Italian National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA), 
Rome, Italy 

The DISCOVER project (Dissecting radIation effectS into the Cerebellum 
micrOenVironmEnt driving tumour pRomotion), supported by the European Partnership 
for Radiation Protection Research (PIANOFORTE) and involving four European 
institutions, aims to elucidate the biological mechanisms contributing to radiation-
induced brain tumor development. While classical models of radiation carcinogenesis 
focus on DNA damage, growing evidence highlights the role of radiation-induced 
microenvironmental and epigenetic alterations in oncogenesis. 

The project uses the Ptch1 heterozygous (Ptch1⁺/⁻) mouse model, highly susceptible to 
spontaneous and radiation-induced medulloblastoma, to study the interaction 
between genetic predisposition and radiation exposure.  

Our investigation centers on granule cell precursors (GCPs), the cells of origin for 
medulloblastoma, isolated from Ptch1⁺/⁻  mice. To assess irradiation effects in a 
physiologically relevant context, we used two in vitro co-culture models: conventional 
GCP-astrocyte co-cultures and advanced GCP-organotypic cerebellar slice co-cultures 
preserving native cytoarchitecture. In both systems, GCPs and their 
microenvironmental counterparts (astrocytes or slices) were exposed to 0.1 or 2 Gy of γ-
radiation (⁶⁰Co), in various combinations of irradiated and non-irradiated cells, 
mimicking different exposure scenarios and dissecting the respective contributions of 
cell-autonomous and microenvironment-mediated effects. At 72 hours post-irradiation, 
we analyzed key endpoints in GCPs related to carcinogenesis and the activation of 
inflammatory pathways, which are central to the cellular response to ionizing radiation. 

Preliminary findings reveal that the co-culture system offers a powerful platform to 
dissect the influence of the irradiated microenvironment. These insights are critical for 
advancing our understanding of brain tumor induction following radiation exposure and 
for refining radiological protection frameworks. 
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Radiation-Induced Microenvironmental Changes in the Cerebellum: Insights into 
Medulloblastoma Development from the DISCOVER Project 

Barbara Tanno1, Ilaria De Stefano1, Arianna Casciati1, Francesca Antonelli1, Emiliano 
Fratini1, Simona Leonardi1, Emanuela Pasquali1, Clarice Patrono1, Mariateresa 
Mancuso1, Munira Kadhim2, Katalin Lumniczky3, Simone Moertl4, Simonetta Pazzaglia1 

1ENEA - Italian National Agency for New Technologies, Energy and Sustainable Economic Development, 
Rome, Italy. 2Oxford Brookes University, Oxford, United Kingdom. 3National Centre for Public Health and 
Pharmacy, Budapest, Hungary. 4Federal Office for Radiation Protection, Oberschleissheim, Germany 

Radiation-induced carcinogenesis has traditionally been linked to direct DNA damage. 
However, emerging evidence emphasizes the critical role of the tissue 
microenvironment and epigenetic reprogramming in modulating cancer risk post-
irradiation. 

Supported by the European Partnership for Radiation Protection Research 
(PIANOFORTE), the DISCOVER project (Dissecting radIation effectS into the Cerebellum 
micrOenVironmEnt driving tumour pRomotion) brings together four leading European 
research institutions to investigate how radiation-induced changes within cerebellar 
cell populations and their interactions contribute to medulloblastoma (MB) 
development. 

Utilizing Ptch1+/- mice, a radiosensitive model predisposed to MB, the project employs a 
multifaced approach, integrating in vitro, in vivo, and ex vivo models to dissect the role 
of distinct cerebellar microenvironmental cell populations in tumor initiation 
following  g-irradiation (60Co) with low (0.1 Gy) or moderate (2 Gy) exposures. Mice are 
exposed at postnatal day 2 to whole body irradiation and tumor development is 
monitored throughout their lifespan. 

To elucidate molecular mechanisms of microenvironment-driven tumor promotion, 
cerebellar samples were collected at 1- and 6-weeks post-irradiation for multi-omics 
profiling, including single-cell transcriptomics, proteomics, and global DNA methylation 
analysis. 

Preliminary results reveal novel insights into the interplay between radiation-induced 
microenvironmental changes and tumorigenesis, underscoring a pivotal role for cell 
autonomous and non-autonomous processes in MB induction. These findings 
contribute to a broader understanding of radiation carcinogenesis that extends beyond 
direct DNA insult and open new avenues for risk assessment and therapeutic 
intervention. 

The DISCOVER project has received funding from the Euratom research and training 
program 2022-2027 in the framework of PIANOFORTE under grant agreement No 
101061037. 
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Effects of low dose diagnostic radiation exposures on colon carcinogenesis in 
the KPC:APC mouse model 

Mélissandre Gomot1, Tasneem Abaza1, Nora Essakhi1, Clément Codan1, Marie Thérage1, 
Quentin Pascal2, Dmitry Klokov1, Guillaume Varès1 

1Autorité de Sûreté Nucléaire et de Radioprotection (ASNR), Fontenay-aux-Roses, France. 2Commissariat 
à l'Energie Atomique et aux Energies Alternatives (CEA), Fontenay-aux-Roses, France 

Colon cancer (CC) is a leading cause of cancer-related death in developed countries. 
CC risk factors include exposure to ionizing radiation, with a clear dose/risk relationship 
at higher doses. However, some uncertainty remains regarding the level of risk and the 
molecular mechanisms involved at a lower doses, such as those encountered in 
medical diagnostic imaging procedures of the abdomen and pelvis (CT scans), with 
cumulative doses sometimes reaching 100 mSv. 

In order to characterize the effects of low dose diagnostic exposures on colon 
carcinogenesis, we used the B6.Cg-Krastm4Tyj Apctm1Tno Tg(CDX2-cre/ERT2)752Erf/MaraJ 
(known as KPC:APC) inducible colon cancer mouse model with inducible Apc 
inactivation and Kras activation specifically in the colon. After tamoxifen administration, 
mice show hyperplastic and dysplastic lesions of the colonic epithelium which can 
form adenomas. We also established colon organoids from KPC:APC mouse intestinal 
crypts, capable of recapitulating colon carcinogenesis after tamoxifen treatment. 

After 25-250 mGy X-rays exposure, mice exhibited genotype- and gender-specific 
modulations of histopathological neoplasia characteristics, which were mirrored in 
organoids. Here we present the effects of low dose radiation (LDR) exposures at the 
cellular and molecular levels (including proteomic, transcriptomic and 
epitranscriptomic changes) in KPC:APC mice and organoids. The results suggest that 
LDR affects tumor development in mice harboring Apc and Kras mutations. 

Altogether, the consolidation of physiological and molecular data should inform the 
development of an integrated model for radiation risk assessment. 
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Genetically predisposed breast cancer patients: Skin response to X-rays pilot 
study 

Mustafa Najim1, Paul Finnon1, David Pasquier2, Anne-Lauren Gagez2, Karine 
Hannebicque2, Lourdes Cruz-Garcia1, Christophe Badie1 

1UKHSA, Didcot, United Kingdom. 2Oscar Lambret Centre, Lille, France 

Radiotherapy is a critical modality in managing and eradicating tumour cells. 
Nonetheless, its effects are not confined only to malignant tissues. At the cellular level, 
it can also induce DNA damage and subsequent death of surrounding healthy tissues. 
The genotoxic effect of radiation will active the DNA damage response (DDR) which 
trigger DNA repair mechanisms but also lead to trigger programmed cell death. 
Individual genetic variations can have a significant impact in radiosensitivity which can 
directly influence the effectiveness of radiation therapies. Developing tools to identify 
individuals at risk of adverse outcomes is crucial for safer and more effective 
radiotherapy treatments.  This study aims to characterise the transcriptional response 
to ionising radiation in skin samples from patients carrying pathogenic variants in key 
DDR genes, mainly BRCA and RAD51C, alongside patients without known mutations. 
For this aim, ex vivo skin biopsy from breast tissue were irradiated at 0.1, 2.67, 5.2 GY 
and a sample that is exposed daily to 5.2 GY over 5 days to mimic current 
hypofractionated therapy. The samples were harvested 24 hours and 6 days post-
exposure to capture temporal gene expression dynamics. Following RNA extraction, 
transcriptomic analyses were conducted using long read sequencing technology. The 
differential gene expression analyses of mutant carriers compared to healthy 
individuals will reveal a transcriptional radiosensitivity signature which could help 
predict individual tissue radiosensitivity. This may ultimately inform on individual risks 
of developing radiotherapy associated normal tissue toxicity 
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Parallel 11: Considering ecosystem services in radiation protection 

Introduction to Ecosystem Services in Radiological Protection 

Rodolphe GILBIN  

European Radioecology Alliance ; ASNR/Radiation Protection Department for Populations and 
Environment 

The approach to environmental radiological protection is changing. The field is moving 
from a focus on individual organisms toward more ecosystem-oriented perspectives, 
which may better capture how radiation can affect biodiversity, ecological functions 
and, ultimately, the benefits people derive from nature. Following on from recent and 
ongoing works and discussions (ALLIANCE WG on effects, ERPW 2024, ICRER 2024, 
and current ICRP work on ecosystem services and SDGs), this presentation will 
examine ecosystem services (ES) as a possible bridge between ecological processes, 
human well-being and decision-making. While the ES concept is attractive and 
increasingly discussed, its practical implementation in radiological protection remains 
exploratory. It raises challenges: it can make it difficult the distinction between 
ecological processes and the benefits derived by humans, and its human-centric 
framing risks underestimating the intrinsic value of ecosystems. 

The presentation will outline three priorities that could guide research in radioecology in 
this area: (i) the better use of available data, by structuring evidence of radiation 
effects on non-human biota (e.g., through AOP-based approaches) to strengthen their 
translation into population- and function-level consequences; (ii) the definition of 
integrative metrics able to capture ecosystem health and link ecological changes to 
services such as regulation, provisioning and cultural values; and (iii) the acquisition of 
knowledge on ecosystem processes and biodiversity to address critical gaps and 
ensure robust cause–effect chains in realistic ecological contexts (e.g. multi-stress, 
climate change). 

References & recent sources: Strengths of ecosystem services concept for radiation 
protection (Beauquier et al., Radiation Protection Dosimetry 199(8–9):698–704, 2023); 
An Introduction to Ecosystem Services for Radiological Protection (N.E. Martinez, Ann. 
ICRP, 53:246-254, 2024); The system of radiological protection and the UN sustainable 
development goals (Rühm et al., Radiation and Environmental Biophysics 63:469–482, 
2024). 
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IMROH new irradiation facilities as a base for developing Sterile Insect R&D 
Technologies to fight invasive species in Croatia 

Ivica Prlic1, Luka Pavelic1, Nediljko Landeka2, Mateo Jakac2 

1Institute for medical research and Occupational Health, Zagreb, Croatia. 2Teaching Institute for Public 
Health of Istrian County - ISTITUTO FORMATIVO DI SANITÀ PUBBLICA DELLA REGIONE ISTRIANA, Pula, 
Croatia 

The Sterile Insect Technique method - SIT  is a biological tool for control of population of 
insects since no pesticides are to be used. In the new laboratories of the Institute for 
Medical Research and Occupational Health in Zagreb, the supporting research 
equipment for the irradiation of biological samples is being designed, which will be 
followed by design  of modern breeding methods of the selected insect species (the 
Aedes albopictus mosquito). Mosquito egg sterilization requires a high dose rate of X-
ray photon radiation. We will simulate the process on a small sample in order to 
determine the initial conditions and continue the development of instrumentation for 
efficient irradiation. Research will also be conducted at the level of irradiation of the 
cellular structures of mosquito larvae  in order to determine the optimal amount of 
radiation required for the most efficient sterilization of the bred male population (aim for 
100% sterility efficiency of individuals). The Teaching Institute for Public Health of the 
Istrian County, in cooperation with the network of institutes in the Republic of Croatia, is 
working in parallel on a project to grow larvae under controlled laboratory conditions 
with the support of the International Atomic Energy Agency and on methods of 
successfully releasing sterile males into nature. It is extremely important to create 
irradiation protocols, introduce new technologies (eg. photon irradiation with a linear 
accelerator) and accompany all this in a competitive manner with international 
(especially European) efforts to develop non-chemical techniques and methods of 
combating invasive species within the EU. 
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Assessing the long term impact of radiocontamination on wild pollinators in 
Fukushima: Insights from the BEECONECT project 

Olivier Armant1, Béatrice Gagnaire1, Mathieu Lihoreau2 

1ASNR, Cadarache, France. 2CNRS, Toulouse, France 

The long-term ecological consequences of nuclear accidents, such as the Fukushima 
Daiichi disaster, remain insufficiently understood due to the complexity of ecosystems, 
interspecific variations in radiosensitivity, and the challenges of accurately 
reconstructing radiation doses in wild species. Among the organisms potentially 
affected, insect pollinators are critical to both biodiversity maintenance and agricultural 
productivity through their role in plant pollination. This study investigates whether 
chronic environmental radiocontamination can impair cognitive functions in wild 
pollinators inhabiting Fukushima Prefecture. Cognition in pollinators, encompassing 
learning, memory, and spatial navigation, is essential for efficient foraging and colony 
functioning. Disruptions of these behaviors may reduce individual survival, impair 
colony resilience, and ultimately compromise pollination services. To explore this 
relationship, we implemented a novel field-based approach combining ecological 
monitoring with technological innovation. "Connected flowers" (autonomous, sensor-
integrated platforms) were deployed to assess cognitive performance in situ across 
radiation dose gradients in the Fukushima prefecture. This presentation reports the 
methodology and preliminary findings from two field trip conducted in 2023 and 2024 in 
the frame of the BEERAD project (ASNR – INRAE – IER Fukushima, 2022-2025, funded by 
ANR). Our initial data provide evidence that cognitive impairment due to chronic 
radiation exposure may influence pollinator behavior and survival, underscoring 
potential cascading effects on ecosystem services. These findings highlight how 
scalable long-term biomonitoring approaches can help to better assess functional 
impact on natural biota living in contaminated environments. 
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Parallel 12: Emergency Preparedness, Response and Recovery 
(EPRR) frameworks, governance and stakeholder involvement 

Radiation Accidents and Malicious Events with a focus on the Early 
Response Phase 

A. Nisbet1, Volodymyr Berkovskyy2, Yann Billarand3, Peter Bryant4, Brooke Buddemeier5,  Adrienne Ethier6, 
Maren Gruß7, Kerim Jaber8, Zhanat Kenbayeva9, Chunsheng Li10, Jennifer Mosser11 David Sibenaler12 

1. Chair ICRP TG120, UK Health Security Agency (retired), OX11 0RQ, UK 
2. Ukrainian Radiation Protection Institute, Ukraine 
3. French Authority for Nuclear Safety and Radiation Protection (ASNR), France 
4. EDF Sizewell C, UK 
5. Lawrence Livermore National Laboratory, USA 
6. Canadian Nuclear Safety Commission (CNSC), Canada 
7. Federal Office for Radiation Protection (BfS), Germany 
8. OECD Nuclear Energy Agency, Paris 
9. World Health Organisation (WHO), Switzerland  
10. Health Canada, Canada 
11. Environmental Protection Agency (US EPA), USA 
12. Australian Radiation Protection and Nuclear Safety Agency (ARPANSA), Australia 

 

Abstract The International Commission on Radiological Protection (ICRP) Task Group 
120 (TG120) is developing ICRP recommendations for radiological protection for a wide 
range of radiation accidents and malicious events, complementing those given in ICRP 
Publication 146 (2020) for large nuclear accidents. The scope of TG120 includes 
accidents at nuclear facilities and during the transportation of radioactive material, 
inadvertent damage to sealed radiation sources, as well as malicious events, such as the 
use of radiological dispersal devices, the poisoning of targeted individuals, and the 
tactical use of nuclear weapons. The impact of armed conflict across these scenarios is 
within scope. In considering such a wide range of radiation emergencies, the Task Group 
hopes to identify commonalities and to encompass all relevant radiological and non-
radiological factors contributing to, and influencing radiological protection advice and 
criteria.  
 
For radiation emergencies, the Task Group distinguishes between response and recovery 
phases. The response phase is further subdivided into early and late phases. This 
presentation provides an overview of the guidance that has been developed for the early 
response phase, including the application and risks of implementing urgent protective 
actions,  the importance of situational awareness and early assessment, the protection 
of responders, dosimetry and dose assessment, environmental monitoring, 
environmental impact and sustainability. In addition, the role of communication 
strategies and stakeholder engagement are discussed in the context of mental health 
and psychosocial support (MHPSS). Communication challenges in the early response 
phase are further highlighted, with recommendations on what needs to be 
communicated to who, and when. 
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Application of artificial intelligence to reconstruct the distribution of airborne 
radioactive iodine from thyroid measurements and movement profiles 

Oliver Meisenberg1, Mareike Böckel2, Max Friedrich2, Kathrin Meisenberg3, Mattis 
Hartwig2,4 

1Federal Office for Radiation Protection (BfS), Medical and Occupational Radiation Protection, 
Oberschleißheim, Germany. 2singularIT GmbH, Lübeck/Leipzig, Germany. 3Federal Office for Radiation 
Protection (BfS), Emergency Preparedness and Response, Oberschleißheim, Germany. 4German 
Research Center for Artificial Intelligence (DFKI), Lübeck, Germany 

In nuclear emergencies, airborne radioactive iodine can significantly contribute to the 
exposure of the public. For persons that attend an emergency-care centre, this 
exposure is assessed from quick thyroid measurements. Together with an acquisition of 
the movement profiles of these persons, the data can serve as a basis for a 
reconstruction of the spatial and temporal distribution of airborne radioactive iodine in 
the environment. This reconstruction of the distribution poses an inverse problem and 
is the focus of this research. A reliable reconstruction enables exposure assessments 
even for individuals who do not obtain a thyroid measurement. 

A variety of methods of artificial intelligence were investigated regarding their 
applicability to solve the reconstruction problem. Two methods were examined in 
detail: Neural Radiance Fields and Gaussian Splatting. For this purpose, spatial and 
temporal distributions of iodine of different complexity were simulated. Up to 100,000 
movement profiles were generated on several generated road networks with different 
connectedness and different human behaviour. 

It was found that both methods yielded results with acceptable accuracy for a spatial 
resolution of 30x30 sectors over the affected area when at least 25,000 movement 
profiles were evaluated. With a better spatial resolution of 100x100 sectors, the 
accuracy was unacceptably small. Typical errors like erroneous movement profiles or 
thyroid measurement results affected the quality of the reconstruction only little. 

