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Health Risks and Their Uncertainties in Selected Scenarios of
Exposure to lonizing Radiation

Peter Jacob
Germany

A recent UNSCEAR report analyzes uncertainties of health risks in scenarios of exposure to
ionizing radiation (UNSCEAR 2020). The scenarios are derived from selected studies of
leukemia incidence after CT scans of children in UK. leukemia and solid cancer mortality due
to occupational exposure in the US, and thyroid cancer incidence in Ukraine after the Chernobyl
accident. Selected life time risk caleulations based on these studies of cancer are called
.preferred risk inferences®| Further, the report analyses circulatory disease mortality in Japan
based on the life span study (LSS) of survivors of the atomic weapon explosions over Hiroshima
and Nagasaki.

The preferred risk inferences agree well with caleulations based on observations in the LSS,
This 1s taken as confirmation of the transferability of LSS results to other exposure situations.
The preferred risk inferences, however. have higher reliability and precision m the selected
scenarios than the risk transfer from the LSS.

The report discusses sources of uncertainties such as quality of mortality and incidence data
and various confounding factors. A semi-quantitative approach is used to estimate credible
mtervals of the lifetime risk estimates. The excess risk for leukemia in UK, for example, up to
age 30 after four CT-scans i the age of one with a total bone marrow dose 20 mGy is assessed
to 5 x 10* with a 95 % credible interval from zero to 20 x 10 The radiation risk is comparable
to the spontaneous risk of 9 x 10,

In scenarios different from those of the preferred risk inferences. cancer risk estimates based on
the selected studies and on the LSS agree less well. A main reason is the relatively short
observation period in the selected studies. For scenarios with age ranges differing from those
m the selected studies. the LSS keeps 1t outstanding relevance for risk inferences.

In the case of circulatory diseases. not much 1s known for several sources of uncertainties, and
UNSCEAR did not attempt to estimate credible intervals of lifetime risk estimates. While an
mereasing number of epidemiological results have been reported on the risk of radiation-
associated circulatory diseases in the past decade, the evidence on potential risk at doses well
below 1 Gy is largely inconsistent and inconclusive.

Reference

UNSCEAR 2018 Report. Annex Evaluations of Selected Health Effects and Inference of Risk
Due to Radiation Exposure. United Nations Scientific Committee of the Effects of Atomic
Radiation. United Nations, New York. to be published (2020)
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Update on the Fukushima Health Management Survey

Kenji KAMIYAL?2

1 Fukushima Medical University, Radiation Medical Science Center for the Fukushima Health Management
Survey

2 Hiroshima University

The Fukushima nuclear accident of 2011 released large quantities of radioactive materials into the
environment. Many residents were forced to evacuate their homes and serious concerns regarding
adverse effects on residents’ health were raised.

The Radiation Medical Science Center at Fukushima Medical University has been commuissioned
by Fukushima Prefecture to conduct the Fukushima Health Management Survey, the purposes of
which are to estimate radiation doses received by Fukushima residents and to monitor their physical
and mental health conditions for the prevention or early detection and treatment of diseases and.
further, to enable the long-term mamtenance and promotion of the health of all residents in
Fukushima.

The Survey 1s two-fold: one 1s the Basic Survey. which aims to estimate individual external
radiation doses of Fukushima residents for the four-month peniod after the nuclear accident. and the
other 15 the Detailed Survey. which 1s designed to assess the health conditions of resadents and
consists of the followmng four specialized surveys: 1) Thyroid Examination, 2) Comprehensive
Health Checlup, 3) Mental Health and Lifestyle Survey, and 4) Pregnancy and Birth Survey.

In the Basic Survey. the external radiation dose received by each resident duning the first four
months after the accident is estimated based on information of where and when they stayed after the
accident and the air dose rate at each location at the time of their stay. So far, dose estimates for more
than 460,000 residents have been calculated. and it has been shown that 99 8% of the population
recerved less than 5 mSv and 93 8% received less than 2 mSv. The highest dose received was
25mSv.

The Thyroid Examination covers approximately 382,000 Fukushima residents who were 18 or
vounger at the time of the accident. This examination is performed as a freely-selected
examination under the explanation of the potential harm of the examnation. Results of the
first-round examination, which was implemented over the first three vears after the accident and the
second-round exanunation. which was implemenited mn the fourth and fifth years, have been finalized.
revealing that 116 and 72 children were diagnosed with or suspected as having thyroid cancer m the
first and second round examinations, respectively. The third-round examination is now reaching the
final phase and 21 children have been diagnosed with or suspected as having thyroid cancer. The
Prefectural Oversight Committee, which provides guidance and advice on the Fukushima Health
Management Survey. has evaluated results of the first- and second-round exanunations and
concluded that no causal relationship can be established between radiation exposure and prevalence
of thyroid cancer among Fukushima children. The Commuttee provided several reasons for this
conclusion, which include low levels of radiation exposure, age distribution of patients, latency
periods, and lack of dose-effect relationshaps.

There is, however, a global trend against thyroid cancer mass screening using ultrasonography for

general populations because it 1s considered as having no benefit. Taking inio account this trend as
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well as other ethical 1ssues, the Oversight Commutiee 1s now discussing the future direction of
thyroid cancer screening for Fulkushima children.

Results of the Comprehensive Health Checkup have demonstrated an increase i overweight. high
blood pressure. diabetes, and lipid abnormalities among evacuees, which suggests that evacuation
itself has had significant impact on residents’ health. The Radiation Medical Science Center for the
Fukushima Health Management Survey. in cooperation with municipal governments, has been
developing and implementing various health promotion programs in addition to implementing the
Survey.

The Mental Health and Lifestyle Survey has demonstrated that the incidences of mood disorders,
such as depression and trauma-related symptoms, and of children requiring special care due to their
behavioral problems are higher in Fukushima than national averages. However. these percentages
have been falling gradually with time and mental health support 1s bemng provided wherever
Necessary.

What has been made clear from the Pregnancy and Birth Survey 1s that the rates of preterm
delivenies, low birth weight nfants. and congenital anomalies in Fulishima are similar to national
demographic trends.

We believe that 1t 1s necessary to continue the Fukushima Health Management Survey well into
the future 1n order to understand the health effects of the nuclear accident and to develop. by
utilizing these survey results, adequate health and medical countermeasures to mamtain and promote
Fukushima residents” health.
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ICNIRP and Its Principles for Non-ionizing Radiation Protection

Eric van Rongen, PhD, vice-chair* :
Linternational Commission on Non-lonizing Radiation Protection
*e.vanrongen@icnirp.org

ICNIRP recently published its updated principles for non-iomizing radiation protection (1). These aim at
providing a consistent system of radiation protection over the enfire radiation spectrum, taking info account
the different types of health effects from different types of radiation. In this presentation, the prineiples for
non-ionizing radiation protection will be presented and discussed.

Keywords: Non-ionizing radiation, Electromagnetic fields, UV radiation
REFERENCES

1. International Commission on Non-Ionizing Radiation Protection (ICNIRP), “Principles for non-ionizing
radiation protection”™ Health Phys, 118(5), pp. 477-482 (2020).
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Future of the System of Radiological Protection: ICRP
Perspective

Dr Claire Cousins
Affiliation with ICRP, Canada
chair@icrp.org

The system of radiological protection has evolved over many decades. It 1s based on the
recommendations of ICRP, wlhich consider scientific knowledge, ethical values and practical
experience, as well as the work of many different organisations.

The current system has been effective and robust but faces new challenges with changes in modern
soctety. The rapid development of the internet and social media means professionals, workers and the
public increasingly expect mnstant access to accurate information. Keeping pace with this requirement
takes significant resource, both human and financial, and this needs to be addressed 1f ICRP is to remain
a key player. Producing relevant material on the website as well as increasmg administrative skalls 1s
part of the process.

ICRP will contimue to evaluate science and technical developments and will be working on different
topics requiring guidance on radiological protection, such as veterinary medicine and space travel.

Ensuring young people are recruited into all fields of radiological protection 15 also important as ICRP
needs experts across a range of associated specialties. ICRP has launched a mentorship programme,
with mentees able to work with certain Task Groups, and 1t 1s hoped this will subsequently encourage
nonunations for Comnuttee membership.

The last general recommendations of ICRP were published in 2007 (Publication 103), with work
beginning a decade before. ICRP 1s now undertaking a major review, looking to refine the system of
radiological protection in ifs next set of general recommendations. This is not mtending to make
significant change, but to exanune all aspects of the system and to clanfy and improve it where deemed
necessary. The process will take several years and will mvolve considerable consultation, likely not
just on the website but also through meetings and workshops. This will constitute the mamn work
programme of ICRP for the next two terms and, hopefully, will strengthen the system, ensuring it
remains fit for purpose until at least the mid 217 century.
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ICRP and Women in Radiation

Dr Claire Cousins
Affiliation with ICRP, Canada
chair@icrp.org

ICEP 1s an orgamisation with over 90 years of history. The number of female members has gradually
increased with time and now stands at 25%. However, women have had a very minor role in the more
sentor and leadership positions and 1t was 60 years before a woman jomed the Mam Commussion. Six
women have been Main Commission members, three have been a Comumittee Chair, and I am the first
and only woman to be the ICRP Chair.

After 11 years in the role, I hope I have shown that women can have clear thought and vision to not
only promote radiological protection but to also develop strategies and imifiatives to improve the
function of an orgamisation. Tlus has been challengmg and 1s only possible with the backing of a
supportive team.

ICRP members are all volunteers and many women may be deterred from joining due to the extra
commuitment required, mn addition to their daily jobs and fanuly life. This should not be underestimated
but many women, in all kinds of roles, manage complicated lives very successfully.

I am ammng to encourage women to jom ICRP at a young age and one way 1s now through our
mentorship programme and Task Groups, so they can learn how the organisation works and hopefully
they will then consider nomination for ICRP Commmittee membership. Increasing openness and
transparency will also show that women have much to offer and that ICRP 1s not just the domain of
men.
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Enhancing Radiation Protection Culture through a Gender
Perspective

Belinco, Melinal

I National Atomic Energy Commission of the Republic of Argentina (CNEA) — Women in Nuclear (WiN),
Argentina

*mebelinco@cnea.gov.ar; melina.belinco@gmail.com

The concept of culture involves 1deas, habits, behaviours, knowledge, experiences, and attitudes, which are
developed, shared and accepted by people in a society; and 1t includes both scientific and social dimensions.
The main purpose of this paper is to raise awareness on the relevance of a gender perspective when
understanding the development of every culture and, in this particular case, of the construction of a Radiation
Protection (RP) culture. In this context, like most nuclear science-related disciplines, RP has historically been
a male-donunated field and therefore, policies and strategies have been discussed, designed, and established
primarily by a masculimzed approach.

In spite of the general agreement on the relevance of diversity, women, while constituting over half of the
world population, still remain underrepresented, especially m decision-making processes. In order to
consolidate a RP culture, 1t 1s essential to integrate a gender perspective that ensures not only an active
engagement of women, but also the identification and processing of their differentiated needs and visions, so
that they constifute real, key components of this process.

In Radiation Protection, there is concrete evidence that women face obstacles mainly at four lewels:
socio-cultural, mstitutional, female subjectivity, and no gender solidarity. Firstly, there is a socio-cultural
construction on the role women should play in a society that keeps them away from decision-making positions,
and developing professional careers in Science, Technology, Engineering, and Mathematics (STEM) fields.
This aspect 1s related to the female subjectivity, which is also socially constructed, and 1s part of the collective
imaginary and of women’s themselves who are raised to be mothers and carry out domestic tasks, according to
the established stereotypes. Lack of self-esteem, fears, or insecurities are also elements of the education they
receive from kindergarten. As of the instifutional level, most regulations, statutes, organizational charts, are
elaborated by and for men, so women naturally enter in a more hostile environment, where the lack of gender
consciousness prevails. Last but not least, our society has historically promoted enmity among the diversity of
women, so that they have not been able to develop strong tools for networking or teamwork among them.

In addition, applying a gender lens to RP 1s also crucial to cope with one of 1ts most important challenges:
public commmumcation and empathy, which 1s essential for an effective mmplementation of RP measures.
Women also remain having the more negative perception on nuclear, and especially on the effects of 1omzing
radiation. Thus, in order to bridging the gap of understanding between experts and the society as a whole,
action plans need to mclude dedicated strategies, with its corresponding budget, for developing an mmnovative
narrative and communicating from a gender approach.

In conclusion, 1t 1s vital to engage all key players. mmcluding high-level authorities, and educate them on the
importance of gender mainstreanung in this particular field, considering that the above-mentioned obstacles
have a direct negative impact not only on reaching gender parity, but also on the enhancement of a RP culture,
and on achieving the required public acceptance.
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Keywords: Radiation Protection Culture, Gender Mainstreaming, Public Understanding.
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The Main Needs and Challenges Faced by Women Working in the
Radiation Field, Raising Awareness of Possible Professional and
Employment Opportunities

Renate Czarwinski
President, German-Swiss Radiation Protection Association e.V.

The situation which women faces in working in radiation fields is embossed by the specific
safety culture resp. radiation protection culture lived in the varnious resorts and facilities.

The statements in this short contribution for the Panel Discussion on Women in Radiation are
intended to promote an interesting discussion on gaps, difficulties, cultural issues and
successes which helps to overcome hesitations and old fashion behavioral patterns.

It has to be considered that women are an emerging economic strength in our modern world.
What are there main needs for them? Firstly to mention is unrestrictedly the appropriate
knowledge as well as the interest in the work/field. The woman who wants to work in radiation
fields - independently from the technical, medical, regulatory or research resort - needs the
adequate education and training for the job to know, to evaluate and to communicate the risks
connected with the work. She also needs social and ethical competence and should avoid
timidity. She must know what she wants and should have a vision how to impleﬁ’nent it. Not to
forget the financial resources e.g. in case of training for young professionals or for participation
at important events like seminars or conferences.

Most of these needs are at the same time also challenges for women working in radiation areas
— to mention is the issue of taking and balancing responsibilities and with no fear of failures.
Also building of networks together with like-minded experts or participating in such networks
e.g. to meet and justify important goals in radiation protection.

