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Oral talks 
 

T01: NIR Non-ionising radiation 
 

 
IMPORTANCE OF INDOOR LIGHTING FOR WELL-BEING, 

PHYSICAL AND MENTAL HEALTH 

Mariëlle AARTS 

Since the last decades, people spend most of their time indoors. As a result, the exposure to 

natural daylight is reduced enormously. Given the current insights on how light effects people 

beyond vision, one should not neglect the power of indoor lighting; both from a positive as 

from a negative perspective. Performance and alertness for daytime people can be impacted 

by light exposure. The most obvious route, so far, seems to be via circadian alignment. When 

people’s biological clock is not well-aligned with the social clock, it negatively influences 

their functioning. When assuming that the natural light with all its specific characteristics, is 

best for people, what are people missing when being indoors most of the time, and how is this 

relevant for their well-being, and health? 
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LIMITS OF SCIENTIFIC INSIGHT WHEN UPDATING ICNIRP 

GUIDELINES 

Nigel CRIDLAND1,2
 

1International Commission on Non-ionizing Radiation Protection 
2Radiation, Chemicals and Environment Directorate, UK Health Security Agency 

 
When developing or updating guidelines it is necessary to establish adverse effects thresh- 

olds, so that these can be used as a basis for setting exposure restrictions. 

For example, quantitative threshold data for adverse effects of acute exposures to ultravio- 

let radiation are both comprehensive and reasonably robust for common exposure scenarios. 

However, the thresholds show a very strong spectral dependence and the recent development 

of germicidal applications based on excimer lamps has triggered a need to re-evaluate data at 

very short wavelengths where limits have seen little application in the past. Whilst it is rela- 

tively easy to identify limitations in these data, this is not the same as having a robust basis 

from which to develop revised limits. 

Establishing reliable numerical threshold data is particularly challenging in relation to 

adverse effects of long-term exposure, where evidence for harm to people is inevitably based 

almost exclusively on epidemiological studies of sun exposed populations. Aside from the 

inherent uncertainties associated with retrospective estimation of exposure over periods of 

decades, the absence of spectral dependency data is especially problematic. 
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A FRAMEWORK FOR NON-IONIZING RADIATION 

PROTECTION 

Emilie VAN DEVENTER1*, Jacques ABRAMOWICZ2, Efthymios KARABETSOS3, 

Sigurður MAGNUSSON4, Rüdiger MATTHES5, Mirjana MOSER6, Shengli NIU7, 

John O’HAGAN8, Rick TINKER9
 

1Department of Environment, Climate Change and Health, World Health Organization, Geneva, 

Switzerland 
2World Federation for Ultrasound in Medicine and Biology and Department of Obstetrics and 

Gynecology, University of Chicago, Chicago, United States of America 
3Non Ionizing Radiation Office, Greek Atomic Energy Commission, Athens, Greece 
4Icelandic Radiation Safety Authority, Reykjavik, Iceland 
5Independent expert, Munich, Germany 
6Independent expert, Bern, Switzerland 
7Labour Administration, Labour Inspection and Occupational Safety and Health Branch, International 

Labour Office, Geneva, Switzerland 
8 Independent expert, Chilton, United Kingdom 
9Australian Radiation Protection and Nuclear Safety Agency, Melbourne, Australia 
*Corresponding author. E-mail: vandeventere@who.int 

Keywords: Non-ionizing radiation, radiation protection, framework, health 

 

No international framework for health protection from non-ionizing radiation (NIR) cur- 

rently exists. Rather, a number of countries maintain different compliance needs targeting 

only specific NIR exposure situations. An overarching and coherent framework developed 

by the World Health Organization will promote a globally consistent approach for the protec- 

tion of people from NIR. Its goal is to allow governments to respond to policy challenges on 

how to achieve effective protection of people, especially in a world that is rapidly deploying 

new NIR technologies. Based on decades of practical experience the framework provides 

guidance on establishing national health and safety objectives for the public, workers and 

patients. It supports multisectoral action and engagement by providing a common language 

and systematic approach for managing NIR. This presentation will highlight the concepts and 

key features that underpin the framework for NIR protection, along with some examples of 

implementation. 

mailto:vandeventere@who.int
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THE EFFICACY AND SAFETY OF DISINFECTION WITH 222 NM 

ULTRAVIOLET-C 

Ewan EADIE* on behalf of a multi-disciplinary, multi-institutional group of researchers 

NHS Tayside, Ninewells Hospital & Medical School, Dundee, DD1 9SY, United Kingdom 
*E-mail: ewan.eadie@nhs.scot 

Keywords: Krypton Chloride, ultraviolet-C, efficacy, safety, 222 nm 

 

Over the past two years, there has been a dramatic increase in the development of technolo- 

gies claiming to disinfect surfaces and the air of infectious pathogens. One optical radiation 

technology making such claims is the Krypton-Chloride (KrCl) excimer lamp. The KrCl 

lamp emits a narrowband of ultraviolet-C (UVC) radiation at 222 nm, with lower intensity 

emissions at longer ultraviolet wavelengths. Like other wavelengths of UVC, 222 nm is ab- 

sorbed by nucleic acids causing photochemical changes that prevent a pathogen from repro- 

ducing; effectively inactivating it. However, strong absorption in the skin’s stratum corneum 

and the eye’s tear layer appear to result in 222 nm being safer than other, longer UVC wave- 

lengths. This gives potential for 222 nm to be used as an optimal disinfection technology to 

assist in the reduction of infectious disease transmission. 

Our computer modeling demonstrated that it is the longer wavelength emissions from 

KrCl excimer lamps that were responsible for skin reddening (erythema) and DNA damage, 

previously observed in a clinical trial. This was supported by in vivo self-exposure experi- 

ments at high radiant exposures from filtered KrCl lamps, showing no acute reactions in the 

skin and minimal superficial DNA damage. 

Computer modeling has investigated the efficacy of 222 nm for air disinfection in simu- 

lated environments. Our results highlighted the importance of adequate irradiation spatially, 

temporally and in terms of lamp intensity. This was corroborated in a controlled experiment 

performed in a room-sized chamber, with 92% reduction in pathogen load at current Euro- 

pean exposure limits for 222 nm. This was equivalent to 35 air-changes-per-hour (ACH), 

outperforming a portable air cleaner (15.5 equivalent ACH at 500 m3h-1). 

In this presentation we review our research findings, place them in the context of other 

published material and present exciting new data from unpublished ongoing research studies. 

mailto:ewan.eadie@nhs.scot
mailto:ewan.eadie@nhs.scot
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OCCUPATIONAL EXPOSURE TO ELECTROMAGNETIC FIELDS 

AND HEALTH SURVEILLANCE OF WORKERS 

Fabriziomaria GOBBA1*, Alberto MODENESE1
 

1Department of Biomedical, Metabolic and Neural Sciences, University of Modena and Reggio 

Emilia, Modena, Italy 
*Corresponding author. E-mail: fabriziomaria.gobba@unimore.it 

Keywords: electromagnetic fields, occupational exposure, health surveillance 

 

Introduction. 

Electromagnetic fields (EMF) exposure is a diffused occupational risk: a large number, 

possibly the majority, of workers are potentially exposed. The opportunity of an effective 

Health Surveillance (HS) of such workers is recognized and in some Countries is manda- 

tory. Nevertheless, specific criteria for an effective HS of EMF exposed workers are hitherto 

scarcely defined. 

 
Materials and Methods. 

In the European Union an obligation for the HS of EMF exposed workers is provided by 

the Directive 2013/35/EU, also providing Exposure Limits Values (ELVs) for occupational 

exposures. Considering the legal obligation introduced by this Directive, an outline of the 

main criteria to be considered for an appropriate HS of EMF exposed workers is discussed. 

 
Results. 

The HS is aimed to protect and to promote the workers’ health. The EU Direc tive specifically 

addresses the prevention of EMF direct biophysical effects (as stimulation of muscles, nerves 

or sensory organs, or thermal effects) and indirect effects (as interference). Conversely, long- 

term effects are not addressed as scientific evidence of a causal relationship is considered 

inadequate. Occupational EMF-exposures lower than the ELVs can be usually considered 

adequately protective against the direct effects, but the occurrence of groups of “workers at 

particular risk” (e.g. subjects with active medical devices as pacemakers, and also pregnant 

women) must be considered, and adequate prevention provided. To date no laboratory tests 

or specific medical investigations can be considered adequate in terms of validity and per- 

formance. 

 
Conclusions. 

The HS of occupational EMF exposed workers is mainly aimed at evidence the occurrence 

of direct biophysical and indirect effects of EMF, while, at least in EU Countries, long term 

effects are not addressed. Another aim of HS is to screen conditions possibly inducing an 

increased susceptibility (“workers at particular risk”), and to adopt appropriate preventive 

measures. 

mailto:fabriziomaria.gobba@unimore.it
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COMPARISON OF EXPOSURE TO RADIOFREQUENCY 

ELECTROMAGNETIC FIELD EMITTED BY RTV AND MOBILE 

COMMUNICATION TRANSMITTERS IN URBAN ENVIRONMENT 

Krzysztof GRYZ1*, Jolanta KARPOWICZ1, Patryk ZRADZIŃSKI1
 

1Department of Bioelectromagnetics, Central Institute for Labour Protection – National Research 

Institute (CIOP-PIB), Warszawa, Poland 
*Corresponding author. E-mail: krgry@ciop.pl 

Keywords: electromagnetic field, measurement, exposure, public health, environmental engineering 

 

In the urban environment, due to the large number of users, there is the highest density of ra- 

diocommunication antennas and the electromagnetic field (EMF) with the most complex fre- 

quency spectrum. The main sources of exposure are base stations of mobile communication 

networks and terrestrial radio and television broadcasting transmitters. Our investigations 

covered recordings of electric field strength, recorded simultaneously in narrowbands har- 

monized with frequencies of emissions from the above-mentioned types of sources located 

in Warszawa, Poland (Gryz et al., 2021). 

A comparative analysis of the recordings showed that currently the strongest component 

of the total urban exposure is related to the use of wireless Internet (component of exposure 

from various LTE signals) and, to a lesser extent, voice calls (component of exposure fromr 

GSM signals) as part of mobile communication services. Our results correlate with observed 

continuous increase in the use of mobile networks and changes in the structure of telecom- 

munications services used by mobile communication users. Inside office buildings the total 

level of recorded EMF exposure was significantly lower than 10%of general public reference 

limits (Council Recommendations 519/1999/EC). 

 
Gryz, K., Karpowicz, J., Zradziński, P. 2021. Electromagnetic field emitted by radiocommunications 

systems – changes in Warsaw in the 21st century. Bezpieczeństwo Pracy 7(598), 5-9 (in Polish). 

Gryz, K., Karpowicz, J., Zradziński, P. 2021. Empirical assessment of the electromagnetic effects of the 

development of urban radiocommunication networks from the perspective of a clinical hospital (2014- 

2021). Inżynier i Fizyk Medyczny. 5(10), 363-367 (in Polish). 

 
Acknowledgments: The results of the National Programme “Improvement of safety and working condi- 

tions” supported by National Centre for Research and Development (research task II.PB.16; 2020– 

2022); CIOP-PIB is the Programme’s main co-ordinator. 

mailto:krgry@ciop.pl
mailto:krgry@ciop.pl
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TRANSCRANIAL ELECTRIC AND MAGNETIC STIMULATION 

Jens HAUEISEN1,2
 

1Institute of Biomedical Engineering and Informatics, Technische Universität Ilmenau, Ilmenau, 

Germany 
2Hans Berger Department of Neurology, Jena University Hospital, Jena, Germany 

 
Transcranial magnetic stimulation (TMS) and transcranial electric stimulation (TES) are 

non-invasive techniques to trigger and modulate neuronal activity. Application areas are the 

treatment of various neurologic and psychiatric diseases such as stroke or depression as well 

as neuroscientific research on normal and abnormal brain function. The development and 

application of new approaches in TES and TMS, e.g. multi-channel stimulation, requires 

verification and validation approaches. We propose a new concept for a physical head phan- 

tom to address the verification and validation of these techniques. Compared to simulations, 

physical phantoms consider real-world influences, such as environmental noise or 3D posi- 

tioning errors. At the same time, physical phantoms allow for a representation of the ground 

truth, because of their well-known structure and function. We present a phantom concept and 

a characterization study of phantom materials. The phantom consists of three conductivity 

compartments and interior components for measurement purposes. Our results show that 

agarose, gypsum, and NaCl solution can serve as stable representations of the three main 

conductivity compartments of the head, i.e. scalp, skull, and intracranial volume. 

TMS and TES protocols are often applied in a one-size-fits-all fashion, using a fixed stim- 

ulation configuration for all subjects participating in an interventional study. This disregards 

individual differences concerning anatomy and physiology. Thus, inhomogeneous subject 

groups or the transfer of stimulation protocols to different age groups might result in consid- 

erable effect variation. Simulation of current flow based on individual head models can help 

to individualize stimulation parameters and contribute to the understanding of the causes of 

this response variability. We review studies that show a relationship between the presence of 

behavioral/neurophysiological responses and features derived from individualized current 

flow models. We highlight the potential benefits of individualized current flow modeling. 
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COMPARISON OF LIMITS IN ICNIRP GUIDELINES AND IEEE 

C95.1 STANDARD 

Akiamsa HIRATA1*, Sachiko KODERA1
 

1Center of Biomedical Physics and Information Technology, Nagoya Institute of Technology, Nagoya 

466-8555 Japan 
*Corresponding author. E-mail: ahirata@nitech.ac.jp 

Keywords: radio-frequency guidelines, standardization, exposure limit, comparison 

 

Recently, two international exposure guidelines and standard mentioned in World Health 

Organization (ICNIRP, 2020; IEEE, 2019) have been revised. The guidelines for human ex- 

posure set restrictions based on classical heating mechanisms, because all adverse effects are 

avoided by avoiding adverse effects related to temperature rises above 100 kHz. 

There are two primary changes in these revised guidelines at frequency band where the 

5th generation (5G) wireless communication system is used; new metrics for continuous ex- 

posure and brief exposures. First, New physical quantity named absorbed or epithelial power 

density averaged over the area of 4 cm2 is introduced for human protection from continuous 

(almost sinusoidal) exposures at frequencies above 6 GHz. This averaging area was designed 

to match the face of averaging volume (10 g in cube) of the specific absorption rate (SAR). 

For practical assessment, the limit is conservatively derived from the absorbed power density 

in terms of incident power density averaged over the same area (4 cm2). The second one 

is new limit in terms of absorbed energy density/fluence which prevent instantaneous skin 

temperature rise for exposure to pulses much shorter than thermal time constant of biological 

tissues (typically several minutes). The rationale for these new metrics and trend of standard- 

ization will be reviewed. In this presentation, additional changes and remaining differences 

are summarized. 

 
ICNIRP, 2020. Guidelines for Limiting Exposure to Electromagnetic Fields (100kHz to 300 GHz). 

Health Phys. 118, 483-524. 

IEEE-C95.1-2019. Standard for Safety Levels With Respect to Human Exposure to Electric, Magnetic 

and Electromagnetic Fields, 0 Hz to 300 GHz. 

mailto:ahirata@nitech.ac.jp
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EMF DOSIMETRY AND ASSESSMENT ABOVE 6 GHZ 

Akimasa HIRATA1*, Yinliang DIAO2
 

1Center of Biomedical Physics and Information Technology, Nagoya Institute of Technology, Nagoya 

466-8555 Japan 
2College of Electronic Engineering, South China Agricultural University, China 
*Corresponding author. E-mail: ahirata@nitech.ac.jp 

Keywords: 5G wireless communication system, safety assessment, power density 

 

International guidelines and standards for human protection from radiofrequency fields have 

been revised recently, especially at frequencies higher than 6 GHz. This frequency range will 

be used for new wireless communication systems, i.e., 5G wireless communications system. 

Above 6 GHz, a new physical quantity “absorbed or epithelial power density” has been 

adopted as a dose metric. Then, the permissible level of external field strength or power den- 

sity is derived for practical assessment in a conservative manner. The limits were explicitly 

designed to avoid excessive increases in body surface temperature, based on electromagnetic 

and thermal modeling studies but supported by experimental data where available. Another 

aspect to be considered is how to conduct compliance assessment for wireless terminals, es- 

pecially for continuous exposures. This issue has been discussed in the IEC Technical Com- 

mittee 106. This talk first reviews the studies on the computational modeling or dosimetry 

which are related to the revision of the guidelines and standard. The trend of standardization 

for product assessment is also reviewed briefly. 

mailto:ahirata@nitech.ac.jp
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EMF-RISK ASSESSMENT – SUPPORTING GERMAN SME WITH 

TECHNICAL RULES 

Peter JESCHKE1, Carsten ALTEKÖSTER2, Erik ROMANUS1
 

1BAuA, Dortmund, Germany 
2IFA, St. Augustin, Germany 
*Corresponding author. E-mail: physical.agents@baua.bund.de 

Keywords: electromagnetic fields, occupational exposure, German transposition of 2013/15/EU, risk 

assessment in SME 

 

The European Directive 2013/35/EU came into force in 2013, defining minimum health and 

safety requirements regarding the exposure of workers to the risks arising from electric, 

magnetic and electromagnetic fields (EMF). Similar to all other European member states, the 

Directive 2013/35/EU had to be implemented into German occupational safety and health 

legislation. It was open to the member states whether to implement 2013/35/EU into national 

legislation directly or to amend to existing regulations. Germany has chosen to transpose the 

requirements of Directive 2013/35/EU on the basis of the EMF OSH legislation already in 

force since 2001. The German OSH Ordinance on EMF eventually came into force in No- 

vember 2016. It is a binding labor regulation for any risks arising from the exposure to EMF 

at workplaces. To support particularly small and medium sized enterprises (SMEs) with an 

elaborated but applicable safety approach, Technical Rules will improve the comprehensi- 

bility and usability of the German EMF Ordinance. With Technical Rules, Germany’s OSH 

legislator supports employers in fulfilling their obligations arising from the German EMF 

Ordinance and the Directive 2013/35/EU, respectively. Applying Technical Rules entails 

presumption of conformity with the related German OSH Ordinance; comparable with har- 

monized standards regarding product safety regulations. It is planned to make the Technical 

Rules on EMF available in English language additionally, once they have been published. 

The proposed presentation provides insight into the safety concept of the German Techni- 

cal Rules, their structure and content, as well as the procedure for risk assessments for work- 

ers and workers at particular risk. 

mailto:physical.agents@baua.bund.de
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PEROSH WORKSHOP “EMF EXPOSURE OF ELECTRONIC 

ARTICLE SURVEILLANCE SYSTEMS AT WORKPLACES” 

Klaus SCHIESSL1, Peter JESCHKE2*
 

1AUVA, Vienna, Austria 
2BAuA, Dortmund, Germany 
*Corresponding author. E-mail: physical.agents@baua.bund.de 

Keywords: electromagnetic fields, occupational exposure, electronic article surveillance 

 

Introduction 

Electronic article surveillance (EAS) systems are widely used in retail and logistics, e.g. 

to prevent thievery or to locate and monitor numerous products automatically at the same 

time. EAS-systems use different frequency bands ranging from static magnetic fields, over 

intermediate to radio frequencies. Depending on their functioning principles, selected EAS- 

systems emit intense electromagnetic fields, that in some practical situations may even ex- 

ceed maximum exposure level at the workplace. Hence, EAS-systems exceeding permissible 

exposure levels may be of concern for workers, workers at particular risk (e.g. with active 

implanted medical devices such as cardiac implants), and pregnant workers. Customers may 

be affected as well as. 

In addition, it proved challenging for operators/employers of such systems to obtain suf- 

ficient information about safe and healthy operation of EAS-systems from manufacturers or 

distributors. 

 
Scope of the Workshop 

The major intention of the information sharing workshop is to connect stakeholders with a 

background in occupational safety and health as well as market surveillance across Europe, 

in order to bundle attention to the potential problems arising from EAS-systems. Therefore 

the workshop will: 

– discuss problems with EMF exposure of EAS-systems at workplaces on a PanEuropean 

perspective and 

– evaluate the necessity to initiate a PanEuropean research- and information dissemination- 

approach to enable safe and health working conditions. 

 
Content of the Workshop 

In order to facilitate a thorough discussion in the second part of the workshop, three presenta- 

tions focusing on technical issues, application, and standardization will provide an introduc- 

tion of relevant information to EAS-systems’ safe and healthy operation. In the second part of 

the workshop, the necessity to initiate a PanEuropean research- and information dissemina- 

tion-approach to enable safe and health working conditions will be discussed, including brief 

reports on experiences with EAS-technology by workshop participants. 

mailto:physical.agents@baua.bund.de
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Presentation 1: “Technical Issues” 

The presentation introduces the different types of EAS-systems and their range of appli- 

cation. To complete the technological background, the framework of exposure assessment 

for different possibly exposed persons such as workers, workers at particular risk (pregnant 

workers and those with implanted medical devices, such as e.g. cardiac implants), and mem- 

bers of the general public will be outlined. 

 
Presentation 2: “Challenges in Application” 

Building upon the knowledge introduced in presentation 1, the second presentation elabo- 

rates on the typical exposure levels at workplaces with EAS-systems. The workers’ Directive 

on EMF 2013/35/EU offers two different approaches to show compliance with its exposure 

limits as of annex 2 and 3 and in consequence to deduct mitigation measures. One alternative 

is to show compliance with Action Levels by field measurements directly at the workplace, 

the second alternative is to show compliance based on Exposure Limit Values derived by 

computational dosimetry. 

 
Presentation 3: “Reasonably foreseeable use of EAS and product safety” 

Irrespective of compliance with Action Levels, EAS-systems available and operated at the 

European Single Market may be deemed as safe by a declaration of conformity by their 

manufacturers or distributors with respect to relevant EU product Directives, e.g. Low Volt- 

age Directive 2014/35/EU, Radio Equipment Directive 2014/53/EU, or Electromagnetic 

Compatibility Directive 2014/30/EU. Concerning EMF and state-of-the-art EAS-systems, 

compliance at the workplace is then usually shown by dosimetric simulations of exposure 

situations and evaluation via Exposure Limit Values. Profound choice of exposure setups and 

reliable numerical simulations are key to the validity of this approach. The scope of presen- 

tation 3 is to contrast reasonably foreseeable use conditions based on harmonized product 

standards to declare conformity with those use conditions to be found at real world work- 

places. Giving some examples of discrepancies, it will become obvious, why products with 

CE certification are not necessarily operated safely under any condition and thus frequently 

require further attention. 

 

Discussion 

The concluding discussion invites all attendees to contribute their experiences, views, and 

thoughts about the safe and healthy operation of EAS-systems. 
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INVITED ABSTRACT: CHALLENGES OF 5G NR EXPOSURE 

ASSESSMENT 

Wout JOSEPH*
 

Department of Information Technology, Ghent University/imec, 9052 Ghent, Belgium 
*E-mail: wout.joseph@ugent.be 

 
As the roll-out of the fifth generation (5G) of mobile telecommunications is well under- 

way, standardized methods to assess the human exposure to 5G NR base station radios are 

needed. The 5G mobile networks being rolled-out consist of 5G new radio (NR) technology 

and Massive MIMO (MaMIMO) where the base stations will in most cases use beamform- 

ing. MaMIMO as 5G technology enables benefits such as excellent spectral efficiency and 

superior energy efficiency. The main concept is to use large base station antenna arrays to 

simultaneously serve multiple user equipment. Challenges and a method for in-situ assess- 

ment of radiofrequency (RF) electromagnetic field (EMF) exposure from fifth generation 

5G NR base stations is presented and applied in test sites and in a commercial NR network. 

Up to now, only limited research and methods are available on how to conduct in-situ 5G 

exposure measurements. An important challenge is to obtain correct realistic exposure and 

avoid unrealistic overestimations by assuming continuous beamforming. Therefore, the first 

in-situ the first assessment of downlink exposure to fifth generation (5G) New Radio NR base 

stations will be presented. The fields are determined in-situ using a novel assessment method 

for downlink exposure to fifth generation NR base stations. Realistic exposure levels with 

and without active user equipment have been determined by measurements and simulations. 

During the measurement campaign, four base station sites were investigated and the expo- 

sure was assessed at different positions and distances from the base stations. Extrapolation to 

the maximum exposure level can be done without prior knowledge of the radiation patterns. 

The impact of the NR network on the total environmental RF will be discussed for average 

and maximal values, with and without user device. 

mailto:wout.joseph@ugent.be
mailto:wout.joseph@ugent.be


Oral talks – T01: NIR Non-ionising radiation 

IPRA2022 / May 30–June 3, 2022 / Budapest, Hungary 1

4 

 

 

 

NUMERICAL MODELING OF OCCUPATIONAL HAZARDS 

RELATED TO ELECTROMAGNETIC EMISSION FROM 

SURGICAL DIATHERMY 

Jolanta KARPOWICZ1*, Patryk ZRADZIŃSKI1, Krzysztof GRYZ1
 

1Department of Bioelectromagnetics, Central Institute for Labour Protection – National Research 

Institute, Warszawa, Poland 
*Corresponding author. E-mail: jokar@ciop.pl 

Keywords: environmental engineering, occupational exposure, public health, surgical diathermy 

units, numerical simulations, electromagnetic field 

 

Performing medical procedures with the use of surgical diathermy units (SDU) all members 

of treatment team experience exposure to electromagnetic field (EMF) emitted by SDU. 

Our study is focused on the analysis of biophysical effects of EMF influence in the treatment 

team members, by means of advanced computer simulations, using realistic models of expo- 

sure scenarios in many-persons (1-10 people) treatment teams (modeled using a single-body, 

homogeneous models of humans, in realistic spatial organization in the treatment room), as 

well as models of localized exposure near to active electrode handle or cable, for example 

operated by surgeon (modeled using a heterogeneous posable models of surgeons body, in- 

cluding detailed models of hands). 

The results of numerical simulations are analyzed with the use of parameters character- 

izing electromagnetic hazards in accordance with the requirements of the labor law (i.e. the 

EMF parameters in the SDU environment and metrics of its impact on humans - the SAR 

coefficient and the strength of the electric field induced in the body, E-ind). 

Next factors influencing strongly on the exposure effects level and spatial distribution 

in surgeons body are: the number of members of treatment team present next to a patient, 

the dimensions of the surgeon’s body and a way, how the handle of active electrode is kept. 

Numerical simulations of next realistic cases of exposure are on-going to find the most influ- 

encing factors and to evaluate the possible protection measures. So far due to the technical 

difficulties of the computer modeling required in such study, mentioned problem was insuf- 

ficiently recognized to fully meet the requirements of labor law. 

 
Acknowledgments: The results of National Programme “Improvement of safety and working condi- 
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MACHINE LEARNING-ASSISTED ANTENNA MODELLING FOR 

REALISTIC ASSESSMENT OF HUMAN EXPOSURE REFERENCE 

LEVELS AT FREQUENCIES ABOVE 6 GHZ 

Ante LOJIĆ KAPETANOVIĆ1*, Dragan POLJAK1
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Split, Croatia 
*Corresponding author. E-mail: alojic00@fesb.hr 
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nology, human exposure, incident power density 

 

Oversaturation of frequency spectrum, increased need for higher data rates, transmission 

security and connection reliability have all led to the development of the fifth generation 

(5G) mobile telecommunication technology, currently in the deployment phase world-wide. 

Given the fact that operating frequencies of 5G hand-held communication devices often fall 

into the mmWave frequency range, hitherto poorly researched from the perspective of human 

exposure to radio-frequency (RF) non-ionizing radiation (Hirata et al. 2021), it is necessary 

to reevaluate the interaction with the human body and define appropriate dose metrics. The 

only prominent negative effect of this type of radiation is manifested through the surface 

heating of the exposed surface of the skin, thus, through standards and/or guidelines, various 

international bodies have defined dosimetric reference limits and corresponding exposure 

reference levels, correlated with the increase in tissue temperature (Foster et al. 2018). 

This study is based on the assessment of the incident power density - exposure reference 

level for frequencies above 6 GHz (Hashimoto et al. 2017), through an illustrative example 

of the near-field exposure of a simple human skin model to high frequency RF radiation. 

Machine learning and associated techniques such as automatic differentiation have been uti- 

lized to improve the overall accuracy of the simulation by eliminating the numerical artifacts 

inevitable in the standard modelling of a realistic antenna. The discussion on the current state 

and future directions of differentiable computing in computational electromagnetic dosim- 

etry is outlined. 

 
Foster, K.R. et al. 2018. Modeling tissue heating from exposure to radiofrequency energy and relevance 

of tissue heating to exposure limits: Heating factor. Health Phys. 115(2), 295-307. 

Hashimoto, Y. et al. 2017. On the averaging area for incident power density for human exposure limits 

at frequencies over 6 GHz. Phys. Med. Biol. 62, 3124-3138. 

Hirata, A. et al. 2021. Assessment of human exposure to electromagnetic fields: Review and future 

directions. IEEE Trans. Electromagn. Compat. 63(5), 1619-1630. 
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5G AND HUMAN HEALTH: CURRENT KNOWLEDGE 

AND IMPORTANT KNOWLEDGE GAPS 

Mats-Olof MATTSSON 

SciProof International AB, Östersund, Sweden 

 
”5G frequencies” are found in two different frequency bands, named FR1 and FR2, the first 

of which is already in use for mobile telecommunications. The possible health effects of these 

have been regularly evaluated by expert bodies appointed by public authorities. The overall 

assessment is that RF fields emitted from mobile phones and other mobile communication 

devices, or the associated transmitters do not pose a risk to human health if exposures are 

below the limits developed by ICNIRP. However, effects on biological systems and in par- 

ticular health effects have been studied to a very limited extent for FR2. The studies that have 

been done are few and are not necessarily suitable for risk assessments. Thus, the basis for 

a specific risk assessment is insufficient. Similarly, possible effects on environmental organ- 

isms (e.g., insects, plants, fungi, bacteria) are insufficiently investigated. Particularly relevant 

is the question of temperature increase in very small organisms, as the penetration depth of 

millimetre waves belonging to FR2 can heat up the whole organism. 
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POTENTIAL CONTRIBUTION OF THE TRANSCRANIAL 

STIMULATION LITERATURE TO EMF EXPOSURE STANDARDS 

Julien MODOLO1*, Alexandre LEGROS2,3,4
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Keywords: non-ionizing radiation, transcranial current stimulation, electroencephalography, EMF 

exposure standards 

 

Current EMF exposure standards in the extremely low-frequency range (ELF, < 300 Hz) are 

based on replicable acute effects on human neurophysiology occurring at the lowest known 

levels of in situ electric field, namely the perception of magnetophosphenes (visual percep- 

tion occurring in the absence of visual stimulus, due to a sufficiently strong electric field 

at the level of the retina). In their current form, those EMF standards do not take into ac- 

count results from the literature in the field of transcranial current stimulation (tCS). tCS is 

a brain stimulation technology consisting in applying a weak electrical current (typically 2 

mA maximum) to the scalp using skin electrodes to induce a modulation of the underlying 

cerebral cortex activity. tCS can be applied using a DC or an AC current (termed tDCS / 

tACS, respectively). Over the last 20 years, the tCS literature has seen growing and replicated 

evidence that low-magnitude in situ electric fields (on the order of 1 V/m or lower) can modu- 

late electrical oscillations of brain tissue, and result in a modulation of associated cognitive 

performance, after a duration typically greater than 10 minutes. The mechanisms of action 

of tCS are being gradually elucidated, and are more complex than the outdated view of trig- 

gering action potentials by a sufficiently large electrical stimulation, notably because those 

effects are not acute but require lasting exposure. Therefore, we will discuss the potential 

implications of the tCS literature for EMF exposure standards. Overall, considering lasting 

effects of electric fields at lower levels than those currently considered for acute effects might 

be a challenging but inevitable task, given the considerable volume of literature arguing for 

the existence of such effects. 
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The issue of potential adverse effects of non-ionizing radiation (NIR) on health remains a 

major concern for the general population. The ongoing deployment of 5G infrastructure and 

smart meters is a key driver for those concerns. However, there is a lack of information acces- 

sible to the general public regarding the known biological effects of NIR. In order to address 

this issue, IRPA has created a Task Group specifically aiming at coordinating and disseminat- 

ing knowledge on the effects of NIR for the general public. The NIR TG includes members 

from national radioprotection societies around the world, to bring a global response on this 

topic and maximize its impact. In this talk, we will present the members of this new TG and 

the current plan of actions. This work will be conducted in collaboration with the World 

Health Organization (WHO), the International Commission on Non-Ionizing Radiation Pro- 

tection (ICNIRP) and the International Commission on Electromagnetic Safety (ICES) of the 

Institute of Electrical and Electronics Engineers, Inc (IEEE). 
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INVESTIGATION OF EXPOSURE TO ELECTROMAGNETIC 

WAVES BY USING UNMANNED AERIAL VEHICLES 

Dr. Szilvia NAGY 

 

The article presents measurement options, changes, and results for electromagnetic exposure 

for NR mobile base stations. I explain the frequency-selective and code-selective measure- 

ment procedures. In the case of the new technology, the continuously broadcast channels 

have changed, and I have also observed their effect. Summarizing these, I present the NR 

extrapolation formula to be used to evaluate the measurements and its differences from the 

extrapolation formula used to measure the EMF of 4G technology. I will mention the mea- 

surement procedure currently used to measure the electromagnetic exposure of 4G base sta- 

tions. I will detail this through a measurement I made. The aim of my work is to present the 

measurement procedures that are currently only recommended. Also illustrate the extent to 

which the exposure levels of NR systems differ from those measured for LTE systems. 

Supported in by the Széchenyi István University Digital Development Center in the na- 

tional framework GINOP-3.1.1-VEKOP-15-2016-00001 - Promotion and support of coop- 

eration between educational institutions and ICT enterprises. 
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MEASUREMENT OF RADIOFREQUENCY (RF) EXPOSURE 

AROUND A 5G BASE STATION 
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The fifth generation (5G) mobile system, similarly to previous mobile phone telecommuni- 

cation technologies (2G, 3G, 4G, Wi-Fi), uses electromagnetic waves. The 5G service to be 

introduced will partly use the same radio frequency (RF) bands as the previous technologies, 

while new frequency bands have also been designated on the basis of international conven- 

tions. In Europe, including Hungary, the 5G service was already launched in the 3.6 GHz 

frequency band. With the use of beamforming and MIMO (Multiple Input Multiple Output) 

technology in 5G technology and optimised service, the ambient RF exposure, will change, 

the peak exposure could be increased, but the expected average ambient electromagnetic 

exposure will remain below the exposure limit. 

The aim of this study was to evaluate the “bystander” RF exposure of a 5G base station 

used beamforming antenna in the 3.5 GHz band. For this purpose RF measurement devices 

were fixed at 134 m distance in front of a building deployed a 5G base station while a test 

mobile phone which generated standard data traffic was moved step by step away from the 

measurement point. The electric field strength was measured with three devices: (i) RF spec- 

trum analyser (Narda SRM-3006, Narda-STS, Germany); (ii) broadband RF field monitor 

(Narda NBM-550); (iii) band selective RF exposimeter (ExpoM-RF, Fields at Work GmbH, 

Switzerland). All RF measurement devices were set in data logging mode. Two minutes of 

mobile data was generated by the test phone every five metres moving away from the mea- 

surement devices. The results show that at the fixed point the electric field strength of the 5G 

band (3.4-3.8 GHz) is decreasing with the distance the mobile phone generates the traffic. 

The field level decreased around 50% while the test mobile distance reached 25 meters. The 

background of this phenomenon is the “beamforming” technology of 5G systems, which 

means that the RF beam of base the station antenna focuses and follows the active mobile 

device. 
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HEALTH EFFECTS OF LIGHTING: THE GOOD AND BAD 

John B O’HAGAN*
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Humans, and most other species on earth, have evolved with a 24-hour light/dark cycle. For 

most of evolution, the source of light has been the sun during the day and light reflected 

from the moon during the night (at least when it is not cloudy). Artificial light was originally 

provided by flames and would have been resource intensive for humans. Therefore, night- 

time would usually have been very dark. Life revolved around the local timing of dawn and 

sunset. 

As the availability of oil, gas and then electric lighting increased, the day became artifi- 

cially extended. Benefits were seen by at least some of the population. For example, factories 

could be operated for more hours per day. However, the detriment of being indoors all day 

were eventually recognized. 

In modern societies, daily activities involve exposure to a range of artificial sources of 

optical radiation. Generally, this provides benefits. However, it is necessary to consider the 

exposure of different people to this optical radiation, including light. We need to consider 

effects beyond vision. 

Taking a holistic approach to light exposure, it is necessary to take account of the amount 

of exposure, including the spectrum, time and duration of exposure, prior light exposure his- 

tory, the individual’s age and other parameters that may alter or compromise the transmission 

of optical radiation to the retina, and what the task is. 

A considerable amount of research has been carried out to provide guidance on the light 

exposure required for optimum wellbeing and performance. As a result of this, how far are 

we from providing specific advice for an individual person – or will any advice always be a 

compromise? 

The outcome of two international workshops in Manchester, UK, and a standard devel- 

oped by the International Commission on Illumination will be discussed, along with guid- 

ance from the International Commission on Non-Ionizing Radiation Protection to ensure 

there is no direct harm to the eyes. 
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LASER SAFETY FOR HIGH POWER AND HIGH INTENSITY 

EMERGING LASER APPLICATIONS 

Volkher ONUSEIT1*, Steffen BOLEY1, Florian BIENERT1, Rudolf WEBER1
 

1University of Stuttgart, Institut fuer Strahlwerkzeuge, Pfaffenwaldring 43, 70569 Stuttgart 
*Corresponding author. 

 
In recent years, the average laser power available for industrial lasers has steadily increased 

by an order of magnitude, from a few tens of watts for ultrafast lasers to tens of kW or a few 

kW for cw lasers to more then 100 kW. This enables new manufacturing processes and new 

opportunities for laser processes in industrial manufacturing. Nevertheless, in order to enable 

safe use of these laser sources, the newly available laser power has to be taken into account 

in the design of laser manufacturing systems and especially in the work in research facilities. 

In this paper we will present the latest results and considerations on laser safety for new high 

power and high intensity laser applications. 
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Lasers, IPLs and LEDs are routinely used in a wide range of aesthetic procedures. Commer- 

cially available IPLs and LEDs for home-use are becoming increasingly popular. Laser light 

shows are widespread and consumers extensively use laser projectors and laser pointers of 

various output powers and wavelengths. 

Internationally, public exposure to artificial optical radiation in the aesthetics and the en- 

tertainment sector has been marginally regulated. In Greece, no relevant legislation exists 

and systematic investigations regarding the public exposure to such applications have never 

been performed. Greek Atomic Energy Commission (EEAE), the competent national regula- 

tory authority for radiation protection, assessed the general public exposure to lasers, IPLs 

and LEDs used in the aesthetics and the entertainment sector. 

The ISO 31000:2018 guidelines were followed in order to manage the risk from exposure 

to: 1) lasers, 2) IPLs and 3) LEDs in aesthetic procedures, 4) commercially available IPLs 

and LEDs for home-use, 5) lasers for laser shows, 6) laser projectors and 7) laser pointers. 

For all applications, at first, risks were identified, analyzed and evaluated based on relevant 

risk matrices. Risk treatment plans were proposed and the new risk levels, after implement- 

ing risk treatment and monitoring measures, were re-assessed. Finally, risk monitoring and 

recording measures were proposed. 

In brief, the exposure risk to lasers and IPLs in aesthetic procedures and to laser pointers 

was assessed as intolerable. The exposure risk to laser shows was assessed as substantial, 

and the exposure risk to laser or LED projectors, LEDs in aesthetic procedures and home-use 

IPLs or LEDs was assessed as moderate. Training of the lasers / IPLs / LEDs operators and 

raising public awareness regarding the lasers / IPLs / LEDs hazards in aesthetic procedures 

and the use of laser pointers, are considered as top priorities among the proposed risk treat- 

ment measures. 
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Human exposure to mobile communications systems of fifth generation (5G) may result in 

a local temperature elevation at the body surface (skin, ear and eye in particular). Accord- 

ing to ICNIRP 2020 guidelines, this surface heating is quantified by absorbed power density 

(Sab) above transition frequency of 6GHz, while for the frequencies below 6GHz well-known 

quantity specific absorption rate (SAR) is used. Also, transmitted power density (TPD), an al- 

ternative dosimetric quantity and metric providing an estimation of skin temperature increase 

for human exposure to electromagnetic fields at GHz frequency range is used. This paper 

reviews some recently reported incident and internal dosimetry methods for the assessment 

of humans to radiation from 5G mobile systems. 

Thus, the paper first deals with simple incident dosimetry procedures to assess the elec- 

tric field radiated by 5G systems. Some efficient techniques to estimate irradiated field from 

mMIMO (massive multiple input multiple output) adaptive antenna systems, taking into ac- 

count beamforming, are outlined.Then, some deterministic internal dosimetry procedures for 

an analytical assessment of Sab and TPD in tissue, due to exposure to 5G radiation sources in 

GHz frequency range, are presented. The case of Hertz dipole and horizontal dipole antenna 

radiating in the presence of a lossy half-space are considered (D.Poljak et al, 2021). Next topic 

of interest is the calculation of incident power density (IPD) and related temperature increase 

in multilayer tissue model using different numerical methods based on the paper prepared by 

IEEE ICES working group and recently published in IEEE Access (Li, K et al. 2021). 

The last part of the paper tackles a stochastic-deterministic electromagnetic-thermal do- 

simetry in lower portion of GHz frequency range featuring the use of anatomically based 

realistic multilayered model of the human head exposed to radiation from 5G communication 

systems (A.Susnjara et al. 2021). 

 
ICNIRP (2020), "Guidelines for limiting exposure to electromagnetic fields (100kHz to 300 GHz)," 

Health Phys, March 2020. 

Li, K. et al., 2021. Intercomparison of Calculated Incident Power Density and Temperature Rise for 

Exposure from Different Antennas at 10-90GHz. IEEE Access. 

Poljak, D. et al., Absorbed Power Density at the Surface of Planar Tissue due to Radiation of Dipole 

Antenna. Proc. SpliTECH 2021. 

Susnjara, A. et al., Stochastic-Deterministic Thermal Dosimetry Below 6 GHz for 5G Mobile Com- 

munication Systems, IEEE Trans EMC, No 6, Oct 2021. 

 

This research has been supported by the European Regional Development Fund under the grant 

KK.01.1.1.01.0009 (DATACROSS). 
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Exposure of humans to mobile communications systems of fifth generation (5G) may lead to 

local temperature elevation at the body surface, as stated elsewhere, e.g. in (Li et al. 2021) 

and (Poljak et al. 2021). According to IEEE 2019 and ICNIRP 2020 guidelines, this surface 

heating is quantified by absorbed power density (Sab) above transition frequency of 6GHz, 

while for the frequencies below 6GHz well-known quantity specific absorption rate (SAR) 

is used. 

In this work an analytical/numerical assessment of Sab in the multilayer planar model of 

the human tissue due to radiation of horizontal dipole antenna in GHz frequency range has 
been carried out. This paper extends the work reported in (Poljak et al. 2021) pertaining to 
homogeneous tissue model for the assessment of Sab and in (Li et al. 2021) dealing with inci- 

dent power density (IPD) and temperature elevation in multilayer tissue model. 

First step in this work is to determine the current distribution along the wire. The analysis 

is performed for the case of assumed sinusoidal current distribution, and for the current ob- 

tained by numerically solving the Pocklington integro-differential equation using the Galer- 

kin Bubnov Indirect Boundary Element Method (GB-IBEM). The influence of the multilayer 

medium (properties of the tissue) is taken into account via the corresponding Fresnel reflec- 

tion/transmission coefficient. Once the current distribution is known the irradiated electric 

and magnetic fields are determined by evaluating the corresponding field integrals via bound- 

ary element formalism. 

The last step is to calculate Sab at the tissue surface. According to ICNIRP 2020 guidelines 

Sab is averaged over area of 4cm2 and 1cm2, respectively, depending of the frequency range 

of interest. The case of the two-layer and three-layer model, respectively, of human tissue is 
considered and the results Sab are obtained for frequencies: 6 GHz, 10 GHz, 30 GHz and 60 

GHz. The results obtained via assumed and calculated current distribution are compared to 
the results available from the relevant literature. 

 
Li, K. et al., 2021. Intercomparison of Calculated Incident Power Density and Temperature Rise for 

Exposure from Different Antennas at 10-90GHz. IEEE Access. 

Poljak, D. et al., 2021. Absorbed Power Density at the Surface of Planar Tissue due to Radiation of 

Dipole Antenna. Proc. SpliTECH 2021. 

IEEE-C95.1 (2019), IEEE standard for safety levels with respect to human exposure to radio frequency 

electromagnetic fields, 3 kHz to 300 GHz, IEEE, Ed. NY, USA. 

ICNIRP (2020), "Guidelines for limiting exposure to electromagnetic fields (100kHz to 300 GHz)," 

Health Phys, March. 
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In 2020, the International Commission on Non-Ionizing Radiation Protection (ICNIRP), 

published an update of the guidelines for exposure to radiofrequency electromagnetic fields. 

These guidelines replace the ones from 1998. They are based on a review of the scientific 

database, and new insights in the dosimetry. As a consequence, the new guidelines contain 

a large number of small and larger modifications relative to the old ones, but are still mainly 

based on the prevention of heating of the body and of body parts. The main features and dif- 

ferences between the old and new guidelines will be presented. 

 
ICNIRP 2020. Guidelines for limiting exposure to electromagnetic fields (100 kHz to 300 GHz). Health 

Phys 118(5):483-524. 
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THE ICNIRP 2020-2024 WORK PLAN 

Eric van RONGEN*
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sound 

 

The work of the International Commission on Non-Ionizing Radiation Protection (ICNIRP) 

covers the entire non-ionizng radiation spectrum, from static fields up to ultraviolet radia- 

tion, but also ultra- and infrasound. ICNIRP provides guidance on exposure limits for all 

frequencies in this range. ICNIRP is currently working on a large range of projects in the 

non-ionizing radiation area, which will be presented. 
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Exposure to natural and artificial optical radiation in the wavelength range between 100 nm 

and 1 mm is almost unavoidable in the occupational sector. It occurs for example during 

welding processes, at high temperature processes in the glass or metal industry or simply 

when working outdoors. Wellknown effects of optical radiation are injuries of the eyes and 

the skin such as erythema, corneal irritation or cataract. The Institute for Occupational Safety 

and Health performs measurements of optical radiation at various workplaces. The gathered 

data can firstly be used to make workplaces safer. Furthermore they can provide valuable 

information that can be used for prevention or as basis for further research. One example 

that illustrates the importance of workplace mesurements are the GENESIS-UV measure- 

ment campaigns that aimed to determine occupational and leisure time UV exposure. These 

measurements provide a huge data basis that drives knowledge about the mechanisms of skin 

cancer development and the design of specific prevention concepts for vulnerable groups. 
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The fifth-generation new radio (5G NR) system is quickly being implemented in Italy, such 

as in most European countries. Unlike pre-5G systems that use passive antennas with static 

radiation pattern, the NR uses active antennas and beamforming techniques to shape the 

radiation lobes. 

The exposure assessment of EMF generated by active antennas is challenging: some tech- 

niques are currently being developed on vector analysis and demodulation of 5G signals or 

on scalar measurement such as zero span. Especially the vector analysis requires new instru- 

ments, or at least new demodulation tools, which however may require to force data traffic. 

Arpa Piemonte implemented a methodology to assess the EMF exposure forcing data 

download on 5G NR signals. This procedure requires a server able to generate high data 

flow and a 5G user equipment, in this case a commercial 5G mobile phone. The data flow is 

transmitted over the 5G signal using the User Datagram Protocol (UDP), a connectionless 

protocol which does not require interactions between server and client. An UDP server has 

been implemented in Arpa network, which is bound to the 5G mobile phone. The data flow is  

generated via a commercial (and free) application which calls the UDP server and, using sev- 

eral configuration parameters, it starts the data flow. The mobile phone access the 5G network 

using the SIM card of the carrier whose 5G EMF exposure is being assessed. 

In order to test the procedure, Arpa Piemonte conducted several measurement campaigns 

on 5G NR signals from different carrier in the 3.6-3.8GHz band, which is the only band in 

which 5G signal are currently being transmitted. Due to the low amount of 5G users, the data 

traffic forcing is able to fill the 5G signal frame and to focus the radiation beam to the mea- 

surement point. The results show that, using 400Mbits for 20MHz signal span and 800Mbits 

for 80MHz signal span, the signal channel power, acquired by a signal analyzer able to sweep 

at about 10ms, is the maximum EMF that can be generated by the 5G signal over six minutes 

in the measurement point. 

Therefore, the procedure demonstrated very good performances to assess the maximum 

EMF exposure generated by 5G NR signals. Compared to other methodologies, such as vec- 

tor measurements, the proposed procedure has an infinitesimal cost (the 5G mobile and car- 

riers’ data plans) and it is easily implemented by other control agencies. 

mailto:mattia.vaccarono@arpa.piemonte.it
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GENERATION OF SOFT X-RAYS DURING LASER MATERIALS 

PROCESSING WITH ULTRASHORT LASER PULSES 

Rudolf WEBER 

 

Materials processing with so-called ultrafast lasers with pulse durations below about 10 ps 

allows very precise materials processing with mechanical and thermal accuracies in the mi- 

crometer range. However, due to the high irradiances >1011 W/cm2 a hot plasma is created, 

where electron temperatures > 1 keV might occur. At such high temperatures both, thermal 

and line emission in the soft x-ray region >5 keV can be generated. 

In the talk the basic properties of the soft x-ray emission during industrial laser processing 

will be discussed, also with respect to future laser developments. 
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EVALUATION OF PHYSIOLOGICAL EFFECTS OF THE 

ELECTROMAGNETIC FIELD CAUSED BY FULLY ELECTRIC 

AND HYBRID DRIVES IN THE PASSENGER COMPARTMENT 

Prof. Dr. habil. György WERSÉNYI 

The paper presents a modular simulation methodology to investigate the radiated electro- 

magnetic field of hybrid and fully electric drive inside the passanger compartment. Firstly, 

the standards related to the human exposure of electromagnetic fields, and the measurement 

method are shown. Secondly, a novel modular simulation technique to evaluate electro- 

magnettic field caused by electric drive is presented. The proposed method deals with the 

computational challenges of simulating electrically large and complex system by breaking 

down the full simulation setup into subsystems. On one hand, this approach helps to dresti- 

cally decrease the computational time required to analyze the system. Ont he other hand, the 

modularity of this technique enables the interchangeability of subsystems, therefore makes it 

easy to apply changes in the system, while maintaining computational speed, and accuracy. 

 
Supported in by the Széchenyi István University Digital Development Center in the national framework 

GINOP-3.1.1-VEKOP-15-2016-00001 - Promotion and support of cooperation between educational 

institutions and ICT enterprises. 
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DEVELOPING (EDUCATION AND TRAINING IN) RADIATION 

PROTECTION IN SURINAME AND BEYOND – THE ROLE OF 

THE DUTCH SOCIETY FOR RADIATION PROTECTION 

Hielke Freerk BOERSMA1,2*, Whitney COULOR2,3
 

1Groningen Academy for Radiation Protection, University of Groningen, The Netherlands 
2Chapter RP in Suriname and the Caribbean, Dutch Society for Radiation Protection, The Netherlands 
3Consultant PAHO/WHO, Paramaribo, Suriname 
*Corresponding author. E-mail: h.f.boersma@rug.nl 
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In 2020, the Dutch Society for Radiation Protection (NVS) established a chapter ‘Radiation 

Protection in Suriname and the Dutch Caribbean’ as a follow up of a mission of the NVS to 

Suriname in November 2019 (Adhikari et al., 2021). With the new chapter, the NVS intends 

to promote organised radiation protection in Suriname and the Caribbean area. 

In its mission report, the NVS provided recommendations on a regulatory infrastructure 

including a limited system of education and training in radiation protection to the govern- 

ment of Suriname. In its first meetings the members of the chapter decided to focus on raising 

awareness on radiation and radiation protection. This contribution will first of all focus on the 

activities in Education and Training in Radiation Protection. We will report on the basic in- 

structions already provided to various target groups in Suriname, but also discuss the current 

status of a possible system of Education and Training in radiation protection in Suriname. 

The limited scope of the applications and/or the limited number of inhabitants make it 

difficult for many countries like Suriname to establish and maintain a radiation protection 

organisation. It is for that reason that the authors are developing a plan to cooperate with 

other IRPA Associate Societies in establishing similar chapters in the Caribbean area, that 

might ultimately lead to a new IRPA Associate Society in this area. In our contribution, we 

will elaborate further on these initiative. 

 
Adhikari, K.P., Boersma H.F., Coates R., Coulor W., Gallego E., Omrane L. Ben, Suarez R.C. and 

Tsegmed U. 2021. Radiation protection infrastructure—challenges in developing countries. J Radiol 

Prot. 41, S171-S180. 
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INCREASING THE NUMBER OF STUDENTS IN RADIATION 

PROTECTION AND MEDICAL PHYSICS - FINDING A FORMULA 

THAT WORKS 

Carmel J. CARUANA1*, Eric PACE2
 

1Medical Physics, University of Malta, Msida, Malta 
2Medical Physics, Mater Dei Hopsital, Msida, Malta 
*Corresponding author. E-mail: carmel.j.caruana@um.edu.mt 
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In many countries in the world the radiation-protection and medical-physics professions face 

an acute shortage of entrants owing to the irregular number of physics/engineering graduates 

and low popularity of two year masters programmes. Under such conditions of uncertainty 

the professions would not only fail to grow but inevitably decline. A formula needed to be 

found to: (a) ensure that the potential stock of entrants to the professions would be indepen- 

dent of erratic student numbers in physics/engineering (b) address the paradox of having to 

reduce the masters programme to one year at a time when the knowledge-skills-competences 

required for modern radiation-protection/medical-physics practice are expanding rapidly. 

A survey of radiation-protection/ medical-physics education programmes and documenta- 

tion was carried out and elements of best practice identified. The latter were used to guide the 

curriculum development process. Stakeholders were consulted and their suggestions imple- 

mented. It was considered that the best way forward would be to opt for an undergraduate 

inter-faculty programme that combined physics and radiation protection/medical physics. 

The resulting four year programme consists of 5 parallel strands namely physics/mathe- 

matics/statistics, radiation-protection/medical-physics, basic-medical-sciences, research and 

hospital placements. The physics/mathematics/statistics component is sufficiently strong to 

ensure a strong scientific foundation whilst the radiation-protection/medical-physics is suf- 

ficiently comprehensive to permit the reduction of the Masters in Medical Physics from two 

years to one. We are pleased to report that the innovative curricular experiment has been 

a great success. The combination of pure and applied physics, the inter-faculty nature of 

the programme (where students share lectures with both physics and healthcare professions 

students) together with the element of clinical practice have been found to be the most attrac- 

tive features of the programme. The programme has provided a welcome boost for both the 

radiation-protection/medical-physics professions and indeed even physics itself. 

mailto:carmel.j.caruana@um.edu.mt
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UK EXPERIENCE OF PROFESSIONAL REGISTRATION IN 

RADIATION PROTECTION 

Claire-Louise CHAPPLE1,3*, Peter MARSDEN2,4, Alex RANKINE3
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The UK Radiation Protection Council (RPC) was established in 2018, under the Royal Char- 

ter of the Society for Radiological Protection. The RPC holds the Registers for three grades 

of professional registration – Chartered, Incorporated and Technical Radiation Protection 

Professional. Individual radiation protection practitioners may apply for registration through 

any Society or Organisation that has been accepted as a licensee of the RPC. 

Criteria for registration at each level have been developed for five generic areas: applica- 

tion of general and specialist knowledge; analysis and solution of radiation protection chal- 

lenges; personal responsibility; interpersonal skills; and professional practice. 

The benefits of registration for individuals include evidence of expertise, competence and 

continuing professional development; demonstration of professional attitude; enhancement 

of status within an organisation and the profession; greater influence within organisation 

and industry; improved career prospects and employability. For employers, there are also 

benefits, such as increased credibility with customers, auditors and regulators; assurance of 

employees having satisfied a thorough assessment of their radiation protection competence; 

indication of commitment of staff and their adherence to a code of professional conduct; and 

a positive impact on recruitment and staff retention. The registration system also raises the 

profile of the profession and provides a mechanism by which third party organisations and 

the public may find reassurance as to the status of individual practitioners from whom they 

may wish to seek advice. 

This presentation will share the experience of establishing the RPC, identifying key issues 

and potential pitfalls for other Societies wishing to go down this route, and discuss future 

expectations for professional registration. 

mailto:Claire-louise.chapple@nhs.net
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RADIATION PROTECTION EDUCATION AND TRAINING: 

INITIATIVES FROM THE SCK CEN ACADEMY 

Tom CLARIJS1*, Michèle COECK1
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Thanks to its experience in the field of nuclear science and technology, its innovative re- 

search and the availability of large and unique nuclear installations, SCK CEN is an impor- 

tant partner for education and training in Belgium as well as at international level. In the 

broad domain of radiation protection (RP) science and applications the SCK CEN Academy 

transfers basic knowledge and recent findings from its R&D towards students and profession- 

als dealing with ionizing radiation. 