Although the methods cannot be applied stand-alone considering the small achievable 
spatial resolution, they are suitable to enhance the results of methods with higher 
resolution like those of atmospheric dispersion modelling. 
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Emergency preparedness for Small Modular Reactors (SMRs) – the case of 
Sweden 

Åsa Thelander1, Christopher Rääf2, Kristina Stenström3, Åsa Ek4, Henrik Rahm5 

1Department of Communication, Lund, Sweden. 2Medical Radiation Physics, Malmö, Sweden. 3Particle 
and nuclear physics, Lund, Sweden. 4Ergonomics and Aerosol Technology, Lund, Sweden. 5Language, 
literature and inter cultural, Karlstad, Sweden 

Small modular reactors (SMRs) have become part of the solution for future fossil-free 
energy systems. Compared to traditional nuclear power plants (NPPs), risks are 
different and additional actors are involved. The aim of this paper is to analyse key 
actors’ understanding of emergency preparedness for SMRs in Sweden. Emergency 
preparedness is an active, continuous and integrated process involving abroad 
spectrum of actors. It is based on how actors make sense of this process and 
understand issues and events. Often it involves coordination and cooperation between 
organisations. Therefore, we ask 1) how key actors make sense of SMRs and their role in 
emergency preparedness and 2) How stakeholders prepare for cooperations with other 
key stakeholders? To this end, 20 qualitative interviews have been conducted with key 
stakeholders involved in emergency preparedness of SMRs, if introduced in the energy 
system. Preliminary results show that the actors have high expectations on SMRs. 
Geopolitical tensions, and conflict-related discourse—particularly regarding war 
preparedness—tend to overshadow consideration of radiological risks. Emergency 
preparedness and particularly radiological protection is projectizised, particularly by 
new stakeholders. Hence, a broad culture of preparedness involving early engagement 
of organizations and approaching radiological protection as an integral part of the 
strategic thinking around SMRs is missing so far. Radiological protection and emergency 
preparedness is merely seen as an activity that can be organised and structured later in 
the development process, and the implications of this need to be followed in the future. 
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Beyond EPZs: Nuclear Emergency Management Frameworks when using Site 
Boundary Emergency Planning Zones 

Luke Lebel, David Hummel 

Canadian Nuclear Laboratories, Chalk River, Canada 

Adapting emergency management programs to the risk profile of small modular 
reactors, while ensuring that they still meet necessary safety objectives as part of the 
fifth level of defence in depth, is a key pillar in the responsible deployment of these 
technologies. This study proposes an alternative framework to the IAEA’s publication on 
public protective actions (EPR-NPP-PPA 2013) that would have an appropriately graded 
approach for low-risk power reactor facilities, essentially exploring what the emergency 
preparedness and response framework would look like if the necessary size of an 
emergency planning zone (EPZ) was determined to be within the site boundary. The 
fundamental assertions in this proposed site boundary EPZ approach are: 

Even following a bounding emergency, there would be no areas off-site where 
individuals would receive doses high enough or soon enough that urgent protective 
actions would be required. 

Dose measurement systems would be in place to confirm that no urgent protective 
actions are required. 

Early protective actions aimed at averting doses over the longer term are not excluded, 
and would be triggered by off-site dose measurements. 

The proposed approach would be measurement-driven, and relies on reacting to known 
conditions. Operational intervention levels (OILs) would be the primary trigger for 
response actions. A case study that uses potential events at a generic pebble bed high 
temperature gas reactor is performed to show the potential source term and off-site 
consequences, develop technology-specific OILs, and show how different non-urgent 
protective actions can be triggered with measurements exceeding OIL values. 
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Enhancing Talent Competences in Radiation Protection and RN Emergency 
Management through a Novel Risk Assessment Methodology within the 
SPARKUP Framework 

Andrea Malizia1, Riccardo Quaranta1, Alba Iannotti2, Colomba Russo2, Pasquale 
Gaudio2 

1Department of Biomedicine and Prevention, University of Rome Tor Vergata, Rome, Italy. 2Department of 
Industrial Engineering, University of Rome Tor Vergata, Rome, Italy 

Radiological and nuclear (RN) threats are becoming increasingly complex, particularly 
in the Southern Central and Eastern European (CEE) region, where geopolitical tensions 
such as the ongoing conflict in Ukraine exacerbate vulnerability. The EU-funded 
SPARKUP project responds to this context by enhancing regional preparedness through 
talent development and cross-sectoral collaboration in research and innovation. This 
contribution presents the integration of a novel Building Risk Assessment Methodology 
(BRAM) into SPARKUP’s upskilling strategy. Originally developed for CBRNe (Chemical, 
Biological, Radiological, Nuclear, and explosive) scenarios, BRAM provides a structured 
approach to evaluating threats and vulnerabilities at the infrastructure level. It is 
designed to support both training and operational planning, making it ideal for the 
development of practical competencies in radiation protection and RN emergency 
management. Deployed through SPARKUP’s Center of Excellence in Serbia, BRAM 
serves as a tool for capacity-building among early-career and senior researchers alike. 
Its application within radiation protection curricula and emergency exercises ensures 
the translation of theory into practice, while encouraging stakeholder engagement and 
the integration of social science perspectives. Two case studies—focused on 
radiological and nuclear threats—will be discussed to illustrate BRAM’s use in real-
world scenarios, including how it supports risk prioritization and preparedness planning 
for critical infrastructures. By embedding BRAM into SPARKUP’s training framework, the 
project not only boosts employability and talent retention within Europe but also 
strengthens the region’s resilience against RN emergencies through actionable, 
science-based methodologies. 
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Citistra: Credible public groups for citizen radiation monitoring 

Ivana Fojtíková1, Jiří Hůlka1, Marie Davídková1, Renata Kierepko2, Igor Gomola3 

1National Radiation Protection Institute, Prague, Czech Republic. 2Institute of Nuclear Physics Polish 
Academy of Science, Krakow, Poland. 3Slovak Medical University in Bratislava, Faculty of Public Health, 
Bratislava, Slovakia 

Within PIANOFORTE CITISTRA project (Citizen measurements as complementary 
radiation monitoring strategy in threats due to armed conflict or natural disasters) a 
sociological survey aimed at identifying trusted public groups has been organised. The 
survey was conducted in all three participating countries of the CITISTRA project - 
Czechia, Slovakia and Poland. More than 1,000 respondents were interviewed in each 
country. Each survey was conducted in the native language of the participating country. 
The goal was to identify target groups credible for carrying out citizen radiation 
measurements. 

The amount of collected data is very extensive and in-depth analysis will be performed. 
The first results obtained from the questionnaire clearly demonstrate that the most 
trusted professional groups in all three countries are firefighters and the rescue 
services. These groups are not only perceived as trustworthy, not only in general, but 
also in the context of an emergency situations and as a source of up-to-date radiation 
data. In an emergency situation, including radiation emergency situations or armed 
conflict, no channel should be left overlooked for reliable information. Radio 
broadcasts, local broadcasting and SMS alert systems have been identified in general 
as a trusted source of information and play a special role. 
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Parallel 13: Deep underground labs in low dose studies 

Deep Underground Laboratories as multidisciplinary Research Infrastructures 

Aldo Ianni 

 

Presently, 12 Deep Underground Laboratories (DULs) around the world are in operation 
and one is in a design phase. DULs are research infrastructures with a rock overburden 
greater than 600 m. The rock overburden reduces significantly the environmental 
background due to ionizing radiation from cosmic rays, opening the opportunity to search 
for very rare events, such as extreme low probability nuclear processes and dark matter 
interactions.  
 
Initially, DULs were conceived to study muons from cosmic rays underground, neutrinos 
from the Sun, neutrinos from the atmosphere, and in general rare processes in particle 
physics. In the last two decades the research activity in DULs enlarged to include 
geophysics and biology. In fact, the peculiar environment in DULs offers unique 
opportunities for studies in geophysics, biology, and gravitational waves detection. 
Connections between DUL enhance the research opportunities, considering that 
between DULs there are differences in terms of depth, overburden material, radon level 
underground, and surface profile. DULs are equipped with facilities to support research 
activities, such as radio-purity assay instrumentations, chemistry laboratory, workshop, 
cryogenics equipment, ultra-low temperature set-ups, clean rooms, and radon-free 
environments. In this talk a review of DULs is presented and details on facilities and 
connections are reported to support and stimulate further discussions on low-dose 
research applications in the context of the ERPW 2025 meeting. 
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Bioscience at Boulby Underground Laboratory: an overview 

Julia Puputti, STFC Boulby Underground Laboratory 

The Boulby Underground Laboratory (BUL) is the UK’s deep underground science facility 
located in north-east of England, 1.1 km below the surface in the Boulby Mine, an active 
polyhalite mine owned by Israeli Chemicals Limited (ICL Boulby).  

The search for dark matter is what motivated the establishment of Boulby lab in 1988, 
because with an overburden of 2805 meters water equivalent, the cosmic radiation is 
decreased by a factor of 10E6, making BUL one of a few underground laboratories 
around the world suitable for experiments requiring low background radiation 
conditions. The Boulby lab benefits from exceptionally low background radiation due to 
the surrounding salt rock's minimal radionuclide content—around 0.1 ppm of uranium 
and thorium, and 1,130 ppm of potassium. Radon levels are also low, averaging just 2.4 
Bq/m³.  

The facility has expanded both in size and in the range of studies and experiments 
conducted there, from materials screening and nuclear monitoring to technology R&D 
and analog space exploration. Most recent is the interest from the bioscience 
communities, for whom the naturally low levels of background radiation provide both an 
exceptionally quiet environment in which to conduct experiments and a unique 
opportunity to investigate the effects of such conditions on cellular organisms.  

We will give a summary of the Boulby underground laboratory and environment, and the 
past, present and future of our biosciences programme.  

The Boulby lab is funded and operated by the Science and Technologies Facilities 
Council (STFC) operating under the United Kingdom Research and Innovation.   
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Do cosmic radiations act as eustress for cell functions? Preliminary findings 
from the Gran Sasso underground laboratories 

Nicola Alessio, Domenico Aprile, Giovanni Di Bernardo, Umberto Galderisi 

Luigi Vanvitelli Campania University, Naples, Italy 

The natural background of cosmic and terrestrial radiation has been a constant 
environmental factor throughout evolution, potentially shaping cellular stress response 
mechanisms. To investigate the effects of extremely low radiation environments (LRE) on 
human cells, we conducted a 15-day culture experiment using human mesenchymal 
stem/stromal cells (hMSCs) and differentiated fibroblasts. The choice of these two 
cellular models allows us to compare the responses of stem and differentiated cells, 
which may differ substantially. hMSCs, being essential for tissue renewal and organismal 
homeostasis, represent a key target to understand how low-radiation conditions could 
affect regenerative capacity, while fibroblasts provide a model of terminally differentiated 
cells to contrast adaptive mechanisms across distinct cellular states. 

Experiments were performed in the Gran Sasso National Laboratory, where incubators 
were further shielded with lead to reduce cosmic radiation exposure. As a control, 
parallel cultures were maintained in conventional laboratory conditions above ground. 
Samples were collected at 3, 7, and 15 days for analysis of reactive oxygen species (ROS), 
proliferation, and planned assessment of DNA damage, apoptosis, senescence, 
mitochondrial oxidative metabolism, and dynamics of mitochondrial biogenesis, fission, 
and fusion. 

Preliminary results reveal a transient increase in ROS levels at 3 and 7 in cells cultured 
under LRE, followed by a decline at 15 days. Proliferation assays demonstrate a marked 
reduction in cell growth at 15 days, suggesting a progressive slowdown of the cell cycle. 
Interestingly, this growth arrest does not appear to be mediated by canonical p53 or Rb1 
pathways, indicating alternative regulatory mechanisms. These findings are consistent 
with previous reports in prokaryotic and eukaryotic models, which suggest that the 
absence of background radiation may attenuate basal activation of redox-sensitive 
transcriptional programs, such as the Nrf2/Keap1 pathway, leading to transient 
dysregulation of antioxidant defenses and adaptive responses. 

The temporal pattern observed, initial ROS elevation followed by partial recovery, 
supports the hypothesis that cells respond to low radiation exposure as a form of mild 
environmental stress, with subsequent metabolic and proliferative adjustments. 
Ongoing experiments aim to characterize the extent of DNA damage, the activation of 
apoptotic and senescence pathways, and alterations in mitochondrial function and 
dynamics, including oxidative phosphorylation rates and mitochondrial network 
remodeling. These analyses will provide insight into the interplay between low radiation 
environments, redox homeostasis, and cellular adaptation mechanisms. 
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Understanding how human cells respond to environments with drastically reduced 
radiation has broad implications for long-term space missions, deep underground 
laboratory research, and the fundamental role of low-dose radiation in shaping cellular 
homeostasis. Our study contributes novel data from primary human cell models, 
highlighting the complex adaptive responses elicited by the near absence of cosmic 
radiation. 
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Deep Underground Radiobiology: Cellular and Molecular Effects on the Immune 
System 

Daniele Di Chio1, Valentina Dini1, Valentina Tirelli2, Serena Cecchetti2, Felicia Grasso3, 
Pasquale Anello4, Francesco Berardinelli5, Federica Barbato5, jessica marinaccio5, 
valeria conte6, patrizia morciano7, giorgio baiocco8, antonella sgura5 
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8Dipartimento di Fisica, Università degli Studi di Pavia e INFN, Pavia, Italia, pavia, Italy 

In recent years, radiobiological studies at radiation doses below 100 mSv and dose 
rates under 0.1 mSv/min have uncovered complex responses that challenge the 
traditional linear no-threshold (LNT) model. Deep Underground Laboratories (DULs) 
play a crucial role in this research by providing environments with reduced natural 
radiation backgrounds, mainly due to their shielding from cosmic rays. Among these, 
the Laboratori Nazionali del Gran Sasso (LNGS), located within the Gran Sasso 
mountain, offers an exceptional setting for studying cellular responses to low radiation 
exposure. Its unique geological composition and advanced ventilation system 
effectively shield cells from cosmic radiation and neutrons, enabling precise low-dose 
experiments. 

Research at LNGS focuses on the molecular and cellular pathways involved in the 
innate immune response, specifically examining HaCat and HL60 cells cultured under 
reduced radiation conditions for periods between 15 and 60 days. The molecular 
investigation centers on the cGAS-STING pathway, a critical sensor of cytosolic DNA 
that activates innate immunity following radiation-induced DNA damage. At the cellular 
level, studies assess HL60 cells’ ability to differentiate and perform immune functions. 

Preliminary findings reveal that reduced radiation exposure at LNGS induces distinct 
modulations in the cGAS-STING pathway, suggesting that lower environmental radiation 
can influence intracellular immune regulation. Additionally, differentiated HL60 cells 
show a different phenotypic profile and functional capacity under these 
conditions. Overall, these insights provide valuable understanding of how altered 
radiation microenvironments affect molecular and cellular mechanisms, with potential 
implications for biomedical research and therapeutic strategies. 
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Parallel 14: Radiation protection for novel molecular imaging and 
therapies 

Endothelial dysfunctions in GI radiotoxicity: Impact in hypofractionated 
radiotherapy 

François Paris 

Centre de recherche en Cancérologie Immunologie intégrées Nantes-Angers, Inserm, Nantes Université, 
Nantes, France 

In conventional radiotherapy, the dose is generally divided into fractions of 2 Gy per day 
over several weeks. However, advances in physics and medical imaging over the past 20 
years have revolutionized the clinical practice of radiotherapy by enabling higher doses 
(up to 15 Gy) to be administered to tumors in fewer fractions. These new 
hypofractionated radiotherapy strategies, including IGRT, stereotactic radiotherapy, 
IMRT, and proton therapy, pose both scientific and societal challenges in terms of 
radiobiology and patient radiation protection due to changes in dose distribution in 
healthy peritumoral tissues. 

For example, patients with abdominal or pelvic malignancies treated with high doses of 
ionizing radiation may develop radiation-induced gastrointestinal (GI) syndrome, a 
severe acute radiotoxicity. Traditionally, this syndrome has been attributed solely to 
dysfunction of intestinal stem cells (ISCs) or clonogens. When clonogen loss causes 
the collapse of the crypt–villus unit, the survival of some ISCs is sufficient to support 
regeneration of the damaged gut epithelium. However, we and others have challenged 
this single-cell-target model, proposing instead a more complex multi-target 
mechanism. Specifically, high radiation doses induce apoptosis of microvascular 
endothelial cells, creating a primary lesion that drives stem cell dysfunction, crypt 
damage, villus denudation, organ failure, and ultimately death from GI syndrome. 
Notably, this apoptosis is independent of radiation-induced DNA damage and instead 
results from sphingomyelin hydrolysis through Ceramide by the activation of acidic 
sphingomyelinase (ASM). We further demonstrate that irradiated endothelial cells can 
trigger apoptosis and cell-cycle arrest in non-irradiated intestinal epithelial cells 
through paracrine signaling, independent of direct cell–cell contact. Using cellular, 
organoid, and murine models, we identify secreted ASM and ceramide as key mediators 
of this bystander effect. 

These findings highlight a previously underappreciated role of endothelial-derived 
sphingolipids in driving intestinal toxicity and suggest that targeting the ASM/ceramide 
axis may provide a therapeutic strategy to mitigate GI side effects of radiotherapy.  
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Machine Learning-Based prediction of ERR/Gy for metastatic solid cancer in the 
colon and rectum following low dose rate iodine 125 brachytherapy for prostate 
cancer 

Mariem Chouchen1, Christophe Badie2, Chamseddine Barki1, Yasser Maghrbi3,  Nora 
Hocine4, Halima Mahjoubi5, Hanene Boussi Rahmouni1.  

1: University of Tunis el Manar, The Higher Institute of Medical Technologies of Tunis, Research Laboratory 
of Biophysics and Medical Technologies, Tunis 1006, Tunisia. 2: Radiation Effects department Centre for 
Radiation Chemicals Climate and Environmental hazards (CRCCE ) UK Health Security Agency Harwell 
Campus Chilton, Didcot OX11 0RQ Oxfordshire United Kingdom. 3: Université Côte D'Azur, 06100, Nice, 
France.  4: Institute for Radiological Protection and Nuclear Safety (IRSN) | IRSN · LEDI - Laboratory for 
Internal Dose Assessment, France.  5: Research Laboratory of Biophysics and Medical Technologies, The 
Higher Institute of Medical Technologies of Tunis, Tunis 1006, Tunisia. 

Prostate cancer can be treated with low-dose-rate iodine-125 brachytherapy. This type 
of treatment has a good toxicity profile, particularly in the case of the development of a 
radiation induced metastatic solid cancer. In this case, artificial intelligence tools are 
employed to compute these risks.  In this context, our study aims to develop a machine 
learning algorithm to predict the Excess Relative Risk per unit of absorbed dose 
(ERR/Gy) for developing radiation induced metastatic solid cancer in the colon and/or 
rectum (CRC-RIMSC) after low-dose-rate iodine-125 brachytherapy for prostate cancer. 
For this reason, we have developed a Gaussian regressor algorithm with a kernel 
function. This model is accompanied by a robust normalization and additive white 
Gaussian noise using Whitekernel. Our results demonstrate that our algorithm improves 
exceptional performance (R2 score = 0.99, mean squared error= 0.001). Our results 
show a strong Spearman correlation between the dose received by the colon and the 
ERR/Gy for CRC-RIMSC. As well as a strong inverse correlation between the age at 
which the patient undergoes the brachytherapy and their current age. This suggests that 
the radio sensitivity of colon or rectal cells decrease with the age. In conclusion, this 
study provides an excellent analysis of ERR/Gy for CRC-RIMSC following low-dose-rate 
iodine-125 brachytherapy for prostate cancer. This study offers a complementary 
solution to help radiotherapists and clinicians assess the risk of developing a CRC-
RIMSC using clinical and dosimetric datasets. 