Raising awareness of possible professional and employment opportunities especially among
young students in order to increase their interest, participation and commitment is a widespread
field with responsibilities on different shoulders, e.g. the professor at the university should
already have a commitment in radiation application and protection to wake up the interest of his
students for this field. Methods/issues for raising awareness beside the internet job

advertisements are inter alia
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* Networks
* RP societies
* Active participation in dialogues on selected topics
* Job fairs (employer, regulatory bodies, professional societies. .. should attend)
* (Cooperation of professional societies with universities (holding lectureships,_..)
* Internships, field trips
The criteria and the effectiveness of these topics will be discussed during the panel with the

audience.
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Roles that Women Have Played in Radiation Protection from the
IRPA YGN Leadership Committee and from China

Rui Qiu'?*, Anna Michaelidesova3®+4, Akihiro Sakoda®, Andresz Sylvain®

1Department of Engineering Physics, Tsinghua University, China

2Key Laboratory of Particle and Radiation Imaging of Ministry of Education (Tsinghua University), China
3Nuclear Physics Institute of the Czech Academy of Sciences, Czech Republic

4Czech Technical University, Czech Republic

5Ningyo-toge Environmental Engineering Center, Japan Atomic Energy Agency, Japan

6 Nuclear Evaluation Protection Centre (CEPN, France

*qiurui@tsinghua.edu.cn

Radiation Protection 1s a comprehensive subject mvolving mathematics, physics, biology, chemustry,
management and many other fields, n which women could make significant contributions. This work reviews
the roles that women have played in radiation protection from the perspective of the IRPA Young Generation
Network (YGN) leadership commuttee and from China. IRPA YGN leadership commuttee includes 3 women
among 15 members, accounted for 20% of the ratio. A survey has been performed on the current percentage
of the female members among the total YGN members in the IRPA YGN leadership commuttee member states.
The prelimunary results based on the data from 7 countries including Austria, China, Czech Republic, France,
Japan, Korea and Spain show that women take up a considerable percentage, ranging from 15.4% by China to
67% by Spain. In China the Chinese Society of Radiation Protection includes 119 members of the council, and
12 among them are females. Some females are outstanding representatives of the institution or companies,
serving as the leader of the radiation protection team. Chinese Nuclear Society holds Women Forum every 2
years as part of annual conference, and the forum titled ‘Innovation and Dedication’ in 2017 and *Profiles of
Women 1 Nuclear Industry of New Era’” in 2019 respectively. On the whole, women have been playing a
substantial role in radiation protection, and better promotion can be expected in the near future, 1f gmudance in
schools and public science popularization are undertaken.

Keywords: women, radiarion protection, IRPA YGN, China
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Maternity Leave and Gender Equality-creating Opportunities for
Women to Stay Connected with the Workplace Environment

Ruxandra Sapoi?
1DOSITRACKER LTD Atomistilor 407, Bucuresti

Not only in the nuclear field but in general, many women quit working after pregnancy, especially when there
15 a short maternity leave, which in some countries it is even unpaid, or they find difficulties in reconnecting
with the working environment, when there is a long maternity leave. The latter sometimes leads to giving up
working or looking for a new job.

Considering these facts, international scientific organmization such as IRPA could help these women in
overcoming the challenges which arise after returning to work. These organizations have great experience in
long distance cooperation as their members are from all over the world and they work together taking
advantage of all the available technology in telecommunications. The results of their work are outstanding and
bring important improvements and recommendations in the radiation protection field.

Through this presentation I would like to emphasize some actions which could help women working

radiation protection overcome the challenges of returning back to work from maternity leave and help the
employers and organizations such as IRPA benefit from their education training and professional experience.

Keywords: maternity leave, women professionals
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The Role of IRPA with the Development of Radiation Protection
Culture for the Public

Hiroko Yoshidal?*and Roger Coates?

1Tohoku University, Japan

2International Radiation Protection Association (IRPA)
hiroko.yoshida.b2@tohoku.ac.jp

Experiences from past emergencies, including the Fukushima Daiichi accident in 2011 and the following post-
disaster recovery, highlight public understanding of radiation and risk as one of the most important challenges,
and fostering and development of radiation protection (RP) culfure for the public as well. The importance of
enhancing our efforts on this challenges for the public has been recognised both by IRPA and the Associate
Societies (AS). There 1s a growing need and interest for the AS to improve our ability to communicate
effectively outside of our profession since the AS have a key role m supporting the RP professionals who are
m the front line in the development of RP culture.

The IRPA AS (and RP professionals) are very well placed to play a lead role in the interface with the public
since we are neufral — no advocacy (e.g. for nuclear). For example, in the challenging communications
environment following the Fulushima Daiichi accident, the Japanese Health Physics Society immediately buult
a website named “Question and answers about radiation in daily life (Q&A)™" to respond to every question on
radiation and risk from the public and to answer all of them with scientifically accurate information from the
viewpoint of RP experts. They received 1,870 questions in total, in which the top five frequent asked questions
were about "exposure”, "radioactive material", "radiation health effect”, "cluld", and "decontamination". The
RP professionals who were involved in the Q&A stayed in basic attitudes m responding to questions; using
easy words (avoiding jargons) and feeling empathy with persons who questioned.

Another example is a development of “Information booklet for returnees™, which was made by the group of
experts and local authorities, whose expertise are RP, social psychology, agriculture, healthcare, and medicine,

etc. This booklet introduced frequently asked questions from residents and their families who considered
returning to their home and corresponding answers to them with practical advice and tips. Questions were
about daily life such as “Can we open the window?”,” Can we use furniture and tableware that we left home
during evacuation?”, etc. Answers were made based on scientific facts. First version was published in 2017
and the booklet was updated as to meet changing requests from residents with time in 2019. The booklet has
been distributed to supporters (local government staff counselors, etc.) who live and work in each local region
and respond to requests from residents for consultation. RP culture has been fostered among returnees through
this booklet.

It 1s important to ensure that these experiences are shared through the IRPA fanuly so that good practices in
the implementation of radiation protection culture and the communication of radiation and risk for the public
are shared.

Keywords: radiation protection (RP) culture, O&eAd, Information booklet for returnees

REFERENCES

1. Japanese Health Physics Society website, “Question and answers about radiation in daily life”.
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ICRU Report 92 on Radiation Monitoring for Protection of the
Public after Major Releases of Radionuclides to the Environment

Volodymyr Berkovskyy®2*
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2 National Research Center for Radiation Medicine, Ukraine
*v.berkovskyy@gmail.com

Nuclear installations may contain a large inventory of radioactive material, and an emergency may cause
uncontrolled releases of radionuclides to the environment. Accidents are infrequent, but action needs to be
taken quickly to mitigate the impact on public health, the environment, and commerce when a release occurs.
Emergency preparedness requires that the operators of nuclear installations and the governments have radiation
monitoring capabilities ready to use if an emergency occurs. The goal 1s to collect data quickly and accurately
to inform decision-makers who must decide on protective actions.

A new report “Radiation Monitoring for Protection of the Public After Major Releases of Radionuclides to the
Environment™ has been prepared by the Report Committee 28 of the International Commission on Radiation
Units and Measurements (ICRU) and published in 2019. The report provides detailed practical information on
radiation monitoring to protect the people and the environment from harmful effects of 1onizing radiation after
significant releases of radioactive material to the environment. The report deals with the design and operation
of off-site momitoring programs and systems. The report's material 1s based on the experience gained from
responding to prior accidents that involved radioactive releases or potential radioactive releases combined with
analyses of various policies and procedures used by countries worldwide. The experience accumulated after
accidents at the Chernobyl Nuclear Power Plant (former USSR, 1986) and the Fukushima Daiichi Nuclear
Power Station (Japan, 2011) 1s summarised. Accidents may also occur at other facilities or with devices
contaiming significant amounts of radioactive material that result in large-scale environmental contamination
and necessitate protectrve actions and radiation monitoring. The Goidnia accident with a medical source (Brazil,
1987) and accidents with nuclear weapons in Palomares (Spain, 1966) and Thule (Denmark, 1968) are also
considered in the new ICRU report.

The discussion 1s focused on emergency and existing exposure situations caused by accidents at nuclear power
plants, but the report may also be handy in case of other nuclear or radiological emergencies. Target users of
the report are individuals and organizations responsible for the planning, design and operation of off-site
radiation monitoring at national, regional and local levels. The report can also be useful for national authorities
and orgamizations regulating and implementing the emergency preparedness and response and the
environmental remediation of areas affected by an emergency.

Keywords: nuclear, emergency, releases
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The present report 15 devotaed to the comparative analysis of medical consequences of the 1957 accident and the
Techa River contamination in the meaning of the effectiveness of the protective measures taken [1, 2]. Both
accidents took place in the same Ural Region (Russia) at close time periods and were caused by atmospheric
emuissions (1957) and discharges of radioactive waste from Mayak PA into the Techa River (1949-1956). No
emergency measures were taken on the Techa River: scheduled countermeasures were delayed and were not
fully carried out. Scheduled activities aimed at ensuring safety precautions of the public after the Techa River
contanunation, mcluded hydraulic engineering, administrative and agricultural measures [3].

Protective measures on the EURT were much larger than on the Techa River. Emergency measures on the
EURT included evacuation of the population from the nearby settlements in the first days after the accident:
rejection of food and fodder and their replacement with clean ones; determunation of the density and
boundaries of the contaminated territory; formation of samitary protection zone, etc. Scheduled protectrve
measures included additional relocation of the residents from the contaminated territories, decontamination of
settlements and agricultural areas, development of radiation monitoring system and contamination control of
food and fodder, reorganization and reorientation of local enterprises producing food products and others [2.4].

Interventions after the 1957 accident turned out to be significantly more effective and made it possible to
significantly reduce exposure doses and miminuze adverse health effects of the EURT population. For
example, the content of “’Sr, which was the main factor of internal exposure, was two orders of magnitude
lower among the residents of the EURT than among the Techa River residents. The doses to RBM and stomach
in the EURTC were significantly lower than those among the TR.C members. However, it should be noted that
not all countermeasures taken in the EURT were unequivocally effective. So, for example, resettlement of the
EURT residents at a later time period (250-670 days after the accident) was ineffective m terms of the averted
dose and could have an adverse effect on the quality of life of people. Resettlement 670 days after the accident
prevented only 10% of effective dose and 20% of absorbed dose to RBM.

Early effects of exposure i the form of chronic radiation syndrome and tissue reactions (mainly from
hematopoiesis, immunity, and central nervous system) were registered mostly in the Techa River residents [1,
3, 5]. The values of excess relative risk of malignancies and leukemias in the TRC and EURTC were also
compared as the criteria of effectiveness of protective measures. It was noted that an increased radiation risk of
malignant neoplasms and leukenmuas i accidentally-exposed residents of the Ural Region was caused by
radioactive waste releases into the Techa River. Thus, the results of dosimetric, clinical and epidemiological
studies of consequences of the two radiation accidents taken place in the Ural Region, Russia, show
tremendous effectiveness of emergency measures after a radiation accident in case of their justification.

Key weords: Accident, Radiation, Countermeasures
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Following a major radiological or nuclear incident, a large number of workers, responders or the general public
may be exposed to external radiation and/or intemmal contamination with radicactive materials. Efficient and
effective public health response and medical management are important aspects of controlling any subsequent
impact affecting both short-term health outcomes and long-term health consequences from exposures. A
systematic review of expenience gaimned and lessons learned from the management of previous incidents can be
used to mvestigate any gaps that need to be filled, 1n terms of knowledge and technology, and/or operation and
implementation. to reduce the impact of any future incidents.

In this paper, public health response and medical management of internal contamination of 13 radiological or
nuclear mcidents were reviewed, based on the published literature and additional expert contributions, on
topics covering emergency preparedness and response, including inmmediate protective actions, monitoring for
mternal contanmnation. assessment of radiation dose, medical management to mitigate health risks. nisk
commumication, and ongoing health and medical follow-up. Each incident 1s objectively assessed to determune
the aspects that were well managed and those that were challenging The review followed by a critical
examination on the reasons behind, taking account of the operational constraints at the time. The overall gaps,
technological or operational. for managing internal contamination are summarized The lack of
evidence-based and internationally agreed protocols 1s identified. Recommendations on future efforts to fill
such gaps are provided.

Keywords: Radiation emergencies, Internal contamination, Public health and medical management
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Current progress and future challenges of Thyroid Ultrasound
Examination Program in Fukushima: The .Fukushima Health
Management Survey
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University
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The Great East Japan Earthquake on March 11. 2011 and its subsequent tsunami caused the accident at the
Fukushima Daiichi Nuclear Power Plant, in which extensive damage to the nuclear power reactors resulted
in massive radioactive contamination. The Fukushima Prefecture started the Thyroid Ultrasound
Examination (TUE) program as a part of Fukushima Health Management Survey project in response to
residents’ anxieties for health risks by radiation exposure. The TUE program covers residents in Fukushima
aged 0 to 18 wyears at the time of the nuclear accident.

This program consists of the primary examuination and the secondary confirmatory examination. In the
primary examinafion. screeming of thyroid nodules and cysts was conducted with portable ultrasound
apparatuses. In the second confirmatory examunation. an interview about medical history. a physical
examination, a detailed ultrasound examination. thyroid function tests. and unnalysis were performed. Fine
needle aspiration biopsy (FNAC) was also carried out only when the sonographic findings of nodules or
cysts meet the standardized guideline for implementation of FNAC.

In the Preliminary Baseline Survey (first round). 300,472 subjects were examined within 3 years after the
accident and the participation rate was 81 7% . The proportions of the subjects who fell into the categories Al
(no nodules or cysts present). A2 (nodule £ 5 mm or cyst £ 20 mm diameter). B (nodule > 5 mm or cyst = 20
mm diameter) and C (immediate need for further investigation) were 31 5. 47 8. 0.8 and 0%, respectively:
2293 subjects in categories B and C were recommended to undergo the confirmatory examination Of the
2091 subjects preformed the confirmatory examination, 116 were cytologically diagnosed as malignant or
suspected malignancy. The prevalence of childhood thyvroid cancer in Fukushima was determined to be
0.038% with no significant differences between evacuated and non-evacuated areas.

In the first Full-scaled Survey (second round) of the TUE, 270,540 subjects were examined until March
2016 and the participation rate was 71.0%. The proportions of the subjects who fell into the categories Al,
A2 B. and C were 402, 59.0, 0.8 and 0%. respectively. Thyroid nodules cytologically diagnosed as
malignant or suspected malignancy were found in 71 cases. There i1s no dose-response pattern between
incidence of thyroid cancer and the geographical classification of estimated absorbed radiation dose in
thyroid. Currently, we performed the secondary confirmatory examination of the second Full-scaled Survey
(third round) and the third Full-scaled Survey (forth round).

We would like to mention on-going challenges in our program such as actions against a risk of
overdiagnosis i thyroid sonography. psychological supports for participants and their guardians, and more
sufficient explanation for shared decision making before examinations. With advices and suggestions from
nternational experts. we intend to continue our efforis to fulfill our mission and comnsider how best the
thyroid examination can serve Fukushima residents.

Keywords: Fukushima, Thyreid Ultraseun Examination, Thyroid cancer
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United States Regulations as They Apply To LASER Users,
Strengths & Weakness, Lessons To Others

Ken Barat!
1Laser Safety Solutions, USA
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In the United States laser regulations and standards play an important role in how lasers are used. If one wishes
to sell a laser product in the Umted States, that product must conform to the U.S. Laser Product Performance
Standard. Documentation of compliance must filed with the Center for Devices and Radiological Health, a
branch of the U.S. Food and Drug Admimstration. Management of users of lasers m the work place need to
provide a safe workplace. Oversight of this requirement is provided by the Federal or State Occupational
Safety & Heath Administration. Which recognizes the American National Standard Institute Z136.1 Safe Use
of Lasers as the consensus standard which compliance with demonstrates an adequate laser safety program. A
number of additional laser pumidance standards, specific to various laser applications also exists. These cover
outdoor use, fiber optic communication, medical, light shows and research environments etc.