Towards students, we offer the possibility to make use of our installations and expertise 

to guide them in their studies. On average (in non-pandemic times) about 50 bachelor and 

master students per year prepare a thesis or perform an internship at SCK CEN in a topic 

related to RP. About 45 PhD students are currently performing their research in the Institute 

for Environment, Health and Safety. 

SCK CEN plays a major role in academic collaborations such as the master-after-master 

BNEN program and the post-graduate Radiation Protection Course which partially or fully 

deal with RP issues. Next to initiatives for students, we also offer customized training for 

professionals working in the nuclear industry, healthcare, research organizations or govern- 

mental bodies. When building competences for professionals, face-to-face classroom train- 

ing is often complemented by practical exercises in dedicated training facilities, e-learning, 

instructional videos and VR gamification. 

Radiation protection remains an important pillar in the majority of training courses of 

the SCK CEN Academy. Related to the research of SCK CEN, dedicated training courses 

are also offered in emergency management, radiation biology, decommissioning, radioactive 

waste management and disposal. 

Furthermore, support is provided to RP policy makers and end-users in the E&T imple- 

mentation of the EU BSS requirements, and via the organization of networking possibilities 

via the EUTERP Foundation and the ETRAP conferences. 

 
This presentation will highlight the current and future initiatives of the SCK CEN Academy 

in support of competence building in radiation protection. 
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EFFECTIVENESS OF ONLINE TRAININGS ON RADIATION 

PROTECTION IN THE CONTEXT OF THE COVID-19 PANDEMIC 

Salome KIPAROIDZE1*, Davit NADAREISHVILI1,3, Ketevan JARIASHVILI1,2, 
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During the Covid-19 pandemic, like all over the world, a number of restrictions were im- 

posed in Georgia, which significant reflected in the field of education and training. In par- 

ticular, face-to-face trainings have been replaced by online trainings. It should be also noted 

that the pandemic has led to an increase in the workload of personnel who are required to 

undergo periodic training in radiation safety in accordance with national legislation. In these 

circumstances, we have developed an online training system that allows us to properly assess 

both the students' daily progress as well as the effectiveness of the overall training. 

Each online training, lasting up to 10 working days, is accompanied by mandatory Google 

Form-based questionnaires, which includes daily key questions about each lecture as well as 

pre- and post-training tests and provided to participants. In addition, the ability to conduct a 

dialogue with patients about radiation risks, group discussions, as well as a special module 

for RPOs were assessed online. The trainings also allow participants to focus on the most 

important issues from their point of view in their daily work, indicating them in pretests, al- 

lowing the trainers to conduct lectures more adequately for each group of participants. 

Analysis of daily as well as pre- and final tests have shown that online training is not infe- 

rior in efficiency to face-to-face training and national regulatory body received an improved 

opportunity to indirectly assess this efficiency. We believe that in the future, the experience 

gained with online training and some of its elements will have a significant impact on ef- 

ficiency of face-to-face trainings once the restrictions caused by the pandemic are removed. 
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INFORMATION ON COSMIC RADIATION RECEIVED BY 

BELGIAN AIRCREW: A SURVEY 

S. PEPIN*, A. FREMOUT, S. LEONARD, S. RADULOVIC, T. VANAUDENHOVE1
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Exposure of aircrew to cosmic radiation had already been identified as an issue of concern 

in the European BSS of 1996 which requested airlines to assess the exposure of the crew 

and to inform their workers of the health risks their work involves. These requirements have 

been implemented in Belgian regulations in 2001 and updated with the transposition of the 

2013/59/Euratom directive. Dosimetry data show that aircrew is the group of workers which 

contributes the most to the collective dose of occupationally exposed workers in Belgium. 

In order to verify the extent of the information received by Belgian aircrew regarding their 

exposure to cosmic radiation, FANC, the Belgian radiation protection authority, launched in 

2019 a large survey in collaboration with the Belgian Cockpit Association (BeCA), the pro- 

fessional association representing airline pilots in Belgium. The survey included 8 questions 

regarding the information of aircrew on cosmic radiation in general, on the individual dose 

level and on the risk related to exposure during pregnancy. 

A total of 400 responses to the survey were received. Overall, the survey reveals that air- 

crew members in Belgium receive too little information about the potential risks, that they 

are not sufficiently informed about their own exposure and that female staff members are 

insufficiently informed about the hazards for the unborn child in case of pregnancy. 

66% of the respondents answered that their employer has never informed them about their 

exposure to cosmic radiation. However, most are aware of this phenomenon, either because 

they have looked up information or because they have discussed the topic with colleagues 

and professional associations. The results also showed that 17% of female crew continued to 

fly while being pregnant. Finally, the survey also allowed to identify differences and similari- 

ties between different groups of workers: cockpit and cabin crew, men and women. For in- 

stance, cabin crew was even less informed about their individual exposure than cockpit crew. 

 
The presentation will give an overview of the results of the survey and the lessons learnt. 
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RADIOACTIVITY USING AUGMENTED REALITY METHODS 
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Digital media are becoming increasingly influential in society, especially among the younger 

generation. Therefore, an augmented reality (AR) app was developed that simulates experi- 

ments with radioactive sources. In addition to increasing student’s motivation, the app offers 

the chance to make radioactivity more accessible by visualizing ionizing radiation. 

The app can currently run experiments on the range and penetration power of alpha, beta, 

and gamma radiation. It assigns radiation sources, shielding materials or detector to QR 

codes, and superimposes them on the camera image. There are four sources and five shield- 

ing materials to choose from. The detector displays the measured count rates. 

Alpha, beta and gamma radiation are clearly distinguishable by choosing different visu- 

alizations. On the one hand, the emitted particles or waves are displayed. On the other hand, 

a colored background shows the decreasing intensity of the radiation as a function of the 

distance from the source. 

The app can be used in a variety of ways in school. Here, a concept for a teaching unit in 

grade 10 was developed. The app can be used in sequential lessons to work out the character- 

istics of ionizing radiation. Alternatively, the app can serve for repeating and consolidating 

the entire unit on radioactivity. 

A prototype of the app was tested in several classes and the learning progress from work- 

ing with the app was investigated. It is shown that the students were able to develop and 

strengthen important concepts about radioactivity through the AR experiments. Furthermore, 

an evaluation of the app revealed a lot of positive feedback on the visualization of the radia- 

tion and the display of devices. Suggestions for improvement were given as well, which shall 

be fixed in subsequent releases of the app. The most recent version of the app can be found 

here: https://seafile.projekt.uni-hannover.de/d/dd033aaaf5df4ec18362/ 
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The EUTERP Foundation was formally launched at the 3rd IRPA European congress in Hel- 

sinki in June 2010. The main aims of the Foundation are to act as a central focus for the 

collection and dissemination of information and resources, and to promote the development 

of standards and good practice in radiation protection training. Currently, EUTERP has 25 

Associate members whose contribution is fundamental to EUTERP’s ongoing success. 

However, in addition to working with our Associate members, EUTERP has also estab- 

lished good liaisons with the main international radiation protection organizations including, 

amongst others, IAEA, ICRP, HERCA and, of course, IRPA. These liaisons include not only 

mutual exchange of information regarding activities and areas of interest but also, where ap- 

propriate, collaborations on conference organization and programme committees. EUTERP 

values these connections as they provide opportunities to share information, highlight issues 

and keep abreast of developing themes. In this presentation the wider benefits of EUTERP’s 

engagement with liaison partners will be explored, with particular consideration being given 

to how best to a) ensure a common “voice” within E&T in radiation protection, and b) opti- 

mize the opportunities for working together. 
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These unprecedented times of pandemic restrictions have had a significant impact on our 

ability to travel to and attend professional events such as annual conferences and train- 

ing meetings. This in turn has meant that many of radiation protection professionals have 

struggled to obtain developmental training and collect Continuing Professional Development 

(CPD) points. This situation has been, and potentially will be, exacerbated by many organisa- 

tions (particular universities and the health service) attempting to financially economise by 

restricting training budgets to only what is ‘absolutely essential’. 

In the UK, the Society for Radiological Protection (SRP) and the Association of Univer- 

sity Radiation Protection Officers (AURPO) have been collaborating for many months to 

develop and deliver a programme of free on-line training webinars. This is to support the 

needs of our members and the profession as a whole both nationally and around the rest of 

the world, thereby acting to support CPD and promote international knowledge exchange. 

The webinars are hosted using the MS Teams Live Events software facilities and so far 

have included a variety of topics provided by a number of different experts and aimed at two 

basic cohorts: (a) those persons requiring introductory or refresher training on a certain sub- 

ject, and (b) those who wish for more advanced treatment of a specialised area. Topics have 

included non-ionising radiation protection, liquid scintillation counting, decommissioning, 

gamma spectroscopy, how to read the radiation legislation, proton beam therapy, risks assess- 

ments, and medical exposure legislation. and decay calculations. 

Over the last 15 months, these webinars have proved to be very successful with a regular 

attendance of over 200 participants from around the world. 

It is acknowledged that remote on-line training does not obviate the necessity for practical 

training in some circumstances (e.g. the rehearsal of contingency plans). However, experi- 

ence gained from running these training webinars has highlighted that they can be a valu- 

able method and resource that could conveniently and cost-effectively have a role to play 

moving forward – even after the pandemic is over. SRP and AURPO aspire to continue this 

programme of training webinars indefinitely. 

This presentation will describe the reasoning behind this series of webinars and the tech- 

niques developed to deliver them. 
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Before the time of the Corona pandemic, the implementation of 100%- online radiation 

protection courses without a presence phase was not permissible according to the German 

Radiation Protection Ordinance. This changed abruptly as of April 2020, when, due to the 

pandemic, the Federal Ministry for the Environment allowed for the first time the imple- 

mentation of 100% online refresher-courses. In December 2020, this rule was extended to 

all courses for the duration of the Corona crisis, as long as they do not include practical 

exercises. Many course providers took advantage of this new option in order to be able to 

maintain course offerings even in pandemic times. This in turn led to an enormous increase 

in competence and experience in the use of digital media and methods in radiation protection 

courses, which could also be used in the post-pandemic period. This paper reports on which 

digital media and methods have proven successful in this area, where their limitations lie and 

how these experiences could change the design of future courses. 
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In order to maintain European nuclear operations, expertise in nuclear and radiochemistry 

(NRC) is of strategic relevance. NRC contains key knowledge and techniques needed by a 

modern society in order to address many societal challenges including amongst others the 

energy sector, medical treatment and diagnosis, material sciences and dating. The A-CINCH 

project is the latest of four CINCH-based project aiming on cooperation in education in 

nuclear chemistry and radiochemistry. In the first three projects1, CINCH, CINCH-II and 

MEET-CINCH minimum requirements for bachelor, master and postgraduate programs to 

achieve approved NRC curricula were defined, a number of theoretical and practical courses 

were developed using hands-on and e-learning approaches and platforms. MEET-CINCH 

counteracted the massive lack of NRC expertise by building teaching package for high 

schools and a MOOC on NRC for the general public in order to attract young persons to 

the NRC field and convey them its fascination and relevance. New education and training 

approaches based on remote teaching, remote controlled RoboLab experiments, interactive 

screen experiments2 and the flipped classroom concept were developed and implemented. 

ECVET course modules are offered in an e-Shop adapted to the needs of end-users. The cur- 

rent project A-CINCH makes use of state of the art virtual and augmented reality tools. It 

implements a highly innovative Virtual Laboratory and wraps it all up into a user-friendly 

and easy-to-navigate single page interface. The wide mix of e-learning and presence teaching 

in nuclear and radiochemistry education aims to increase the number of students and trainees 

in the field. To address the new target groups directly and efficiently attract the attention of 

the secondary school students, new didactical tools, suitable for today’s youth, are used. 

These newly developed courses and tools and all previous CINCH results are accessible via 

the newy set up CINCH Hub platform. 

 
1https://www.cinch-project.eu/cinch-series 
2http://ibe.irs.uni-hannover.de/ibes/en/index.html 
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Following radioiodine (131I) therapy of differentiated thyroid cancer, salivary and lacrimal 

glands may become inflamed, leading to dysfunctions. The incidence of these dysfunctions 

after 131I-therapy is poorly known, and no clinical or genetic factors have been identified to 

date to define patients at risk. The aims of this study are 1) to characterize the dysfunction 

of salivary and lacrimal glands after 131I-therapy, 2) to identify risk factors of salivary and 

lacrimal dysfunction. 

START (Salivary dysfuncTion After Radioiodine Treatment) is a prospective study in- 

cluding 139 patients, candidates for a 131I-therapy in the context of their differentiated thyroid 

cancer (45 and 94 patients in 1.1GBq and 3.7GBq groups respectively). 

The follow-up was based on 2 scheduled visits: immediately before 131I-therapy (T0) and 

6-months after (T6). At each visit, questionnaires on salivary disorders (validated French 

tool) and dry eye (OSDI© Questionnaire) were administered, and individual salivary flow 

measurements (without and with salivary gland stimulation) were performed. Descriptive 

analyses and paired comparisons tests between T0 and T6 were computed. 
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The T6 follow-up started in March 2021, and is still ongoing. Complete information was 

provided for 122 patients (71% women, mean age=47.4 (±14.3) y). At 6 months after 131I- 

therapy, stimulated saliva flow rate decreased (from 6.98 (±3.35) to 6.07 (±3.15) mL/min, 

p<0.01), as well as the difference between stimulated and unstimulated saliva flow rates 

(from 1.40 (±0.67) to 1.21 (±0.63) mL/min, p<0.01). Also, after 131I-therapy, 19% and 21% 

of the study population reported dry eye or dry mouth feeling, respectively. 

This work presents preliminary results of the START study, showing a decrease in salivary 

and lacrimal gland activity after 131I-therapy. Further analyses will be performed, including 

saliva biochemical composition, genetic and epigenetic variants, and dose-response relation- 

ships (using dosimetric reconstructions). 
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The particularity of this work is to demonstrate the possibility of establish Monte Carlo code 

as an accurate dose calculation technique in lutetium-177 (177Lu) clinical therapies. This ra- 

dionucleide is used in endocrine tumors, where gamma photons emited are used for targeting 

visualization by external imaging and beta particles are used to kill cancer cells. The combi- 

nation of these two kinds of radiation characterizes 177Lu as an excellent treatment, but there 

is no manner to specify the accurated dose received in tumor lesions and adjacent tissues. 

The experimental part of this work was performed at the Hospital Universitari I Politècnic 

la Fe de València, with a body phantom NEMA with six spheres and a computer tomogra- 

phy (CT) Philips Brightview XCT SPECT/CT scanner. Spheres where filled with a 177Lu 

solution emulating hot lesions in a warm background. Absolute activity concentration in the 

spheres at the beginning of the scan was 36.45mCi/l, and sphere-to-background concentra- 

tion ratio was 9.4. 

The geometry of the phantom included in the simulation is based on the CT image ac- 

quired. Segmentation process generates volumes from segmented slices based on gray-level 

pixel values, dividing the image into different density groups labeled as an independent struc- 

ture. After segmentation, Abaqus/CAE software was used to generate an 3D unstructured 

mesh geometry of the NEMA phantom. 

Monte Carlo code simulates the transport of particles emitted by the sources and the in- 

teractions of these through the different materials, having the ability to record results of such 

interactions particles. The code used in this work is MCNP6.1.1 (Monte Carlo N-Particle). 

Using Paraview software for 3D geometry and results calculated by MCNP, visualization 

is a major improvement and advantage over other Monte Carlo codes. 

This work has proved that the feasibility of Monte Carlo dose calculation methodology for 

internal emitter therapy, making this technique attractive for clinical applications. 

 
Wesley E. Bolch, The Monte Carlo Method in Nuclear Medicine: Current Uses and Future Potential J 

Nucl Med. 2010;51:337-339 

Materialise. Mimics Medical 17.0 Reference Guide 
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The International Basic Safety Standards (IAEA et al, 2014) require the presence of a regula- 

tory framework for radiation safety for the protection of people and the environment from 

harmful effects of ionizing radiation. The regulatory framework includes the presence of a 

competent regulatory body and established regulations to ensure, among other principles, 

that there is a positive balance between the beneficial use of ionizing radiation and the risk 

of harm to patients, workers and members of the public. In 2019, a survey was conducted to 

gather information on the current status of the regulatory infrastructure for radiation safety 

in the Caribbean. The results from the survey demonstrated that many Caribbean countries 

do not have national legislation on radiation safety implemented. In addition to the lack of 

or outdated regulatory infrastructure in radiation protection, Caribbean countries also lack a 

structure for radiation safety for medical applications and a system for education and training 

in radiation protection. As a result, there is a great shortage of experts in radiation protection 

with required knowledge, skills and competences. An example of this is that most countries 

do not have medical physics experts nor radiation protection experts. The observed shortage 

leads to poor implementation of radiation safety practices and thus may pose danger to the 

safety of patients, workers and the environment against harmful effects of ionizing radiation. 

The Pan American Health Organization (PAHO) recently started with a program to aid Ca- 

ribbean countries in the establishment of a radiation protection program for medical applica- 

tions. A questionnaire was developed in 2020 to assess the current status of radiation safety 

for medical applications in a subset of medical clinics in seven Caribbean countries. Based 

on the results, a gap-analysis was created and a customized radiation protection manual was 

developed tailored to the applications in the medical sector. In this contribution we will report 

on the outcomes of this project and the identified gaps in the establishment of an institutional 

program for radiation safety in Caribbean countries with no national infrastructure for radia- 

tion safety. 

European Commission, Food and Agriculture Organization of the United Nations, Inter- 

national Atomic Energy Agency, International Labour Organization, OECD Nuclear Ener- 

gy Agency, Pan American Health Organization, United Nations Environment Programme, 

World Health Organization. 2014. Radiation Protection and Safety of Radiation Sources: 

International Basic Safety Standards. International Atomic Energy Agency 

mailto:whitney.coulor@gmail.com
mailto:whitney.coulor@gmail.com


Oral talks – T03: Medical applications 

47 IPRA2022 / May 30–June 3, 2022 / Budapest, Hungary 

 

 

 

KV-CBCT DOSE LENGTH PRODUCT AND EFFECTIVE DOSE 

ESTIMATION ON HALCYON LINEAR ACCELERATOR 

Adam GALDI1,2*, Szilvia GAZDAG-HEGYESI1, Tibor MAJOR1,2, Csilla PESZNYAK1,2
 

1Center of Radiotherapy, National Institute of Oncology, Budapest, Hungary 
2Department of Oncology, Semmelweis University, Budapest, Hungary 
*Corresponding author. E-mail: galdi.adam@oncol.hu 

Keywords: Halcyon, kV-CBCT, DLP, effective dose 

 

Acquiring the exact patient dose information is important; it is prescribed by both Hungarian 

national regulations and the EU BSS. 

The new generation Varian Halcyon linear accelerator based Image Guided Radiotherapy 

requires the daily use of Cone Beam CT (CBCT) which means extra doses for patients. We 

need to know the accurate Cone Beam Dose index (CBDI) to calculate the Dose Length 

Product (DLP), and the Effective Dose (ED) according to anatomical region. 

In our study, to calculate the DLP and ED values we used the CBDIs set by the manufac- 

turer multiplied by both the scan range and the longer side of the longitudinal field of view 

(LFOV). We also conducted free air and point based CBDI measurement, over different 

CBCT protocols: Head low, Head, Breast, Thorax, Pelvis. 

We found 12% difference on average between the reference and calculated DLP values 

when we used the scan range, based on the equation of definition, independently from the 

CBCT protocols. However, with LFOV we received the reference DLPs. Free air and point 

measured DLP values with LFOV constantly overestimated the reference DLPs. The range of 

difference was [-26.41%, -0.47%] with an absolute average of 14.5% for free air and 11.3% 

for point measurements. The calculated DLPs with scan range were overestimated using low 

kV and mAs CBCT protocols but underestimated with higher kV and mAs. The range of dif- 

ference was [-11.33%, 11.78%] with an absolute average of 4.8% for free air and 8.4% for 

point measurements. The ED estimation was calculated based on ICRP 103 guideline where 

anatomical regions weight factors (k) are defined. The EDs were calculated by DLP multi- 

plied by the “k” factor. The percentage deviations from the references remained as before, 

because we used only a constant multiplication factor (k). Therefore, we found a wide range 

of difference between the effective and reference doses meaning that the chosen methods for 

DLP and ED calculations are not negligible for dose estimation. 

mailto:galdi.adam@oncol.hu


Oral talks – T03: Medical applications 

IPRA2022 / May 30–June 3, 2022 / Budapest, Hungary 48 

 

 

 

STUDY OF ACTIVATION OF AIR, WATER AND SOIL IN 

COMPACT PROTON THERAPY CENTERS (CPTC) 

Gonzalo F. GARCÍA-FERNÁNDEZ1*, Eduardo GALLEGO1, José M. GÓMEZ-ROS2, 

Alejandro CARABE-FERNÁNDEZ3, Lenin E. CEVALLOS-ROBALINO4
 

1Dep. de Ingeniería Energética, ETSII, Universidad Politécnica de Madrid, Madrid, Spain 
2Centro de Inv. Energéticas, Medioambientales y Tecnológicas (CIEMAT), Madrid, Spain 
3Hampton University Proton Therapy Institute (HUPTI), 23666, Hampton VA, USA 
4Grupo NANOTECH, Universidad Politécnica Salesiana, Guayaquil, Ecuador 
*Corresponding author. E-mail: gf.garcia@upm.es 

Keywords: compact proton therapy centers, operational radiation protection, neutron radiation area 

monitoring, MCNP6 

 

The present work is part of the dosimetry and neutron spectrometry activities in proton ther- 

apy centers carried out by the Polytechnic University of Madrid (UPM). Proton therapy has 

recently arrived in Spain with two centers in operation since the end of 2019 and the begin- 

ning of 2020, respectively. The objective of the work has been to carry out the study, using 

both, Monte Carlo codes and analytical methods collected in international recommendations, 

of the induced activation of the air, the water (present in ancillary facilities and the water 

table), and the natural soil of compact proton therapy centers. The results achieved with 

analytical calculations using international guidelines underestimate the 41Ar concentrations 

about three times while 15O concentrations are overestimated about ten times when compared 

to Monte Carlo results. However, 13N concentrations estimated by both the methods are in 

good agreement. Analytical calculations ignore the significantly large contribution of 41Ar 

formation by the neutrons above thermal energy. The overestimation of 15O is caused by the 

large cross-section value assigned in the analytical calculations. The cooling circuits of the 

equipment that run through the acceleration rooms and the gantry are susceptible to activa- 

tion of water. The expected activation products in water are 14O, 15O, 13N, 11C, 18F, 7Be, and 
3H. Considering the self-shielding factors of water, and that dose rate from activation will 

always be lower than metallic components of pipes, it is almost negligible. The main problem 

is not the activation of the water, but this effluent can transport radioactivity out of the facil- 

ity. Soil characterization before building is a key task to prevent and limit the activation of 

the natural layer of the ground. Developments in proton therapy could have a huge impact in 

the operational radiation protection in this centers. New delivery modes could dramatically 

change some inputs and workload of the facility. 
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Proton therapy is in continuous ever evolving to improve its performance. Some prominent 

current trends involve cutting-edge delivery methods or building compact proton centers. 

New developments have direct impact in radiation protection of facilities. The main goal 

of this work has been to carry out the comparative analysis, using Monte Carlo codes and 

experimental measurements, of the impact on the shielding of different proton dose deliv- 

ery modes with greater projection and development. The current and new proton delivery 

methods compared were Intensity Modulated Proton Therapy (IMPT), Proton Monoener- 

getic Arc Therapy (PMAT) and proton flash-therapy with protons (PFT). On the one hand, 

PFT involves irradiation for less than 500 milliseconds of a dose greater than 40 Gy/s, that is, 

pulsed fields of high energy and intensity. On the other hand, arc therapy uses monoenergetic 

fields with lower energies than conventional ones, but for a longer time. For PMAT, both 

experimental measurements and simulations have been reached. These results show that with 

PMAT higher neutron fluences are generated, but with lower energy, therefore, its impact is 

greater on activation, but not so much on the ambient dose. For PFT, results have only been 

obtained with Monte Carlo simulations. With PMAT the shielding requirements could be 

reduced since the energy of the protons used is lower than the conventional IMPT modality. 

For PFT, the current shields should be reviewed since the energies used are the maximum, but 

for a fraction of the time, therefore, the instantaneous doses outside the barriers could exceed 

the legal limits in some clinical cases. The main challenge is to convert the different treat- 

ments into a real workload of the facility. Meantime parametric and Monte Carlo methods 

could help to quantify the proton load. Other mitigation actions could be limiting orientation 

of beam and occupancies in some spaces, using special concretes in different areas of proton 

therapy facility, or introducing changes in the design and situation of treatment control room. 

Experimental measurements could help to achieve more precise assumptions, always in the 

conservative side. 
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Varian Halcyon 2.0 with software version 3.1 is one of the new generation radiation therapy 

machines. This linear accelerator (LINAC) requires kilovoltage (kV) cone-beam CT (CBCT) 

for all the patients before all treatment fractions. The imaging involves additional dose for the 

patient, but image guided radiotherapy (IGRT) increases the accuracy of the set-up and the 

effectiveness of the treatment. The aim of this study is to assess the additional imaging dose 

of various available protocols with different calculation and measurement methods. 

CT dose index (CTDI) (measured in mGy) is a measure of the radiation dose output of 

a CT scanner, but if we have a wide beam width (>40 mm) as in CBCT, the measured values 

have to be corrected. We can determine the volumetric CTDI which represents the patient’s 

dose during the imaging process. The CTDIs were calculated based on the measured values 

following the IEC 60601-2-44 recommendations. 

For the measurements we used the Radcal pencil ionization chamber with 10 cm active 

length in free-air and in PureImaging CTDI phantom for five different imaging protocols of 

Halcyon LINAC: Head-low dose, Head, Breast, Thorax, and Pelvis. 

In the case of a point measurement, we found large deviations between reference and 

calculated low CTDI values: 26.6% and 27.1% at Head-low dose and Breast protocol, re- 

spectively. In the other cases when we used the corrections of wide beam length the largest 

discrepancy was found at Head protocol with 19.6%, higher than the reference value. The 

calculated values were always larger than the reference values for all protocols and measure- 

ment setups. 

For the point measurements we found similar results as in the international literature, 

where the reference values underestimated the real CTDIs. However, if we apply the wide 

beam correction there are still deviations between our results and the reference values, but 

with less degree. 
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The increasingly widespread and generalised use of diagnostic and treatment modalities that 

employ ionising radiation has led the institutions responsible for Radiation Protection, both 

national and international, to establish increasingly complex mechanisms for the review, 

monitoring and auditing of the patient absorbed doses. 

The Centro Nacional de Dosimetría (National Dosimetry Center) is a Spanish public 

health institution part of the National Institute of Health Management (INGESA) belong- 

ing to the Ministry of Health. Together with several scientific and technological institutions, 

we aim to create a National Dose Registry (NDR) that collects patient dose indexes from 

regional dose registries into a unified patient medical record. Among other features, this will 

allow the development of dose reference levels (DRLs) and will constitute an important tool 

for research through the application of machine leaning tools. 

Standardization criteria includes HL-7, IHE RAD and DICOM RDSR for all communica- 

tions within the NDR and between the NDR and the regional dose registries. Integration with 

private institutions will be addressed in a future step. 

To start the project, a survey was conducted to identify what dose management systems 

currently exist in Spain. Next, the architecture of the platform was defined and the relevant 

dose indexes that will be recorded were established. Finally, a proof of concept that integrates 

different dose registries has been developed to start evaluating the functionalities and scope 

of the project. 

The incorporation of the data from the different regions will be carried out incrementally. 

At the present time, work has begun to define the requisites in order for the first regions to 

join. Once completed, the NDR will be a decisive tool for the radiation protection of patients 

in Spain and maybe in the rest of the world too. 
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It is well known the fact that protontherapy maximizes dose deposition at the end of its 

range in tissue because of Bragg peak deposition, thus reducing doses to surrounding healthy 

tissues. However, nuclear reactions taking place in tissues can generate radioactive nuclei. 

Nevertheless, there is little knowledge about patient and material activation and its impact in 

terms of radiological protection. In this work, we aimed to study radionuclides and dose rates 

that may affect protontherapy staff because of activation during clinical treatments and daily 

procedures at these facilities. 

Several dose rate measurements in terms of H*(10) were performed in patients immedi- 

ately after irradiation in order to assess decay rates and identify nuclei activation. Addition- 

ally, we evaluated dose rate and spectrum obtained in PMMA as a surrogate of human tissue. 

We used a MiniTRACEg-Saphymo multipurpose meter for dose rate measurements and a 

RIIDEye-M-G (Thermo Scientific) spectrometer to identify the radionuclides. 

Patient measurements were performed for a 20’ time span following irradiation, showing 

two different decay curves contributions presumably associated to 11C and 13N. Further stud- 

ies performed with PMMA mimicking tissue reactions showed 15O presence, not visible in 

patient measurements due to the difficulties of measuring such short-term decay (2’ half-life) 

and an additional peak (479keV) due to 7Be in the long-term measurements (24h after irradia- 

tion). The latter was not visible in previous measurements due to its longer half-life (53d). 

The maximum dose rate value measured was 144μSv/h following an unfavourable irradiation 

(Emax=228.7MeV, 336.2MU, 10x10cm2) of PMMA. 

Patient and PMMA activation after clinical irradiations were evaluated, showing the pres- 

ence of 11C, 13N, 15O and 7Be. Further measurements using different materials and irradiation 

conditions are planned in order to better assess activation in protontherapy facilities. 
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MedAustron is an accelerator facility with a synchrotron for cancer therapy and research lo- 

cated in Wiener Neustadt, 50 km south of Vienna. The facility provides protons up to kinetic 

energies of 250 MeV and carbon ions up to 400 MeV/u for medical applications. Addition- 

ally, protons up to 800 MeV kinetic energy can be used for non-clinical research purposes in 

a dedicated room. 

The research branch of MedAustron is directly connected to three university professor- 

ships in the fields of radiation physics, medical physics and radiation biology. 

The concept of the MedAustron particle accelerator was developed in cooperation with the 

European Organization for Nuclear Research CERN. Since 2016, the MedAustron Particle 

Therapy Accelerator MAPTA is a CE-labeled medical product in accordance with the Eu- 

ropean medical device directive. The system is comprised of active beam scanning on fixed 

beam lines, as well as a proton gantry. 

In 2016, treatment of tumor patients, as well as research with protons, commenced and 

so far, more than 1000 patients have completed their treatment. Recently, the last room to be 

commissioned – containing a proton gantry – was certified and taken into operation. Com- 

missioning of Helium beams has started in parallel. 

Radiation Protection plays a crucial part since the beginning of the project for authority 

approval as well as for daily operations. 
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Multimodality imaging has great impact in the in-vivo non-invasive functional & morphol- 

ogy imaging diagnostic and research as well as plays important role in the functional biology. 

Medical Imaging Center (MIC) of Semmelweis University covers the entire imaging field by 

the integration of Radiology, Nuclear Medical and MRI disciples. 

An AnyScan™ PET/CT (Mediso Ltd. Budapest) multimodality imaging system was formal 

handed over at 2021. at MIC. The system was financed by VEKOP program to be supported 

by both EU and domestic funds. AnyScan™ PET/CT imaging system has been extended by a 

triple detectors SPECT system by a collaboration contract with the manufacturer in order to ob- 

tain a unique triple modality AnyScan™ TRIO SPECT/CT/PET imaging system. AnyScan™ 

TRIO turned into the fundament of the „Innovative large animal models for clinical therapeutic 

research project” to be implemented at the Department of Nuclear Medicine of MIC -Trans- 

lational Research Lab - under the leadership of the Department of Biophysics and Radiation 

Biology. Hereby became entirely completed the application of new therapeutic products and 

diagnostic procedures from pre-clinical trials into human use i.e. the M3 (Molecule-Mouse- 

Man) at the university. Behind the clinical research activities several other disciples are in- 

volved, such as the multimodality, multi-dimensional image reconstruction (4D recon.), novel 

image acquisition procedures (4D–5D dynamic, LIST mode), deep analysis of signal/noise ra- 

tio on the acquired data set. The latter has serious significance in the patient dosimetry, since the 

noise elimination effect including the detection sensitivity-resolution relations have large influ- 

ence to the radiation dose level. TRIO-SPECT has organ specific (brain, cardiac) MPH (Multi- 

PinHole) collimator set providing ~1mm voxel-size imaging with artifact free results for both 

physical phantoms and human cases. TRIO-SPECT with parallel projection - LEHRHS (Low 

Energy High Resolution High Sensitivity) - collimator set has almost three times higher sensi- 

tivity comparing to the conventional double detector SPECT system by LEHR collimators with 

comparable depth dependent PSF (Point Spread Function) distortion. 

The established laboratory may serve high level image based translational research, as well 

as it is a suitable environment to design, implement unique imaging procedures and to assure 

outstanding research and development circumstances for the related scientific fields as well. 
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Nuclear/radiological incidents or accidents involving internal contaminations with radioac- 

tive cobalt or strontium compounds occur regularly. In this case, the current recommended 

therapeutic options (calcium salts of DTPA and cobalt gluconate in case of internal cobalt 

contamination and ammonium chloride and calcium gluconate in case of internal strontium 

contamination) are of low specificity, and their effectiveness remains modest. There is there- 

fore a crucial need to design new modalities of administration and/or new molecules based 

on drug discovery or already marketed drugs for decorporation. 

Our team is developing new liposomal formulations to deliver strontium/cobalt potential 

chelating agents to the main radionuclide retention organs. In a first step, we have identified 

and selected bisphosphonates (BP) molecules that can form stable complexes with cobalt 

and strontium. For that purpose, we have developed different approaches such as UV/Vis- 

ible spectrophotometry and ion chromatography coupled with ICP-MS detection to screen 

our preselected candidates. These techniques have enabled the effective visualization of the 

BPs and divalent cations but compelling detections of BP-metal complexes have yet to be 

achieved. Additionally, we are currently developing a new separative analytical method based 

on capillary electrophoresis that should also be very useful for characterizing complexes. 

The further step will be to encapsulate the candidate molecule into liposomes that will be 

surface functionalized with specific targeting ligands. The molecular targeting should induce 

a preferential accumulation of the liposomes in the bone compartments as well as in the liver 

and kidneys, thus enhances the distribution of the BPs in these key radionuclide retention 

organs. In vivo evaluation of the decorporation efficiencies of both the free and liposome- 

encapsulated molecule will then be performed in a rodent model. 
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OPTIMIZATION OF PATIENT DOSE IN BRAIN [18F]-DOPA 

PET/CT 
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The development of new PET equipment incorporating the time-of-flight (TOF) technique 

has led to a significant improvement in image quality, allowing to reduce the activity admin- 

istered to the patient. The aim of this study was to optimize the activity administered to the 

patient in brain PET/CT studies with [18F]-DOPA, simulating the reduction of activity by 

means of an equivalent reduction in acquisition time. 

In this work, brain PET studies with [18F]-DOPA from 27 patients were included. Mean 

administered activity was 163 MBq. List mode acquisition was performed in a Biograph 

mCT TrueV (Siemens) scanner, allowing thus the reconstruction of images with different 

times: 1200 (reference), 900, 600, 450, 300, 150 and 75 s. Images were reconstructed with 

OSEM and OSEM+TOF algorithms. Image analysis was performed with the DopaSoft soft- 

ware, which automatically quantifies the concentration in the striatum and occipital regions, 

the striatum/occipital ratio and the clinically relevant statistical parameter Z score. 

The relation of each parameter between the 1200s acquisition and the shorter time ones 

was studied using: the Pearson's correlation coefficient, the Lin's coefficient of concordance, 

and the Bland-Altman's analysis. 

For both reconstructions, when acquisition time was reduced up to 300s, substantial agree- 

ment was found for the mean concentration, the striatum/occipital ratio and the clinically rel- 

evant statistical Z parameter, as compared to the reference. Therefore, a reduction of activity 

by a factor of 4 would be clinically feasible. Considering a dose coefficient of 1.68x10-2mSv/ 

MBq, mean effective dose to the patient would be reduced from 2.74 to 0.68 mSv. 

This study demonstrates that the activity delivered to the patient in brain PET/CT studies 

with [18F]-DOPA scan be optimized. In particular, activity, and consequently patient effec- 

tive dose, could be reduced by a factor of 4 without losing quantitative diagnostic capacity. 
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MEETING THE RADIATION PROTECTION CHALLENGES: 

NOVEL APPROACHES FOR MEDICAL AND OCCUPATIONAL 

EXPOSURE CONTROL 
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Among the IAEA’s key publications are its Safety Standards, which provide the fundamen- 

tal principles, requirements and recommendations to ensure nuclear safety. They serve as a 

global reference for protecting people and the environment and contribute to a harmonized 

high level of safety worldwide. Activities such as the medical uses of radiation, the opera- 

tion of nuclear installations, the production, transport and use of radioactive material, and 

the management of radioactive waste must be subject to standards of safety. Occupational 

radiation protection is the backbone for any national arrangements for radiation protection 

and the total number of monitored workers exposed to ionizing radiation is estimated to be 

approximately 24 million worldwide. About 52% are employed in the sectors that include 

exposure to natural sources of radiation (12.6 million workers) and about 48% in the sectors 

that include exposure to human-made sources of radiation (11.4 million workers). To protect 

them against such an exposure, some concrete steps can be taken as required by the GSR 

Part 3 and GSG-7 provides guidance on the control of occupational exposure (technical and 

operational aspects) based on “exposure situations” and provides information on ORP frame- 

work, exposures of workers in different exposure situations, protection of workers in special 

cases, dose assessment, management system for service providers, control measures as well 

as health surveillance. GSG-7 offers an itemized step-by-step guidance on how to be vigilant 

in enhancing safety standards for workers across a range of industries with new approaches 

for itinerant workers, female workers during and after pregnancy, monitoring of lens of the 

eye exposure, cosmic ray exposure, Naturally Occurring Radioactive Material (NORM) and 

radon at workplaces. 

Medical use of ionizing radiation is one of the most rapidly developing areas of applica- 

tion of radiation: latest estimates are for around 4.2 billion procedures performed annually 

worldwide in diagnostic radiology, image guided interventional procedures, nuclear medi- 

cine and radiotherapy. Because of the direct benefit for patients from medical exposure, no 

dose limits apply to patients, and radiation protection is ensured by applying the principles 

of justification and optimization specific to the medical applications. The basic requirements 

for ensuring radiation protection in medical exposure are set in the GSR Part 3, and guidance 

specific to different medical applications is provided in the safety guide SSG-46. The cur- 

rent challenges include justification at individual level when accounting for recurrent imag- 

ing, practical use of approaches for optimization, such as quality control, patient dosimetry, 

diagnostic reference levels, proper use of imaging in radiotherapy, all linked to the need of 

improved education and training of health professionals with different professions. Another 

important area is the need of improved safety culture and team approach to radiation protec- 
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tion, which compliments the safety standards and regulatory actions. Involvement of differ- 

ent key stakeholders is crucial for the successful implementation of the international safety 

standards. 

 
[1] EUROPEAN ATOMIC ENERGY COMMUNITY, FOOD AND AGRICULTURE ORGANI- 

ZATION OF THE UNITED NATIONS, INTERNATIONAL ATOMIC ENERGY AGENCY, 
INTERNATIONAL LABOUR ORGANIZATION, OECD NUCLEAR ENERGY AGENCY, 
PAN AMERICAN HEALTH ORGANIZATION, UNITED NATIONS ENVIRONMENT PRO- 
GRAMME, WORLD HEALTH ORGANIZATION, Radiation Protection and Safety of Radiation 
Sources: International Basic Safety Standards, IAEA Safety Standards Series No. GSR Part 3, 
IAEA, Vienna (2014) 

[2] INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR OFFICE, Oc- 
cupational Radiation Protection, IAEA Safety Standards Series No. GSG-7, IAEA, Vienna (2018). 

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR OFFICE, 
PAN AMERICAN HEALTH ORGANIZATION, WORLD HEALTH ORGANIZATION, Radia- 
tion Protection and Safety in Medical Uses of Ionizing Radiation, IAEA Safety Series SSG-46, 
IAEA, Vienna (2018). 
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Beatriz MORAIS1,2, Catarina TAVARES1,2, Filipa FONSECA1,2, Bárbara MACHADO1,2, 

Renato CASTRO1,2, Cláudia IGREJA1,2, Joana LOURENÇO1,2, Sílvia LEITÃO1,2, 

Sara VELHA1,2, David FARIA1,2, Catarina SOUTO1,2, Fernando COSTA1
 

1Atrys Centro Médico Avançado, Santa Maria da Feira, Portugal 
2Mercurius Health, SA; Porto Salvo; Portugal 
*Corresponding author. E-mail: beatriz.morais@mercuriushealth.com 

Keywords: Risk management; SRS treatments 

 

Purpose: 

The purpose of the present work is to build a more robust analysis of the risk assessment 

already implemented in our department for stereotactic radiosurgery treatments (SRS). The 

goal is to review the results obtained from the preview analysis and use it as a guideline to 

write a risk management manual, in order to improve the security and performance of our 

processes. 

 
Methods: 

A representative group of professionals involved in SRS treatments procedures met regularly 

to perform a new failure modes and effect analysis (FMEA). Preliminary discussions about 

the scoring and risk prioritization were conducted in order to clarify all the professionals 

about the methodology adopted in our department. Process map, process steps, and failure 

modes (FMs) already implemented for this procedure were revised, together with event re- 

ports. FMs were rescored by each professional according to the probability of occurrence, 

the severity, and the detectability, with the corresponding recalculation of the risk priority 

number (RPN). 

 
Results: 

16 process steps were revised with a total of 183 potential associated FMs. Based on the 

previous analysis the steps corresponding to the treatment CT, validation of the plan and 

quality control were subjected to a more detailed analysis. Several strategies were discussed 

to mitigate or reduce the RPN of these FMs. 

 
Conclusions: 

By revisiting the SRS risk assessment applied in our department we were able to implement a 

more robust approach to risk management. This work will help us to extend this methodology 

to all treatments performed in our department, materialized in a risk management manual. 

 
(Malicki et al. 2015). General guidelines on risk management in external beam radiotherapy. European 

Commission 

(Huq et al. 2016). The report of Task Group 100 of the AAPM Application of risk analysis methods to 

radiation therapy quality management Medical Physics Volume 43 7 4209 4262 
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The aim of the study is to measure neutron dose around high energy medical linear accelera- 

tors (linacs) in the bunkers of Hungarian radiotherapy centers. 

When high energies are used above threshold for reaction in high Z components of lin- 

acs, a significant amount of photoneutrons are produced that needs to be taken into account 

when planning the shielding. 13 linacs were included in our investigation nationwide. We 

measured the neutron dose around high energy linacs in certain points along the maze and at 

the entrance of the bunker. Berthold LB 6411 dosimeter was used to measure neutron dose 

rate only outside the directly produced out-of-field beam where the high gamma to neutron 

flux rate in the pulsed beam causes counting difficulties for this device. In addition, closed 

collimators helped to improve neutron to gamma flux ratio by increasing the produced pho- 

toneutrons while decreasing the scattered photons. The investigated linacs were as follows: 

Varian TrueBeam, Clinac iX, Novalis, Elekta Synergy, VersaHD, Siemens Artiste and Pri- 

mus, the used energies were either 15 MV or 18 MV. Bunker designs also differed according 

to the turns from the bunker entrance door to the end of the maze and the optional use of the 

inner wall. 

For all the investigated linacs at 15 MV photon energy the neutron dose rate was a few 

times higher than photon dose rate up to 8 m along the maze from the treatment room opening 

while for some cases the ratio went below 1 at further distances. At 18 MV the neutron dose 

rate was higher along the whole maze. In one case at the entrance of the bunker a very high 

neutron dose rate with one order of magnitude higher value than for the rest of the centers 

was found. This linac operating at 15 MV energy was placed in a bunker with a maze contain- 

ing only one turn from the treatment room opening to the entrance of the bunker. 

We recommend to design or use bunkers with at least two turns in the maze for high en- 

ergy linacs if their energies are above 15 MV. 
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ENERGY CALIBRATION OF PULSE-HEIGHT SPECTRA IN 

PLASTIC SCINTILLATORS FOR CLEARANCE MONITORS 

USING MONTE CARLO SIMULATIONS 

Federico A. GESER1*, Malgorzata M. KASPRZAK1, Sabine MAYER1
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Nowadays spectroscopic information in the form of pulse-height spectra can also be retrieved 

in plastic scintillator based clearance monitors, which represents a challenge for calibration, 

given the lack of photopeak presence for these particular materials. In past years, several 

publications provided methods for energetically calibrating such detectors (Siciliano et al., 

2008; Byoungil et al., 2019), typically involving cumbersome determinations of the positions 

of the Compton edge’s and optimization techniques (χ2, genetic algorithms, etc.). 

In this work, a simple method for calibration of the pulse-height spectra obtained in clear- 

ance monitors was investigated, aimed at simplifying the procedure in the case where up to 

24 plastic scintillators are measuring simultaneously. Monte Carlo (MC) calculations were 

performed to simulate the irradiation conditions and adjust the corresponding response of 

the clearance monitor to the experimental data. In the present case, MC simulations are also 

globally optimized to resemble the experimentally obtained spectra, but using a convenient 

set of parameters. Preliminary results show good agreement in the high-energy range, but the 

simulations underestimate the count rate in the low energy region. The optimal set of param- 

eters, as well as the folding (resolution) function used for the broadening of the simulated 

spectra were investigated and will be discussed. 

This procedure will help not only to determine the conversion factors from count rates 

to activity for non-standard nuclides/geometries, but could also provide a means to perform 

nuclide identification. 

 
Byoungil, J., Jongyul, K., Myungkook, M., Gyuseong, C. 2019. Parametric optimization for energy 

calibration and gamma response function of plastic scintillation detectors using a genetic algorithm. 

Nucl. Instrum. Methods Phys. Res. A. 930, 8-14. 

Siciliano, E.R., Ely, J.H., Kouzes, R.T., Schweppe, J.E., Strachan, D.M., Yokuda, S.T. 2008. Energy 

calibration of gamma spectra in plastic scintillators using Compton kinematics. Nucl. Instrum. Methods 

Phys. Res. A. 594, 232-243. 
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With the increasing number of shut-down nuclear reactors, decommissioning-related re- 

search activity become more and more important. In case of shielding concretes, develop- 

ments in radioactive waste assessment provides more precise radioisotope inventory estima- 

tions, hence tons of lower category radioactive waste, which also means huge amount of 

spared money. 

The appropriate use of simulation tools could support this process, however, results of 

measurements and simulations in the scientific literature still show remarkable differences. 

Žagar et al. (2004) for example achieved 2-5-times higher simulation results when they tried 

to reproduce the measurement results of their shielding concrete activation experiments. 

In our study, it was aimed to reproduce the measurement results of Žagar et al. with dif- 

ferent simulation tools: MCNP code was used coupled with Cinder1.05 and FISPACT-II 

- partly to compare them. In case of some isotopes, like 65Zn and 134Cs, similar measurement- 

simulation differences were achieved to that of Žagar et al., however, 54Mn showed much 

higher differences. On the one hand, latter could partly be explained by the less accurate fast 

neutron activation cross section libraries applied for the generation of 54Mn. On the other 

hand, the tendencies in the differences between measurement and simulation results of dif- 

ferent radioisotopes suggest that the energy distribution of the applied neutron source was 

not exactly accurate either. 

 
Žagar, T., Božič, M., Ravnik M. 2004. Long-lived activation products in TRIGA Mark II research reac- 

tor concrete shield: Calculation and experiment. Journal of Nuclear Materials. 335, 379-386. 
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The European regulation on ionizing radiation is essentially laid down in the Council 

DIRECTIVE 2013/59/EURATOM. The practical implementation of the European basic 

safety standards has become more complex due to the lack of consideration of the metro- 

logical implications and the adaptation to new technological developments, which lead to 

new standards, technological innovations, and improved capabilities. It is therefore of vital 

importance to create a network that acts as a focal point between the metrology communities 

and the relevant radiation protection stakeholders, including regulators, standardization bod- 

ies, manufacturers, users of radiation sources and international organizations and platforms. 

The EMN for Radiation Protection was officially launched on 16 September 2021. One of 

the most important tasks of this EMN will be to give a strong voice to the field of radiation 

protection metrology in Europe, so that it can provide responsible guidance and support to 

future technological development. 

 
https://www.euramet.org/european-metrology-networks/radiation-protection/ 

 
This project 19NET03 supportBSS has received funding from the EMPIR programme co-financed by 

the Participating States and from the European Union's Horizon 2020 research and innovation pro- 

gramme. 
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Radiological characterization is a key element of the planning, controlling and optimizing of 

decommissioning and dismantling (D&D) activities. This characterization aims at knowing 

the list of radionuclides present, as well as their location and concentration in a nuclear facil- 

ity. It is usually done by using in situ measurements techniques under constrained environ- 

ments. To successfully accomplish such an objective, an analysis of the suitability of existing 

methodologies for in-situ measurements in constrained environments is needed beforehand. 

This analysis has been done in the framework of the INSIDER project (H2020-Euratom) and 

already published in the journal Progress in Nuclear Energy (Aspe et al, 2020; Amgarou et 

al, 2021). Using the information gathered in these two papers, as well as along the INSIDER 

project, a decision-helping tool for the selection of the suitable detector in the different D&D 

phases has been developed. 

The work presented here is an online tool, easy to use, intuitive and freely available. Just 

answering to a specific questionnaire related to the purpose and situation of the in situ mea- 

surements, the tool offers the best solution. After establishing the phase of the D&D program 

we are in, the purpose of the radiological investigation must be chosen. In the next step, one 

must select the type of particular installation under study as well as the specific area we want 

to control. Based on the impacts of the different environmental constraints (radiological, ac- 

cessibility, materials and other environmental constraints) to which the chosen area may be 

subject to, the tool finally recommends some detectors, detailing their strengths and weak- 

nesses as well as where to use it. 
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The Large Hadron Collider (LHC) beam dump allow for a safe and controlled extraction of 

the 7 TeV proton beams circulating in the ring. The LHC is equipped with two external beam 

dumps (TDE) located in two caverns ~750m downstream the Interaction Point 6. The TDE 

core is composed of a cylindrical ~8.5m long and 700mm diameter stainless 318LN vessel, 

enclosing several blocks of graphite of different densities. The core is surrounded by a shield- 

ing made of iron and concrete. 

During the last LHC physics period (Run 2), several problems arose related to excessive 

vibrations of the TDE. These problems obliged to a modification of the TDE layout by up- 

grading the available spare dumps. In addition, this upgrade allowed inspecting for the first 

time of the two operational dumps, which showed signs of damage on some graphite blocks. 

Therefore, it was decided to conduct an in-house autopsy and a Post-Irradiation Examination 

to extract information essential for the next operational Run 3, the production of new spare 

dumps and the future design of a new TDE for High-Luminosity LHC operation. Following 

the autopsy, the dumps will be disposed as radioactive waste accordingly to the eliminations 

paths in place at CERN. 

The spare dump upgrade and the TDE autopsy required to perform several activities in 

high radiation environment posing significant Radiation Protection (RP) challenges, due to 

the high residual activation of the TDE core. To ensure high safety standards and to respect 

the ALARA principle, these challenges were addressed by using advanced Carlo techniques 

to predict the residual ambient dose equivalent rate and radionuclide inventory at different 

stages of the interventions. The CERN RP group makes use of the FLUKA and ActiWiz 

codes to produce accurate estimates. 

This work aims to provide an overview of the RP studies and the technical solutions found 

in order to optimize the interventions (ALARA) and to reduce the radiological risk for per- 

sonnel and environment. 
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Citizen Monitoring is a discipline of Citizen Science (CS) [1], which means scientific re- 

search performed by citizens who are not professional scientists. 

A very successful CS project is SAFECAST [2]. It has been founded in Japan after the 

Fukushima accident in 2011, motivated by distrust in the perceived biased information by 

Japanese authorities and the NPP operator about the radiation situation. Measurements of 

ambient dose rate (ADR) performed by citizens were intended to verify and to complement 

official data. A standard instrument called “bGeigie Nano” was designed for the purpose. 

It records ambient dose rate (ADR) together with GPS coordinates and date/time, allowing 

projection onto digital maps. The data can be submitted to the project team, which projects 

them on a world map freely accessible for viewing and downloading data. The project soon 

expanded internationally and by late 2021, about 170 million measurements are included in 

the database. 

Benefits of CS are, shortly, the large amount of data which can be generated, making it 

a valuable source for science; the educational value; and communication between citizens 

and professionals. The problem consists in quality assurance (QA), because citizens are no 

trained metrologists and usually are only little familiar with notions of representativeness, 

measurement protocols and uncertainty, which are among central QA topics. Metrological 

QA has two levels: the one of the instrument itself, which must be metrologically character- 

ized; and of instrument handling and data interpretation, particularly relevant in the CS. 

For this contribution, we chose to discuss two topics which pertain to both levels: vari- 

ability of the response of instruments of the same kind (bGeigie Nano) under same ambient 

conditions and isotropy of response under field conditions. Both contribute to the uncertainty 

budget; the latter adds to uncertainty due to instrument handling, hence is an uncertainty 

component typical for CS monitoring. 

 
[1] https://en.wikipedia.org/wiki/Citizen_science; Vohland K et al. (eds.) The Science of Citizen Sci- 

ence. 2021, Springer International Publishing, DOI 10.1007/978-3-030-58278-4, www.springer. 
com/gp/book/9783030582777 (open access; accessed 14 August 2021) 

[2] https://safecast.org/ (accessed 11 August 2021) 
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INTEREST OF ECOSYSTEM SERVICES CONCEPT FOR 

ENVIRONMENTAL RADIATION PROTECTION 
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The emerging concept of ecosystem services (defined as the benefits people obtain from 

ecosystems) (MEA, 2005; TEEB 2012) is not yet reflected in the current approaches for 

protecting people and the environment against radiation by the International Commission 

on Radiological Protection (ICPR) or other similar approaches (Rhodes and al., 2020). Yet 

some recent thoughts from international organizations lead us to believe that an eco-based 

approach could be promoted in the coming years in the environmental radiation protection 

community. 

IRSN has identified possible fields of application of the concept of ecosystem services to 

environmental radiation protection, in line with its integrated approach of radiological risks 

management. The concept of ecosystem services makes it possible to highlight biophysical/ 

ecological and socio-economic approaches of the impacts of ionizing radiation on ecosys- 

tem. Such developments require a multidisciplinary approach and multi-criteria analysis, 

currently being developed at IRSN. IRSN's ecosystem services approach will be developed 

in our communication along two axes: 

● interests of biophysical characterization of ecosystem services for environmental radiation 

protection : review of works in progress and R&D perspectives, 

● socio-economic assessment methods of ecosystem services : advantages for radiation pro- 

tection and methodological limits. 

 
MEA Millennium Ecosystem Assessment, 2005. Island Press, Washington, DC. 

TEEB, 2012. The Economics of Ecosystems and Biodiversity in Business and Enterprise, Earthscan, 

Routledge. 

Rhodes O.E. and al. 2020. Integration of ecosystem science into radioecology: A consensus perspec- 

tive. Science of the Total Environment 740:140031. 
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Wildlife protection has become of regulatory interest since the International Commission 

on Radiological Protection (ICRP) developed an approach to assess the level of radiological 

protection specifically for animals and plants. Pragmatically, an assessment cannot take ac- 

count of all living species and populations within an area of interest. An international consen- 

sus was achieved [IAEA, 2018; ICRP, 2014] where the diversity of wildlife requires the use 

of a limited set of modelled organisms that facilitates standardisation of the models which are 

implemented in different codes and associated data used (e.g. ERICA, EA R&D128, CROM, 

RESRAD-BIOTA…). This set of organisms is known as Reference Organisms (ROs) [Lars- 

son, 2004] or Reference Animals and Plants (RAPs) as were defined by the ICRP [ICRP, 

2003, 2008]. However, for endangered or protected species in the field area, individual con- 

siderations in a risk assessment could be taken, but there is no explicit guideline to deal with 

such endangered species. Adding site-specific species to that set of surrogate species can 

respond to various interests, such as demonstrating to stakeholders the actual level of protec- 

tion of the environment. Moreover, there is a need to question whether the use of the set of 

surrogate organisms is conservative enough to cover a wider range of biodiversity. Previous 

studies partially answered this question (Charrasse et al., 2019) and this paper adds a range 

of test cases for which dose rates are evaluated to determine the greatest difference between 

dose assessments for site-specific species and those for reference organisms, considering the 

radionuclides potentially discharged from different nuclear facilities. The dose coefficients 

were recalculated with the last version of the dose coefficient calculator supplied by the 

ICRP: BiotaDC tool. Maximal dose rate differences between a site-specific organism and a 

RAP or a RO were estimated from a set of radionuclides and sorted according to atmospher- 

ic releases of several facilities (NPP, research center, waste disposal, hospital). The global 

methodology and conclusions of those studies are presented. 