Keywords: Brachytherapy; Excess Relative Risk, Machine Learning; Prostate Neoplasm; 
Radiotherapy. 
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Optimizing Benefit/Risk Ratio in Breast Cancer Diagnosis and Radiotherapy: 
Identifying Molecular, Cellular and Imaging Signatures of Breast Cancer 
Heterogeneity to Improve Personalized Therapeutic Strategies for Synergistic 
Treatment Combinations. 

Katalin Balázs, Balázs Gyebrovszki, Katalin Lumniczky, Géza Sáfrány 

National Centre for Public Health and Pharmacy, Budapest, Hungary 

Introduction: Breast cancer (BC) is a common malignancy in women worldwide. Early 

detection improves outcomes, but many cases are diagnosed at advanced stages. Its varied 

molecular subtypes lead to different therapy responses and recurrence risks, making 

management more challenging. 

Aims: The aims of this project are to improve benefit/risk ratio of BC patients by identifying 

patients with a predicted favourable response to combined therapy and to develop new 

imaging modality with increased diagnostic potential and reduced radiation exposure. 

Methods: We characterized the molecular landscape of a large panel of HER2+/HER2- and 

triple negative BC cell lines. We investigated relevant aggressiveness, immune checkpoint 

and TLR receptors and compared radiation-induced changes. To investigate the role of 

extracellular vesicles (EV) in transmitting key immunogenicity markers, EV-yield, size and 

cargo analysis is underway. 

Results: The cancerous status highly increased the expression level of TLR7, TLR8, PD-L1, 

CD39 receptors and the presence of CD24+CD44+ stem cells compared to control mammary 

epithelial cells (MCF10A). The acute effect of 2Gy irradiation was most pronounced in 

HCC1187 cell line with increased expression level of TLR4, CD39, ICAM3, Ki67 and 

Cytokeratin markers. EV-yield changed unevenly in the investigated cell lines upon 

irradiation. 

Conclusion: Current results demonstrate that different BC cells exhibit distinct molecular 

patterns and varying aggressiveness, responding differently to acute radiation, which may 

play a crucial role in guiding both therapeutic decisions and diagnostic accuracy. 

This work has received funding from the EURATOM research and training programme 2022-

2027 in the framework of PIANOFORTE under grant agreement No.101061037. 
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Parallel 15: Fundamental concepts in radiation dosimetry 

Toward improved understanding of the spatial correlations of radiation 
Interaction events 

Hans Rabus 

Physikalisch-Technische Bundesanstalt (PTB), Braunschweig and Berlin, Germany 

Microdosimetry and nanodosimetry are fields of radiation metrology studying the 
spatial correlations of energy transfer points in radiation fields and the associated 
stochastics of radiation interaction at the microscopic level. While the fundamental 
concepts of microdosimetry were originally laid down in ICRU Report 36 [1], the 
recently published ICRU Report 98 [2] provided an update of the state of the art 
including developments such as nanodosimetry. The key radiation quantities 
considered in the two fields are stochastic in nature, and the information determined by 
experiments or simulation studies is the frequency distributions of these quantities. (In 
microdosimetry, of the lineal energy, in nanodosimetry, of the ionization cluster size.) 

Conventional microdosimetry and nanodosimetry relate to radiation quantities scored 
in a single target, called the site. The obtained frequency distributions characterize the 
three-dimensional spatial distributions of energy transfer points (the track structure) by 
its effects at a given location. Since biological radiation effects also are determined by 
the interactions between damages at different locations along the DNA molecule, 
correlations between ionization clusters in two sites in proximity have been used in a 
radiophysical model based on nanodosimetry [3,4] and measured in corresponding 
experimental studies [5-7].  

Such correlations are mainly induced by the tracks (or spurs) of low-energy electrons 
(energies below 10 keV). Data produced within an exercise investigating the influence of 
different low-energy electron cross-section datasets used in different simulation codes 
[8], conducted by EURADOS task group 6.2 “Computational micro- and 
nanodosimetry”, have been proposed to study the correlated production of ionization 
clusters in electron tracks. First results will be shown during the presentation.  

 

[1] J. Booz et al., “ICRU Report 36: Microdosimetry,” J. ICRU os-19, iii–119 (1983). 

[2] L. A. Braby et al., “ICRU Report 98, Stochastic Nature of Radiation Interactions: Microdosimetry,” J. ICRU 23, 1–168 (2023). 

[3] U. Schneider et al.,“A model of radiation action based on nanodosimetry and the application to ultra-soft X-rays,” Radiat. Environ. 
Biophys. 59, 439–450 (2020) 

[4] S. A. Ngcezu and H. Rabus, “Investigation into the foundations of the track-event theory of cell survival and the radiation action 
model based on nanodosimetry,” Radiat. Environ. Biophys. 60, 559–578 (2021). 

[5] M. Pietrzak et al., “Measurements of spatial correlations of ionisation clusters in the track of carbon ions - First results,” Radiat. 
Prot. Dosim. 180, 162–167 (2018). 
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[6] G. Hilgers and H. Rabus, “Correlated ionisations in two spatially separated nanometric volumes in the track structure of 241Am 
alpha particles: Measurements with the PTB ion counter,” Radiat. Phys. Chem. 176, 109025 (2020). 

[7] G. Hilgers et al., “Correlated ionisations in two spatially separated nanometric volumes within the track structure of 241Am alpha 
particles: comparison with Monte Carlo simulations,” Radiat. Phys. Chem. 201, 110488 (2022) 

[8] C. Villagrasa et al., “Evaluation of the uncertainty in calculating nanodosimetric quantities due to the use of different interaction 
cross sections in Monte Carlo track structure codes,” arXiv:2502.11991 [physics.med-ph] (2025). 

  



 

78 
 

Comparison of Conversion Coefficients for Current and ICRU Report 95 

Operational Quantities from Energy Spectra Measured in Low-Energy Photon 

Fields 
Ema Sasaki1, Junya Ishii2, Masahiro Kato2, Tadahiro Kurosawa2, Jun Moriizumi1 

1Secretariat of Nuclear Regulation Authority, Tokyo, Japan. 2National Institute of 
Advanced Industrial Science and Technology, Tsukuba, Japan 

Abstract 

The photon energy spectra at an actual workplace related to low-energy photon fields were 

measured to investigate the effect of the newly defined operational quantities by the 

International Commission on Radiation Quantities & Units (ICRU) on dose assessment. 

ICRU Report 95, published in 2020, defines new operational quantities for external exposure 

to provide measurable quantities and acceptable estimates of the protection quantities. The 

current operational quantity, Hp(10), significantly overestimates the effective dose for low-

energy photon radiation (Ep < 70 keV) fields, such as IVR treatment fields, thereby possibly 

not providing an appropriate estimate of the protection quantity. 

IVR treatment is predominantly performed because of its minimal burden on patients. 

However, it would involve higher physician exposure and requires appropriate dose control 

to prevent radiation injury. The dose assessed based on operational quantities should be 

conservative yet close to the effective dose, as physicians cannot perform IVR after reaching 

the dose limit. ICRU Report 95 proposed significant changes in the definition of operational 

quantities, enabling a conservative assessment but close to the corresponding protection 

quantities. 

The study investigated the usefulness of the new operational quantities and the effect of 

changes in the definitions on dose assessment for low-energy photon fields. The energy 

spectra of scattered X-ray by a Polymethyl methacrylate (PMMA) phantom as a substitute for 

patients were measured using a CdZnTe semiconductor detector at an IVR treatment facility 

at Nagasaki University Hospital. The assessment of conversion coefficients for current and 

new operational quantities was then conducted using the spectra. 
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Use of gold nanorods for optimization purposes in Nuclear Medicine: an in vitro 

study on human Glioblastoma cells 
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5Nuclear Medicine Unit, Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, 
Italy. 6Nuclear Medicine Unit, Fondazione Policlinico Universitario A. Gemelli IRCCS, 
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8Department of Industrial Engineering, University of Padova, Padova, Italy 

Abstract 

In recent years, oncological radiotherapy has made significant technological advances; the 

critical need to minimize radiation-induced damage to healthy tissues remains a central 

concern. In this context, patient radiation protection plays a key role, calling for highly 

selective and localized therapeutic strategies. The use of nanomaterials functionalized with 

radiopharmaceuticals represents a promising approach aiming to reduce adverse radiation 

effects and optimizing the radiation treatments. Gold nanorods (AuNRs) conjugated with the 

gamma-emitting isotope technetium-99m (Tc-99m) offer a dual benefit: precise delivery of 

radiation to the target site and Auger electron emission, whose short range allows cytotoxic 

effects to be confined within tumor cells. Furthermore, the interaction between emitted 

photons and gold can trigger additional secondary Auger electron emissions, enhancing 

therapeutic efficacy without increasing the delivered dose. In this study, we simulated the 

effects of Tc-99m on human glioblastoma cells (T98G line), using an external gamma 

radiation source (Cesium-137), aiming to assess radiation-induced effect at metabolic and 

cellular level by means of MR Spectroscopy and cell viability test. The preliminary results, of 

cell survival, suggest enhanced toxicity when radiation is combined with AuNRs. Levels of 

mobile lipids and glutathione (GSH) in MR spectra show more relevant changes after the 

combined treatment (radiation+AuNRs) with respect to the control sample spectra in 

comparison with only radiation or only AuNR treatments. These results will provide the basis 

for the next phase, which involves the functionalising AuNRs with peptides designed to enter 

the nucleus to maximise cytotoxicity locally and reduce side effects to healthy tissue. 
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Interlaboratory Comparison of the Cytokinesis Block Micronucleus Assay within 

the Czech Biodosimetry Network 
Jakub Vavra1, Johana Alaverdyan1, Artur Sergunin1, Daniela Ekendahl1, Zuzana 
Sinkorova2, Marcela Milanova2, Oldrich Zahradnicek3 
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Hradec Kralove, Czech Republic. 3Nuclear Physics Institute, Prague, Czech Republic 

Abstract 

Ionizing radiation increases the frequency of chromosomal acentric fragments that are not 

incorporated in the daughter nuclei upon cellular karyokinesis forming so called micronuclei. 

The cytokinesis block micronucleus assay (CBMN) aims to determine the dose based on the 

frequency of micronuclei within the binucleated peripheral blood lymphocytes. However, 

the sample processing and data analysis within CBMN are relatively time-consuming leading 

to the necessity of interlaboratory cooperation upon radiation mass casualties. 

The aim of this study was to conduct an interlaboratory comparison among three Czech 

biodosimetry laboratories (National Radiation Protection Institute, University of Defence, 

Nuclear Physics Institute) regarding the dose estimation by CBMN. Specifically, the blood 

samples from 2 healthy donors with no previous radiation exposure were irradiated by three 

different doses using the linear accelerator (1.4 MeV X-ray beam) located at the Motol 

University Hospital in Prague. Following that, the blood samples were incubated at 37 °C for 

2 hours and then distributed into the respective laboratories to estimate the doses by CBMN 

based on their internal protocols. The results obtained were compared with reference doses 

and within each other to identify and discuss further potential improvements regarding the 

implementation of CBMN. Altogether, the study proved the possibility of mutual 

interlaboratory cooperation allowing to increase the throughput in the personal dose 

estimation by CBMN. 

Supported by the grant VK01020052 “Complex of methods of biological and physical 

retrospective dosimetry for radiation emergency” from the Ministry of the Interior of the 

Czech Republic. 
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standardizing statistical analysis in biological dosimetry 
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Abstract 

Biodosetools is an open-source software developed by members of the RENEB association. It 

is designed to become the primary resource for performing dose and uncertainty 

assessment and to provide a statistical toolbox for biological dosimetry laboratories 

worldwide. The software provides graphical user interfaces (GUIs) and enables standardized 

statistical evaluations in the field of biological dosimetry. The application is built using the R 

programming language and Shiny as the framework for delivering a user-friendly online 

solution. By being open-source, Biodosetools allows users to contribute improvements, 

address new challenges, and expand its functionality in a collaborative environment. 

Since its initial release, new needs have arisen, prompting the development of additional 

modules for dicentric analysis to extend the application’s capabilities and address emerging 

challenges in biological dosimetry. Recent updates include a new criticality accident module 

for dose estimation in case of combined gamma and neutron radiation, such as nuclear 

detonations. The dose estimation module now includes the possibility for the simultaneous 

analysis of multiple samples, reducing the processing time for large-scale scenarios and 

interlaboratory comparisons (ILCs). Another major update is the new characteristic limits 

module that calculates decision thresholds and detection limits, as required by ISO 19238 

standards. Finally, the new version includes an ILC module that automates and facilitates the 

comparison of dose estimation results between participants of an ILC. The updated version 

of Biodosetools not only ensures consistent and standardized estimation of doses and the 

corresponding uncertainties, but also the necessary tools to routinely evaluate the 

performance of biological dosimetry laboratories. 
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Parameter uncertainty analysis of the committed equivalent lung dose 

coefficient for the inhalation of uranium ore dust in underground uranium 

mines. 
Thomas Makumbi 

Karlsruhe Institute of Technology (KIT), Eggenstein-Leopoldshafen, Germany 

Abstract 

Abstract 

This study examines the uncertainties associated with the committed equivalent lung dose 

coefficient when inhaling uranium ore dust in underground mines. Two occupational 

scenarios were analysed: Job 1 (wet drilling with good ventilation) and Job 4 (dry drilling 

with poor ventilation). Monte Carlo simulations were used to quantify uncertainties, 

incorporating updated biokinetic models from the International Commission on Radiological 

Protection (ICRP) and literature-based probability distributions. Although the levels of 

uncertainty were similar for both scenarios, Job 4 yielded higher dose coefficients. These 

coefficients followed lognormal distributions, with geometric means of 3.08E-02 mSv/ 

(kBqh/m³) for Job 1 and 4.35E-02 mSv/ (kBqh/m³) for Job 4. Within the lungs, the alveolar-

interstitial region exhibited the highest uncertainty, while bronchiolar secretory cells 

received the greatest radiation exposure. The kidneys were the most affected systemic 

organs. Sensitivity analysis identified particle transport parameters as the dominant 

contributors to dose uncertainty. These results highlight the importance of enhanced 

ventilation, stricter air quality standards and improved personal protective equipment in the 

uranium mining industry. This research supports multiple Sustainable Development Goals 

(SDGs): SDG 3 (good health and wellbeing), SDG 7 (affordable and clean energy), SDG 12 

(responsible consumption and production) and SDG 13 (climate action) by promoting safer 

and more sustainable uranium extraction practices. Ultimately, this study provides valuable 

insights to help improve radiation protection guidelines and advance the development of 

sustainable nuclear energy. 

Keywords: Uranium ore, inhalation, uncertainty analysis, sensitivity analysis, committed 

equivalent lung dose coefficient, underground mines. 
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BIOMARKERS OF RADIATION EXPOSURE IN NUCLEAR MEDICINE 

TECHNOLOGISTS 
Irene Mbutu-Austin1,2, Elizabeth Ainsbury2, Stephen Barnard2, Jayne Moquet2, Samantha 
Terry1 
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United Kingdom 

Abstract 

Introduction 

The risks of chronic low dose radiation exposure in Nuclear Medicine Technologists (NMTs) 

are poorly understood. This project seeks to identify evidence of DNA and chromosome 

damage from radiation exposure in blood samples of NMTs, in order to further explore the 

potential risks for individuals in these roles. The project is driven by concern within the NMT 

community, and workshops have been set up with NMTs located across the UK to facilitate 

direct stakeholder involvement. 

Methods 

Blood samples were collected from technologists before and after an injection of a 

radioactive tracer and from age and sex matched controls. The number of baseline DNA 

double strand breaks was counted by immunofluorescent staining for γH2AX, a marker of 

DNA damage. 

Blood samples from technologists and controls were also cultured and scored to determine 

the frequency of dicentrics, as a well-established marker of radiation damage. 

Results 

Initial γH2AX results show a slight but non-significant increase in foci between controls and 

technologists. There’s a significant increase in foci between controls and technologists after 

administering a radioactive tracer.  

There was a slight but non-significant increase in mean dicentric chromosomes per 100 cells 

between technologists and controls. 

Conclusion 

The study will increase our understanding of how chronic low dose radiation exposure 

impacts NMTs, for example whether chronic radiation changes how radiation damage is 

formed and repaired in technologists. The outcomes will inform working practices to 

improve the health and wellbeing of NMTs, including through updated policy guidance. 
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Abstract 

Quinazoline derivatives inhibit the Epidermal Growth Factor Receptor (EGFR) and are widely 

used in targeted cancer therapy for tumors overexpressing the receptor. Some of these 

drugs have been reported to act as radiosensitisers.The purpose of this study was to 

evaluate the anticancer and radiosensitising activity of two novel quinazoline compounds 

(C1, C2). 

The anticancer activity was evaluated using the MTT assay and the Western Blotting 

technique. The radiosensiting activity was assessed using the clonogenic assay. In order to 

elucidate the mechanisms underlying the radiosensitising effect, flow cytometry was used as 

well as cytogenetic methods, such as the G2chromosomal radiosensitivity assay. 

Both compounds exhibit cytotoxicity with IC50 values 2.9±0.3μΜ and 1.5±0.7μΜ and have 

the ability to target EGFR.Only C2 has a radiosensitising effect at radiation doses higher or 

equal to 4Gy. It also induces G0/G1 cell cycle arrest. The chromatid aberrations/cell after 

irradiation in the presence of C2 or ATM/ATR inhibitor are 4.66±0.06 and 8.62±0.88 

respectively, showing that its radiosensitising effect is not a result of the G2/M checkpoint 

abrogation and does not affect the G2 repair mechanism (mainly Homologous 

Recombination). The excess acentric fragments/cell in cells irradiated in G1-phase are 25.9% 

higher in the presence of C2 than radiation alone, showing that the compound affects the G1 

repair mechanism (most probably Non Homologous End Joining). 