While on the surface this all seems to blanket laser use and should be a satisfactory approach the reality is laser
safety in the Umited States relies on the infegrity of the manufacturer or use location.

As examples to support the statement above, the reporting of laser incident is fragmented and unreliable.
OSHA'’s own database of laser workplace mcident only contains 25 reports over a 40 year pertod and the
majornity are Nonbeam related. Laser manufacturers who subnut the “certification™ paperwork, can wait years
before their subnuttal is reviewed. Once their submuftal is sent to the CDRH, the manufacture can sell their
product (since the subnuttal 1s only documentation the product meets the product requirements). One can be
assured if a manufacture had to wait for CDRH review prior to selling a product the up-roar would have
mcreased CDRH staff by a factor of 10.

Less than 10 of 50 States in the United States have a department or regulations on safe use of lasers within their
borders. Most of these States just collect a registration fee and do little to no oversight. All this also extends to
medical laser use. Biggest debate on the medical front is physicians objecting to beauticians being allowed to
do laser based hair and tattoo removal.

Much of what 1s covered as US 1ssues can be found in other countries. This presentation will shine light on the
present status of laser safety oversight in the Umted States as well as making a number of suggestions to
address the 1ssue. As well as asking the question where 15 oversight needed and where can 1t be pulled back and
how?

Keywords.: Laser, Safety, Regulations
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ANSI Z136.8 Laser Safety For Reseachers, Recognizing an Unmet
Safety Guideance Need

Ken Barat!
1Laser Safety Solutions, USA
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In the United States several laser user standards exust. The major standard generating body 1s the American
National Standards Institute. While the home organization 1s based in New York, it oversees the generation of
standards under its umbrella name. The Z136 series 1s designed for laser user guidance.

The American National Standards Institute is a private non-profit organization that oversees the development
of voluntary consensus standards for products, services, processes, systems, and personnel i the United States,
established in 1918.

Outside the United States, the primary standard orgamization is the IEC. The 60825 series is the one most

commonly cited for laser user guidance. While numerous laser user and recommended practices, fall under

ANSI Z136 and TEC 60825 all but one, present their gindance as 1f all lasers are commercial products that meet
government laser product safety requirements. That standard is ANSI Z136.8 Safe use of laser i research,

development and testing.

Anry user or Laser Safety Officer (LSO) is aware that laser used in the research environment, particular in
development stage does not meet all the requirements of a certified laser product and many area controls are

not always applicable or relevant. As an example, diode lasers on a breadboard (especially one that can be
moved around) the idea of an emergency shut off switch 1s questionable. Especially in cases where the open
beam path maybe a centimeter or less.

The ANSI Z136.8, recognizes the example above and gives the LSO support from the standard if they decide
not to use such a device. Another good example 1s in the topic of training. The standard requires documented
on the job trainmng. Which any user will tell you it 1s on site traming where safety takes place. Institutional laser
training requirements are really only a first step of hazard awareness.

Last example 1s just a common-sense item Both ANSI and IEC for access control of class 4 laser areas,

support the use of room entryway interlocks. But neither require any operational check to see if they are
functioming. If the entryway interlock 1s a safety device, don’t you think there would be some requirement to

test 1ts functionality?

ANSI Z136.8 covers all these topics and much more. This presentation 1s to acquaint one with this standard
and challenge users to have elements of the standard incorporated in other laser standards.

Keywords: Laser Safery, Standards, Research & Development, Laser Safety Officer
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Nuclear Disaster and Thyroid Cancer Screening in Fukushima:
Lessons Learned and Proposal
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This report is a personal scientific view and does not represent Fukushima Medical University policy;
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When a nuclear disaster occurs, countermeasures are taken to reduce the health risk in the affected area. A
health survey is also conducted to assess the degree of radiation effects and perform evidence-based
interventions”. However, those factors affecting carcinogenesis not only involve radiation but also
environmental, life-style related, and socioeconomic factors. This complexity, including intervention, nust be
carefully considered for the health of the affected population. Post-disaster investigations and interventions
have been increasing, even in sifuations other than nuclear disasters; however, these often cause
disadvantageous for local residents. Thus the importance of developing codes of conduct for such
investigations and interventions related to disaster public health has recently been emphasized”.

From 2011 to 2017, three rounds of thyroid exanunation were conducted among young people, who were
screened by ultrasonography mn the Fukushima Health Management Survey; more than 200 patients with
thyroid cancer have been diagnosed. Our study showed that most cancers are considered to stop growing after
an early growth phase” This large-scale mass screening resulted in innocent cancer diagnoses from among
large prowth-liniting cancer reservoir, even at young ages. Thyroid cancer screening is generally considered
‘not recommended’, by the US Prevention Services Task Force. According to WHO/TARC recommendation
m 2018, thyroid cancer screening 1s not recommended to be unconditionally conducted even after a nuclear
accident, and monitoring 15 desired for those who are estimated to be exposed to 100-500 mSv or more.

To prevent the harm of overdiagnosis, a change i the strategy from screeming to voluntary monitoring 1s

urgently needed based on a code of conduct, with better understanding of the natural history of thyroid cancer.
Keywords: Overdiagnosis, Code of conduct
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Features of Internal Exposure to Insoluble Particles Having High
Specific Activity

Kentaro Manabe'*, Masaki Matsumoto?
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Micrometer-sized particles bearing radioactive cesium were found after the accident of TEPCO’s Fukushima
Daiichi Nuclear Power Station'. The particles are highly insoluble and have high specific activity as the activity
per particle is ranged from a few to 100 Bq'~. It is expected that the activity will move in the body as a single
particulate material without dissolving to blood or tissue fluid when the particles are inhaled. Therefore,
internal doses by inhalation of the particles depend on how the particles move in the body.

Internal dose estimation methodology of ICRP is designed for incorporation of countless radioactive nuclei.
That is, numbers of disintegrations in source regions in the body are estimated by a deterministic way. However,
the activity in the particles will not be distributed. Therefore, the ICRP’s methodology cannot be applied to
the inhalation of the particles when the number of inhaled particles is small.

The authors developed a methodology to estimate the numbers of disintegrations considering a stochastic
movement of the particles named “stochastic biokinetic method (SB method)”. This method enables to obtain
a probability density function of internal doses by mcorporation of the msoluble cestum-bearing particles®.
This presentation reviews the outline of the SB method, and the topics and ongoing tasks regarding mternal
dose estimation for intake of insoluble particles.
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Fig. 1. Probability density function of lung doses for single particle inhalation.
Keywords: Insoluble particle, Internal dose, Stochastic biokinefics
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Reanalysis of Cancer Mortality Risk in Association with Organ
Absorbed Dose for Japanese Nuclear Workers 1991-2010
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Background: Japanese Epidemiological Study on Low-Dose Radiation Effects (J-EPISODE) has analyzed
health effects in association with photon exposure assessed in H,(10) since 1990. However, 1t 15 under way
to estimate cancer morbidity and mortality risk evaluated in organ absorbed dose, which 1s recommended
by ICRP.

Aim: To reconstruct organ absorbed dose during 1957 to 2010, and reanalyze cancer mortality risk for
J-EPISODE 1991-2010.

Materials and methods: The reconstruction method of organ dose principally followed the approach
adopted in the IARC 15-Country Collaborative Study. However, the method was modified considering
recent usage practice of dosimeters in Japan and body size of Japanese. Despite the IARC s framework with
Hy(10) being the common quantity, 1t was simplified using air kerma as common quantity (Figure 1).

[1] The preceding studies on

Japanese NPPs in 1980s were Distribution of energy and geometry of > Confirmed for
found to confirm that the photon exposure atworking place Japanese NFP
assumptions of distribution of

ENergy and geometry of Readings of personal Physical quantity Orzan absorbed
photon exposure in IARC dosimeter Ajir kerma dose

study were applicable for

J—EPISDDE. 1] Expenmented dosimeter Developed conversioncoefficients | [3]
[2] Dosimeter response data , responseat JAEA / for IM-103: Japanese adultmale
defined as readings per air elemes ety voxel phantom

kerma, under combinations of
a specific photon energy; 119,
207 and 662 keV, and a specific geometry; antero-posterior geometry and i1sotropic geometry, were newly
experimented in the same way as IARC study for recently used three types of dosumeters; glass badge (GB),
electronic personal dosimeter (EPD) and optically stimulated luminescence (OSL) dosimeter, while those
for film badge (FB) and thermoluminescence dosimeter (TLD) referred IARC study data.

[3] Conversion coefficients from air kerma to organ absorbed dose were developed for Japanese adult male
voxel phantom (JM-103) 1n order to compare with Caucasoid phantom.

[4] Finally, conversion coefficients from readings to organ absorbed dose were computed using the above
data on dosuneter response as well as coefficients from kerma to organ absorbed dose for each year and
each site where workers were exposed to photon, followed by reconstruction of organ absorbed dose for
subjects of J-EPISODE during 1957 to 2010. Then, Poisson regression method was applied for estimating
ERR (Excess Relative Risk) for cancer mortality.

Results: 1) The TARC assumptions of energy and geometry distribution were applicable.

2) Dosimeter response among dosimeter types demonstrated small differences.

3) Conversion coefficients for TM-103 revealed small differences from Caucasoid.

4) Conversion coefficients from readings to organ absorbed dose (Gy/Sv) were around 0.7 to 0.8.

5) Organ absorbed dose for several fissues was reconstructed from the recorded dose during 1957 to 2010.
6) ERRs for cancer mortality were estimated in terms of organ absorbed dose.

Conclusion: Evaluation method of cancer morbidity and mortality risk in association with organ absorbed
dose, which 1s recommended by ICRP, became applicable for Japanese nuclear workers.

Keywords: Epidemiology, Organ absorbed dose, Nuclear worker
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SFRP-IRPA Workshops on the Reasonableness in the Practical
Implementation of the ALARA Principle
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The practical implementation of the principle of optimusation of radiological protection (1.e., ALARA
principle) was the subject of two workshops organised in Panis (France) in February 2017 and October 2018
at the initiative of SFRP within the framework of IRPA. The presentation summarizes the discussions and
conclusions of these two workshops. The search for reasonableness was examined in three sectors: nuclear
industry, medical practices and existing exposure sifuations. In all sectors, the optimisation remains a challenge
and experience shows that this 1s implemented through a deliberative process to achieve a reasonable
compromise with all informed parties. This 1ssue was further mvestigated by three working groups — one for
each sector — on the basis of cases studies. It emerges that, in complement to the use of classical tools such as
cost-benefit analysis, the implementation of the optimisation principle implies a clear idenfification of the
challenges to be met in order to achieve the best protection in the prevailing circumstances. These challenges
may be specific to a type of exposure situation and in some cases to a given situation. The process should also
well 1dentify the relevant stakeholders and decision-makers to be involved and determune how they will be
involved. A proactive process including development of awareness, empowerment and/or training may be
needed. Thas reflexion deserves to be further developed.

Keyweords: reasonable, radiological protection, optimization, ALARA
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Radiation Protection in Suriname — Report on a Mission by the
Dutch Society for Radiation Protection

Hielke Freerk Boersmal-2*, Whitney Coulor3, Gert Jonkers? and Bas Vianen2#

luniversity of Groningen, Groningen Academy for Radiation Protection, Groningen, The Netherlands
2The Dutch Society for Radiation Protection (NVS), Utrecht, The Netherlands

SAcademic Hospital Paramaribo, Suriname

4Amsterdam UMC, Vrije Universiteit Amsterdam, The Netherlands

*h.f.boersma@rug.nl

The International Radiation Protection Association (IRPA) encourages ifs associate societies (AS) to open
membership to radiation protection professionals from countries where no AS i1s active. In 2019 the Dutch
Society for Radiation Protection (NVS) took the mitiative to determine the mterest of RP professionals i the
Republic of Suriname to participate in the activities of the NWVS. This initiative coincided with the realisation
of new legislation in Suriname on radiation protection along with the strong wish to develop an adequate
training system for radiation workers and RPOs — lack of knowledge with respect to radiation safety matters
1s concerned a major problem in Suriname. Only recently, the Academic Hospital in Paramaribo has started a
successful training program for their staff

The NVS was mvited by PAHO/WHO to visit Suriname for a mission with the aim to give recommendations
on proposed legislation and on possible systems for education and tramning. The nussion took place in
November 2019 and ended with the first Suriname meetmg of all relevant stakeholders. In this contribution,
we will report on the outcomes of this mission and the potential IRPA-membership of radiation protection
professionals m Suriname.

Keywords: IRPA, Education & Training

25



EE IRPA1S *.AKARP_
| Home | Nextsession | Previous session |

for Radiation Protectmn
SS12

Nepal & Other Countries without Regulatory Bodies on Radiation

Kanchan Adhikari'*
1 Department of Clinical Oncology, NAMS, Bir Hospital, Nepal

Nepal, one of the least developed countries with population of 26.6 million people is the
biggest populated country among countries without a regulatory body. Radiations are
widely used in medicine, agriculture, industry and other scientific research activities
throughout the world. But in Nepal its use is almost confined to medical field for diagnostic
and therapeutic purposes. In the absence of regulatory body, some hospitals face
problems in purchase and transportation of radioactive material. News report on the
disappearance of radioactive Iradium-192 disused source en route to Kathmandu for
safety disposal to the country of origin, Belgium, has also raised a big question on safety
& security of radioactive sources used for medical purposes in Nepal. All together fifty
three countries, most of them least developed, still do not have any regulatory body. On
16th September 2015, Ministry of Education, Science & Technology, line ministry to
International Atomic Energy Agency (IAEA) has issued one directives for regulation of
radioactive materials in Nepal.

Nepal has yet to constitute rules and regulation as well as regulatory body in the field of
radiation. But, Ministry of Education, Science & Technology (MoEST) has issued Nuclear
Materials Regulatory Directive on 2015 to manage radiation sources. Under this Directive
there is one recommendation committee to recommend MoEST to manage all nuclear
related activities in the country. This happens to be the one and only document on
regulation of radiation sources in Nepal.

Despite all the issues and the challenges inherent, the author remains confident over the
eventual promulgation of the Nuclear Law and the formation of an effective regulatory
agency. The government of Nepal has already tabled a final draft for Nuclear Law in the
parliament for endorsement. Under that law, there is a provision for establishment of
radiation regulatory body and hopefully Nepal will have regulatory body once the nuclear
law becomes a law of the land.

The data shows that all together fifty-three countries around the world still do not have
regulatory body or any nuclear law. Out of fifty-three countries twenty-four countries
including Nepal are member states countries of IAEA and twenty-nine countries are still
not member countries of |IAEA. Data also shows that the highest number of countries
including Nepal without regulatory body fall in Asia. The data shows that most of the
underdeveloped countries still do not have any radiation regulatory body.
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Chinese Standards and Risk Monitoring Quality Control on
Radioactivity in Drinking Water and Food.

Yanqin Ji
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Food and drinking water safety monitoring are more and more concerned by public and government. Based on
the food and drinking water monitoring for the health response 1n China following Fukushima Dai-ichi nuelear
accident, started a routine risk momtoring and assessment of radioactivity i food and drinking water in 2012,
from 8 provinces of NPPs vicinity to nationwide up to now. We organized the laboratories intercomparison
once a year on gross o and gross B in water samples, prepared the food radionuclides reference materials (RM)
for the measured results quality control.