 
Charrasse, B., Anderson, A., Mora, J.C., Smith, J., Cohenny, E., Ikonen, A.T.K., Kangasniemi, V., 

Zorko, B., Bonchuk, Y., Beaumelle, L., Gunawardena, N., Amado, V., Liptak, L., Leclerc, E., Telleria, 

D. 2019. Does the use of reference organisms in radiological impact assessments provide adequate 

protection of all the species within an environment? Sci. Total Environ. 658, 189–198 
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With regard to environmental radiological impact, nuclear fusion facilities present peculiari- 

ties compared to nuclear fission reactors, mainly concerning the kind of radionuclides present 

at the facility that can be released both during normal operation and in case of accidents. Sim- 

ilar methodologies can be used for both kind of facilities, but some specific radionuclides, 

mainly tritium and some activation products, may require ad-hoc models and data. 

In this paper, we present our experience in modelling the potential radiological impact of 

assumed gaseous discharges, chronic and acute. The main radionuclides for normal operation 

discharges in this case are H-3, C-14, Ar-41, between others. To assess the impact caused 

by normal operation discharges, the models used were PC-CREAM 08, CROM 8.4.1 and 

GENII-V2.10, and NORMTRI specifically for H-3. With regard to accidental discharges, we 

have assessed the impact of H-3 and Be-7 with the GENII-V2.10 and UFOTRI v4 for H-3. 

These codes were contrasted with the methods described in the US NRC Regulatory Guides 

1.111 and 1.109 for routine releases, and Regulatory Guide 1.145 for accident discharges. To 

facilitate comparisons, simplified atmospheric conditions were considered, calculating doses 

at different distances for three representative persons, infant, child and adult. 

A conclusion is that models are reasonably well established, but they give significant dif- 

ferences for some radionuclides and exposure pathways that should be better studied. Also, 

between the tested computer codes, some are obsolete from the informatics point of view. 

Their improving with regard to user friendliness and capacity to perform uncertainty and sen- 

sitivity analysis would be desirable. The influence that an adequate assessment of the radio- 

logical impact on the population and the environment may have on the design and licensing 

of these facilities would justify the efforts to improve the available models. 
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A REVIEW ON 60 YEARS RADOECOLOGICAL RESEARCH OF 

THE DANUBE RIVER 

Franz Josef MARINGER1,2*
 

1BOKU - University of Natural Resources and Life Sciences, Vienna, Austria 
2TU Wien - Atominstitut, University of Technology, Vienna, Austria 
*E-mail: franz-josef.maringer@boku.ac.at 

Keywords: freshwater radioecology, Danube, environmental contamination, 137Cs, 90Sr, natural radio- 

nuclides, public exposure 

 

Elevated levels of radionuclide concentration in rivers lead to increased health risks for the 

public drinking processed river water or consuming water animals. The use of contaminated 

river water for irrigation can also increase health risks by consumption of the agricultural 

products produced in the irrigated areas. Very early, also naturally occurring radionuclides 

such as 210Pb, 210Po, 226Ra, 228Ra, 228Th and 238U originated from industrial plants processing 

natural materials (e.g. mineral raw materials, building materials) were also included in the 

environmental monitoring programmes. 

In this paper, a systematic review on radioecological research and radioactivity monitor- 

ing carried out in the Danube freshwater ecosystem in the past 60 years is presented. The 

essential objective of the spacious and long-term radioecological monitoring is the protection 

against harmful ionising radiation public exposure to manage sustainable use and conserva- 

tion of the Danube freshwater resources. Therefore, it is of importance to monitor the radio- 

ecological status of the Danube River ecosphere and to evaluate the impact of artificial and 

natural radionuclides on the public health. 

Results of radiometric analysis of Danube water and bottom sediment, collected continu- 

ously by sediment traps and additionally by grab sampling during Danube research cruises, 

are given and discussed. Sample collection techniques, sample preparation and radio-analytic 

methods, developed and applied in radioecological studies on the Danube River, are shown 

comprehensively. 

Additionally, this paper aims to evaluate and visualise the spatial and long-term temporal 

development of natural and man-made radionuclides e.g. 40K, 90Sr, 137Cs, 226Ra, 228Ra, 228Th, 
238U and 210Pb in Danube riverbed sediments. Finally, the public health risks on the popula- 

tion due to the radioactive contamination of the Danube ecosystem is assessed. 
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Soil is an important medium for the dispersion of pollutants and their transfer into the food 

chain, potentially causing risk to man and non-human biota. Abiotic soil characteristics such 

as pH, cation exchange capacity and organic matter are known to influence the mobility and 

bioavailability of radionuclides and their co-pollutants such as metal(loid)s. However, soil is 

also one of the most diverse habitats on Earth and soil life is essential for ecosystem processes 

including nutrient cycling and plant growth. When pollutants are present in a bound unavail- 

able form in the mineral or organic fraction, they can be made available for uptake by plants 

through bio-weathering and decomposition of organic material, which is the role of decom- 

posers such as bacteria and earthworms. However, the influence of soil biota on radionuclide 

and metal bioavailability is often not considered in assessment models. Within this study, 

we aim to evaluate the influence of earthworms (Lumbricus terrestris) on the bioavailability 

of 226Ra and metals present in soil. We used Belgian soil historically contaminated with a 

mixture of radionuclides (226Ra, 137Cs) and metals (Cd, Zn). Microcosm systems were used 

to mimic the natural interactions between soil, earthworms and vegetation. 226Ra and metal 

concentrations were determined in pore water, soil and grass to determine their solid-liquid 

distribution and transfer to vegetation. To evaluate possible direct effects of earthworms on 

radionuclide and metal bioavailability, soil pH, the ionic composition of pore water and dis- 

solved organic carbon were determined. In addition, possible indirect effects of earthworms 

on the bacterial community are being studied using next generation sequencing to refine our 

understanding of how earthworms shape them and if they in turn influence radionuclide and 

metal bioavailability. At this moment, analyses are ongoing and results are being processed. 

The results will be presented at the conference. 
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A female whole-body donor to the United States Transuranium and Uranium Registries, was 

employed at a nuclear defense facility for 27 years and was exposed to enriched uranium 

(EU) via inhalation. She died 31 y post-exposure at age 86. A total of 129 tissue samples from 

the right side of the body was analyzed for uranium by alpha spectrometry. 236U was mea- 

sured in 20 tissue samples using mass spectrometry. Analysis of the lung tissues confirmed 

that the inhaled material was EU with 67.2% of 235U, 31.9% of 238U, 0.7% of 234U, and 0.2% 

of 236U by weight. At the time of death, 27.1±0.6 Bq of uranium was retained in the respira- 

tory tract, 0.29±0.01 Bq in the kidneys, 0.056±0.005 Bq in the liver, and 26.7±0.1 Bq in the 

skeleton. Bioassay data including urine and chest measurements and post-mortem activities 

in the lungs, liver, skeleton, and kidneys were simultaneously fitted using IMBA Professional 

Plus® to estimate the intake and the radiation dose. A combination of chronic inhalation and 

two acute inhalation intakes best describes the bioassay data. This individual was a heavy 

smoker that reflected in compromised particle clearance from the lungs to the thoracic lymph 

nodes. The models recommended by the International Commission on Radiological Protec- 

tion (ICRP), with the adjustment for smoking status, adequately describe the biokinetics of 

inhaled EU except retention in the liver and kidneys. ICRP systemic models are mostly based 

on data from males and may not reflect female physiology. The best fit (p = 0.739) to all data 

including post-mortem tissue retention was achieved when the transfer rate from the liver to 

blood was increased by 10 and that from the kidneys to blood decreased by 2.1. The total 

intake was estimated to be 48.3 kBq, and the committed effective dose was 225 mSv with 

97% contributed by 234U. Of this dose, 96.8% was delivered to the respiratory tract tissues 

followed by red bone marrow (0.8%), bone surfaces (0.6%), and liver (0.4%). 
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The Human Respiratory Tract Model (HRTM) described in Publication 130 of the Interna- 

tional Commission on Radiological Protection (ICRP) provides some mechanisms to account 

for retention of material that can be subject to little to no mechanical transport or absorption 

into the blood. One of these mechanisms is ‘binding’, which refers to a process by which a 

fraction of the dissolved material chemically binds to the tissue of the airway wall. Because 

this parameter ‘bound fraction’ – the value of which is given as 0.2% for plutonium (Pu) in 

ICRP Publication 141-- has a significant impact on the radiation doses imparted to different 

parts of the respiratory tract. To properly evaluate – and quantify – bound fraction, one would 

need information on long-term retention of Pu in individual compartments of the respira- 

tory tract. Such data on regional retention in the respiratory tract of four workers – who had 

inhaled materials with solubility ranging from soluble nitrate to very insoluble high-fired 

oxides – were obtained at the United States Transuranium and Uranium Registries. An as- 

sumption of bound fraction alone was found to be inconsistent with this dataset and also with 

a review of the literature. Several studies show evidence of retention of a large amount of 

activity in the scar tissues of humans and experimental animals, and accordingly, a model 

structure with scar-tissue compartments was proposed. The transfer rates to these compart- 

ments were determined using Markov Chain Monte Carlo analysis of the bioassay and post- 

mortem data, taking into account the uncertainties associated with deposition, dissolution, 

and particle clearance parameters. The models predicted that a significant amount – between 

20-100% for the cases analyzed – of plutonium retained in the respiratory tract was seques- 

tered in the scar tissues. Unlike chemically-bound Pu that irradiates sensitive epithelial cells, 

Pu in scar tissues may not be dosimetrically significant because the scar tissues absorb most, 

if not all, of the energy from alpha emissions. 
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Radiophotoluminescence (RPL) dosimeters have been employed for individual monitoring 

at the Paul Scherrer Institute (PSI) since 2016. The RPL system was thus approved and ac- 

credited for personal dosimetry by the competent Swiss supervisory authorities, as part of the 

Dosimetry service’s routine, itself accredited by the Swiss Accreditation Service following 

the ISO 17025:2005 norm. In an effort to simplify the dosimetry workflow, and replace an 

aging Al2O3:C- and LiF:Mg,Ti-based thermoluminescence (TL) system, formerly used at 

PSI for environmental and area monitoring, the RPL system was investigated and adopted 

for this purpose. 

In this contribution, we will present the results of tests of the RPL systems carried out 

to demonstrate to the Swiss authorities that RPL dosimeters also fulfill the criteria specific 

to environmental and area dosimeters, whether it is in terms of detection range, energy and 

angle dependence, and reproducibility. Furthermore, the compliance to these criteria has 

been confirmed by the performance of RPL dosimeters in inter-comparison exercises for en- 

vironmental dosimetry, at national and international levels (Swiss national inter-comparison 

2019, EURADOS IC2019prep), that yielded satisfactory agreement between RPL and TLD 

systems. These results have led to the RPL system being approved by the competent authori- 

ties, and it has since replaced the TLD system for environmental and area monitoring at PSI, 

since 2021. 

Finally, we will discuss practical problems encountered when RPLs for environmental 

and area dosimetry were first implemented at PSI, as well as advantages and disadvantages 

compared with the previously used TLD systems. 
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Regular quality-controlled inter-laboratory comparisons (ILCs) are important to allow the 

comparison of laboratories and to identify needs to optimize international networking in the 

field of biological dosimetry. ILCs are regularly performed in the frame of the European legal 

association RENEB (Running the European Network of Biological and Physical retrospec- 

tive Dosimetry) to validate and improve the procedures for various assays. The dicentric 

chromosome assay (DCA) is considered as the “gold standard” for radiation biodosimetry 

and is an important tool for dose assessment in small and large-scale radiation accidents. 

For a large-scale accident, where many individuals are potentially exposed to ionizing ra- 

diation, the scoring procedure has to be adjusted to handle the large amount of samples in a 

reasonable amount of time and it is crucial to test the performance of the laboratories under 

conditions simulating a real accident situation. 33 laboratories from 22 countries participated 

in the current RENEB ILC (2021) for the DCA.   The study design included the irradiation 

of blood samples, blood shipment, sample processing, analysis of chromosome aberrations 

and dose assessment. Blood was irradiated in vitro with X-rays and three blind coded blood 

samples were sent to each participant. The task was to culture samples, to prepare slides and 

to assess radiation doses based on the observed dicentric yields. The main aims were to test 

the response time of the participants, to determine whether the estimated radiation doses of 

the participating laboratories were in good agreement with the reference doses and to identify 

potential needs for further training and harmonisation. The participation of laboratories from 

countries around the world gave the opportunity to compare the results on an international 

level. The results of the ILC for the DCA will be presented and the potential and limits of the 

DCA in the case of a large-scale accident will be discussed. 
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Computational dosimetry is an extended alternative to estimate dose values in patient and 

personnel for interventional radiology techniques without the need for physical dosimeters. 

It provides immediate dose results for the entire body which increases the information for 

medical staff. 

Monte Carlo (MC) radiation transport codes have been proved to provide precise dose dis- 

tribution estimations. In particular, MCGPU-IR is a fast MC code that provides dose values 

with low uncertainties for both patient and operator in less than two minutes of simulation 

time. The main characteristic is the optimized use of several GPUs in parallel. It allows to 

calculate equivalent of personal dose, absorbed dose in organs and effective dose values. 

This code has been validated comparing results with the standard multipurpose code 

PENELOPE and with experimental values measured in physical phantoms for both patient 

(Bosman et al., 2021) and operator (Balcaza et al., 2021). 

Here is presented the MCGPU-IR validation in real occupational dosimetry conditions for 

different medical interventions and the validation of the protection shielding located in front 

of the operator, comparing personal dosimeter doses with simulated values. 

The installation and use of MCGPU-IR and the posterior analysis of obtained data is a 

laborious issue. That is why the wrapper PyMCGPU-IR is created. It reads the RDSR from 

the C-arm and the camera tracking files that provide operator positions and transform them 

into MCGPU-IR input files. Then it performs the simulations and retrieve the dose values 

from its output files. 

 
Bosman, D.F. 2021. Validation of the MC-GPU Monte Carlo code against the PENELOPE/penEasy 

code system and benchmarking against experimental conditions for typical radiation qualities and set- 

ups in interventional radiology and cardiology. Physica Medica. 82, 64-71. 

Balcaza, V.B. 2021. Fast Monte Carlo codes for occupational dosimetry in interventional radiology. 

Physica Medica. 85(2), 166-174. 
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The feedback from past irradiation accidents and the risk of malevolence make it necessary 

to be prepared to a possible event involving many irradiated victims. In this case, it is es- 

sential to know the dose distribution within the body in order to sort the victims and take 

them to the most suitable medical facilities according to the severity of the irradiation. The 

dose assessment can be performed using clinical dosimetry (observation of the early-phase 

radiation-induced signs), biological dosimetry (mainly based on the analysis of cytogenetic 

damage in peripheral blood lymphocytes) and physical dosimetry (retrospective dosimetry 

and experimental or numerical dosimetric reconstruction). 

With the aim of validating a numerical dosimetric reconstruction tool called SEED (Simu- 

lation of External Exposures & Dosimetry) developed in collaboration between the French 

Defense Radiation Protection Service and the Institute for Radiation Protection and Nuclear 

Safety (Entine et al., 2021), an exposure of a realistic irradiation scenario was performed at a 

military site in 2019. An anthropomorphic dummy filled with thermoluminescent dosimeters 

and water phantoms equipped with personal Hp(10) dosimeters were exposed to a high activ- 

ity Ir-192 source. Blood samples and a mobile phone (used as a fortuitous dosimeter) were 

also placed at different locations. Several dosimetric techniques were used to assess the dose: 

thermoluminescence (TL), optically stimulated luminescence (OSL), cytogenetic dosimetry 

and Monte-Carlo simulation. 

This work gives a detailed description of the experimental setup and includes the compari- 

son of the results obtained by the dosimetric methods. This experiment involving several do- 

simetric techniques highlights their complementarity, their advantages and their drawbacks. 

 
Entine et al. 2021. SEED: an operational numerical tool for dosimetric reconstruction in case of exter- 

nal radiological overexposure. Health Physics Journal, accepted. 
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CADORmed: A TOOL FOR INTERNAL DOSE ASSESSMENT 

Bernard LANDRY*
 

Occupational health service, EDF nuclear power station, Blayais, France 
*E-mail: bernard.landry@edf.fr 

Keywords: occupational exposure, committed effective dose assessment, Occupational Intakes of 

Radionuclides, software tool 

 

CADORmed is a free home-made Excel tool for committed effective dose assessment using 

latest dose coefficients from ICRP OIR publications. It allows user to import data from OIR 

Data Viewer with a safety procedure. The procedure for entering data and testing the different 

models is very simple and user friendly. 

Calculations are made according EURADOS guidelines principles (EURADOS report 

2013-1). Chi-squared test for goodness of fit is made with scattering factors type A and type 

B provided by EURADOS report. Four different types of analysis, 2 in vivo measures and 2 

in vitro measures, may be used simultaneously. Goodness of fit may also be tested according 

French recommendations: no more than a factor three between various estimates of intake. 

Intake is calculated with maximum likelihood method. Measures below detection limit may 

be used with allocated value equal to half or quarter of detection limit. Identification of rogue 

data may easily be done. 

Advanced options may also be used: mixed ingestion and inhalation, mixture of default 

absorption types, correction for DTPA treatment, calculation with new intake, adjustment 

when date of intake is unknown. 

A detailed user’s manual is available. 

The validation of the tool has been included in the work plan of EURADOS WG 7. The 

validation plan has been defined and the validation tests completed. All changes are traced in 

Quality Assurance document. 

The next step for the final validation is the participation of CADORmed in international 

intercomparison dose assessment exercise. 
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In 2012, International Commission on Radiological Protection (ICRP) had revised the equiv- 

alent dose to the eye lens for occupational exposure from 150 mSv/year to 20 mSv/year, aver- 

aged over five consecutive years, with a maximum of 50 mSv in a single year. Lately, several 

studies on clinical measurements, either with limited cases or with specific procedures, of 

the eye lens dose using dedicated eye lens dosimeters have been reported in interventional 

radiology and interventional cardiology (Vanhavere et al., 2011). However, a comprehensive 

eye lens dose assessment for different kinds of procedures from these departments in mul- 

tiple hospitals has not been reported. Furthermore, for countries that have not established 

the calibration system for 3-mm dose equivalent Hp(3), and the Hp(3) monitoring system, or 

for interventional professionals who forget to wear the dedicated eye lens dosimeters when 

performing interventional procedures, an optional method for Hp(3) assessment from the 

existing dosimetry system, especially from the whole body dosimeter, is crucial but has not 

been reported either. Lead glasses are the most fundamental equipment for protecting the eye 

lens in clinical operations and could distinctly reduce the lens dose for interventional pro- 

fessionals (Seals et al., 2016). Nevertheless, we observed that when the radiation protective 

lead glasses have lateral shielding, increasing the thickness of the lead equivalent material 

shows no better performance in radiation protection efficiency in clinical measurements. In 

this study, we provided the dose estimation models for Hp(3) assessment from the whole 

body dosimeter for interventional professionals from departments of interventional radiology 

and interventional cardiology and assessed the effectiveness of the lead glasses for radiation 

protection of the eye lens. 

 
Seals, K.F., Lee, E.W., Cagnon, C.H., Al-Hakim, R.A., Kee, S.T., 2016. Radiation-Induced Cataracto- 

genesis: A Critical Literature Review for the Interventional Radiologist. Cardiovasc. Intervent. Radiol. 

39, 151–160. 

Vanhavere, F., Carinou, E., Domienik, J., Donadille, L., Ginjaume, M., Gualdrini, G., Koukorava, C., 

Krim, S., Nikodemova, D., Ruiz-Lopez, N., Sans-Merce, M., Struelens, L., 2011. Measurements of eye 

lens doses in interventional radiology and cardiology: Final results of the ORAMED project. Radiat. 

Meas. 46, 1243–1247. 
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The metrologically correct calibration of personal dosemeters is crucial for the safe radia- 

tion protection of persons exposed to radiation. According to the latest recommendations by 

the International Commission on Radiation Quantities and Units (ICRU) and International 

Commission on Radiological Protection (ICRP) in ICRU Report 95, dosemeters intended 

to assess the new operational quantity personal dose shall be calibrated using the ISO slab 

phantom. It is assumed that the ISO slab behaves like the human trunk regarding backscatter 

from the incident radiation to the dosemeter position. However, no metrological validation of 

this assumption was found in the literature yet. 

The proposal that the ISO slab should continue to be used as calibration phantom for 

personal dose can be legitimated by simulations and measurements for the determination 

of backscatter factors on the ISO slab and, comparatively, on a human-like Alderson Rando 

phantom. An ionization chamber was used to determine backscatter factors for standardized 

X-ray spectra in the energy range of 20 keV to 120 keV. For the validation of measurement 

results on the ISO slab, the Monte Carlo code MCNP was used. Additionally, the influence 

of shifting the detector position on the Alderson Rando on the backscatter factor was deter- 

mined by measurements of relative backscatter factors. 

Since backscatter factors on the ISO slab differ only up to ± 5 % from those on the human- 

like Alderson Rando, it could be concluded that it is not necessary to develop a new calibra- 

tion phantom for assessment of personal dose. An additional uncertainty contribution may be 

considered taking also the variable dosemeter carrying position into account. The shifting of 

the detector by only few centimeters on the surface of the Alderson Rando caused similarly 

large deviations. These results can be used for the new international recommendations of IEC 

and ISO standards for dosemeter performance requirements, testing and calibration. 
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The staff of the Radiation Protection Service of Semmelweis University measured the radia- 

tion dose suffered by the medical staff to assess the effectiveness of current procedures and 

equipment for further optimalisation, prompted by the requirements EU BSS 2013. 

Thermoluminescent dosimeters (TLDs) were handed out to participants, who wore them 

on their chest, finger and head (or glasses) and evaluated to determine whole body (Hp(10)), 

upper extremity (Hp(0.07)) and eye lens (Hp(3)) equivalent dose, respectively. The collected 

TLDs were evaluated by TLD (MTS-N, RadPro) system. 

Kálmán Pándy Hospital in Békés County provided data regarding their Departments of 

Nuclear Medicine, Invasive Cardiology and Radiology (Section of Angiography), including 

nurses and doctors. In addition, data of the Medical Imaging Centre of Semmelweis Uni- 

versity personal were collected from assistants working in nuclear medicine, and both from 

doctors and radiographers in the Angiography Laboratory. 

The data revealed high deviance in dose suffered resulting from habitual differences (9 

cases, average of 2.09 µSv/GBq, with 2.30 µSv/GBq st. dev for Hp(10)). New yearly dose 

restrictions, namely 6 (from 2) mSv for whole body effective dose, 15 (from no value) mSv 

for eye lens dose and 300 (from 50) mSv for extremity dose, were also implemented. 

The data also show high eye lens doses during certain procedures (e.g. 6.03 mSv in a 34 

day period), that would lead to exceeding the yearly dose limits if the trend continues. The 

participant also suffered high eye lens to whole body dose ratio (e.g. 9 cases, average of 

121.89 % with 29.48 % st. dev in classical nuclear medicine). 

Task-dependent personal monitoring could be used to pinpoint personal practices that 

should be elevated into general use or be corrected, thus improving safety culture. The need 

for individual eye lens dose monitoring for nuclear medicine and angiography staff seems to 

be also essential. 
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Purpose: The skeleton is a major plutonium retention site in the human body. The estima- 

tion of the total plutonium activity in the skeleton is a challenging problem. For most tissue 

donors at the United States Transuranium and Uranium Registries, a limited number of bone 

samples is available. The total skeleton activity is calculated using plutonium activity con- 

centration (Cskel) and skeleton weight. If limited number of was bone samples analyzed, Cskel 

could be estimated using multiple linear regression (MLR) of data from whole-body donors, 

where Cskel were estimated based on the analysis of the half of the skeleton. The caveat of 

MLR is that individual bone sample concentrations are correlated. Multicollinearity can be 

addressed by principal component regression (PCR). 

Methods: A case with eight analyzed bone samples: vertebral arch, vertebral body, ster- 

num body, patella, skull, femur middle shaft, femur distal end, rib, was used to demonstrate 

the application of PCR for prediction of Cskel. For each combination of these eight bone sam- 

ples, PCR was performed using data from 14 non-osteoporotic whole-body donors, and Cskel 

was predicted for each combination. The predicted 95% confidence intervals were compared. 

Results: The lowest relative width of confidence interval (6.5%) was achieved for the fol- 

lowing four-bone combination: vertebral arch, vertebral body, patella, and skull. The widest 

confidence interval (90%) was observed for the combination of three bone samples: patella, 

skull, and femur middle shaft. 

Conclusion: PCR was used to estimate Cskel for various bone sample combinations. Analy- 

sis revealed that a proper selection of bone samples significantly reduced the width of the 
95% confidence interval of estimated Cskel. 
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Individual monitoring of workers exposed to external ionizing radiation is essential to allow 

application of the ALARA principle and follow up of the official dose limits. However, large 

uncertainties still exist in personal dosimetry, especially for neutrons and for inhomogeneous 

fields. Also, many practical problems exist for personal dosimetry, with many dosemeters 

getting lost and the reluctance of many workers to wear one or more dosemeters. 

The objective of the PODIUM project is to improve personal dosimetry by an innovative 

approach: the development of an online dosimetry application based on computer simula- 

tions without the use of physical dosemeters. Operational quantities, protection quantities 

and radiosensitive organ doses will be calculated based on the use personal tracking devices, 

flexible individualized phantoms and scanning of geometry set-up. When combined with fast 

simulation codes, the aim is to perform personal dosimetry in real-time. Parallel to this, a 

different approach was planned with pre-calculated fluence to dose conversion coefficients. 

We applied and validated the methodology for two situations where improvements in do- 

simetry are urgently needed: neutron workplaces and interventional radiology. We use input 

from dose monitors in the neutron workplace and radiation dose structured reports (RDSR) 

from the x-ray machine used in interventional radiology and we capture real movements of 

exposed workers and transfer this to the calculation application. 

This paper will describe the achievements of the PODIUM projects in this new approach 

for personal dosimetry. We will show the results from the validation and test measurements 

in different hospitals, and in 2 workplace fields with significant neutron exposure. 
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Augmented fluoroscopic bronchoscopy (AFB) is a technique combining cone beam com- 

puted tomography (CBCT), fluoroscopy and bronchoscopy to provide real-time images for 

detecting small pulmonary lesions, which can be used for lesion biopsy or localization. Medi- 

cal teams have begun to use CBCT examination room and hybrid operating rooms to perform 

pulmonary interventions such as transbronchial and percutaneous methods. However, the 

radiation exposure of patients and medical staffs during procedures has not yet been evalu- 

ated. Therefore, the purpose of this study investigated and analyzed the radiation dose, pre- 

cise patient’s entrance surface dose (ESD), effective dose and physician’s Hp(3) during AFB 

procedures by using DICOM data and clinical measurements. 

For the direct measurement of ESD, 20 thermoluminescence dosimeters were attached 

around to patient’s body throughout the AFB procedure. DICOM data were also collected 

for effective dose calculation using PCXMC, a computer program based on Monte Carlo 

method. To measure their Hp(3), the physicians wore an EYE-D near their eye while perform- 

ing the procedure. 

In this study, a total of 45 cases were analyzed in 2 hospitals, with 25 and 20 cases in Hos- 

pitals A and B, respectively. The peak ESD varied from 2.5mGy to 220.5mGy, with a median 

of 47.8mGy, which is significantly lower than the threshold of skin erythema significantly. 

The effective dose ranged from 2.1mSv to 31.1mSv, with a median of 8.1mSv, having a 

slightly lower dose level comparing with other procedures with similar imaging techniques. 

Furthermore, 49 over 86 Hp(3) data were below 4µSv per procedure, which is lower than the 

lower limit of our measurement system and will not exceed the annual dose limit mentioned 

by ICRP 118 (20mSv). 

In conclusion, CBCT provided a more efficient and precise workflow for AFB, facilitating 

thorough preoperative preparation. Patient’s doses measured throughout the procedure were 

determined to be safe for clinical practice, and physician’s Hp(3) remained significantly low. 

This study devised a measurement system for clinical radiation procedures, and the findings 

can serve as a guide for routine AFB procedures under the principle of radiation safety, that 

is, as low as reasonably achievable (ALARA). 
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National regulations for the protection against radon at the workplace have recently evolved 

in Europe with the implementation of article 54 from Euratom Directive 2013/59 in national 

regulations. In general, the scope potentially concerned by the radon regulation has widen; 

including organizations not previously aware of radiation protection. Furthermore, the prac- 

tical application of a graded and step-by-step approach including, when necessary, radon 

measurement, radon remediation, delineation of radon areas and exposure assessment of the 

personal, can be foreseeably challenging in practice, raising questions from employers, em- 

ployees and other affected parties. 

In this context, the European ALARA Network (EAN) has set up in 2021, a working group 

to investigate the practical implementation of the ALARA principle in relation to exposure 

from Radon At the Workplace (the A-RAW working group). 

The objective of the working group is to gather a sample of practical experiences in Eu- 

rope (the objective is 1~2 case studies per country). A questionnaire template has been devel- 

oped to assist in the collection of an overview of the national regulations and the description 

of suitable case studies. The questionnaire has been designed to help provide practical details 

on the controls taken and the measures implemented at the different steps of the regulation. 

A particular focus is given to the application of the ALARA (optimization) principle. 

The questionnaire can be filled in by employers and/or organizations supporting employ- 

ers in the implementation of the regulation. Following the distribution in June 2021, the first 

feedbacks are being collected. 
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The working group aims to present a synthesis of the cases studies, consolidated with an 

analysis reflecting, notably: 

● Commonalities and differences in regulations between countries, 

● Feedbacks of the implementation of the regulation, at the different steps, with practical 

experiences and good practices, 

● Difficulties in application, questions that could arise in the future, 

● How is the ALARA principle implemented in this exposure situation, 

● Actions (ex. guidance, training, sharing of experience etc.) that could be needed and de- 

veloped in the future at national or European levels. 
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The EU-funded RadoNorm project initiates and performs research and technical develop- 

ment in support of European Union’s effort to improve protection of people from radon 

and naturally occurring radioactive material (NORM). The project is highly inclusive and 

transdisciplinary and targets all relevant steps of the radiation risk management cycle for 

radon and NORM exposure situations. It aims at reducing scientific, technical and societal 

uncertainties by initiating and performing research and technical developments, to integrate 

E&T in all research and development activities and to disseminate project achievements 

through targeted actions to the public, stakeholders, and regulators. The inclusive character 

of RadoNorm is given by 1) targeting research and development of the management cycle, 

2) combining biomedical and ecological research with mitigation development and social 

science research, and 3) integrating researchers from national radiation protection institu- 

tions, research centers, universities, SMEs and citizen scientists. In addition, education and 

training actions are integrated as well as stakeholder involvement in project activities. Thus, 

dissemination efforts are linked directly to knowledge achievements and new recommenda- 

tions for improved radiological protection. 

An overview of planned activities and first results will be presented addressing (1) radon 

and NORM exposures, (2) improvement of dosimetry, (c) assessment of effects and risks 

for humans and the environment, (d) refinement of mitigation technologies, (e) raising and 

encouraging the understanding societal aspects, and (f) dissemination of achievements. In 

addition, an ambitious pan European E&T programme contributes to competence building 

and sustainability of the project findings. 
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Industries involving naturally occurring radioactive material (NORM) belong to a large vari- 

ety of industrial sectors with very diverse processes. As a result, the raw materials, products, 

residues and wastes are very varied in terms of radionuclides and associated chemical forms 

as well as in terms of physical nature (sludge, dust, sand, scraps, scales...). 

Workers may thus be exposed by external irradiation, by inhalation and by inadvertent 

ingestion of NORM. The exposure depends on the physical nature of the handled materials 

among other hypotheses (workplace geometry, postures and actions performed). 

If exposure by external irradiation and inhalation can easily be estimated using measure- 

ments in the working environment (ambient dose rate, airborne dust…) or by individual 

measurements (passive or operational dosimeters, individual air sampling), exposure by in- 

advertent ingestion cannot be directly measured and must be estimated on the basis of dif- 

ferent models. This contribution presents existing models, compares them and makes recom- 

mendations for their use. 
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The determination of dose from a radiation source is the basis for radiation protection. In 

the case of NORM, the radiation sources are always a mixture of naturally occurring radio- 

nuclides. Usually, in solid geological materials (ores, minerals) the decay series of U-238, 

U-235, and Th-232 are in an activity equilibrium. The chemical and thermal treatment of such 

materials in industrial processes can significantly change the composition of the radionuclide 

mixture. Gamma spectrometry has proven itself as a preferred measurement method for char- 

acterising NORM. With this method, the long-lived radionuclides Ra-226, Ra-228, Th-228, 

K-40 can be determined sufficiently well from the gamma lines of the short-lived daughter 

nuclides with simple spectrometric devices (NaI detectors). With high-resolution detectors, 

measurements of U-238 (via the gamma lines of Th-234, Pa-234m) and Pb-210 are also pos- 

sible. But U-234, Th-230, Th-232, Po-210 cannot be determined via gamma-spectrometry or 

only with high detection limits. Generally, Ac-227 can be determined via gamma-lines of its 

decay products, but due to its very low activity concentration it is usually not detectable with 

NaI-detectors and is frequently not determined in high-resolution measurements. However, 

due to the high dose coefficients, the thorium isotopes and Ac-227 are of high importance in 

determining the inhalation dose. As a practical method for deriving complete information on 

radionuclide composition of NORM, a classification based on knowledge of the processes 

in which the materials were produced, can be used. This paper makes a proposal for such a 

classification and discusses its application in practice. 
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Mining and industrial processes generate NORM waste in different amounts. Large quanti- 

ties of NORM waste result from the processing of raw mineral materials, e.g., bauxite and 

phosphate. For practical reasons, this waste usually has to be disposed of close to the site of 

production. However, in many other industries, NORM waste that can not be reused or re- 

cycled has to be disposed of in landfills or even treated prior to disposal in special facilities, 

e.g., by incineration. NORM waste that exceeds a certain level of activity concentration is 

under regulatory control. Any disposal of such waste requires approval from the authorities, 

which may restrict the disposal options, requiring additional effort and time. 

This contribution summarizes the experience from different European countries regarding 

the disposal of NORM waste. Special attention is paid to the aspect of acceptance of radioac- 

tivity by the waste management industry. 
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People spend the biggest part of their time within buildings. Generally the indoor environ- 

ment is more radioactive comparing to the outdoor environment. For this reason the indoor 

environment is the main contributor to our natural originated exposure. At the same time, 

the public interest grows rapidly in indoor hazard risk factors including the radiation burden. 

Indoor and outdoor gamma radiation and radon measurements were started in 1980’s in 

our institute. Detailed radiohygiene examinations were carried out in dwellings from 2000. 

These examinations stated from detailed gamma dose rate survey and indoor radon concen- 

tration measurements. Around 460 buildings were surveyed until 2021. Additional infor- 

mation was recorded regarding the building structures and materials. Extensive statistical 

analysis was made from the results. 

Based on our results, the average dose rate of outdoor and indoor gamma radiation is 

around 100 and 150 nSv/h in Hungary. We noticed that, the indoor dose rate values vary with- 

in wide range (50–1000 nSv/h) opposite of outdoor value’s narrow range (50–150 nSv/h). 

According to our observations, only the slag within floor space or the slag concrete walls 

caused the enhanced indoor gamma radiation in dwelling. We developed a practical guideline 

for in-situ examination and evaluation of the indoor gamma radiation as well. 

The long term and short term radon measurements have also long tradition in our institute. 

The previous are made by passive detectors. The latter are made by active method. We ana- 

lyzed the available results of both methods and compared them to each other. The long term 

measurements are preferred generally, but sometimes it is needed to make a quick decision, 

e.g. before real estate transaction or during renovation. The estimation of potential radon risk 

can help in this situation. Using our experience, we worked out a concept for criteria of short 

term radon measurements and calculation method for indoor radon potential (IRP) value. 
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Uncertainties in dosimetry of inhaled radionuclides are arising from different sources. Bio- 

kinetic models are used to describe the behavior of the radionuclide and its progeny in the 

human body. These models are also used to calculate the number and localization of decays 

in the body. Dosimetric models are used to calculate the doses to the target organs by the 

radiation emitted during or following the decays. The uncertainties of the calculated doses 

will be studied by propagating the uncertainties of the model parameters through the dose 

assessment. Fixed parameter values will be replaced by samples from distributions of those 

and used to estimate the dose. In the project the model parameters will be studied and distri- 

butions for the initial parameters based on physiological considerations will be derived and 

used in an uncertainty assessment. Software tools will be developed to allow the use of the 

distributions (e.g. by sampling out of those) in the calculations. Besides a global analysis 

of the uncertainty, these techniques allow also to study the influence of the single model 

parameters and to identify the most relevant in terms of uncertainty. In this project global 

uncertainty analyses and sensitivity analyses of exposure scenarios relevant for Radon and 

NORM (RADONORM) will be performed. 

It should be noted that the study and treatment of uncertainties in internal dosimetry is still 

a topic of scientific interest (Paquet et al., 2015). The biokinetic models provided by ICRP are  

reference models whose parameters are representative of a reference person. By definition, 

these parameter values are fixed numbers with no uncertainties (Breustedt et al., 2018). From 

the literature study so far, it has been observed that the parameters that mainly lead to uncer- 

tainties in calculated doses for the intake of radon and NORM are mainly the activity size 

and breathing rate. Other parameters of interest are the unattached fraction of the aerosol, the 

nucleation fraction and the target cell parameters (Puncher and Harrison, 2012). Sensitivity 

analysis and the estimation of associated parameter uncertainties in biokinetic models need to 

be performed to give a better understanding of these models and to estimate the influence of 

single parameters on the model predictions and hence dose coefficients. The results from this 

study will provide information about the reliability of assessed doses and indications to sensi- 

tive parameters for a better fit of the models to monitoring data; this will be the focus for fur- 

ther studies since this knowledge will be crucial for guiding future epidemiological studies. 
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Solid-state nuclear trace detectors made with CR-39 polymer are widely used to determine 

long-term average concentrations of radon activity in indoor air. Normally, the response 

curve of this detectors is quite linear within 5000 kBqh/m3 so that a simple calibration factor 

can be used for many measurements. However, it is known that for higher exposures there 

is an increasing saturation effect which can also lead to a significant underestimation of the 

measured value. The observed value could then also have direct consequences on health, 

especially in cases where the calculation of the dose is required to limit worker exposure. 

Generally, to partially obviate saturation, a response curve can be determined by inter- 

polating two or more “calibration points”. Alternatively, self-correction algorithms usually 

present in detector reading systems can also be used. However, none of these approximations 

is able to always efficiently retrieve the correct exposure values in a wider measurement 

range, that goes from zero to high exposures in saturation regime. 

As a useful alternative, a simple and efficient function is here proposed, obtained from 

completely general considerations and therefore also compatible with any nuclear trace 

counting algorithm. This feature uses a single experimental parameter which is easily de- 

termined for each batch of dosimeters and, for input, only requires the raw trace density 

provided by the CR-39 detector reading system in use. 

To validate the proposed method and appreciate its usefulness both in terms of greater 

performance and ease of use, the proposed general function was tested on a wide range of 

controlled radon exposures using two well-known commercial systems: Radosys and Poli- 

track. Exposure retrievals were also assessed in a BFS intercomparison. 
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The detrimental health effects of radon have been acknowledged by national and internation- 

al legislation such as the European Union Basic Safety Standards (EU-BSS Article 103/3) 

which requires member states to delineate radon priority areas. These radon priority areas 

are conventionally based on the concept of hazard by using indoor radon exceedance prob- 

ability of a threshold concentration or geogenic radon potential for delineation of these areas. 

While this approach is efficient for finding many affected buildings with limited resources 

and, hence, reducing the individual risk, it is probably inefficient for reducing the collective 

risk if hazard and risk areas differ. In this study we map collective radon risk for Germany 

by linking information of geogenic hazard with exposure (residential building stock). The 

resulting map of affected residential buildings reveals distinct spatial contrasts compared to 

the hazard-based map. Further, an analysis based on hypothetical hazard zones elucidates 

that the vast majority of affected buildings (i.e., above threshold concentration) are located 

outside of areas of high and very high hazard. Consequently, radon policy focusing on areas 

of very high hazard only and within these areas on high concentration buildings only will 

presumably have no significant effect on averting radon attributable lung cancer deaths (less 

than 1 % of annual lung cancer deaths). We conclude that for reducing the collective risk 

significantly, complementary measures in addition to the current radon policy are required. 
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In many countries, strategies and action plans to control the exposure from radon are in place. 

However, not only at the national level, but also at the international level many activities are 

carried out to support countries in designing and implementing their radon policies. Guid- 

ance and technical documents are issued, training is provided, research projects are spon- 

sored, and interaction with various stakeholders is encouraged. 

In October 2021, the European Radon Association (ERA) invited international organiza- 

tions and associations to inform about their specific activities with respect to controlling 

radon exposure and to explore existing collaborations. The workshop also aimed to identify 

the need for a better collaboration. Presentations were given by representatives from WHO, 

IAEA, UNSCEAR, EC, HERCA, ISIAQ, ENBRI, RICOMET, EURADOS, EURAMET 

EMN, ENA, IRMA, and CARST. 

This contribution will summarize presentations and panel discussion and present the main 

conclusions. 

The workshop showed that a high number of various activities exist at the international 

level but that there is a strong need for more collaboration with the medical sector, the indoor 

air quality community, and the building sector to address all stakeholders involved in radon 

protection. The focus should be rather on exchanging experience, share capacities and com- 

petences than on the harmonization of procedures. 
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Radon gas is the largest source of public exposure to naturally occurring radioactivity, and 

concentration maps based on atmospheric measurements may help European Countries to 

comply with EU Safety Standard Regulations. Radon can also be used as a tracer to evaluate 

atmospheric dispersion models important for identifying greenhouse gas (GHG) origins. One 

of the recently most applied technique for indirect retrieval of GHG fluxes is being the Radon 

Tracer Method (RTM). To increase the accuracy of radon measurements used both for radiation 

protection and GHG budget goals, traceability to SI units for radon exhalation rate from soil, 

its concentration in the atmosphere and validated models for its dispersal are needed. Thus, an 

overlapping need exists between the climate research and radiation protection communities for 

improved traceable low-level outdoor radon measurements, combining the challenges of collat- 

ing and modelling large datasets, with setting up new radiation protection services. 

The EMPIR project 19ENV01 traceRadon1 works on these aspects. Actually, it provides 

the necessary measurement infrastructure and uses the generated data to correctly apply the 

RTM which is particularly important for GHG emission estimates that support national re- 

porting under the Paris Agreement on climate change. 

First results in the development of new activity standards as well as in the application of 

new approaches in the data analysis for calibration procedures will be presented. By these 

results smaller uncertainties in field measurements can be achieved, while the calibration in 

field becomes traceable to the SI system for the first time. The project has already developed 

new technology and looks to implement this in new standards and support the uptake of new 

services by calibration labs. In summary the so far available exploitable results will be pre- 

sented including new prototypes, procedures and software. 

 
1 This project 19ENV01 traceRadon has received funding from the EMPIR programme co-financed by the 

Participating States and from the European Union's Horizon 2020 research and innovation programme. 19ENV01 

traceRadon denotes the EMPIR project reference. 
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Since 1988, radon is classified as a human carcinogen and it is recognized as a major risk 

for human health. Relevant documents such as the Directive 2013/59/EURATOM and IAEA 

GSR Part 3 have established strategies for reducing the health impact of radon and for rais- 

ing public awareness about the consequences of radon exposure. When radon is taken out of 

the scientific context in order to be understood by the public, through mediatic approaches, 

the materials distributed are more than often prone to sensationalizing and radon exposure is 

classified by the public as just another scandal news. 

Communicating risk in a clear and effective manner was never easy and communication of 

radon risk poses serious challenges because radon is not widely known and specialists need 

to be more involved in engagement activities and campaigns to inform about radon exposure. 

In this paper we present the continuous radon measurements performed in more than 50 

institutions for raising awareness among workers occupationally exposed to ionizing radi- 

ation. Radon measurements were made using Airthings Wave monitors that continuously 

measure radon, temperature and humidity and the measured values are recorded hourly. The 

studies were performed with no costs for the institutions. Measurement periods were between 

3 to 9 months and most of the institutions were hospitals. 

The measurements put in evidence the temporal variation of radon, its increase with the 

decrease of outdoor temperatures and also highlight the periods when the rooms were less 

ventilated. The soundness of data correlated to real-time visualization of the maximum radon 

levels provided convincing evidence that led to increased interest for radon exposure among 

exposed workers. 

The main outcomes will be discussed in the present work. 
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At the hospital facility of Borgo Trento (VR) a concrete artifact containing radiferous prepa- 

rations of Ra-226 was located underground. Most of the radium was contained in two safes 

and a cylindric lead container. Other contaminated material was contained in a wooden box 

and in a plastic wrap. These items were put inside a sarcophagus and embedded in a concrete 

matrix. Campoverde was appointed for the remediation of the artifact, the management and 

disposal of all the radioactive or contaminated material, and restoration of the area. The ac- 

tivity presented multiple challenges, related to radiation protection and construction aspects. 

A soldier pile wall was installed to correctly insure soil retention during excavation. 

Above the foreseen excavation area a confinement structure was constructed, equipped with 

a ventilation system with absolute and activated charcoal filters, as well as a dose rate and air 

monitoring system. 

The material coming from soil excavation and sarcophagus demolition was retrieved in 

big bags. Samples of each big bag were collected in special radon gas-tight containers and 

analysed immediately, for a preliminary screening, and after 30 days, after onset of secular 

equilibrium. The material was cleared as special waste only if the second measurement re- 

vealed levels of radioactivity statistically undistinguishable from the blank reference samples 

with a significance level of 99%. Analyses were performed in the Campoverde laboratory 

installed on site, equipped with HPGe gamma spectrometry systems. 

The radioactive items were inserted in suitable containers to be directly transported to the 

radioactive waste repository of Campoverde. 

The remediation activities involved the manual removal of more than 140 tons of material, 

and lead to the recovery of 69 radium needles and other items containing radium salts, for a 

total activity of 10.858 GBq of Ra-226. 

All the activities were carried out under constant supervision of a Radiation Protection 

Expert. 
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The Large Hadron Collider (LHC) at CERN, the largest particle accelerator existing at pres- 

ent, aims to accelerate and collide proton or ion beams up to energies of 6.5 TeV and 2.56 

TeV/u at the four main experiments ATLAS, ALICE, CMS and LHCb. At these energies, the 

interaction of collision secondaries with materials produces unique high-energy and mixed 

fields that induce radioactivity in detector and infrastructure components. 

Proper optimization during maintenance and upgrades is required to ensure that the expo- 

sure of personnel to radiation and the radiological impact on the environment are as low as 

reasonably achievable (ALARA). Reliable estimates of residual dose rates for interventions 

are needed at several locations and for the possible configurations in which the complex 

experiments will be during stop periods. Additionally, any material that is removed from a 

radiation area is always subject to radiological control: since the procedure applied for the 

radiological control depends on the activation levels, the estimation of residual activation in 

detector components and infrastructures is essential. 

Due to the complexity of the facilities and the uniqueness of the radiation fields, Monte 

Carlo codes for the interaction and transport of particles in matter are used to simulate prompt 

radiation fields and residual activation. Specific tools based on the FLUKA Monte Carlo code 

have been developed at CERN to tackle the complex problem of estimating residual dose 

rates for shutdown detector configurations. More recently, an on-line weighting method to 

convert particle fluences to relevant radiological hazard factors has been employed for ef- 

ficient residual activation zoning. The capabilities of this method with respect to radioactive 

waste characterization and minimization will be demonstrated by the assessment of the acti- 

vation of the 600 tons of austenitic stainless steel in the CMS High Granularity Calorimeter 

(HGCal) that will be installed in 2026. 
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One of the important goals of the 21th century is to improve the environment. The emission 

of pollutants can have adverse effects on the environment and public health. Therefore, it is 

necessary to develop treatment processes that isolate and remove contaminants from their 

environment. Thus, the aim is to sorb long-lived radioactive isotopes on modified bentonite 

clay. Since these pollutants are anions, they do not sorb onto natural clays to a significant 

extent and therefore they can relatively quickly migrate with water in the environment. The 

modifications create sorbing sites in the clays where anions can also be sorbed or precipitated 

in the form of weakly soluble salts, thereby reducing migration. The sorption of 36Cl-, 131I- iso- 

topes was investigated on Ag-bentonite, while the sorption of 99mTc isotopes as pertechnetate 

ions (TcO -) was studied on Mn-, Cr-, Sn-bentonites. 

The successful cation exchange was confirmed by X-ray fluorescence spectroscopy and 

X-ray diffraction. Kinetic studies were carried out to determine. The sorption of iodide ions 

on Ag-bentonite is rapid and the equilibrium is reached within a few minutes so the rate 

constant could not be determined by the batch technique. In the case of iodide ion, the sorp- 

tion was influenced by iodide carrier solution. Increasing the concentration of the inactive 

iodide ion reduces the sorption due to the formation of a soluble silver diiodide complex. The 

modified bentonites can sorb 99mTc ions fast and in a high degree. On the basis of the redox 

potential and the relative sorption values, it can be stated that the Cr-, Sn-modified benton- 

ites showed the most effective sorption, the removal of Tc was 100% after 5 minutes. These 

results show that modified clays can be suitable for the construction of waste containers as 

anion sorbents. 
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Interfacial reactions of clay rocks play an essential role in describing the interfacial processes 

in the rocks and in mapping the consequences of environmental pollution. Inhibition of an- 

ionic radionuclides is still a problem in the management of radioactive waste. Our research 

group (DE TTK Department of Physical Chemistry, Imre Lajos Isotope Laboratory) has stud- 

ied the sorption properties of bentonite in recent decades. According to our research results, 

natural and modified bentonites are able to sorb cationic radionuclides, while anion sorption 

is only possible with appropriate modification due to the negative layer charge. A few years 

ago, our research team began producing positively charged layered double hydroxides for 

the sorption of anionic impurities. The problem, however, is that cationic and anionic radio- 

nuclides occur together in an aqueous medium. Thus, with this work, we attempt to form a 

sorbent material that may be capable of sorbing anionic and cationic contaminants. During 

this work bentonite hybrid material containing layered double hydroxide (LDH) was pro- 

duced. The structure of the produced hybrid material was investigated by Scanning electron 

microscopy (with energy dispersive detector) (SEM-EDS), X-ray diffraction (XRD), X-ray 

photoelectron spectroscopy (XPS) and Fourier- transform infrared spectroscopy (FT-IR). 

Structural analyses have shown that LDH-containing bentonite hybrid material has success- 

fully produced. Gamma spectrometry was used to study the migration of the 36Cl isotope, 

which can be used to determine the chloride ion progresses during migration. Liquid scintil- 

lation spectrometry measurement technique was used to monitor the temporal displacement 

of 36Cl and 137Cs isotopes in bentonite during migration study, which can be used to determine 

migration coefficient. Migration study shows promising results. Further studies are planned 

to clarify the conditions of the production of LDH-containing bentonite hybrids. 
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Portugal does not have nuclear power plants but had a research reactor operational until 2019 

and the spent fuel was sent to the USA under a bilateral agreement. Radioactive wastes pro- 

duced in Portugal, besides future decommissioning wastes, also considers radioactive waste 

resulting from application of radiations in many fields such as health, industry, research, 

teaching and training. Therefore, a wide range of radioactive waste arises every year from 

which the disused radioactive sealed sources are the main concern due to not only safety con- 

siderations but also to the implicit security associated. Portugal has a national interim storage 

facility located at IST, Lisbon University and, according to Directive 70/2013/EURATOM, 

must develop R&D in order to develop studies related to a future site to receive a disposal 

facility for the type of radioactive wastes produced in Portugal. Research started between 

2008 and 2011 to collect data from different geological materials (FCT Project KADRWaste) 

and is now moving to the application of models to simulate the possible repositories. In this 

work, we will present the preliminary results of the application of COMSOL Multiphysics 

having in consideration geomaterial data collected and the isotope 137Cs. 
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The macroscopic properties of nanostructural materials are directly related to their porous 

structure, the slightest change of which can significantly influence the possible applications. 

The process that has the most significant effect on the porous structure is the interaction with 

water. Investigation of interactions with liquid media is especially important for materials 

such as binders for radioactive waste storage, the structural change of which can also lead to 

a decrease in the immobilization of waste. 

In our work, we investigated the changes during the interaction of cement stone matrices 

of different compositions and geopolymers with water by liquid nuclear magnetic resonance 

(NMR) methods. During the NMR relaxometric measurements, we successfully separated 

the water types with different mobility located in different pores of the cement stone. We 

drew conclusions about the porous structure from the quantitative distribution and mobility 

of water types. Comparison of the samples shows the effect of the added components on 

the properties of the cement stone matrices. In the case of the dried samples, the process of 

hydration showed a change that could be followed over time. Information on the mobility of 

water in cement stone was obtained by the H2O - D2O exchange diffusion technique. The size 

of the larger pores in the solid matrix was determined by NMR cryoporometry experiments. 

In addition, a small, single-sided magnet, the NMR MoUSE, was tested for crushing-free 

analysis of the samples. Geopolymers are used to solidify waste that is difficult to handle and 

to improve its solubility properties. The structure of the geopolymers were also investigated 

by the above-mentioned methods. 

Our results effectively supplement the standard dissolution studies with the characteriza- 

tion of the water mobility and the structure formed by hydration, thus providing input infor- 

mation for the modeling processes and the matrix material development. 

 
M. Fleury et al. 2019. Diffusion of water in industrial cement and concrete, Magnetic Resonance Imag- 

ing 56, 32–36. 

O.V. Petrov and I. Furo. 2009. NMR cryoporometry: Principles, applications and potential, Progress in 

Nuclear Magnetic Resonance Spectroscopy. 54(2), 97-122. 

S.G. Allen et al. 1997. Morphology of porous media studied by nuclear magnetic resonance, The Jour- 

nal of Chemical Physics. 106(18), 7802-7809. 

 

The research was supported by the National Research, Development and Innovation Office – NKFIH 

(135169). The research was carried out within the framework of the RHK contract. 
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In 2020 a new Clearance Facility has been built at the Paul Scherrer Institute (PSI), where 

routine free-release and characterization measurements of radioactive waste generated by 

the institute take place. The introduction of clearance monitors as a part of the management 

process of waste from controlled areas created a demand for a well-shielded measurement 

facility, where the influence of PSI’s large radiation facilities on the free-release measure- 

ments would be minimal. The new Clearance Facility located on the west side of PSI with its 

50 cm thick concrete walls provides adequate shielding from external radiation, as evident 

from the background measurements conducted during a 1-year-long measurement campaign. 

The Clearance Facility is comprised of two areas: the sorting room (front) and the mea- 

surement hall (rear). The latter holds two clearance monitors: the HWM-1800 Free Release 

Chamber from Ludlum GmbH and the RTM661/440™ Large Object Monitor from Mirion 

Technologies, Inc. In the sorting room, two radon detectors and a dose rate detector continu- 

ously record background levels of radon gas and dose rate, respectively. Together with the 

background data from the clearance monitors, the background data are evaluated biweekly to 

ensure continuous monitoring of the conditions within the building. 

The completion of the Facility comprised of: i) the Preliminary Study (2018), ii) Concept 

Development (2018-2019), and iii) the Construction Phase (2019-2020). The Commission- 

ing of the Clearance Facility (2020-2022) is currently underway, involving the installation 

and validation of the clearance monitors for routine use. The installation of the NuRAD 8200 

Modular Concrete-based Shielding System from Nuvia a.s. is also planned during this stage. 