Further studies are needed to clarify the range of conditions promoting radiosensitisation 

and to delve deeper into the mechanisms involved. These promising results encourage the in 

vivo studies. 
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Biokinetic Modeling of Radon and Progeny during Pregnancy for Fetal Dose 

Assessment 
Aemilie Degenhardt, Vladimir Spielmann, Augusto Giussani 

BfS, Munich, Germany 

Abstract 

This study was conducted within the framework of the RadoNorm project. The aim was to 

estimate fetal exposure resulting from maternal inhalation of ²²²Rn and its short-lived 

progeny (Po, Bi, Pb) during pregnancy. The analysis focused on developing compartmental 

biokinetic models to describe the behavior of these radionuclides in the fetus, including 

placental transfer and organ-specific distribution. The pregnancy models were based on 

existing ICRP systemic models for adult female, modified to incorporate fetal compartments 

relevant for radiation protection. These fetal compartments were linked to the maternal 

model via the placenta to simulate maternal-fetal exchange. Radon gas transfer was 

assumed to occur by passive diffusion, while transfer of progeny was modeled using 

literature data, particularly from Sikov et al., whose experimental studies on placental 

transfer provided the basis for estimating transfer coefficients for polonium, lead, and 

bismuth. Additional validation and parameter support were obtained from animal studies in 

rodents and primates. The resulting models were used to simulate activity concentrations of 

radon and progeny in fetal tissues throughout gestation. These dynamic activity distributions 

were combined with specific absorbed fractions (SAFs), which account for radiation energy 

deposition in fetal organs, to calculate dose conversion factors (s-values). These s-values 

were integrated over fetal organs and normalized to activity in the source organ to derive 

gestational-age-specific dose coefficients. The results support improved assessment of fetal 

doses from maternal radon exposure and enhance radiological protection and risk analysis in 

epidemiological studies involving prenatal exposure. 
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1 

Influence of the intake time pattern on the dose calculation from urine 

measurements of 131I and other radionuclides 
Oliver Meisenberg1, Ayesha Mohsin2 

1Federal Office for Radiation Protection (BfS), Medical and Occupational Radiation 
Protection, Oberschleißheim, Germany. 2Pakistan Nuclear Regulatory Authority (PNRA), 
Environmental Monitoring and Dosimetry Labs, Islamabad, Pakistan 

Abstract 

The routine monitoring of intakes of 131I is usually conducted with thyroid measurements. 

However, measurements of 131I can also be conducted as an in-vitro bioassay of urine 

samples. It will be shown that an in-vitro bioassay of 131I depends strongly on the time 

pattern of the intake. For this purpose, several time patterns such as an acute intake at the 

midpoint of the monitoring interval (standard assumption), an acute intake at variable times 

and a chronic intake were investigated and the resulting committed effective doses were 

compared with each other. 

Assuming an acute intake at the midpoint of the monitoring interval overestimates the 

effective dose by a factor of 140 on average when in fact the intake was chronic. This makes 

a dose calculation from urine bioassay of 131I precarious when the time pattern of the intake 

is unknown. For thyroid measurements of 131I, this factor is only 1.06. Similar 

overestimations are possible also for intakes of several other radionuclides when measured 

in urine, such as 14C (in the chemical form of gas/vapour type F; average factor 330) or 35S 

(aerosols type M; factor 12). 

It is concluded that already in the design of a routine monitoring programme possible time 

patterns of the intake should be considered and that for those radionuclides that are 

affected by that problem in-vivo measurements should be prioritised whenever possible. 
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Strengthening national biodosimetric preparedness: Kazakhstan’s strategy for 

radiological emergency response. 
Laura Kenzhina 

Institute of radiation safety and ecology of National Nuclear Center of Kazakhstan, 
Kurchatov, Kazakhstan 

Abstract 

Kazakhstan is entering a new phase of rapid nuclear sector development. The historical 

radiophobia linked to the Semipalatinsk Nuclear Test Site is gradually being replaced by a 

modern understanding of the benefits of controlled use of ionizing radiation. The 

construction of the first nuclear power plant, expansion of radionuclide diagnostics and 

therapy, production of radiopharmaceuticals, and the growth of industrial accelerators and 

research reactors all increase the number of occupationally exposed professionals and 

highlight the urgent need for effective radiological emergency preparedness. 

 As the world’s leading uranium producer and host to the IAEA Low Enriched Uranium Bank, 

Kazakhstan plays a strategic role in global nuclear security. Preparedness for radiological 

emergencies has national and international significance. 

 The Laboratory of biological dosimetry at the Institute of Radiation Safety and Ecology has 

developed tools for individual dose assessment. Regional background level of chromosomal 

aberrations has been collected, and dose-effect calibration curves established for acute 

(DCA) and retrospective (FISH) exposure scenarios. Complementary biodosimetric methods 

have also been introduced, including the cytokinesis-block micronucleus assay, chemically 

induced premature chromosome condensation (PCC), and pancentromeric FISH. 

    Kazakhstan participates in international intercomparison exercises via the Asian 

Biodosimetry Network and contributes to NATO SPS (No. 985684) and IAEA TC Project 

KAZ9018. The concept of establishing a Central Asian Biodosimetry Emergency Response 

Network was introduced during a side event at the 67th IAEA General Conference as a 

forward-looking initiative aimed at regional cooperation. The development of biodosimetry 

is a key component in building radiological resilience at both national and regional levels. 
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Transcriptional dose response assessment of human kidney proximal tubule 

cells following exposure to natural uranium 
Jais Kavumkal, Qi Qi, Laura Bannister 

Canadian Nuclear Laboratories, Chalk River, Canada 

Abstract 

The ecological and human health risks of natural uranium (NU) have raised global concerns. 

Elevated levels of exposure, whether acute and/or chronic to this radioactive heavy metal 

can also occur in locations where increased natural uranium is present. Occupational 

exposures such as mining, nuclear industries, military conflicts, and use of fertilizers can 

result in potential adverse health outcomes, mainly due to the chemical toxicological 

properties of uranium as a heavy metal. Based on laboratory and epidemiological studies, 

regardless of exposure scenarios, uranium toxicity mainly results in renal functional 

impairment due to the accumulation of uranium in kidney substructures. Renal proximal 

tubule epithelium is identified as the most affected site in the organ where uranium 

accumulation following exposure has been shown to suppress cell viability, induce apoptosis, 

enhance reactive oxygen species (ROS) production, and reduce mitochondrial membrane 

potential. In this study, we exposed three individual human biopsy-derived primary human 

renal proximal tubule epithelial cells (hRPTECs) to various concentrations of Uranyl Nitrate 

Hexahydrate (UN) in cell culture medium (0.1-1000 µM) for 24 hours. Bulk RNA sequencing 

(RNA-seq) of uranium-exposed hRPTECs provided gene expression data for detailed 

bioinformatics analysis which showed significant changes in gene expression (upregulation 

and downregulation) at concentrations of > 100 µM UN, versus the sham-treated control. 

Some of the affected Gene Ontology (GO) processes include cellular apoptosis, 

mitochondrial/oxidative stress, cellular respiration, and ribosome biogenesis. These results 

inform on molecular aspects of uranium toxicity and generate information on key events for 

the adverse outcome pathway (AOP) for uranium-induced nephrotoxicity 
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Emergency Response Exercise 2025: Evaluating Biological and Physical 

Dosimetry Approaches 
Lauren Ashworth-Donn, Stephen Barnard, Jayne Moquet, Mingzhu Sun, Danny 
Freestone, Hannah Mancey 

UK Health Security Agency, Chilton, United Kingdom 

Abstract 

Under the Civil Contingencies Act (CCA) 2004, the UK Health Security Agency is designated 

as a Category 1 responder. In alignment with this role, a series of comprehensive emergency 

response exercises were conducted to evaluate preparedness for an ionising radiation (IR) 

incident. To assess the performance of various biodosimetry assays, blood samples were 

blindly irradiated to simulate real-world exposure scenarios. Multiple research groups 

employed a range of assays to evaluate their ability to triage and categorise potentially 

overexposed individuals in a timely and effective manner. Standard triage categories in 

radiation emergencies are low (<1 Gy), medium (1–2 Gy), and high (>2 Gy). Biological 

dosimetry methods included the ‘gold standard’ dicentric chromosome assay (DCA), the γ-

H2AX assay—a rapid approach suitable for initial triage—and FDXR gene expression analysis, 

a molecular biomarker of IR exposure. Additionally, Tachyon, a portable molecular diagnostic 

device, was deployed to assess radiation exposure in real time using nanopore sequencing 

and advanced bioinformatics, offering a rapid and scalable solution in emergency contexts. 

In parallel, physical dosimetry approaches included Thermoluminescent Dosimeters (TLDs), 

smartphone-based dosimetry, and alanine chip dosimetry. While some analyses are still 

ongoing, both DCA and TLD assessments have been completed. Results confirmed the 

accuracy and effectiveness of each method in assigning individuals to triage categories based 

on estimated dose. These exercises underline the importance of integrating multiple 

dosimetry approaches to strengthen emergency preparedness and ensure robust public 

health responses in the event of radiological incidents. 
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The use of skin for gene expression based biodosimetry 
Lourdes Cruz-Garcia1, Grainne O'Brien1, Antonella Tabasso-Smith1, Mustafa Najim1, 
Paul Finnon1, Joshua Plaut1, Philip Davies1, Maria Polozova1, Elena Makaruk2, Sergei 
Artukh2, Stanislav Polozov3,1, Veronika Goriacha3, Christophe Badie1 

1Centre for Radiation, Chemical, Climate and Environmental Health, UKHSA, Chilton, 
United Kingdom. 2Grigoriev Institute for Medical Radiology and Oncology of the National 
Academy of Medical Science of Ukraine, Kharkiv, Ukraine. 3HQ Science, Cambridge, 
United Kingdom 

Abstract 

Blood sampling is a minimally invasive procedure which is successfully used for discovery and 

characterization of gene expression biomarkers for biological dosimetry purposes. However it 

can't on its own identify partial body exposures. Skin biopsies are easily accessible and can 

provide information on the localisation of the exposure and potentially on the radiation quality; 

it offers a new source of transcriptional biomarkers potentially more persistent overtime 

compared to circulating blood cells. The present study explores the validity of using skin biopsies 

as a source of radiation exposure information. Time course and dose response experiments were 

performed in adult and infant human skin biopsies and in a 3D skin model. Extracted RNA was 

used for qPCR analysis and nanopore long read sequencing. Skin samples taken from head and 

neck cancer patients 24H after their first dose of radiation were also analysed in the same way. 

Sequencing analysis from the ex vivo samples identified significantly differentially expressed 

genes associated with pathways involved in DNA damage response, programmed cell death, P53 

and apoptotic signalling pathways. Several genes identified in the three different ex vivo skin 

types were validated by qPCR and appear to play a significant role in the radiation response of 

skin over time. Sequencing data and qPCR analysis confirmed the same significant upregulation 

of genes in response to radiation in the in vivo samples, making them interesting candidate 

biomarkers for radiation response and demonstrating the validity of skin for biological dosimetry 

purposes. 

 

 

  



 

95 
 

6 

Risk analysis for permanent interstitial prostate brachytherapy 
Marina Maçães, Catarina Souto, Alexandre Pereira, Inês Lima, Diana Correia, Lurdes 
Trigo, Joana Lencart 

IPO Porto, Porto, Portugal 

Abstract 

Purpose/Objective: 

Permanent interstitial prostate brachytherapy (PIPB) is a one-step procedure, where errors 

that occur and go undetected are likely to affect the patient, in many cases, irreparably. 

Most errors are not due to medical device failures, but rather to failures associated with the 

process. To improve patient and occupational safety, a Failure Mode and Effects Analysis 

(FMEA) was performed, in order to identify, assess, and prevent failures. 

Material/Methods 

Process mapping and FMEA were performed with the participation of the entire 

multidisciplinary team involved in the procedure. For all failure modes (FMs) identified, risk 

priority numbers (RPNs) were determined based on occurrence, severity and undetectability 

values, each ranging from 1 to 10. Corrective actions on the most critical FMs were discussed 

and prioritized, to mitigate risks associated with PIPB. 

Results 

A total of 24 FMs were identified at different stages of the PIPB, namely seed reception and 

quality control, dosimetry planning and post-implant procedures. The FM with the highest 

RPN values were seed deposition outside the prostate, for patient safety, and loss of seeds 

due to improper handling / damage to the Mick applicator, for occupational safety; these 

human failures may result in toxicity to organs at risk and/or underdosing of the prostate, 

and radiation exposure to professionals, respectively. 

Conclusions: 

FMEA was an important tool for PIPB revision and resulted in safety improvement for both 

the professionals involved and the patient, without compromising the quality of treatment. 
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Assessing Dietary Radiation Exposure for Adults: Insights from Germany's First 

Total Diet Study 
Michaela Achatz1, Jens Fohlmeister1, Peggy Hofmann1, Anna Jäger2, Christian Jung2, 
Oliver Lindtner2 

1Federal Office for Radiation Protection, Berlin, Germany. 2German Federal Institute for 
Risk Assessment, Berlin, Germany 

Abstract 

Germany's first total diet study, the BfR MEAL Study, conducted from 2016 to 2021, included 

quantifying the contents of natural radionuclides lead-210, uranium-234, uranium-238, 

radium-226 and radium-228 in our diet. Conducted by the Federal Institute for Risk 

Assessment (BfR), the Federal Office for Radiation Protection (BfS) analyzed over 200 food 

samples across categories like vegetables, fruits, cereals, meat, fish, and dairy products. The 

samples underwent drying, ashing, and microwave digestion, followed by radiochemical 

separation and analysis to quantify radionuclide activities. Although occasional exceedances 

of IAEA guidelines were found for Ra-226, Ra-228, and Pb-210, activity concentrations were 

generally below international reference levels. Uranium isotopes remained consistently 

under their suggested limits. Subsequent dose estimation included conservative polonium-

210 values, highlighting its significant contribution to effective dose from food. Using 

consumption rates from the German Radiation Protection Ordinance, in the first step, 

calculations focused on adults covering almost all food categories. Analysis of 134 specific 

activity values in groups like "milk and dairy products", "fish", "meat and eggs", "cereals", 

"fruits and juices", "potatoes and root vegetables", "leafy vegetables", and "vegetable 

products" indicated that the annual effective dose for German adults is considerably below 

the 1 mSv/a recommended limit. These findings are the initial phase in evaluating dietary 

exposure doses for the general population, with further analyses planned for all age groups. 

The findings will contribute to enhance food safety and protect public health from 

radiological risks. The study establishes a robust basis for future dose and risk assessments 

related to dietary radiation exposure. 
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Brain and red bone marrow dose coefficients for children and adults chronically 

exposed by radon as basis for brain tumor and leukemia risk analysis 
Vladimir Spielmann 

Federal Office for Radiation Protection, Munich, Germany 

Abstract 

In recent years an increase in the incidence of brain tumor and leukemia cases among 

children and adolescents was observed, yet the underlying causes remain unclear. Studies 

correlating radon exposure and incidence are inconclusive. To investigate the existence of a 

possible relationship between doses to the relevant organs (brain, red bone marrow) and 

the observed incidence, appropriate dose coefficients for residential chronic intake of radon 

gas and progeny were calculated using the most recent biokinetic and dosimetric models of 

the ICRP. Different starting times for exposure age intervals from 0 till 20 years and exposure 

duration until 70 years of age were simulated, dividing the exposure times into a total of 130 

small intervals to take changes in the anatomical and physiological characteristics into 

account. The breathing rate was dynamically changed according to the age. For comparative 

purposes different equilibrium factors and daily time budgets were assumed to show 

differences in indoor and outdoor exposure scenarios. 180 dose coefficients for each of 130 

ages were calculated. The new dose coefficients allow to determine more precisely the 

doses to the organs of children and adults at any age due to a chronical exposure over 

period of time with any start and end point and provide thus a reliable basis for cancer risk 

analysis. 
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Exposure Factor Optimisation in Small Animal Radiography 
Shauna Daly, Michelle O'Connor, Rachel Toomey 

University College Dublin, Dublin, Ireland 

Abstract 

This study investigated the optimisation of radiographic exposure factors in small animal 

veterinary radiography in Ireland, addressing a significant gap in veterinary imaging 

literature. The primary objectives were to assess current exposure practices in veterinary 

clinics and evaluate whether radiation dose could be reduced without compromising 

diagnostic image quality. 

A survey was distributed to all veterinary practices registered with the Veterinary Council of 

Ireland to collect data on radiographic systems in use, frequency of imaging, exposure 

protocols, and decision-making processes related to exposure settings. Based on the survey 

findings, experimental imaging was conducted using a canine cadaver. Ventrodorsal 

abdominal and lateral stifle radiographs were acquired using a range of clinically derived 

exposure factors. Radiation dose was measured for each exposure, and image quality was 

assessed via absolute visual grading analysis by three experienced veterinary radiologists. 

A total of 120 responses were received, revealing widespread use of digital radiography 

(82%) and significant variability in exposure factors across anatomical regions. The survey 

also highlighted limited formal training in radiographic technique and a general lack of 

awareness regarding detector dose indicators. Optimised exposure protocols demonstrated 

that radiation dose could be by up to 68% compared to other diagnostically acceptable 

combinations for abdominal imaging and up to 92% for stifle radiographs without 

compromising image quality. 

These findings confirm that substantial dose reductions are achievable through exposure 

factor optimisation. The study emphasises the importance of ongoing education and training 

in radiographic practices to improve both radiation safety and diagnostic standards in small 

animal veterinary radiography. 
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Dose-response calibration curve comparison with multiple donors for Dicentric 

Chromosome Assay 
Anna Francès-Abellán1, Pablo Carrasco2, Jaime Pérez-Alija2, Gemma Armengol1, Joan 
Francesc Barquinero1 

1Unitat d’Antropologia Biològica, Departament de Biologia Animal, Biologia Vegetal i 
Ecologia, Universitat Autònoma de Barcelona, Bellaterra E-08193, Catalonia, Spain. 
2Servei de Radiofísica i Radioprotecció, Hospital de la Santa Creu i Sant Pau, Barcelona, 
Catalonia, Spain 

Abstract 

After any radiological accident, there is a need to use validated biomarkers capable of 

quickly determining radiation exposure with sufficient accuracy for an initial classification 

and the corresponding medical management. For many years the scoring of dicentric 

chromosomes detected in peripheral blood lymphocytes was the only method of biological 

dosimetry available. Nowadays, it is still considered as the ‘gold standard’ method for 

ionizing radiation (IR) exposure assessment. This study aims to generate a new dose–

response calibration curve for dicentric chromosomes with X-ray exposure following ISO 

standard requirements. For this, peripheral blood samples from three donors were exposed 

to absorbed doses of 0, 0.1, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, and 5 Gy at the Radiation Physics 

and Protection Service of Hospital de la Santa Creu i Sant Pau (Barcelona, Spain) using 6 MV 

photon beams from a linear electron accelerator (TPR20,10 = 0.665; dose rate = 0.993 Gy/min-

1). After standard cytogenetic culture protocol, dicentrics were manually scored: 100 

dicentrics per donor for doses between 0.75 and 5 Gy; 1,000 metaphases per donor for 

0.25–0.5 Gy; and 2,000 metaphases per donor for the 0 Gy and 0.1 Gy groups. Dose–

response curves were fitted using (a) the data from all donors and (b) separately for each 

donor using the BioDoseTools software. Inter-individual variability was assessed, and a 

statistical method for evaluating differences between donor-specific curves is proposed. 