National standard for drinking water quality includes action/screening level (gross o 0.5 Bg/L, gross B 1 Bq/L),
which is on-going revised including vranium and radium 226. The national food safety standard includes
reference level of natural and human-made 10 radionuclides, U and Th mass concentration, which 1s suggested
to be revised, as well as the individual dose criterion (IDC) with health assessment for food and drinking water.

For radiation protection, 1t 1s necessary to strengthen the food and water radioactivity monitoring as baseline.
This 15 a need to further standardized the emergency monitoring method, RM and uncertainty assessment for
both emergency fast measurement and routine monitoring quality control.

Keyweords: drinking water, food, control radioactivity
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Radon Dosimetry and Lung Cancer Risk Assessment: An Update
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2SURO, Bartoskova 28, Prague, 14000, Czech Republic

*James.Marsh@phe.gov.uk

The International Commission on Radiological Protection (ICRP) publishes guidance on radiological
protection against radon exposure in homes and workplaces. It has recently published dose coefficients for the
mhalation of radon, thoron and thewrr arrborne progeny as well as recommendations for their use for the
protection of workers [1]. Although protection against radon 1s primarnly based on measurement and
optimisation, dose estimates are required for workers if, despite optimisation, radon levels i a workplace
remain above the national reference level, or if, from the outset, radon exposure 15 considered as occupational
as in the case of mines. Dose coefficients also allow comparisons to be made of sources of public exposure.

The effective dose coefficient per unit exposure to radon progeny can be derived either by dosimetric
calculations or by epidemiological comparnisons. Taking account of both methods, ICRP Publication 137
recommended a single rounded value of 3 mSv per mJ h m™ (approximately 10 mSv WLM) to be used in
most circumstances, for workers m buildings and in underground munes. Recently, the United Nations
Scientific Commiftee on the Effects of Atomuc Radiation (UNSCEAR) conducted a review of radon
epidemiology and dosimetry [2]. Lifetime risks were calculated by applying the BEIR VI risk model to the
updated Czech and Eldorado miner studies, to the newly published large Wismut miner study, and to the
combined 11 miner studies used in the BEIR VI report [2, 3]. Given that the uncertainties from risk estimates
are large, UNSCEAR concluded that its established dose conversion factor of 9 nSv per h Bq m™ of
equilibrium equivalent concentration of **Rn (1.6 mSv per mJ hm™ or 5.7 mSv WLM) should be retained
for use in its comparisons of radiation exposures from different sources.

This presentation explains and compares the reviews of the scientific evidence from UNSCEAR and ICRP. Tt
also presents dose conversion factors based on recent published lifetime risk calculations.

Keywords: radon, internal dosimetry, lung cancer
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Thoron in the Environment - Methodology, Behavior and
Dosimetry

Shinji Tokonami
Hirosaki University, Japan

Radon isotopes include radon-222 (radon), radon-220 (thoron) and radon-219 (actinon). Itis
well known that radon-222 and radon-220 can be regarded as the main contributor of the
annual effective dose for public in the world, which reaches 1.2 mSv and 0.1 mSy,
respectively, as the worldwide average. However, the quantity of thoron is often observed
more than radon in situations where thorium-rich building materials are unexpectedly used
indoors. As the half-life of thoron is 55.4 sec, the health risk due to this isotope is considered
fo be negligible. In addition, there are no epidemiological studies on thoron exposures so far.
On the contrary, radon epidemiology was well studied. Consequently, new scientific findings
based on the latest epidemiological analyses for lung cancer risk due to radon exposure have
been demonstrated. The residential radon concentration is mainly measured by passive
radon monitors. Although such passive radon monitors are usually designed to detect radon
efficiently and exclusively, several types of them can detect thoron together with radon. In
this case, their readings may include both radon and thoron signals. If the readings are
overestimated, the lung cancer risk will be given as a biased estimate when epidemiological
studies are carried out. In this webinar, unique characteristics of thoron will be addressed.
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The Health Physics Society’s ‘Ask-the-Expert’ Feature: Widening
Public Support through Empathy and Science
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A very large segment of the population 1s fearful of radiation, and sometimes rightly so. It's a word that
conjures up images of something dangerous and mnvisible, and is often associated with the real fears of nuclear
apocalypse that permeated the cold war era. TV dramas such as HBO’s Chernobyl certainly fuel the fear
response. Public response to radiological events ranging from true emergencies such as the Fukushima Datichi
nuclear power plant accident in 2011 to benign events such as the bucket of urantum ore discovered at the
Grand Canyon Visitor’s Center in early 2019 highlight the need for effective public communication strategies.
All too frequently when an event is not considered dangerous by scientists, we fail to capitalize on the
opportunity for public engagement Public commumnication and empathy are some of the most important
challenges that the health physics and radiation protection commumnity face today. Empaﬂly is of parhcular
importance mn effective public communication- understanding and explaining the science in layman’s terms 1s
insufficient to win public support. Rather, the abilify to plainly explain the science must be coupled with an
understandimg of what the public or an individual 1s feeling about a particular 1ssue. This requires more than
sclence.

The Health Physics Society (HPS) sponsors a public information and outreach feature called “Ask-The-
Expert” or ATE. ATE originated in 1999, and has grown exponentially since then to become the HPS’s most
successful public education endeavor, receiving over 1 million site visits annually. The origin of the feature
and a discussion of the lessons learned during its first 20 years are detailed in a separate presentation. Here we
focus on how ATE works, why 1t has been suecessful at building a culture of empathy, and how we are moving
ATE mto the future.

Ultimately, ATE works because of the tireless efforts of a small group of radiation protection professionals.
These individuals have both solid technical prowess and an uncanny ability to distill complex science into
understandable information. They take each question seriously, no matter how outlandish 1t may seem from a
scientific point of view, and provide a personal response that starts with a stmple bottom line answer to the
question posed. Personal emails are written with the audience in mind — frequently someone has had some
interaction with radiation and is scared, and the experts show compassion and provide invaluable knowledge
on a personal basis. To reach the wider public audience, some questions and answers are posted and indexed
on Google, allowing others to see them when searching for similar questions. The ATE webpages also contain
nearly 60 fact sheets that cover everything from cell phones to space radiation exposure.

Moving forward, the ATE team, i collaboration with the HPS Public Information Commuttee, has begun
creating a series of videos that cover the most commonly asked questions. Currently we have one video that
covers diagnostic imaging and another that covers radiation exposure during pregnancy. Planned future video
topics mnclude radon and non-1onizing radiation, and this is likely to be a growth segment for outreach in line
with modern media consumption practices.

The HPS’s ATE feature is an effective method for widening pubhc empathy and improving radiation

knowledge. HPS is leveraging modern communication approaches in order to reach a broader audience and
provide a trustworthy source for those searching an internet that is too often donunated by nusinformation.

Keywords: Communication, public understanding, outreach
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Communicating Radiation Risk - Developing tools and guidance
for the profession
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The Society for Radiological Protection, United Kingdom
*amber.bannon@environment-agency.gov.uk

Across the Radiation Protection Profession and its allied fields, the commmumnication of “Radiation Risk™ is
becoming an mcreasingly important skill. However achieving effective risk communication is becoming an
increasingly challenging task given the somewhat negative public perception of radiation and conflicting views
presented online and by both media and social media.

The Society for Radiological Protection (SRP) Annual Conference in May 2019 featured a workshop with a
focus on “Communication of Radiation Risk in the Modern World”. Three central scenarios were covered:

¢ Communicating to the Public Post a Nuclear / Radiological Incident
e Communicating Radiation Protection to Government / Local Authorities
e Communicating as part of Public Engagement Activities e.g. STEM

The workshop included technical talks and views from media specialists. The output of this workshop can be
found in [1].

The workshop was well attended, and the feedback was promising with attendees requesting follow on
workshops, and the development of subject specific guidance for Radiation Protection professionals.

IRPA 1s also currently showing an interest in tlus area and 1s developing a gmdance document covering the
gmding principles.

In summer 2019, SRP started a workstream aimed at developing a series of short specific user guides for the
communication of radiation risk in certain scenarios, such as m support of Outreach, Emergency Preparedness
or Medical Exposures.

The recent introduction of revised emergency planning legislation m the UK has the potential to result in the
introduction of new or larger Detailed Emergency Planning Zones, and as such present an area of concern for
the public, namely were they being protected adequately before, or is there a substantial increase in radiological
risk? It was therefore decided that the first of the guides to be developed would be a “Guide to Communicating
Radiation Risk in Emergency Preparedness™.

The guide is to be developed via a workshop in November 2019 involving 15 attendees, including UK
Government, Regulators, Media Specialists (including ex journalists, social media specialists, and specialists
mvolved in communicating post actual incidents such at the Litvinenko poisoning), Nuclear Operators, UK
Defense Operators, Radiation Transport Specialists and Local Authorities.

Following the workshop, SRP will pull together the draft “Guide to Communicating Radiation Risk in
Emergency Preparedness™ which will be sent to the wider participants for comment. Following resolution of
any comments the guide will be formally published on the SRP website in PDF Format.

The proposed talk will provide an overview of the previous and ongomg work streams within SRP, and where
the developed tools can be found for use by those working in the field of Radiation Protection.

Keywords: Risk Communication’, Emergency Preparednes”, Public Engagement’
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Communication about Radon at Home: Main Pitfalls and
Recommendations
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This presentation gives an overview of radon communication campaigns in Europe, identifies main pitfalls
and concludes with recommendations for effective radon risk communication.

Empirical studies revealed that people living in high radon areas in Europe often find the risks of radon gas
acceptable, despite the higher perceived risks: although they know that radon 1s bad for their health, they are
not concerned about living i a house with high radon concentrations. When available, subsidies for home
remediation are not fully used. Furthermore, campaigns aimed at increasing radon awareness showed that
mcreased awareness does not automatically lead to action and behavioural change. For instance, after a series
of communication campaigns, despite increased awareness, the concern about radon in their home has
decreased. In addition, it has been found that, of those that test and find elevated radon concentrations in their
home, only approx. 25% apply nmutigation actions to reduce radon concentrations. Moreover, when radon
measurements are recommended by authorities only small fractions of the population in the affected areas
effectively carry out these measurements.

Implementation of National Radon Action Plans faces important challenges. While testing for radon and
subsequent home remediation are scientifically and technically straightforward, empirical studies indicate that
the levels of these actions are generally low. This indicates that radon remediation 1s not a seientific or technical
problem, but rather a socio-political and psychological one, leading to a “value-action gap’. A value-action gap
refers to a situation where the values or attitudes of an individual do not correlate to his or her actions. The
studies mentioned above provide evidence that changing public behaviour, in the sense of testing radon
concentrations at one’s home and applymng mutigation actions such as the renovation of one’s house, is
challenging. The ‘information provision approach’, 1.e. the assumption that individuals will act rationally in
relation to the information provided, does not hold. Several health behaviour models, such as the Theory of
Planned Behaviour, the Health Belief Model, the Protection-Motivation Model, and the Transtheoretical
Model of Health Behavior Change, indeed suggest that effective radon risk communication should therefore
seek to trigger other factors influencing behavior change in the target audience and not only to mecrease
awareness abouf the radon 1ssue.

The data presented were collected through quantitative (public opmion surveys) and qualitative studies
(document review, mnterviews, round table discussions, workshops) in different European countries. The results
show, that radon risk communication should focus not only on awareness but also on attitudes, subjective
norms, self-efficacy and risk perception. Examples of communication materials are provided and
recommendations for an efficient radon nsk comnmmication are presented.

Keywords: Radon, Risk communication, Communication campaigns, Health communication
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Communication of Radiation Risk to the Public to Ensure its
Realistic Perception

Jozef Sabol*
Crisis Management, Faculty of Security Management, PACR Prague, Czech Republic

Members of the general public, and even many radiation workers who are not appropriately trained in
radiation protection, is usually confused in assessing the real risks associated with exposure to ionizing
radiation mainly because the present system is too complicated to understand without some basic
knowledge of atomic and nuclear physics. This is why laypersons are facing considerable difficulties to
perceive the real risk associated with the use of radiation and nuclear technologies, where they are puzzled
by mostly exaggerated information and news in tabloid press and some other means of mass communication
following any incident, accident or misshape in the field. There are hardly found reports depicting the high
level of the safety and security in using radiation and nuclear technigues in industry, medicine and many
other areas where this technology is extremely beneficial. The paper discusses the progress in radiation
protection achieved over the last few decades and compares it with the safety in other sectors where, in
general, the level of protection of persons and the environment is in many cases at the lower level but this is
usually not reported and presented to the public.
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There is an analogy that claims a camel is a horse designed by committee!, the figure of speech hopes to
emphasise the ineffectiveness of a limited commuittee of stakeholders that incorporates conflicting opinions
into a single project. The distinguishing features of a camel and its poor temperament are the deformuties that
symbolise an operable project with underlying poor design. This workplace example is intended for
Containment Engineers and Radiation Protection professionals, it cites an engineering conunittee
comussioned to weld a considerable number of additional fixigs on the mside surfaces of in-service high-
risk radioactive process gloveboxes unfortunately early stakeholder engagement was not embraced resulting
in the development of a camel type processes established in the absence of a Radiation Protection Adviser
(RPA), a key confributing stakeholder.

The engineering committee opted for a stud-welding process which could be used near delicate in-service
equipment noting the procedure had never been used on the inside of “hot’ functioning and grossly
contaminated systems. Overseas engineers were contacted with only Rocky Flats? (RF) acknowledging they
had carried out something simlar, directing the committee to approve the RF solution. The RF solution was
to introduce multiple welding sets and equipment mto the containment system comnutting bulky equipment to
ILW3 Where equipment was too large to travel through the connecting tunnel system, the committee’s solution
was to move the grossly contaminated equipment in and out of the line via glovebox widow removal or where
this was not possible complete welding set were to be mtroduced into a target glovebox where it would remain
trapped after use.

The commiftee belatedly engaged a Radiation Protection Adviser (RPA) to refrospectively approve their
processes. It was clear they had not benefited from early RPA stakeholder engagement to advise against
obvious radiation protection issues and so the project was frozen. A solution to ensure the powerpack remained
outside the line was essential thereby requiring; only one which would remain free from contamination, limit
IL'W arisings and hazardous breaks of containment. The issue was how to electrically connect the external
powerpack with the in-line welding gun. Normally the workstation’s interface plate would be used but this
was unavailable. The solution dertved amongst the now RPA balanced stakeholder team together developed a
Hypalon special glove port-cap with the required HT* feedthrough bonded mto its centre. This straightforward
breakthrough singlehandedly eradicated the use of multiple welding sets and resolved the need to use the
mterface plate, resulting in one welding powerpack being used on the outside of all gloveboxes. The special
port-cap was specifically designed fo replace a box-glove using existing changing techmques and equipment.
The only item of equipment on the inside the active glovebox line was a small weldmg “micro-pistol” reused
as often as required with the only ILW arisings a box-glove and the special port-cap.