The system will provide additional shielding and separate the building into the different mea- 

surement stations. After the installation of the NuRAD system, a new measurement campaign 

evaluating the background level will be conducted. 
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CARBON-14 SPECIFIC ACTIVITY IN ATMOSPHERIC AIR IN 

THE VICINITY OF A PHWR NUCLEAR POWER PLANT IN INDIA 

BHARATH1, Arya Krishnan KAMBIKKANATH1, Renita Shiny D’SOUZA1, Rashmi NAYAK1, 

Dileep N. BLANGAT2, Ravi M. PAZHAYATH1,3, Karunakara NAREGUNDI1*
 

1Centre for Advanced Research in Environmental Radioactivity (CARER), Mangalore University, 

Mangalagangothri-574 199, India 
2Formerly with Environmental Survey Laboratory, Kaiga Generating Station, Kaiga-581 400, India 
3Formerly with Health Physics Division, Bhabha Atomic Research Centre, Trombay, 

Mumbai – 400 085, India 
*Corresponding author. E-mail: drkarunakara@gmail.com 

Keywords: radiocarbon, specific activity 

 

Radiocarbon (14C), a pure beta emitter (T1/2 = 5730 y, Emax = 156.5 keV), is produced natu- 

rally by the cosmic-ray induced reactions in the upper layer of the atmosphere. During the 

regular operation of nuclear reactors, 14C is produced by the neutron activation of stable iso- 

topes of carbon, nitrogen and oxygen in the fuel, cladding, coolant, moderator and structural 

materials of the reactor. A fraction of the generated 14C is released to the environment, mainly 

in two chemical forms; oxidized, i.e. carbon dioxide (CO2), and reduced, which mostly is 

in the form of CH4. The release rates for different nuclear power reactors are in the order 

CANDU>RBMK>BWR>PWR. For all types of reactors except PWRs, most of the gaseous 

releases of 14C are in the form of 14CO2, which plants assimilate. Considering the biological 

importance of 14C in the organism and its long half-life, significant importance is given to 

monitoring its activity in the vicinity of nuclear facilities. In India, the measurements of 14C 

in the vicinity of a nuclear power plant (NPP) were initiated by the Centre for Advanced 

Research in Environmental Radioactivity, Mangalore University, in 2015. This paper reports 

the excess 14C activity in ambient air in the vicinity of the 220x4 MWe Kaiga PHWR NPP 

(14º51ʹ51.96ʺN, 74º26ʹ21.84ʺE) on the West Coast of India. The measurements were per- 

formed during 2019-2020. Atmospheric CO2 was sampled by bubbling ambient air through a 

bubbling setup consisting of 2N NaOH solution, precipitation of the absorbed CO2 as BaCO3 

and analysis of the activity using a liquid scintillation spectrometer. The 14C specific activity 

in ambient air in the vicinity of the NPP was in the range 234–451Bq kg-1C. The excess ac- 

tivity was evaluated by comparing the specific activity recorded for the clean air region (the 

region with minimal or no anthropogenic activity) of the West Coast of India. The GM values 

of excess activity recorded at 7 sampling sites were in the range of 8-96Bq kg-1C. 
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Recent advances in the experimental characterization and mathematical modelling signifi- 

cantly improved our theoretical understanding about the non-proportional relationship be- 

tween energy deposition and scintillation light yield in scintillators. The objective of this 

study was to implement a simple and reliable non-proportional scintillation model (NPSM) 

for the multi-purpose Monte Carlo transport code FLUKA adopting recently developed best- 

estimate electron response models accounting for free carrier creation, Onsager recombina- 

tion, Birks annihilation as well as Debye related trapping. 

By means of high-performance computing, model parameters of the NPSM were itera- 

tively optimized using a global surrogate solver coupled to the FLUKA Monte Carlo code. 

Gaussian Process Regression models were trained and cross-validated using machine learn- 

ing techniques to characterize the intrinsic resolution up to a photon energy of 3 MeV. 133Ba, 
60Co, 137Cs and 152Eu radionuclide sources were measured with an airborne gamma-ray spec- 

trometry detector system with four individual NaI(Tl) scintillation crystals at the calibration 

laboratory of the Paul Scherrer Institute for validation of the NPSM model. 

Through the implementation of the developed NPSM model, the detector response simu- 

lations show a statistically significant better agreement with the validation measurements 

results, especially around the Compton edge. The intrinsic resolution contributes up to 60% 

to the total detector resolution. Furthermore, hypothesis tests together with a descriptive sta- 

tistical analysis confirmed the conjecture that the intrinsic photon peaks are asymmetric and 

non-Gaussian according to the adopted NPSM. 

The validated methodology presented herein can be utilized for simple and reliable imple- 

mentations of NPSM using Monte Carlo codes for any inorganic scintillator materials and to 

derive the detector dependent model parameters numerically without the need for additional 

electron response measurements. 
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Gamma dose rate (GDR) monitors are the most widely used tool for continuous monitoring 

of environmental radioactivity. They are inexpensive to procure and operate, and generally 

require little maintenance. However, since no spectral information is available, the detection 

limit for irregularities is correspondingly high; A value around 20 nSv/h is often quoted. Es- 

pecially precipitation-induced signal peaks determine the alarm limits. 

By adding weather data and a suitable sequence of algorithms from the domain of machine 

learning and artificial intelligence, the detection limit can be lowered, with at least the same 

reliability. The algorithms need to be designed in such a way that an integrated safety net 

prevents false negatives, i.e. the probability of classifying real events as normal or overlook- 

ing them shall be minimal. 

Such a sequence was developed, implemented, and tested in a research project of Sci- 

enta Envinet and the Federal Office for Radiation Protection (Bundesamt für Strahlenschutz, 

BfS). The first step consists of merging the GDR data measured by BfS with the associated 

weather data provided by the German Weather Services DWD. Afterwards, the precipitation- 

induced GDR peaks from washed-out Raden progeny are removed by means of regression, 

provided that a check of the regression parameters shows sufficient agreement with past 

precipitation events at the measurement site. 

With the help of the weather data, a neural network then calculates the expected value of 

the remaining GDR series for the prevailing conditions. An anomaly detection is then carried 

out on the difference between the nominal and actual value. Here, extreme value theory is 

used for point values, and hierarchical clustering of subsequences for slower processes. By 

combining the two detection methods, the spectrum of irregularities is covered as sensitively 

as possible. 

The algorithms were implemented in Python and trained with real measurement data. For 

verification, the data were enriched with results from JRODOS simulations of nuclear power 

plant accidents. 

Altogether, the presented methodology can lower the detection limit of irregularities to 

about 4 nSv/h, i.e. about a factor of 5 below the previous consensus value. The algorithm not 

only detects the anomaly in the GDR, but also quantifies it. 
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The French Defense Radiological Protection Service (SPRA) realizes water and urine analy- 

ses in order to ensure environmental and medical monitoring respectively. One of radionu- 

clides that could be targeted by the laboratory is radium 226, a highly radiotoxic radionu- 

clide. In literature, radium analyses often require a lot of steps for chemical pretreatment and 

radium extraction. The method based on Ra Nucfilm disks® (supplied by Triskem) allows, 

for water analyses, a direct radium extraction coupling to source preparation without any 

chemical treatment followed by alpha spectrometry measurement. 

Firstly, the water protocol was applied as recommended in the Triskem technical informa- 

tion using barium 133 as tracer: 6h-agitation of disk into the sample and 24h alpha spectrom- 

etry measurement. Some measurements of standards were also done to determine the physi- 

cal yield of alpha spectrometry taking into account the disk thickness. With this technique, 

six samples could be treated and analyzed in less than two days. The radium adsorption yield 

is around 50% and the detection limit is lower than 10 mBq/L which respects the recom- 

mended value for drinking water analyses (0,04 Bq/L). 

Once the water protocol completely available, some optimizations were initiated to extend 

this technique to urine analyses. SPRA already does some radium urine analyses with cal- 

cium oxalate precipitation and gross alpha measurement. A mineralization step after calcium 

oxalate precipitation was added and Ra Nucfilm disks® were used on mineralization residue 

dissolved in deionized water. Determination of radium activity was achieved with 24h alpha 

spectrometry. As water analyses, six samples could be treated and analyzed in two days with 

a mean yield around 30%. 

To conclude, the application of Ra Nucfilm® disks on urine matrix is quite new. Further 

optimizations should be done to increase adsorption yield but this new protocol is time- 

saving and easy to apply in the laboratory. 

 
France. Ministère des solidarités et de la santé. Arrêté du 19 octobre 2017 relatif aux méthodes d’analyse 

utilisées dans le cadre du contrôle sanitaire des eaux. JORF n°0251 du 26 octobre 2017. 

Triskem. How to use Ra-Nucfilm discs? (v301209). Technical information. 
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For 90Sr analysis, radiometric methods have been mainly used, detecting beta particles emit- 

ted by the radioactive decay of 90Sr. The beta particles have a continuous energy spectrum, 

unlike gamma rays with discrete energy. Therefore, efficient separation of interfering beta 

emitter radionuclides is crucial prior to 90Sr measurement with radiometric methods. In the 

case of the Fukushima nuclear accident, the radionuclide contamination was dominated by 

interfering radiocaesium isotopes (134Cs and 137Cs, which emit beta particles that coexist with 

gamma radiation). The 90Sr/137Cs activity ratio in contaminated samples from Fukushima is 

around 1 × 10−4, which corresponds to a Cs decontamination factor of 105 - 106 (Sahoo et al., 

2016). 

In recent years, many successful 90Sr determinations have been reported using mass spec- 

trometry instruments. Inductively coupled plasma mass spectrometry (ICP-MS) instruments 

with collision/reaction cells and thermal ionisation mass spectrometry (TIMS) have primar- 

ily been used for 90Sr measurement (Kavasi & Sahoo, 2019). The main advantages of the 

mass spectrometry method over the radiometric are the shorter analysis time, higher sample 

throughput and smaller sample intake. However, the low-level 90Sr detection in environmen- 

tal samples with mass spectrometry instruments is a demanding assignment. 

The first critical point is the isobaric interference of 90Zr as a consequence of significant 

amounts of the Zr element in environmental samples. The second critical point is the peak 

tailing on the higher mass side from 88Sr. Although there exists a reliable ultra–high-vacuum 

condition in the analyser zone of the mass spectrometry instruments, the ions scatter during 

their acceleration. This scattering causes the energy spread of the ion beam, and it is recog- 

nised as a peak tail in the mass spectra. 

In this work, the analytical capacity and performance of radiometric and mass spectromet- 

ric methods will be compared on diverse environmental samples. 

 
Sahoo, S.K., Kavasi, N., Sorimachi, A., Area, H., Tokonami, S., Mietelski, J.W., Lokas, E., Yoshida, S. 

2016. Strontium-90 activity concentration in soil samples from the exclusion zone of the Fukushima 

Daiichi Nuclear Power Plant. Scientific Reports. 6, 23925. 

Kavasi, N., Sahoo, S.K. 2019. Method for 90Sr analysis in environmental samples using thermal ioniza- 

tion mass spectrometry with Daly ion-counting system. Analytical Chemistry. 91, 2964–2969. 
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During the emergency following a major nuclear accident a prompt and accurate charac- 

terization of the radioactive cloud is one of the main task of any radioactivity monitoring 

system. This task is usually performed by means of γ-spectrometry with high purity germa- 

nium detectors (HPGe) on the atmospheric particulate samples gathered by means of high 

volume pumps. The main parameters describing the performances of a monitoring system 

are the Minimum Detectable Activities (MDAs) of all the most relevant radionuclides. These 

parameters depend on a number of factors related to the efficiency of the available germa- 

nium detector, the volume of air filtered by the sampling devices and the γ-decay scheme 

of each radionuclides as well. Besides the MDAs, another very important characteristic of 

a monitoring system, especially during an evolving emergency, is its capability of giving 

reliable results at a given and constant pace. It is therefore important to defined the time 

resolution of the monitoring system, i.e., the minimum time needed to produce the data, 

namely the activity concentrations of the radionuclides in the atmosphere. Generally the time 

resolution of the system is not decided by the measurement laboratory itself, it’s rather an 

external constraint given by the radiation protection requirements established by the authori- 

ties. However, once defined the time resolution, it’s up to the labs to optimize the sampling 

and the measurement procedures in order to achieve the best performances, that are the best 

MDAs. The optimization of these procedures are discussed in this work. In particular it is 

demonstrated that, being τ the time resolution of the monitoring system, the lowest MDAs 

can be achieved with a sampling time given by (2/3)·τ and a counting time of (1/3)·τ. Finally 

the MDAs achievable for a standard monitoring system based on a 30% HPGe detector are 

calculated for all the most important radionuclides, chosen considering a Chernobyl like and 

Fukushima like radioactive clouds. 

 
Manuale CEVAD, ISPRA, 2010 (Technical Guideline of the Italian Committee for Nuclear Emergen- 

cies). 

M. Magnoni, Monitoring of the environmental radioactivity in atmosphere by means of gamma spec- 

trometry: MDA optimization during emergencies, Proceedings of the II National Conference on Physi- 

cal Agentes, Turin, 29-31 October 2003 (in Italian). 
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Within the 19ENV02 RemoteALPHA EMPIR project, a novel detection system is currently 

being developed to perform the real-time and remote mapping of alpha particles emitting 

sources by taking advantage of the radioluminescence phenomenon. The emission of radio- 

luminescence photons in air has been formerly studied in the literature, using alpha emitting 

radioactive sources (Sand et al., 2014), and is based on the ionization of air molecules by al- 

pha particles emitted from the source. The secondary electrons generated through ionization 

excite the air molecules, which undergo radiative transitions to ground states, thus releasing 

UV-light photons (radioluminescence), with a range of more than 1 kilometer in air. The long 

range of the emitted UV-light in air facilitates the remote detection of areas contaminated 

with alpha particles emitters. 

The need for the remote detection of alpha sources arises from the context of a nuclear 

emergency event, such as the failure of a nuclear installation, a terroristic attack, transporta- 

tion accidents or any event that may cause a large-scale contamination of the environment 

with alpha particles emitting radionuclides. Such an event would expose humans to an ex- 

treme radiological hazard, considering the high linear energy transfer of alpha particles. In 

order to investigate this type of event safely and efficiently, the traditional handheld alpha 

particle detectors, that need to be positioned in the proximity of the radioactive sources, 

could be replaced by remotely controlled specialized detectors. Thus, the automated detec- 

tors could scan the contaminated areas more rapidly, reducing the risks that usually front-line 

emergency personnel are exposed to. 

In this work, Monte Carlo simulations are used to study the characteristics of the radiolu- 

minescence photons emitted at the surface of radioactive sources and near accelerated alpha 

particles, in order to optimize the configuration of the optical systems that are involved in the 

detection and quantification of alpha-induced radioluminescence. 

 
Sand, J., Ihantola, S., Prajarvi, K., Toivonen, H., Toivonen, J. 2014. Radioluminescence yield of alpha 

particles in air. New J. Phys. 16, 054022. 

 
The project, 19ENV02 RemoteALPHA, has received funding from the EMPIR programme co-financed 

by the Participating States and from the European Union’s Horizon 2020 research and innovation 

programme. 
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IRSN is the French public expert in nuclear safety and radiation protection systems. The In- 

stitute is placed under the supervision of five ministries (Ecology, Research, Energy, Health 

and Defense). One of its main missions is to provide technical and operational support to 

Authorities in case of a radiological emergency. IRSN has a crisis organization that can be 

activated 24 hours/7 days a week and is able to advise decision-makers and stakeholders to 

protect population. Thus, the crisis organization is composed of a panel of specialists – such 

as atmospheric modeling dispersion experts, radiological impact on population and environ- 

ment experts, environment transfer experts, in situ measurement experts – and can deploy 

its mobile unit to actively take part in human and environmental protection missions. This 

crisis intervention team can operate in contaminated area to measure radioactivity levels and 

provide input data to the decision-maker chain. These front-line workers usually use radia- 

tion devices, radiation car-borne mapping system, in situ gamma spectrometry, deployable 

probes, and also aerial based systems like drones. 

Depending on the engagement scenarios – radioactive material transport accident; orphan 

source discovery; massive contamination – the role of these airborne systems is to quickly 

find a source, to identify radionuclides by gamma spectrometry, to provide data to estimate 

a potential dose for workers/public, or eventually to produce radiation survey map. Hence, 

IRSN works to improve the accuracy of the measurements by considering the drone flight 

height, the composition of the source and its size. 

The subject of this communication is to present IRSN drone engagement scenarios, how 

the data processing is carried out, and under which format the results are transmitted to the 

decision-makers. 
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On March 11, 2011, the 15-metre tsunami following the Tōhoku earthquake disabled the 

main and backup power supply of Fukushima Daiichi NPP, causing a complete loss of the 

cooling systems. Within three days from event, all rectors’ core suffered partial meltdown. 

Controlled radioactive releases (days 4 to 6) where in place. The two main radionuclides 

dispersed, were hazardous Iodine-131 (half-life of 8 days) and Cesium-137 (half-life of 30 

years). Throughout these developments, a series of prognostic scenarios and radiological 

impact assessments were performed at IFIN-HH, Romania using domestically developed 

software tools and data inferred from the rather scarce and volatile information, available at 

the time. Those results were revised recently, using up-to-date decision support systems for 

nuclear emergency (DSS), global meteorological data, and having the benefit of historical 

field measurements. Two such DSSs have been engaged in this endeavour: the European 

Realtime Online Decision Support System for Nuclear Emergency Management (RODOS, 

version JRodos 2019) – one of the reference nuclear DSSs in Europe providing, among oth- 

ers, a set of modules for the dispersion of nuclides following atmospheric and aquatic re- 

leases, dosimetry modules for dose estimation to individuals and communities for all expo- 

sure pathways with application of countermeasures, and modules for time estimation of the 

radiological situation in inhabited and agricultural areas; and CBRNE Platform, developed 

by IFIN-HH within a research project on anticipative and prognostic evaluation of chemical, 

biological, radiological, nuclear and explosive events (CBRNE), a tool for effect diagnosis 

functions, response measures and consecutive recommendation for a large variety of sce- 

narios. We have reproduced the event on both systems, using accident time weather data and 

updated source terms. Current and initial results were cross-compared and evaluated against 

available gamma field survey measurements. 

 
Pavelescu, A.O., Acasandrei, V.T., Vamanu, B.I. 2021. Current state and perspectives of implementa- 

tion in Romania of information systems for decision support in nuclear emergency situations. Proceed- 

ings of Romanian Society of Radiation Protection Conference, Bucharest, Romania. 

Vamanu, D. V., Acasandrei, V. T. 2017. Modeling and Simulation of Radiological Dispersion Device 

Events. Romanian Reports in Physics. 69, 714. 

Slavnicu, D., Vamanu, D., Gheorghiu, D., Acasandrei V., Vamanu B. 2007. CONVEX-3: A Case for 

Flexible Strategies in Nuclear Emergency Assessment. Proceedings of the 11th Conference on "Har- 

monisation within Atmospheric Dispersion Modelling for Regulatory Purposes", Cambridge, UK. 
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Military, disaster management and in many cases civilian tasks include the survey of a given 

section of terrain that is likely to be contaminated with radioactive materials. Such a mea- 

surement series can form the basis for complete recultivation and decontamination of large 

areas. This survey can take place after an emergency situation, or before the establishment 

of any nuclear facility. 

This presentation will use concrete surveys to illustrate the efficiency of new measurement 

technologies and developments. The goal of all these technologies is to carry out radiation 

reconnaissance tasks as quickly and accurately as possible. Different hot spots were found 

during aerial, vehicle-based and on-foot radiation reconnaissance. During in-situ measure- 

ments, our Bayesian based isotope identifying algorithm was used and the measured data 

were validated with results from gamma spectroscopy (HpGe detector) in the laboratory. 

A rapid on-site quantitative analysis was also performed by evaluating the samples taken 

next to the hot spots. 

In addition to the measurement, we had to find the right format in which the data were 

generated and stored. We had to solve many issues like how the measurement data is as- 

sociated with relevant additional information (e.g.: time and coordinate stamp), and how 

the measurement results can be shared with other partner organizations. Another important 

consideration was the preparation of the team conducting the measurement. The total cost of 

the survey was significantly reduced by the fact that the measurement was manageable by a 

small number of relatively low-skilled operators and one expert. We had to establish a proper 

quality assurance system and meet all relevant standards and strict documentation require- 

ments. The measurement method we have developed is suitable for isotope-specific measure- 

ment (or determination) of low-activity mixed radiation sources in contaminated areas with 

high-background radiation. 
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Even 35 years after, the Chernobyl nuclear disaster still is significant in the public discus- 

sion about the peaceful use of nuclear energy. However, the debate is frequently dominated 

by personal experience and emotions. A fact-based discussion about Chernobyl and its af- 

termaths is not only aggravated by the complexity of the topic but also by contradictory in- 

formation about long time damages. Especially the number of deaths caused by the accident 

vary dramatically from 31 1 to nearly one million2. 

The vast discrepancy between these incompatible numbers carries the risk of diminishing 

the trust in radiation science and its predictive power. However, public trust in science is vital 

in times of crisis to enforce necessary measurements that require specific actions by society, 

as can be seen in current examples like climate change or the Covid-19 pandemic. 

This paper aims to process the different estimations of deaths caused by the nuclear ac- 

cident of Chernobyl and analyze reasons for the large varieties. A special focus is laid on the 

linguistic and scientific level of the paper in order not to limit the understanding of the subject 

to the scientific community but make it accessible to the public. An explanation at eye level 

of the difficulties of predicting deaths from radiation damages shall prevent a loss of trust in 

radiation science or its independence from various interest groups. 

 
1Richard Gray, 2019. The true toll of the Chernobyl disaster. BBC online (22.10.2021). 
2Alexey V. Yablokov et al., 2010. Chernobyl: Consequences of the Catastrophe for People and the 

Environment. Wiley-Blackwell. 
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The aim was to obtain measurement results of airborne tritium in the surroundings of Krško 

Nuclear Power Plant (NPP), Slovenia, and compare them with existing advanced atmospher- 

ic dispersion modeling utilizing the Lagrangian Particle Dispersion Model SPRAY in an as- 

sociation with 3D diagnostic on-line meteorology. The model considers complex situations, 

especially relevant for the NPP region: strong meteorological inhomogeneities, non-station- 

ary and wind stagnation conditions. The model has been tested and validated in various and 

complex scenarios, however, it is highly demanding to carry out the comparison of measured 

and calculated data. Environmental airborne tritium measurements have been used to address 

this task. 

A method for determining the activity concentrations of tritium in the atmosphere that 

have been developed by JSI and MEIS company was used. Eight sampling campaigns were 

carried in the vicinity of the Krško NPP in March and April 2018. An in-house developed 

aerosol pumping system was used to collect airborne tritium. Tritium molecules were trapped 

in silica gel. Sampling sites were pre-determined using Spray & WRF meteorological fore- 

casts. Typically, five sites were sampled during each sampling campaign. The average sam- 

pling time was 25 minutes. The reference sampling was carried out in Ljubljana, 80 km away 

from the reactor axis, where there is no detectable impact from NPP atmospheric discharges. 

The activity concentrations of airborne tritium measured at the reference location were sub- 

tracted from those measured near the NPP. 

For each site, the modelled data were calculated using the modelled dispersion coefficients 

and emission activities for a given sampling time during a given sampling campaign. Mod- 

elled and measured values show good agreement, but there are some anomalies that could 

challenge further research in this area. The freeze-drying method was used to prepare the 

samples for the measurements using liquid scintillation counting method. 
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One of the main tasks of a regulatory body (RB) is to control a response on incidents and 

accidents. In the EU as elsewhere MSs established appropriate response systems giving par- 

ticular attention to disused and orphan sources. The international cooperation enhanced, e.g. 

through “Dijon Conference on Safety of Radioactive Sources and Security of Radioactive 

Material” in 1998. The first EU legislation was published in 2003 while nowadays Council 

Directive 2013/59/EURATOM applies. 

Lessons learned from incidents and accidents, i.e. not only those related to orphan sources, 

are taken. Graded approach to emergency preparedness and response is applied. 

In Slovenia the response system has been improved in the last twenty years, e.g. reg- 

istrants and licensees follow rules on reporting incidents and accidents, 24-hour on duty 

Slovenian Nuclear Safety Administration (SNSA) service exists and radiation monitors are 

widely used. One of the SNSA tool is the SNSA Database of Interventions (Database), i.e. 

the database with records of all so-called interventions of the SNSA inspectors from 2002. 

An intervention in this respect is a situation when an urgent inspection activity, e.g. on-site 

inspection or even urgent inspector’s decision, is required. 

The systematic analysis of about 300 interventions which occurred in last twenty years, is 

presented. About 20% are related to NORM while about 30% are false alarms. Despite the 

fact that each intervention is unique, several types of interventions might be identified. The 

Database enables optimisation of radiation protection in the response to one type of interven- 

tions using experiences already gained. It also facilitates the identification of: 

● initial event leading to an intervention 

● trends of a particular type of interventions, e.g. related to scrap metal. 

The improvement of the response system which includes several other institutions is continu- 

ously taking place to assure enough flexibility to manage new types of interventions. 
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The current centralized regime for supervising radiation protection aspects of the application 

of ionizing radiation in Hungary exists since 2016. The main competent authority regarding 

radiation protection of occupational and public exposure since then is the Hungarian Atomic 

Energy Authority (HAEA), which has taken over the tasks of several decentralized smaller 

institute and integrated them into HAEA activity, utilizing synergies of the regulatory tasks 

(e.g. nuclear safety, physical protection, national registry of nuclear and other radioactive 

materials). The development of this regime occurred simultaneously with the implementa- 

tion of EU BSS (Council Directive 2013/59/Euratom laying down basic safety standards 

for protection against the dangers arising from exposure to ionising radiation). Beside the 

amendment of the Hungarian Atomic Energy Law (Act CXVI of 1996 on Atomic Energy) 

new Governmental Decrees were issued to create the legal basis of the new radiation protec- 

tion regulatory system, which was partly dedicated to fulfil the requirement of implementing 

the EU BSS. During this work the relevant IAEA documents, standards, guidances, national, 

international good practices on radiation protection and the outcomes of the Integrated Regu- 

latory Review Service mission – conducted by IAEA - were considered. 

The radiation protection regulatory system at HAEA now is based four pillars: registra- 

tion, licencing, inspection, and enforcement. This structure and the requirements will be de- 

tailed in the presentation supplemented with the experiences of five years’ operation. 
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In large parts of Europe, the Chernobyl accident of 1986 caused fallout of Cs-137. In particu- 

lar, this led to the uptake of Cs-137 in trees or other material used for bioenergy production or 

as firewood for domestic purposes. This Cs-137 is concentrated in the ashes of the combus- 

tion process in such a way that the clearance level of 100 Bq/kg, defined in directive 2013/59/ 

Euratom (EU BSS), may be exceeded. 

There is currently no clear consensus in Europe regarding the regulatory approach to this 

issue: should the import and use of Cs-137 contaminated biomass be considered as a planned 

exposure situation or rather as an existing exposure situation? If considered as an existing 

exposure situation, which reference level should be applied? 

This presentation will compare the approaches in various European countries, such as Fin- 

land, Norway, Sweden, Belgium and the Netherlands. Results of a recent measurement cam- 

paign performed in Belgium on firewood imported from Belarus, Ukraine and other countries 

as well as some samples from biomass combustion show a quite large range of Cs-137 activ- 

ity concentration in firewood. 

A review of dose-assessment studies performed by STUK and from the literature will be 

presented. 

The presentation will also address the general context of biomass energy production: for 

instance, in the Netherlands, 40 large biomass firing plants (capacity > 10 MW) are opera- 

tional and some 20 more are already planned. The fly ashes from the biomass combustion 

may be a valuable resource for the construction industry and the issue of Cs-137 contamina- 

tion is connected with the requirements of the EU BSS regarding natural radioactivity of 

building materials. Assessing the impact of Cs-137 contamination and clarifying regulations 

in the frame of a graded-approach are important elements in this context. 
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The Hungarian Atomic Energy Authority (HAEA) is the responsible regulatory body for the 

radiational protection of the Hungarian research reactors. There are two operational research 

reactors in Hungary. The licensed power rate of the Training Reactor of the Budapest Techni- 

cal and Economy University is 100 kWth, and the Budapest Research Reactor is 10 MW. The 

paper summarize the system of the research reactor related Hungarian radiation protection 

legislation and the key aspects of its development. Also present the elements of regulatory 

oversight program for research reactor, describe the application of graded approach principle. 

Regulatory oversight consists of 4 main instruments: licensing, inspection, assessment 

and enforcement. Licensing is the regulatory instrument used prior to the commencement 

activity: the authority judges before the commencement of the activity whether its imple- 

mentation will comply with the requirements, and if necessary specifies additional conditions 

and respective tasks. Inspection typically takes places during the realization of the activity; it 

reveals the facts and circumstances of the activities and, in addition, it gives opportunity for 

intervention in the implementation phase. The authority performs the assessment typically 

after termination of an activity or a process, so the conclusions are drawn subsequent to the 

completion of the activity or the process, the feedback therefore is an essential part of this 

regulatory instrument, by which the failures revealed can be avoided next time. Licensing, 

inspection and assessment are not fully separate instruments: they may and frequently must 

supplement each other for the appropriate oversight of a certain case. Enforcement means 

fine for most of us, however in the nuclear field the fine is the ultimate instrument. The au- 

thority has a lot of opportunities for the intervention before imposing a fine to enforce the 

compliance with a legal requirement or regulatory decision. 

In addition to the general description the article provide concrete examples from the regu- 

latory oversight activities of the past years in the field. 
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The model of reasonableness and tolerability of radiological risk is a conceptual framework 

for the implementation of the ICRP principles of optimisation of protection and application 

of dose limits. Discussions about reasonableness and tolerability have been part of ICRP 

publications for many years, including the introduction of a model of risk tolerability in 

Publication 60. This model has been developed for planned exposure situation with a central 

role for risk indicators. The current issues are to discuss its application for emergency and 

existing exposure situations and to embark further considerations (notably ethical issues) on 

the process and the components to be integrated for selecting radiological criteria. 

In this perspective, ICRP has set up a dedicated task group (TG114) in 2019, which cur- 

rently revisits the model of reasonableness and tolerability of radiological risk with the fol- 

lowing objectives: 

● Investigate the rational for the application of the tolerability of risk as well as the borders 

with unacceptable level of risks and compare with the approaches adopted for managing 

other risks. 

● Better articulate the link between tolerability and reasonableness in the process of im- 

plementation the radiological protection system, with clarification on the criteria to be 

considered for defining “where we don’t want to go above” and which process could be 

put in place for evaluating “what is reasonable”. 

● Refine the radiological criteria to be considered and their link with dose limits and refer- 

ence levels, relying on the radiological detriment as benchmark for tolerability and rea- 

sonableness as well as using risk comparison but without limiting to numerical criteria. 

● Emphasize the importance of the application of the model for the different exposure situ- 

ations, including the deliberative process with the stakeholders for the implementation of 

the optimisation principle, referring to good judgement, fairness, practicability and mod- 

erateness. 

 
The presentation will discuss the current developments of the task group and the interactions 

with international and national organisations, including IRPA. 
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Experiments on laboratory mice have served as important source of information for esti- 

mation of genetic risk. There is now growing information on heritable effects of ionizing 

radiation in other non-human species too, in particular in plants and invertebrate species 

(Adam-Guillermin et al., 2019; Horemans et al., 2019). Furthermore, there is now informa- 

tion on wild populations as compared to inbred laboratory strains. The risk of radiation- 

related heritable effects in wildlife is a major concern for environmental risk assessment in 

ecosystems chronically exposed to radioactive contamination. In addition, the non-human 

species related data may be used to assess the taxonomic applicability of radioinduced re- 

sponses in human. Possible mechanistic contributors to heritable effects in wildlife include 

genetic and epigenetic effects, changes in energy allocation, and potentially maternal and 

paternal factors. These effects may induce an increased radiosensitivity or an adaptation in 

long-term exposed populations, leading to scientific controversies and uncertainties in the 

risk estimates underlying the construction of the environmental radiation protection system. 

In the current method adopted to demonstrate the protection of the environment, the biologi- 

cal endpoints of most relevance are those directly relevant to population demography, includ- 

ing mortality, morbidity, reproductive success, and genetic integrity (ICRP, 2008). However 

heritable effects are not considered. 

In this general context, the ICRP decided in 2021 to launch Task Group 121 with the aim 

of updating the review of the scientific literature on radiation-induced effects on the offspring 

of individuals exposed to ionizing radiation, for both human and non-human species. The re- 

view of heritable effects of ionizing radiation on non-human species will focus on vertebrates 

and will assess evidence of heritable effects in experimental animal studies and in wildlife. 

 
Adam-Guillermin C., Hertal-Aas T., Oughton D. et al. 2018. Radiosensitivity and transgenerational 

effects in non-human species. Ann ICRP. 47, 327-341. 

Horemans, N., Spurgeon D., Lecomte-Pradines C. et al. 2019. Current evidence for a role of epigenetic 

mechanisms in response to ionizing radiation in an ecotoxicological context. Environ. Pollut. 251, 

469-483. 

ICRP, 2008. Environmental protection: the concept and use of reference animals and plants. ICRP. 

Publication 108. Ann. ICRP 38 (4–6) 
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Over the years, global efforts have been growing to better understand human and ecological 

health risks from low dose radiation exposure. A better integration of biological mechanism- 

oriented data to epidemiological data may help to support this using the Adverse Outcome 

Pathway (AOP) framework. The Organisation for Economic Co-operation and Develop- 

ment (OECD), operating under the Extended Advisory Group for Molecular Screening and 

Toxicogenomics (EAGMST), has been developing the AOP approach to consolidate pub- 

lished evidence on mechanisms of chemical toxicity in humans and wildlife. The knowledge 

transcribed in AOPs, provides an organized approach to examine weight of evidence and 

formulate regulatory decisions. The AOP framework has undergone substantial maturation 

in the field of hazard characterization of chemicals over the last decade, and has also recently 

gained attention from the radiation community as a means to advance the mechanistic under- 

standing of human and ecological health effects from exposure to ionizing radiation at low 

dose and low dose-rates. To fully exploit the value of such approaches for facilitating risk as- 

sessment and management in the field of radiation protection, solicitation of experiences and 

active cooperation between chemical and radiation communities are needed. As a result, the 

Radiation and Chemical (Rad/Chem) AOP joint topical group was formed on June 1, 2021 

as part of the initiative from the Nuclear Energy Agency (NEA) High Level Group on Low 

Dose Research. The main aims of the AOP joint topical group are to advance the use of AOPs 

in radiation research and foster broader implementation of AOPs into hazard and risk assess- 

ment. With global representation, it serves as a forum to discuss, identify and develop joint 

initiatives that support research and take on regulatory challenges. The Rad/Chem AOP joint 

topical group aim to actively liaise with the OECD EAGMST AOP developmental program 

to collectively advance areas of common interest and, specifically, provide recommendations 

for harmonization of the AOP framework to accommodate non-chemical stressors, such as 

radiation. The current presentation will provide an overview of AOPs, and the mission and 

work of the Topical Group. 
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Analytical epidemiological studies designed to quantify radiation risks set specific demand 

for dosimetric support. Individual doses to specific organs of interest need to be estimated for 

all study subjects uniformly, in some situations – post mortem. 

There are two practical approaches to the dosimetric support of such studies, specifically, 

(i) time-and-motion reconstruction of individual doses based on personal interviews and 

(ii) retrospective validation and adjustment of historical dose records with reconstruction of 

missing components of dose (i.e., beta eye lens dose). 

The first approach was implemented by the RADRUE method that was successfully used 

for dose reconstruction within several epidemiological studies, notably – study of leukemia 

and related disorders (1000 subjects – cases and controls, both alive and diseased), study of 

thyroid cancer (607 subjects), study of de novo germline mutations in offspring of exposed 

parents (298 mother-father-offspring trios). This methodology was tailored to the specific 

needs of each study to estimate target organ doses (e.g., thyroid gland or gonads) and to 

consider all significant components of a dose (e.g., external exposure, internal exposure due 

to inhalation, etc.). 

The second approach was implemented within the Ukrainian-American Chernobyl Ocular 

Study (UACOS, 8607 subjects of the cohort study) where existing dose records of differ- 

ent origins were recalibrated against EPR dosimetry with teeth (gold standard), while beta 

component of eye lens dose was estimated individually using specially calculated conversion 

coefficients. 

Since the use of the RADRUE methodology largely depends on the subject’s memories, 

its application is naturally limited due to a long (35+ years) time since the accident and re- 

spective memory fading. A specialized study was conducted to assess the human factor un- 

certainties (including memory fading) of the reconstructed doses. Another ongoing activity 

is the development of a dose reconstruction methodology based on an analysis of the formal 

characteristics of the cleanup activities rather than on the subject’s personal recollections. 

The talk will provide the overview of dosimetric support of competed and ongoing epide- 

miological studies among cleanup workers and discuss further developments in this applica- 

tion area. 
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Potential adverse health effects of in-utero exposure to low-dose ionizing radiation (LDR) 

are of great concern. While the biological effects of in-utero exposures to high-dose radia- 

tion are well defined, Limited data is available for environmentally relevant exposure levels, 

especially with respect to the risk of non-cancer diseases. Metabolic defects have recently 

been observed after chronic in-utero exposure to ionizing radiation in mice and may be in- 

tensified by co-exposure to other lifestyle stress factors. We therefore hypothesized that a 

combination an in-utero exposure to LDR and a subsequent postnatal fat-enriched diet can 

have an additive or synergistic effects on the metabolism and trigger the allostatic load that 

can lead to diseases of various systems, such as neuronal, reproductive, cardiovascular and 

others. We are testing this hypothesis in a mouse model study whereby the pregnant C57Bl/6J 

females will be exposed to various concentrations of Cs-137 in drinking water (absorbed 

fetus doses of 0, 5, 20 and 100 mGy). Half of the pups in each dose group will be exposed 

to a fat-enriched diet for 2 and15 months, and the other half will be kept on a standard diet. 

Metabolomic profiles will be measured in blood and urine at various time points, and in brain 

and urine at end point, as well as sperm parameters. Additionally, neurobiological studies will 

be performed. Noteworthy, all tissues will be harvested and bio-banked for subsequent mea- 

surements within specific focused studies. Among these focus areas are genomic instability 

and de novo mutagenesis, epigenetic reprogramming, oxidative stress, mitochondrial func- 

tion and microbiome. We are open to collaboration within these focus areas and welcome 

requests, with the hope that our study will help understand complex network of biological 

responses relevant to health detrimental outcomes triggered by co-exposure to in-utero LDR 

and a postnatal lifestyle stressor common for modern societies. 
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The effect of radiation on cancer can be divided into: (1) effect on cancer emergence (short- 

ened latency) and, (2) acceleration of cancer progression after its emergence. While the for- 

mer can be directly observed by periodic cancer screening tests, it is difficult to observe the 

progression of cancer directly in vivo. One of the endpoints related to cancer progression is 

cancer-related death which includes both effects. 

Based on the above concept, we constructed a mathematical model for cancer-related life- 

shortening. The model links the emergence of cancer to cancer-related death and enables us 

to analyze the radiation effect on cancer progression quantitatively. By using this model, we 

analyzed the data obtained from low dose rate gamma-ray irradiation experiments on mice 

conducted at Institute for Environmental Sciences. In the analysis, we focused on the differ- 

ence among cancer types, and classified cancers as blood cancers or solid tumors from the 

pathological viewpoint. We analyzed radiation effects on cancer emergence in each group 

using cancer emergence data (temporal change of cancer incidence rate). Radiation effect 

on cancer progression in each group was evaluated by the combined analysis of the cancer 

mortality data (age at death and cause of death) and cancer emergence data. 

The mathematical model is advantageous because it describes phenomena based on their 

mechanisms. The mechanism-based discussion allows us to apply the same mathematical 

model to multiple objects such as different animal species if the mechanism is the same. 

In other words, it is possible to predict radiation effects on humans, by using mathematical 

models that have been validated through analysis of animal experimental data. 
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Both animal radiobiological and human epidemiological studies of the effects of low-dose 

radiation are expensive and take many years for the completion and publication of results. 

Visibility of Low Dose Research (LDR) studies at the stage of planning and execution is 

usually low for both research community and funding agencies, preventing collaboration 

and informed effective funding decisions (e.g., to avoid duplication of effort). Recognizing 

these limitations and needs, an international group of experts have proposed and developed 

the concept of a LDR database. The LDR database is a searchable collection of relevant on- 

going and in-planning projects each having 30+ fields providing information on, among other 

things, principal investigator, funding agency, type of study, type of radiation, dose and dose- 

rate range used, endpoints, tissues/samples available for sharing. The type of studies is not 

limited to radiobiology and epidemiology and includes environmental, social, dosimetry and 

other. One of the fields specifies whether the study deals with the development of Adverse 

Outcome Pathway (AOP) as objective. One example of how the LDR database can facilitate 

international collaboration is by sharing biosamples originating from a single LDR project 

between teams with diverse complementary expertise. This LDR database is developed and 

implemented by a Topical Group within the High-Level Group on LDR (HLG-LDR) under 

the patronage of the OECD Nuclear Energy Agency (NEA). The LDR database was launched 

in early 2022, is open to all for use and to Principal Investigators worldwide for entering their 

LDR projects via simple registration. 

This presentation will 1) provide further detail on the organization of this LDR database, 

project data collection and entry; 2) describe activities to promote its use by the research 

community, science funders and policy makers; 3) aim to solicit active participation of rel- 

evant project principal investigators around the world. 
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The risk of radiation-related deleterious effects in offspring is a recurring issue for the gen- 

eral public and a major concern for parents exposed to occupational, medical or environmen- 

tal ionizing radiation. Little is known about the mechanisms underlying radiation-induced 

genetic diseases, the contribution of epigenetic processes to deleterious effects, and the po- 

tential contributory role of lifestyle, physiological factors and maternal and paternal factors. 

This lack of knowledge leads to uncertainties in the risk estimates underlying the construc- 

tion of the radiation protection system. These uncertainties are reinforced by a number of 

divergent epidemiological, laboratory and field studies between humans and non-human spe- 

cies, and on various species of fauna and flora. 

In the current system of radiological protection (ICRP 2007), the characterization of health 

effects on offspring and subsequent generations is based on the International Commission on 

Radiological Protection Publication 90 (ICRP 2003) for the effects of in utero exposure, and on 

the 2001 report of the United Nations Scientific Committee on the Effects of Atomic Radiation 

(UNSCEAR 2001) for hereditary effects. Studies on non-human biota were not considered. 

The ICRP decided in 2021 to launch Task Group 121 with the aim of updating the review 

of the scientific literature on radiation-induced effects on the offspring of individuals exposed 

to ionizing radiation, for both human and non-human species. This includes both preconcep- 

tional effects due to parental exposure and postconceptional radiation effects due to exposure 

of the embryo and fetus. The Task Group will provide guidance on how to take these effects 

into account in the radiation protection system for humans and non-human biota. The work of 

Task Group 121 will contribute to the forthcoming revision of the ICRP's recommendations 

(Clement et al. 2021). 

 
Clement C, Ruehm W, Harrison JD, Applegate KE, Cool D, Larsson CM, et al. 2021. Keeping the ICRP 

recommendations fit for purpose. J Radiol Prot. Epub ahead of print. 

ICRP, 2003. Biological Effects after Prenatal Irradiation (Embryo and Fetus). ICRP Publication 90. 

Ann. ICRP 33 (1-2). 

ICRP, 2007. The 2007 Recommendations of the International Commission on Radiological Protection. 

ICRP Publication 103. Ann. ICRP 37(2–4). 

UNSCEAR, 2021. Hereditary effects of radiation. UNSCEAR 2001 Report to the General Assembly, 

with Scientific Annex. New York: United Nations. 
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Purpose: To assess and validate the predictive ability of RADIODTECT© (RDT) (Deneuve 

et al, 2021) for severe acute/late toxicity (tox) after head&neck cancer (HNC) radiotherapy 

(RT) 

Materials and Methods: 53 consecutive HNC patients (pts) treated with radical/adjuvant 

RT with/without chemotherapy (CHT) and prospectively evaluated for tox according to 

CTCAE v4.0 were included in a discovery cohort to test the ability of RDT in predicting 

acute tox ≥ grade 3 (G3). RDT discrimination power was evaluated through AUC and ROC 

analysis. 67 consecutive HNC pts, treated with radical/adjuvant RT with/without CHT and 

prospectively followed for tox scoring in the same way as for the training cohort, were in- 

cluded in the validation cohort. Analysis on the validation population included evaluation of 

the possible predictive value of the RDT when added to clinical/dosimetric variables (logistic 

regression models). 

Results: 13/53 pts exhibited ≥G3 acute tox in the training cohort with an AUC=0.75. The 

optimal threshold was estimated at 46 ng/ml. Using this cutoff, 9 and 44 pts were classified 

as radio-resistant (RR) and radio-sensitive (RS). In the validation cohort, 47/67 pts and 10/67 

pts exhibited ≥G3 acute tox and G3 late tox, respectively. An AUC=0.78 was found with a 

combined biological/dosimetric model including RDT, the minimum dose to the combined 

parotid glands (cPG) and CHT. Classification of pts as RS/RR was significantly associated 

with ≥G3 late tox (chi-squared test p-value 0.037). An AUC=0.76 was also found for a com- 

bined biological/dosimetric model included RDT and the mean dose to the cPG. 

Conclusions: RDT discrimination power is probably influenced by treatment characteristics 

of clinical cohorts. This underlines the importance of combining RDT with treatment/dosi- 

metric features for predicting tox. Due to our study results, implementing RTD as an easy 

managing test in common RT clinical practice for HNC patients is advisable. 
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The potential for radiation-related deleterious effects in offspring is a recurrent issue for 

the general public and a major concern for parents exposed to ionising radiation from oc- 

cupational, medical or environmental sources. There is a lack of knowledge (and subsequent 

uncertainties in risk estimates) about the fundamental mechanisms underlying potential radi- 

ation-induced genetic diseases, the contribution of epigenetic processes to adverse outcomes 

if any, and the potential contributory role of lifestyle, physiological, and maternal vs paternal 

factors. Genetic effects from radiation have been observed in a number of species to date, 

however, observations in humans are nearly nonexistent (Nakamura 2018, Yamada et al. 

2021). Recent advances in molecular genetics and epigenetics have provided new tools for 

the direct investigation of transgenerational effects in the offspring of parents exposed to ion- 

izing radiation (Adewoye et al. 2015, Dubrova et al. 2019, Yager et al. 2021). 

The ICRP decided in 2021 to launch Task Group 121 with the aim of updating the review 

of the scientific literature on radiation-induced effects on the offspring of individuals exposed 

to ionizing radiation, for both human and non-human species. The work of Task Group 121 

will contribute to the forthcoming revision of the ICRP's recommendations (Clement et al. 

2021). 

 
Adewoye, AB et al. 2015. The genome-wide effects of ionizing radiation on mutation induction in the 

mammalian germline. Nat. Commun. 6:6684 doi: 10.1038/ncomms7684. 

Clement C, Ruehm W, Harrison JD, Applegate KE, Cool D, Larsson CM, et al. 2021. Keeping the ICRP 

recommendations fit for purpose. J Radiol Prot. Epub ahead of print. 

Dubrova Y. 2019. Mutation Induction in Humans and Mice: Where Are We Now? Cancers 2019, 11, 

1708; doi:10.3390/cancers11111708 

Nakamura N. Why Genetic Effects of Radiation are Observed in Mice but not in Humans. Radiation 

Research 189, 117–127 (2018) 

Yager M et al. 2021. Lack of transgenerational effects of ionizing radiation exposure in cleanup workers 

and evacuees of the Chernobyl accident. Science 10.1126/science.abg2365 (2021). 

Yamada M et al. 2021 Congenital Malformations and Perinatal Deaths Among the Children of Atomic 

Bomb Survivors: A Reappraisal. Am J Epidemiol. Volume 190, Issue 11, November 2021, Pages 2323– 

2333 
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A radiation biological effect of a given dose generally decreases with decreasing radiation 

dose rate, which is known as a “dose-rate effect”. Tissue stem cells could be a target for 

radiation-induced carcinogenesis. Radiation biological effect may be reduced if damaged 

stem cells are eliminated by stem cell competition, which leaves an ample possibility for a 

dose-rate effective factor value larger than unity (ICRP Publ. 131). 

Cells expressing Lgr5 are one of the major components of intestinal stem cells. Intestinal 

organoids are three-dimensional cultured tissue model generated from intestinal stem cells. 

To evaluate a radiation-induced stem cell competition, we established a quantitative method 

using mixed-organoid derived from two independent fluorescent protein-expressing Lgr5 

stem cells, which one of stem cells were irradiated, for mimicking heterogeneous exposure 

(Fujimichi et al. 2019). We found that irradiated stem cells exhibited a growth disadvantage 

in the mixed organoid. 

We also constructed a mathematical model to assess stem cell competition under low- 

dose-rate irradiation condition (Uchinomiya et al. 2020). A stem cell pool, containing a con- 

stant number of cells, was assumed, and changed through irradiation and turnover event. The 

probability of cell division and elimination depended on the properties of cells. Under very 

low-dose-rate conditions, the accumulation of radiation damage in the stem cell pool was 

suppressed when the damaged cells were less reproductive than intact cells and tended to be 

eliminated. 

These results suggest that stem cell competition would play an important role in suppres- 

sion of carcinogenesis under low-dose-rate irradiation condition. 

 
Fujimichi, Y. et al. 2019. An Efficient Intestinal Organoid System of Direct Sorting to Evaluate Stem 

Cell Competition in Vitro. Sci Rep. 9, 20297. 

Uchinomiya, K. et al. 2020. A Mathematical Model for Stem Cell Competition to Maintain a Cell Pool 

Injured by Radiation. Radiat Res. 194, 379-389. 
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The concept of radiation-induced aging was proposed based on the findings in animal experi- 

ments that radiation exposures shortened the lifespan. It was later found that the radiation- 

induced life-shortening was mainly due to neoplasms. In this work, we revisited the concept 

of radiation-induced aging focusing on the effects of radiation on cancer emergence and on 

lifespan. 

We constructed a mathematical model based on the Armitage-Doll multistage model of 

carcinogenesis (Armitage and Doll, 1954) to treat the effects of radiation on cancer inci- 

dence. The transition rate from one stage to the next is expressed as the sum of the spontane- 

ous (endogenous) term and the radiation-induced term which is proportional to the dose rate. 

The formula obtained for cancer prevalence shows that radiation dose can be explained in 

terms of time and provides an interpretation of radiation-induced aging. Radiation-induced 

aging is frequently categorized as either accelerated aging or premature aging. When we plot 

the cancer incidence rate as a function of time, the accelerated aging appears as the contrac- 

tion of the time axis whereas the premature aging appears as the shift of the time axis. Our 

model shows that the accelerated aging is related to the dose-rate and the premature aging is 

related to the cumulative dose. 

By assuming the effects of radiation on mortality can be described in the similar way to 

that on cancer incidence, we applied the formula obtained by our model to the lifespan data 

for mice given single or fractionated exposures over dose ranges from 2 to 9 Gy of gamma 

radiation (Thomson et al., 1981). It was found that the age-specific mortality rates of the ir- 

radiated groups were fitted well by shifting the curve fitting the control group by βD along 

the time axis, where D denotes the cumulative dose and β denotes the radiation sensitivity. 

The value of β obtained from the data was 31 day/Gy for single exposure experiments and 25 

day/Gy for fractionated exposure ones. 

 
Armitage, P. and Doll, R. 1954. The age distribution of cancer and a multi-stage theory of carcinogen- 

esis. Br. J. Cancer 8, 1-12. 

Thomson, J. F., Williamson, F. S., Grahn, D., and Ainsworth, E. J. 1981. Life shortening in mice exposed 

to fission neutrons and γ rays: I. single and short-term fractionated exposures. Radiation Research, 86, 

559-572. 
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In well logging, sophisticated tools are inserted into a borehole to measure physical and geo- 

logical properties of rocks surrounding the well. Some of these, known as nuclear logging 

tools, contain radioactive sources and are used to obtain useful information. 

When logging tools containing radioactive sources are inserted into the well, there is a risk 

that they may get stuck. If this occurs, a recovery operation, known as fishing, is used to at- 

tempt retrieval. If fishing fails to recover the radioactive sources, they are abandoned follow- 

ing an established protocol, which is in accordance with international, national and corporate 

standards, in addition to industry best practices. 

This paper provides an overview of radiation protection requirements for well logging 

operations in Saudi Arabia, to ensure the safety and security of radioactive sources, and the 

protection of workers and the public without impacting operational productivity. 
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Governments and organizations are increasingly embedding sustainability into their opera- 

tions. Often environmental sustainability becomes the focus, for example, mitigating climate 

change or reducing plastic use. Sustainability in its widest sense however covers societal, 

economic, and environmental factors, sometimes described as ESG (Environmental, Social, 

and Governance) and focuses on meeting the needs of the present without compromising the 

ability of future generations to meet their needs. 

It is clear then that sustainability, safety and the environment are intertwined. Measures 

to improve sustainability performance can improve safety and environmental performance, 

i.e. introducing energy efficient lighting has environmental and economic benefits but of- 

ten improves visibility, highlighting safety hazards. A sustainable organization protects the 

environment and the health, safety, and wellbeing of workers and the public. Yet, decisions 

around safety and the environment can also be unsustainable ones; for example, when radia- 

tion protection (RP) professionals build pessimism into shielding calculations, there is an 

increased use of carbon-intensive resources, such as concrete and steel, and waste produc- 

tion, plus increased decommissioning costs. While this pessimism is a choice taken to protect 

the workers and the public, the overall environmental and future legacy costs are not always 

recognized. 

The principle of sustainability is not new to RP. ALARA (As Low As Reasonably Achiev- 

able) states the need for optimization and consideration of economic and social factors. While 

BAT (Best Available Techniques) considers reasonable measures when balancing health, 

safety and environmental impacts with costs (i.e. time, money, effort). 

As the world increasingly moves towards sustainability, the RP profession must follow, 

striking a balance between safety, the environment and sustainability. Working together, the 

profession can build a better world for future generations. 
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In the EU NPPs accounted for approximately 26% of total electricity production. As any 

industry nuclear industry is linked to risk to humans and the environment. In that respect 

radiation safety plays a crucial role. In 2021 a vivid discussion is taking place regarding in- 

vestments into nuclear fuel cycle facilities. So-called sustainable investments are addressed 

in EU taxonomy (EU, 2020) to manage climate changes. Therefore it might be appropriate 

to systematically analyze the shaping of nuclear arena in Europe after the Fukushima ac- 

cident. All three major nuclear accidents, i.e. Three Miles Island (1979), Chernobyl (1986) 

and Fukushima (2011) accidents influenced nuclear area globally, as nuclear industry is a 

global industry. It seems that influences of the Fukushima accident has been more profound. 

Namely, it is the very first major nuclear accident initiated by natural events, i.e. earthquake 

followed by tsunami. 

The nuclear arena is under constant development. Two driving forces can be identified. 

On one hand this is research and on other operational experiences. Such approach is fully 

in line with basic radiation protection principle, i.e. optimization from Council Directive 

96/29/Euratom (EU BSS) where “current state of technical knowledge” shall be used when 

performing optimization of radiation protection. 

Influences of the Fukushima accident on EU regulatory framework, e.g. on EU BSS and 

Nuclear Safety Directive, are given elsewhere e.g. in (Janžekovič, 2021). Influences are even 

wider. The article gives a systematic view on NPP policies in recent years in Europe, e.g. 

considering small modular reactors with limited environmental consequences in case of se- 

vere accidents, and on research programs. As fusion reactors seems to be still long term goal 

open questions related to uncertainties associated with risks to humans and the environment 

regarding NPPs are outlined as a small contribution to better understanding implementation 

of justification principle. 

 
EU. 2020. Regulation (EU) 2020/852 of the European Parliament and of the Council of 18 June 2020 

on the establishment of a framework to facilitate sustainable investment and amending Regulation (EU) 

2019/2088. OJ L 19, 13-43 

Janžekovič, H. 2021. Fukushima Nuclear Accident Impacts on the EU Nuclear Arena, Proc. Int. Conf. 

Nuclear Energy in Central Europe 2021, Bled, Slovenia, September 6-9, Nuclear Society of Slovenia 

(accepted to be published). 
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During the process of the refueling of the Paks (VVER-440-213 reactor type) NPP one of the 

most crucial step is the elevation of the control rod sleeves (CRS). The monitoring system 

is the intellectual property of the Somos Ltd., was invented and implemented more than 20 

years ago. It was recalibrated in 2018, because the operation cycle of the reactor was in- 

creased from 12 to 15 months (A. Marusa. et al., 2021). 

The objective of the monitoring system is to indicate any discrepancies during the lifting 

process, especially a possible adhesion of the fuel cassettes or the control rods to the CRS 

and even to determine the presumable positions of the adhesions. Such an emergency situ- 

ation beside the serious consequences of a nuclear event could also result in an unintended 

exposure of the workers. 

During the refuelling of the unit 1. at Paks NPP at 6th May 2021 the monitoring system 

indicated an adhesion of the fuel rods to the CRS. In this publication would like to give over- 

view about the operation of the monitoring system of the fuel cassette, about completed tasks 

relating to recalibration of the measuring system and about the adhesion event, the measure- 

ment methods, and the result on the unit 1. at Paks NPP. 

A.Marusa. et al. 2021. Recalibration of the monitoring system of the fuel-casette-free state 

of the control rod sleeves (A védőcsőblokk emelését monitorozó dozimetriai mérőrendszer 

újra kalibrálása) Sugárvédelem. XIV./1. 65–79. 
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Ultrashort-pulsed lasers with pulse durations in the sub-picosecond range are increasingly 

used in materials processing. Such short pulses with a high intensity allow accurate material 

removal without heating up the surrounding material. They are used, for example, for cut- 

ting Gorilla Glass for cell phone displays or for drilling injection nozzles for lower-emission 

engines. 