Upon further validation, this method is intended to be added into the BioDoseTools platform 

as a new module. 
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Education and training activities of PIANOFORTE - the European Partnership for 

Radiation Protection Research 
Andrzej Wojcik1, Anne von Euler1, Doborah Oughton2, Michele Coeck3, Tom Clarijs3, 
Balázs Madas4 

1Stockholm University, Stockholm, Sweden. 2Norwegian University of Life Sciences, 
Aas, Norway. 3SCK-CEN, Mol, Belgium. 4HUN-REN Centre for Energy Research, 
Budapest, Hungary 

Abstract 

PIANOFORTE is a 5-year, co-funded EU Partnership, currently bringing together 108 partners 

representing 23 European Union countries, 5 non-EU countries and the 6 European research 

platforms in radiation protection. It´s aim is to improve the protection of the public, workers, 

patients and the environment from environmental, occupational and medical exposure to 

ionizing radiation. The French Nuclear Safety and Radiation Protection Authority (ASNR) acts 

as the project coordinator. To this end PIANOFORTE organizes open calls for research 

projects on topics identified by the six European radiation research platforms and consulted 

with a board of stakeholders. There are four calls per year for travel grants with a maximal 

support of 1000 € per grant and a total budget of 40 000 € per year. One-, and two-week 

training courses are also financed. Support is also available for development of a continuous 

professional development program and sustainable early career networking for radiation 

researchers and radiation protection professionals. PIANOFORTE contributes to the 

implementation of European policies such as the European plan to combat cancer, the green 

pact for growth, and the implementation of the roadmap for reducing industrial and natural 

risks. This includes the integration of training courses in projects funded through the open 

calls, as well as the recent additional task of evaluating the PIANOFORTE PhD project 

proposals. Details of the education and training activities, and an update of the work 

performed so far will be shown. 
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Derivation of Thyroid Screening Level of Surface Contamination Monitor to 

Respond Radiation Emergency 
Kihoon KIM, Minsu Cho, Minseok Park 

Korea Institute of Radiological & Medical Sciences, Seoul, Korea, Republic of 

Abstract 

When a nuclear accident occurs, rapid determination of internal thyroid contamination from 

radioiodine is essential for effective accident response and medical intervention. The 

purpose of this study is to derive thyroid equivalent dose conversion factors and screening 

level for promptly determining internal thyroid contamination. 

To derive the thyroid equivalent dose conversion factor and screening levels of radiation 

instruments, experiments were performed using an ANSI neck physical phantom and 

radioactive sources. Conversion factors were calculated to convert the response of RadEye 

B20-ER (cps) into thyroid equivalent dose (Sv). Screening level was set to ensure that the 

thyroid equivalent dose did not exceed 100 mSv. 

The result from measuring background radiation with the RadEye B20-ER was 0.828 ± 0.112 

cps (k = 2). With the source inserted into the thyroid phantom and measured at a distance of 

0.5 cm, the result was 3.973 ± 0.215 cps (k = 2). Therefore, the net count was 3.145 ± 0.242 

cps (k = 2). Based on the measurement results, the equivalent dose conversion factors for 

the thyroid were calculated. Based on the data from 14 days post-contamination, the 

screening level for the RadEye B20-ER was set at 10 cps. Screening level was validated with 

time elapsed between contamination and measurement and measurement condition. 

In this study, thyroid equivalent dose conversion factors and screening level were derived to 

rapidly assess thyroid contamination during a nuclear power plant accident. This study is 

expected to strengthen the initial response and help reduce health risks from radioactive 

materials. 
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Estimation of Organ Dose Conversion Coefficients for Korean Radiation Workers 

Based on Exposure Scenarios for Radiation Health Impact Survey 
Byung Min Lee, Jae Seok KIM, Min Seok Park, Minsu Cho 

Korea Institute of Radiological & Medical Sciences, Seoul, Korea, Republic of 

Abstract 

In South Korea, health impact surveys of radiation workers are conducted in accordance with 

the Nuclear Safety Act. To conduct these surveys, it is essential to estimate organ-absorbed 

doses rather than relying solely on the personal dose equivalent, Hp(10). This study aims to 

calculate dose conversion coefficients to convert Hp(10) into organ doses (DT). 

The methodology includes three main steps: (1) classification of workers, (2) selection of 

exposure scenarios, and (3) calculation of dose conversion coefficients. Workers were 

classified into four categories: nuclear power plant (NPP), non-destructive testing (NDT), 

medical, and other facilities. For calculating the dose conversion coefficients, it is necessary 

to determine the scenarios considering the exposure geometry. Thus, exposure scenarios for 

each category were developed based on literature reviews and surveys from Korean 

radiation workers. Considering the task-specific exposure scenarios, the present study aims 

to estimate the organ dose conversion coefficient. Dose conversion coefficients require both 

Hp(10)/Ka and DT/Ka, where Ka refers to air kerma. Hp(10)/Ka was calculated using the 

MCNP6 Monte Carlo simulation, and DT/Ka was adopted from ICRP Publication 116. 

Representative scenarios were assigned to each category: NPP (662 keV, AP 50%, ISO 50%), 

NDT (397 keV, AP 75%, RLAT 25%), medical (218 keV, AP 100%), and other facilities (662 keV, 

AP 50%, ROT 50%). The results indicate that higher radiation energy and AP 

(anteroposterior) geometry yield higher dose conversion coefficients. This study provides 

foundational data for health impact surveys of radiation workers in South Korea. 
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Augmented Reality-Based Radiation Visualization for Supporting Safe and 

Effective Nuclear Decommissioning 
Lucian Ivan1,2, Morteza Namvar2, David Gaunt1, James McDonald1,2 

1Canadian Nuclear Laboratories, Chalk River, Canada. 2University of Ottawa, Ottawa, 
Canada 

Abstract 

The decommissioning of nuclear power plants is a complex process that requires precise 

knowledge of radiation fields to identify high-risk zones, satisfy the safety requirements for 

protection of workers and equipment, and enhance the efficiency and cost-effectiveness of 

operations. Augmented reality (AR) offers a novel approach for making radiation data 

“visible” to in-field personnel to better understand the radiation spatial distribution and 

develop effective protection strategies (e.g., navigate along the path of minimal radiation 

exposure). AR technology enhances the operator’s perception of the real‑world environment 

by overlaying digital content, e.g., digital radiation maps, onto the operator’s physical 

surroundings. This work presents an AR-based, three-dimensional, radiation visualization 

system that provides an intuitive and immersive representation of radiation fields within 

nuclear facilities. The prototype application developed for AR displays (e.g., headsets) is 

powered by the Unity game engine and consists of a front end handling user interaction and 

a back end processing radiation information, including in-field collected radiation data. The 

system has been tested in the decommissioning environment of the National Research 

Experimental (NRX) reactor building at the Chalk River site using a digital model developed 

with real radiation data. The presentation will provide details about the visualization 

workflow developed, the application stack, the alignment of AR to the real world in large-

scale decommissioning facilities, and the in-field NRX experiments. The application 

significantly enhances situational awareness and supports real-time decision making, making 

it a valuable tool for decommissioning efforts, occupational radiation safety, and emergency 

response scenarios. 
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Croatian Translation of carefully chosen taxonomy parts of RP ICRP Glossary 
Ivica Prlic 

Institute for medical research and Occupational Health, Zagreb, Croatia 

Abstract 

Croatian Translation of carefully chosen taxonomy parts of RP ICRP Glossary was done 

according to permission of ICRP (ICRP Ref.: 4925-6057-5248, 17 January 2025) in a scientific 

Journal 

https://arhiv.imi.hr/index.php/arhiv/article/view/1855/730 

Prlić, I. (2025). ICRP glossary. Archives of Industrial Hygiene and Toxicology, 76(1), A14–A25. 

https://arhiv.imi.hr/index.php/arhiv/article/view/1855 

Aim was to give a proper educational taxonomy to an early carrier research groups dealing 

with Radiation to use reasonable and clear taxonomy while writing their PhD`s or research 

papers. 

  

https://arhiv.imi.hr/index.php/arhiv/article/view/1855/730
https://arhiv.imi.hr/index.php/arhiv/article/view/1855
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Artificial Intelligence Opens New Horizons in Radiation Exposure Levels and 

Protection Visualization 
Satoru Matsuzaki, Takashi Moritake 

Institute for Radiological Science, National Institutes for Quantum Science and 
Technology (QST), Chiba, Japan 

Abstract 

Radiological procedures are essential in modern medicine; however, concerns exist 

regarding occupational radiation exposure for workers. In particular, the development of 

cataracts due to lens exposure raises alarms for those engaged in interventional radiology. 

The dose limit for the lens of the eye has been tightened based on the recommendations of 

the International Commission on Radiological Protection. Nevertheless, in Japan, many 

radiation workers are not fully aware of their exposure levels and do not consistently wear 

protective equipment. To address these issues, we aimed to develop a radiation entry/exit 

system that utilizes artificial intelligence (AI) to identify individuals through facial recognition 

and visualize their exposure levels and protective equipment status prior to radiological 

procedures. 

This AI-equipped system automatically displays the latest radiation exposure level and the 

remaining dose until the dose limit is reached. Additionally, it features a function that 

detects whether personal dosimeters and protective glasses are being worn, prompting the 

wearer to put them on if they are not. 

We confirmed the smooth display of dose information in the prototype system using AI-

based facial recognition. This feature is expected to raise user awareness and encourage 

safer behavior among radiation workers. Furthermore, the confirmation function for wearing 

protective equipment has demonstrated potential in preventing unintentional non-use of 

such equipment. 

In conclusion, this system is anticipated to enhance dose management and protective 

measures for radiation workers by visualizing radiation exposure doses and safety protocols. 
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Differential DNA Damage Responses in Radiosensitive and Normal Responding 

Breast Cancer Patients Undergoing Radiotherapy 
Katarina Vigasova1, Kamila Cholvadtova2, Matus Durdik1, Sachin Gulati1, Lukas Jakl1, 
Volodymyr Vinnikov1, Pavol Kosik1, Marta Fekete3, Ingrid Zavacka3, Zuzana Dolinska3, 
Eva Markova1, Igor Belyaev1 

1Department of Radiobiology, Cancer Research Institute, Biomedical Research Center 
of Slovak Academy of Sciences, Bratislava, Slovakia. 2Department of Genomics and 
Biotechnology, Institute of Molecular Biology, Slovak Academy of Sciences, Bratislava, 
Slovakia. 3Department of Radiation Oncology, Radiological Center, National Cancer 
Institute, Bratislava, Slovakia 

Abstract 

Breast cancer (BC) is among the most common malignancies worldwide. During 

radiotherapy (RT), 5 – 10 % of patients experience severe healthy tissue toxicities such as 

erythema, desquamation or dermolysis. To this day no biomarker capable of identifying 

radiosensitive (RS) patients on the individual level has been validated yet. 

In this study, we analyzed DNA damage markers in cryopreserved peripheral blood 

mononuclear cells (PBMCs) from seven BC patients. The comet assay, DNA repair foci 

(γH2AX, 53BP1), and chromosomal aberrations (CAs) were assessed at three time points: 

before RT, after computed tomography (CT) imaging, and during RT after the first 2 Gy 

fraction. Additionally, the CA assay was performed on in vitro irradiated (3 Gy) PBMCs 

collected one year after RT. 

Our results revealed differences between BC patients in the response to RT. In normal 

responding patients (NOR), a significant increased number of γH2AX, 53BP1, and 

γH2AX/53BP1 foci, as well as the yield of dicentric chromosomes, were observed following 

the 1st fraction of RT. In contrast, RS patients exhibited only a significant increase in the yield 

of dicentrics. Notably, the post-first fraction increase in γH2AX/53BP1 foci in NOR patients, 

which was absent in RS patients, resulted in a statistically significant difference between the 

two groups. Furthermore, RS patients exhibited a significantly higher yield of dicentrics one 

year after RT than NOR patients. Therefore, we can conclude that RS patients respond 

differently to RT. 

This work was supported by TRANS-BIOMED ITMS 26240120030 and VEGA Grant Agency of 

the Slovak Republic (grant number 2/0079/23). 
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Influence of transport time on the performance of the dicentric chromosome 

assay and dose estimation 
Martin Bucher1, David Endesfelder1, Jayne Moquet2, Mingzhu Sun2, Mari Asphjell 
Bjørnaas3, Ursula Oestreicher1 

1Department of Effects and Risks of Ionising and Non-Ionising Radiation, Federal Office 
for Radiation Protection (BfS), Oberschleissheim, Germany. 2Radiation Effects 
Department, UK Health Security Agency (UKHSA), Radiation, Chemicals, Climate and 
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Medicine, Oslo University Hospital Ullevål, Oslo, Norway 

Abstract 

Biological dosimetry assays, like the dicentric chromosome assay (DCA), can only be 

performed in highly specialised laboratories. Therefore, blood samples usually have to be 

sent by shipment service, particularly in the event of a major incident. Ideally, blood samples 

should arrive at the laboratory 24-48h after sampling. Due to customs clearance or other 

shipment delays, blood samples may not arrive within two days despite express shipping. In 

this study, the influence of transport time on the performance of the DCA and dose 

estimation was investigated. 

In a simulation, irradiated (1 and 3 Gy) or non-irradiated blood samples were stored up to 

seven days and the DCA was performed every day. With increasing storage time, a decrease 

in the mitotic index and a lower quality of metaphase spreads were observed. However, only 

minor changes were detected for the number of dicentric chromosomes. 

This is consistent with results of two inter-laboratory exercises. In exercise 1, blood samples 

(0.2 and 2 Gy) were sent from Norway and reached Lab1 in Germany seven days after 

sampling. Manual scoring of dicentric chromosomes gave a satisfactory dose estimate. In 

exercise 2, blood samples (2.71, 3.60 and 4.80 Gy) were sent from Germany and reached 

Lab1 in Germany and Lab2 in the UK after one and seven days, respectively. Here, dose 

estimates were comparable. 

Overall, it is possible to successfully perform DCA for biological dosimetry even when 

shipment times of blood samples are longer than 48h and, therefore, the DCA can be 

considered for such cases. 
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Using organoid and murine models to examine the effects of radiation on 

molecular and microbial profiles of the gastrointestinal tract 
Matthew Flegal, Holly Laakso 

Canadian Nuclear Laboratories, Chalk River, Canada 

Abstract 

The gastrointestinal (GI) tract is a radiosensitive organ, whereby exposure through medical 

procedures, environmental or occupational routes, often results in GI distress. Astronauts, who 

commonly experience digestive abnormalities during spaceflight, are of particular concern due 

to their exposure to higher gamma radiation doses compared to terrestrial nuclear workers and 

are at greater risk of exposure to high linear energy transfer (LET) radiation. An aim of this work 

is to examine the impact of space radiation on the GI tract, encompassing low/high LET sources 

and varying absorbed doses. To achieve this, there are 2 main study objectives. The first is to 

employ organoid models to quantify the effects of space radiation analogs on cellular and 

molecular processes. Results from this work include epigenetic profiling of gamma-irradiated 

organoids. Methylation sequencing demonstrated numerous significant (q<0.01) differentially 

methylated regions, many of those located near genes associated with cancer progression. The 

second objective is to apply 16S rRNA sequencing and exploit murine models to examine the 

role of radiation on the gut microflora. Mice will be externally exposed to high/low LET radiation 

sources, and fecal sample-derived bacterial DNA will be extracted and analyzed for microbial 

composition. Intracellular data from the organoid models, combined with microbiome 

sequencing, will subsequently be analyzed to provide a holistic landscape of radiation effects on 

the GI tract. The outcome of the study will increase our understanding of the impact of low/high 

LET radiation on the intestine and thereby provide empirical data to support adverse outcome 

pathway initiatives. 
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Geographical Distribution and Technical Data Analysis of CT Scanners and 

Angiography Devices in Georgia 
Davit Nadareishvili1, Ketevan Jariashvili1,2, Salome Kiparoidze1,3, Manana Gvasalia1 

1Ivane Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia. 2Agency of 
Nuclear and Radiation Safety, Tbilisi, Georgia. 3New Vision University, Tbilisi, Georgia 

Abstract 

The number and frequency of radiological procedures are increasing worldwide. CT scanners 

and angiography devices contribute significantly to the patient’s radiation dose load all over 

the world as well as in Georgia. Since the principle of dose limitation does not apply to 

patients, Diagnostic Reference Levels (DRLs) are the most important criterion for optimizing 

radiation protection of patients. Establishing DRLs first for procedures with the highest dose 

load is the correct and logical approach. Studying the distribution of patient radiation doses 

from the most common diagnostic radiological procedures is one of the key elements in 

achieving this goal. 

The aim of this study was to assess the geographical distribution and technical 

characteristics of CT scanners and angiography devices across Georgia and develop 

database. 

Based on the Nuclear and Radiation Safety Agency database, the geographical distribution of 

medical institutions across the country was determined and technical data on these devices 

was collected. As a result of processing these data, research equipment was selected, 

including information on organizations, and a database was created on the selected 

equipment in accordance with the international standards and criteria. This will allow us to 

proceed directly to data collection and determination the distribution of patient radiation 

doses from the most common diagnostic radiological procedures in Georgia. The Obtained 

database will make a significant contribution to the future establishment of Diagnostic 

Reference Levels (DRLs). 
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Use of blood smears for large-scale screening of radiation-exposed individuals 

during a nuclear disaster 
Prabal Subedi, Lukas Duchrow, Anne Dietz, Ingrid Baumgartner, Frank Bunk, Felix 
Kaestle, Saskia Pautz, Soley Rieger, Ute Roessler, Simone Moertl 

Federal Office for Radiation Protection (BfS), Munich, Germany 

Abstract 

In the event of a major radiation accident, healthcare systems will be overwhelmed by 

exposed as well as non-exposed and “worried well” individuals. Current methods for 

biodosimetry are time and resource-intensive, making them impractical for large-scale 

screening. We present here a rapid blood smear-based assay, including a new calculation 

method (test score), to screen not-exposed and less-exposed individuals within 1 to 24 hours 

after radiation exposure. 

Venous blood from healthy donors was in vitro irradiated and the smears were prepared 1 h 

and 24 post-irradiation. γH2AX staining was performed, and 50 cells per smear were 

manually evaluated in a blinded approach for the presence of bright red nuclear foci signals. 

Test scores derived from the proportions of foci positive cells were used to differentiate 

exposed from non- or minimally exposed samples. 

Sham-irradiated samples could be distinguished from 0.1 Gy and 1 Gy samples 1 h after 

irradiation. Blood exposed to > 1 Gy was correctly diagnosed 24 h after irradiation in both 

internal and external validation. We adapted this method to capillary blood from finger tips. 