The benefit from albeit belated stakeholder engagement is obvious, undeniably earlier engagement would have
more beneficial, highlighting critical analogies aimed at thoroughbred design committees should commend the
benefit of early engagement and emphasise the selection of appropriate specialists; horse or camel? that
depends on requirements.

Keywords: Stakeholder, Engagement, Glovebox.
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Experience Gained in Translating Radiation Protection and
Medical Physics Documents into Arabic Language

Mohamed Ahmed Mahmoud Gomaa*
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Among the routine activities of Egyptian Atomic Energy Authority since its foundation in 1957 is trainjng
mdividuals in the field of peaceful uses of Atomic Energy. The main sources of traiming documents were from
IAEA, ICRP ICRU, IOMP , EU Legislations UNSCEAR and IRR regulations and national laws and
regulations. The need to franslate some documents to Arabic Language is necessary to inform public and
occupational worker as part of safety culture, traming and education purposes such as teaching purposes mn
elementary, secondary schools and universities, as well as for postgraduate studies.

To simplify these scientific documents several books were written in Arabic. These books were widely used
not only for training and teaching purposes but also as library reference materials. For more than fifty years
more than ten books were published in Arabic Language not only from Egypt but also from other Arabic
Countries. Furthermore basic radiation protection traming courses were also written in Arabic by radiation
protection Egyptian experts. With the cooperation between Arab Atomic Energy Authornity, ITAEA and Syrian
Atomic Energy Commission, Basic Radiation Protection Training courses were conducted in Arabic Language
and updated periodically.

In the present study attention 1s paid to review the experience gained in translating not only several ICRP
documents and IRPA bulletms , Books and training courses written in Arabic Noting that the translated ICRP
documents covered basically medical physics subjects and in progress the ftranslation of 2007 ICRP
recommendations of ICRP info Arabic Language.
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Given the size of the French nuclear program, the management of radioactive waste is an important
stake for France and a sensitive issue for the French public. It's also a very difficult matter to discuss
due to the emotions and passion expressed by some of the stakeholders.

The French National Plan for Radioactive Materials and Waste Management (PNGMDR) is produced
every three years, in accordance with a 2006 law. It constitutes an essential tool for overseeing and
coordinating the management of radioactive materials and waste, ensuring a transparent, integrated and
sustainable management of these substances regardless of their nature, their radioactivity level and their
origin. It reviews the existing management modes, identifies the foreseeable need for storage and
disposal facilities and determines the targets to be met for radioactive waste for which there is as yet no
final management solution.

The PNGMDR is drawn up following discussions within a pluralistic working group which, under the
joint chairmanship of ASN and the Ministry in charge of Ecology, brings together environmental
protection associations, representatives of assessment and regulatory authorities and the producers and
managers of radioactive waste.

According to new legal provisions, a national public debate was organized in France from April to
September 2019 to discuss the 2020-2022 PNGMDR s contents. In France, such debates are organized
by the National Commission for Public Debate (CNDP), an independent organization which produces a
report at the end of the debate. This report summarizes the results of the debate to enlighten the
PNGMDR authors. The CNDP is required to be neutral and shall not give its opinion during the debate.

23 public meetings were organized all around France. In parallel, the CNDP set up a focus group of 14
randomly selected citizens. These citizens were informed/trained by the CNDP about the PNGMDR s
stakes during two week-ends and some of them attended the public meetings. The focus group produced
a written statement which is included in the general conclusions of the CNDP.

The CNDP presented the first findings on the debate on September 25. The comprehensive report will
be issued by the end of November 2019.

One of the conclusion is that it’s very difficult in France to speak about nuclear issues. Some meetings
were cancelled because of a too strong opposition.

A second conclusion is that only interested parties (nuclear opponents and pro-nuclear) participated.
Regular citizens didn’t participated, mainly because they consider that the radioactive waste issues are
too complicated and because there’s not a sufficient radiation protection culture among the French
population. In this regard, there’s a need of improvement.

One last conclusion is that there’s a willingness over all the participants to the debate to be more involved
in the preparation of the next National plan.
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Measurements, Public Information, and Protection
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In 2017 the Federal Republic of Germany adopted a new radiation protection act, the StrahlenSchutzGesetz!
(StrSchG). This act incorporates a directive of the European Union (2013/59/EURATOM) into national law.
It reorgamizes the existing structure of radiation protection to reflect the current state of science and places
stronger emphasis on natural occurring radioactive materials, especially, radon. Radon 1s the main contributor
to the natural radiation background for the general population and number two health hazard for development
of lung cancer.

Early on the federal state of Hesse in Germany developed a general comprehensive strategy to address radon
protection. Different parts of which are required by the radiation protection act and additional parts to
complement the former. The StrSchG calls for the the delineation of radon prone areas. To aclueve tlus a large
scope soil-gas measurement campaign’ has been developed to determine the geogenic radon levels. This
campaign 15 based on the underlying geological structure units and formations and 1s a collaboration with the
geology department of the Hessian Agency for Nature Conservation, Environment and Geology (HLNUG).
Furthermore, various scientific research projects will yield further understanding of the geological aspects of
radon migration. Additional research on radon emission rates for indoor radon in small dwellings as well as
radon nugration in big buildings 1s being conducted.

The StrSchG requires that states initiate a comumumication strategy to inform the general public. After
conducting extensive research into all the stake holders in the public discourse, as well, as the professionals
mvolved in radon mitigation and education, the state of Hesse has decided on a comprehensive approach to
meet this goal. The newly established radon center at the Technische Hochschule Miftelhessen (THM) will
serve as a hub supervising the measurement campaigns, designing and carrying out the information campaigns
and assist in the different research projects.

Thus presentation focuses on the administrative design process and the successful implementation of the radon
action plan in the state of Hesse in Germany highlighting the combination of radiation protection, public
education and scientific research. Detailed information will be given about the soil-gas measurement campaign
as well as the implementation of the radon center.

Keywords: radon action pfan, communication, center
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Nuclear science and technology (INST) 1s applied not only to energy supply but also to medical, industrial and
agricultural fields. At present, the use of radiation and radioactive materials 1s indispensable for our daily lives.
In order to support the diversity of radiation use, in addition to activities related to fostering public literacy,
appropriate education on NST at secondary schools that leads to developing experts 1s extremely important.
The horizontal development across regional and generational barriers and development of knowledge and
technology 1 the field of radiation protection, which 1s one of the safety foundations has become an important
issue for humanity. STREAM (Science, Technology, Robotics, Engineering, Art and Mathematics) 1s known
as one of the keywords for actively promoting of secondary school education. In this research, each theme in
the scope of radiation protection 15 arranged with the keyword “STREAM”, and the latest research results are
broken down from the viewpoint of secondary school education. We thought that presenting this information
to stakeholders (teachers and students) appropriately and effectively increased their interest in the field of
radiation protection and increased the overall attractiveness of this field. In parallel with the above, we are
developing educational tools, modules and curriculum related to radiation protection that are applied at schools
for secondary education, based on an international perspective in the Asia-Pacific region. Examples of typical
developments in educational tools are: (1) Large-field Peltier-cooled cloud chamber, (2) Next-generation
environmental radiation survey meter, (3) Simple radiation counter, and (4) Radiation sources made from
natural materials. How can these tools and their respective educational modules be adapted and customized for
each country and mternationally spread to create the necessary environment for proper and safety handling in
school education? We expect that this will be an important consideration for the future. For example, the
appropriate use of natural radioactive sources i education 1s within the scope of risk management strategies
for NORM, such as by the IAEA. Our oral presentation will introduce some of the progress in the development
of these educational tools, present results of assessing their effects/impact based on mmplementational
experiences in educational programs, and future issues/direction.

The researches were partially supported by JSPS Grants in Aid of Scientific Research (KAKENHI) in
2013-2015 (No. 25282034) and 2016-2018 (No. JP16H01813). Related researches continue, in several
Asia-Pacific countries, by collaboration with international experts in the fields of radiation protection and
secondary education from IAFA USA . Australia, and Japan under the IAEA RAS/0/079TCP (2018-2021)
with the support of NPO Science Technology Information Forum (Japan) and others.

Keywords: Radiation Education, Educational Tools, Secondary School Education, STREAM,
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This presentation reviews how communication was managed in two recent radiological events 1n 2017: the
detection of a radioactive cloud with level of ruthenium-106 (Ru-106) up to almost 1,000 times the normal
amount and the detection of 10dme-131 (I-131) at trace levels across Europe. The focus of the presentation 1s
on how traditional and social media reported the event as well as the main lessons learned and
recommendations.

In late September and October 2017, Ru-106 was detected throughout the northern hemisphere by national
environmental radioactivity monitoring networks m several European countries and by the International
Monitoring System established to verify compliance with the Comprehensive Nuclear-Test-Ban Treaty.
Although low concentrations did not present any health risk to European citizens or harm to the environment,
there was a public demand to “speculate™ about the origin of the source and some criticism of lack of
transparency and scepticism. Press releases were 1ssued by some European nuclear safety authorities and the
media reported the figures. There was a great mass media pressure on public relations officers in many
European countries for around 40 days.

In January and February 2017, radioactive iodine was detected at trace levels in the air in Europe by the
technicians of Europe’s informal network of radioactivity surveillance experts. Some nuclear safefy authorities
in Europe and the European Comumission reported measurements and declared that there was no potential threat
to human health. However, the origin of the source could not be deternuned. Also in this case, there was intense
media and public attenfion and increasing concerns over time despite statements from the regulatory authority
that the level of radioactivity was negligible from the point of view of radiation protection.

The analysis of how communication was managed in these two radiological events of 2017 show that 1t 15 of
paramount importance to commumnicate radiological events occurring beyond the national borders, even if they
do not involve health or environmental impacts. This communication enables nuclear safety authority to lead
communication in case of future rumours and/or excessive media coverage. The two cases resulted as an
opportunity for national authorities to build trust in themr expertise and competences.

For the ruthenium case, a documentary analysis was undertaken based on scientific articles, internet pages of
European nuclear safety authorties, scientific communication by experts from different European research
mstitutes, social media, media articles, official communication by national and international organisations and
personal discussion with public relations officers in different countries. The information for the case of 10dine-
131 1s mamly based on a review of internet pages of European nuclear safety authorities, research institutes,
mnternational organisations, on-line and social media.

Keyweords: Risk communication, Radiological event, Ruthenium-1006, Cesium-131
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The high levels of public worry and distrust of authorities, especially as associated with nuclear
energy and radioactive waste, are well established in the literature and in the experience of risk
communicators dealing with the general public. Though much of the experience with the
heightened sense of worry that accompanies planned exposure situations associated with
proposed radioactive/nuclear facilities (e.g. radioactive waste repositories, nuclear power
plants. yet to be approved or built). there are also examples of existing exposure situations such
as those following radiological accidents (e.g. Chernobyl or Fukushima). Some ri1sk perception
tactors (e.g. trust. dread) are common to both planned and existing exposure situations, whereas
others (e.g. volition. controllability) may be more prevalent in post-accident exposure
situations. Specific risk perceptions held by a given population and its various subgroups must
be acknowledged and incorporated into successful risk communication and public engagement
strategies. Post-aceident recovery programs and remediation projects, while in many countries
requiring stakeholder and public acceptance to proceed, often fail to incorporate the specific
risk perceptions held by the various affected groups in their risk communication and public
mvolvement strategies. Such failures can foster a sceptical or angry public reaction, and
hamper recovery in terms of both primary measures (radiological risk reduction interventions)
and secondary measures (aiming at ‘return to normal life’. removal of stigmatization, health
and well-being, ete.). A suggestion 1s made to deploy an iterative continuous mmprovement
model for incorporating specific risk perceptions into risk communication programs in concert

with mutual-gains based public engagement mechanisms.

Kev words: Risk perceptions (psychometric paradigm), existing exposure situations, risk

communication for the affected commmmnities
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STUK's strategic goal is that people understand the risks of radiation compared to each other and to other
health risks. Our aim is to provide people with easy-to-understand radiation safety information to enable them
to understand what 15 hazardous and what 1s not and consequently act correctly without unnecessary fear.
Indoor radon 1s a significant heath hazard to Finnish population, and therefore radon comnmmnications plays a
central role in STUKs communication activities to general public.

The communication environment has changed dramatically in recent years and people face a huge overload of
information every day. In this environment, we can’t make effactive communication by shouting our messages
a little bit louder. People search and use information they find relevant for themselves and listen to people they
feel trustworthy. Successful risk communication requires ability to listen what 1s on top of people’s nund and
take part in the conversations, not just by replying but by understanding and creating contact with the target
audience.

At STUK, we are looking at communication as a service to our target groups. It starts from developing a sense
of empathy towards the people we are communicating to. In order to be heard, we need to connect our
messages to the reality of our target audiences, and make it relevant for them as well as ufilize the channels
and means of communication that our target audiences want to use. At STUK we use the service design
methodology as a tool for communication development. It puts empathy and customer understanding at the
centre of development and the process mvolves target groups in creating the solutions. This way, we can make
more influential communication and make our messages easier to understand, remember and act on.

In Fimnland, the goal of radon communication 1s to mcrease understanding of radon nisk and to strengthen
correct behaviour. Service design approach was used to develop radon communication and during the last two
years STUK has carried out innovative communication campaigns about radon safety and the efforts will
continue. Design approach has also been used in overall development of risk-based inspection.

The presentation answers to following questions:

How to build citizens’ trust when communicating about radiation risks

How to look at comnmmnications as a service to target groups

How service design approach helps in creating empathy towards target groups
How to develop risk communications in a holistic way, case radon at work places

Keyweords: Service design, Risk communications, Radon communications
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Effective nuclear science communications can inform people about benefits and nisks, allowimng them to make
decisions and choices. Nevertheless, regarding radiological protection, confroversies and misinformation
distort public's perceptions of radiation risks. This paper offers an overview of meffective mass media
communication and its impacts on citizens’ perceptions of nuclear technology. There seem to be a gap between
society and the scientific community. The general public do not read high-specialized articles written by
scientists. In Knowledge Society, where Internet and social media are the most common source of information,
opinion makers seem to privilege sensationalistic rumors about the harmful effects of 1omzing radiation,
environment contamination and accidents. Moreover, available mformation about the biological effects of the
exposure to 1onizing radiation confuse public's perceptions of radiation risks and benefits. Whether experts
agree that radiation causes observable health effects at high doses, Internet highlights controversies on the
biological effects of low-dose radiation. Internet reports that the exposure to indoor radon 1s a risk factor for
lung cancer. Internet reports that the radioactive monazitic sand brings health benefits. It 1s not easy for the
general public to understand contradictions and to identify reliable sources. This article presents and discusses
examples of pseudo-scientific information, newspapers errors, fake news, and anti-nuclear didactic material,
where basic concepts are manipulated, and onmussion of vital information leads the public to mistrust and fear.
Unfounded prejudices, misconceptions and misinformation are delivered in TV news, Internet articles, social
media, TV series, cartoons and even through science journals. The general public, most often, do not have
trustful information about radiological protection regulations and recommendations regarding human health,
environment protection, management of radioactive waste or safe transport of radioactive material. Finally,
this paper emphasizes the importance for scientists to be able to communicate to the public, developing
science-based communication programs, evaluating the adequacy of those communications, investing in
properly scientific divulgation about the risks and benefits of nuclear sciences that impact in citizens” everyday
life, such as medical applications, industrial applications, public safety and nuclear power generation. The
balance between risk perception and risk acceptance depends on effective, trustworthy and understandable
mformation. It 1s essential to educate educators and opinion-makers, combating fake pseudo-scientific
mformation, social networks sensationalism and omissions of the media.