In these processes, single laser pulses with very high intensities are fired at a workpiece, 

generating a plasma for material removal. The high-energy plasma electrons accelerated by 

laser-plasma interactions can emit X-rays with photon energies of more than 5 keV when 

the laser intensity exceeds 1013 W/cm2 (Legall et al., 2021; Behrens et al., 2021). Due to 

this undesired emission of X-rays, ultrashort pulse laser machines are subject to the German 

Radiation Protection Act (StrlSchG). Several regulations and concepts for ensuring the radia- 

tion protection at these machines are under development. 

In this contribution, the generation of X-rays and the radiation protection issue will be 

addressed, and first measurement results will be presented. As the emitted X-rays are pulsed 

and of very low photon energy, generated in a complex and unstable process, the radiation 

exposure measurements are challenging. 

 
Legall, H., Bonse, J., Krüger, J. 2021. Review of x-ray exposure and safety issues arising from ultra- 

short pulse laser material processing. J. Radiol. Prot. 41, R28–R42. 

Behrens, R., Pullner, B., Reginatto, M. 2021. Measurements at laser materials processing machines: 

spectrum deconvolution including uncertainties and model selection. J. Sens. Sens. Syst. 10, 13-18. 
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The outage radiation fields of a reactor unit exhibit various trends with operating time. The 

source term, responsible for these gamma fields, is mainly determined by the types of con- 

struction materials of the reactor unit, the Primary Heat Transport (PHT) system design and 

operational parameters. It may also be influenced by reactor unit service conditions, purifica- 

tion system performance, and various abnormal conditions during operation and/or outages. 

All of these parameters can impact the source term and the resulting trends in surface radio- 

nuclide activities measured during outages. As a result, the observed outage radiation fields 

may deviate from the theoretically predicted trends. Therefore, in order to effectively manage 

the radiation field reduction, novel source term monitoring factors for the key radionuclide 

contributors were introduced. By analyzing these factors, the effectiveness of various source 

term reduction strategies can be estimated with a goal of decreasing the unit’s occupational 

dose targets. 
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Urenco Nuclear Stewardship operate as a tenant on the Capenhurst Nuclear Licensed Site 

in the United Kingdom. The activities that Urenco Nuclear Stewardship undertake have his- 

torically been storage of uranic materials and decommissioning of remaining parts of the 

Uranium Diffusion Plant. Utilising their extensive decommissioning and Waste Management 

experience, Urenco Nuclear Stewardship have operated as the Waste Management provider 

to all companies on the Nuclear Licensed Site since 2019. The radiological hazards have 

been from uranium and have been consistent, stable and well understood by everyone. 

From 2021 Urenco Nuclear Stewardship started operating under the Low Level Waste 

Repository Ltd (LLWR) Metallic Treatment Framework and started taking receipt of wastes 

with different radiological properties than had ever been experienced on site in the past. 

Instead of Uranium, these would contain fission and activation products, tritium and other ac- 

tinides. These wastes are to be treated in the Waste Management Facility (WMF) to optimize 

the amount of waste that is able to be recycled and minimize the volume of LLW. 

The Radiation Protection regime at Urenco Nuclear Stewardship required a complete up- 

date to ensure it was fit-for-purpose. This work included: 

● Regulatory reviews and updates to licensing and permitting arrangements. 

● Development of Waste Acceptance Criteria (WAC). 

● Prior risk assessments. 

● Introduction of new physical control measures. 

● Review and update of company instructions, risk assessments, method statements, local 

rules and signage. 

● Instrument selection and calibration. 

● Dosimetry arrangements. 

● Training and Radiation Protection culture updates. 

Throughout this process the Radiation Protection team have worked closely with the Busi- 

ness Development, Commercial, Waste and Operational teams to ensure that new require- 

ments and changes are understood by all parties early in the project process. 
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The ALARA principle, keeping the likelihood of incurring exposure, the number of people 

exposed and the magnitude of their individual doses 'as low as reasonably achievable, taking 

into account economic and societal factors', is at the core of radiation protection. 

Historically the stakeholders involved in the application of the ALARA process have pri- 

marily been assumed to be internal to an organisation, with the exception of regulatory 'buy 

in'. However, could there be instances when the public should be a key stakeholder? 

The proposed talk will explore the area of perceived risk with reference to a particular 

case study [1] in which the dredging of non-hazardous sediment in the United Kingdom near 

a now decommissioned nuclear power station raised substantial public concern about radio- 

logical exposure. This turned what was a straightforward construction activity into a complex 

public engagement and reassurance task, at a significant cost disproportionate to the level of 

radiological risk. 

This case study will be used to highlight the key lessons learnt and the importance of 

public engagement as part of the ALARA process. The talk will additionally highlight the 

ongoing work and guidance produced by the Society for Radiological Protection in the UK 

on the development of Guidance for Practitioners to support the Communication of Radiation 

Risk [2][3]. 

 
[1] Bryant, P. A. 2021. Communicating radiation risk: the role of public engagement in reaching 

ALARA. J. Radiol. Prot. 41, S1 
[2] Society for Radiological Protection. 2021. Guide to communicating radiation risk in support of 

action before, during and after a radiation emergency. 
[3] Bryant, P. A., Yoshida, H., Butlin, M., Wood, M. D., Raines, K., Bannon, A., Hunak, S., 2020. SRP 

workshop on ‘communication of radiation risk in the modern world’ J. Radiol. Prot. 40 319 
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The ethical basis of the System of Radiological Protection (RP) is presented in ICRP 

Publ.1381, which describes the historical development and identification of four core values 

(beneficence/non maleficence, prudence, justice and dignity) and three procedural values 

(accountability, transparency and inclusiveness). Medical practice has a long history address- 

ing ethical considerations, formalised under the field of biomedical ethics. TG109 ‘Ethics 

in RP for Medical Diagnosis and Treatment’ aims to advise medical professionals, patients, 

families, care takers, the public and authorities about the ethical aspects of radiological pro- 

tection of patients receiving ionizing radiation as part of their medical treatment. The TG 

draft Report introduces scenarios of examples in both diagnosis and treatment involving 

radiation, proposes a method to analyse each scenario from an ethical point of view on the 

basis of compliance/non-compliance, with the key ethical values in a wide range of situations 

(e.g., pregnancy, elderly, paediatric, end of life)2. The scenarios are presented to provide an 

opportunity for reflection and balance, applying the values to answer ethical questions. Sce- 

narios are discussed, with attention to specific patient circumstances and how evaluating their 

ethical values can help in the decision-making process. The need to extend the set of values 

identified in ICRP Publ.138, with those existing in medical ethics, is discussed in the draft 

Report, considering the values of precaution, solidarity, autonomy, honesty, and empathy. 

The importance to include content on ethics in an effective and balanced RP education and 

training program, that enables patient centered decision-making can lead to the greatest pos- 

sible benefit for the patient at the lowest possible risk, is recognised together with continu- 

ing the ethical education of health professionals who deal with the medical use of radiation 

throughout their careers. Although ethics cannot provide conclusive solutions in all specific 

cases, its thoughtful consideration can undoubtedly help to facilitate discussions among those 

acting to promote the wellbeing of our patients and their families. 

 
1        Ethical foundations of the system of radiological protection. ICRP Publ. 138, Ann. 47(1) 2018 
2 F.Bochud, M.C.Cantone, K.Applegate, M.Coffey, J.Damilakis, M. del Rosario Perez, F.Fahey, 

M.Jesudasan, C.Kurihara-Saio, B.Le Guen, J.Malone, M.Murphy, L.Reid, F.Zolzer. Ethical aspects 
in the use of radiation in medicine: update from ICRP Task Group 109. ICRP Ann. 49(1) 2020 
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Why is information from daily work practice valuable to include in investigations of unde- 

sirable radiation events or incidents? Today, most industries face increasing complexity and 

dynamics. So there is a chance that only looking back in the system to where 'it went wrong' 

people will overlook things. Why working with ionizing radiation usually goes well in our 

daily work processes is often not a point of attention. A more representative and realistic 

starting point for research is therefore to pay attention to everyday practice. Not only because 

this provides insight into the coherence, interaction and variability of the work processes in- 

volved, but it will also place the undesirable event in context and perspective. This presenta- 

tion is about learning and improving from this different point of view in relation to the daily 

practice of radiation protection. 

A new perspective on working safely will be introduced, from the central thesis that ‘safe- 

ty should not be approached from failure, but rather from things that go well’. Hollnagel 

(2014) states that undesirable events and accidents arise from the same process as where 

things always go well in 98% of the cases. What can we learn from these cases? Concepts 

of Safety I and Safety II in relation to Work as done and Work as imagined will be discussed 

from the perspective of learning. An example of using the method FRAM (Hollnagel, 2019) 

in a Dutch company will be taken up in the discussion. 

 
Dekker, S. 2014. The field guide to understanding ‘human error’. United Kingdom: Ashgate. 

Hollnagel, E. 2014. Safety-I and Safety-II: The past and future of safety management. Farnham, United 

Kingdom: Ashgate. 

Hollnagel, E. 2019. Course FRAM at ANVS 28-29 January 2019. 

Schreurs, E. 2020. Presentation Incident in reactor protection system. ANVS. 
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The Adverse Outcome Pathway (AOP) framework is a means to integrate radiobiological 

and epidemiological data across different levels of biological organization for an adverse 

outcome of interest relevant to regulatory decision-making. Although predominantly used 

in chemical hazard identification, it is gaining interest among the radiation community to 

advance research and support regulation. The AOP approach is envisioned to strengthen the 

weight of evidence, enhance the understanding of radiation-induced effects at low doses and 

low dose rates and decrease the uncertainty in radiation risk assessment. However, to inte- 

grate its use effectively within the field of radiation, uptake from the research community, 

policy makers, regulators, and other stakeholders (e.g., industry) will be needed. To explore 

the diversity of opinions and ideas on incorporating the AOP framework in research and 

regulation, an international horizon-style exercise was initiated through the Nuclear Energy 

Agency’s High-Level Group on Low Dose Research (HLG-LDR) Radiation/Chemical (Rad/ 

Chem) AOP joint topical group. This exercise has identified the most important open-ended 

questions regarding the use of the AOP framework in radiation research and regulation. The 

first phase of the horizon-style exercise gathered 227 questions of interest to the global ra- 

diation community. A dedicated steering committee has sorted these collected questions and 

identified 25 priority questions where the AOP framework can support as well as the existing 

challenges to its implementation in regulatory decision-making. These 25 top priority ques- 

tions were included in an international survey for dissemination globally. This presentation 

will discuss the results of this international survey, and highlight priority questions specific 

to institutional interests. The outcome of the international survey will guide future initiatives 

of the Rad/Chem AOP joint topical group, inform focused workshop topics, and ultimately 

facilitate the integration of the AOP framework into radiation risk assessment and radiation 

protection. 
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The ageing of working populations has many epidemiological consequences, including an 

increased incidence of neoplastic diseases among several categories of workers. Thus, it is 

more frequent than in the past that the Approved Physician (i.e. the clinician licensed to carry 

out the health surveillance of workers exposed to ionizing radiation, “Autorizzato” according 

to Italian legislation definition) has to judge working fitness in employees suffering from can- 

cer (clinically cured) and at the same time are exposed to ionizing sources. The assessment 

of the fitness to work certificate in employees both affected by neoplasia always represents 

a clinical issue, as well as human and social. According both to AIRM (Italian Association 

of Medical Radioprotection) guidelines and to results of previous studies, several elements 

have to be considered to carefully analyze a specific case in order to evaluate the assessment 

of fitness in workers affected by neoplastic disease. Four different areas have been taken into 

considerations, and their features are presented in the following. 

1. Characteristics of the neoplastic disease: time since the neoplasia has elapsed from 

clinical onset; neoplasia target organ; histological type, degree of differentiation and staging; 

oncological prognostic judgment; rank of the neoplasm within the radioinducibility scale; 

evaluation of the causal probability (PC). 

2. Health condition of the worker: presence of any coexisting diseases not directly re- 

lated to cancer; evidence of any previous chemo or radiation treatment; worker psychological 

condition; evaluation of worker qualification, his contract position and career, and also the 

worker’s will. 

3. Work activities and tasks carried out by the worker: radiation protection classification; 

type of potential exposure: partial external irradiation, global external irradiation, possible 

internal contamination; use of individual protection devices to avoid the exposure. 

4. Legislation and indications from the guidelines. 
Our aim is to describe clinical evaluation and assessment of fitness. 

 
AIRM (Italian Association of Medical Radioprotection). 2013. Health surveillance for workers exposed 

to ionizing radiations. IPSOA. Assago (MI), Italy: Wolters Kluwer. 

IAEA. 2004. Occupational radiation protection in the mining and processing of raw materials. Safety 

Standards Series. Specific Safety Guides No.RS-G-1.6. 

Taino G et al. 2014. Judgment of fitness for work in employees with a history of malignant neoplastic 

disease and exposed to ionizing radiations: Evaluation criteria and their application in a case-series 

study. Med. Lav. 105(6): 445–72 (Italian). 
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In 2022 the Large Hadron Collider (LHC) will enter its third and final period of physics, 

called Run 3. In 2025-2027, known as Long Shutdown 3 (LS3), the LHC will be upgraded 

to the High-Luminosity Large Hadron Collider (HL-LHC) which will allow for a number of 

collisions 5 times greater than the current rate and to develop a plan of experimental physics 

until 2040. 

In this context, a series of radiation protection challenges will need to be addressed. The 

LHC upgrade operations require for a number of activities to be carried out in highly ra- 

dioactive environments. Among these, the decommissioning of nearly 800 m of magnetic 

elements, collimators, passive absorbers, cables, vacuum and cryogenic components (LHC 

Point 1 and 5). In addition, both beam dumps (LHC Point 6) will be removed and replaced 

with new elements that can withstand the increased HL-LHC beam intensity. These two ele- 

ments are among the most radioactive in the whole LHC, with dose rates in contact of a few 

mSv/h even after more than 3 years cool down. 

To ensure high radiation protection and safety standards, operational radiation protection 

is supported by a series of tools, such as Monte Carlo codes, which allows to study and prop- 

erly plan complex interventions. The CERN Radiation Protection Group (HSE-RP) makes 

extensive use of the FLUKA code, being an active member of the FLUKA CERN collabora- 

tion in the development, maintaining and benchmark of the code. 

This work aims to provide an overview of the interventions related to the LHC upgrade 

during LS3 and the main radiation protection challenges in terms of optimization and re- 

duction of dose to personnel (ALARA) as well as the decommissioning of highly activated 

components (inner triplet, TAN shielding, dumps). 

mailto:angelo.infantino@cern.ch


Oral talks – T14: Other radiation protection 

IPRA2022 / May 30–June 3, 2022 / Budapest, Hungary 148 

 

 

 

SUPPORTING THE RADIATION PROTECTION PROFESSIONAL 

IN PROMOTING RADIATION PROTECTION CULTURE IN THE 

NETHERLANDS 

Linda JANSSEN-PINKSE1*, Paul VAN ROOIJEN2
 

1Authority for Nuclear Safety and Radiation Protection (ANVS), The Hague, The Netherlands 
2Vinçotte Netherlands B.V., Breda, The Netherlands 
*Corresponding author. E-mail: linda.janssen-pinkse@anvs.nl 

Keywords: culture, guideline, IRPA, associate societies 

 

This abstract is written on behalf of the Dutch Society for Radiation Protection (NVS). 

In 2014, IRPA published guiding principles to promote safety culture in Radiation Protec- 

tion (RP). After all, integrating radiation protection into an organization's culture leads to the 

most effective way to achieve radiation protection goals. The Dutch Society for Radiation 

Protection (NVS) plays a key role in supporting RP experts. Traditionally, the focus of the 

RP expert has been on a technical and organizational (procedures/guidelines) level. The more 

'soft' elements that are needed to shape a cultural program are not always obvious. Neverthe- 

less, IRPA believes that the RP expert could play an important role in increasing the safety 

culture such that employee involvement and motivation can grow to a more professional 

level. 

The IRPA guiding principles depict ten activities that an associate society, such as the 

NVS, can undertake to support its members in developing a RP culture in their organization. 

Therefore in 2017 the board of the NVS introduced a new committee for RP culture. The 

board's assignment to the new committee was to advise on the ten activities mentioned in the 

guiding principles and propose an action plan. 

This presentation will give an overview of the actions taken by this committee and pres- 

ents information on the introduction of 9 behavioral elements of a general RP culture, based 

on the IRPA guiding principles supplemented with general views on safety culture. 

Based on the 9 elements, several workshops were given to RP experts. These workshops 

are practical and contain, besides some theory, room for discussion, role playing and games. 

Two games have been developed especially for the RP expert to use in their own organization 

to bring discussion to RP culture and will be available for all members of NVS. 

Furthermore, an overview will be given of the actions that will be taken in the near future. 
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The world is currently in the grip of the global COVID-19 pandemic. As of October 2021, 

there have been worldwide over 240 million cases. Despite unprecedented interventions to 

quell the pandemic, the number of COVID-19 cases continues to rise. There are striking 

parallels between the COVID-19 pandemic protection and the radiation protection. Both ar- 

eas share invisibility that can be frightening, both rely on the adoption of some procedures 

directed towards the prevention or minimizing spreading the infection or radioactive con- 

tamination into the environment. There is a wealth of data and extensive experience from the 

protection against CBRN (Chemical, Biological, Radiological and Nuclear) threats. One of 

the key principles of radiological protection is to keep doses As Low As Reasonably Achiev- 

able (ALARA). This is achieved by various combinations and variations of three basic pa- 

rameters: time of exposure, distance from the source of radiation, shielding to reduce the 

radiation. Knowledge acquired during several past decades in the protection against CBRN 

and especially against ionizing radiation, can be very helpful in fighting and taking efficient 

measures against COVID-19. In the ongoing COVID-19 pandemic, the probability of an in- 

dividual being infected is dependent on the viral load that an individual is exposed to in pub- 

lic spaces over a period of time. All prevention and control measures are based on preventing 

any such exposure to the virus, that can be achieved through limiting space for movement of 

the virus, using barriers and increasing distance to vulnerable surfaces, and limiting the dura- 

tion of exposure. The paper discuses the similarities of protection against these two agents 

and analyzes application of know-how from one field to another. 

 
Mukherji, A. et al. Time, distance, shielding and ALARA; drawing similarities between measures for 

radiation protection and coronavirus disease pandemic response. Indian J Cancer, 

April-June 2020; 57(2):221-223. 

Sabol, J., Nejedlý, J.: Specific aspects of CBRN protection usable for COVID-19 pandemic protection. 

Proc. Intern. Conference CrisCon 2021, TBU University, Uherské Hradiště (Czech Republic), pp. 239- 

258. ISBN 978-80-7678-028-6. 
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Radiological risk governance is confronted with scientific and societal uncertainties, politi- 

cisation and societal polarisation, discrepancies between technical experts’ and citizens’ per- 

ceptions and understandings of risks, and/or the need to balance social, environmental, tech- 

nical and economic aspects into decision-making. This complexity calls for transdisciplinary 

approaches to radiological protection research and practice, as these are deemed to generate 

socially robust knowledge, taking due account of societal values, needs and expectations. 

Transdisciplinarity differs from multidisciplinary approaches, as it transgresses boundaries 

between academic disciplines. It also goes beyond interdisciplinarity, as it not only seeks 

to integrate knowledge from various disciplines, but also to involve knowledge users and 

“recipients”, including “non-scientific” actors (e.g. citizens) in joint problem solving. An- 

other key feature of transdisciplinarity is self-reflexivity on the justification and implication 

of research and its applications. 

The need for transdisciplinarity in radiological protection research and practice has been 

emphasized in the public declaration after the RICOMET 2016 International Conference, 

and recognized in the Joint Roadmap for radiological protection research in Europe. How- 

ever, some questions remain, including how should such reflective approaches be developed 

and what processes are conducive to the integration of insights from different knowledge 

systems, specifically from multiple disciplines and multiple actors in research and practice? 

This contribution reflects on practical aspects relevant to further embedding transdisciplinar- 

ity in radiological protection research and practice. We base our reflection on lessons learned 

from national and international projects and networks; an international workshop showcasing 

challenges and opportunities for transdisciplinarity in radiological protection co-organized 

by the RadoNorm project and the Belgian Radiation Protection Association in the frame- 

work of the RICOMET 2021 conference; and an initiative with Early Career Researchers 

aimed at stimulating their attention to other disciplines and to the wider social, ethical, and 

environmental issues relevant to their research. All these initiatives suggest venues for new 

and alternative forms of learning, knowledge production and problem solving that integrate 

actors from and beyond the scientific community in order to address complex problems in 

radiological protection. 

This work received partial funding from the RadoNorm project. This project has received 

funding from the Euratom research and training programme 2019-2020 under grant agree- 

ment No 900009. 
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The six European radiation protection platforms embody the diversity and multidisciplinar- 

ity of the European radiation protection research community. Together we highly value the 

integration and expression of a common vision to ensure that radiation protection research 

and innovation maximally respond to the societal needs for radiation protection of human 

and environment. Therefore, MEENAS, the Consortium of European Radiation Protection 

Research Platforms, MELODI, EURADOS, EURAMED, NERIS, ALLIANCE and SHARE, 

was officially established by an MoU on 12 March 2020. 

By uniting the forces of the individual platforms, we intend to operate as a strong shared- 

voiced vehicle towards third parties, such as the European Commission, and to enforce the 

position of radiation protection research in Europe and beyond. 

We will present the functioning of MEENAS, its foreseen tasks and future perspectives 

in shaping European radiation protection R&I. In this context, we will inform how the ex- 

tended MEENAS group prepared a robust radiation protection co-funded partnership vision 

document towards the establishment of a partnership for radiation protection research. The 

final document was transmitted to the European Commission on 8 January 2021 following a 

number of iterations with the EC, programme owners and managers and platform members. 

This vision document and the CONCERT joint roadmap form the basis of our radiation 

protection R&D community response to the HORIZON-EURATOM-2021-NRT-01-09 call. 

The involvement of MEENAS in the proposal writing will be explained and our engagement 

in the future project will be described. 

MEENAS expert role as representative for European Radiation Protection R&I is recog- 

nised: we are invited to attend the High-Level European Nuclear Roundtable with Com- 

missioner Mariya Gabriel where MEENAS will be able to present the stakes of European 

Radiation Protection R&I. We will communicate the highlights of that meeting and the role 

of MEENAS within the HLENR. 
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The ICNIRP 2020 guidelines for limiting exposure to radiofrequency fields brought many 

changes to previous guidelines from 1998, starting with a more rigorous definition of sub- 

stantiated effects taken into account for setting exposure limits. The new approach also in- 

cluded a new kind of threshold level above which radiofrequency exposure causes health ef- 

fects: operational threshold. Another essential change consists in taking into account the brief 

local heating of tissue and setting exposure limits and reference levels for rapid temperature 

rise. Moreover, new physical quantities were included in the guidelines to express the new 

type of exposure limits and reference levels. 

Although more rigorous in comparison with previous guidelines, provisions of the new 

guidelines might confuse the reader by novelty, and the amount of changes is another chal- 

lenge for practitioners. For example, provision of four tables for reference levels meant to 

cover four different exposure situations might be somehow confusing for simple practitio- 

ners as good knowledge on exposure evaluation is needed to correctly apply them. Other 

examples of challenges for the personnel involved in measuring electromagnetic fields levels 

are: changes of some physical quantities to be determined, modified exposure metrics, as 

well as more complex formulas for the evaluation of simultaneous exposure to fields of dif- 

ferent frequencies. 

The amount and the complexity of changes, as well as the novelty related to concepts, 

quantities and specific provisions led to more rigorous and precise guidelines, but more 

complex and more difficult to assimilate and use in practice. Therefore, qualified advice for 

compliance with reference levels is needed, as well as adequate measurement methods, pro- 

cedures and equipment. Further advice on the entire process of exposure assessment will be 

required to facilitate the implementation of the new ICNIRP guidelines in practice when they 

are adopted as national regulations. 
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INVESTIGATION OF UV-INDUCED ΓH2AX PHOSPHORYLATION 

ON HUMAN KERATINOCYTE AND FIBROBLAST CELLS 
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György THURÓCZY PhD1
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Ultraviolet (UV) radiation is divided in the literature into 3 ranges, UVA (320-400 nm), UVB 

(280-320 nm) and UVC (100-280 nm). The UVC range is completely filtered by the ozone 

layer, therefore it can only be found at artificial sources. Certain ranges of UV radiation have 

been used for a long time to treat various types of skin diseases. Treatments of psoriasis, vit- 

iligo and atopic dermatitis are used for both UVB and UVA radiations. The low dose UVA 

radiation is used for treatment of morphea (Totonchy and Chiu 2014). The UVC radiation 

has been successfully used to cure non-healing wounds, infected with multi-resistant bacteria 

(Gupta et al. 2013). In addition, UVC radiation is a well-known disinfection agent in industry 

and healthcare. Several areas, UV radiation is increasingly being used, which is known to be 

carcinogenic. The UV radiation has been classified as Group 1. carcinogen by the WHO’s 

cancer agency, IARC (International Agency for Research on Cancer). It would be important 

to know the molecular biological processes that occur in different skin cells when exposed to 

UV radiation. The γH2AX assay is a method that is able to detect DNA double-strand breaks 

with immunofluorescent procedure. After ionizing radiation, the Ser-139 of H2AX histone 

is phosphorylated – then called γH2AX –, which is labelled with an anti-γH2AX fluorescent 

antibody to mark the double-stranded DNA damage as a focus. UV radiation causes a com- 

pletely different phenomenon, known as pan-nuclear phosphorylation, which is still poorly 

understood. The aim of this study is to construct an adjustable wavelength UV irradiation 

system (254 nm, 305-311 nm, 350-368 nm) in which cells can be irradiated in sterile circum- 

stances with determined doses and wavelength of UV radiation, in order to better understand 

the phenomenon of pan-nuclear phosphorylation on human keratinocyte and fibroblast cells 

in vitro. 

 
Gupta, A., P. Avci, T. Dai, Y. Y. Huang and M. R. Hamblin (2013). "Ultraviolet Radiation in Wound 

Care: Sterilization and Stimulation." Adv Wound Care (New Rochelle) 2(8): 422-437. 

Totonchy, M. B. and M. W. Chiu (2014). "UV-based therapy." Dermatol Clin 32(3): 399-413, ix-x. 
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Intermediate frequency (IF) magnetic field (MF) ranges from 300 Hz to 10 MHz. Nowadays 

many consumers and industrial equipment - such as household devices, hybrid and electric 

vehicles, airport control gates - produce IF MFs varying widely ranges of frequency and 

strength. Because this topic is underrepresented and its exposure is increased in everyday 

life, a general concern about its possible health effects has become constant. We investigated 

IF exposure alone and in combination with ionizing radiation, through the adaptive response 

phenomenon have any effect on humans. Normal human dermal fibroblasts were exposed to 

22 kHz or 250 kHz magnetic field for 24 hours or exposed to IF MF for 24 hours and 4 hours 

later challenged with 2.5 Gy ionizing radiation. Intermediate frequency exposure system 

consisted of a solenoid coil, a function-generator, and an RF power amplifier. The entire coil 

system was placed in a CO2 incubator. The temperature of the exposure was controlled by 

water flow and maintained at 37 °C. The cells in Petri dishes were placed in the coil, which 

was operated at resonant mode at 22 kHz or 250 kHz with 100 µT magnetic flux density. 

Ionizing irradiation with 2.5 Gy for adaptive response protocol and 4 Gy for positive control 

carried out by X-RAD 225/Xli X-ray source. After the exposures genotoxicity assessments 

were carried out by classical methods. Single-strand DNA breaks and oxidative stress were 

measured by FPG-enzyme modified Alkaline Comet Assay, double-strand DNA breaks by 

ƔH2AX Assay and chromosome aberration by Micronucleus Assay. Our results showed that 

the 22 kHz IF MF exposure had no significant genotoxic effect. Furthermore, we did not 

detect the adaptive response phenomena, i.e. the 22 kHz IF MF had not got protective effect 

on ionizing radiation. Further results of the 250 kHz IF MF exposure are in progress and will 

be presented in the conference. This study was carried out as part of the FiGe project, funded 

by ANSES. 
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Electric Vehicles (EVs) are spreading out in all European Countries as well as charging in- 

frastructures, both in Alternating Current (AC) and fast Direct Current (DC). EVs occupants 

are exposed to low frequency magnetic fields generated by the currents flowing from the 

high-voltage batteries to the electric motor and generated by inverters and other electrical 

components. The magnetic field exposure in EVs may generate concern in population and it 

may limit the EVs expansion [1]. 

The aim of this work is to investigate the magnetic fields exposure during everyday uses 

of different EVs. The measurements are made during different conditions of travelling such 

as urban and motorways, and during AC and fast DC charging. Broadband and narrowband 

measurements are conducted in several position inside the car: driver, front passenger and 

backseats. Following Trentadue et al. [3] measurements are performed around fast DC sta- 

tions and, following Yang et al. [2], inside the EV, during travelling and charging processes. 

Due to the complex broadband spectrum, the ICNIRP weighted peak approach is per- 

formed to assess the human exposure of magnetic fields. Results are compared to the general 

public ICNIRP reference levels. 

 
[1] A. Vassilev, A. Ferber, C. Wehrmann, O. Pinaud, M. Schilling and A. R. Ruddle, "Magnetic Field 

Exposure Assessment in Electric Vehicles," in IEEE Transactions on Electromagnetic Compatibil- 
ity, vol. 57, no. 1, pp. 35-43, Feb. 2015, doi: 10.1109/TEMC.2014.2359687. 

[2] Yang L, Lu M, Lin J, Li C, Zhang C, Lai Z, Wu T. Long-Term Monitoring of Extremely Low 
Frequency Magnetic Fields in Electric Vehicles. Int J Environ Res Public Health. 2019 Oct 
7;16(19):3765. doi: 10.3390/ijerph16193765. PMID: 31591344; PMCID: PMC6801816. 

[3] Trentadue, G., Pinto, R., Salvetti, M., Zanni, M., Pliakostathis, K., Scholz, H., & Martini, G. 
(2020). Assessment of Low-Frequency Magnetic Fields Emitted by DC Fast Charging Columns. 
Bioelectromagnetics, 41(4), 308-317 
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The radiofrequency (RF) exposure is continuously increasing in the public area. However, 

most users of 2G-5G mobile communication systems are youngsters, little is known about 

personal RF exposure of their life-like situations. Thus, our personal dosimetry study aimed 

to assess exposure of 2G-5G mobile communication systems in a real situation where the 

user-habits of young adults are most dominant. A measurement situation was chosen where 

people occur crowded thus the nearest neighbourhood effect can also be obtained. A summer 

outdoor music festival intended for undergraduates provided an adequate opportunity to col- 

lect realistic electric field strength data. 

Two young volunteers received personal exposimeters (ExpoM RF) during two days of 

a music festival. They wore them close to their body (in their backpack) moving freely at 

the festival staying close to each other. They were allowed to use their own mobile phones 

without restriction. They visited various venues – e.g. themed tents, resting areas, concerts 

with crowded people, vicinity to base stations. Their activities were marked in the exposure 

diaries and subsequently compared with collected data of the exposimeters (field strength 

(V/m) and GPS data). Band-selective exposure sorted along 2G-4G uplinks and downlinks 

and 5G 3.5 GHz band were calculated. Field strength data subsets were classified on the basis 

of mass (crowded /low attendance events) as well as topics (e.g. concert /food /resting area). 

Data of each subset were randomly reduced to equal amount and compared. 

While the majority of RF exposure was recorded from 2G-4G systems, the 5G data were 

negligible. From this result we concluded that the use of the 5G system was not yet typical. 

In the case of other frequency bands it was found that data separated along selection criteria 

differ. This reflects the importance of the behaviour and the microenvironmental RF exposure 

of the users. 
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Radiofrequency (RF) readers emit electromagnetic field (EMF) of various frequencies (usu- 

ally: 13; 450; 900; 2450 MHz - depending on the technology) to read information (RadioFre- 

quency IDentification - RFID) or not (Electronic Article Surveillance - EAS), and to transfer 

energy (operating with passive tags) or information only (operating with active tags), and 

may also be incorporated into Internet of Things (IoT) systems (Zradziński et al., 2019, 2020, 

2021). 

The level of occupational hazards near RF reader depend significantly on the EMF fre- 

quency, dimensions of reader, emitted power (dependent on a reading range required in ap- 

plication and a sensitivity of used tags), type of used tags (passive/active), type of tasks 

performed near to readers and environment there (handheld/fixed readers). The use of active 

implantable medical devices (AIMD) may cause also specific hazards near RF readers. 

Numerical calculations of the specific energy absorption rate (SAR), quantifying thermal 

effect-related hazards, were performed. The obtained results showed that at 900 MHz only 

handheld RF readers emitting <1W and fixed readers emitting <5W may be considered as 

environmentally insignificant EMF sources. 

 
Zradziński, P., et al. 2019. Electromagnetic Energy Absorption in a Head Approaching a Radiofre- 

quency Identification (RFID) Reader Operating at 13.56 MHz in Users of Hearing Implants Versus 

Non-Users. Sensors. 19, 3724. 

Zradziński P., et al. 2020. Environmental safety aspects of using UHF RFID systems in hospitals. 

Inżynier i Fizyk Medyczny. 2(9), 133-140. 

Zradziński P., et al. 2021. Modelling and Evaluation of the Absorption of the 866 MHz Electromagnetic 

Field in Humans Exposed near to Fixed I-RFID Readers Used in Medical RTLS or to Monitor PPE. 

Sensors. 21, 4251. 
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The UK’s Society for Radiological Protection, Heads of Profession Network is a new group 

that provides a forum for discussion and sharing of experience focussing on topics such as 

recruitment, retention, training and career development of radiation protection personnel. 

This is an opportunity for SRP organisations to gain awareness from others, potentially intro- 

ducing efficiencies and looking at best practice. The group is unique as it is a cross industry 

group with participants representing healthcare, nuclear, non-nuclear and regulators with the 

shared focus of the development and promotion of UK radiation protection careers. The 

group has been running for three years; communicate through a forum page and Microsoft 

Teams channel with meetings twice a year. The initiative has increased from 5 to over 25 

institutions. Covid-19 caused the cessation of further face-to-face meetings, but the Net- 

work forum space was considered a vital communication channel to assist those who needed 

support and guidance through the difficult lock-down months. Recognized as a Network 

within the Society for Radiation Protection, the Heads of Profession continue to inform and 

debate with the aim of increasing the profiles and development of radiation protection careers 

through all UK industries. 
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It is widely recognized that education and training are essential pillars for applying ionizing 

radiation safely. Since 1999, a series of seven conferences on Education and Training in Ra- 

diological Protection has been organized in Europe. With the focus on benchmarking current 

practices and experiences on one hand, and on a harmonized approach towards education and 

training in Europe on the other, this series has proven to be very successful (see etrap.net/ 

previous-editions). The 8th ETRAP conference will be hosted by the Groningen Academy for 

Radiation Protection / University of Groningen, in close collaboration with SCK-CEN. The 

conference will be held in the week from 26-30 June 2023 in the beautiful city of Groningen 

in The Netherlands, most likely preceded or combined with a workshop of the European 

foundation for Training & Education in Radiation Protection (EUTERP). In this contribution 

we will update the congress participants on the details and program of the ETRAP conference 

and EUTERP workshop. 
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The SCK CEN Academy for Nuclear Science and Technology functions as the umbrella 

structure coordinating the education and training activities of the Belgian Nuclear Research 

Centre (SCK CEN). 

One of the main activities of the SCK CEN Academy is to provide customized training to 

professionals working in nuclear industry, healthcare, research or governmental institutions. 

These courses address all topics of SCK CEN’s R&D portfolio. In the specific field of radia- 

tion protection themes such as dosimetry, radiobiology and –ecology, nuclear and radiologi- 

cal emergency management, ALARA and safety culture, decommissioning and radioactive 

waste management are addressed, as well as topics related to social sciences and humanities 

and ethical aspects. During most of these courses, theoretical lectures are complemented by 

exercises and hands-on sessions in the specialized laboratories of SCK CEN. These courses 

and practical sessions are usually given in a face-to-face format. 

This drastically changed in the last two years due to the COVID-19 pandemic where we 

were forced to switch course delivery from face-to-face to an online format. This change in 

approach required flexibility from both trainee and trainer, as well as from the training orga- 

nization. Did it also affect the effectiveness of the training? 

This poster highlights the results of the analysis of trainees’ and trainers’ feedback. Feed- 

back was gathered from different training courses in radiation protection provided in face- 

to-face and online format. The analysis of this feedback allows training providers to make 

better-informed decisions on the best-suited training format depending on the content, target 

audience and the duration of the learning activity. It also provides input to optimize the sup- 

port for the trainers and trainees adapted to the delivery format of the training course. 
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The Covid-19 pandemic has had an enormous impact on society. This also affected the edu- 

cation and training in the field of radiation protection. Courses were cancelled, exams post- 

poned, physical lectures changed into online lectures and practicals had to be adjusted to 

comply with social-distancing rules. Members of radiation safety courses, as well as their 

teachers, had to find new ways of learning the required knowledge, skills and attitudes. 

But what was the effect of this necessary adaptation on the exam results? To investigate 

this we looked at the exam results of a number of courses which were given before and dur- 

ing the COVID pandemic. To get statistically significant results courses were selected which 

were given multiple times and/or with large numbers of participants. Also the tested learning 

outcomes must be unchanged during the survey period. 

The selected courses and periods were: 

● Radiation safety for medical specialists, May 2018 – October 2021 

● Radiation safety for dental cone beam CT, February 2014 – December 2021 

● Radiation Protection Officer for dispersible radioactive substances, June 2018 – July 2021 

In total the results of 700 individual exams were used as data, of which 2/3 was pre- 

COVID and 1/3 was during the COVID pandemic. 

Surprisingly, the exam results were identical in both periods: 83% of the candidates passed 

their exam! This was no doubt caused by extra effort made by the course members, especially 

in the first months of the pandemic. But also during the pandemic more and more new online 

teaching methods were developed and used: 

● Pre-recorded video lectures 

● Interactive response lectures with quizzes to promote questions from course members 

● Exercises interlaced with quizzes as formative assessment 

● Virtual practicals and exercises 

The newly developed online methods are proven successful and definitely will be used 

post-COVID, next to physical lectures! 
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The Covid-19 restrictions had a huge disrupting effect on education and training. But the 

necessity to change from physical courses to online courses also gave an enormous boost in 

the development of online learning tools. Together with the Radboud Health Academy we 

have developed various fun and effective learning tools. In the poster presentation we hope 

to inspire other teachers to develop their own learning tools. 

The decontamination strategy is the simplest tool, a picture game in which the steps to 

remove a contamination are randomised. You can drag and drop the pictures in the correct 

order, which is a good primer for performing this task in real life. 

The Escapelab is much more complicated, especially for the developer! In this adventure 

game an alarm urges you to leave an isotope laboratory fast and safely. A menu with options 

is shown and selecting an option starts a short video. An actor illustrates your choice and a 

voice over provides feedback. A bad choice gives you a retry, a good choice gives you new 

options. This results in a large amount of possible scenarios, but only in a few scenarios you 

will leave the lab safely. 

A 360 degrees virtual reality video is used for training medical specialists who use fluo- 

roscopy. Using your smartphone in a special viewer you stand at the table as member of the 

team. A fluoroscopy procedure starts, but around you strange things are happening … You 

have to spot the good, the bad and the ugly, which then is discussed with other participants 

and a trainer. This trains ALARA-awareness, but also shows the different roles in the team 

and organization. 

The online fluoroscopy practical teaches you how to interact with the X-ray operator. 

For this a video-stream of the fluoroscopy room with the X-ray operator and the generated 

X-ray images are merged in one single livestream. The operator can see and hear you and 

together you adjust the C-arm to get the right images, without unnecessary radiation for the 

patient and operator. 
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Higher education and training in Radiological Protection and Safety, encompasses the devel- 

opment and preservation of competences, knowledge and skills, providing lifelong learning 

opportunities and ensuring the transition of KSCs to future generations of experts. Appro- 

priate E&T of professionals has long been identified by ICRP, IRPA, the European Union, 

IAEA, the OECD/NEA and other international organizations and institutions as instrumental 

for implementing an adequate radiation safety culture in workplaces. 

Having this in mind, Instituto Superior Técnico (IST) of the University of Lisbon offers 

since 2016, a Bologna Master’s degree Course in Radiation Protection and Safety (MPSR), 

unique and first of its kind in Portugal, currently in its fourth edition. This master course con- 

sists of 4 semesters, corresponding to 120 ECTS and includes 12 compulsory curricular units 

(6 ECTS each) plus 11 options and a final master dissertation (30 ECTS). In this work, an 

overall analysis, conclusions, lessons learnt and recommendations of the obtained results and 

accumulated experience of this Master´s Course will be delivered. The assessment provided 

is informed by feedback collected from students, by lecturer’s analysis, employability and 

internationalization, among other parameters and indicators. 
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Safe utilization of nuclear energy requires competent, independent, and adequately financed 

National Nuclear Regulatory Authorities (NRAs) and Technical Support Organizations 

(TSOs). Because of the high demands on technical competence, the continuous availability 

of new information (development of new reactor types, new safety mechanisms or new as- 

sessment methodologies), the recruitment of new staff, there is always a need for general, 

in-depth and specific training for the experts of NRAs and TSOs to build and maintain their 

necessary knowledge and skills. The European Union (EU) supports the achievement of the 

above in countries outside the EU through the Instrument for Nuclear Safety Cooperation 

(INSC) and initiated several actions to provide training for countries in need of technical 

assistance. 

Training & Tutoring initiative to support competence building worldwide is part of the 

INSC’s efforts towards making the EU a global reference in matters of nuclear safety and 

radiation protection, emergency preparedness and regulatory framework. 

Phase 5 of the European Commission’s INSC project has been launched in January 2022 

and implemented by a Consortium led by EK (Hungary), having members of NucAdvisor 

(France), N.IN.E. S.r.l. (Italy), VUJE, a. s. (Slovakia), Uni-Energy Ltd. (Hungary) and ENEN 

(Belgium). Throughout the nearly three years of the project, several courses – both in the 

form of trainings and several weeks tutoring – and assistance will be provided for the experts 

of non-European countries’ NRA(s) and TSO(s) to strengthen their capabilities with regard 

to their tasks and responsibilities related to radiation protection and nuclear safety. Devel- 

oping such expertise is more than a matter of education, as it involves not only the transfer 

of technical knowledge, experiences, and best practices, but also helps promote the nuclear 

safety culture. In addition to details of the programme, initial results and lessons learnt will 

be presented. 
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The RadoNorm project kicked off in September 2020 (www.radonorm.eu). It aims at im- 

proving protection against harm arising from exposure to radon and NORM. Education and 

training (E&T) activities form an integral part of the project. The E&T program is based on 

hiring and supervising PhD students and early career researchers (ECR) in the course of their 

projects. It includes financial support for courses that are organised in an open-call manner 

and travel grants. In this way, the future researchers receive profound education in the field 

of radiation protection research and pave the road for maintaining and expanding relevant 

competence in Europe. 

During the first year of the project 18 PhD students and 2 postdocs were recruited. Four fur- 

ther PhDs and 12 postdocs will be recruited soon. The COVID-19 pandemics lead to lower than 

initially planned number of courses and exchange visits/travel grants. Nevertheless, two on-line 

seminars were organized where each ECR presented her/his project. Five exchange visits/travel 

grants were funded and five courses were organized. The courses, in chronological order, were: 

● Naturally occurring radionuclides in work and the natural environment – establishing the 

problem definition, finding sources and exposure assessment, 12 – 26 April 2021, GIG, 

on-line, Poland. 

● The art of public opinion survey analysis: surveying the public on radon and NORM. 

26 – 30 April 2021, SCK-CEN and Antwerpen University, on-line, Belgium. 

● Interdisciplinary radiation research on radon – InterRad, 14 - 25 June 2021, BfS, on-line, 

Munich, Germany. 

● NORM impact assessment toolkit: from microorganisms to human cells. 30 August - 10 

September, 2021, Aveiro University and Porto University, Portugal. 

● Cellular and genotoxic effects of high and low LET ionizing radiation – introduction to 

radiation biology. 8 – 19 November 2021, Stockholm University, Sweden. 

This project has received funding from the Euratom research and training programme 2014-2018 under 

grant agreement No 900009. 
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The introduction of digital radiography has improved image acquisition. Conversely, it has 

prompted an increase in the number of examinations requested (ICRP, 2004). Besides, rejec- 

tion of images is still a matter of concern, since the radiation burden of patients is unneces- 

sarily increased (Jones, 2015). Reject analysis is part of the quality assurance program in 

radiology and helps identify potential errors or lack of training. 

Data were retrospectively collected from nine digital X-ray rooms during a five-month 

period in 2021 at the University and Polytechnic Hospital La Fe, including emergency and 

radiology departments, with rooms dedicated to paediatric and hospitalised patients and to 

scheduled examinations. An application was developed in Microsoft Excel (v.2010) with 

Visual Basic to enable categorisation of data by age, sex, examination and rejection cause. 

An overall reject rate of 3.8% for pediatric units and 4.7% for adults was found, with the 

emergency department having a reject rate of 4.1%; scheduled examinations 5.0% and ex- 

aminations of hospitalised patients 6.4%. The highest reject rate was found for abdomen AP 

in adults (11-18%) and thorax lateral in paediatric patients (12%). The main rejection cause 

was “moved patient” (45-65% of overall rejected examinations), with the highest proportion 

in paediatric examinations. Exposure errors accounted for 4-11%. Most frequently performed 

examinations corresponded to limbs (25-61%) and thoracic spine (11-32%). 

Exposure errors contribute to a minor part of rejected images, with patient movement be- 

ing the main cause, especially in paediatric examinations. Paediatric patients tend to be less 

collaborative, especially at younger ages, hence the higher proportion of rejected images due 

to patient movement in paediatric-dedicated rooms. Although overall reject rates lie within 

the recommendations by AAPM TG 151 (Jones, 2015), corrective actions should be consid- 

ered by targeting major rejection causes. 

 
ICRP, 2004. Managing Patient Dose in Digital Radiology. ICRP Publication 93. Ann. ICRP. 34 (1). 

Jones, A. K. et al., 2015. Ongoing quality control in digital radiography: Report of AAPM Imaging 

Physics Committee Task Group 151. Med. Phys. 42(11), 6658-6670. 
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In the radiation protection of patients, the application of dose limits or constraints is not 

recommended; emphasis is made on the justification and optimisation of medical exposures 

(ICRP, 2007). Diagnostic Reference Levels (DRL) are a key tool for the optimisation of ra- 

diation exposure of patients in diagnostic and interventional procedures (ICRP, 2017). The 

Council Directive 2013/59/Euratom states the need of establishing and using DRLs for diag- 

nostic and, if possible, interventional radiology. 

A retrospective study was conducted at the University and Polytechnic Hospital La Fe 

(HUiP La Fe) to obtain local DRLs for relevant radiology procedures. Two CT units, a radio- 

fluoroscopy room, nine digital radiography rooms and three interventional radiology suites 

were evaluated. Data were collected during a six-month period. DRLs were obtained as the 

75th percentile of the DRL quantity, being the dose-length product for CT and the air kerma- 

area product for the rest. Paediatric procedures were classified according to weight or age, 

depending on the data and prioritising the former (ICRP, 2017), and the DRL quantity was 

fitted to a function of weight or age when few data were available (EC, 2018). 

In interventional suites, a value of 284 Gy·cm2 was obtained for hepatic chemoembolisa- 

tion and 58 Gy·cm2 for cerebral angiography; in CT rooms, 704 mGy·cm for coronariog- 

raphy and 820 mGy·cm for skull CT; in radiography, 580 mGy·cm2 for chest PA and 3060 

mGy·cm2 for abdomen AP. Other procedures were also evaluated. 

An evaluation of local DRLs for interventional and diagnostic radiology procedures was 

performed at HUiP La Fe. Comparison of local values with published DRLs in interventional 

radiology was limited due to variations in patient characteristics, procedure complexity or 

equipment performance (ICRP, 2017). In diagnostic radiology, discrepancy of obtained val- 

ues with regional/national DRLs for certain procedures suggests the revision of image quality 

and radiation exposure. 

 
ICRP, 2007. Radiological Protection in Medicine. ICRP Publication 105. Ann. ICRP. 37 (6). 

ICRP, 2017. Diagnostic reference levels in medical imaging. ICRP Publication 135. Ann. ICRP. 46(1). 

EC, 2021. European Study on Clinical Diagnostic Reference Levels for X-ray Medical Imaging 

(EUCLID). Radiation Protection No. 195. Publications Office of the European Union. 

EC, 2018. European Guidelines on Diagnostic Reference Levels for Paediatric Imaging. Radiation 

Protection No. 185. Publications Office of the European Union. 
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Automatic tube current modulation (ATCM) in computed tomography (CT) is a powerful tool 

for enhancement the image quality reducing the dose delivery to patient during scan. Accord- 

ing International Commission on Radiation Protection, the dose reduction can achieve 40% 

using ATCM (ICRP, 2017). The ACTM consists of adjusting the current according to size, 

shape and X ray attenuation of patient anatomic area. The quality assurance (QA) programs 

establish the test criteria but not specify the phantom. The phantom to perform the ATCM 

test should allow assessing how the CT system adapts the tube current as a function of object 

size with either discrete or continuous changes in attenuation using a pre-fixed parameters. 

The AAPM TG233 remarks that various sets of phantoms can be used for test. The discrete 

adaptation test utilizes a phantom of different fixed sizes (at least two) in the longitudinal 

direction. The continuous adaptation test uses a phantom with continuous changes in water- 

equivalent diameter in the longitudinal direction (AAPM, 2019). Considering the different 

recommendations of QA programs (Brazilian and international documents), we developed a 

dedicated phantom for ATCM test. The phantom was built in high-density polyethylene in 

cylindric shape with 3 different diameters (300, 280 and 250mm). To verify the applicability 

of this phantom we tested it on a CT scan using ATCM in 2 different CT scans (Toshiba and 

Philips). The results demonstrated the spatial concordance between a discontinuous change 

in phantom size and the corresponding change in the tube current, indicating that CT system 

was able to adapt current when an abrupt change in attenuation occurred. 

 
AAPM (AMERICAN ASSOCIATION OF PHYSICISTS IN MEDICINE) 2019. Performance Evalua- 

tion of Computed Tomography Systems. AAPM Report nº 233. 

ICRP (INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION) 2017. Diagnostic 

reference levels in medical imaging. ICRP Publication 135. 
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Recent studies demonstrated that optically stimulated luminescence (OSL) systems allow the 

evaluation of doses for 2D mapping in a relatively fast and simple way and results show sub- 

millimeter resolution (Ahmed et al., 2017; Jahn et al., 2013). The two most advanced-stage 

studies with satisfactory application in 2D dose mapping are based on commercial prototype 

detectors (Al2O3:C and BeO). Some OSL materials have been evaluated in research labora- 

tories for use in 1D and 2D dose distribution assessments and there is no common sense on 

the best OSL material for each application (Yukihara and Kron, 2020). This work presents, 

for the first time, an optically stimulated luminescence (OSL) film made with CaSO4:Eu par- 

ticles embedded in a silicone elastomer matrix. The OSL film was produced using a low-cost 

and relatively simple methodology. This film is reusable and the signal can be satisfactorily 

bleached using blue LEDs. The main dosimetric properties were evaluated using TL/OSL 

Risoe reader with blue stimulation and Hoya U-340 filter. Investigation shows repeatability 

within 5% when measuring with the same film sample. Regarding the OSL film homogeneity,  

nearly 15% sensitivity change was observed within the 5 x 5 cm2 produced film. Addition- 

ally, the dose response curve shows linearity from 5 to 25 Gy. Further studies are necessary 

to understand and minimize the influence of OSL signal fading, which seems as high as 70% 

in the first week and then is stable. Nevertheless, a 3 x 3 cm2 OSL film was successfully used 

to map dose distribution in radiosurgery (6 MeV photon beam). This work demonstrates the 

feasibility of 2D dosimetry using low-cost and reusable OSL films based on CaSO4:Eu. 

 
Ahmed, M. F.; Shrestha, N.; Ahmad, S.; Schnell, E.; Akselrod, M. S.; Yukihara, E. G. 2017. Demonstra- 

tion of 2D dosimetry using Al2O3 optically stimulated luminescence films for therapeutic megavoltage x-

ray and ion beams. Radiation Measurements, 106, 315–320. 

Jahn, A.; Sommer, M.; Ullrich, W.; Wickert, M.; Henniger, J. 2013. The BeOmax system - Dosimetry 

using OSL of BeO for several applications. Radiation Measurements, 56, 324–327. 

Yukihara, E.G.; Kron, T. 2020. Applications of Optically Stimulated Luminescence in Medical Dosim- 

etry. Radiation Protection Dosimetry, 192, 122-138. 
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Mammography is one of the most effective diagnostic methods for the early detection of 

breast cancer; however, it poses the risk of radiation exposure. To date, mammography do- 

simetry has been performed according to the mean glandular dose (Dance and Sechopoulos, 

2016); however, the actual exposure in the breast has not been assessed. Herein, dose distri- 

butions and depth doses were measured using both radiochromic films and mammographic 

phantoms, and intra-mammary dose assessment was conducted in three dimensions. 

Gafchromic EBT3 (EBT3) for radiotherapy was used as the radiochromic film, while the 

Modular DBT Phantom, which is a uniform composition of the breast and glandular-tissue- 

mimicking materials, was used as the mammographic phantom. The phantom comprises one 

20-mm-thick semicircular cylinder and two 10-mm-thick cylinders of the same shape. The 

cylinders were piled up to form a 40-mm-thick breast. EBT3 was then placed on the surface 

and at depths of 20, 30, and 40 mm of the phantom. X-rays were subsequently delivered us- 

ing a mammography device (Mammomat, 3000, Siemens). The exposure parameters were 

30 kV, 100 mAs, and Mo/Mo. 

The absorbed dose distribution at the surface was markedly higher on the chest-wall side 

and lower on the nipple side, with a difference of approximately 2 mGy. The effect of the 

higher absorbed dose distribution on the chest-wall side became less pronounced as depth 

increased. The absorbed doses in the deep direction exponentially decreased in the order of 

12.08, 1.93, 0.89, and 0.44 mGy at the surface, 20-mm depth, 30-mm depth, and 40-mm 

depth, respectively. 

Since EBT3 could be placed inside the phantom, the absorbed dose inside the breast could 

be evaluated in three dimensions. Results suggest that a more comprehensive dosimetry can 

be performed if the phantom considers the distribution of the glandular tissue rather than the 

uniform composition of the phantom used herein. 

 
Dance, D.R., Sechopoulos, I. 2016. Dosimetry in x-ray-based breast imaging. Phys. Med. Biol. 61(19), 

R271-R304. 
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The accurate measurement of the dose distribution delivered by a linear accelerator of radio- 

therapy treatments is of utmost importance of the quality control system. 

One of the emerging techniques to obtain three-dimensional (3D) information about the 

dose field is the use of polymer gel phantoms, that alters its optical attribute proportionally 

to the received dose. The dose information can be read out from the exposed polymer gel by 

means of optical computed tomography (OCT). 

Prototype of an OCT scanner was developed to offer instrumentation for researchers who 

are involved in developments of polymer gel variations to this application area. 

The reader scans cylindrical volume of polymer gel with size of 12 cm x 12 cm x 15 cm. 

It is equipped with an image reconstruction software using filtered back projection. 

The performance is validated by comparative analysis between the treatment plan of a 

clinical LINAC and the reconstructed images for a set of basic dose fields. 
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Introduction 

With regard to radiation protection, special attention should be given to interventional radiol- 

ogy workplaces, where patients and staff can receive considerable exposure from ionising 

radiation. Several studies have been conducted with the conclusion that there is a chance that 

the dose limits may be exceeded when using X-ray fluoroscopy during extensive catheter 

interventions. Therefore, the staff must carefully examine every parameter that could affect 

the radiation protection at these workplaces. The purpose of this study was to investigate the 

impact of x-ray machine replacement on the exposure of the staff. 

 
Materials and methods 

This study presents a laboratory for peripheral vascular examination and intervention. A 18 

years old angiography unit was replaced with a new one, and the acceptance test was per- 

formed. Beside the analysis of its results, legally verified thermoluminescent dosimeters 

(Panasonic UD802AT, TLDs) were used to measure radiation exposure of the staff, along 

with dosimeters (MCP-N), which are also suitable for measuring Hp(10), as well as the equiv- 

alent dose to the eye lenses, skin and limbs. 

 
Results 

The assessment of the results shows that the radiation field produced by the new X-ray ma- 

chine is even higher. Measurements show relatively high entrance skin dose using the stan- 

dard settings. Moreover, the readings from the TLDs showed increased exposure of the staff 

especially in the physician’s position. 