This eliminates the need for a trained professional for drawing venous blood, which makes 

the test particularly suitable in emergency situations. We could, again, differentiate 0 Gy 

blood from 1 Gy samples 1 and 24 h after irradiation. 

This rapid and operator-friendly method can be used to triage individuals in radiological 

emergencies, enabling exclusion of the non-exposed population within 6 h upon sample arrival, 

and a capacity of >90 samples per operator per day. 
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Non-melanoma skin cancer incidence and external radiation in the National 

Registry for Radiation workers cohort in the UK 
Nezahat Hunter, Richard Haylock 

UKHSA, Didcot, United Kingdom 

Abstract 

This study presents the most comprehensive evaluation to date of non-melanoma skin cancer 

(NMSC) risk in the UK National Registry for Radiation Workers (NRRW), examining separately 

both basal cell carcinoma (BCC) and squamous cell carcinoma (SCC). The cohort includes 

172,452 workers with over 5.3 million person-years of follow-up (1955-2011 and a mean 

cumulative dose of 24.9 mSv. Cumulative external radiation was assessed using the personal 

dose equivalent Hp(10), and  Poisson regression estimates the excess relative risk per Sievert 

(ERR/Sv) of skin cancer incidence. A total of 5,748 NMSC cases were identified (4,288 BCC, 818 

SCC). BCC showed good evidence of a linear dose-response (ERR/Sv = 0.85, 95% CI: 0.39–1.39; 

P<0.001), but this weakened after adjusting for anatomical location as a proxy for ultraviolet 

radiation (UVR) exposure (ERR/Sv = 0.15; 95% CI: -0.17–0.54; P=0.28). However, BCC risk 

remained elevated among workers who were monitored for internal exposure and those 

workers first employed before 1960, both of whom experienced higher doses and longer follow-

up. SCC showed only limited evidence of a radiation dose-response (ERR/Sv = 0.87; 95% CI: 

0.03–2.05; P=0.04), driven largely by a small number of cases at high dose, and lost significance 

after adjustment for anatomical location. Most BCC and SCC tumours occurred on sun-exposed 

areas, with notably higher BCC risks on the upper limbs. These findings highlight the importance 

of accounting for UVR exposure in occupational radiation studies of skin cancer and need 

improved UVR data and skin dose data. 
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Evaluation of Advanced Computational Tools to Reconstruct Distributed 

Radiation Sources and Fields for Nuclear Decommissioning Environments 
Lucian Ivan1,2, Joachim Sarr1, Brendan Sommers2, David Gaunt1, James McDonald2 
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Abstract 

Canada has a significant number of nuclear power plants (NPPs) that are aging and have 

been or could be considered for decommissioning soon. Decommissioning NPPs is a complex 

process that requires precise knowledge of radiation fields to enhance the efficiency and 

cost-effectiveness of operations. The radiological characterization of the facility is central to 

the development, implementation, and optimization of decommissioning plans. 

Characterization work can tremendously benefit from reliable and rapid computational 

prediction tools that, used in conjunction with in-situ radiological sampling, could identify 

the location and characteristics of radiation sources. This work proposes a two-step 

technique for the real-time characterization and reconstruction of distributed radioactive 

sources in practical real-world environments. The overarching goal is to develop a system to 

estimate radioactive source and dose distribution while producing rapid refinements of the 

predictions as more measurements are taken. The proposed source-reconstruction 

technique comprises an a priori, more computationally intensive step that performs a set of 

Monte Carlo particle transport calculations, followed by a computationally efficient second 

step that can compute and refine a predicted distribution of radioactive source material. The 

latter is amenable to real-time update as measurements are taken. This talk covers the 

mathematical details of the reconstruction technique and demonstrates its current 

predictive capabilities. The performance of the approach is evaluated for several test cases 

with synthetic data. Furthermore, the technique is validated based on experimental 

scenarios carried out in a repurposed facility at the Chalk River site with calibrated 

radioactive sources of different radionuclides and strengths. 
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DERIVATION OF ALARA ACTION LEVEL FOR REMEDIAL ACTION ON 

GROUNDWATER AT WOLSONG UNIT 1 
Chang Hee Han, Geon Woo Son, Hye Bin Min, Kwang Pyo Kim 
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Abstract 

Wolsong Unit 1, a nuclear power plant in Korea, has been permanently shut down and is 

currently preparing for decommissioning. As groundwater at the site may have been 

contaminated by radioactive materials, remedial action is required to enable site release 

after decommissioning. To ensure that the remedial action satisfies the ALARA principle, it is 

necessary to derive an ALARA Action Level. This study derived the ALARA Action Level for 

groundwater remedial action based on the methodology in NUREG-1757. 

The study established a procedure consisting of: (1) selection of remedial action, (2) cost-

benefit analysis, and (3) derivation of the ALARA Action Level. Referring to the Wolsong Final 

Decommissioning Plan and international nuclear site remediation cases, pump and treat was 

selected as the remedial method. Cost per groundwater volume was calculated using data 

from the Hanford Site. Then, based on site-specific characteristics of Wolsong Unit 1, 

groundwater volume was estimated and total cost was calculated. Applying discounting and 

radionuclide decay corrections, the ALARA Action Level was derived using the cost-benefit 

relation. 

The cost of the pump and treat operation was calculated as 515,935,449 KRW. As the 

treated groundwater is re-injected, no waste disposal costs occurred. Tc-99 was selected as 

the evaluation radionuclide, and the correction factor considering monetary discount and 

nuclear decay was 0.035. The benefit from the reduction of residual radioactivity is \778,421 

KRW, and the ALARA Action Level was 23.2, indicating compliance with ALARA. This result 

can serve as a reference for future ALARA evaluations during site remediation after 

decommissioning. 
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Abstract 

Citizen measurements projects increased recently, mainly due to concerns with the current 

political context. However, in routine time, citizen measurement results show that there is 

no major radiological issue. Beside some contributors may find hot spots due to various 

conditions. As a result, datasets issued from citizen measurements are not directly useful for 

specific use such as environmental monitoring, modelling of aerial dispersion in emergency 

situations or use as a source of information for research and expertise.  

Two studies of OpenRadiation measurement results showed that a threshold at 0.3 µSv.h-1 

is not sufficient to manage measurement results unusually elevated. In most cases, a 

detailed examination of metadata associated with measurements, an examination of the 

location of the measurement result on the map, and a contextualization of the 

measurements are dispensable to reach a plausible explanation for these elevated dose rate.  

Although pedagogic actions are conducted towards contributors (comments on all 

measurement results above the 0.3 µSv.h-1 for instance) in order they can improve the 

quality of measurement results and measurement reporting, this is not sufficient to improve 

the usefulness of citizen measurements as a source of reliable dataset. For that objective, it 

is necessary to develop an automated contextualized analysis, taking into account other 

sources of data such as geological maps, presence of some specific structures, the whole set 

of metadata, so that cleaned dataset can be provided to the scientific community. This study 

provides a first draft of such an automated, contextualized analysis of citizen measurements. 
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Environmental Impact Assessment of Off-site Exposure from NORM Waste 

Disposal in the Gyeonggi Region, Korea 
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Abstract 

Naturally Occurring Radioactive Material (NORM) waste originates from industrial by-

products that contain naturally occurring radionuclides and from processed products with 

activity concentrations exceeding radiation-safety limits. Given its potential hazard, NORM 

waste is disposed in engineered landfill facilities designated for it. For a reliable assessment 

during disposal operations, it is essential to apply parameters that reflect the characteristics 

of the disposal site. In this study, we conducted an environmental impact assessment of off-

site public exposure during NORM waste disposal using site-specific parameters developed 

for the Gyeonggi region. The assessment was conducted using RESRAD-OFFSITE computer 

code and carried out in three stages: (1) establishment of exposure scenarios, (2) selection 

of input parameters, and (3) dose evaluation. To ensure a conservative evaluation, we 

selected a resident-farmer scenario. The input parameters—soil properties, environmental 

characteristics, groundwater parameters, and radon characteristics-were derived from prior 

studies reflecting conditions in the Gyeonggi region. The results indicate that the maximum 

annual dose from uranium-series radionuclides was 4.33×10-4 mSv/y in northern Gyeonggi 

and 2.21×10-4 mSv/y in southern Gyeonggi. For thorium-232 series radionuclides, the maximum doses were 

1.08×10-18 mSv/y in northern Gyeonggi and 1.12×10-18 mSv/y in southern Gyeonggi. The maximum annual dose 

from K-40 was estimated at 3.88×10-3 mSv/y in northern Gyeonggi and 1.59×10-3 mSv/y in southern Gyeonggi. 

These findings are expected to enhance the reliability of radiological impact assessments for NORM waste 

treatment and disposal in South Korea and to support systematic radiation-safety management in residential 

environments 
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Cannabidiol’s potential in mitigating radiation-induced side effects: implications 

for multiple Sclerosis 
Raymond Shek, Will Timbury, Nora Bourbia 

UKHSA, Didcot, United Kingdom 

Abstract 

Radiotherapy effectively treats head and neck tumours, but damages healthy cells causing 

neuroinflammation and cognitive impairment, significantly impacting patients’ quality of life. 

Radiation induces multiple sclerosis (MS)-like demyelination and affects astrocytes which 

plays a key role in MS. Cannabidiol (CBD), a non-psychoactive compound, shows potential in 

neuroprotection, and combatting inflammation. 

This research investigates CBD’s potential in alleviating radiotherapy-induced neurological 

side effects of MS-like phenotypes in-vitro, aiming to assess whether radiation would cause 

impairment and if CBD prevents such dysfunction. 

Human astrocytes were exposed to sham or a single exposure of 9 Gy X-ray radiation 

(equivalent to 1 fraction in a hypofractionation radiotherapy regime) with or without 100 

nM CBD. 24hr post-exposure, mitochondria superoxide oxidative stress, mitochondrial 

membrane potential (MMP) and gene expression (via Nanostring glia profiling) were 

evaluated. 

Results showed radiation induced astrocyte dysfunction, as expected, by dysregulating 

mitochondrial superoxide and MMP which CBD did not prevent. CBD partially or fully 

rescued expression of genes related to vascular/inflammation which were elevated. Also, 

rescued those related to immune responses and remyelination which were decreased due to 

the radiation. 

In conclusion, radiation influenced gene expression profiles and astrocyte function. 

Resembling MS phenotypes. CBD selectively rescued neuroinflammation-related gene 

expression, including those implicated in MS, but does not rescue mitochondrial functions. 

Therefore, CBD may offer limited but selective neuroprotection by influencing certain anti-

inflammatory and remyelination pathways without addressing mitochondrial dysfunction. 

Further investigation is needed to explain the mechanisms of radiation effects on astrocytes 

and whether CBD’s has protective role in multiple sclerosis. 
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Abstract 

RNA post-transcriptional modifications like methylation are chemical changes which can 

alter RNA structure and stability. These modifications, particularly m6A, have emerged as 

potential biomarkers of various diseases. Recent technological advances in direct RNA 

sequencing (Oxford Nanopore Technologies), coupled with novel neural network models 

have made it possible to quantify m6A modifications at a transcriptomic scale faster and 

more easily than ever before. While this has resulted in a huge wealth of information being 

generated (on the order of hundreds of thousands of data points per sample), new data 

analysis pipelines are required to identify sites of RNA modification which could be used as 

robust biomarkers of radiation exposure. Here, we present a bioinformatic pipeline and 

statistical methodology for accurate and efficient detection of such candidate sites. We show 

that while beta-binomial regression is suitable for this type of data, estimating the 

dispersion individually for each site is challenging. We show that using information-sharing 

across sites with similar gene expression levels prevents dispersion under-estimation, thus 

better controlling the false positive rate. Furthermore, using gene expression level as a 

metric for independent filtering, we systematically reduce our statistical burden and thus 

optimise our detection power. Finally, borrowing from principles of Gene Set Enrichment 

Analysis, we show that parallels can be drawn between datasets from distinct sources (cell 

lines and human skin biopsies), even in cases where statistical power is low. This new 

framework has allowed us to demonstrate that ionizing radiation intervenes in the 

mechanisms determining the m6A landscape. 

 

 

 

 

  



 

118 
 

30 

RadonNet survey on existing calibration methods for radon 222Rn in Europe 
Zuzanna Pawlowska, Katarzyna Woloszczuk 

Central Laboratory for Radiological Protection, Warsaw, Poland 

Abstract 

This study presents the results of a survey of existing Radon-222 (Rn-222) calibration 

methods across European laboratories conducted within the RadonNet project (23IND07). 

The objective was to gather detailed information from National Metrology Institutes (NMIs), 

Designated Institutes (DIs), accredited laboratories, and other facilities involved in radon 

calibration. The survey investigated laboratory status, types of reference standards 

(primary/secondary), accreditation status, calibration and measurement capabilities (CMC), 

and the availability of national standards. Key focus areas included calibration ranges for 

radon gas [Bq/m³], radon progeny [µJ/m³], and exposure fields for passive detectors 

[kBqh/m³], traceability chains, frequency of standard calibration. It also covered radon 

chamber characteristics, such as volume and the ability to monitor and regulate 

environmental conditions during calibration. 

The survey aims to support future harmonization and strengthen the European radon 

metrology infrastructure. 

 

Acknowledgment: The project RadonNet (23IND07), has received funding from the 

European Partnership on Metrology (ID: 10.13039/100019599), co-financed from the 

European Union’s  Horizon Europe Research and Innovation Programme and by the 

Participating States. 

 

 

  



 

119 
 

31 

Rapid Estimation of I-131 Health Effects Following Radiological Events: 

Computational Strategies and Challenges 
Luca Romano, Riccardo Quaranta, Gian Marco Ludovici, Andrea Malizia 

University of Rome Tor Vergata, Rome, Italy 

Abstract 

In the aftermath of a radiological dispersal device (RDD) event, rapid assessment tools are 

essential for guiding emergency response and public health decisions. Building upon 

previous work validating a fast evaluation model for radioactive contamination with Cesium-

137, this study extends the approach to Iodine-131—a radionuclide with a significantly 

shorter half-life and more complex biological implications. The temporal resolution of our 

model approaches the decay timescale of I-131, posing unique challenges in accurately 

estimating dose delivery. To address this, we explore several approximation strategies, 

including dynamic decay-integrated dose estimation and time-weighted concentration 

profiles. A combined use of HotSpot-Code and MATLAB enables the evaluation of initial dose 

distribution to the exposed population, while the STEM (Spatiotemporal Epidemiological 

Modeler) framework is employed to simulate the subsequent spread of contamination 

through human contact, treating I-131 as a pseudo-pathogen. Further complexity arises 

from the fact that radio-induced cancers often manifest years or decades after exposure and 

cannot be uniquely attributed to a single cause, limiting the statistical power of even large-

scale epidemiological studies. To navigate this limitation, we adopt a 100 mSv threshold to 

define health-relevant exposures, in line with current evidence suggesting no observable 

health effects below this dose. We expect to identify the most reliable and computationally 

efficient combination of modeling approaches capable of providing actionable estimates of 

health risks from I-131 contamination under time-critical conditions. Future work will focus 

on validating the model against a real-life case study to refine its predictive capabilities and 

practical applicability in emergency preparedness and response. 
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Balancing the books – collective dose and LAR in Sweden after the Chernobyl 

accident 
Martin Tondel1,2, Katja Gabrysch3, Mats Isaksson4, Christopher Rääf5 

1Occupational and Environmental Medicine, Department of Medical Sciences, Uppsala 
University, Uppsala, Sweden. 2Department of Occupational and Environmental 
Medicine, Uppsala University Hospital, Uppsala, Sweden. 3Uppsala Clinical Research 
Center, Uppsala University, Uppsala, Sweden. 4Department of Medical Radiation 
Sciences, Institute of Clinical Sciences, Sahlgrenska Academy, University of 
Gothenburg, Gothenburg, Sweden. 5Medical Radiation Physics, Department of 
Translational Medicine, Lund University, Malmö, Sweden 

Abstract 

Following the Chernobyl Nuclear Power Plant accident in 1986 a large amount of radioactive 

material was released into the atmosphere. During the passage of the plume and due to 

heavy rainfall there was high fallout of 131I and radiocaesium in Sweden. The deposition of 
137Cs was proportionate to precipitation ranging from 1 to >100 kBq/m2. In 1986, the first 

estimate of the 50-year collective dose to the Swedish population was between 4,000 and 

6,000 manSv. Later, this was estimated to 1,000 manSv from internal exposure and 5,000 

manSv from external exposure. Today, extensive data from aerial measurements of 137Cs 

deposition, additional data from whole body measurements and development of advanced 

dose models have resulted in a more precise estimate of collective dose and calculation of 

life-time attributable risks (LAR). In this study, open-source data from the population register 

at Statistics Sweden and a new method of organ absorbed dose assessment was used for an 

updated 50 years collective effective dose assessment estimated to 6,028 manSv where 

2,148 manSv (36%) emanate from internal exposure. If LAR is translated into attributable 

extra cancer cases, it amounts to 377 cancer cases in males and 448 cancer cases in females 

1986 to 2036 (0.029% of the gross background cancer cases in Sweden). The average LAR for 

incident cancer in Sweden is thus 0.09 per thousand for males and 0.10 per thousand for 

females during 50 years post-Chernobyl.  
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Citistra: Citizen radiation map of Central Europe 
Marie Davídková1, Jan Helebrant1, Renata Kierepko2, Pawel Olko2, Pavol Ragan3, Igor 
Gomola3 

1National Radiation Protection Institute, Prague, Czech Republic. 2Institute of Nuclear 
Physics Polish Academy of Science, Krakow, Poland. 3Slovak Medical University in 
Bratislava, Faculty of Public Health, Bratislava, Slovakia 

Abstract 
The CITISTRA project has been selected for funding under PIANOFORTE Call 1, within Topic 3: Development of 

risk assessment and risk management approaches and technological capabilities to cope with scenarios arising 

from threats due to war or armed conflicts situations or natural disasters taking into consideration social, 

ethical and legal issues. 

Three hundred CzechRad detectors, equipped with a Geiger–Müller tube, GPS, and SD memory card for data 

recording, have been produced and calibrated. The detectors are loaned to selected groups of volunteers who 

are deemed trustworthy by Polish, Czech and Slovak communities to carry out measurements. Users are 

trained in the use of the detectors, conducting measurements, and visualizing field data using the QGIS free 

software tool. A radiation map of Central Europe, based on citizen measurements conducted using CzechRad 

detectors within the CITISTRA project, will be presented along with a summary of the project’s main 

achievements. 
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Comprehensive Approach in Justification of the Nuclear Medicine Practices – in 

Theranostics 
Pavol Ragan1, Andrea Raganová2, Žaneta Kantová3 

1Slovak Medical University, Bratislava, Slovakia. 2Comenius University, Medical Faculty, 
Bratislava, Slovakia. 3Oncological Institute of St. Elisabeth, Bratislava, Slovakia 

Abstract 

Recently, new radionuclides have begun to be utilized in theranostics, raising significant 

questions regarding radiation protection both within nuclear medicine departments and 

after patients are discharged. The fundamental principles and regulations of radiation 

protection are universally applicable; therefore, to assess the justification of the practice, a 

comprehensive approach to the matter is necessary. As indicated by various publications, the 

justification for the practice primarily focuses on external gamma exposure, primarily 

addressing limits or dose constraints for external exposure, even though there are also 

established limits for skin doses of workers resulting from external contamination. 