Keywords: Radiological protection, Risk perception, Public acceptance
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Trust Through Collaboration with Local Communities

Yujiro Kuroda®*, Yohei Koyamal, and Aya Goto?
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Seven years have passed since the 2011 Fukushima Daiichi nuclear power plant accident. The nuclear
accident caused irreversible damage to the life of local residents — their life was not only affected by
the radioactive substances released from the nuclear power plant, but it was also thrown into
confusion by the actions of authorities in the course of the nuclear disaster. Moreover, many faced the
forced collective evacuation which changed the basis of their life completely. In this presentation, I
first address social impacts of the prolonged evacuation on the construction and functions of local
communities in Fukushima — particularly, the loss of traditional community, and trust in experts of
science and medicine. Then, by re-defining their role in local communities as a mediator between
experts and local community members, I discuss the crucial role of local public health workers in
order to rebuild the broken trust between those two groups in the nuclear accident aftermath. And
finally, I discuss our involvement in the process of trust (re)building through the development of
“Information Booklet for Returnees™.

Life after the nuclear accident — what involves collective evacuation, confrontation with radiation in
everyday life and so on — 1s complex and diverse. To understand the dimensions of the problems that
community members were facing and address their concemns properly, we needed to be directly
involved in their everyday life and “grasp the native’s point of view”. The booklet was a mutual
product of experts and people, and by extension, it became a means of communication between them
in the nuclear accident aftermath. Therefore, the development process of the booklet — that was, our
long-term active involvement in local communities — could be one of examples of (re)building trust
between expert and people in the predicament of risk perception.

Keywords: Risk Perception, Risk Communication, Local Knowledge
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Across the world we are seeing a resurgence in nuclear new build with a current estimated 160 new reactors
planned for construction and an additional 300 proposed. In the UK alone plans are under way for the
construction of 6 new commercial reactors, using 2 different reactor designs (EPR & HPR1000) and increasing
investment in the development of Small Modular Reactors (SMRs).

This provides major opporfunities for the cumrent and future generation of Radiation Protection (RP)
professionals. However, the scale of the nuclear new build ambitions, coupled with the high average age of the
existing radiation protection professionals and increasing demand throughout the nuclear fuel cycle and wider
radiation protection field (medical, radon, NORM, space fravel) has heightened concerns of a skills gap [1].

The Society for Radiological Protection (SRP) has been undertaking an exercise to determine the scale of the
skills gap within the UK. The results show that > 25% of the RP professionals in the UK are either retired or
approaching retirement, with a further 50% retiring in the next 10 — 15 years. The International Radiation
Protection Association’s Young Generation Network has performed a similar analysis [2] with a sinular
concerning result.

Tackling the challenge of an aging profession is no simple task with the Professional RP Societies playing a
crucial role in leading and coordinating efforts of RP Professionals and Employers. In order to increase the
number of young professionals and researchers i RP will take time and requires 3 primary objectives to be
met. These are summarised in Figure 1.

Since 2012, SRP has had an active oufreach programme to encourage school students to become the future
generation of RP professionals (Objective #1). This includes annual attendance at the UK Big Bang Science
Fair with around 70 - 80,000 school children from all over the UK attending.

In addition to the outreach programme SRP has actively been working on initiatives to target Objective #2 and
#3 wncluding attending careers fairs, giving talks at various student events and conferences to help encourage
them to see RP as a career path, and developing a mentoring programme for Young Professionals to provide
careers advice and support continuous professional development. A number of our members are also mvolved
in supporting the development of RP degree and apprentice programmes, and have established professional
development programmes in their workplaces [3][4].

Despite this a far greater collective commitment is required to progress Objective #2 and #3 to increase
visibility of the diverse nature of RP careers and future career progression.

Key to sustaining these activities 1s funding and resources (including volunteers) This highlights the
importance of collaboration and coordination of efforts with other Professional Bodies, Governments, Trade
Associations and Employers both in the UK and abroad for the benefit of the profession [1], i addition to
finding alternative funding opportunities and avenues for public engagement.
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The proposed talk will explore the scale of the skills shortage, provide an overview of SRP and its members’
current activities to tackle this challenge, and a forward look at what additional initiatives are needed. We hope
this will be of interest to attendees involved in educating and inspiring the next generation of workers and the
public in radiation protection.
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Fig. 1. Core objectives for encouraging and developing RP Professionals and Researchers
Keywords: Human Capital, Young Professionals, Skills Shortage
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Computational human phantoms provide effective tool for computational dosimetry. In recent years, multiscale
models including whole body phantoms, nicrometer-scaled organ models and nanometer-scaled DNA models
have been developed and applied in computational dosimetry. Organ dose can be obtamed via Monte Carlo
simulation with whole body phantoms. Monte Carlo simulation with the detailed micrometer-scaled organ
model is able to provide not only the average dose of the organ, but also the detailed dose distribution inside
the organ with complex structures. Moreover, the physico-chemucal simulation using DNA model in
nanometer-scale mechanically links the DNA damage with dosimetire characteristics. Biological effects in
heavy ion therapy are much more complex than photon therapy. RBE weighted dose represents the biological
effect in heavy 1on therapy. It can be estimated from different scales by combming macro-, micro- and nano-
scale dosimetric simulations with multiscale models. In this study, a Carbon-ion therapy case is given as an
example to estimate the biological effect using the multiscale computational dosimetric method. In this case,
the dose distribution was calculated using the whole body phantom and the detailed organ model. The RBE
weighted dose of each voxel in the whole body phantom and the detailed organ model was calculated based
on the LET value of particles flying through the voxel. At the same time, particles flying through some voxels
that representing different regions were recorded. These recorded particles were used as the source term for
the microdosimetric spectra sumulation and the nanometer-scale dosmmetric simulation. RBE weighted dose in
each chosen voxel was calculated based on the nmucrodosimetric spectra. Nanometer-scaled dosimetric
simulation was performed using NASIC. a nanodosimetry Monte Carlo simulation code. DNA damage spectra
and chromosome aberration 1n the cell located in the chosen voxel were obtamed to calculate RBE weighted
dose using nanometer-scale dosimetric simulation. Results from different scale simulations could be compared
to obtain a more accurate and comprehensive estimation of biological effect. This multiscale dosimetric
simulation provides a method to elaborate the relationship between biological effect and physical dosimetric
characteristics from multiple perspectives.

Keywords: multiscale models, multiscale dosimetry, heavy ion therapy
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The European Radiation Dosimetry Group, EURADOS (www.eurados.org) is a voluntary network of
more than 70 European institutions and 600 scientists, that aims at promoting research and
development and European cooperation in the field of the ionizing radiation dosimetry. As part of
its strategic research agenda, EURADOS seeks to contribute to the development and
understanding of fundamental dose concepts, such as the topic of operational quantities.
Therefore, as part of its current work EURADOS is carrying out an assessment of the impact on
radiation protection of the proposed changes to the operational quantities; we will also make
recommendations on their implementation.

The proposed changes are being published in a joint report by the International Commissions on
Radiation Units and Measurements (ICRU) and Radiological Protection (ICRP). These seek to
address known problems with the existing operational quantities, for example regarding
limitations in energy ranges and particle types, limitations which are becoming more important as
the applications of ionizing radiation expand and evolve. The proposed operational quantities are
conceptually different from the existing ones, being defined using the same anthropomorphic
voxel phantoms as are used to derive the ICRP protection quantities. ICRU have carried out a
consultation process and have revised the report in the light of comments received.

The paper summarizes the work done by EURADOS. In particular, the differences between the
proposed and existing quantities are analyzed and their impact and application examined in the
areas of: radiation protection practice, dosemeter and instrument design, calibration and reference
fields, European and national regulation and current published standards.

Keywords:
Operational Quantities, ICRU, Impact
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The Electric Power Research Institute (EPRI), Radiation Safety Program, Radiation Measurement and
Dosmetry Research Focus Area has undertaken an evaluation of the issues surrounding dosmmetry for the kns
of the eye to support development of guidance and operational recommendations for radiological protection m
nuclear power plant envronments. The researchis part of an ongomg program of work to mform and support
radiological protection for the lens of the eye, m hight of recommendations for reduced exposure hmuts from
the International Commission on Radiwological Protection and the U.S. National Counci on Radiation
Protection and Measurements.

The EPRI research exammed several related questions, me lndmg the impact of various proposals for phantoms
to be used m lens dose dosmmetry, the response characteristics of several types of dosimeters available, and the
angular dependence of dosimeters at various x and gamma ray energies and for beta particles. An agreed
consensus has not yet been reached on the phantom to be used for dosmmetry, but there seems to be some
convergence to the use of a water filled cylinder 20 cm m diameter and 20 cmtall Such a phantom was
constructed, and compared with a sohd Lexan phantom of identical dimensions to determme effects on
backscatter and dosmeter angular dependence. With low energy x-ray radiation, a factor of approxmmately 7
percent was seen at normal meidence to the phantom, and 10 percent at obhique mcidence, was seen between
the water filled phantom and the solid phantom. The differences at typical gamma energies seen m nuclear
power plants is much smaller, on the order of 1 percent. The results indicate that ether solid or water-filled
phantoms are likely appropriate for typical nuclear power plant gamma spectrum, and for beta radiation fields.
Examination of the anpular response at 0 degrees and 60 degrees showed afactor of about 2 for beta radiations,
with a difference of a few percent for gamma energies. A variety of dosmmeter technologies were tested, and
while some designs seemed to perform better, all dosmeters can give acceptable results with proper
calibration. Most all of the systems gave results withm a factor of 2, even over a variety of energies and angles.

In nuclear power plant environments, the use of protective eyewear such as safety glasses, face shields, and

resprrators 15 typical Protective equipment typically 15 constructed with several mm of plastic. Wlule not
useful for providng protection agamst gamma radiation, such materials afford the opportunity for protecton
from beta radiation. 2 mm of plastic was found to afford a protection factor of approximately 6, with hicher
protection factors seen with mcreasmg thickness. The actual thickness of glasses and shields must be
understood to know the degree of protection that 15 available. Further, protection presumes that plastic s
between the source and the eye, placing mportance on the use of side shields or wrap around safety glasses,
and to the construction of face shields and respirators. A simplified approach to estimating protection factors
was developed, and reported for use by utilities seeking to develop a robust and protective protection program

Keywords: Lens of Eve Dosimetry, Angular Dependence, Beta Particle Protection
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In 2011 ICRP recommended a significant reduction of the occupational dose limit for the lens of the eye in
planned exposure situations, from 150 mSv/year to 20 mSv/year averaged over five years with no single year
exceeding 50 mSv. This recommendation has been incorporated into the TAEA BSS and the current Euratom
BSS. In 2012 TRPA established a task group (TG) to identify key issues in the implementation of the new eye
lens dose limit, and in 2015 a second TG was created to review progress in putting the recommendations from
the early report into practice, and to collate the practitioner experiences. In 2017 IRPA published a guidance
on implementation of eye monitoring and eye protection for workers, to provide practical recommendations
about when and how eye lens dose should be monitored and gindance on use of protective devices related to
exposure levels. IRPA agreed to continue to monitor and to ensure that the findings and 1ssues highlighted
through the TG can be an integral part of the ongoing international discussion. A third TG was created in 2018,
and a new IRPA survey was launched in 2019 with the aim to collating results on actions taken by and position
of the radiation protection community worldwide. A questionnaire was distributed, as a tool to structure the
responses, addressing: i) the implications for monitoring and assessing lens dose and the interpretation of the
results; 7i) the implications related to the methods of protection being considered by different sectors such as
medical, nuclear, and industrial applications, and the different personnel involved; iii) the direct or indirect
impact on current practices, in relation to the implementation of the revised limit in the sectors of interest; and
v) the legislative processes being enacted or considered in relation to the limit for the lens, and guidelines or
documents addressing eye lens monitoring. A total of twenty-five IRPA Associated Societies and ten national
organizations/institutions, covering 44 countries in Africa, North and South America, Asia, Australasia and
Europe, actively contributed by collecting, with their own mternal procedures, views and comments from their
experts and professionals, on the impacts related to the implementation of the new limit for the lens of the eye,
and by filling in the questionnaire. The IRPA TG has analyzed the data to define and discuss common points,
emerging 1ssues and common concerns. The main results of the analysis will be presented and discussed
together with an analysis of the trend and evolution of the views of radiation professionals.
Keywords: Survey on implementation of lens dose limit. View of professionals on implications in lens dose limit
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Exposure to 1onising radiation to the lens of the eye 1s a known nisk factor for lens opacification. which may
lead to a cataract. To prevent tlus effect. the Infernational Comnuttee on Radiclogical Protection (ICREP) has
gradually revised the equivalent dose limits for the lens of the eyve as more scientific data becomes available.
Recently. epidemiological findings and amimal studies have evidenced that tissue reactions for the lens of the
eve have dose thresholds ca. 0.5 Gy that mught be lower than previously considered. Therefore, for
occupational exposures in planned situations, the ICRP recommended a decrease in the equivalent dose lumat
for the lens of the eve from 130 mSv per year to 20 mSv in a year. averaged over defined five-vear periods
(i.e. 100 mSv/5 years). with no single year exceeding 50 mSv (1). The main objective of the OECD Nuclear
Energy Agency (NEA) s Commnuttee on Radiological Protection and Public Health (CRPPH) 1s to support
member countries in identifying emerging issues, analysing their mmplications for radiological protection
practices and regulation. and contributing to their resolution. The recommended revision to the dose linut for
the lens of the eye by the ICRP in 2012 (1) have strongly impacted the radiological protection commmunity,
especially after the imncorporation of the recommmendation into both the mternational (2) and the Euratom Basic
Safety Standards (3). In this context, the CEPPH decided to convene an Expert Group on the Dose Limit for
the Lens of the Eve (EGDLE). The EGDLE commenced its program of work in July 2019, with the aim to
provide an opportumty for regulators and stakeholders, e.g. nuclear and non-nuclear commumties, to share
lessons learned (both successes and challenges) in the practical implementation of the ICEP s recommended
dose lmut for the lens of the eyve. The EGDLE will produce a report on these practical expeniences. To assist
the EGDLE to fulfill this task. a survev has been developed to facilitate the gathering of information from
nuclear and non-nuclear regulatory bodies on the implementation of the ICRP s recommended equivalent dose
linut for the lens of the eye for occupational exposures. The content and the first results of the survey will be
presented.