 
Conclusion 

It can be concluded that when operating angiographic equipment, special attention must be 

given to choose the appropriate settings. The exposure of the staff is influenced by several 

factors, such as machine settings, the patient anatomy, and its utilisation. Regular radiation 

protection measurements and adjustments have to be made, to avoid overexposure of the 

patient and personnel. If an equipment is “new” it does not necessary mean that it has a lower 

radiation output. 
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Computed Tomography (CT) is an image technique that is constantly evolving. The new 

technologies in its design allow to reduce the radiation dose to the patient without a detri- 

ment in the quality of diagnostic image. This concern has led to the proliferation of clinical 

protocols called "low dose". They are used in indications for which we know that a slight 

loss in the quality of the image does not compromise the patient’s diagnostic. In parallel to 

this, in recent years, applications for the registration and management of patient doses have 

become very powerful tools. 

The aim of this work is to review the dose reduction of some of these so-called "low dose" 

protocols and their correct indications. Standard chest, abdomen and head protocols and their 

"low dose" counterparts have been studied. To this end, DolQA, the official dose registration 

and management program of the Community of Madrid (Spain), has been used. The dose- 

length product (DLP) corresponding to large samples of studies carried out with standard 

protocols and with "low dose" protocols have been compared. 

The data used in the study came from two CT scanners model Siemens Somatom Sensa- 

tion 64 from Puerta de Hierro-Majadahonda Hospital. In all cases, the DLPs provided by the 

CT scan have been corrected by a factor obtained from the annual quality control test carried 

out by the medical physicist. In this control, the CT dose index (CTDIw) is measured with 

phantoms and compared with those provided by the CT scan. With these factors, DLPs ob- 

tained from DolQA are corrected. 

Dose reductions provided by low-dose protocols range from 43% for kidney stones to 

67% for the chest. In all cases they are therefore very significant decreases. 

Finally, a group of radiologists have evaluated the quality of the images of both protocols, 

analyzing whether it is reduced in such a way that the images lose diagnostic quality or, on 

the contrary, they continue to serve their function. 
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Background 

Medical exposure to ionization radiation for diagnostic of population represents the most 

important source of artificial exposure and it can be modified in a way to maximize the ben- 

efits from using the radiation while the risks can be minimized. Radiation doses are annually 

monitored and the purpose of doing so is that all examinations can be justified when they are 

used to confirm a clinical diagnosis, while the practitioner can use an optimized procedure to 

obtain the best information, assuring a reasonable dose. 

 
Methods 

It was used radiological investigation, done on 5 different age groups, which are representa- 

tive for the usage of CT investigation and the region of interest is the head, from 5 different 

counties from S–W part of Romania. It was calculated the effective dose and the equivalence 

of that dose with the natural background and it was also estimated the associated risks (can- 

cer) of that procedure. 

 
Results 

The head procedure is situated on the first place from all CT investigations, representing 

a 33%. Effective dose values were between the interval 0.46-1.38 mSv (p<0.001). These 

values were compared with the national levels recorded from the entire country. The most 

investigated age groups were above 45 years. The risk associated to this type of investigation 

is greater for the persons below 40 years and is higher for women than men because women 

are more radiosensitive than men. 

 
Conclusions 

The study revealed that about 60% from the total number of this type of investigation are un- 

justified. It is necessary to implement a QA procedure which can be the most sensitive point 

in the patient radiological protection. Education for radiological protection of the patient, for 

medical exposure, can ensure in the future a more active implication of the specialists which 

can make qualified means of information to both the physician which prescribes this type of 

investigation and also for the patient. 
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Area monitoring performed with active survey dosimeters should have appropriate accuracy 

to measure radiation fields generated by medical x-ray tube when using clinical protocols. 

The aim of this study was to investigate distance dependence of scatter radiation field of stan- 

dard phantom and to investigate temporal resolution and angular dependence of active survey 

dosimeter when applying standard protocol for chest radiography. Experiments were carried 

out by using digital radiographic system Siemens Ysio and active survey dosimeter Atomtex 

AT1121. During the experiments the scatter radiation field of standard PMMA phantom was 

measured at 121 kV at different angles, distances and x-ray tube exposure times. 

Average exposure time set by the automatic exposure control (AEC) of the radiographic 

system in chest examinations stays under 20 ms. Temporal dependence of the survey do- 

simeter was measured at exposure times in between 5-200 ms. At exposures under 32 ms 

relative standard deviation was up to 28%. The best repeatability of the experiment was at 

exposure times 100-200 ms and it is recommended to conduct area survey without AEC with 

such fixed exposure times. Exposure times set by AEC in chest examinations are too short 

for accurate measurement of scatter radiation dose rates by Atomtex AT1121 active survey 

dosimeter. 

Angular dependence of the dosimeter to scatter radiation from the phantom was measured 

in extent of 90° and it was compared to the manufacturer’s specification for angular depen- 

dence. The difference of scatter radiation dose rate compared for 0° and 90° directions of the 

dosimeter was 9%, the same difference by the manufacturer was approximately 15%. 

Scatter radiation intensity decreases approximately three times between the distances 50 

cm and 100 cm. Measurements performed in the distance under 50 cm show that the scatter 

radiation intensity decreases even slower, at distances longer than 100 cm the decrease is by 

inverse square law. 
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A method for the automatic classification of thermoluminescent dosimeter (TLD) glow curve 

(GC) anomalies was developed. This automatic classification can improve the estimation 

process of ionizing radiation dose by enhancing its repeatability accuracy. Moreover, it can 

help external dosimetry laboratories to forecast some malfunctions of their TLD readers. 

This method implicitly enables the classification of GCs into either a 'good' GC or into five 

different kinds of anomalies: 

● 'lttl' – GC having a high thermoluminescent (TL) signal in the low temperature region. 

● 'httl' – GC having a high TL signal in the high temperature region. 

● 'wide' – wide GC compared to 'good'. 

● 'spikes' – GC characterized by random high TL signal at some of its channels. 

● 'other' – any other anomaly that can not be captured by the above four described anoma- 

lies. 

The machine learning classifier applied for this purpose is support vector machines 

(SVM). The SVM algorithm categorizes TLD GCs into either a 'good' GC or into these above 

five types of TLD GC anomalies. When applied on an uncategorized GC, SVM associates 

it with a classification probability for each of the six categories. Results show an accuracy 

rate of 87.5% for the correct categorization of GCs to either of the six classes by computing 

the accuracy of the confusion matrix. Explicitly the classifier's accuracy per class is 93.2% 

for 'good', 71.5% for 'lttl', 59.5% for 'httl', 83.1% for 'wide', 26.6% for 'spikes' and 59.5% for 

'other'. 

 
Gal A, Hanan D. 2019. Computerized categorization of TLD glow curve anomalies using multi-class 

classification support vector machines. Radiation Measurements. 125, 1-6. 
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The optically stimulated luminescence (OSL) technique has several applications for radiation 

measurements, including dating and personal dosimetry (Yukihara and McKeever, 2011). 

Although several studies in the literature presented dosimetric materials used with the OSL 

technique, the number of OSL commercially available readers is limited. In this study, we 

compared the sensitivities of a newly designed OSL system with two commercial systems, 

performing OSL readouts of Al2O3:C (Luxel, Landauer Inc) irradiated with doses from 10 

mGy up to 10 Gy. The developed reader is our first prototype with all the modules have pref - 

erably open-source software. We used a cluster of eight blue LEDs (2W each and approxi- 

mately 450 nm) for the optical stimulation in the modes continuous wave (CW-OSL) and 

pulsed (detection between the optical stimulation). The detection window used a band-pass 

filter allowing detection of OSL signal with a wavelength shorter than 360 nm. The luminous 

emission from the material was detected by a photodetector module P25USB (Sens-Tech, 

United Kingdom) with a photomultiplier tube with a quantum efficiency peak at UV band 

(200 – 400 nm). We compared the readouts with the commercial readers: Risǿ TL/OSL read- 

er (DTU Nutech, Denmark) and MicroStar (Landauer Inc), respecting the different charac- 

teristics of each reader, that present different wavelengths for optical stimuli (blue and green, 

respectively) in CW-OSL mode. With the results obtained, we concluded that the developed 

reader can be applied for OSL readouts of detectors expose to high doses (up to a few Gy). 

 
Yukihara, E. G., McKeever, S. W. 2011. Optically Stimulated Luminescence – Fundamentals and 

Applications. Wiley. 

mailto:rodrigolazzari@alunos.utfpr.edu.br


Poster presentations – T04: Measurement and standardisation 

IPRA2022 / May 30–June 3, 2022 / Budapest, Hungary 178 

 

 

 

CLEARANCE MEASUREMENTS AT PSI 

S. HARZMANN*, L. PEDRAZZI, S. MAYER 

Department of Radiation Safety and Security, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland 
*Corresponding author. E-mail: sophie.harzmann@psi.ch 

Keywords: clearance, dismantling 

 

The Paul Scherrer Institute (PSI) consists of a wide range of different facilities such as accel- 

erator facilities, nuclear facilities and radioactive waste treatment. At PSI a proton accelera- 

tor, a spallation source, two electron accelerators and a proton accelerator for medical treat- 

ments are operated. Additionally the facility Hotlab and the Centre for Radiopharmaceutical 

Sciences are situated at PSI where on the one hand highly activated samples are investigated 

and on the other hand where short-lived radionuclides for medical research and patient ap- 

plication are produced. Furthermore, four former nuclear installations are dismantled: Three 

former nuclear research reactors and one incineration plant for radioactive waste material. 

This diversity of these facilities is quite challenging for clearance measurements of poten- 

tially activated or contaminated material for the release from regulatory control. 

In this contribution, examples and challenges for clearance measurements at PSI will be 

presented. 
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There is a rapid development of locally produced radioisotopes and radiopharmaceuticals 

in Indonesia, such as 153Sm, 131I, and 177Lu. In addition, radionuclide therapy dosimetry in 

Indonesia has been reported as a rising concern, following the success of participation of 

Indonesia in the IAEA Coordinated Research Project E23005. This study investigates the 

impact of the amount of activity on attenuation factors for image quantification, as a part of 

personalized dosimetry in radionuclide therapy. The investigation of attenuation factors was 

done by using locally produced radioisotopes such as 153Sm, 131I, and 177Lu , starting from low 

(±2 mCi), medium (±25 mCi), and high activities (± 50 mCi). All radioisotopes were placed 

in a 1 ml syringe and assumed as point sources. The syringe was placed on the detectors in a 

gamma camera Mediso AnyScan S, and PMAA slab phantoms were used. The low and me- 

dium energy collimator was applied for 153Sm, and 177Lu - 131I studies. The result shows that 

for 153Sm and 177Lu, the level of activity does not affect the attenuation factors, with the result, 

respectively: 0.12±0.008 and 0,11± 0.003 cm-1. However, for 131I, between low and high ac- 

tivity, the attenuation factors produced were very different, about 0.07± 0.037 cm-1. Hence, 

for 131I acquisition, an improved protocol need to be applied. To conclude, when 153Sm and 
177Lu have been administered in the clinical study, the attenuation factors can be used either 

in pre-therapy dosimetry which uses low-level activity, or post-therapy dosimetry which uses 

high-level activity. For 131I, the attenuation factor in high-level activity, the imaging acquisi- 

tion protocol needs some intervention and improvement to achieve better accuracy of image 

quantification. 

 
Ramonaheng K, van Staden JA, du Raan H. The effect of calibration factors and recovery coefficients 

on 177Lu SPECT activity quantification accuracy: a Monte Carlo study. EJNMMI Phys; (2021) 8:27. 

Ramírez-nava G, Santos-cuevas C, Chairez-oria I, et al. Assessment of 99m Tc-Octreotide through a 

hybrid quantification method. AIP Conference Proceedings 2348, 050014 (2021) 
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Efforts are being made to identify any uncertainty contributions in practical personal dosim- 

etry for the purpose of conservative risk assessment in radiation protection. Calibrations of 

dosemeters for assessment of personal dose equivalent – and in future also for personal dose 

– are performed using the ISO slab phantom as a surrogate for the human trunk. However, 

the geometric mismatch of the calibration phantom with the person carrying the dosemeter 

in practical use leads to intrinsic uncertainty due to different backscatter and is usually not 

taken into account. 

In this paper, reliable techniques for measuring backscatter factors of an ISO slab phantom 

and an anthropomorphic Alderson Rando phantom metrologically correct for the determina- 

tion of this uncertainty contribution are presented and discussed. Backscatter factors of both 

phantoms were determined using a shadow-free diagnostic ionization chamber for standard- 

ized X-ray spectra in the most interesting energy range of 20 keV to 120 keV. Since the 

exact dosemeter carrying position on the body is not prescribed, relative backscatter factors 

for various detector positions on the Alderson Rando were measured and therewith another 

uncertainty contribution was estimated. 
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The SSDL of the Centro Nacional de Dosimetría (CND) has recently modified its calibration  

services, incorporating new series of radiation qualities to calibrate the equipment used in 

medical diagnostic. This work describes how the reference qualities of these beams have been 

implemented. The following beam qualities have been established based on IEC 61267:2005: 

● Radiation qualities in radiation beams emerging from the X-RAY source assembly: RQR- 

2, RQR-3, RQR-4, RQR-5, RQR-6, RQR-7, RQR-8, RQR-9 and RQR-10. 

● Radiation qualities based on copper added filter. CT applications: RQT-8, RQT-9 and 

RQT-10. 

To establish the qualities, the attenuation curve was measured using different aluminium 

attenuators (purity> 99.9%). A cylindrical chamber connected to an electrometer was used. 

Initially, the measurement was carried out without any additional filtration. For each qual- 

ity, the corresponding voltage was selected (from 40 to 150 kV). The additional filtration 

necessary to achieve the desired qualities was then determined, following the method recom- 

mended in IEC 61267 and IAEA TRS No. 457. 

Finally, the additional filtration determined previously for each quality was set up and the 

value of the first and second half value layers HVL1 and HVL2 and the coefficient of homo- 

geneity were determined. 

The HVLs and their uncertainties were determined by fitting the attenuation curve using 

internal curve fitting software. 

The additional filtrations necessary to establish the RQR and RQT qualities have been 

determined. For the RQR qualities, the HVL1 and the corresponding coefficient of homoge- 

neity are within the criteria accepted by IEC 61267 of 3% and ± 0.03, respectively. 

For the RQT qualities, an additional filtration equal to that obtained for the RQR qualities 

of the same tube potential has been used, and the copper filter indicated in the IEC standard 

has been added. 

 
In conclusion, our laboratory can provide calibration services with beam qualities based on 

the IEC 61267 standard. 
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The presentation discusses the recently published IEC (International Electrotechnical Com- 

mission) standards on radiation protection instrumentation as well as their transposition as 

European EN standards. The following topics and standards are covered. 

 
Dosemeters and contamination meters: 

● IEC 61563 Ed. 2 (2019) Equipment for measuring specific activity of gamma-emitting 

radionuclides in foodstuffs. 

● IEC 63050 (2019) Dosemeters for pulsed fields of ionizing radiation. 

● IEC 62387 Ed. 2 (2020) Dosimetry systems with integrating passive detectors for indi- 

vidual, workplace and environmental monitoring of photon and beta radiation. 

● IEC 61322 Ed. 2 (2020) Installed dose equivalent rate meters, warning assemblies and 

monitors for neutrons of energy from thermal to 20 MeV. 

 
lllicit trafficking control instrumentation: 

● IEC 63121 (2020) Vehicle-mounted mobile systems for the detection of illicit trafficking 

of radioactive materials. 

● IEC 62484 Ed. 2 (2020) Spectroscopy-based portal monitors used for the detection and 

identification of illicit trafficking of radioactive material. 

 
Security inspection systems using active interrogation with radiation: 

● IEC 62963 (2020) X-ray computed tomography (CT) inspection systems of bottled/ 

canned liquids. 

● IEC 63085 (2021) System of spectral identification of liquids in transparent and semi- 

transparent containers (Raman systems). 

 
Environmental requirements: 

● IEC 62706 Ed. 2 (2019) Recommended climatic, electromagnetic and mechanical perfor- 

mance requirements and methods of tests. 

New developments started recently are also presented. 
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The laboratory of low activity measurements (LMBA), from the University of the Basque 

Country UPV/EHU, through its almost 40 years, has carried out a great deal of radioactiv- 

ity analysis. From its beginning, the LMBA has made a big effort to perform its analytical 

procedures according to ISO 17025 requirements [1]. Therefore, it has had to implement a 

quality management system (QMS). 

In accordance with the QMS of the laboratory, analytical procedures to be accredited by 

ENAC, the Spanish National Accreditation Body, should be well documented, internally and 

externally validated using reference materials and participating in interlaboratory compari- 

sons and controlled. 

Thus, this work describes the accreditation process of analytical procedures that require 

liquid scintillation counting (LSC), for which only a few labs worldwide are accredited: 3H, 
14C, 55Fe, 63Ni and 99Tc in any kind of sample and 222Rn and 226Ra in water. 

Regarding documentation development, technical operations usually based on standards 

or reference documents are recorded on both electronic and physical formats. 

Internal and external validations of the above-mentioned procedures are feasible in aque- 

ous samples, but critical in solid samples. Hence, the LMBA had to develop fit for purpose 

strategies, which entail reference materials preparation and measurement by LSC. Then, 

accuracy, precision, reproducibility and linearity of the entire samples are analysed and de- 

tection limits and uncertainties of the methods established, when validation parameters are 

in the acceptance range. 

Concerning the control of the aforementioned procedures, we check the conditions of a 

spectrometer 1220 QUANTULUSTM, from Perkin Elmer, daily (3H efficiency) and quarterly 

(noise and 3H and 14C efficiencies and backgrounds) and the quality of the methods by cali- 

brations, blanks and chemical yields. 

 
[1] ISO 17025, 2017. General requirements for the competence of testing and calibration laboratories. 

Geneva, Switzerland. 
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The present radiation protection system relies on too many quantities, most of which can- 

not be directly measured. This is causing some difficulties in presenting the radiation risk, 

particularly in the risk communication to members of the public when, especially in the case 

of radiation or nuclear emergencies, where the information should be disclosed in a simple, 

clear and understandable manner. Moreover, even those working with radiation sources are 

sometimes confused in distinguishing between such quantities as dose equivalent, equiva- 

lent dose, ambient dose equivalent, directional dose equivalent, effective dose etc. Since 

most quantities introduced in radiation protection are related to the assessment of stochastic 

biological effects, there is no coherent system of radiation quantities reflecting deterministic 

effects (tissue reactions) where incorrectly, quantities based on the dose equivalent are often 

applied. It seems that there is an urgent need to express the overall harm caused by high ra- 

diation exposures in a coherent manner, similar to the evaluation of the impact of low-level 

exposures where the effective dose is used universally. Some attempts in introducing the 

RBE-dose with the unit of Eq-Gy for this purpose may be extended to cover the whole body 

exposure where some selected organs should also be considered. The author believes that 

the current system of radiation protection is too complicated for routine applications where a 

simplified system should be elaborated based on a limited number of measurable quantities. 

The current system may continue to be used mainly at universities and research institutes, but 

for practice, the present system should be simplified. 
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SIGNAL OF RADIATION PORTAL MONITOR 
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For homeland security, a radiation portal monitor (RPM) has been widely used for detecting 

illegal radioactive materials at seaports, airports, nuclear facilities, and gates of highly-se- 

cured buildings. In general, commercial RPMs are based on a large plastic scintillator detec- 

tor (i.e., PVT-polyvinyl toluene) and associated electronics. In order to detect radioactive ma- 

terials passing through the RPM, the alarm criterion should be set based on the background 

level which depends on the operating location due to composition difference in soil and rocks 

and the weather (raining and temperature). It is well known that the background signal level 

of the RPM increases with rain and the PVT signal depends on the temperature due to scintil- 

lation light yield variation. In this study, the background signal level of the commercial RPM 

(model: 4525-3800, Ludlum), which is installed and operated at Incheon Port in Korea, was 

analyzed by using the 1-year database which records the background signal of the RPM in 

every one minute. We also used the database of raining and temperature provided by the Ko- 

rea Meteorological Administration. In terms of temperature, the background signal level was 

varied within ~5% with the temperature range of -10°C to 35°C. In the case of raining, the 

variation of the background signal level was examined in terms of the amount of rainfall and 

the rainfall rate. The results showed that a consistent tendency was hardly found between the 

background change and the rainfall rate; however, the averaged increase in the background 

signal level up to 20% as a function of the amount of rainfall was found. The dependency 

of the background signal level in terms of the temperature and the amount of rainfall could 

be used to realistically estimate the background level contributing to the optimization of the 

alarm criterion of the RPM. 
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VERIFICATION OF THE SAMPLING PROCEDURE FOR WASTE 

AND INDUSTRIAL MATERIAL 
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Jelena D. KRNETA NIKOLIĆ, Marija M. JANKOVIĆ, Gordana K. PANTELIĆ, 

Ivana S. VUKANAC*
 

Vinča Institute of Nuclear Sciences, National Institute of the Republic of Serbia, University of 

Belgrade, Belgrade, Serbia 
*Corresponding author. E-mail: vukanac@vinca.rs 

Keywords: ISO17025, sampling, waste, industrial material, gamma-ray spectrometry 

 

In accordance with ISO/IEC 17025:2017 - General requirements for the competence of test- 

ing and calibration laboratories, the laboratory needs to verify its ability to properly per- 

form methods before introducing them, by ensuring it can achieve the required performance 

(article 7.2.1.5). Also, if a laboratory carries out a sampling of a material, it needs to have a 

sampling plan and method established (article 7.3.1). 

In laboratories dealing with radionuclide content testing, the sampling does not affect 

the testing results directly, but the sampling procedure has to ensure that the taken and later 

measured sample adequately represents the tested material. 

In order to verify the sampling procedure for the needs of radiological tests, a sampling 

of red mud (13 samples) and bauxite ore (6 samples) was conducted in the aluminum fac- 

tory “Alumina ltd”, Zvornik, Bosnia and Herzegovina in June 2021. In accordance with the 

established sampling procedure, GPS coordinate and ambient dose rate were recorded for 

each sample. Samples were prepared in accordance with IAEA, TRS 295 (1989), placed into 

identical PVC cylindrical boxes and measured by HPGe gamma spectrometer. Spectra of 

bauxite and red mud were recorded in 10 consecutive measurements for 21000 s and 6000 s, 

respectively, in order to achieve good statistic. For the purpose of sampling procedure verifi- 

cation, the counting rates per unit mass in the recorded spectra were compared. 

For each measurements series, the total counts in the spectrum as well as individual ener- 

gies mean value and standard deviations were calculated. After the measurements were com- 

pleted, the average of the each individual series mean values and the associated/correspond- 

ing standard deviation were calculated. The measurement result of each individual series is 

considered satisfactory if, taking into account the calculated standard deviation, it is within 

+/- two standard deviations of the average of the mean values. 

The obtained results verified the sampling procedure, i.e. it was shown that the applied 

sampling procedure ensures the representativeness of the bulk material. 
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DETERMINATION OF CS-137 AND SR-90 IN WOOD AND WOOD 

ASH PURCHASED IN AUSTRIA 

Viktoria GRILL1*, Christian KATZLBERGER1
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The aim of this study was to evaluate the radiological risk to the public due to the use of 

wood ash as a fertilizer in gardens as well as the necessity for regulations on imported wood 

in Austria. As various regulations on wood exist within the EU, some member states are 

considering harmonisation. 

The Chernobyl fallout contaminated Europe with Cs-134, Cs-137, Sr-89 and Sr-90. Thirty 

years later Cs-137 and Sr-90 can still be detected in the vegetation and wild animals. The 

wood fuels analysed in this study were logs, chips, briquettes and pellets. The measurements 

of 64 different wood fuels indicated no necessity for special regulations on wood imported 

to Austria. 

The accumulation of radionuclides in the ash depends on the type of wood fuel that was 

burned. Wood pellets have the lowest ash content amounting to less than 1% of the initial 

mass. Wood pellet boilers are on the rise in Austria and their users benefit from government 

grants. The Austrian citizens are used to fertilizing their gardens with wood ash, but the accu- 

mulation of Cs-137 and Sr-90 in ash resulting from pellets is higher compared to traditional 

wood ash. 

Sr-90 was analysed for 10 of the 22 wood ash samples. It was shown that determining a 

nuclide vector for Cs-137 and Sr-90 depends on many different factors. The origin of the 

wood is the most important factor alongside the type and the part of the tree. It was impos- 

sible to determine the exact origin, type and part of the trees for all the wood fuel samples 

purchased in Austria. The highest measured activity concentration of Cs-137 was 867±68 

Bq/kg in a wood pellet ash sample. The highest one for Sr-90 was 1200±180 Bq/kg in a wood 

briquette ash sample. 

We carried out a dose assessment for a member of the public using the highest concen- 

trations of Cs-137 and Sr-90 measured in this study. The resulting calculated dose was 

0,193±0,028 mSv per year. The main part of the dose arises from the ingestion of locally 

produced foods fertilized with pellet ash. 
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ENVIRONMENTAL MONITORING OF THE KRŠKO NPP 

SURROUNDINGS 
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Monitoring of human activity and natural radiation oscillation is part of the protection of the 

human health and the environment. The nuclear power plant (NPP) Krško (PWR type) is lo- 

cated close to densely populated areas with over one million inhabitants, which includes the 

of Zagreb. Under normal operating conditions nuclear power plant release small quantities of 

radiation (radioactive isotopes) into the environment. Therefore, radiological environmental 

monitoring programs at NPPs are required in accordance with the regulations. Objectives of 

program include: identification, measurement and evaluation of existing radionuclides in the 

environs of the facility fluctuations in radioactivity levels and the evaluation of the measure- 

ments to determine the impact of operations on the local radiation environment. Furthermore 

collection of data to refine transport models and verification that radioactive material contain- 

ment systems are functioning to minimize environmental releases ensures levels that are as 

low as reasonably achievable (ALARA). Implicit in these objectives are the requirements to 

trend and assess radiation exposure rates and radioactivity concentrations in the environment 

that may contribute to radiation exposures to the public. Therefore, the main aim of this work 

is to demonstrate results of monitoring on the impact of NPP Krško on environment and 

public. For this purpose, the following environmental pathways and sample analyses are in- 

vestigated: liquid discharge from NPP, bottom sediment, fish, river water, drinking or potable 

water, ground water, and direct radiation using passive solid state dosimeters. Results of long 

term measurements of 3H, 90Sr, gamma emitting radionuclides and ambient dose equivalent 

(H*(10)) will be presented. On the base of these results the contribution by each pathway to 

the individual and cumulative dose will be assessed. 
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SEDIMENTATION EVALUATION IN LAKES LOCATED IN 

DIFFERENT ALTITUDES USING RADIONUCLIDES 
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The sediment inflow features into bottom sediments of North Caucasus six lakes in over the 

past 100 years have been studied using artificial 137Cs and natural (210Pb, 226Ra) radionuclides. 

The lakes are located in contrasting geographic conditions at different hypsometric positions 

and have different origins. The sedimentation dynamics changes significantly in small lakes 

of the Western and Central Caucasus located in different altitudinal zones. 

The watersheds of the studied lakes of the high-mountainous and mid-mountainous belt of 

the Caucasus are practically not subject to anthropogenic impact, therefore, the rates of sedi- 

mentation in them and their changes over time are controlled exclusively by natural factors. 

It has been established on the example of the study of Lake Donguz-Orun and its delta that 

the rate of accumulation of bottom sediments increased by about 1.5 times in the period from 

1986-2014. compared to the period 1963-1986. Mainly due to climate warming and, espe- 

cially since the mid-1990s, of glacier melt and the rate of denudation in the watershed, which 

is currently comparable to the rate of denudation in the Alps proglacial zone. Catchment area 

and bottom sediments the of Lake Garabashi, located in a high-mountain zone, made it pos- 

sible to trace the stages of sedimentation rates changes from the moment the slope glacier 

melted to the complete development of the lake catchment area by herbaceous vegetation. 

It has been established that they varied from 0.55 mm/year during the active melting of the 

glacier to almost zero values in the last 50-70 years. Sedimentation rates in the studied lakes 

of the mid-mountain belt (Khorlakel, Bolshoye Khmelevskoye, Khuko) are very low, and 

40-50% of bottom sediments consist of organic matter of lacustrine origin. The obtained 

dates indicate that the sedimentation regime decreased over the past 2.8-3.5 thousand years, 

despite the climatic fluctuations of this period. The main limiting factor preventing the run- 

off formation from lake catchment areas is the high projective cover of the soil surface with 

herbaceous vegetation. At the same time, air temperature changes over the past millennia 

have affected only the productivity of aquatic vegetation and, accordingly, the ratio of bottom 

sediments organic and mineral matter. The current sedimentation rates in the low-mountain 

lake Sukhoi Liman depends on the combined natural and anthropogenic factors, namely, the 

precipitation specifics, sparse projective soil cover and increased recreational load. 
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In accordance with the 2013/51/Euratom directive, radioactivity in Hungarian drinking wa- 

ters has been intensively studied since 2016. Approximately 8000 water samples have been 

analyzed. Activity concentrations of radon and tritium have been determined and the in- 

dicative dose (characterizing the radiation exposure via water consumption) was estimated. 

Results of the analyses by accredited testing laboratories have been uploaded into the Na- 

tional Drinking Water Quality Database. 

In the tested samples, activity concentrations of radon and tritium have been (with a few 

exceptions) below the parametric value (100 Bq/L). 

To estimate the indicative dose, several measurement techniques can be used. As a pri- 

mary approach, waterworks generally have been chosen measurements of total alpha and 

total beta activity concentrations. In the tested samples, total beta activity concentrations 

have been below the screening level (1 Bq/L). However, in 6.7% of the samples the total al- 

pha activity concentrations have been over the (quite strictly set) screening level (0.1 Bq/L). 

In cases of some non-complying water samples, activity concentrations of some individu- 

al alpha emitting radionuclides have been determined by nuclide-selective methods. Activity 

concentrations of U-238, U-234 and Po-210 have been determined by alpha spectrometry 

after radiochemical separations; while activity concentrations of Ra-226, Ra-228 and Pb-210 

have been determined by gamma-spectrometry after evaporating large volume samples. The 

indicative dose values calculated on the bases of individual activity concentrations of these 

radionuclides have been below the parametric level (0.1 mSv in a year). The results suggest 

that radiological parameters in Hungarian drinking waters do not pose a risk to consumers’ 

health. 

U concentrations of water samples from areas of elevated alpha activity concentration 

have been measured by ICP-MS. A slight correlation has been found between total alpha 

activity concentration and U concentration. 
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The VVR-S nuclear research reactor from “Horia Hulubei” National Institute of Physics 

and Nuclear Engineering (IFIN-HH), Bucharest, Romania was operated between 1957 and 

1997. The main purpose of reactor was the radioisotope production in the thermal column 

for medical and industrial purposes and research activities. The reactor was decommissioned 

between 2010 and 2020, using the strategy of immediate dismantling of the contaminated and 

activated components and structures. The reactor was provided with a system for collecting 

of the radioactive leakages resulted from hot cells and primary circuit emptying. The main 

component of this system was the 30 m3 underground buffer tank for liquids intermediate 

storage, buried in soil at a depth of 5.5 – 6.5 m, located in the immediate reactor vicinity. 

The radioactive liquids were transferred from the reactor to the buffer tank and further to the 

Radioactive Wastes Treatment Plant by the underground stainless-steel pipes system. As part 

of the decommissioning process, the dismantling of the buffer was performed in 2018 using 

an ALARA methodology. The evaluation of the radiological risks for the workers involved 

in the buffer tank dismantling and environmental radiological effects of this operation was 

performed with RESRAD-ONSITE Code, using in-situ dose measurements and activity con- 

centrations of soil and water samples. 

 
Pavelescu, A. O., Tuca, C., 2020. Assessment of Dose Rate and Risks due to the Clean-up Activities 

of Depleted Uranium Workshop”, Annals of the Academy of Romanian Scientists, Bucharest, 5, (1), 

140-155. 

Pavelescu, A. O., Tuca, C., 2019. Intermediate Storage and Long-Term Evaluation for graphite and 

aluminium wastes resulted from A VVR-S type Research Reactor Decommissioning”, Proceedings of 

the 50th Annual Meeting on Nuclear Technology (AMNT 2019), Berlin, Germany. 

Pavelescu, A. O., Tuca, C., 2019. Modelling of a Radiological Incident in the Intermediary Storage of 

activated wastes from VVR-S nuclear research Reactor Decommissioning, Proceedings of 7th Interna- 

tional Conference on Radiation in Various Fields of Research (RAD 2019), Herceg Novi, Montenegro. 
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The paper presents a comparative analysis of the activity levels for natural and artificial 

radionuclides from soil around the VVR-S Nuclear Research Reactor from "Horia Hulubei" 

National Institute for R&D in Physics and Nuclear Engineering, Romania. The analysis was 

performed both at the end of reactor operation (2005) and reactor decommissioning (2020). 

The purpose is to demonstrate that are met the free release criteria under Regulatory Body 

regime of reactor at the end of decommissioning. Soil pollution sources were: stack for gas- 

eous effluents evacuation into the atmosphere, accidentally discharging liquid effluents or 

uncontrolled landfill of waste. Gamma spectrometry indirect measurements of soil sampled 

from 10 cm and 30 cm depth were performed to obtain information’s about soil contamina- 

tion caused by recent radioactive airborne dust, respective from past unknown “accidents” as 

well as natural background. Natural radionuclides from uranium and thorium family and ar- 

tificial radionuclides were detected. From 226Ra and 232Th activity correlation graphs resulted 

that the values are lognormal distributed; samples are grouped without a correlation tendency 

expressed by a positive regression line. 226Ra and 232Th concentrations were less than 100 

Bq/kg in 2020, by comparison with 2005, when for 226Ra some values were higher than the 

background. In 2020 the mean value of 226Ra (37 Bq/kg) is comparable to that of 2005 (40 

Bq/kg) and corresponds to equilibrium with 3.3 ppm Unat., soil background characteristic 

value. For 232Th, mean values were 38 Bq/kg (2020) and 35 Bq/kg (20005), and corresponds 

to equilibrium with a content of 8.75 ppm Thnat. At the end of reactor decommissioning, the 

activity levels of 226Ra and 232Th, do not exceed the exclusion level of 1000 Bq/kg provided 

by National Safety Requirements, in force. The 137Cs exclusion level of 100 Bq/kg was not 

exceeded. It can be stated that the decommissioning activity did not generate soil contamina- 

tion. 

 
Popescu M., 2006. Environmental Assessment for VVR-S nuclear reactor decommissioning and mod- 

ernization of the facilities for the treatment, conditioning and final storage of radioactive waste resulting 

from decommissioning. 

NCBR 2018, National Commission for the Control of Nuclear Activities (CNCAN) Order no. 

12.06.2018. Norms regarding the basic radiological safety requirements 
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DOSIMETRY TECHNIQUES FOR THE COMPLEX MIXED 

IONIZING RADIATION FIELDS 

Mihaela COICIU*, Irina AVRAM, Iani MITU, Mara POPOVICI 
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*E-mail: mihaela.coiciu@eli-np.ro 

 
Studies concerning reasearch on dosimetry systems for personnel and environment are rel- 

evant for the accurate evaluation risks and the establishment of all radiological safety mea- 

sures at Extreme Light Infrastructure Nuclear Physics facility .The ionizing radiation fields 

produced in the experimental areas of the ELI-NP hosts experiments with high-power lasers, 

that can generate on two front ends very short pulses of 10 PW power each and a brilliant 

variable energy gamma beam system that has unique spectral characteristics. Optically Stim- 

ulated Luminescence has become the technique of choice for many areas of radiation do- 

simetry. The technique is finding widespread application in a variety of radiation dosimetry 

fields, including personal monitoring, environmental monitoring, space radiation dosimetry 

and many more. At ELI-NP the basic choice for personnel and environmental dosimetry is a 

combination of passive and active dosimeters. This paper gives a generalized description of 

the dosimetry equipment and all the measurements that we use for characterising the ionizing 

radiation fields for personnel and also for the environment. 
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Introduction 

A surge of interest in the use of C-arm imaging during surgical procedures lead to an increase 

in the exposure of operating room (OR) staff to X-ray radiation. This study aimed to evaluate 

the ambient dose equivalent around the C-arm device during spinal surgeries and determined 

the optimum locations for the surgeon and staff to be safe of radiation exposure as low as pos- 

sible. Furthermore, the cancer risk incidence would be estimated using excess relative risk 

(ERR) function of biologic effects of ionizing radiation (BEIR) VII report for the OR staff. 

 
Material and Methods 

The lateral projection of the C-arm setup during spinal surgery was considered in the cur- 

rent study. To estimate the received dose by OR staff at a different position, ambient dose 

equivalent rate was measured using an electronic dosimeter in 30º steps all around for 1, 

and 1.6-meter heights and 1, and 2-meter distances away from the scatterer. By applying the 

workload, the annual ambient dose and maximum permissible operation were determined for 

our hospital. The worst condition of received dose in the current study was used to estimate 

the ERR for various organs at the attained ages of 35, 40, 50 years old. 

 
Results 

The maximum ambient dose equivalent rate was seen at 330º and 30º and were about 600 

µSv/hr at one-meter height and away from the scatterer. By considering the exposure time, 

the maximum permissible workload for an OR staff is about 2.5×106 operations. The ERR 

for the prostate, ovary, breast, lung, thyroid, and colon were estimated based on the obtained 

dose values in our study. 

 
Conclusion 

Based on our results, 30º next to the image intensifier is the optimum position for the surgeon, 

the backside of the tube and image intensifier is the optimum for OR staff, while the 30º 

next to the tube is the worst position, because of backscatter radiation. The incidence of lung 

cancer in the female is more probable than the other site as well as male radiation workers. 
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In routine personal dosimetry, the aim is to estimate the radiation dose for one month. Dose- 

meters using thermoluminescence (TL) detectors, which are among the most used for passive 

dosemeters, can provide further information such as the time of irradiation or the number of 

irradiation fractions within the monitoring interval. 

We are developing multivariate glow curve analysis techniques, which allow information 

extraction beyond the irradiation dose estimation. Usually, a complex deconvolution process 

of the TL signal is required. However, a first idealized proof-of-concept study using a con- 

volutional neural network (CNN) on raw glow curves shows that an accurate irradiation date 

prediction is possible without glow curve deconvolution (Mentzel, 2021). The data set used 

in that study considered only the variation of the irradiation date for the same irradiation dose 

and is therefore limited in generalization towards real world applicability. That study showed 

that a deconvolution of the glow curves is not necessary to provide further information about 

the irradiation scenario. 

In our new study, we present results using a data set that is comparable to a real-world 

application with varying dose and storing conditions. Several thousand glow curves are mea- 

sured to ensure a good generalization of the CNN. In addition to the irradiation dose, more 

accurate information on the time of irradiation or the number of irradiation fractions can be 

obtained, which introduces additional values to the use of passive dosimeters and improves 

thereby an existing radiation protection concept. The TL dosemeters used in this study are 

TL-DOS dosemeters developed by the personal dose monitoring service at the Materialprü- 

fungsamt Nordrhein-Westfalen in corporation with the Department of Physics at TU Dort- 

mund University. 

 
Mentzel, F. et. al. 2021. No more glowing in the dark: How deep learning improves exposure date es- 

timation in thermoluminescence dosimetry. Journal of Radiological Protection. Accepted Manusctipt 
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Purpose: In interventional radiology (IR), the physician's eye lenses are frequently exposed 

to radiation, hence radiation protection glasses are useful. However, if the lens of the radia- 

tion protection glasses is too large, it burdens the surgeon due to its high weight, and if it 

is too small, the dose value of the dosimeter for the lens may be overestimated. This study 

aimed to examine the effects of the differences in lead equivalence and lens area between 

radiation protection glasses on lens exposure management. 

Methods: The endoscopic retrograde cholangiopancreatography procedure was modeled 

using an over-couch X-ray TV system, which is considered to subject the physician’s eye 

lenses to high radiation doses. The simulated patient underwent 10 minutes of X-ray fluo- 

roscopy, and the lens dose of the simulated surgeon wearing radiation protection glasses 

was measured via lens dosimeters. A whole-body phantom for computed tomography (CT) 

imaging was used for the simulated patient; a head CT phantom was used for the simulated 

surgeon. Lens dosimeters were attached to the corner of the eye and to the eyeball. Ten types 

of radiation protective glasses with different lead equivalence, frames, and lens shapes were 

selected for measurement. Correlation analysis of the measured lens equivalent dose with 

lead equivalence and lens area was performed. 

Results: The lens equivalent doses of the dosimeters attached to the corner of the eye 

showed 0.21-1.38 mSv, which were negatively correlated with the area of the lens. The 

equivalent lens doses of the dosimeters attached to the eyeballs ranged from 0.22 to 0.47 

mSv, and showed a strong negative correlation with lead equivalence. 

Conclusion: Lens dosimeters, when worn at the corner of the eye, may overestimate the 

lens equivalent dose as a function of the lens sizes of radiation protection glasses. Moreover, 

the effect of lead equivalence on lens exposure was larger than that of the area of the lens. 

mailto:shinya_imai@morinomiya-u.ac.jp


Poster presentations – T06: Personal dosimetry 

197 IPRA2022 / May 30–June 3, 2022 / Budapest, Hungary 

 

 

 

THE MOST EXPOSED FLIGHT CREWS IN FRANCE OVER THE 

PERIOD 2015-2019 

Philippe LESTAEVEL1*, Christelle HUET2, Véronique LEJEUNE2, Carmen VILLAGRASA2, 

Juliette FEUARDENT1
 

1Department of Radiation Protection Expertise, Institute of Radioprotection and Nuclear Safety, 

Fontenay-aux-Roses, France 
2Department of Dosimetry, Institute of Radioprotection and Nuclear Safety, Fontenay-aux-Roses, 

France 
*Corresponding author. E-mail: philippe.lestaevel@irsn.fr 

Keywords: workers, personal dosimetry, occupational exposure, cosmic radiation 

 

Cosmic radiation is one of the natural sources of ionizing radiation. Airline flight crews (FCs) 

are therefore exposed during flights. Each classified FC benefits from individual dosimetric 

monitoring implemented by the employer. In France, this is carried out using SievertPN 

(https://www.sievert-system.org/), which makes it possible to calculate the dose from the 

flight parameters and the presence data of the personnel on board provided by the airline 

companies. A study of the dosimetry results of the 100 most exposed FCs over the 2015-2019 

period was carried out. 

Between 2015 and 2019, an increase in the average individual dose of these FC is ob- 

served (4.0 mSv in 2015 versus 5.2 mSv in 2019), in connection with a slight increase in 

annual time spent in flight (740h in 2015 versus 753h in 2019). 

The number of FCs having received a dose greater than 5 mSv remains low overall, but it 

increases each year (4 in 2016 versus 96 in 2019). 

Regarding FCs who received a dose greater than 5 mSv, most of them are technical flight 

crew (TFCs): number of TFCs over the period 2016-2019 = 109 versus 60 for commercial 

flight crew (CFCs), but the number of CFCs tends to increase year by year. 

Among TFCs who received a dose greater than 5 mSv, 78% are airline pilots and 15% are 

aircraft commanders. Among CFCs who received a dose greater than 5 mSv, 52% of them 

are stewards, 41% are flight attendants and 7% are cabin managers. These most exposed FCs 

make long-haul flights from Europe to America and Asia. 

In application of the ALARA principle, appropriate flight planning (rotation with shorter 

flights, less dosing routes) could allow a reduction in the exposure dose. Apart from the flight 

conditions (number of hours, destination, type of aircraft), another parameter to be taken in 

consideration is the influence of the solar cycle on the dose received. 
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Hepatic radioembolization treatments use microspheres marked with a radioisotope, which 

has traditionally been yttrium-90 (Y-90), supplied by two companies: Sirtex Medical Group 

and TheraSphere™. Subsequently, Quirem Medical B. V. introduced holmium-166 (Ho-166) 

microspheres, pointing out their advantages over the Y-90: for Ho-166, the images for plan- 

ning and post-treatment dosimetry are obtained with a gamma emission of 81 keV, while the 

planning of Y-90 treatment is done from images of simulation with Tc-99m macroaggregat- 

ed albumin (MAA) and dosimetry after treatment with images of the Y-90 bremsstrahlung, 

much less accurate. In addition, Ho-166 is a paramagnetic material and volumetric distribu- 

tions with nuclear magnetic resonance can be obtained. 

However, the characteristics of Ho-166 microspheres are not as advantageous with respect 

to radiation protection. On the one hand, the prescribed activities can be up to four times 

higher than a similar treatment with Y-90. On the other hand, Ho-166 has gamma emissions 

of very high energies, being the peak of 1,379 MeV the one that most contributes to the dose 

rate in the environment of the source and, therefore, to the dose received by the professionals 

who apply the treatment. This peak is very difficult to shield and, as it is not mentioned in 

the commercial product information, it is usually not taken into account when planning pro- 

cedures. In addition, the response of some detectors may not be linear in this energy range. 

In this work, the radiological risks of the different professionals have been compared by 

calculating the body dose rate, in the fingers and in the lens for each type of microspheres, 

and applying it to the standard activity values, dilution volume, source distance, shielding 

and exposure time at each stage of preparation and treatment. The process has revealed the 

complexity of radiation protection planning with the use of Ho-166, not described in the 

information provided by the supplier company. 
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Inhalation of a high concentration of radon progeny may result in significant radiation doses 

in the respiratory tract which can result in cancer. Directly after the radon decay, the progeny 

in ambient air: 1. forms clusters due to reactions with the air humidity and atmospheric trace 

gases (unattached progeny) or 2. attaches to the surface of aerosol particles spread in the 

ambient air (attached progeny). According to the data reported in the literature, the activ- 

ity median diameter of the particle size distribution of unattached progeny is smaller than 

4 nm, while the median diameter of the particle size distribution of attached progeny varies 

between 100 and 400 nm (Mohamed et al., 2014). 

A large cohort study (Kreuzer et al., 2014) focusing on mortality of cancer affecting vari- 

ous airway areas evaluated the increase of mortality of all cancers connected to the radon 

progeny exposure as Excess Relative Risk (ERR) related to Working Level Months (WLM). 

A small increase in mortality of all cancers of the extra-thoracic (ET) airway was found while 

ERR per 100 WLM was a bit higher for pharyngeal cancer (0.077, p = 0.2, n = 74) than for 

laryngeal cancer (0.017, p > 0.5, n = 94). Even though the difference between larynx and 

pharynx cancer mortality is not large, it is a stimulus for verification whether the difference is 

connected with different amounts of radon progeny depositing in the two sites. 

This study uses the Computational Fluid Dynamics (CFD) for clarification of the differ- 

ence between radon progeny dose which reaches the larynx and pharynx region during the 

exposure. ET airways geometry used for CFD simulations was created from CT scans of hu- 

man airways (Lizal et al., 2020). The inspiration flowrate of 50 l/min corresponding to (light 

physical exercise) is used. 

 
Kreuzer, M., Dufey, F., Marsh, J. W., Nowak, D., Schnelzer, M., & Walsh, L. . (2014). Mortality from 

cancers of the extra-thoracic airways in relation to radon progeny in the Wismut cohort, 1946 – 2008. 

International Journal of Radiation Biology, 90(11), 1030–1035. 

Lizal, F., Elcner, J., Jedelsky, J., Maly, M., Jicha, M., Farkas, Á., Belka, M., Rehak, Z., Adam, J., 

Brinek, A., Laznovsky, J., Zikmund, T., & Kaiser, J. (2020). The effect of oral and nasal breathing on 

the deposition of inhaled particles in upper and tracheobronchial airways. Journal of Aerosol Science, 

150, 1–23. 

Mohamed, A., Abd El-hady, M., Moustafa, M., & Yuness, M. (2014). Deposition pattern of inhaled 

radon progeny size distribution in human lung. Journal of Radiation Research and Applied Sciences, 

7(3), 333–337. 
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Implementation of detection of neutrons for personal dosimetry purposes is a serious chal- 

lenge, as there is no internationally uniform practice and no general method that can be reli- 

ably applied to all measurement conditions. Measurements are therefore particularly difficult 

in mixed or pulsed radiation fields, e.g., around a nuclear reactor or particle accelerators used 

in research or medical applications. In this paper different dosimetry methods were reviewed 

to be used in personal neutron dosimetry. 

Aim of the work is to enhance the neutron dosimetry programme in Hungary to ensure 

radiation protection of workers exposed to neutron radiation due to usage of radiation sources 

and application of nuclear technologies. 

Domestic and international requirements, guidelines and technical documents were re- 

viewed, furthermore the characteristics of the most widespread passive and active personal 

neutron dosimetry systems (using e.g., albedo thermoluminescent detectors (TLDs), solid- 

state nuclear track detectors (SSNTDs), and electronic personal dosimeters (EPDs)) were 

examined. Advantages and disadvantages of methods and systems in different applications 

were determined on the basis of several criteria. 

Based on our research results, we found that to be able to measure complex radiation fields 

(wide energy range, variant directional distribution, time-dependent radiation field), a com- 

pound system of passive detectors (TL albedo and SSNTDs) and active EPDs, supplemented 

by methods (Bonner spheres and simulation tools) for characterizing the mixed gamma and 

neutron radiation fields are the appropriate solution. 
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Occupational exposure in Bosnia and Herzegovina is regulated by the national Regulation on 

radiation protection for occupational and public exposure. All radiation workers are required 

to be monitored using whole body passive thermoluminescent dosemeters and, in case of 

non-uniform external exposures, by dosimeters that would indicate dose to the most affected 

body ports. Exposed workers are almost exclusively employed in the medical field, and some 

of them work in nuclear medicine departments where they handle unsealed radioactive sourc- 

es. Introduction of the positron emission tomography – computed tomography (PET-CT) in 

two largest clinical centers in the country was expected to cause the increase of equivalent 

doses to hands received by staff handling the positron emitting radionuclides. Hence, routine 

monitoring of finger doses became a necessity. The purpose of this study was to evaluate the 

available data on monitoring with ring dosemeters during PET-CT procedure in two hospitals 

in Bosnia and Herzegovina and compare them with other practices in the nuclear medicine 

department, as well as with the results of monitoring in other countries. In general, results 

confirm that equivalent doses to hands are well below the limit of 500 mSv in a year. Finger 

dosemeters have been proven to be an invaluable asset in the incidental situations that some- 

times occur in nuclear medicine departments. Different number of patients and differences 

in injection methodologies are identified as a possible source of differences between doses in 

two hospitals. Overall, routine evaluation of doses to hands provides a sound basis for pos- 

sible optimization processes, as well as confirmation of good practices. 
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Axilary nodal staging in breast cancer surgery is done via sentinel node biopsy procedure, 

involving radioactive 99Tc.The staff involved in the procedure are surgeon (injects the isotope 

into the breast tissue) and nurse at the operating theatre,while other staff involved and poten- 

tially exposed to ionizing radiation are anesthesiologist, anesthetist, pathologist).This study 

had aim to evaluate radiation risk and improve measures of radiation protection. 

The measurements of following quantities were done:Hp(10) personal dose equivalent 

to whole body and Hp(0.07) to extremities for staff as well as ambiental dose for operating 

theatre and during injection.The Hp(10) was evaluated through termoluminescent dosimeters 

(surgeons, nurses) and electronic dosimeters (anesthesiologists, anesthetists) while Hp(0.07) 

was evaluated by ring dosimeter worn by surgeons and pathologist.Ambiental dose was mea- 

sured at the operating theatre at different spots before surgery was actually started, as well 

as at the workplace of pathologist.The study involved two surgeons, two anesthesiologists, 

three anesthetists and one pathologist during the two months period. 

The patient was administered 18.5MBq of antimone sulphide (one day protocol).The dos- 

es received by all staff,were far below limits set by law (<0.8mSv/month).Monthly dose to 

surgeon’s hands is measured at 0.24mSv,and exhibits good radiation protection practice, ac- 

cording to ICRP 106.The yearly dose to skin of surgeon’s hands is estimated at 16 mSv/100 

patients/year,while pathologist’s was less than 1mSv/100 patients.The exposure of anesthe- 

siologist and anesthetists equals to natural background of the workplace.Dose rate at the op- 

erating theatre,at the beginning of procedure was 3 µSv/h (at 20cm).The patient is measured 

on discharge from operating theatre at natural background level. 

Sentinel node procedures are proven to be low radiation level procedures and persons 

involved in the procedures are exposed to low levels of radiation. 
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Neutron dosimetry based on Fluorescent Nuclear Track Detectors (FNTDs), a relatively re- 

cent radiation detection technology, can overcome some of the limitations affecting other 

neutron dosemeters, such as the sensitivity to a narrow portion of the neutron spectrum or the 

post-irradiation chemical treatment, thus potentially improving the dose assessment. 

This piece of research summarises the main findings and results on the FNTD technology 

gathered during a PhD work, illustrating the FNTDs performance on fast neutron dosimetry 

and the comparison of such performance with the one of more established and widely used 

poly allyl diglycol carbonate detectors (PADC). 

The studies carried-out were additionally devoted to identifying and proposing improve- 

ments in the current FNTD dosimeters evaluation technique and explore innovative assess- 

ments that can further enhance the accuracy of fast neutron dose estimations. The studies 

were supported by data obtained with Monte Carlo simulations and by experimental irradia- 

tions, which were used to conceive and verify the newly developed analyses. 

A new image analysis of the FNTDs readouts was proposed, allowing, on the one hand, 

a more precise characterisation of the track-spots and, on the other hand, demonstrating the 

trajectory reconstruction of recoil protons that interacted with the detectors. 

The image processing results were used to develop a more effective technique to reject 

the spurious track-spots generated by concomitant photon-induced delta electrons in neutron 

exposures, and to formulate and corroborate a novel analysis method, based on the collective 

evaluation of the reconstructed recoil proton trajectories, to infer the angles of exposures 

and the mean energy of a neutron field, providing the information to correct for angular and 

energy dependence of the dosimeter, thereby improving the dose estimation. 
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In this work, an innovative method has been proposed to obtain the Romanian national met- 

rological traceability chain associated with eye lens dosimetry. This metrological method is 

based on using modern 3D printing techniques to create high-precision human head phantoms 

and supporting the experimental results by the Monte Carlo calculations. At a national level 

in Romania, “Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering 

(IFIN-HH)” is in charge of performing all the ionizing radiation-related metrology activities. 

In the first phase of this project, a human head phantom was created by a 3D printer. Five 

standard dosimeters (BeOSL) were attached to the forehead, both eyes, and both temples of 

the head phantom. Then, it was exposed to a standard ionizing radiation field (Co-60 radio- 

nuclide, certified source) from 1.5 meters distance in three sets of experiments for 115, 230, 

and 345 minutes, respectively. The horizontal axis of the source was aligned with the fore- 

head dosimeter. After each exposure, the Hp(0.07) and Hp(10) quantities absorbed by each 

of those 5 dosimeters were determined and registered. The same experimental setup includ- 

ing source, collimators, phantom, and dosimeters was modeled by MCNP6.2 code and the 

3 experiments were simulated. This was repeated both experimentally and computationally, 

while the horizontal axis of the source was aligned with the dosimeter attached to the right 

temple of the head phantom. The experimental and computational absorbed dose values by 

each dosimeter were compared and the observed discrepancies were interpreted. 

In the second phase of this project, the determination of the uniformity of the ionizing 

radiation field was carried out, meaning that a special pair of glasses with passive detectors 

was worn by the head phantom. After gradually reading the dose values along to the radio- 

sensitive parts of the glasses, the uniformity of the radiation field was determined. This field 

uniformity was double-checked as well by using the Monte Carlo method (MCNP6.2 code). 

The final step of the experiment is providing traceable, reliable, and precise calibration fac- 

tors (with the associated uncertainties) for the commercially available dosimeters used. 

 
This work was supported by a grant of the Romanian Ministry of Education and Research, CNCS - UE- 

FISCDI, project number PN-III-P1_1.1-TE-2019-0217, within PNCDI III 
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The study presents the analysis of the results for indoor radon concentration in the state 

kindergartens of two Bulgarian districts (Razgrad and Silistra). The influence of presence 

of the basement and reconstruction of building on the radon concentration variations were 

investigated. 

Material and Method: Measurements of indoor radon concentrations were performed with 

passive method (CR-39 track detectors) for the period from February to May 2015. The study 

was conducted in 411 children's rooms situated in 157 state kindergartens of two districts 

located in north Bulgaria. The analysis of the variation and influents of factors on the radon 

concentration was done within the national project supported by the Bulgarian National Sci- 

ence Fund, in the framework of Grant No КП-06-Н23/1/07.12.2018. The study was per- 

formed on the evaluation of answers from special developed Questionnaire. 

Results: The variations of the measured radon concentrations in the children's premises 

were from 10 to 1087 Bq/m3. The arithmetic means of radon concentration of Silisra district 

was 139 Bq/m3, while in Razgrad was higher 152 Bq/m3. Radon concentration in 10% of 

kindergarten premises are higher than the national reference level of 300 Bq/m3. The applied 

statistical test confirms a significant difference between the groups with basement and with- 

out basement (MW, p<0.0001). Our results demonstrated higher value of arithmetic mean in 

renovated premises in both districts. 