The generation of radioactive waste in a discharged patient's residence, along with its 

storage and disposal, should adhere to the same guidelines and recommendations as those 

applicable to the workplace, or at least to an appropriate extent. While discharging liquid 

waste into the sewer in a patient's home seems to be a correct procedure, complications 

related to solid waste, which requires storage for several weeks or even months, appear to 

be more problematic than those at the nuclear medicine department practices. As a result, 

unanticipated consequences (and expenses) may arise primarily in radioactive waste 

management. 

The increasingly utilized 177Lu has a low gamma constant, yet it is also a beta emitter, leading 

to potentially significant skin doses from contamination with this radionuclide. In the 

presentation, we will examine model scenarios reflecting likely contamination spread and 

public exposure from a released patient's excreta in both outpatient and inpatient settings, 

highlighting possible violations of public skin exposure limits. 
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Joint Agency Modelling: A UK response framework for an atmospheric 

radiological release. 
Sarah Millington 

Met Office, Exeter, United Kingdom 

Abstract 

Presented on behalf of Joint Agency Modelling partners (UK Health Security Agency, Office 

for Nuclear Regulation, Met Office, Food Standards Agency, Food Standards Scotland, 

Environment Agency, Scottish Environment Protection Agency, Natural Resources Wales, 

Northern Ireland Environment Agency). 

Joint Agency Modelling (JAM) delivers modelled output and expert guidance to support 

decision makers in responding to an atmospheric release of radioactivity. The multi-agency 

approach combines expertise from UK agencies, collectively known as the JAM Partners. 

JAM modelling uses estimated source term(s) (time-varying radionuclide quantities), 

weather forecast data and an atmospheric dispersion model, a radiological dose model, a 

food impact model and a surface water impact model. Outputs are data and briefing 

documents for most likely, reasonable worst case or other scenarios. JAM Partners add value 

to the briefing documents with written guidance following analysis of the outputs. Briefs and 

data, viewable on a UK Government online mapping system, are available to scientific 

advisors and decision makers at national and local level. 

JAM has become an exemplar of multi-agency scientific guidance in a response in the UK. It 

continues to evolve as scientific and technical advances are pulled through, lessons are 

identified through regular exercising and new requirements emerge for modelling types of 

releases and outputs. The large number of stakeholders from across UK Government 

departments and agencies are managed through a governance mechanism involving a 

Senior Steering Group and a Working Group. Collectively, these define high-level aims, 

priorities of developments, and the detailed scientific and technical developments and 

processes. 
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Multi-Biomarker Imaging Flow Cytometry for Radiation Exposure Assessment 
Lindsay A. Beaton-Green, Alyssa Tarnocai, Ignacio del Cid Nunez, Kris Lyons, Danicia 
Flores, Ruth C. Wilkins 

Health Canada, Ottawa, Canada 

Abstract 

The Ionizing Radiation Health Science Division of Health Canada provides biodosimetry 

support for radiological/nuclear emergencies. To enhance sample throughput, traditional 

biodosimetry techniques have been adapted to the imaging flow cytometer (IFC). Previous 

work demonstrated that γH2AX foci, which indicate DNA double-strand breaks in white 

blood cells, can be measured using the IFC. However, due to the rapid formation and 

disappearance γH2AX foci, its use in emergency biodosimetry is limited. To extend the 

timeframe for dose estimation, additional biomarkers 53BP1, p53 and BAX, were 

investigated. These biomarkers are involved in radiation-induced cellular responses and 

remain more prominently expressed later after exposure. 

Whole blood samples from healthy donors were irradiated at X-ray doses up to 10 Gy. A 

fluorescently-tagged antibody panel was developed and optimized to visualize γH2AX, 

53BP1, p53, and BAX simultaneously in lymphocytes up to 48 hours after irradiation. 

Samples were acquired using an IFC that captured images of individual cells and images 

were analyzed using the IFC-specific software IDEAS® to assess size, texture and signal 

strength features for each signal. 

Tested over various time and dose ranges, results showed that γH2AX, p53, and BAX were 

dose-responsive, peaking at 1, 48, and 24 hours post-irradiation, respectively. Mean 

fluorescence intensity, spot count and spot count area were found to be the strongest 

responders. 

This multi-parameter approach could extend the timeframe, from hours to days, for 

providing dose estimates compared to analyzing γH2AX alone. This technique could be used 

for the rapid assessment of potentially exposed individuals in a radiation emergency. 
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CT-DNNet:  A hybrid network for ct image noise reduction 
Naghmeh Mahmoodian, Alireza Jahangirfard 

Otto von Guericke University, Magdeburge, Germany 

Abstract 
Low-dose computed tomography (LDCT) is essential for reducing patient radiation exposure but often results in 

noisy images that can compromise diagnostic accuracy. Traditional denoising methods have been widely used 

to address this issue. While these methods effectively reduce noise, they may not preserve fine image details 

or handle complex noise patterns efficiently.  Artificial Intelligence (AI), particularly deep learning (DL), enable 

efficient denoising techniques, potentially reducing the radiation dose required for clear imaging. 

We introduce a hybrid DL-based denoising model designed to enhance noise suppression and structure 

preservation in CT images. Although many traditional denoising algorithms fail to retain fine anatomical 

structures, and many DL-based models are not well adapted to the noise characteristics of medical images, our 

approach address this limitation. The proposed DL model is trained and evaluated using augmented datasets, 

with a primary focus on combining classical and DL-based methods to improve CT image quality while 

maintaining computational demands. 

The model is tested on a dataset of CT images from 25 patients, where artificial noise levels of 25%, 50%, and 

75% are added to simulate different scanning conditions. This study evaluates its ability to suppress noise while 

preserving fine anatomical structures. Performance is assessed using two widely recognized image quality 

metrics: PSNR and SSIM. The model is compared with four existing DL models in both visual and quantitative 

evaluations, particularly under high-noise conditions. Results show that the proposed algorithm generates 

high-quality images from low-dose inputs, achieving a maximum PSNR of 35.48 and an SSIM of 0.89. 
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The effect of low-dose irradiation during fluoroscopically guided spinal 

stabilisation procedures on the induction of DNA double-strand breaks and 

chromosomal aberrations in the peripheral blood lymphocytes of patients 
Ljubomira Popova-Hadjiiska1, Albena Staynova1, Nora Kostova1, Dimka Georgieva1, Ilonka Ivanova1, Elena 
Zaharieva1, Nevena Aneva1, Margarita Atanasova1, Hristo Hristov2, Rositsa Hristova1 

1National Centre of Radiobiology and Radiation Protection, Sofia, Bulgaria. 2University Multi-profile 
Hospital for Active Treatment “St. Ivan Rilski”, Sofia, Bulgaria 

Abstract 

Purpose: The effects of low-dose radiation in patients undergoing fluoroscopically 
guided spinal stabilisation remain unclear and depend on many factors. Ionising 
radiation induces double-strand breaks (DSBs) considered the most cytotoxic and 
carcinogenic. Unrepaired or inaccurately repaired DSBs pose serious threats to genome 
integrity. 

The aim of this study was to evaluate the incidence of radiation-induced DNA DSBs and 
the frequency of chromosomal aberrations - including dicentrics and rings, 
chromosomal fragments, and total number of aberrations - in peripheral blood 
lymphocytes (PBL) of patients undergoing spinal stabilisation. 

Materials and Methods: Blood samples from 36 patients who underwent spinal 
stabilisation were obtained with signed informed consent. 

The assessment of DSBs in PBL of patients before and after the medical procedure was 
performed by immunofluorescence staining for visualising DSB sites (foci) using 
antibodies against γ-H2AX and 53BP1 proteins. 

The chromosomal aberrations frequencies were estimated in peripheral blood 
lymphocytes before and after interventional radiological procedure. 

Results and Conclusions: The mean values for all endpoints tested showed increased 
yields relative to baseline following spinal stabilisation, but only the γ-H2AX/53BP1 foci 
frequency presented a statistically significant difference. DSBs detected after medical 
procedures can be partly recognised as unstable chromosomal aberrations. On the 
other hand, DNA DSBs can be repaired, resulting in apparently normal chromosomes in 
daughter cells, which may promote genomic instability. The possible consequences of 
misrepaired DSBs include chromosome translocations, deletions, and inversions, 
which can cause cancer and haematological malignancies. More observations are 
needed concerning the effects of radiation exposure in patients who undergo spinal 
surgical procedures. 

Work supported by the Bulgarian National Science Fund (Contract № KП-06-H63/6/2022) 
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An International Level 3 Probabilistic Safety Analysis Code Benchmarking 

Exercise Initiated by OECD/NEA WGRISK 
Th Charnock1, Sung-yeop Kim2, Azusa NAGAKUBO 3,  Gilliam van Oudenaren 4 

1UK Health Security Agency, Chilton, United Kingdom. 2Korea Atomic Energy Research 
Institute, Daejeon, Korea, Republic of, 3 Japan Atomic Energy Agency (JAEA), 4 NRG 
PALLAS, Petten, the Netherlands 

Abstract 

Level 3 Probabilistic Safety Analysis evaluates potential off-site consequences of accidental 

radioactive releases. It is based on Level 1 and 2 PSA which assess the risk of core damage 

and atmospheric release. In several countries, it is applied for the safety demonstration of 

nuclear installations. Various computational codes have been developed to support it. 

To evaluate these codes, the Working Group on Risk Assessment (WGRISK) of the OECD 

Nuclear Energy Agency’s (NEA) Committee on the Safety of Nuclear Installations (CSNI) 

initiated a benchmarking study. Participants from India, Japan, Korea, the Netherlands, and 

the United Kingdom compared six Level 3 PSA codes: PC-COSYMA, OSCAAR, MACCS, 

MACCS2-NRA, NUDOS2, and PACE4. 

The scenario considered a short-duration radioactive release under twelve distinct 

meteorological conditions. Participants predicted maximum concentration levels in air and 

on the ground, various radiological dose metrics and health risk indicators. 

Overall, the results showed good agreement, with most predictions within an order of 

magnitude. However, significant differences were identified, particularly in ingestion dose 

estimates, likely due to variations in food chain models, transfer parameters and regional 

agricultural practices. Discrepancies were noted in long-term external exposure from 

deposited radionuclides. In addition, stable atmospheric conditions exhibited larger 

divergences than unstable conditions for most metrics. 

The benchmark will help practitioners better understand how uncertainties propagate 

through different models, supporting more robust analyses. Future efforts may focus on 

probabilistic comparisons across varying meteorological sequences, as well as on evaluating 

the conservatism of different models to ensure best-estimate risk assessments while 

accounting for inherent uncertainties. 
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CHROMOSOME ABERRATIONS ASSESSMENT IN MEDICAL WORKERS 

CHRONICALLY EXPOSED TO LOW DOSE IONIZING RADIATION 
Nora Kostova, Albena Staynova, Ljubomira Popova-Hadjiiska, Dimka Georgieva, Ilonka 
Ivanova, Elena Zaharieva, Nevena Aneva, Rositsa Hristova 

National Center of Radiobiology and Radiation Protection, Sofia, Bulgaria 

Abstract 

Purpose: Low-dose irradiation causes late stochastic consequences, such as cancer, 

cardiovascular disease, cataract, dysfunction of central nervous system etc. Occupational 

exposure to low doses ionizing radiation results in cumulative effects and increased 

chromosomal aberrations in employed personnel. Currently, the accumulated radiation 

doses in affected workers have decreased due to strict safety control. Our purpose is to 

investigate radiation induced cytogenetic effects in medical workers with cumulative doses 

below permissible limits of 20 mSv per year. Materials and Methods:Blood samples were 

obtained from 26 medical workers (surgeons using fluoroscopy-guided procedures and 

cathlab nurses) and 20 non-medical workers from hospital administrative staff with no 

history of radiation exposure (controls). The samples were cultured under standard 

conditions. Chromosome aberrations were quantified by conventional metaphase analysis of 

Giemsa-stained spreads. Results:We found that the frequency of total aberrations, 

chromosome and chromatid fragments in medical radiation workers was approximately 4.5 

times higher compared to the control group (P<0.001). The calculated values for the X‑ray 

exposed group were 0.0282 ± 0.0015; 0.0190 ± 0.0012 and 0.0070 ± 0.0005, respectively. 

We also observed that even though the accumulated doses in medical staff were very low, 

they could induce effects such us dicentric chromosomes. The aberrations frequency in this 

case was 0.0010 ± 0.0003 (P=0.001). In contrast, no dicentrics were found in any of the 

control individuals. Conclusion:We found that medical workers, chronically exposed to low 

doses ionizing radiation exhibit an increased frequency of structural chromosome 

aberrations, which could lead to an elevated health risk. 
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Characterisation of a track-counting machine learning model for personal 

neutron dosimetry 
Max Taylor, Jonathan Eakins 

UK Health Security Agency, Didcot, United Kingdom 

Abstract 

Artificial intelligence (AI) related methods are becoming increasingly explored for applications in 

the field of radiation protection. One such area is neutron dosimetry using nuclear track 

detectors (NTDs). A major challenge associated with NTDs is accurately assessing and counting 

the tracks. At UKHSA, the neutron dosimetry service uses poly(allyl diglycol carbonate) (PADC) 

NTDs. Electrochemical etching is used to reveal the tracks, producing large, distinctive pits. 

Challenges with the count analysis include overlapping or misshaped pits, contamination by non-

pit features (e.g. dust), and non-uniform pit distributions across the dosemeter. These are the 

sort of features that the computer vision capabilities of machine learning (ML) models should be 

able to distinguish better than hard-coded algorithms. Furthermore, the possibility of improved 

pit classification based on shape and size could lead to more accurate dose estimates.  

A proof-of-concept pit-counting program incorporating ML was developed at UKHSA with 

promising results, estimating similar pit counts to its current system. However, before adopting 

AI methods, it is important to robustly assess the performance of the model and understand its 

behaviour. All of the outputs of an AI model are fundamentally probabilistic, so it is essential to 

consider the associated uncertainty contribution to the reported dose. This work focuses on 

establishing a set of performance metrics for the proof-of-concept ML model which could be 

extended to similar applications. The results of characterising the model using these metrics will 

be presented alongside key results from its testing and development. 
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Electronic device with PIN diode and RADFET used for neutron detection 
Pio Ciro Aspetti, Luca Martellucci, Riccardo Quaranta, Gugliemo Manenti, Alessandro 
Bucci, Andrea Malizia 

University of Rome Tor Vergata, Rome, Italy 

Abstract 

Neutron detection is a key challenge in several fields, including nuclear energy, particle 

physics 

and national security. Nowadays, the need for devices that allow the detection of neutron 

fluxes is a matter of fundamental importance. In this work, authors studied, designed, 

manufactured, analyzed and tested a low-cost neutron detection system that can be used in 

personal dosimeters or fixed detection devices. The designed board can be used to detect a 

neutron prompt in order to reduce the risk factor for first responders or for the population 

affected by radiological and nuclear events. In this article, the study and design of an 

electronic board using a PIN diode in combination with a RADFET for neutron prompt based 

on 

low-cost and commercially available technologies is presented, accompanied by the results 

of 

a software simulation based on the prototype made. 
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Towards Integrated EPRR Systems: Governance, Participation and Resilience 
Francesco Geri1,2, Riccardo Quaranta3, Andrea Malizia4 
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university of Rome tor vergata, Rome, Italy. 3Department of biomedicine and prevention, 
En university of Rome tor vergata, Rome, Italy. 4Department of biomedicine and 
prevention, University pf Rome Tor Vergata, Rome, Italy 

Abstract 
Emergency Preparedness, Resilience and Response (EPRR) frameworks play a critical role in ensuring that societies can 

effectively anticipate, withstand, and recover from a wide range of emergencies, including natural disasters, pandemics, 

and human-made crises. This paper explores the foundational elements of EPRR systems, with a focus on the importance of 

robust governance structures and the active involvement of diverse stakeholders. Effective governance provides the 

coordination, accountability, and strategic oversight necessary to align resources and actions across multiple sectors. 

Meanwhile, stakeholder engagement—including government agencies, healthcare providers, emergency services, 

community organizations, and the public—is essential for building trust, enhancing situational awareness, and fostering 

adaptive capacities. By examining current models and case studies, this work highlights best practices and identifies key 

challenges in implementing inclusive and resilient EPRR frameworks. The study concludes by offering policy 

recommendations aimed at strengthening intersectoral collaboration and ensuring a more proactive and integrated 

approach to emergency management. 
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Communication with Patients about Radiation Risks: Modern Challenges 
Salome Kiparoidze1,2, Davit Nadareishvili1,3, Ketevan Jariashvili1,4,3, Manana Gvasalia1 

1Iv. Beritashvili Center of Experimental Biomedicine, Tbilisi, Georgia. 2New Vision 
University, Tbilisi, Georgia. 3Radiation Safety Center, Tbilisi, Georgia. 4Agency of Nuclear 
and Radiation Safety, Tbilisi, Georgia 

Abstract 

The growing use of ionizing radiation in the medical field has become a matter of public interest. 

As public awareness increases, patients, along with doctors and national regulatory authorities, 

are recognizing the importance of informed patient consent and comprehensive discussions 

about the benefits and risks involved in medical decision-making. 

Any patient's decision about a medical procedure, especially one that involves risk, such as 

radiation risk, which is somewhat alarmist and sometimes even phobic in society, is 

influenced to varying degrees by both cognitive and emotional factors. Thus, it is the correct 

approach to dialogue on the part of the doctor that creates the patient's trust and allows 

rational factors to outweigh emotional ones in a short time and to make an informed and 

conscious correct decision. 

Education of society in general is growing worldwide, as is awareness of radiation protection in 

medicine, this is not and probably will not be for a long time a significant factor determining 

approaches to dialogue about radiation risks associated with medical procedures between 

doctor and patient and leading to informed consent of the patient. 

To address these challenges, we reviewed existing literature on radiation risk communication 

and applied established methods in the field. Also based on our previous research, we began 

developing simple, practical strategies to enhance interactive communication with patients 

about the benefits and risks of radiological procedures. 