Kevwords: lens of the eve, dose limit, regulatory implementation

ACENOWLEDGMENTS

We are grateful to all the members of the EGDLE for their fruatful implications in accomplishing the work: A.
Fossimi (Argentina), U, Oeh (Germany). D. Pollard (Ireland), M_A_ Chevallier (France). 5. Yokoyama (Japan),
M.D. Rueda Guerrero (Spain). V. Fees (United Kingdom), J. Dillard (Umted States of Amernica). M. Gomez-
Fermnandez. mtern at the OECD-NEA Division of Radiological Protection and Human Aspects in Nuclear
Safety. 1s also warmly thanked for his help.

REFERENCES

1. ICRP, 2012. ICEP Statement on Tissue Reactions / Early and Late Effects of Radiation in Normal Tissues
and Organs — Threshold Doses for Tissue Reactions i a Radiation Protection Context. ICRP Publication
118 Ann ICEP 41(1/2).

2. IAEA. 2014, Radiation Protection and Safety of Radiation Sources: International Basic Safety Standards.
General Safety Requirements Part 3. No. GSR Part 3.

3. European Commuission 2013 COUNCIL DIRECTIVE 2013/59/Euratom of 5 December 2013 laying down
basic safety standards for protection against the dangers ansing from exposure to 1omising radiation. and
repealing Directives 89/618/FEuratom. 90/641/FEuratom. 96/29FEuratom.  97/43/ Euratom and

e | 50 [




S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

ET3 (T4.2-0289)
Assessment of the Occupational Doses to the Eye Lens in
Interventional Radiology

A. Morcillo*, L. Alejo?, C. Huergal, J. Bayén1l, E. Corredoiral, J. Novo?, T. Hernandez?, D. Ponce?, G.
Garzén?, and E. Guibelalde®

1 Department of Medical Physics, La Paz University Hospital, Spain

2 Department of Paediatric Radiology, La Paz University Hospital, Spain

3 Radiology Department, Complutense University, Spain

*amorcillo@salud.madrid.org

Objectives: To assess the annual lens dose received by mterventional radiologists and to analyse the
correlation between the lens dose and the doses recorded at the collar and chest level, as well as the correlation
with the kerma-area product (Pga).

Material and methods: During 18 months. three interventional radiologists worn 3 different types of
dosimeters that were read on a monthly basis: 6 single-pomnt optically stimulated lununescent (OSL)
dosimeters calibrated for H,(0.07) [1] were placed both on the inside and outside of the lead glasses; an
additional whole-body OSL dosimeter calibrated for H,(10) was worn over the thyroid shield; finally, 1 active
solid-state dosimeter calibrated for H,(10) was worn on the chest over the lead apron. Pg, values were register
on a local database both manually, in one of the rooms, and automatically, by means of an automatic dose
management system in the remaining two rooms.

Results: The main results obtained are summarized in Table 1. Radiologists” height and experience are given,
together with the number of procedures performed during 2017 and the annual doses to the left eye, calculated
both from the external glasses dosimeters (without glasses attenuation. -GA) and from the internal dosimeters
(+GA). The slopes and determination coefficients (sz found in the correlation analysis are also included.

Table 1. Main results. In the correlation analysis, LD estimated from external dosimeters has been considered.

Numberof Annualdose Correlationwith Correlation with  Correlation with

Height Experience procedures 2017 (mSv) collar dosimeter chest dosimeter Py, (uSv/Gy-cm’)

[cm) (years) = = =

2017 -GA +GA  Slope R’ Slope R’ Slope R’
Radiclogist1 168 27 338 6112 44+4 0.6710.06 097 0.640.1 0.89 1,504 0.73
Radiologist2 165 7 322 2642 1543 0.8240.09 0.95 1.140.2 0.91 1.040.2 0.83
Radioclogist3 182 14 276 211 19%#1 0.56+0.07 0.94 0.6440.09 0.92 0.740.3 0.60

Conclusions: The 20 mSv/year limit [2] for the lens of the eye can be easily exceeded if no glasses are used.
According to the deternunation coefficients, the collar dosimeter would be the best way to monitor the LD.
However, important differences were observed among the slopes of the correlation analysis for different
radiologists. For this reason, no common factor can be given to extrapolate the LD from the collar or chest
dosimeters despite the high correlations found. However, on a local level, the LD of each radiologist can be
estimate from the collar dosimeter’s readings with high accuracy.

Keywords: Occupational lens exposure, Interventional radiology, Paediamrics
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In its Statement in April 2011, on Tissue Reactions [1], the International Commussion on Radiological
Protection (ICRP) issued new recommendations for a reduced dose limit for the lens of the eye in planned
exposure sifuations. ICRP recommended, for occupational exposure m planned exposure sifuations, an
equivalent dose limit for the lens of the eye of 20 mSv in a year, averaged over defined periods of five years,
with no single year exceeding 50 mSv.

In the process of preparing IAEA s TECDOC Implications for Occupational Radiation Protection of the New
Dose Linut for Lens of the Eye [2] it became obvious that more information was needed concerning both the
existing and potential eye lens doses at nuclear facilities and nuclear power plants.

The Swedish Radiation Safety Authority (SSM) requested, in 2013, Swedish nuclear facilities to survey,
exanune and ensure compliance with the reduced dose linut for the lens of the eye, on a national level. A
system and a programme for monitoring the eye lens dose were to be in place, if and/or when needed. The aim
of the examination was to ensure the correctness of the results when it came to dosimetric methodology,
measurements and conclusions drawn. The aim was also to ensure that a plan for the future, regarding
monitoring of the eye lens dose, i case the area and/or extent of the operations at the facility should change,
exists as well. [3]

A survey m the form of a jomnt project was conducted by all Swedish nuclear facilities. Gudelines for when
monitoring of eye lens dose is to be conducted were produced. As a result, a mandatory use of eye lens
dosimeter was imposed for certain work categories.

A continued survey is still on-going and the results from Forsmark nuclear power plant, presented m this paper,
show that for certain work categories, at boiling water reactors, the equivalent dose to the eye lens can exceed
the effective whole body dose, measured by passive TL-dosimeter, by up to 50 %. Thus can dose to the lens of
the eye be limiting when ensuring compliance with dose limits.

Keywords: revised dose limit for the lens of the eve, compliance with dose limits
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In the nuclear forensic science context, signatures represent the characteristics of a specified sample of nuclear
material that enables it to be distingmshed or to identify its source. South Africa and Namubia are major
exporters of uranmm yellow cake. Hence, there 15 a need to develop nuclear forensic signatures in case of
mterdiction of nuclear material. Lead 1sotopic ratios and Rare earth elements (REE) have been shown to exhibit
consistent patterns under varying geochemical and processing conditions and can therefore be used as
signatures. The aim of this study was to determune nuclear forensics signatures from lead 1sotopic ratios and
REE m uranium ore samples i South Africa and Namubia using inductively coupled plasma mass spectrometer
(ICP-MS) and laser induced breakdown spectroscopy (LIBS). Soil and water samples were collected from
uranium mines in Namibia and South Africa. South Africa lead 1sotopic ratios were found to fall within the
national mstitute of standards and technology (NIST) standard while Nanubia lead 1sotopic ratios were higher
than the NIST standard. Nanubia REE signatures exhibits light REE enrichment with fractionation while South
Africa REE signatures exhibits heavy REE enrichment with fractionation. Crifically developing these
signatures can be used as a nuclear fingerprint for source attribution, basis of constructing a national nuclear
forensic library and as a tool to resolve nuclear security cases.

Keywords: Nuclear forensics signatures, rare earth elements, nuclear security
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Development of a Radiological Safety and Security Risk Index

Given the rising threat of radiological and nuclear terrorism, it is imperative fo assess if radiological
facilities, such as umversities and medical centers, have the means to fully understand and evaluate the
combined safety and security of their radioactive sources. In this context. risk assessment 1s a function of
threat, vulnerability and consequences. This study aims to develop and demonstrate a methodology to
compute a risk mdex for radiological facilities, based on the probability of occurrence of a Threat Event
(TE) and 1ts subsequent magnifude of mecwred loss. This nisk index provides a quantitatrve value for
comparing risk and making decisions towards radiological safety and security improvements. The index
employs mputs that mclude a set of threats, vulnerabilities, and consequences. These were used to construct
a single composite number by weighing the threat scenario probabilities, relative attractiveness and
characteristics of the radioactive material, multiple parameters elevating vulnerability of source securty,
and the consequence net loss. The risk decomposition 1s based on the Factor Analysis of Information Risk
(FATR) ontology. Probability density functions and event trees were then used to simulate scenarios to
estimate the probability of successfully completing a malicious act at the umiversity, such as theft of the
source. To demonstrate this mdex, a higher education institution that uses a number of radioactive materials
for research and teaching, was analyzed. Specifically, three facilities housing nuclear or radioactive sources
at the umiversity were compared: a research reactor facility, Co-60 uradiator, and radiopharmaceutical
laboratory. The emphasis of the study 1s on the research reactor, but the other facilities were also analyzed
for comparison. The research reactor facility houses a 10-kW swimmung pool type reactor containing plate
type uranmum/alumuinum fuel The facility also houses other fuel and radioactive sources needed for
operations and research. The uradiator facility contains both Co-60 and Cs-137 sources with TBq amounts
of activity. The radiopharmaceutical facility contains a number sealed and unsealed sources with GBq
amounts of activity. Two proposed safety (equipment malfunction and human error accidents) and security
(malicious attack of theft and sabotage) scenarios were simulated for each facility. The radiopharmaceutical
laboratory sources yielded the highest probability of both successful sabotage and theft outcomes as well
as probability of accident. The reactor facility yielded the highest consequences in the sabotage scenario.
The contribution of the proposed research 1s significant as 1t allows for a new tool in the field of coupled
radiological source safety and security-one that 1s expected to mntroduce, analyze and numerically test a
methodology that yields a facility level risk index.

54



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

ET5 (73.1-0268)
IRPA Task Group on Radiation Protection in Industries Impacted
by NORM

Jim Hondros'*,Rainer Gellerman?

1JRHC Enterprises, South Australia

2Nuclear Control & Consulting GmbH, Germany
*im@jrhc.com.au

IRPA 15 the international voice of the radiation protection profession with the aim of promoting the worldwide
enhancement of professional competence, radiation protection culture, and practice. This 1s aclieved by
providing benchmarks of good practice and encouraging the application of the highest standards of
professional conduct, skills, and knowledge for the benefit of mdividuals and society.

An emergmg and growing concern in the field of radiation protection is naturally occurring radioactive
materials (NORM).

Early in 2019, IRPA established a Task Group of internationally recogmized radiation protection practitioners
working with operational, regulatory and policy aspects of NORM.

The working group aims to increase awareness of 1ssues related NORM 1n industry and to develop a common
understanding of requirements, good practice and challenges faced by industry practitioners and regulatory
bodies. This 15 all within an international context where significant diversity of national and technical
conditions exists. A key objective 1s to deliver regulators and practitioners appropriate information to ensure
that controls for NORM are commensurate with the actual radiological risk.

The working group works to;

e Identify problems and difficulties in the industry and trade resulting from natural radioactivity.

¢ Review and promote the existing library of good practice documents for radiation protection in various
mdustries impacted by NORM, and where appropriate to develop additional guidance.

e Consider the practical gaps related to ethical foundations of radiation protection in working with
NORM and stimulate open discussion of such issues, and to promote practical solutions which apply
the graded approach to regulation.

e Engage with industry and collaborate and co-ordinate with other groups of similar interests in this
field, including TAEA.

Since commencement, the task group has completed a number of tasks and this paper provides an update on
the activities of the working group.

Keywords: NORM, Task Group

55



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

ET5 (13.7-0117)
The ICRP Approach for Protection from NORM Exposure

Jean-Francois Lecomte

Abstract: The International Commission on Radiological Protection (ICRP) recently approved a new
Publication providing guidance on radiological protection in industries involving NORM (future
Publication 142). These industries may give rise to multiple hazards and the radiological hazard is not
necessarily dominant. The industries are diverse and may involve exposure to people and the
environment where protective actions need to be considered. In some cases, there is a potential for
significant routine exposure to workers and members of the public if suitable control measures are not
considered. Releases of large volumes of NORM may also result in detrimental effects on the
environment from radiological and non-radiclogical constituents. However, NORM industries present
no real prospect of a radiclogical emergency leading to tissue reactions or immediate danger for life.
Radiological protection in industries involving NORM can be appropriately addressed on the basis of
the principles of justification of the actions taken and optimisation of the protection using reference
levels. An integrated and graded approach is recommended for the protection of workers, the public
and the environment, where consideration of non-radiological hazards is integrated with the
radiological hazards, and the approach to protection is optimised (graded) so that the use of various
radiological protection programme elements is consistent with the hazards while not imposing
unnecessary burdens. For workers the approach starts with the characterisation of the exposure
situation, and the integration, as necessary, of specific radiological protective actions to complement
the protection strategy already in place or planned to manage other workplace hazards. According to
the characteristics of the exposure situation and the magnitude of the hazards, a relevant reference
level should be selected and appropriate collective or individual protective actions taken. Exposure to
radon is also treated using a graded approach based first on application of typical radon prevention
and mitigation techniques, as described in ICRP Publication 126. A similar approach should be
implemented for public exposure through the control of discharge, waste and residue, after
characterisation of the situation. If the protection of non-human species is warranted, it should be
dealt with after an assessment of radiological exposure appropriate for the circumstances, taking into
account all hazards and impacts. This should include identification of exposed organisms in the
environment and using relevant derived consideration reference levels (DCRL), to inform decisions on
options for control of exposure.
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Concerning the majority of human activities handling raw materials and minerals containing
an amount of radioactivity. the level of exposure due to primordial radionuclide and their
decay series has not considered as a radiation protection concern. However in some situations
an enhanced radiation exposure may occur as a result of the extraction and the industrial
processing of the raw materials, in this case these materials are used to be referred as NORM.
the acronym of "Naturally Occwring Radioactive Material”. The enhanced radiation exposure
of NORM has the potential to cause an occupational. public and environmental harm,
consequently an international consensus in several levels on NORM exposure management is
needed. In this work we will highlight the effectiveness of the radiation safety culture in the
mdustrial activities involving NORM in Morocco as a case study. For that we will answer the
following questions: What are the important points on the reinforcement of the radiation
safety culture in NORM industries? Who is the responsible? How we can implement a strong
radiation safety culture and successful training between the workers?

Introduction:

The level of exposure due to primordial radionuclide (Uranium- 238, Thorium- 232) and
their decay products containing in raw materials, feedstock and minerals has not considered as
a radiation protection concern. However in some cases, an enhanced radiation exposure may
occur as a result of the extraction and the industrial processing of the raw materials. In this
case, these materials are used to be referred as NORM the acronym of Naturally Occurring
Radioactive Materials.