Conclusion: For both districts the presence of a basement in the building significantly 

reduced the concentration of radon while carrying out the reconstruction increases this con- 

centration in the rooms. Those analyses confirm the needs the measurement the indoor radon 

concentration before implementation of building reconstruction or repairs. It is especially 

important before applying energy efficiency measures, in order to avoid the children radon 

exposure. 
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The European NORM Association (ENA) was founded in 2017, merging previously informal 

European networks. It has the statute of an International Non-profit Organization established 

under Belgian law. 

The objective of ENA is to promote and advance radiation protection in the context of ex- 

posure to NORM. It operates as a European platform and forum for discussion, dissemination 

and exchange of information, training, and education and by supporting scientific knowledge 

and new directions of research related to NORM issues. A key activity of ENA is to share 

practical solutions. To this end, ENA gathers radiation protection practitioners, regulators, 

scientists, and industry representatives in order to support the management of NORM in 

compliance with European standards and according to best practice. 

Since its foundations, ENA has organized three workshops where topical issues on NORM 

have been discussed. It has established close working relationships and links with IAEA, 

HERCA, IRPA and other international initiatives – getting a recognition at international lev- 

el. ENA has set up working groups on NORM in the industry, in the environment, in building 

materials, and as recently as in 2021, a working group on decommissioning of NORM facili- 

ties. A series of webinars have been organized to present case-studies on NORM decommis- 

sioning and discuss associated challenges and practical solutions. 
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Radon and its decay products are the most important sources of natural radiation for the hu- 

man exposure. As the second cause of lung cancer (after smoking), radon is received indoors, 

in houses and other buildings by the majority of the population exposed. (ICRP, 1993). In 

the past decades, systematic radon surveys in dwellings were carried out all over the world 

(UNSCEAR 2000). Almost half of the radioactive dose is due to radon gas. 

The radon requirements in the new Euratom Basic Safety Standards Directive include 

the establishment of a national reference level for indoor radon concentration in workplaces 

and public buildings ≤ 300 Bq/m3. Although research on indoor radon concentrations in 

dwellings is actively conducted in Romania, systematic surveys in public buildings are still 

lacking. 

The objective of this present study was to study aims to determine the distribution of in- 

door radon in public buildings from major urban agglomeration from Romania, in compari- 

son with the radon concentration levels in dwellings from the same region, and to analyze the 

main factors affecting indoor radon levels. 

A comprehensive radon survey has been carried out in public buildings located in urban 

agglomeration from Romania. The results in these high occupancy public buildings were 

compared with the indoor radon levels obtained for dwellings in the frame of SMART_ 

RAD_EN project as well as in other projects implemented in the last decade. 

Together with the detectors a questionnaire was completed in each surveyed building in 

order to collect relevant information about factors relating to measurement site as character- 

ization of house, building materials, occupancy hours, indoor air quality etc. The preliminary 

results clearly show the need to implement mitigation actions in affected public buildings in 

the frame of the national radon program. In workplaces where radon concentrations continue 

to exceed the national reference level cost-effective actions must be taken to optimize the 

exposure. 

 
The research is supported by the project ID P_37_229, Contract No. 22/01.09.2016, with the title 

„Smart Systems for Public Safety through Control and Mitigation of Residential Radon linked with 

Energy Efficiency Optimization of Buildings in Romanian Major Urban Agglomerations SMART-RAD- 

EN” of the POC Program. 
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Radon represents the most important contribution of population exposure to natural ionizing 

radiation. Radon contributes to over than 50% of the natural radiation dose received by the 

population. In radon risk areas this contribution can be as high as 90–95%, leading to an 

exposure to natural radiation 5–10 times higher than normal. Measurements of this study 

were performed using CR-39 alpha-track detectors. 

In the Harghita post-volcanic range (Eastern Carpathians) there are many occurrences of 

dry CO2 emanations, called mofettes. These emanations contain mainly CO2 but also impor- 

tant quantities of radon, thoron and other gases. Mofettes are used for curative purposes of 

several illnesses, in most cases without medical supervising. We proposed to measure the 

radon activity concentration levels and to determine the effective dose for some frequented 

mofettes. 

While the radon in mofettes might be considered an epicurean scientific question, the 

indoor radon is an all-pervasive topic also in the studied area. The problem of radon was as- 

sumed in Romania at national level by responsible authorities through the National Radon 

Action Plan and an adequate legislation, in line with the framework of the Council Direc- 

tive 2013/59 (Euratom, 2014) laying down basic safety standards for protection against the 

dangers arising from exposure to ionizing radiation. Measurements of soil, water and indoor 

radon concentrations were performed in Covasna and Harghita counties, and the annual ef- 

fective dose for the whole body was calculated. 

 
Burghele, B., Ţenter, A., Cucoş, A., Dicu, T., Moldovan, M. Papp, B., Szacsvai, K., Neda, T., Suciu, L., 

Lupulescu, A., Maloş, C., Florică, Ș, Baciu, C, Sainz, C. 2019. The FIRST large-scale mapping of radon 

concentration in soil gas and water in Romania, Science of the Total Environment, STOTEN 31088. 

Incze R., Papp B., Burghele B.D., Cosma C. şi Gyila S. 2016. Follow - up measurements to estimate the 

exposure to patients in the mofettes from Covasna County (Romania). Romanian Journal of Physics, 

Vol. 61, Nr. 7-8, 1320-1329. 
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The new EC Directive 2013/59/EURATOM demand an adequate level of protection for 

people again the radon exposure in building with public access. Based on this circumstance, 

the systematic study of indoor radon in the school buildings, where children spend most of 

their time began in 2019. Public schools in four districts of Bulgaria were surveyed from 

November/December 2019 to May/June 2020. The total number of investigated schools were 

230, where 2427 rooms on the underground, ground and first floors were measured with pas- 

sive track detectors of the RADOSYS system. Regional health inspectorates by districts are 

responsible for the deployment and collection of detectors, according the tasks of National 

Radon action plan, while detector processing is performed in the National Center for Ra- 

diobiology and Radiation Protection. For distribution of detectors, an information meeting 

with the school management was organized. The detectors were spread and information on 

radon and health effects and how to place the detectors was given on the meeting. The total 

loss of the detectors is only 3%, which shows that the way of distributing the detectors is 

successful. The evaluation of the results of indoor radon concentration in state school build- 

ings was made under the National Science Fund of Bulgaria, in the framework of grant No 

КП-06-Н23/1/07.12.2018. The assessed arithmetic and geometric means with standard de- 

viations were 153 ± 154 Bq/m3 and 114 Bq/m3 (GSD=2.08) respectively, which are the higher 

than those from the National Radon Survey. The radon concentration in 9.4% of premises 

was above reference level of 300 Bq/m3. The indoor radon concentrations in the four districts 

were significantly different, which prove the it’s spatial variation. Most school buildings 

were built before 1990 and renovated or will without taking in account the radon. Therefore, 

it is very important to pay attention to schools buildings, in order to control and reduce the 

children's exposure. 
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The national threshold reference levels (RL) are set to limit indoor radon annual concentra- 

tions. However, a reliable comparison of the estimated annual average indoor radon concen- 

tration from short- or long-term measurement results with the RL remains an unsolved prob- 

lem because the radon concentration in buildings is subject to significant temporal variations 

(daily, weekly, and seasonal). It is well-known that the shorter the duration of a measurement, 

the more complicated is it to assess compliance of a building with radon safety criteria. This 

has remained a serious challenge, and significantly complicates making an informed and reli- 

able decision as to whether mitigation measures are needed. 

The main trends of modern indoor radon regulation in Europe are quite adequately ex- 

pressed by the international (albeit not mandatory) standard ISO 11665-8. However, this 

standard ignores the short-term tests (2-7 days in practice), which are the main tests in the 

US, and instead requires conducting long-term tests only, the result of which should not 

exceed the RL. Without any justification, the indoor radon long-term tests are recommended 

to be carried out for “at least two months”, which also looks uncertain when standardizing 

measurements. In fact, if the duration of the test is less than 1 year, then one cannot ignore 

the temporal uncertainty of indoor radon behavior, which is often much larger than the in- 

strumental uncertainty, including in the case of long-term tests (Tsapalov and Kovler, 2021). 

However, traditionally, national regulators continue focusing on instrumental uncertainty 

only. This paper reports interim results of the storming discussions within the ISO 11665-8 

Focus Group, which is in charge of the revision of this standard. 

 
Tsapalov, A., Kovler, K., 2021. Studying temporal variations of indoor radon as a vital step towards 

rational and harmonized international regulation. Environmental Challenges. V. 4, 100204 https://doi. 

org/10.1016/j.envc.2021.100204. 
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The exposure of the population to natural radioactive sources is primarily due to radon 

(222Rn), constituting over 50% of the total exposure. International studies point out that for 

exposure to radon with a concentration of 200 Bq/m3, the estimated risk is 2.98-6.55% for 

smokers and 0.19-0.42% for non-smokers, under the conditions of a multiplicative relation- 

ship for the common effect of radon and smoking. The paper presents the results of National 

radon survey, made in the conditions of the Republic of Moldova. Radon concentrations were 

monitored in the air of different types of dwellings (n=2500) using long-term alpha detectors 

of the RADTRAK2 type with an exposure period of 90 days. The monitoring established the 

variability of the indicator depending on the geographical area, abiotic conditions, the type 

of house and the type of floor and walls. Based on the descriptive statistics analysis of the 

results (valid number n = 2435), it was established that the arithmetic mean of the index was 

252.8 Bq/m3, and the standard deviation of the mean—215.9 Bq/m3. The study demonstrated 

an increase in radon concentrations in the air in homes in the Southern part of the country 

(330.3 Bq/m3), followed by the Center area (253.8 Bq/m3) and Northern area (237.9 Bq/m3). 

The study of the variability of radon concentration in the air of dwellings placed in different 

geographical districts revealed increased values in the Causeni district and the lowest ones 

in the Chisinau municipality. The research shows that the average concentration of radon in 

dwellings was higher in rural areas compared to urban ones. Through the cluster analysis, the 

interactions within the relationships „radon × oncological maladies” were established. The 

overlapping of maps of the incidence of bronchopulmonary cancer and radon concentrations 

has shown partial interaction between these two factors, which indicates that the onset of 

bronchopulmonary cancer under the action of radon is a cumulative effect, determined by 

long-term chronic exposure and also influenced by other factors such as smoking, exogenous 

factors, etc. Mapping radon concentrations in the air of homes across the country will be use- 

ful for legislators and construction specialists to select land for the construction of buildings, 

resulting in a diminished radon hazard. 
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The overall aim of the EMPIR project 19ENV01 traceRadon1 is the development of metro- 

logical capacity (reference monitors, transfer standards, and robust methodology) to measure 

low levels of radon in the environment, which can be used to determine emission reduction 

strategies of greenhouse gas (GHG) and improve radiation protection of the general public. 

The project will provide the necessary measurement infrastructure and use the data to apply 

the Radon Tracer Method (RTM). It is relevant for GHG emission estimates that support 

national reporting under the Paris Agreement on climate change. 

The project has 4 technical work packages: WP1 - traceable measurements of outdoor ra- 

don activity concentrations, WP2 - radon flux measurements, WP3 - validation of radon flux 

models and inventories using radon flux and terrestrial data, WP4 - radon and radon flux in 

maps for radiation protection issues. 

The following metrological activities for realization and dissemination are carried out: 

development of radon activity standards, calibration of low-level atmospheric radon concen- 

tration monitors, development of reference infrastructure for radon flux from soil, calibra- 

tion of continuous radon flux monitors in the field, and validation of radon flux models and 

inventories. 
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The Paul Scherrer Institute (PSI) consists of a wide range of activities in different facilities 

such as accelerator facilities, nuclear facilities and radioactive waste treatment. The exhaust 

air of these buildings has to be filtered before it is discharged to the environment. Besides 

potentially activated or contaminated air, some naturally occurring radioactive materials 

(NORM) can be found on these filters. The latter are responsible for dose rates above 0.1 

µSv/h and activities concentrations above the clearance limits for NORM (LLN). 

According to the Swiss Radiation Protection Ordinance these filters can be released from 

the site with the approval of the Federal Office of Public Health (FOPH), if the disposal via 

the usual channels would be impossible or would involve disproportionate effort and, as a 

result of appropriate measures, the effective dose to members of the public arising from emis- 

sion remains below 0.3 mSv per calendar year. 

The faced problems and possible solutions for the disposal of these filters are discussed. 
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Radioactive heavy mineral assemblages along the beach placers are influenced by a series 

of factors like host rock weathering, deposition, and climate conditions prevailing in the 

area (Paschoa, 2000). The level of natural radiation exclusively depends on the minerals’ 

assemblage and transportation trends. This study establishes a complete scenario of natu- 

ral radionuclides enrichment in beach placers due to the transportation trends, seasonal and 

oceanographic processes. The study area is sandwiched between the Arabian Sea and the 

Western Ghats group of rocks. 41 rivers are flowing westwards from the Western Ghats ter- 

rain (Krishnan et al., 2001) to maintain the supply of heavy minerals to the shoreface. They 

are later sorted hydrodynamically based on their physical properties, largely specific gravity 

by waves and seasonal rains. 

The ambient gamma radiation level was carried out along the coastlines using a sensitive 

scintillometer. The dose rates in the air were recorded 1 m above the ground level, and about 

twenty-five readings were recorded in each location. The beach sampling was carried out 

spatially; at the waterline and 20m and 40m away from the waterline during pre-monsoon 

and post-monsoon seasons. All the samples were carefully processed following IAEA stan- 

dard procedure. The sealed samples were taken for radiometric analysis. A High-resolution 

gamma spectrometry HPGe detector was employed to determine the activity concentrations 

of 40K, 226Ra, and 232Th. 

The results showed that the overall dose rate in air varied from 157-26,087 nGy h-1 and 

higher during post-monsoon. This is due to the maximum wave activity during the monsoon 

and the action of constructive waves building up post-monsoon. The Multivariate statistical 

Cluster analysis (CA) showed a significant difference in the spatial and seasonal gamma 

levels. The seasonal variations are very much pronounced in overall radioactivity. The higher 

activity of 232Th and 226Ra in Karunagapalli and Chavara was observed post-monsoon. This 

indicates the higher deposition rate of beach placers during monsoon. It must be noted that 

the region showed high activity for 232Th, varying from 45-51.2 kBq kg-1, and for 226Ra vary- 

ing from 21-78.7 kBq kg-1, respectively. The activity of 40K was found to be very low, BDL 

to 481 Bq kg-1. The higher 232Th and 226Ra concentration are found in finer size fractions 

due to the selective enrichment of the radioactive minerals. 

 
Paschoa, A.S., 2000. More than forty years of studies of natural radioactivity in Brazil. Technology 7, 

341-352. 

Krishnan S, Viswanathan G, and Balachandran K, 2001, Heavy mineral sand deposits of Kerala, Explo- 

ration Research for Atomic Minerals, Vol.13, pp.111-146. 
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Outdoor (atmospheric) radon activity concentrations need to be measured as accurate as pos- 

sible for radiation protection as well as for climate applications. Particularly radon concentra- 

tions below 100 Bq·m−3 calibration and measurement capabilities, which are very important 

for the retrieval of radon prone areas and for atmospheric process modelling, still need a 

robust metrological traceability chain to ensure their quality. For this purpose, the traceRa- 

don project works towards this goal, which will help EU member states to comply with the 

Council Directive 2013/59/Euratom. 

One of the widely-used techniques to quantify radon concentrations is using solid state 

nuclear track detectors (SSNTD) method. The SSNTD work is based on the principle that 

ionising particles are creating microscopic defects (tracks) in the detection material that can 

be revealed by etching treatment with chemicals. In this study the aim is to observe the inte- 

gral radon exposure at an Atmospheric Monitoring Network Station (AMNS) while compar- 

ing data obtained with the integral value of active monitoring device, because in operational 

services, the sensitivity and accuracy of the readings are key factors, which must be properly 

estimated to provide correct exposure from radon. The results in the development of this 

activity as well as the application of a new approach in the data analysis by means of inter- 

comparison will be presented. Knowledge of such joint efforts can offer a solid background 

in providing more accurate and traceable results for both types of measurement methods. 

This is even more challenging due to the outdoor environment. 

 
The results presented in this work are developed in the framework of the 19ENV01 traceRadon “Imple- 

mentation of radon metrology for the analysis of the atmospheric budget of greenhouse gases and 

radiation protection in the environment” project. This project, 19ENV01, has received funding from the 

EMPIR programme co-financed by the Participating States and from the European Union's Horizon 

2020 research and innovation programme. 19ENV01 traceRadon denotes the EMPIR Joint Network 

Project reference. 
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Starting from the list of NORM industrial sectors considered in the Italian transposition of the 

2013/59/Euratom Directive (EU_BSS), a research project is ongoing with the aim to develop 

technical and scientific tools to support regulators and stakeholders in the new regulation 

implementation. These tools will be useful to draft guidelines addressed to the stakeholders 

involved at different levels. 

One of activities of the project focused on the update of the inventory of NORM involving 

industries in Italy carried out in 2014. Indeed, the transposition of EU BSS and global eco- 

nomic challenges required a review of the previous inventory, done in 2014. The scheme of 

inventory takes into account the inputs received by the IRPA TG Group and the discussion in 

the framework of RadoNorm project. The collection covers all industrials sectors identified 

by the Italian regulation and for each sector collects information about the following topics: 

● type and amount of NORM involving sites in Italy and distribution on regional basis; 

● description of the production processes; 

● data relating to the radiological content of NOR raw materials and residues; 

● identification of the most significant exposure scenarios for workers and the members of 

the public. 

In order to facilitate the usability of the inventory results, the collected information is also 

summarized in technical data sheets, organized in three modules: 

● the first module deals with information about the occupational exposure (most significant 

scenarios, type of exposure, dominant natural radionuclides, range of effective doses, etc.); 

● the second one deals with information on radiological content of raw materials and resi- 

dues; 

● the third one reports information relevant to the public exposure (effluents, main route of 

exposure, dominant natural radionuclides, etc.). 

In the present work main outcomes will be discussed. 
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Recently, an indoor radon survey in 54 buildings belonging to the UniSalento University 

(South East Italy) was carried out. The monitored buildings differ by type, construction pe- 

riod, materials, etc., and are located in a karst area. The survey considered about 1000 rooms 

at different floors: mainly, rooms located at ground floor (67%), first floor (12%) and below 

ground (12%). 

In each room, the annual average radon activity concentration was measured by SSNTD 

passive dosimeters for two consecutive semesters (spring/summer and autumn/winter). 

Data analysis investigated the radon spatial distribution among buildings and inside each 

building at different floors: in particular, the spatial variability within buildings was investi- 

gated in terms of both variation between floors and among rooms at the same floor. 

Main results highlighted that radon levels at ground floor and at first floor within a build- 

ing are very similar. Moreover, the analysis of radon data in both semesters (temporal dis- 

tribution) are very similar. The results show a low temporal variability and a low spatial 

variability with median values of CVs less than 30%. 

To better investigate indoor radon behavior in this sample of buildings, radon data were 

analysed considering the age of construction, the type of foundation, the intended use of 

room, building materials etc. 

Main results put in evidence that the karstic characteristics of soil and building materials 

affect radon levels within buildings. 

In the present work main outcomes will be discussed. 
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With the adaption of the Council Directive 2013/59/EURATOM into Austrian national law, 

new challenges arose for businesses, homeowners, authorities and measurement services. In 

addition to measurement of underground workplaces and workplaces in waterworks, the new 

law defines regions of the country in which a high risk of radon exposure is to be expected. 

In these regions, all employers are required to hire an accredited and authorized monitoring 

laboratory to determine radon activity concentration in indoor air. These authorized labora- 

tories are charged with recording the measured value in the national radon database and – if 

the reference value of 300 Bq/m³ is exceeded for a certain workplace even after remediation 

efforts were undertaken – calculate the annual effective dose for each affected worker. 

In this paper a comprehensive overview of our experiences with the process of gaining 

accreditation as a radon-monitoring service and authorization by the Federal Ministry for 

Climate Action as a dose monitoring body is given. It describes in detail the issues that had 

to be tackled in order to become an accredited radon-monitoring laboratory using active and 

passive radon measurement equipment. 

The main challenges to overcome were related to measurement uncertainty, metrological- 

ly traceable calibration of the track-etch detector system, as well as information not covered 

by ISO 11665-1, ISO 11665-4 and ISO 11665-5, availability of proficiency tests, etc. 

This paper aims to be a guideline for laboratories seeking accreditation in the field of de- 

termination of radon activity concentration. 
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The aim of the H-2020 INSIDER project was to improve the nuclear site characterization 

for waste minimisation in decommissioning and dismantling operation under constrained 

environment. 

Two sites were assigned for the in-situ measurements: 

1. Biological shield of the BR-3 reactor in Belgium, 

2. Two fluid waste tanks in JRC Ispra. 

The complexity of the task is comprised in the 3D character of the measured object, which 

was done by combination of the evaluation of gamma spectra taken by HPGe detectors with 

Monte Carlo modeling. The crucial point of the modeling was to divide the bulk of the mate- 

rial to properly chosen cells. In the case of BR-3 the concrete wall was divided by concentric 

cylinders coaxial by the detector crystal and planes parallel by the wall. Volume elements 

were added until the contribution of the new element became negligible in both directions. 

The depth profile of the nuclides of interest were given by local scientists. The question was 

how deep the limit concentration lies in the material. 

At the Ispra site a prefabricated rectangular collimator had to be used. The bulk of the fluid 

was divided by horizontal and vertical planes. The concentrations were considered to be lo- 

cally homogeneous, the question was the concentration ratio 137Cs/60Co at different heights. 

Unit concentration of nuclides at the maximum of the depth profile was presumed at the 

BR-3 and so was at the measuring height in Ispra. In both cases the modeling of the bulk 

of the source, the collimator and the detector crystal gives the expectable count rate in the 

case of unit activity concentration using a correction factor received by comparison of the 

measurement of a calibration source with the modeling of the point source with the same 

collimator and detector crystal. 

Measuring with the real setup gives the count numbers and comparing it with the model 

result gives the nuclide concentrations. 

 
https://insider-h2020.eu/ 

Herranz M., Boden S., Völgyesi P., Idoeta R., Broeckx W., Ruiz González J., Otiougova P., Klix A., Sai 

Leong L., Hlavathy Z., Almási I., Amgarou K., Crozet M., Legarda F., 2021. A Radiological charac- 

terisation in view of nuclear reactor decommissioning: On-site benchmarking exercise of a biological 

shield, Progress in Nuclear Energy 137, 103740. 
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SIMβ-AD PROJECT: METHODOLOGY TO ASSESS β-ONLY 
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Rising concerns appeared for some years to eliminate radioactive waste produced by French 

particle accelerators facilities to dedicated disposal because of their difficulties to assess 

activity of β-only radionuclides. The Simβ-AD Project has been launched in 2020 to vali- 

date a methodology to assess activity inside the materials of cyclotron facilities. Numerical 

simulations made with Monte-Carlo codes to assess the neutron and photon spectra will be 

compared with experimental data obtained with active and passive detectors. The aim is to 

determine correlation factors between β-only radionuclide and γ-emitting radionuclide inside 

radioactive waste of various materials. 

Several topics will be studied: optimizing the use of activation foils to choose the best 

materials regarding physics and environmental performances; providing efficient and easy- 

to-use active neutron detectors in mixed and high-flux particle fields; defining the accuracy 

needed for geometrical and physical modelling with Monte-Carlo codes; identifying the ad- 

vantages of different Monte-Carlo and deterministic codes to determine neutrons and pho- 

tons fluence spectra and to assess activity inside radioactive waste. 

The project is led by two laboratories sharing their expertise in numerical simulations 

(Horodynski and Wurth 2017), neutron detection (Arbor, Higueret et al. 2017) and radioac- 

tive waste management (Pauwels, Horodynski et al. 2013). At this time, three facilities, chose 

for their specificities will provide beam time for the project: CEMHTI (Orléans, France), 

CYRCé (Strasbourg, France) and CYCERON (Caen, France). First experiments were made, 

and results will be presented. 

 
Arbor, N., S. Higueret, H. Elazhar, R. Combe, P. Meyer, N. Dehaynin, F. Taupin and D. Husson (2017). 

"Real-time detection of fast and thermal neutrons in radiotherapy with CMOS sensors." Physics in 

Medicine and Biology 62(5): 1920-1934. 

Horodynski, J.-M. and S. Wurth (2017). "Shielding design and radioprotection for Andromede and 

ThomX accelerators." EPJ Web Conf. 153. 

Pauwels, N., J. M. Horodynski, P. Robert and A. Tadjeddine (2013). "Démantèlement de l’installation 

nucléaire de base 106 (LURE)." Radioprotection 48(4): 545-561. 
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Zeolites are minerals made of hydrated alumino-silicates of alkaline/alkaline earth metals. 

Their key characteristic is a molecular cage structure which is important for ion-exchange 

interactions. Many zeolites are pozzolanic, and therefore react with lime to produce a ce- 

mentitious material, similar to the final product of cement- hydration. In this study, we aim to 

optimize the retention capabilities of cementitious waste-forms by applying zeolite additives 

to different types of cement. Zeolite-rich rhyolitic tuff samples extracted from Tokaj Moun- 

tains in north-eastern Hungary (clinoptilolite and mordenite) are possible candidates for our 

research. Literature indicates that using some types of zeolites may decrease the leaching of 

important elements (Ca, Si, S, Al, Na, and B) from a mixture of quicklime and fly ash due to 

the increase in ion-exchange sites of cementitious matrices. However, a high ratio of zeolite 

can decrease the physical stability due to the increase of matrix porosity. Hence, finding the 

suitable zeolite type and optimum zeolite/cement ratio for radioactive waste is of special 

importance. Different types of zeolite-modified waste-forms will be prepared, subjected to 

the American standard leaching test and then extracted liquid samples will be analyzed us- 

ing ICP-MS, ICP-OES, and the treated solid samples by XRD and SEM-EDX techniques to 

compare the chemical and physical stabilities of different types of zeolite-modified waste- 

forms. 
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Boric acid enriched in 10B (EBA) is a novel neutron absorber that is being substituted for 

natural boric acid (NBA) by some advanced nuclear power plants (NPPs), and therefore the 

volume of radioactive waste containing EBA is increasing continually. Though there are 

many studies about the abilities of EBA compared to NBA during NPPs operation, there 

is no published data about the immobilization of the EBA radwaste. Nevertheless, some 

of the boron’s unique properties such as the high relative mass difference of the boron’s 

stable isotopes (10B/11B), the pH dependency of the different borate geometries (trigonal and 

tetrahedral forms) also, the tendency of the two boron’s stable isotopes to each of those ge- 

ometries, may cause different geochemical behavior of NBA and EBA in cementitious final 

waste forms. 

In this study, the leaching behaviors of the structural elements of cementitious matrices 

(Ca, Si, S, Al) and B and Na were indexed to compare the chemical stabilities and durabilities 

of OPC (ordinary Portland cement), SAC (sulfoaluminate cement), and OPC-SAC cementi- 

tious waste forms. Solidified waste forms with three levels of boron concentration and two 

levels of enrichment (NBA and EBA) were prepared. The leaching test introduced in ASTM 

C1308-08 standard, SEM-EDX and XRD (for geochemical assessments), ICP-OES and ICP- 

MS techniques (for elemental and isotopic measurements) were applied. 

The results showed the phase compositions of the final waste forms were significantly 

different with changing the boron concentration and enrichment in each set of the cement 

types. Also, both the elemental and isotopic leachabilities showed varying amounts and rates 

during the test period of each set. These results reflect varied chemical and physical stabilities 

and subsequently, different long-term durabilities for the final waste forms containing NBA 

and EBA which should be considered significantly during the design of radioactive waste 

disposal facilities. 
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The Extreme Light Infrastructure – Nuclear Physics (ELI-NP) is one of the most advanced 

facility in the world using radiological installations with uncommon parameters. ELI-NP 

hosts experiments with high-power lasers, that can generate on two front ends very short 

pulses of 10 PW power each and a brilliant variable energy gamma beam system that has 

unique spectral characteristics. At ELI-NP are performed, in several designated areas, experi- 

ments based on the ultra-short high-power lasers, experiments based on the high-intensity 

gamma beam and also combined experiments with both installations. 

The facility hosts a dosimetry laboratory, currently under development, where the radia- 

tion safety group employs several types of detectors for monitoring the personnel, environ- 

ment and public exposure to ionizing radiation generated in experiments performed. 

The ELI-NP facility has been designed based on the radiological protection assessments 

performed using Monte Carlo simulations. Poster presents an example of an assessment us- 

ing the FLUKA code for one of our experimental area where a diagnostic system for variable 

energy gamma beam is set up. The purpose was to create a shielding design for an attenuator 

system that is placed in front of the beam. The shield is required in order to reduce the sec- 

ondary particles produced in the attenuator, which may severely damage the HPGe detector 

used for primary beam diagnostic purposes. Calculations were performed for the gamma 

beam energy distribution spreading from 1 MeV and up to 20 MeV. 
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The extraction of uranium ore at mine No. 2 of the Lermontov Production Association 

"Almaz" was carried out from 1954 to 1991. 

The elimination of mine No. 2 was passed until 1994. Additional work was carried out in 

1997-2009 to maintain a safe state of rock dumps, eliminated and mothballed adits. 

Dumps of adits of mine No. 2 over the years since the closing of the enterprise have been 

subject to shedding or washing away by flood waters. 

Works on additional remediation of LPA “Almaz” facilities were included in the Federal 

Target Program "Assuring Nuclear and Radiation Safety for 2008 and for the period up to 

2015". 

The assessment of the radiation situation in the mine area was carried out in 2019-2021. 

During the research, the following parameters of the radiation situation were measured: 

1) ambient dose equivalent rate of gamma radiation at a height of 1 m from the soil sur- 

face; 

2) the specific activity of radionuclides in the surface soil layer. 

It is shown that on all dumps, except for the territory close to adits No. 9, 10 and 11, the 

ambient dose equivalent rate of gamma radiation does not exceed 0.5 μSv/h. 

On the territory near adit No. 10, the ambient dose equivalent rate of gamma radiation 

reaches 5 µSv/h, in the area of adit No. 11 — 0.3 µSv/h, and in the area of adit No. 9 — 0.5 

µSv/h. In a small area close to adit No. 10, the content of radionuclides in the soil exceeds 

the criteria for classification as solid radioactive waste by 5 times. 

Thus, after remediation of the territory in the area of all adits, with the exception of adits 

No. 9, 10 and 11, the radiation situation complies with the requirements established in the 

remediation project in accordance with the Health Rules for Elimination, Conservation, and 

Changing Functions of Facilities for Radioactive Ore Mining and Milling. 
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The peaceful use of nuclear energy in Hungary is essential for the energy safety of the 

country. However, there is a risk of nuclear emergencies, which could release radioactive 

materials into the environment, endangering the health of workers and the general public, 

damaging the environment and causing significant economic damage. The basis for nuclear 

emergency response system is the National Nuclear Accident Prevention Action Plan. The 

plan provide prevention and response measures linked with emergencies arising from activi- 

ties with nuclear and radioactive materials. In order to provide the information necessary for 

the decision-making activities of the governmental coordination body, a National Radiation 

Monitoring, Signaling and Control System is in place. The aim of the system is to establish 

the radiation protection of the measures necessary for the maintenance of the living and 

working conditions of the population, the protection of material assets and the prevention 

of nuclear accidents (Kátai-Urbán, L, 2014). The national disaster management organiza- 

tion operates the Nuclear Accident Information and Assessment Center, which performs the 

country's early warning tasks in the field of nuclear accident prevention, and the tasks of the 

national center of the international radiological monitoring data exchange system. The Ra- 

diological Telemetry Network continuously monitors the country's environmental radiation 

dose rate and key local meteorological parameters. The disaster management organisation 

operates the so-called RODOS system for simulating a nuclear emergency situations (Kátai- 

Urbán, L, Vass, Gy. 2016). The application of the nuclear accident prevention system in 

Hungary makes it possible to ensure a high level of protection against possible emergencies 

caused by nuclear accidents. 

 
Kátai-Urbán, L, 2014. Establishment and Operation of the System for Industrial Safety within the Hun- 

garian Disaster Management. Ecoterra. 2, 27-45. 

Kátai-Urbán, L, Vass, Gy. 2016. Safety of Hungarian Dangerous Establishments – Review of the Indus- 

trial Safety’s Authority. Hadmérnök. 1, 88-95. 
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SHAMISEN (Nuclear Emergency Situations - Improvement of dosimetric, Medical And 

Health Surveillance) - Stakeholder INvolvement in Generating Science (SINGS) aimed to 

enhance Citizen Participation in preparedness and response to a radiation accident through 

mobile apps to support data collection on radiation measurements, health and well-being 

indicators. 

The stakeholder’ (including general public) opinions on needs, awareness and willing- 

ness to use mobile apps for dose and health/well-being indicators were gathered through the 

anonymous survey and discussed at national and international workshops (Liutsko et al., 

2021; Ohba et al., 2021). 

Dose measurements from available mobile apps were compared with those obtained us- 

ing professional tools. Infographics for general public “How to use your mobile phone to 

measure radiation” were created in 7 languages: English, French, Spanish, Russian, Italian, 

Ukrainian and Japanese and a short video tutorial to accompany them. 

In parallel, apps for health and welfare monitoring as well as questionnaires currently 

used, and in particular in the regions of Fukushima, were reviewed critically. The results 

helped to develop recommendations for information to be collected in the case of an accident. 

Data management plan and ethical issues concerned the data collection and further use 

are also discussed. The results describe the possible benefits on individual and societal level. 
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The summarized final results of the SHAMISEN SINGS project can be downloaded and 

printed a pdf version of the booklet “Mobile apps for monitoring radiation doses, health and 

welfare in the context of a nuclear or radiological accident: Guidelines and recommenda- 

tions for users, developers and public authorities” (Liutsko et al., 2020). The SHAMISEN 

SINGS project contributes to strengthening the role of social sciences and humanities in 

radiation protection research by engaging more stakeholders in preparedness and response to 

a nuclear/radiological accident. 

 
Liutsko, L., Cardis, E., & Oughton, D. 2021. Citizen participation in post-accidental recovery. In: 

Research Ethics for Environmental Health (Eds: Zolter, F. & Meskens, G.), Chapter 8, 145-157. 

Liutsko, L., Fattibene, P., et al., SHAMISEN SING Consortium. 2020. Recommendations on mobile 

apps use for dose, health and welfare measurements, a technical report, available: https://radiation. 

isglobal.org/shamisen-sings/booklets/ 

Ohba, T. et al. 2021. Tailoring Digital Tools to Address the Radiation and Health Information Needs of 

Returnees after a Nuclear Accident. Int. J. Environ. Res. Public Health, 18(23), 12704 

 
SHAMISEN-SINGS is part of CONCERT. This project has received funding from the Euratom research 

and training programme 2014-2018 under grant agreement No 662287. 
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The Paul Scherrer Institute (PSI) consists of a wide range of different activities in different 

facilities such as accelerator facilities, nuclear facilities and radioactive waste treatment. The 

newest large research facility at PSI is the electron accelerator SwissFEL. It produces an X-

ray laser light that can make structure and dynamics of matter visible. The beam is very 

short pulsed with a maximum frequency of 100 Hz. The electrons reach a maximum energy 

of 7 GeV with a charge of 800 pC per pulse. The facility has a length of 740 m and consists 

of an injector (gun and booster) three linear accelerators, two parallel undulators for the two 

beam lines Aramis and Athos and several experimental areas. 

The main radiation protection issue is the generated secondary neutron radiation of the 

stray radiation field, which is monitored and shielded. The so-called Dose Rate Protection 

System (DRPS), which consists of more than 50 detectors, surveys the neutron dose rate 

inside the beam tunnel and switches the beam off if the dose exceeds a certain limit. Another 

radiation protection aspect of this facility is the activation of materials and air inside the beam 

tunnel. At every opening of the tunnel, the whole beam line gets measured and all activated 

components will be documented. This is also important for a later dismantling. The radiation 

protection team carries out a variety of different measures to comply with legal requirements 

and to ensure a safe operation of the accelerator. 

The faced challenges and problems as well as the experience of the first years of operating 

SwissFEL in a radiation protection point of view will be discussed and presented. 
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Reliable characterization of the radiation conditions in the environment requires adequate 

evaluation and statistical analysis of the environmental measurement results. The approval 

criteria for environmental radiation monitoring services generally include the need to comply 

with quality assurance systems, which require the evaluation of measurement uncertainty 

to ensure the validity and metrological traceability of results. In addition, the characteristic 

limits, such as decision threshold, detection limit and limits of coverage interval are also im- 

portant performance characteristics of the measurement processes and should be determined 

and set in line with the objective of achieving reasonably low level of detection capability of 

measurement systems. Methods based on different principles may be used to determine the 

performance characteristics, but their adequacy and the reliability of their results must be as- 

sessed considering the conditions under which the used approach is valid. 

In this study, the applicability of the most widespread uncertainty propagation-based and 

stochastic, Monte Carlo method-based measurement evaluation approaches for the most 

prevalent environmental radiation measurements, dose and dose rate measurements and 

nuclear analysis of environmental samples, was investigated. In addition to the conditions 

of application, procedures to support the practical usability of the corresponding evaluation 

methods and to simplify the calculations are presented. Methods for reducing measurement 

uncertainty and characteristic limits in routine and accidental environmental monitoring are 

also described. 
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Article 35 of the Euratom Treaty orders that each Member State has to establish facilities to 

carry out continuous monitoring of the level of radioactivity in air, water and soil. Over all 

there is necessity of maintaining facilities to check the levels of environmental radioactivity 

on the territory of the Member State. National Environmental Radiation Monitoring System 

(NERMS) upholds the radiation monitoring networks and the NERMS Information Centre. 

This centre collects and processes the measurement data of the different individual monitor- 

ing networks. 

RAMDAN is the Radiological Monitoring and Data Acquisition Network of the public 

health authorities. The regional laboratories of this network are incorporated into the regional 

competent departments for public health of the County Government Offices. 

The Regional Radiohygiene Laboratory of the Department of Public Health of the Tolna 

County Government Office plays role in the independent monitoring around the Paks NPP 

and also provides environmental radiological data for 4 county, namely Tolna, Fejér, Somogy 

and Baranya. 

The monitoring program covers samples taken from soil, grass, living water (Danube), 

drinking water, aerosol, fall-out; milk, dairy products, corn, bread, meat, fruits, vegetables. 

Radioanalysis is based on gross beta measurement, gamma spectrometry and – in some cas- 

es – determination of Sr-90. 

 
2018 Annual Report of the National Environmental Radiation Monitoring System; 2020 
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In July of 2021 the first Integrated Geodynamic Station (IGS) of Central Europe started its 

operation in Badacsonytördemic, Hungary. The goal of the IGS is to monitor the possible link 

between local diffuse gas emanations and seismic activity in the Bakony–Balaton Highland 

region that is hypothesized based on previous studies. For this purpose, the station continu- 

ously monitors the concentration of infrared active soil gases and the activity of radon in 

the soil gas. The most important analyzed gas is the CO2 because of its great abundance and 

because it can serve as a carrier gas for the radon. The importance of the radon measurement 

in this case is its strictly inorganic origin, whereas CO2 can have both organic and inorganic 

sources. However, an elevated concentration of both gases can be measured, it cannot be 

ruled out a deeper, non-organic origin for both CO2 and radon. 

For the analysis of the soil gases, we use a PerkinElmer Fourier Transform Infrared Spec- 

trometer integrated into an Automatic Gas Sampling System Developed by Redshift srl. 

The radon activity measurements are done by using the Bertim AlphaGuard device in 1-

minute flow mode, attached to a soil gas probe and an external pump working with 0.5 

liter/min flux. 

In case of CO2, we measured few thousands ppm and as for radon around 30000 Bq/m3 

consistently over long timespans. 

In addition, a weather and a seismic station are also installed to measure the local weather 

conditions and the regional seismic activity. We expect that our approach is useful to under- 

stand the links among the pedosphere, atmosphere and seismic activity of lithosphere and can 

reveal fingerprints preceeding earthquakes. 

Our work was supported by the NKFH-NN128629 Topo-Transylvania grant and MTA FI 

Pannon LitH2Oscope Momentum Research Group. 
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RADIOACTIVITY MONITORING AFTER DIRTY BOMB 

EXPLOSION SIMULATION 

Michaela KOZLOVSKA1*, Hana SYBKOVA1, Petr OTAHAL1
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Two experiments simulating radioactive dirty bomb explosions in an urban area were pro- 

vided at the National Institute of NBC Protection (SUJCHBO v.v.i.), Czech Republic. 

A model of a 100 m2 square with four adjacent streets was built in an open space. Its 

surface was covered with filters to capture radioactive aerosol’ particles after the dirty bomb  

explosion. 

A solution containing radionuclide 99mTc of activity ca. 1GBq was dispersed during the 

experiments using an explosive device. The radionuclide was chosen due to its short half-life, 

absence of alpha or beta rays and gamma rays of low energy. 

After the explosion, contaminated filters were collected into measuring vessels and spectra 

of gamma rays were measured by a hand-held NaI(Tl) spectrometer and laboratory HPGe 

spectrometers. The ambient dose equivalent rate at measuring vessels was set as well. 

Two different geometries were used for both detectors: a Marinelli beaker of volume 450 

ml, containing a contaminated filter of dimensions 30 x 40 cm, and a gallipot of volume 90 

ml, containing a contaminated filter of dimensions 20 x 25 cm. 

Self-made standards had been prepared by dripping a defined amount of 99mTc solution 

uniformly on the filters, subsequently inserted into the measuring vessels to set the 99mTc 

surface activity of measured samples. 

Measured values of 99mTc surface activity at individual filters, gained by the three above 

mentioned measurement methods, were recalculated to the time of the explosion and com- 

pared. A map of radioactive contamination of the model was set using previously determined 

filters’ location. 

The defined amount of 99mTc solution was dripped non-homogenously on some filters, 

used for self-made standards (i.e. at the filters’ centre or the filters‘ border only) to estimate 

the impact of non-homogenous filters’ coverage by radioactive aerosol’ particles. The non- 

homogenous standards 99mTc surface activity deviation from the homogenous standards 99mTc 

surface activity was determined. 
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The I-131 and Tc-99m content in the thyroid of staff members working with radioiodine has 

been measured in some Departments of Nuclear Medicine performing therapy and diagno- 

sis of thyroid disease in Poland. In the period 2011-2020 the measurements of I-131 and 

Tc-99m content in the thyroid of staff members working with radioiodine has been measured 

in Nuclear Medicine Units performing therapy and diagnosis of thyroid and others organs 

disease. 

The measurements were performed with mobile detection unit for „in situ” measurements 

of radioiodine and technetium. The counting configuration for monitoring personnel was 

identical to that used in the calibration procedure. Typically, detector set at a neck - to - detec- 

tor distance of 10 , using a 300 seconds counting time. The background was measured with 

detector placed 10 cm away from the RSD neck phantom, prior to or just following the count 

performed on the person. The measurements were performed in selected as low as possible 

background places. The MDA for mobile unit ranges from 10 – 70 Bq at the time measure- 

ment of 300 seconds and depends on background condition in particular units. 

The measured personnel can be divided into some categories according to internal con- 

tamination risk to unsealed sources of I-131: 

1. Technical staff mainly performing routine diagnostic investigation, 

2. Nuclear medicine staff (physician, nurse) working with in vivo administration of I-131 

to patients, 

3. Hospital services staff (orderlies, cleaners) performing auxiliary activities to the patients 

(cleaning of the rooms, changing of bedclothes). 

All individuals actively working with iodine and technetium show measurable amounts 

of this isotopes in their thyroids. The average measured activity in the thyroid of the nuclear 

medicine staff was found to be equal at average 650 Bq within the range from 60 Bq to 50 

kBq. The average and range of I-131 activity measured in thyroids for all medical units were: 

1500 Bq, (100 Bq – 50 kBq ), 400 Bq, (30 Bq - 3000 Bq), 150 Bq, (50 Bq - 1000 Bq) for 

technical staff, nuclear medicine staff and hospital services staff respectively. There is no 

apparent correlation between the measured I-131 levels and risk categories. Nevertheless the 

technical and nuclear medicine staff show higher I-131 thyroid level comparing to hospital 

services staff. 

Base on results of measurements, the Effective Dose Equivalent for particular person due 

to inhalation of I-131 and Tc-99m was calculated. Calculated average Effective Dose Equiva- 

lent for particular exposed person is below 50 per cent of 20 mSv/year. 
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Radiological emergencies involving accidental or intentional dispersal of alpha-emitting ra- 

dionuclides in the environment can cause significant harm to people and societies in general. 

A detection system for measuring large-scale contamination with these radionuclides is cur- 

rently not available and new remote detection techniques which overcome shortcomings of 

traditional detectors are needed. This contribution will present the objectives of the EMPIR 

(European Metrology Programme for Innovation and Research) project 19ENV02 Remote- 

ALPHA*, which focuses on the application of alpha-radioluminescence technique to quantify 

large-scale contamination with alpha emitters in the outdoor environment. RemoteALPHA 

aims to develop new techniques and technologies that enable sensing of a radiological threat 

at safe distance, without putting first respond personnel and equipment in harm's way. These 

techniques aim at ensuring an adequate level of preparedness and response, to assist the on- 

site incident management, creation of evacuation plans as well as in developing strategies 

for protecting public from harm. These measures are required by the European Union (EU) 

legislations defined in the Council Directive 2013/59/EURATOM and are compulsory for all 

EU Member States. 

 
* This project 19ENV02 RemoteALPHA has received funding from the EMPIR programme co-financed 

by the Participating States and from the European Union's Horizon 2020 research and innovation pro- 

gramme. 19ENV02 RemoteALPHA denotes the EMPIR project reference. 
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THE SIREN PROJECT: DEVELOPMENT OF A REAL TIME 

SYSTEM TO REPORT AND COLLECT DATA FOR THE DOSE 

ASSESSMENT OF OPERATORS IN ABNORMAL EVENTS 

IN NUCLEAR MEDICINE THERAPY 
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The SIREN Project (2020-2022) aims to develop procedures for reporting abnormal events 

in the nuclear medicine therapy wards by the implementation of a system based on a Internet 

of Things (IoT) monitoring system and a mobile application. This system shall allow the 

operator to report quickly, easily and as accurately as possible abnormal events. The system 

will also acquire data for the exposure scenario reconstruction, for the dose assessment and 

for the proactive monitoring of the medical and paramedical staff for the patient assistance, 

providing useful data both to reconstruct the event dynamics, and to facilitate the proactive 

approach to risk management. The prototype of the system will have to meet the following 

objectives: i) to simplify entering data of the reporting anomalies and incidents procedure 

and reduce the time; ii) to increase the quality of data and information collected, improving 

the reconstruction of the scenarios and the dose estimation; iii) to increase the number of re- 

ports of accidents, including those not leading to undue doses; iv) to simplify the subsequent 

classification of data and information for proactive risk monitoring. The innovative aspects 

of the proposed methodology compared to existing procedures are: the involvement of op- 

erators in the design of the system; an IoT monitoring system for real-time collection of data 

about the event dynamics and the exposure level; the use of social science methodologies for 

obtaining reliable descriptions of events. At the moment, the preliminary phase of research 

has been completed by a cycle of interviews with users, which made it possible to collect the 

needs and expectations of various actors (radioprotection expert, doctors, physicists, techni- 

cians and nuclear medicine nurses). The detection system of the environmental dose and 

the dose estimation of operator are being designed and the application –by the definition of 

requirement analysis- and app mockups are being developed. 
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Peter O. OLAGBAJU1*, Olanrewaju B. WOJUOLA1, Victor M. TSHIVHASE2
 

1Department of Physics, North-West University, Mafikeng, South Africa 
2Centre for Radiation and Applied Radiation Science and Technology, North-West University, 

Mafikeng, South Africa 
*Corresponding author. E-mail: olagbajupeterogmail.com 

Keywords: water, agriculture, radiation 

 

Water is an essential input in agricultural production, playing an important role in food se- 

curity. According to the world bank water, irrigated agriculture represents about 20% of the 

total cultivated land and 40% of the total food produced globally. This makes water a direct 

and indirect route of radiation exposure to humans via contact, ingestion, and consumption 

of agricultural products. Radiological assessment of irrigation water around Rustenburg, one 

of the mining and industrial cities in South Africa, is investigated in this study. The activity 

concentrations of 238U, 232Th and 40K in irrigation water samples was determined using the 

total mass elemental concentrations of uranium, thorium, and potassium, measured using 

inductively coupled plasma mass spectroscopy. The activity concentration of 238U and 40K 

range from 1.24 × 10-04 Bq/l to 1.09 × 10-02 Bq/l, and 7.07 × 1000 Bq/l to 1.32 × 10+01 Bq/l, 

with mean activity concentration of 2.78 × 10-03 Bq/l, and 1.16 × 10+01 Bq/l, respectively. 

The activity concentration of 232Th was found below detection level in all sampled irrigation 

water. Estimated radium equivalent, absorbed dose rate, annual effective dose rate, external 

hazard index and annual effective dose due to ingestion due to 238U and 40K were also found 

to be below permissible level of 370 Bq/l, 60 nGy/yr, 1 mSy/yr, 2.9 ×10-4 and 2.4 mSv/yr 

reported by United Nations on Scientific on the Effects of Atomic Radiation. The estimated 

radiation dose and health hazard indices indicate insignificant radiological risk, making ir- 

rigation water in the study area safe for domestic and agriculture purposes. 
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MONTE CARLO SIMULATION OF MEASUREMENTS 

OF 131I IN AGE-DEPENDENT THYROID MODEL 
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Within the response to nuclear emergency the in vivo measurements of 131I activity in a 

thyroid are purpose. Necessary instruments need to be suitably calibrated in order to convert 

measured count rates to activity. For this appropriate anthropomorphic phantoms filled with 

a known activity of the radionuclide of interest are used for efficiency calibration. Neverthe- 

less several factors influence the compliance of the calibration and actual counting efficiency, 

among them the individual anatomic parameters and counting geometry. In order to take into 

account the age-dependent anatomical differences, phantoms with different sizes and geom- 

etries should be used when measuring children to reduce uncertainties. 

An international intercomparison of age-dependent thyroid phantoms used for calibra- 

tion of in in-vivo monitoring laboratories was proposed within the Task Group on “Internal 

Dosimetry for Emergency” of Working Group 7 on Internal Dosimetry of the EURADOS 

(European radiation Dosimetry Group). The measurements of the phantoms were performed 

with Broad Energy Germanium Detector (BE Ge) detector the CIEMAT Whole Body Coun- 

ter (WBC) in Madrid, Spain. The measurements were complemented with numerical simula- 

tions of a counting geometry. Technical information about thyroid phantoms measured was 

collected from all participant and Monte Carlo simulation has been performed to investigate 

variations in the detection efficiency with detector-thyroid distance and the age-dependent 

thyroid volume. Main outcomes of the simulations are presented in this paper, and results of 

the measurements and simulations are also compared. 
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Total Indicative Dose (TID) of drinking water is adopted by several organizations and regu- 

latory bodies as a measure for risk assessment. This quantity is calculated using specific 

dose conversion factors, consumption rates and radionuclide specific activity concentration. 

Calculation of the dose estimate from the measurement results of the screening method for 

determination of gross activities of α and β-ray emitters (GAB) will be presented. The sim- 

plicity and speed of GAB compared to high-resolution γ-ray spectrometry and radiochemical 

analyzes are the main motivations for this study. 

Different radionuclides have different spectrum shapes depending on the energy of the 

decay particles and the number of daughter radionuclides and this affects calibration of liquid 

scintillation counters. Counting efficiencies for different radionuclides of LSC counters were 

used for the determination of conversion factors, which allows comparison of the activity 

concentration results determined by specific analyzes with the activity equivalents obtained 

by the GAB method. The calculation was tested on water samples from 20 sampling points 

of drinking water supply systems, which were chosen over a wide area of Slovenia and mea- 

sured by the GAB method and specific analyzes. The total specific activities of α and β-ray 

emitters were also calculated from the activity concentrations of individual radionuclides, 

which were reported for the same samples and obtained by high-resolution γ-ray spectrom- 

etry and radiochemical analyzes. The measurements turned out to match well with each other. 

TID-s were calculated from the results of specific analyzes and the dose estimate from GAB 

measurements. 

Comparison of calculated doses and dose estimates shows that data on the total specific 

activities of α and β-ray emitters could be used to estimate the indicative dose of drinking 

water, using the dose factors for the total specific α or β-ray emitters which are also one of 

results of this study. 
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Visualizing the location and distribution of radioactive substances is important to reduce the 

exposure dose of workers at the decommissioning site of the Fukushima Daiichi Nuclear 

Power Station (FDNPS) and to improve radiation protection functions at many sites where 

radioactive substances are handled. When radioactive substances are leaked and scattered, 

and are deposited on many structures and rubble, it is desirable to visualize the distribution 

of radioactive substances in 3D in order to understand their distribution in detail. However, 

although the gamma-ray imager is a promising device for visualizing the distribution of ra- 

dioactive substances, that device alone can only identify their location and distribution in 2D. 

Sato, one of the authors, proposed the concept of the integrated Radiation Imaging System 

(iRIS), which combines gamma-ray imagers with Simultaneous Localization and Mapping 

(SLAM) device or robots to measure radioactive substances from multiple viewpoints and 

visualize their location and distribution in 3D. As one of the demonstration examples, a sys- 

tem combining a Compton camera, a kind of gamma-ray imager, and a SLAM device based 

on 3D-LiDAR has successfully drawn a 3D map of the work environment visualizing the 

highly contaminated region at the bottom of the Unit 1/2 exhaust stack of the FDNPS (Sato 

and Terasaka, 2021). 

In this study, we have developed GUI based software, COMRIS (COMpton camera for 

Radiation Imaging System), to draw a 3D map visualizing radioactive substances using gam- 

ma-ray detection data acquired by a Compton camera and information acquired by a SLAM 

device combined with the Compton camera as input data (V.I.C. Inc., and Sato, Y. 2022). The 

SLAM device acquires not only the 3D model data of the work environment, but also the 

self-position and posture information of the Compton camera each time. We will introduce 

the principle of the software and show the results of radiation-source visualization. 

 
Sato, Y., and Terasaka, Y. 2021. Radiation imaging using an integrated Radiation Imaging System based 

on a compact Compton camera under unit 1/2 exhaust stack of Fukushima Daiichi Nuclear Power Sta- 

tion. J Nucl Sci Technol. in press. doi:10.1080/00223131.2021.2001391. 

V.I.C. Inc., and Sato, Y. 2022. COMRIS: COMpton camera for Radiation Imaging System. V.I.C. Inc., 

web site. http://vic.co.jp/?page_id=15#COMRIS. [in Japanese] 
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A CASE ON A LABORATORY RULE 
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In the Netherlands the 35 year old rule for maximizing the amount of activity used in a radio- 

nuclide laboratory is now reconsidered. 

This rule was formulated in 1985 using “multiple conservative assumptions”. The past 

years, IRPA started a discussion on the subject of applying ALARA using “realistic assump- 

tions”. 

This use of realistic assumptions is the topic of this contribution. 

First the current 35 year old rule for maximizing the amount of activity, Amax, is explained; 

that is, the way Amax should be calculated using a formula that contains a parameter for the 

radiotoxicity, e(50), and for the three risk associated parameters p, q and r. 

Then it is shown how this old rule was based on multiple conservative assumptions, aim- 

ing to result in a dose for which it was sure that is was lower than 1/10th of the yearly limit. 

After that, using realistic assumptions it is calculated that, using the old Amax formula, the 

actual yearly dose caused by inhalation for a worker in a radionuclide lab turns out not to be 
around the aimed 2 mSv but to be a factor thousand less. 

This is felt as being too cautious. 

Then the issue is discussed what level is not “too cautious”. Following the line of thought 

as explained in the Seoul 2021 contribution 1), it turns out that a yearly dose of 25 µSv is ac- 

ceptable, but only if used in combination with implementing not-to-costly ALARA measures 

below this dose. 

Using this 25 µSv and using realistic assumptions, new values for the parameters in the 
formula for Amax can be calculated, to obtain an Amax that will result in a yearly dose that will 

be about 25 µSv. 

The discussion on this alternative ALARA-approach, applied on this laboratory rule, is 

still ongoing in the Netherlands: the various items and opinions on this issue are presented 

and discussed. 

 
Eijnde J. van den, Huikeshoven M. 2021. Using the alpha value to check overspending. IRPA 15 Con- 

gress Seoul. 
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The Paul Scherrer Institute (PSI) operates the federal collection point for radioactive waste 

that is subject to mandatory delivery according to the Swiss Radiation Protection Ordinance 

(RPO). This radioactive waste stems from medicine, research, industry as well as from fed- 

eral sources. PSI accepts this waste and takes care of its stacking, treatment and interim stor- 

age which currently takes place at the federal interim storage facility BZL. 

Since the storage capacities of the BZL will be exhausted in the near future, PSI is plan- 

ning a new storage facility “BZL II” next to the BZL. Its purpose will be the interim storage 

of predominantly concrete containers of type KC-T12 / 30 of low- and intermediate-level 

radioactive waste. 