We plan to implement these strategies in the education, training, and retraining of healthcare 

professionals in Georgia, as well as in their ongoing clinical practice. 
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Public awareness and education about radioactivity and its possible 

involvement in mapping and managing a radiation accident 
Jiří Hůlka1, Jan Helebrant1, Marie Davídková1, Jitka Svobodová2, Vladimír Vícha2, Ivan 
Štekl2 

1National Radiation Protection Institute, Prague, Czech Republic. 2Institute of 
Experimental and Applied Physics, Prague, Czech Republic 

Abstract 

The first citizen measurements during a radiation accident, including terrain mapping, were 

carried out after the Fukushima Nuclear Power Plant accident using SAFECAST detectors. 

After successful testing in the Czech Republic, the development of a Czech analogue 

followed - the CzechRad detector. In close collaboration with sociologists and psychiatrists, 

the possible benefit in terms of reducing concerns about radiation in the case of citizens' 

own measurements, managing panic and increasing trust in state institutions was studied. 

The issue of effective distribution of these monitors, i.e. in particular the selection of 

suitable and trustworthy target groups, is important. Volunteer firefighters were identified as 

such, also thanks to their cooperation with local government. The second goal of the study 

was to educate high school students. Project day about radioactivity, including own 

measurements and radioactivity field mapping, has been designed and presented to 

secondary schools around the country. Most recently, the project focuses on scientific 

education centers, which are also training sites for schools. These centers can contribute to 

long-term sustainability of citizen measurements. 
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Public radiation exposure following contact with Nuclear Medicine discharged 

patients. How long should patients be instructed to maintain radiation 

protection measures? 
Melissa Cruz 

Hospital Cuf Descobertas, Lisboa, Portugal. Unidade Local de Saúde de Lisboa 
Ocidental, Lisboa, Portugal 

Abstract 

Following the administration of radiopharmaceuticals, Nuclear Medicine patients emit 

radiation for several hours to days post-discharge. This poses potential exposure risks to 

individuals in close proximity, especially if proper radiation protection instructions are not 

provided. Although exposure levels are generally low and within regulatory limits, discharge 

instructions often lack clarity and may differ widely between healthcare facilities, leaving 

patients uncertain about how to proceed safely. 

In order to evaluate public exposure following contact with nuclear medicine patients and to 

determine appropriate time restrictions to ensure compliance with radiation protection 

principles, measured patient dose rates, healthcare workers’ dosimetry records, 

international guidelines, and clinical studies are reviewed and analyzed, focusing on 

variables such as radiopharmaceutical type, administered activity, effective half-lives, and 

patterns of social interaction. 

The goal of this poster is to determine suitable timeframes to adhere to radiation exposure 

limits and dose restriction principles, as well as to propose standardized discharge 

instructions for the most frequently performed Nuclear Medicine studies. 

Public radiation exposure following Nuclear Medicine procedures remains minimal when 

appropriate post-discharge measures are followed. Exposure levels may vary significantly 

with the radionuclide used, therefore personalized instructions based on dosimetry, patient 

clinical conditions, and lifestyle must be implemented to ensure public radiation protection. 

Consistent, clear communication between healthcare providers and patients must exist to 

enhance safety and maintain public confidence in clinical practices involving radiation 

exposure. 
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Effects of ionizing radiation on a simplified aquatic food web using tritrophic 

microcosm set-up 
Sébastien Alfonso, Olivier Armant, Marie Simon-Cornu, Rodolphe Gilbin, Frédéric 
Alonzo 

Nuclear Safety and Radiation Protection Authority (ASNR), Saint-Paul-lès-Durance, 
France 

Abstract 

Current methods for ecological risk assessment, including risk from ionizing radiation (IR), 

rely on data acquired in the laboratory during single-species tests. However, trophic 

conditions under which such toxicity tests are carried out are often optimal for the studied 

species and prevent interspecific interactions, which are key to the functioning, stability and 

resilience of ecosystems. Assessing effects of IR on isolated species is therefore not 

representative of the environmental complexity and can lead to inaccurate risk assessments. 

In fact, IR induce direct effects on most sensitive organisms, with population-level 

consequences that can lead to cascading indirect effects on other species through species 

interactions. In this context, trophic interactions are particularly important because they 

participate in energy and nutrients fluxes circulating through different levels of food webs. 

The use of multi-species experimental systems in the laboratory, also called cosms, offers the 

opportunity to mimic the complexity of communities and their trophic interactions and 

evaluate IR direct and indirect effects. Although they represent a helpful tool for exploring 

how communities and ecosystems respond to perturbations in controlled laboratory 

conditions, their use in radioecology currently remains limited to few studies and needs to 

be urgently developed. The present project aims to (i) measure effects of IR on a simple 

aquatic food web, (ii) estimate species radiosensitivity in this food web, compared to their 

radiosensitivity as isolated species, and (iii) model effects of IR on population dynamics and 

key ecological functions. 
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Public Engagement in the Environmental Impact Assessment Process for Small 

Modular Reactors: Facilitators for Informed Co-Decision-Making Processes 
Tanja Perko1,2, Meritxell Martell3, Rui Gaspar4,5, Jonathan Reese4,5, Samuel Domingos4,5, 
Ana Rita Farias4,5, Silvia Luis4,5, Micaela Fonseca4,5 

1SCK CEN, Mol, Belgium. 2University of Ljubljana, Ljubljana, Slovenia. 3Merience, 
Barcelona, Spain. 4COFAC-UL, Lisbon, Portugal. 5HEI-Lab, Lisbon, Portugal 

Abstract 

New nuclear technologies such as Small Modular Reactors (SMRs) are under development 

worldwide, but before these technologies can be deployed, an Environmental Impact 

Assessment (EIA) must be conducted to evaluate potential effects on the environment and 

nearby communities. It is essential the public has the right to be engaged and provide input 

during this assessment; because technical and regulatory aspects can be complex, this 

research explores effective ways to enable the public to participate meaningfully in the co-

decision-making process. 

 

 

To obtain a comprehensive understanding of the current limitations of, and opportunities for 

engagement practices within EIA processes regarding SMRs, a scoping review was conducted 

in June of 2025. Additionally, semi-structured interviews with stakeholders and EIA/SMR 

experts will be conducted in Belgium and Portugal from June 2025 to September 2025. The 

two countries were selected for their high and low national involvement in nuclear 

technologies, respectively, to provide a more well-rounded framework including various 

contexts. 

 

 

The analysis of the collected data is focused on the following dimensions: 1) Design integrity: 

Which criteria for a fair process are reported in EIAs? 2) Sound deliberation: What conditions 

supported meaningful participation in EIA? 3) Impact: What were the broader effects of 

citizen’s participation? 4) Influential outcome: How did public involvement shape tangible 

outcomes in past EIAs? 

 

 

From these preliminary results, we aim to spark conversation about the need to increase 

methodological and practical robustness for the EIA process, particularly as SMRs are a new 

technology without a standardized procedure for public engagement practices. 
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Abstract 

The increasing threat of large-scale radiological emergencies requires robust national 

preparedness, particularly in biological dosimetry, to support rapid dose assessment and 

effective medical triage. 

This project, funded by the Spanish Nuclear Safety Council (CSN) and coordinated by IIS La 

Fe, aims to develop a National Protocol for Biological Dosimetry (PNDB). The main outcome 

is a comprehensive protocol document detailing the member laboratories, their individual 

and collective capacities, defined roles, and standardized activation procedures in response 

to radiological emergencies. 

To strengthen inter-laboratory coordination and response capabilities, several intercomparison 

exercises have been conducted. These included exercises based on image analysis, and two 

exercises involving the distribution of irradiated blood samples to assess accuracy in both triage-

mode and full biological dosimetry. The most recent was a realistic simulation, coordinated 

under pre-notified timeframes, in which labs processed and reported triage results (50-cell 

analysis), followed by full-scale dose estimation. The results confirmed the network’s ability to 

produce reliable and timely estimations within acceptable Z-score ranges and established triage 

thresholds (<1 Gy, 1–2 Gy, >2 Gy). 

The First Spanish Conference on Biological Dosimetry was held in a hybrid format, featuring 

30 scientific presentations and gathering 221 participants. 
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With the project nearing completion, a near-final draft of the national protocol has been 

prepared. This document lays the foundation for an institutionalized, standardized, and 

collaborative national response system aligned with international guidelines. The PNDB 

significantly enhances Spain’s capacity to respond to radiological emergencies and protect public 

health through a well-coordinated laboratory network. 
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Development of a national Radio-Nuclear Risk assessment tool in Ukraine: a 

public health-oriented approach in a conflict setting 

Riccardo Chiarelli 

Abstract: 

Ukraine is facing an unprecedented radiological risk landscape due to the ongoing armed 

conflict. One nuclear power plant remains under military occupation and has sustained 

multiple attacks, while others are in an active conflict zones. Chornobyl area was occupied 

and bombed, and there is a serious risk of a nuclear attack. Yet no globally agreed 

methodology exists to systematically assess the likelihood and consequences of radio-

nuclear (RN) emergencies, particularly from a public health and medical preparedness 

standpoint. 

In response, the World Health Organisation (WHO) RN team in Ukraine is developing a 

national-level RN risk assessment tool tailored to the country’s unique context. The objective 

is to support health sector preparedness by evaluating both the likelihood of RN incidents 

and their potential health consequences across different scenarios, including large-scale 

population exposure and contamination, and disruption of essential medical services. The 

methodology draws on a combination of expert judgment, open-source intelligence, and 

scenario-based analyses, and is designed to support strategic decision-making at national 

and regional levels. 

While initially conceived for use within Ukraine, the proposed framework may offer a 

foundation for broader application. Its development during an active conflict provides 

valuable insights for other regions facing complex RN risk scenarios, including those 

involving intentional threats. This work represents an important step toward establishing a 

formalized approach to RN risk assessment in support of emergency preparedness 

integrating security risk concepts with public health risk management. 
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Abstract 

Based on epidemiological data, Trauma and Orthopaedic (T&O) surgeons are reported to be 

at excess risk of developing breast cancer. The aim of this study was to investigate radiation 

doses to the breast tissue at chest level and in the axilla whilst wearing hospital issue 

personal protective equipment (PPE). 

189 T&O surgeons across 22 UK NHS trusts were issued with two thermoluminescent 

dosemeters each. Their personal radiation dose was monitored for a 3-month period during 

routine surgical activities. They also completed a survey which collected information on sex, 

career stage, recent radiation safety training, and use and appropriateness of PPE. 

No surgeon received a dose that would put them at risk of exceeding the 20 mSv per year 

dose limit set by the Health and Safety Executive’s Ionising Radiations Regulations 2017. 

Women (who favoured wrap-around PPE tops) received no recordable chest wall dose. Both 

men and women received a higher dose to the axilla suggesting that PPE modifications be 

considered for procedures exposing the axilla to the radiation beam. 

No factor included in the survey was found to significantly influence radiation exposure 

dose. We identified a lack of radiation protection training, with 58.8% of respondents not 

having had any form of radiation protection training in the past three years. 

National guidance is required on PPE provision to ensure that all employers comply with 

IRR2017.  The BOA has published advice on appropriate PPE for its members and is working 

with others to develop a standardised radiation protection training scheme. 
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Abstract 

In recent years, oncological radiotherapy has made significant technological advances; the 

critical need to minimize radiation-induced damage to healthy tissues remains a central 

concern. In this context, patient radiation protection plays a key role, calling for highly 

selective and localized therapeutic strategies. The use of nanomaterials functionalized with 

radiopharmaceuticals represents a promising approach aiming to reduce adverse radiation 

effects and optimizing the radiation treatments. Gold nanorods (AuNRs) conjugated with the 

gamma-emitting isotope technetium-99m (Tc-99m) offer a dual benefit: precise delivery of 

radiation to the target site and Auger electron emission, whose short range allows cytotoxic 

effects to be confined within tumor cells. Furthermore, the interaction between emitted 

photons and gold can trigger additional secondary Auger electron emissions, enhancing 

therapeutic efficacy without increasing the delivered dose. In this study, we simulated the 

effects of Tc-99m on human glioblastoma cells (T98G line), using an external gamma 

radiation source (Cesium-137), aiming to assess radiation-induced effect at metabolic and 

cellular level by means of MR Spectroscopy and cell viability test. The preliminary results, of 

cell survival, suggest enhanced toxicity when radiation is combined with AuNRs. Levels of 

mobile lipids and glutathione (GSH) in MR spectra show more relevant changes after the 

combined treatment (radiation+AuNRs) with respect to the control sample spectra in 

comparison with only radiation or only AuNR treatments. These results will provide the basis 

for the next phase, which involves the functionalising AuNRs with peptides designed to enter 

the nucleus to maximise cytotoxicity locally and reduce side effects to healthy tissue. 

  



 

143 
 

54 

Interlaboratory Comparison of the Cytokinesis Block Micronucleus Assay within 

the Czech Biodosimetry Network 
Jakub Vavra1, Johana Alaverdyan1, Artur Sergunin1, Daniela Ekendahl1, Zuzana 
Sinkorova2, Marcela Milanova2, Oldrich Zahradnicek3 

1National Radiation Protection Institute, Prague, Czech Republic. 2University of Defence, 
Hradec Kralove, Czech Republic. 3Nuclear Physics Institute, Prague, Czech Republic 

Abstract 

Ionizing radiation increases the frequency of chromosomal acentric fragments that are not 

incorporated in the daughter nuclei upon cellular karyokinesis forming so called micronuclei. 

The cytokinesis block micronucleus assay (CBMN) aims to determine the dose based on the 

frequency of micronuclei within the binucleated peripheral blood lymphocytes. However, 

the sample processing and data analysis within CBMN are relatively time-consuming leading 

to the necessity of interlaboratory cooperation upon radiation mass casualties. 

The aim of this study was to conduct an interlaboratory comparison among three Czech 

biodosimetry laboratories (National Radiation Protection Institute, University of Defence, 

Nuclear Physics Institute) regarding the dose estimation by CBMN. Specifically, the blood 

samples from 2 healthy donors with no previous radiation exposure were irradiated by three 

different doses using the linear accelerator (1.4 MeV X-ray beam) located at the Motol 

University Hospital in Prague. Following that, the blood samples were incubated at 37 °C for 

2 hours and then distributed into the respective laboratories to estimate the doses by CBMN 

based on their internal protocols. The results obtained were compared with reference doses 

and within each other to identify and discuss further potential improvements regarding the 

implementation of CBMN. Altogether, the study proved the possibility of mutual 

interlaboratory cooperation allowing to increase the throughput in the personal dose 

estimation by CBMN. 

Supported by the grant VK01020052 “Complex of methods of biological and physical 

retrospective dosimetry for radiation emergency” from the Ministry of the Interior of the 

Czech Republic. 
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Abstract 

Introduction 

The risks of chronic low dose radiation exposure in Nuclear Medicine Technologists (NMTs) 

are poorly understood. This project seeks to identify evidence of DNA and chromosome 

damage from radiation exposure in blood samples of NMTs, in order to further explore the 

potential risks for individuals in these roles. The project is driven by concern within the NMT 

community, and workshops have been set up with NMTs located across the UK to facilitate 

direct stakeholder involvement. 

Methods 

Blood samples were collected from technologists before and after an injection of a 

radioactive tracer and from age and sex matched controls. The number of baseline DNA 

double strand breaks was counted by immunofluorescent staining for γH2AX, a marker of 

DNA damage. 

Blood samples from technologists and controls were also cultured and scored to determine 

the frequency of dicentrics, as a well-established marker of radiation damage. 

Results 

Initial γH2AX results show a slight but non-significant increase in foci between controls and 

technologists. There’s a significant increase in foci between controls and technologists after 

administering a radioactive tracer.  

There was a slight but non-significant increase in mean dicentric chromosomes per 100 cells 

between technologists and controls. 

Conclusion 

The study will increase our understanding of how chronic low dose radiation exposure 

impacts NMTs, for example whether chronic radiation changes how radiation damage is 

formed and repaired in technologists. The outcomes will inform working practices to 

improve the health and wellbeing of NMTs, including through updated policy guidance. 
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Abstract 

Quinazoline derivatives inhibit the Epidermal Growth Factor Receptor (EGFR) and are widely 

used in targeted cancer therapy for tumors overexpressing the receptor. Some of these 

drugs have been reported to act as radiosensitisers.The purpose of this study was to 

evaluate the anticancer and radiosensitising activity of two novel quinazoline compounds 

(C1, C2). 

The anticancer activity was evaluated using the MTT assay and the Western Blotting 

technique. The radiosensiting activity was assessed using the clonogenic assay. In order to 

elucidate the mechanisms underlying the radiosensitising effect, flow cytometry was used as 

well as cytogenetic methods, such as the G2chromosomal radiosensitivity assay. 

Both compounds exhibit cytotoxicity with IC50 values 2.9±0.3μΜ and 1.5±0.7μΜ and have 

the ability to target EGFR.Only C2 has a radiosensitising effect at radiation doses higher or 

equal to 4Gy. It also induces G0/G1 cell cycle arrest. The chromatid aberrations/cell after 

irradiation in the presence of C2 or ATM/ATR inhibitor are 4.66±0.06 and 8.62±0.88 

respectively, showing that its radiosensitising effect is not a result of the G2/M checkpoint 

abrogation and does not affect the G2 repair mechanism (mainly Homologous 

Recombination). The excess acentric fragments/cell in cells irradiated in G1-phase are 25.9% 

higher in the presence of C2 than radiation alone, showing that the compound affects the G1 

repair mechanism (most probably Non Homologous End Joining). 

Further studies are needed to clarify the range of conditions promoting radiosensitisation 

and to delve deeper into the mechanisms involved. These promising results encourage the in 

vivo studies. 
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Abstract 

Biodosetools is an open-source software developed by members of the RENEB association. It 

is designed to become the primary resource for performing dose and uncertainty 

assessment and to provide a statistical toolbox for biological dosimetry laboratories 

worldwide. The software provides graphical user interfaces (GUIs) and enables standardized 

statistical evaluations in the field of biological dosimetry. The application is built using the R 

programming language and Shiny as the framework for delivering a user-friendly online 

solution. By being open-source, Biodosetools allows users to contribute improvements, 

address new challenges, and expand its functionality in a collaborative environment. 

Since its initial release, new needs have arisen, prompting the development of additional 

modules for dicentric analysis to extend the application’s capabilities and address emerging 

challenges in biological dosimetry. Recent updates include a new criticality accident module 

for dose estimation in case of combined gamma and neutron radiation, such as nuclear 

detonations. The dose estimation module now includes the possibility for the simultaneous 

analysis of multiple samples, reducing the processing time for large-scale scenarios and 

interlaboratory comparisons (ILCs). Another major update is the new characteristic limits 

module that calculates decision thresholds and detection limits, as required by ISO 19238 

standards. Finally, the new version includes an ILC module that automates and facilitates the 

comparison of dose estimation results between participants of an ILC. The updated version 

of Biodosetools not only ensures consistent and standardized estimation of doses and the 

corresponding uncertainties, but also the necessary tools to routinely evaluate the 

performance of biological dosimetry laboratories. 
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