The Federal Nuclear Safety Inspectorate (ENSI) is the designated supervisory author- 

ity to verify whether the planned BZL II nuclear installation meets the legal and official 

requirements with regard to nuclear safety and security. To facilitate approval of a radiation 

protection concept, the dose rate in and around the planned BZL II during and after storage 

operations has been estimated from dose rate calculations in MicroShield 9.07. The calcula- 

tions were based on the assumption of an optimized storage of the containers with regard 

to radiation protection. The computational approach and results as well as the impact on a 

container storage strategy are presented. 
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The carcinogenic effect of radon - the second largest cause of lung cancer - has encour- 

aged the European Commission to fund the RadoNorm project. One of its aims is to reduce 

uncertainties in radiation risk management by assessing biological mechanisms underlying 

radon interaction with other stressors such as smoking. Smoking is the dominant cause of 

lung cancer; thus, an understanding of the interaction between smoking and radon in the de- 

velopment of lung cancer is required for making a risk estimate and establishing a reference 

level for indoor radon exposure to the general population. The present study aims to assess 

the underlying mechanisms of nicotine interaction with alpha particles. Bronchial epithelial 

BEAS2B cells were pretreated with 2 µM nicotine for 16 h and then given different doses of 

alpha particles ranging from 0, 0.5, 1 to 2 Gy. The interaction was assessed at different time 

points. During the first 24 h, γH2AX analysis was performed to analyze the direct effects on 

DNA damage response after single exposures or the combination, and differential response 

patterns were indicated. At the level of gamma-H2AX foci the result indicated the formation 

of large foci in alpha particle irradiated cells, confirming the formation of more complex 

damage, while nicotine-treated cells did not induce any prominent number of foci. The repair 

kinetic curve showed a biphasic response in response to alpha particles with peaks after 1 h 

and 6 h, whereas the combined exposure produced a delayed, flattened response, where more 

foci remained unrepaired after 24 hours. During a 10-day time period post exposure the cell 

viability kinetics showed a faster recovery in irradiated cells with nicotine pretreatment. This 

study is a newly started research project with some preliminary data and will further inves- 

tigate combination treatments using clonogenic survival, gene expression analysis for radi- 

ation-induced DNA damage response genes, as well as the proinflammatory marker assays. 
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The impact of ionizing radiation on overall ecosystem health has become a topic of great 

interest in recent years due to both several nuclear disasters as well as the growing concern 

over the normal operating waste associated with nuclear power sites. Here, we aimed to 

analyze how radiation impacts essential characteristics of invertebrate sexual communica- 

tion including acoustic signaling, and the subsequent impacts to mating success. Specifi- 

cally, we looked at adult male crickets (Acheta domesticus) courtship songs, which are vital 

for this species’ successful reproduction. We analyzed the spectral and temporal patterns of 

non-irradiated and irradiated male songs (0-27.8Gy at 4th instar) as well as several mating 

parameters to determine possible impacts of song variation on male mating success. Results 

indicate alterations of several song parameters in irradiated males, with most variation occur- 

ring in low frequency trills: peak and mean frequency, length of pulse, and average entropy 

were significantly altered in doses 16.2Gy and above. Mating success at these doses (16.2Gy, 

23.2Gy, and 27.8Gy) was consequently significantly impacted, with other mating parameters 

being only significantly altered at the highest radiation doses. Declines in mating parameters 

were evident at lower doses but were not significant. Here we show that radiation exposure 

in early stages of development can result in detrimental impacts to vital components of male 

acoustic signaling which may be a key or contributing factor to the evident reduction in the 

ability for males to successful mate. These impacts are also vital in understanding the poten- 

tial impact of radiation contamination sites where populations are being chronically exposed 

over many generations. 
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Oxidative stress can be defined as an imbalance between the production of reactive oxygen 

species and the ability of the cells to detoxify them. Higher level of oxidative stress has 

been described after exposure to ionizing radiation and in many diseases, including cancer. 

Both high-dose (radiation therapy) and low-dose (computed tomography scans) ionizing ra- 

diation have been shown to increase the risk of acute myeloid leukemia (AML), which is 

characterised by the rapid propagation of incompletely differentiated hematopoietic cells of 

the myeloid lineage. In this study we evaluated if the extent of oxidative damage in mice 

suffering from AML depends on the origin of the disease. Male CBA mice were irradiated 

with low- (0.1 Gy) or high-dose (3 Gy) X-rays at the age of 10-12 weeks or injected with ex- 

tracellular vesicles (EVs) derived from the bone marrow of irradiated mice or they received 

both treatments. Blood samples and bone marrow cells were collected from mice when the 

symptoms of AML appeared. AML was diagnosed based on flow cytometric analysis of bone 

marrow cells and genetic analyses. Blood serum was analysed with the d-ROM test that 

measures circulating levels of reactive oxygen metabolites (ROMs; mainly hydroperoxides). 

Gene expression was analysed from bone marrow cells with real-time polymerase chain reac- 

tion (qPCR). There was a significantly higher serum ROM level and a modified expression of  

antioxidant enzyme genes in mice with AML when symptoms appeared. Leukemic mice that 

were irradiated or received both irradiation and EV-treatment showed higher level of oxida- 

tive damage than leukemic mice that were treated only with EVs. Our data indicate that AML 

resulted in an oxidative imbalance, which appeared to be more pronounced in mice that were 

directly exposed to ionizing radiation. 

 
The LEU-TRACK project has received funding from the Euratom research and training programme 

2014-2018 in the framework of CONCERT under grant agreement No 662287. 
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The biological effects of radiation exposure accumulate at the cellular, cytogenetic, and tis- 

sue levels. The body will naturally eliminate and repair the damage caused by radiation 

exposure, through the mechanism of secretion of various types of cytokines, one of which is 

Tumor Necrosis Factor Alpha (TNFα), which is a multifunctional cytokine mainly secreted 

by macrophages, lymphocytes, and natural killer cells (NK). TNFα is known to be released 

in response to high doses of radiation. This study was conducted to analyze the circulat- 

ing levels of TNFα in the blood plasma of radiation-exposed workers. The method used 

to determine TNF- level was Enzyme-Linked Immunosorbent Assay (ELISA), by detecting 

the binding between TNFα antigen and antibody contained in 20 blood plasma samples of 

medical workers occupationally exposed to low-dose gamma radiation and 20 samples of 

controls (medical workers who do not receive gamma radiation exposure). The TNFα level 

in radiation-exposed workers is significantly lower than controls (3.85 vs 4.36 ng/mL, p val- 

ue=0.023). The effects of radiation exposure are not the only factors that increase TNFα lev- 

els. The higher level of TNFα in the controls group are caused by other factors such as stress, 

age, gender, smoking habits, food intake, infections, and interaction with dangerous and toxic 

chemicals. The recovery process from illness or infection also can increase the TNFα level. 

This study may represent an important step in establishing a reliable set of biomarkers for 

assessing the health risks of population cohorts exposed to low doses of radiation. 

 
Aneva, N., Zaharieva, E., Katsarska, O., et al. 2019. Inflammatory profile dysregulation in nuclear 

workers occupationally exposed to low-dose gamma radiation. J Radiat Res. 60, 768-779. 

Rehman, K., Mustafa, G., Ayub, H., et al. 2020. Expression analysis of tumour necrosis factor al- 

pha (TNF-α) and alkaline phosphatase in occupational workers exposed to a low dose of X-radiation: 

A case-control study. J Pak Med Assoc. 70, 1887-1896. 

Wang, H., Sim, M.K., Loke, W.K., et al. 2017. Potential Protective Effects of Ursolic Acid against 

Gamma Irradiation-Induced Damage Are Mediated through the Modulation of Diverse Inflammatory 

Mediators. Front Pharmacol. 8, 352. 
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In case of a radiation or nuclear emergency the workers and inhabitants may be affected by 

unintended and unknown radiation dose. In those situations where victims are not monitored 

by a physical personal dosimeter cytokinesis-blocked micronucleus assay (CBMN) is one 

of the well-established biodosimetry methods that is used for retrospective dose assessment. 

Following the International Atomic Energy Agency protocol (IAEA, 2011) for the sample 

preparation of the CBMN samples, the appearance of the slides is similar enough to assure 

the reproducibility of the visually scored results. However, the definition of the stable sample 

quality demanded by a certain automated scoring system can significantly differ from the 

requirement of the traditional visual scoring. Generally, the first is stricter than the latter and 

strongly depends on the applied image processing method. 

A sample quality harmonization protocol was designed whose key element is a quantita- 

tive index which reflects the suitability for automated scoring of a certain micronucleus (MN) 

sample. It was shown that the introduced index correlates with the difference between the 

automatically scored MN frequency and the reference MN frequency. A threshold was identi- 

fied below which the sample can be accepted for fully automatic scoring. Above the thresh- 

old, it is advised to proceed with an additional cleaning step on the stored blood suspension. 

Alternatively, by using the sample quality index a correction on the estimated dose can be 

applied which results in the decrease of the error of the estimated dose. 

The parameters of the introduced sample quality harmonization protocol were optimized 

to the dedicated automatized microscopic system manufactured by Radosys Ltd. (Hülber et 

al, 2020). However, it has a possibility to adapt the protocol to other automated scoring sys- 

tems also that are developed for CBMN samples stained by non-fluorescent staining. 

 
IAEA, 2011, Cytogenetic Dosimetry: Applications in Preparedness for and Response to Radiation 

Emergencies. Vienna: International Atomic Energy Agency. http://www-pub.iaea.org/MTCD/publica- 

tions/PDF/EPR-Biodosimetry 2011_web.pdf 

Hülber T. 2020 Kocsis Zs. S., Kis E., Sáfrány G., Pesznyák Cs. 2020. A scanning and image processing 

system with integrated design for automated micronucleus scoring, International Journal of Radiation 

Biology, 96, 628-641 
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Approximately 50 million people globally suffer from Alzheimer’s disease (AD) and no ef- 

fective cure exists for this neurodegenerative disorder up to now. Neutron Enhanced Capture 

Treatment of Neurotoxic Amyloid AggRegates project (NECTAR) aims to develop, test and 

prove the feasibility, safety and effectiveness of a novel and revolutionary approach based 

on Capture-Enhanced Neutron Irradiation (CENI) for disintegration of amyloid-beta (Aβ) 

aggregates. We focus on the radiation safety aspects and assess effects of high linear en- 

ergy transfer (LET) radiation (α-particles, α) and low LET radiation (X-ray, X) alone and in 

combination on human microglial cells. HMC3 cells were irradiated with different doses of 

α- (0.5-2.0 Gy), X-ray-radiation (0.5-2.0 Gy) alone as well as mixed beam radiation (0.5 α + 

0.5 X; 1.0 α + 1.0 X; 1.5 α + 0.5 X; 0.5 α + 1.5 X Gy). We first characterized the formation of 

DNA double strand breaks in cells exposed to various irradiation modalities by quantifying 

γ-H2AX foci. We observed that the total number of foci is higher in the mixed beam irradi- 

ated cells as compared to cells that obtained similar doses of single mixed-beam components. 

Corresponding experiments exhibited a significant decrease in cell viability and survival of 

HMC3 cells after exposure to more than 1.0 Gy of α and X-ray alone or mixed beam. How- 

ever, there was no significant difference between mixed beam irradiated cells in comparison 

with those irradiated with similar total doses of single mixed-beam components in terms of 

cell viability and survival. Gene expression of two cytokines, IL-6 and IL-1β, was measured 

by qRT-PCR 24 h after irradiation. We observed an increase in gene expression of both cyto- 

kines; however, no significant difference between mixed beam- and alpha-irradiation alone 

was observed. Further studies are on the way. 

This project has received funding from the European Union's Horizon 2020 research and 

innovation programme under Grant Agreement No. 964934. 
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Humans are exposed to ionizing radiation not only through background radiation but also 
through the ubiquitous presence of devices and sources that generate radiation. With the ex- 
panded use of radiation in day-to-day life, the chances of accidents or misuse only increase. 
Therefore, a thorough understanding of the dynamic effects of radiation exposure on biologi- 
cal entities is necessary. The biological effects of radiation exposure on human cells depend 
on much variability such as level of exposure, dose rate, and the physiological state of the 
cells. During potential scenarios of a large-scale radiological event which results in mass 
casualties, dose estimates are essential to assign medical attention according to individual 
needs. Many attempts have been made to identify biomarkers which can be used for high 
throughput biodosimetry screening. 

Occupational or accidental radiological or nuclear exposure can cause serious health ef- 
fects. The nuclear disasters of Chernobyl and Fukushima Daiichi incidences clearly illustrate 
a critical need for suitable biomarkers for personalized radiation dose assessment, which 
can be useful not only for appropriate medical/clinical management but also for predicting 
delayed stochastic (no threshold) effects such as genomic instability and cancer. We aimed 
to identify an algorithm for assessing the level of exposure to ionizing radiation of partici- 
pants in reducing the consequences of the Chernobyl nuclear accident (PRCCNA) and their 
descendants by using biological markers. 

Method: In terms of clinical, cytogenetic, immunological and genetic-molecular param- 
eters, the health of PRCCNA and their offspring was assessed. Immune status based on 
monoclonal antibodies with the calculation of the immune index was analyzed. DNA was 
extracted to perform biological-molecular analyzes. A number of 201-second generation de- 
scendants of PRCCNA and 190 children from the control group served as research materials. 
The PRCCNA number varied depending on the type of study from 23 (cytogenetic study) to 
800 (clinical study). 

Results: According to the frequencies of the dicentrics ─ considered markers of ionizing 
radiation, the PRCCNA retrobiodosimetry was performed. Compromised immune status was 
established in PRCCNA children compared to the control group. Results confirm the data in 
the literature showing that ionizing irradiation of parents induces genome instability in chil- 
dren and is closely related to the risk of carcinogenesis. 

Conclusions: Children whose parents have been exposed to ionizing radiation constitute 
the group of major genetic risk and require continuous surveillance. Biological markers fa- 
cilitate the study of the mentioned group in the dynamics. The mechanisms of tumor predis- 
position and the mechanisms of genome instability in the offspring of parents irradiated with 
ionizing radiation are not yet clear. Probably the "target" of these effects may be the so-called 
minisatellite loci of DNA, which show greater variability than the loci of single genes. 

, 
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Iodine is a key component of the thyroid hormones, which regulate several essential pro- 

cesses in the human body. The iodine intake of the human thyroid gland can be tens of micro- 

grams per day. In case of a nuclear reactor accident, iodine-131 is one of the most dominant 

contributor to internal dose of the public. Measurement of its activity in the human body and 

dose estimation based on the measured values has a particularly important role. 

For adequate dose estimation the iodine metabolism is essential, biokinetic models are 

widely used for iodine dose estimation. However, these models usually do not consider in- 

dividual and health factors sufficiently. Several factors influence the functionality of the thy- 

roid and the daily uptake of iodine, such us age, diseases, lifestyle, and diet. Both iodine de- 

ficiency and iodine excess can cause changes to the morphology and function of the thyroid 

influencing also the iodine uptake of the body. 

Biokinetic models previously published in the literature for thyroid dose estimation were 

summarized and compared, their advantages and disadvantages were analyzed, and a new 

mathematical model based on them was developed for the studies. The time dependent dis- 

tribution of iodine in the body has been determined, factors influencing the thyroid function 

were collected. Key factors applied in biokinetic models were identified and their contribu- 

tion in dose estimation were studied. Uncertainty arising from the variation in individual 

characteristics was studied, consequences of thyroid malfunctioning were also analyzed. Aim 

of the investigation is a more detailed model for thyroid dose estimation with taking into ac- 

count the specific characteristics of the person in concern. 
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Purpose. Radiation therapy (RT) plays an essential role in the treatment of most cancers its 

side-effects are not rare, and can sometimes lead to the suspension of the treatment. Recent 

studies have stressed the discrimination power of pATM protein in predicting individual ra- 

diosensitivity and a unified model based on Radio-Induced ATM Nucleoshuttling (RIANS) 

has been proposed. From this model, one test developed first on skin samples has been shown 

to predict both individual radiosensitivity and severity of radiotherapy adverse events. In 

order to obtain a faster and less invasive assay, we developed a new assay, named RADIOD- 

TECT© based on the quantification of total pATM on blood lymphocytes to predict the risk 

of toxicity. Methods. A blind pilot retrospective study was performed on 255 blood lympho- 

cytes of patients with different cancer types. Patients were divided into 2 groups, according 

to their observed side effects, classified according to the CTCAEV 4.0. 135 patients with 

acute side effects graded <2 were considered as radioresistant (RR) and 120 patients with 

acute side effects graded ≥2 were considered as radiosensitive (RS). The global quantity of 

pATM molecules was assessed by ELISA method on extracted patient lymphocytes. Results. 

Quantities of pATM molecules in each sample were found in agreement with the observed 

CTCAE grades. ROC analysis was performed on pATM elisa results combined to chemo- 

therapy data(p <0,001). Statistical results showed the following mean values concerning the 

classification into RR or RS performances: sensitivity=0.88, specificity=0.64, PPV=75%, 

NPV=62% and AUC=0.73. 

Conclusions: This study, based on a single blood sample, provides the basis of an easy to 

perform to be potentially proposed to every patient intending to be treated with RT. 
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Regardless of its source (space, environment, medical, nuclear accident), all forms of ion- 

izing radiation, from massless photons (X rays and γ) to heavy charged particles (protons 

or carbon ions), can induce toxicity in the central nervous system. Despite the growth of 

the scientific and clinical literature production giving better understanding of how radiation 

causes brain injury, the precise mechanisms of neurotoxicity and neurodegeneration follow- 

ing ionizing radiation exposure remains poorly understood from a biological perspective, in 

particular regarding mitochondrial and DNA damage. Since targeted microbeam irradiation 

allows the effective knockdown of specific regions, thus helping to identify their roles in 

processes such as neurodegeneration, we decided to study the consequences of proton expo- 

sure, using the IRSN ion microbeam facility MIRCOM, at the molecular and tissue level in 

the nervous system of C.elegans. This new facility, introduced by IRSN in 2018, allows to 

target cellular or sub-cellular components and therefore the fraction of the cell targeted by 

the particles, the number of particles for each target, and their location can be known accu- 

rately. In order to immobilize C.elegans worms without anesthesia, we developed ultra-thin, 

ion-penetrable, PDMS microfluidic chips and glass chips, and identified suitable conditions 

to maintain the worms in the microfluidic channels of both devices. In the PDMS system, 

owing to the self-adsorption capacity of the PDMS, worms can be sealed in the channels by 

injecting suspension containing these worms at the inlets of the chips and aspirating the fluid 

at the bottom outlet. Thus, worms pass through the channels and can be trapped facing the 

microbeam. In the glass chips, a first chamber is used to inject the solution containing worms 

and a second chamber to inject a chemoattractant, allowing the adult worms to pass by capil- 

larity into 15 channels separated by 2 mm. As the surface of both chips is covered with a thin 

4 um cover film of polypropylene, worms can be easily collected by removing the cover film. 

Furthermore, the chips are able to retain water and thus allowing microscopic observation 

as well as microbeam irradiation for long periods under live conditions for C. elegans. In 

addition, the chips are thin, allowing ions such as proton of 4 MeV to pass through the poly- 

propylene membrane containing the worms. As an example of the application of those chips, 

we targeted neurons and analyzed the mitochondrial activities of immobilized animals using 

OH441 transgene and mitochondrial dyes. As a conclusion, compared to actual techniques, 

those improved chips will become a powerful tool for prolonged immobilizing of C. elegans 

and microbeam irradiation without the use of anesthesia and will help to target specific neu- 

rological pathways and study the related mitochondrial dysfunction. 
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DNA damage, either directly or indirectly through free radical release, accounts for most bio- 

logical effects of ionizing radiation. Antioxidants have been shown to exhibit DNA damage 

protective activity. Natural SOD® is a green barley juice product with antioxidant properties 

produced by Cantacuzino National Medico-Military Institute for Research and Development. 

Our aim is to estimate the radioprotective effect of Natural SOD® by assessing the DNA 

damage in Wistar rats’ testes following the exposure to ionizing radiation, with and without 

administration of Natural SOD®. 

Wistar rats (n=15) were equally divided into 3 groups: study, sham and control groups. 

Rats in the study group were administered orally 5 mL Natural SOD® for 14 days, while rats 

in the sham group received saline solution instead. Rats in both these groups were afterwards 

subjected to a single dose of 6 Gy X-ray whole-body irradiation. Control group did not re- 

ceive any treatment and was not irradiated. Shortly after irradiation, all rats were sacrificed 

and testes were collected. Gamma-H2AX-based biodosimetry and histopathological assess- 

ment were performed. 

Samples from all rats exposed to X-rays showed double-strand DNA breaks–marked by 

γ-H2AX foci–in all cells of the seminiferous epithelium, particularly in spermatocytes and 

spermatids. In non-irradiated rats, only physiologically apoptotic cells were identified. Rats 

given Natural SOD® had a lower number of γ-H2AX foci compared to rats in sham group. 

Using H&E staining we observed anisokarya in spermatocytes, spermatogonial and Sertoli 

cells, with rare atypical mitoses (stellate, ring chromatin) in rats from sham group. Rats 

given Natural SOD® exhibited anisokarya in spermatocytes and spermatogonial cells, with- 

out nuclear atypia. 

Our results indicate a potential prophylactic radioprotective effect of Natural SOD® in 

rat testes. Further studies are needed to determine which compound or combination of com- 

pounds in Natural SOD® is responsible for the radioprotective effect. 
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Nuclear Power Plants are continuously looking to optimize their radiological monitoring and 

visualization techniques. At Sizewell B Nuclear Power Plant, a trial was carried out to judge 

the feasibility of a radiation characterization system to provide accurate visual representation 

of source terms on an operational Pressurized Water Reactor. The technology has so far been 

deployed at Fukushima, on decommissioning sites, and operational Nuclear Power Plants in 

the US, with this being the first trial on an operational Nuclear Power Plant in the UK. 

Data were collected through a series of scans taken inside a Residual Heat Removal (RHR) 

Heat Exchanger room in a Radiological Controlled Area at Sizewell B and used to generate 

a radiation heat map and 3D radiation model. 

Preliminary results of the trial have shown promising visualizations with identification of 

major source terms. 

The potential benefits of applying this technology to operational plants include: 

● High quality, detailed collection of survey data; 

● An intuitive visual guide to work area source terms for use in pre-jobs briefs; 

● Reduced requirement for in-person radiological surveying by Health Physics Monitors 

leading to reduced worker dose; 

● Optimization of shielding; 

● Enhanced source term identification. 

The benefits of this system could also be greatly enhanced if considered feasible for new 

build Nuclear Power Plants. The 3D models of high interest areas could be built during non- 

active commissioning which would further reduce operator dose. 

If proved feasible, this survey type supports As Low As Reasonably Practicable (ALARP) 

working in areas of high general area doserate. 

This poster will present a project overview and discuss the practical value of the technol- 

ogy to a Radiation Protection Program in the context of operational and new build Nuclear 

Power Plants. 
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Open Phase Condition(OPC) is a failure in which one (or two) of the three-phases of the 

power system is maintained open, and the OPC of the nuclear power plant(NPP) may cause 

station blackout(SBO) and pose a great risk to the integrity of the reactor core. Recently, 

OPCs have occurred in power systems at NPPs around the world, but many problems have 

been reported that failures are not detected by the current protection systems [1]. Accord- 

ingly, the NPPs in Korea, which have a power system similar to that of overseas NPPs, also 

need to review the risks to OPCs. In this paper, the occurrence of OPCs was simulated for 

Korea’s standard NPPs using ETAP, and the current protective relays were analyzed and 

compared for each scenario. It is considered that this paper can be used as a technical back- 

ground material necessary for improving the on/off-site power protection system of NPPs 

and establishing related detailed regulatory guidelines in the future. 

 
[1] Soon-Hyun Hwang, Bal-Ho H. Kim, Sang-Houn Joung, Hong-Seok Jang. Detectability Analysis 

of Open Phase Condition in Korea’s Standard Nuclear Power Plant. International Journal of Smart 
Grid and Clean Energy. Vol. 8, No. 4, pp.443–452 July 2019 
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Transposition of Euratom 2013/59 directive into French regulations and in particular the 

lowering of annual regulatory limit for eye lens dose from 150 mSv to 20 mSv has led EDF 

to carry out an impact study on its employees. This study complements the work of the “Eye 

Lens Dose French working group” in 2013. Its aim is to quantify the impact for the nuclear 

industry and retain a strategy for dosimetric monitoring of eye lens. 

As passive equivalent extremity dosimetry, eye lens dosimetry is under responsibility of 

the employers. As operator of a nuclear electricity production facility, EDF must inform pro- 

vider companies involved of eye lens risks specific to certain activities. 

A first list of activities, called at risk of specific exposure of eye lens, had been identi- 

fied and characterized during an inter-company “Eye lens WG” in 2013. As a reminder, this 

WG also aimed to harmonize monitoring practices with all provider companies. IRPA also 

worked on this topic and provide advice on implementation of eye dose monitoring [1]. 

In 2018 and 2019, our additional study targeted a sample of EDF employees made up of 

workers carrying out activities known to be dosing in controlled areas (monthly dose read on 

the passive whole-body gamma dosimeter greater than 100 μSv). A sample of five to fifteen 

people per Business Line, on several EDF sites (Dampierre, Flamanville and Gravelines 

NPP’s) and at different levels were selected for this study. Eight professions have been tar- 

geted: 

● Operations Department: Field operator 

● Logistics/waste Department: Waste handlers. 

● Mechanical Service: Plumber/Pipefitter and Boilermaker. 

● Risk Prevention Department: Radiation protection technicians. 

● Mutualized Outage Team: Controlled area technicians, Reactor building Coordinators. 

Additional employees from other EDF units have also been introduced in the sample: Mu- 

tualized Outage Teams (EMAT - UTO) from 10 to 20 employees per service and teams from 
the Maintenance Logistics Unit (ULM - DTEAM) from 30 to 50 employees. 

 
Results obtained were shared with the subcontracting companies also carrying out specific 

eye lens dose studies. The first observation shows that employees (figure 1), in an industrial 

environment as NPP are not concerned by a predominant exposure to eye lens (table 1). 
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Figure 1: Choice of direct or indirect monitoring of Hp(3) depends on profession. 

 

 
Table 1: Results by profession (Ratio Hp(3)/Hp(10) and Hp(10) average per month) 

 
Our study is based on 526 measurements of one month. For each wearing period whole 

body dosimetry Hp(10) and eye lens dosimetry Hp(3) were collected. The collected data and 

results are analyzed according to the LNE-LNHB study [2]. At the end, EDF also propose 

a schema to decide if employees need to monitor eye lens dosimetry of employees or not. 

This methodology allows EDF to ensure that the risk of exposure to eye lens is properly 

taken into account. This solution will be proposed to WG19 during the revision of the ISO 

15382 standard. 

 
[1] IRPA Guidance on implementation of eye dose monitoring and eye protection of workers, 2017 
[2] Monitoring of eye lens doses in radiation protection. J.-M. Bordy CEA, LIST, Laboratoire National 

Henri Becquerel (LNE LNHB), 91191 Gif sur Yvette Cedex, France. Radioprotection 50(3), 177- 
185 (2015). 
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PRODUCT ACTIVITY RATIOS TO CALCULATE BURNUP, 

COOLING TIME AND POWER HISTORY OF SPENT NUCLEAR 

FUELS 

Péter KIRCHKNOPF1,2*, István ALMÁSI1, Gábor RADÓCZ2, Imre NEMES3, 

Péter VÖLGYESI1, Imre SZALÓKI2
 

1Nuclear Security Department, Centre for Energy Research, Budapest, Hungary 
2Institute of Nuclear Techniques, Budapest University of Technology and Economics, Budapest, 

Hungary 
3Technical Division, MVM Paks Nuclear Power Plant Ltd., Paks, Hungary 
*Corresponding author. E-mail: kirchknopf.peter@ek-cer.hu 

Keywords: gamma spectrometry, spent fuel, burnup, cooling time, power history 

 

High-resolution gamma spectrometry measurements were carried out on over 100 pieces 

of VVER-440 type spent fuel assemblies at Paks NPP (Nguyen et al., 2013). The gamma 

energy spectra were evaluated, and fission product activity ratios were derived using internal 

efficiency calibration. The focus of this investigation was to analyze the relationship between 

the various measured activity ratios and some of the key spent fuel parameters, i.e., burnup, 

cooling time and power history. The results indicate that, in a general case, burnup can be 

most accurately determined by using the 134Cs2/(106Ru/137Cs) activity ratio, while cooling time 

can be predicted by either the 110mAg/134Cs or the 134Cs/154Eu activity ratios (Kirchknopf et 

al., 2022). A correspondence between some activity ratios and the fuel power history has 

been discovered, which enables experimental categorization of the assemblies. These find- 

ings agree well with a later measured VVER-440 spent fuel dataset. These results have also 

been tested by comparison with the data available in the SFCOMPO 2.0 database of other 

types of assemblies. The work presented here could be applied in Safeguards verification and 

Nuclear Forensics investigation. 

 
Kirchknopf, P., Almási, I., Radócz, G., Nemes, I., Völgyesi, P., Szalóki, I. 2022. Determining burnup, 

cooling time and operational history of VVER-440 spent fuel assemblies based on in-situ gamma spec- 

trometry at Paks Nuclear Power Plant. Ann. Nucl. Energy. 170C. 

Nguyen, C.T., Almási, I., Hlavathy, Z., Zsigrai, J., Lakosi, L., Nagy, P., Parkó, T., Pós, I. 2013. Monitor- 

ing burn-up of spent fuel assemblies by gamma spectrometry. IEEE Trans. Nucl. Sci. 60(2), 1107-1110. 
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Radiotherapy is a main form of treatment for prostate cancer, which is the most common 

cancer in males in the UK, while it has a high survival rate. Since the association of ma- 

lignancy appearance and exposure to ionising radiation is a well-established one, there are 

concerns regarding the development of secondary radiation-induced cancers to long-term 

survivors, and especially to bladder and rectum, which are partially inside the primary beam 

during treatment. (Suit et al., 2007) This work aims to compare the risk of secondary cancer 

development due to radiation exposure in bladder and rectum, between two different prostate 

regimes currently in use: conventional and stereotactic ablative body radiotherapy (SABR), 

to 96 patients, divided in three different age groups. 

Anonymised data from past patients treated with one of the two regimes, derived from 

their personal treatment plan will be used. The risk values for each age group and the whole 

range of patients, for each regime, will be calculated using alternatives to the linear-no- 

threshold (LNT) model, developed for high and inhomogeneous doses (Schneider et al., 

2011) which, also, take into account sterilisation, repopulation and fractionation effects. The 

mean estimated risk values will be compared between the two regimes, using independent 

samples t-test, for all patients and patient groups. 

Results of this work will be presented including the estimation of the overall secondary 

cancer risk for bladder and rectum for each regime and the comparison between them. Addi- 

tionally, a comparison will be made between the estimated risks and the baseline probability 

of cancer induction for each patient age group. This work will offer an additional factor to 

be considered when assigning a patient to the appropriate prostate treatment regime and will 

become a stepping stone for future research into radiation treatments to other cancer sites or 

patient groups, where there is a high number of long-term survivors. 

 
Schneider, U., Sumila, M., Robotka, J. 2011. Site-specific dose-response relationships for cancer in- 

duction from the combined Japanese A-bomb and Hodgkin cohorts for doses relevant to radiotherapy. 

Theoretical Biology and Medical Modelling. 8(1):27. 

Suit, H. et al. 2007. Secondary carcinogenesis in patients treated with radiation: a review of data on 

radiation-induced cancers in human, non-human primate, canine and rodent subjects. Radiation re- 

search. 167(1):12-42. 
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Because of their rapidly dividing tissues, children and pediatricians are more radiosensitive 

to ionizing radiation and radiogenic hazards than adults. Because younger patients have a 

longer life expectancy, they are more prone than adults to develop radiogenic cancer. Fur- 

thermore, during treatment, children frequently repeated diagnostic procedures, resulting in 

increased radiation doses. This study investigates pediatric exposure to computed tomogra- 

phy (CT) abdomen and calculates the procedure's radiogenic risk. A total of 87 patients were 

subjected to a CT-enhanced abdominal examination. The age (years) of the patients' mean, 

standard deviation, and range are all 134.5. (2-17). The mean and range of the DLP(mGy. 

cm) and CTDIvol (mGy) per CT abdominal operation were 1740 (157.8-8440.3) (mGy.cm) 

and 9.8 (2.09-45.77) (mGy), respectively. The effective dosage per procedure has a mean and 

a range of 34. (3.14-176.8). One cancer incidence per 250 CT enhanced abdominal opera- 

tions is the average radiogenic risk per procedure. The average and range of total irradiation 

per operation are 4 (2-8) times. In comparison to previous CT scans, the results of this study 

revealed that the child risk is high. To avoid unwanted radiation dangers, patients' dose opti- 

mization and accurate creation of a diagnostic reference level (DRL) are required. 

 
Goske et al (2013) Radiographics. 268(1), 208–218. 

Jafar, et al. (2021). Radiat. Phys. Chem. 188(11), 1-5. 
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Occupational accident mortality is often taken into account in determining dose limit for 

workers. In ICRP Publication 60, ICRP compared the risk of the radiation with that of the 

occupations with high standards of safety; these standards do not exceed 10−4 as the average 

annual mortality rate. This risk level is consistent with the risk after continuous exposure at 

20 mSv per year from age 18 to 65 years, which is referred for establishing the dose limit for 

workers. Occupational mortality is expected to have changed since Publication 60, but has 

not been assessed in detail recently. In this study, occupational mortality rates in all industries 

and manufacturing in Japan were analyzed and compared with those in other countries. The 

mortality rates for all industries and manufacturing calculated from insurance records in Ja- 

pan were 3.1 and 4.8 times higher than those from labor standards inspection records, respec- 

tively. The occupational mortality rates in five countries (France, Germany, Netherlands, UK 

and USA) were also calculated by referring to ILOSTAT and EUROSTAT. The mortality rate 

before 2000 was higher for all industries than for manufacturing in each country; however, 

the mortality rates for all industries and manufacturing were lately equal except in the USA. 

The average mortality rates were 1.9×10−5 and 1.7×10−5 for all industries and manufactur- 

ing, respectively. The highest mortality rates among six countries as of 2015 were 4.8×10−5 

and 2.9×10−5 for all industries and manufacturing, respectively, which were recorded in the 

USA. On the other hand, the lowest mortality rates were 0.5×10−5 for all industries in the 

Netherlands and 0.9×10−5 for manufacturing in the UK. These values were 9.7 and 3.2 times 

lower for all industries and manufacturing, respectively. When the mortality rate is referred 

for determining the dose limit for workers, it is important to take into account not only the 

time but also the difference in the mortality rate in each country. 
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In order to reduce the risk of radiation damage that personnel may suffer during operations 

in the radiation environment, the use of automated guided vehicles to assist or replace on- 

site personnel in the radiation environment has become a key technology and has become an 

important trend. 

In this paper, we demonstrate our proof of concept for autonomous self-learning radiation 

source searcher in an unknown environment without a map. The research uses GPU version 

of Asynchronous Advantage Actor-Critic network (GA3C) of deep reinforcement learning 

to search for radiation sources. The searcher network, based on GA3C architecture, has 

self-directed learned and improved how search the anomalous radiation source by training 

1 million episodes under three simulation environments. In each episode of training, the ra- 

diation source position, the radiation source intensity, starting position, are all set randomly 

in one simulation environment. The input for searcher network is the fused data from a 2D 

laser scanner and a RGB-D camera as well as the value of the radiation detector. The output 

actions are the linear and angular velocities. 

The searcher network is trained in a simulation environment to accelerate the learning pro- 

cess. The well-performance searcher network is deployed to the real unmanned vehicle, 

Dashgo E2, which mounts LIDAR of YDLIDAR G4, RGB-D camera of Intel D455, and 

radiation detector made by Institute of Nuclear Energy Research. In the field experiment, the 

unmanned vehicle is enable to search out the radiation source of the 18.5MBq Na-22 by itself 

and avoid obstacles simultaneously without human interference. 
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In the nuclear power plant (NPP) accident, it is necessary to take protective measures to mini- 

mize the effects of internal exposure to the respiratory tract by inhaling radioactive aerosols 

emitted into the environment. After the Fukushima nuclear accident, the public who lived in 

the evacuation area and beyond area were forced to evacuate and relocate. At the same time, 

no respiratory protection measures (RPM) were taken for evacuees (Ohba, T et al., 2021). 

RPMs for all evacuees are not suitable for the optimization of protection recommended by the 

ICRP. It is necessary to select RPMs considering the distance from the origin of the accident, 

the elapsed time, the wind direction, and the characteristics of the radioactive aerosol. In the 

early stage of the accident, it is necessary to take RPMs for the evacuees in the precautionary 

action zone affected by short-term atmospheric dispersion. As time passed, RPMs should be 

taken for the evacuees in the zone affected by intermediate-term atmospheric dispersion in 

consideration of the relatively small aerosol diameter due to the removal mechanism such as 

dry and wet deposition. 

Miyamoto, Y et al., 2014 measured the radioactive aerosol diameters at Tokai, Japan. 

Their results show that Cs-134, Cs-137, and I-131 radioactive aerosols measured from March 

17 to April 1, had particle diameter peaks of 1.5, 6 μm for cesium isotopes and 0.45 μm for 

I-131. From May 9 to 13, 2011, Cs-134 and Cs-137 had particle diameter peaks of <0.5, 0.8- 

0.9 μm, and the short-lived nuclide I-131 did not measured. The filtering facepiece respira- 

tors (FFR) can be considered an RPM to prevent radioactive aerosols. In emergency response 

phase, an FFR with filtering efficiency for 0.45 μm particle diameter should be assured to 

prevent radioactive aerosol inhalation. In evacuating the evacuees with the respirator, exter- 

nal exposure due to radioactive aerosol deposited on the mask should also be considered to 

minimize the stochastic effect. The replacement cycle should be set to optimize protection 

measures when the averted internal dose by the RPMs and the projected external dose due to 

the radioactive aerosols deposited on the filter becomes the same. In addition, evaluate the 

filtration efficiency of the respirator for <0.5 μm diameter particles considering environment 

factors, and derive the optimal RPMs in the NPPs accident. 

 
Miyamoto, Y., Yasuda, K., Magara, M. 2014. Size distribution of radioactive particles collected at 

Tokai, Japan 6 days after the nuclear accident. Journal of environmental radioactivity, 132, 1-7. 

Ohba, T., Tanigawa, K., Liutsko, L. 2021. Evacuation after a nuclear accident: Critical reviews of past 

nuclear accidents and proposal for future planning. Environment international, 148, 106379. 
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There are several international examples of electric field strength calculation systems for 

regulatory supervision purposes. In most cases, these calculations are to support licensing 

individual radio stations. Thus, they do not take into account environmental exposure from 

all existing sources. 

Therefore, the exposure calculation application developed by National Media and Info- 

communications Authority Hungary (NMIAH) takes into account all major environmental 

radiation sources and generates the calculations automatically. 

However the accuracy of the above mass calculation results is not comparable to an indi- 

vidually generated calculation based on user-controlled input data provided by the operator. 

Therefore, when the preliminary version of the system is launched, it can only be used as an 

indicator for the proper selection of most sensitive measurement sites. 

The aim is to continuously reduce the uncertainty of the calculation modeling based on 

accurate input data and comparative measurement results. 

The computer model will make the system suitable to determine and to calculate safety 

zones in the ambiance of radio stations. However, increasing calculation accuracy may re- 

quire a significant financial investment, so several aspects need to be considered. 

Although the process of mass computations will start in 2022, the experience gained in 

the development steps can be utilized for other similar applications. During development and 

implementing the software the wave propagation model for urban environments was deter- 

mined in the first phase. The next task was to define a suitable database of maps and usage of 

radio station data. Practical solution had to be found for several conceptual issues based on 

available literature and precautionary principle. For example, solutions need to be found to 

determine the instantaneous emitted power and variable antenna characteristics of 5G mobile 

base stations due to the beamforming and MIMO operation. 
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CdZnTe (CZT) has been regarded as the most promising room temperature semiconductor 

radiation detector. The essay focus on the application of CZT detectors now in the world. 

We developed and evaluated different kinds of CZT detectors for different applications to 

different environment. These developments and evaluations are about optimizing the electric 

geometries for radiation dose test, radiation spectrum analysis, nuclides identification, X-ray 

photon counting imaging and γ-ray imaging. The performance of the CZT detector is explain 

on the paper to give a whole picture of the application of room temperature semiconductor. 
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GA3C FOR ANOMALOUS RADIATION SOURCE DETECTION 
Chia-Yi Liu, Bo-Bin Xiao, Wen-Bin Lin, Hsiang-Ning Wu, Liang-Hsun Huang 

In this study, we demonstrate our proof of concept for autonomous self-learning radiation source searcher in an 

unknown environment without a map. The research uses a GPU version of Asynchronous Advantage Actor-Critic 

network (GA3C) of deep reinforcement learning to search for radiation sources.  The network of GA3C architecture has 

self-directed learning and improved how search the anomalous radiation source by training 1 million episodes under 

three simulation environments. The radiation source position, the radiation source intensity, AI agent starting position, 

are all set randomly in each episode of training. The input data for the network are the laser scanner and the value of the 

radiation detector. The output actions are the linear and angular velocities. The generalization ability of the best-

performance AI model in the training phase is rather great, and it can find out the radiation source as well as avoid 

obstacles in the brand new environment autonomously. 
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INTRODUCTION 

Considering the danger and particularity of the 
radiation field, when personnel are working in the 
environment with radiation, they will be protected by 
the predefined relevant administrative systems and 
technological support for radiation protection to guard 
radiation safety. In order to reduce the risk of radiation 
damage that personnel may suffer during operations in 
the radiation environment, the use of automated guided 
vehicles to assist or replace on-site personnel in the 
radiation environment has become a key technology 
and has become an important trend. The technology of 
automated guided vehicles has become applicable in 
real, and various applications have been developed in 
various domains, for example, manufacturing, service 
industries, and medical institutions. However, in the 
field of radiation protection, the application of 
automated guided vehicles to the detection of radiation 
sources and radiation characteristics investigation is 
greatly potential but still in development.  
When searching for anomalous radiation sources 
traditionally, radiation detection equipment must be 
used to measure the radiation intensity of the field, and 
apply the measurement results to gradually narrow the 
suspicious area and find out the radiation source. When 
searching for radiation sources, radiation detection 
personnel hold radiation detectors to search for 
radiation sources, but many variables in the search 
process may cause radiation detection personnel to 
work under the risk of radiation damage. Therefore, the 
other measure of radiation source detection is to use a 
machine by the anomalous radiation source searching 
algorithm.  
The purpose of anomalous radiation source searching 
algorithms is to estimate the intensity and position of 
anomalous radiation sources. There are several 
methods to achieve the goal of anomalous radiation 
source searching algorithms, such as the uniform 
searching algorithms [1] which is a predefined path to 
scan the area of interest, or the maximum likelihood 
estimation-based methods (MLE methods) [2] which 
localize a radiation source from the gamma-ray total 
counts. Additionally, Takuya Kishimoto et al. [3] 
propose a method for the localization of radiation 
sources using a mobile robot equipped with an all-
around view Compton camera. The method can 
automatically generate a path planning by performing 
principal component analysis according to the previous 
measurement data and accurately localize radiation 
sources. 

However, each of the methods has some different 
shortcomings when applied to radiation source 
detection. For instance, it spends too much time on the 
meaningless path to be high-efficiency, or the radiation 
detection path cannot be adjusted in real-time 
according to the measurement result during the 
searching process. Especially, it is discovered that 
every algorithm or robot in the above-mentioned study 
is only applied in the environment without any 
obstructions. 
In March of 2016, DeepMind's AlphaGo, a computer 
Go-playing program trained by deep reinforcement 
learning (DRL), defeated the human world champion 
Go player. People realized that machines are able to 
make strategies through DRL, and the performance of 
the strategy may be able to overcome Humans. 
Reinforcement learning (RL) is used to solve the 
problem in which the AI agent is in the process of 
interaction with the environment by learning strategies 
to maximize returns or achieve specific goals. AI 
agents can learn the best strategies in a complex 
environment without human knowledge by properly 
defining the problem. Hartmut Surmann et al. [4] utilize 
the GA3C algorithm of RL to enable the robot to avoid 
obstacles on its path automatically. The Asynchronous 
Advantage Actor-Critic (A3C) [5] algorithm is one of 
RL’s state-of-the-art algorithms. A3C can be beneficial 
in experiments that involve some global network 
optimization with different environments in parallel for 
generalization purposes. GA3C [6] is a hybrid 
CPU/GPU version of the A3C algorithm. Due to using 
GPU, The training speed of GA3C is greatly increasing 
than A3C.  
Therefore, we adopted the GA3C algorithm in the 
study to achieve the following two targets. First, the 
agent of a mobile robot enables to search radiation 
sources automatically through deep reinforcement 
learning which tests millions of input/output 
combinations. Also, the agent of a mobile robot not 
only searches radiation sources automatically but also 
bypasses obstacles on the path of searching radiation 
sources simultaneously. 

THE SIMULATION 

In the training phase, we need to create several 
simulations in which robot agents can be trained to 
learn. Figure 1 is three different simulated 
environments from small-and-simple to large-and-
complex. The robot agents are trained on these 
simulated environments simultaneously in the training 
phase. 
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(a) 

(b) 

(c) 

Figure 1. There are three simulated environments from small-

and simple to large-and-complex. (a) The simulation is a 
5m*5m room without any obstacles. (b) The simulation is a 
12m*12m room with 3 rectangular and 3 circular obstacles. 
(c) The simulation is a 20m*20m spacious space where was 
divided into four rooms with diverse obstacles. The wall 
between four rooms is built with lead (the slashed part). 

Because the purposes of searching radiation sources 
and bypassing obstacles need to be achieved, we 
assume that the robot agent was equipped with a 
radiation detector and a laser scanner for the 
simulations. The input data of the robot agents trained 
in the simulated environments were divided into two-
part which the radiation detector part is from the 
simulated radiation source and the laser scanner part is 
from the simulated laser, as shown in Figure 2. 

Figure 2. The input data training the robot agents (the hollow 
circle) come from the simulated radiation source (the red 
circle) and the simulated laser (the green area). 

Regarding the laser scanner part, because the LIDAR is 
2D scanner, it can only see the 2D plane if the mobile 
robot is deployed the LIDAR. For improving the 
avoiding obstacle ability, the mobile robot not only 
deploy the LIDAR of 2D scanner, but also the RGB-D 
camera of 3D scanner, which is for the obstacles 
outside of the 2D plane. However, as the simulated 
environments is 2D plane, the fused issue of 2D and 
3D is not considered in the simulation. The laser 
scanner deployed in the robot agent is simulated to 
have 1088 number of laser beam from 135 degree to -
135 degree, and the scan range of laser beam is 0.1-16 
m. 
The input data of the radiation detector part was 
calculated with the inverse square law from the 
simulated radiation source. According to the inverse-
square law for electromagnetic radiation, the radiation 
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intensity is inversely proportional to the square of the 
distance. In addition, the attenuation of gamma 
radiation was considered in the most complex 
simulated environment. Therefore, the radiation 
intensity in the spot of the robot agent can be then 
described by the following equation. 

 𝐼𝑟𝑜𝑏𝑜𝑡 = 𝑏 +  
𝐼𝑠𝑜𝑢𝑟𝑐𝑒

4𝜋𝐷2
∗ 𝑒−(𝜇𝑥) (1) 

Here Irobot is the radiation intensity of the agent’s 
current spot. Irobot is contributed by two sources: the 
background radiation intensity b and the simulated 
radiation source intensity Isource. 
The D of the equation is the distance between the agent 
and the radiation source. μ is the linear attenuation 
coefficient and χ is the material length through gamma-
ray, which is the lead wall length between the agent 
and the radiation source of the simulated four-room 
environment.  
As the radiation detector is deployed to measure the 
radiation, uncertainty needs to be considered. 
Uncertainty is the difference between the true average 
rate of decay and the measured rate. Nuclear 
transformations are random, independent, and occur at 
a constant rate. The Poisson distribution is a special 
case of the binomial distribution in which the 
probability of an event is small and the sample is large. 
The Poisson distribution also fits radioactivity very 
well, since the probability of any one atom 
transforming is small, and a sample usually consists of 
a large number of atoms. 
The Poisson distribution is crucial for counting 
radioactive samples. In the simulation, we assume that 
Irobot is the mean of a Poisson distribution, and the 
square root of Irobot is the standard deviation. 

THE NETWORK 

Mnih et al. [5] proposed an Asynchronous Advantage 
Actor-Critic algorithm (A3C) based on the AC 
learning-based method to update the reinforcement 
learning model. A3C utilizes several agents which let 
the learning process in multiple environments without 
interfering with each other. That means A3C has 
multiple agents for training and learning, during the 
training phase, in multiple threads, and creates a shared 
public network. It’s worth noting that the agents 
independently interact with and obtain empirical data 
in each thread from the agents and environments, and 
operate independently of each other. 
In each thread, when the agents have interacted with 
the environment to obtain an amount of empirical data, 
the gradients of the neural network loss function will 
be calculated in their own threads. The public neural 
network will be driven and instructed by the 
information of the loss function to update the weight 
value inside the neural network. A3C has been 

implemented in many of the Atari 2600’s series gaming 
test and performs excellent than other traditional deep 
reinforcement learning models, especially in 
continuous motion control problems. 
NVIDIA introduced the next generation of the GA3C, 
which makes use of the hybrid CPU/GPU. According 
to the Babaeizadeh et al [6], due to the generated delay 
by copying data from the CPU to the GPU and back, 
GA3C makes smaller networks about 6x faster. 
However, for larger networks, GA3C generates the 
same results about 45x faster. The GPU-based parallel 
learning of A3C is shown in Figure3, which is the 
multi-thread for actor-critic of Q-learning based 

algorithm. 

Figure 3. GPU based parallel learning of A3C 

Figure 4 shows the architecture of the Deep Neural 
Network (DNN). The inputs of the network are the last 
four frames of the laser scan with 1088 laser beam 
values and the radiation dose value obtained from 
equation (1). The next two layers of the network are 1D 
convolutions, 1x9x16 and 1x5x32, and the strides are 
four and two. The policy layer and the value layer are 
the actor and the critic, using the dense layer to 
calculate the policy value and Q-value. The policy 
value is one-hot encoded and a discrete value as an 
action. The action in this study is a pair of two values, 
which consist of angular and linear velocity. 

Figure 4. The DNN architecture 
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TRAINING AND EVALUATION 

In an episode, the simulated environment was 
randomly initialized, and the positions of the radiation 
source and the agent’s position were defined. The 
intensity of the radiation source was set between 
20000-25000cps randomly, and the background 
radiation intensity was 10cps. When the radiation 
source was found by the agent, the new radiation 
source would be reset. This episode would terminate if 
the agent collided with the obstacle, or the total number 
of steps is larger than a 300 step limit. The GA3C 
algorithm was trained for 1 million episodes.  
The reward in each step was defined as follows: 

 𝑅𝑡 = {

50,     𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑎𝑔𝑒𝑛𝑡 𝑓𝑖𝑛𝑑𝑠 𝑡ℎ𝑒 𝑠𝑜𝑢𝑟𝑐𝑒                             
6,     𝑖𝑓 𝑡ℎ𝑒 𝑎𝑔𝑒𝑛𝑡 𝑚𝑜𝑣𝑒𝑠 𝑐𝑙𝑜𝑠𝑒𝑟 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑜𝑢𝑟𝑐𝑒            

−6,     𝑖𝑓 𝑡ℎ𝑒 𝑎𝑔𝑒𝑛𝑡 𝑚𝑜𝑣𝑒𝑠 𝑓𝑎𝑟 𝑎𝑤𝑎𝑦 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑜𝑢𝑟𝑐𝑒 
−50,     𝑤ℎ𝑒𝑛 𝑡ℎ𝑒 𝑎𝑔𝑒𝑛𝑡 𝑐𝑜𝑙𝑙𝑖𝑑𝑒𝑠 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑜𝑏𝑠𝑡𝑎𝑐𝑙𝑒             

(2) 

The reward of each step of an episode accumulated to a 
total reward, as called score. Figure 5 illustrates the 
score between 1 million training episodes. The average 
score of each 100 episodes is as shown in Figure 5(a), 
which the average score gradually raises from the start 
of training to around 0.5 million episodes and then 
fluctuates from that to the end. 
Figure 5(b) represents the average number of steps, 
which is the average steps of each 100 episodes. 
Besides the beginning self-spin episodes of Figure 5(b), 
the graph situation is similar to Figure 5(a), which is 
from rise to steady. Figure 5 shows out the AI agent is 
improved continually during the training period. 
Finally, we picked out the AI model of 828,000 
episodes as the ultimate AI model, which is the best-
performance AI model, to process the subsequent 
testing phase. 
(a) 

 
 
 
 
 
(b) 

Figure 5. The score conditions of the 1 million training 
episodes. (a) It represents the average score of every 100 
episodes. (b) The graph shows the average step numbers. 

After the ultimate AI model was determined, it would 
be tested in two new simulations that the AI model 
never had seen during the training phase to understand 
the generalization ability of the ultimate AI agent. 
Figure 6 is the two new testing simulations one is a 
3m*7m room without obstacles and another is a 
5m*5m room with 3 different rectangle obstacles. 
(a) 

(b) 
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Figure 6. There are two testing simulated environments that 

test the ultimate AI model. The hollow and red circles 
represent the ultimate AI agent and the radiation source, 
separately. (a) The environment is a 3m*7m room without any 
obstacles. (b) The environment is a 5m*5m room with 3 
various rectangular obstacles. 

We tested the ultimate AI agent 20 times in each 
testing environment. The positions of the radiation 
source and the ultimate AI agent were set at the fixed 
locations as the Figure 6 during the testing phase. The 
radiation source’s intensity was set at 6 different cps in 
testing phase which are 10000cps, 15000cps, 20000cps, 
25000cps, 30000cps, and 35000cps. As the radiation 
source’s intensity was set between 20000-25000cps 
during the training phase, it would be tested the 
generalization ability of the ultimate AI agent when the 
intensity in the testing phase is larger than it in the 
training phase.    
The testing results of the ultimate AI agent are 
summarized as shown in Figure 7 and Figure 8. In the 
box plot, the upper line and lower line mean the 
maximum and minimum respectively, the upper and 
lower boundary correspond to 75th  and 25th  
percentile, and the line in the middle of the box is the 
median.  
Figure 7 is the box plot of the path length, which the 
ultimate AI agent was tested 20 times in a 3m*7m 
room without any obstacles, which is Figure6 (a). The 
linear distance between the ultimate AI agent and 
radiation source is 5.06 m. It can be seen that the 
stronger the radiation source’s intensity is, the longer 
path the ultimate AI agent searches for. Besides that, 
the distribution range of the searching path length is 
more along the radiation source intensity increasing. It 
is observed that the ultimate AI agent almost goes to 
the radiation source in the straight direction when the 
source intensity is smaller than 20000 cps. While the 
radiation source intensity is stronger than 25000 cps, 
the ultimate AI agent is closer to the radiation source, 
and it applies even more a circular path rather not a 
straight path. It could be that the radiation source 
intensity is never stronger than 25000 cps in the 
training phase, so the ultimate AI agent applies the 
roundabout way when the intensity is strong. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 7. It is the box plot of the path length when the ultimate 
AI agent is tested in the Figure 6(a) environment with the 
intensity of the radiation source set from 10000 to 35000 cps. 

Figure 8 demonstrates that the box plot of the path 
length was simulated 20 times in a 5m*5m room 
including 3 different obstacles. The linear distance 
between the ultimate AI agent and the radiation source 
of Figure 6(b) is 5.52m. However, the process path 
definitely is way longer than 5.52m due to three 
obstacles existing. The 0th-50th percentile almost is 
between 6 and 7.6 m except the box plot of 10000 cps. 
It means that the ultimate AI agent often goes the 
shortest path to find the radiation source. However, 
Figure 8 does not present the trend of Figure 7 which it 
passes longer path with the stronger radiation source 
intensity. It probably relates the obstacles existing. As 
the input data of DNN network are 1088 laserscan data 
and 1 radiation data, the obstacles existing can provide 
more information to 1088 laserscan data. Otherwise, it 
gets information only from 1 radiation data. 

Figure 8. The box plot of the path length describes that the 

ultimate AI agent is tested in the Figure 6(b) environment 20 
times at 10000, 15000, 20000, 25000, 30000 and 35000 cps 
separately. 
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CONCLUSION 

In this study, we definitely demonstrated that GA3C 
can be applied to the task of radiation source searching 
and avoiding obstacles simultaneously. Although, due 
to the input features of the network, the performance of 
the environment without obstacles is worse than it with 
obstacles as the intensity of the radiation source 
increases. However, it is rarely a large area without 
obstacles in the real world. Otherwise, it is common 
that the obstacles appear in the path of the mobile robot. 
Although it has some gap between simulation and 
reality, the ultimate AI agent is quite meaningful about 
radiation source detection. 
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