Purpose:

The primary objective of this study. is to reinforce the awareness about the important role of
the radiation safety culture as one of the prevention keys against the radiation exposure in
NORM industries

Methods:

We study the Phosphate Industry as a NORM industry in Morocco as a study case: which we
mmplement a radiation safety culture and training program/model for the case of Phosphate
industry taking into account the properties and characteristies of the industrial proeess. This
approach should be a graded response starting with the characteristies of the current situation:
the strategies already existed in radiation safety culture point of view. For that we answer the
following questions: What are the important points to reinforce the radiation safety culture in
NORM industries? Who are the stakeholders responsible for the radiation protection in
NOBRM industrial processes? What is their role so? How we could implement a radiation
safety culture program and efficient training into the industry?
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Naturally Occurring Radioactive Material: The Challenge for the
Current Radiation Protection System

Frank Harris
Rio Tinto

Radiation is ubiquitous in nature and driven by the uranium, thorium and potassium series. These
radionuclides can be enhanced my natural or man-made processes and give rise to Naturally
Occurring Radioactive Materials (NORM). The current radiation protection system was designed to
protect against exposure from man-made radiation generators and artificial radionuclides. Radiation
protection from NORM has had to fit into this system and the fit is not perfect. NORM is generally
associated with large quantities of low specific activity material and this gives rise to different
management approaches across its entire use cycle: natural state, mining, processing, transport,
use, re-use. And disposal. NORM is also associated with a wide range of industries not generally
considered as associated with radiation or the nuclear fuel cycle. In most of these industries, the
risks associated with radiation are minor in comparison with more traditional safety and
occupational health hazards. Even the simplest of decisions around whether it is an existing or
planned activity is fraught with difficulties. A “one size fits all” approach, consistent with the current
system of radiation protection, is not appropriate for a large number of industries. Processes, such
as the graded approach, may become an integral part of ensuring safety and radiation protection
from NORM sources. Radiation protection, associated with NORM, needs a combination of
awareness and a practical implementation approach which cuts across international organisations,
regulators, practitioners and other concerned groups.
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South Africa has a long gold mining history, the precious mineral contributes to the most important part of the
country’s economy. However, the extraction of gold has excavated important volume of uramum and its
daughter products. For decades, the mining industry prospered without a radiological regulated framework
resulting in widespread contamination. The South African National Nuclear Regulator (NNR) was established
in 1999 to provide for the protection of persons, property and the environment from the harmful effects arising
from 1onizing radiation produced by radioactive materials. The NNR is responsible for granting authorisations
and exercising regulatory control on Naturally Occurring Radioactive Materials (NORM) activities such as
mining and processing of radioactive ores. The NNR has developed regulations and puidance, on safety
standards and regulatory practices to provide requirements and guidelines based on the IAEA Safety Standards
to be applied by authorisation holders when undertaking decommissioning and rehabilitation or remediation.
A formal process was established comprising: site characterization, public and worker safety assessments,
criteria, strategies (choice of technology), surveillance and waste management programme including
requirements for, funding etc. The Regulatory control 1s exercised from the beginning of the process to the
end using regulatory reference levels for swrface contamination and specific activity. Activity limits for
unconditional release are established at levels of radiological risk which are below regulatory concern and do
not warrant further regulatory control. However, owing to the nature of mining and mineral processing
activities in general, practical and economic realities may not enable the complete achievement of the
decommuissioning and rehabilitation objectives, leading to derelict and ownerless mines, and unrehabilitated
areas. These legacy sites present a radiological safety and security hazards aggravated by the illegal mining
activities, for millions of people as no control and protection are applied. The South African Government took
action with the establishment of cooperative governance agreements between the Regulator and relevant
Organs of State to impose appropriate controls for new and operating facilities to avoid creation of new legacy
1ssues. Although, the implementation of the regulatory process by NORM facility authorization holders led to
a decrease in activity levels and a possible grant of a release certificate, the country has embarked on a long
journey: Implementation and enforcement at a national level is still challenging as 5700 derelict and ownerless
mines in South Africa may require 800 years for remediation/rehabilitation at an estimated cost of R100 billion.

Keywords: Decommissioning, NORM, Remediation/Rehabilitation
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In Brazil, the normative responsibility on the NORM subject belongs to CNEN - National Commission of
Nuclear Energy. In this country, no practice to address this kind of waste is currently allowed, so NORM
wastes are stored on the platforms/FPSOs, causing enormous damage to the petroleum industry. Therefore, in
view of this technological impasse, the viability of an innovatrve treatment that meets the environmental
social and commercial needs 1s assessed, solving, defimtively and safely, the final disposal for this kind of
waste. The developed technology can be divided into five subprocesses: 1- Radiochemical analysis to
determine the activity concentration of radionuclides in the crude sample; 2- Drums containing the waste go to
the area of sieving and packaging in trays, which will go to the static oven; 3- Thermal desorption of the
organic material using the correct temperature; 4 - Gases are sent to a post-combustion chamber to be
destroyed; 5 - The remaining material containing the radionuclides is prepared for dilution with inert material
until the concentration reaches the permitted activity concentration limit for disposal of radioactive waste in
mdustrial landfill. For radiochemical analysis, eight samples of oily sludge from two different origins were
obtained, and the activity concentrations of Ra-226 and Ra-228 were determined by gamma spectrometry,
before and after the treatment. The results are showed in Table 1 and Figure 1 below. These results suggest that
the radionuclides are not eliminated with the organic matter, being concentrated in the inorganic one, allowing
the mentioned procedure of dilution to be performed.

Table 1. Results — activity concentration for Ra-226 and Ra-228 m the analyzed samples.
Radionuclides (kBq ka™)

Samples N 226 Ra 228 Ra
ATPAR 104 (treated) 2 Mean £ 5D 4.804=0.156 2659094
ALPAR 105 (crude) 2 Mean £ 5D 3.739=0.122 20360074
LB-983 (crude) 2 Mean £ 5D 0.135£0.0006 0.159 £ 0.001
LB-984 (treated) 2 Mean £ 5D 0209 £0.0009 0.249 = 0.0009
z . — a2 76
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Fig. 1. Behavior of results in relation to Brazilian disposal limits.
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The International Commuission on Radiological Protection (ICRP) set up a task group (TG 109) to advise
medical professionals, patients, families, carers, the public and authorities aboutf the ethical aspects of
radiological protection of patients in the diagnostic and therapeutic use of radiation in medicine, in specific
case of patient. Occupational exposures and research-related exposures are not in the TG 109 scope. The
starting point of TG 109 1s ICRP Publication 138, which identifies four core values (beneficence/non-
maleficence, prudence, justice and dignity) and three procedural values (accountability, transparency, and
inclusiveness) associated with the system of radiological protection. The goal of this TG is to explain them in
the context of diagnostic radiology and radiation therapy, and put info perspective with the principles and
values of biomedical ethics (typically: beneficence/non-maleficence, justice and autonomy). The patient’s
volition 1s an essential part of the acceptance of risk in medical exposure. This directly comes from the values
of dignity and autonomy and 1s deeply associated with the principle of justification in radiological protection.
The decision of accepting a risk is the issue of dignity and prudence, and usually based on the application of
the beneficence/non maleficence values, which require careful assessment of risk and benefit. In many cases
this 15 oversimplifying or mmpracticable, and other core and procedural ethical values need to be taken into
account. Depending on the situation, the values of solidarity or common good, sustainability or the good of
future generations, as well as honesty and empathy could also be useful in this process. Compliance with
dignity and autonomy also means that when the evidence base 1s not conclusive, the uncertainties involved
have to be disclosed, both to allow the patient to make a good decision and the give real informed consent.
The ‘right to accept the risk voluntarily’ and “an equal right to refuse to accept’, was already mentioned in
ICRP Publication 62. Together with the concept of right to know, informed consent was clearly established in
ICRP Publication 84 on pregnancy and medical radiation. Once the theoretical framework has been presented,
the approach taken by TG 109 takes a practical and pragmatic path. An evaluation method is proposed to
analyse a specific situation, to develop criteria or for education purposes. A wide range of situations (e.g.
pregnancy, elderly, paediatric, end of life) are considered in two steps: first within a realistic scenario on which
the evaluation method 1s applied; and the second within a more general context. Scenarios are presented and
discussed, with attention to specific patient circumstances, and on how and which reflections on ethical values
can be of help in the decision making process.

Keywords: Ethical aspects of RP of patients, Reflection on ethical values in patient medical exposure
REFERENCES
ICRP, 2018. Ethical foundations of the system of radiological protection. ICRP Publication 138. Ann. ICRP 47.

ICRP, 1992. Radiological Protection in Biomedical Research. ICRP Publication 62. Ann. ICRP 22.
ICRP, 2000. Pregnancy and Medical Radiation. ICRP Publication 84. Ann. ICRP 30.

e | 61 [




S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

ET6 (T3.D-0283)
Strengthening Radiation Safety Culture in Medicine, IAEA
Training

Debbie Gilley'*, Barbara Hamrick, CHP, JD?*

11AEA, Austria

2 University of California, Irvine, Environmental Health & Safety, USA
*d.gilley@IAEA.org

The number of early acute health effects and deaths attributed to radiation accidents m medicme exceeds the
number from accidents m any other peaceful use of radiation mcludmg nuclear power (1) There are a large
number of mecidents that have been reported and which resulted in detrimental patient effects from unintended
exposure m mterventional radiology,(2) nuclear medicine, (3) mterventional cardiology(4) diagnostr
mmagmg(5) and radiation therapy The need exists to prevent these detrimental effects that arise from medical
errors or unintended exposure.

The approach to Radiation Safety Culture m Medicme brings together concepts from the “Just Culture”
movement regarding personal accountability and respectful work environments; concepts from dose-reducton
programs, such as Image Gently® and Image Wisely®, which emphasize conservative and thoughtful
decision-makmg; and provides tools for applymg the fundamental underpmnimngs of radiation protection —
Justific ation, Optmmization, and Limitation — m the context of radiation medicme.

Thevalue of safety culture in medical applications has also been long-recognized. The “Bonn Call for Action(6)
specifically identifies the strengthening of radiation protection safety culture as one of its core ten actions to
mmprove radiation protection m medicme.

The traming is provided as a workbook offered to radiation medical professional, members of the regulatory
community and professional organzations. The mformation can be mtroduced mto formal educational
programs; as workshops; or as contmuing professional development. The material is based on the 10 safety
traits used m hich complex technologies such as nuclear power and aviation The traits and associated matersl
provide the student with an understanding of the mmportance of the trait through case studies, a digital
presentation of a positive example of the trait and a series of questions that support the understanding of the
trait. This methodology was specifically developed for the adult learners through, visual written and tactical
actvities. There 1s a correspondmg tramers manual that helps remforced the prmciples of adult learnmg.

The traming material is bemng launched at the IRPA15 meetmg and the material 1s freely available onthe RPOP
website and “tram the tramer” programs are planned for 2020.

Keywords: safety culture, radiation protection Keywordl, Keyword?, Keyword3 (limit keywords to three
words, italics, left alignment)
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There are ongomg and planned physical remediation activities of uranium legacy sites in Central Asian
countries including Tajikistan, Kyrgyzstan, Kazakhstan and Uzbekistan. Average gamma dose levels at the
sites range from 0.30 pSw/h to 4.0 uSv'h, which equals an exposure of between half an hours to four hours of
average global natural background radiation. A number of factors could cause the contamination to spread and
accumulate covering large territories. Smee the planning of remediation activities requires consideration of all
aspects of ensuring the efficiency and safety of the work being carried out, as well as affecting all phases of
remediation activities, regulatory requirements should cover all elements of the planning of relevant activities
taking into consideration local conditions.

Norwegian Radiation and Nuclear Safety Authority (DSA) has introduced the “Regulatory threat assessment™
during the cooperation with Central Asian countries in 2009. It 15 a stepwise approach that includes the analysis
of the existing regulatory situation in radiation and nuclear safety mn a country and identification of gaps
mcluding those related to radioactive waste management and remediation. Elmunation of the gaps through
developing or improving new regulations taking into account the recommendations of all stakeholders
mvolved m the process of remediation of uranium industry wastes. New regulations should use the results
obtained during the studies of the possibility of processing and disposal of radioactive waste, the characteristics
of the waste of the vranium industries as well as

To the date, there 1s only a general legislative framework 1n this area and no detailed regulations and legal acts
related to the activities of the remediation of uranium legacy sites.

Therefore, 1t 1s difficult to ensure radiation safety of workers, public and the environment during remediation
activities for both operator and regulatory body of the territories planned for remediation. Due to limited
resources for remediation in Central Asia, DSA along with other mternational organizations putting its efforts
related to better management and coordination through its regulatory assistance.

Keywords: remediation, DSA, regulations, stepwise approach.
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Planning and Preparing Waste Management after Severe Nuclear
Accidents — a Methodological View
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Large releases of radioactive material into the environment inevitably produce large amounts of
material to be safely removed, processed and stored. These materials include contaminated waste
from decontamination work, agricultural products unsuitable for further use, contaminated goods
and commodities, etc. Typically, these materials differ in type and amount from normal waste. They
are not nuclear waste as they are not waste from a planned exposure situation and they are not
“normal” waste due to their content of radioactive isotopes. Consistently, legal regulations which are
tailored either for nuclear and non-nuclear industry are not suitable. Non-nuclear waste is not
assumed to be contaminated at all and nuclear waste is typically of low volume.

Emergency preparedness must include planning for handling of such contaminated waste, as it would
be too late to do it only after an accident. The outstanding challenge is the mere amount of material
that potentially may be produced. It is hence a primary basic step in planning to assess the different
types of material and their amount on the basis of adequate scenarios. A second step is a logical
concept for setting a framework for handling this contaminated waste, including e.g. operational
intervention levels and maximum permissible contamination levels for such material. One option
would be scaling existing limits for exclusion and exemption for planned exposure situations using
reference dose values adjusted to the emergency situation.

As an example, we assess the amount of waste from urban and agricultural decontamination, food
production and contaminated conventional waste. The calculation assumes a major INES 7 accident
and uses the RODOS decision support system. A large number of realistic weather conditions are
considered in the assessment.

Amounts of bulk matter are assessed separately for different kind of waste, different levels of waste
contamination and for areas with different levels of environmental contamination. This data allows
for adjusting operational levels bearing in mind the consequences. On the other hand, potential
pathways must also consider dose constraints to workers and population from processes and
deposited waste.

A clear, consistent and transparent waste management concept is also needed in order to maintain
trust and confidence after an accident. Investing in development of concepts and planning in the
planning phase certainly helps to avoid mistakes and misperception in the emergency and recovery
phase.
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Many countries with nmuclear energy and related programs, involving man-made and naturally occurring
radioactive material, are facing challenges with nuclear and radiological legacy sites and installations. They
must be managed in an open and transparent way, addressing the views of relevant stakeholders, so as to build
confidence in the solutions being developed, and through that developing process, that will help to avoid the
creation of more legacies in the future. Comumon characteristics that bound the development of a practical
approach to legacy site management and regulation include the following:

* Each legacy presents unusual features; typically, a complex combination of radiological, chenucal,
and physical hazards and other operational challenges.

* Radiological and other hazard characteristics are, imtially, broadly unknown: appropriate and
adequate records may have been lost or were never kept; former site operators with knowledge of the
site are unavailable or site ownership has changed hands several times and responsibilities for the site
are not clear, ete.

¢ Regulatory circumstances are complex because, for example, the site was not operated mn line with
current standards, recommendations and guidance, and the current regulatory framework was not
designed to address these circumstances.

To contribute in solving these issues, an Expert Group on Legacy Management (EGLM) was given the
mandate to assist Nuclear Energy Agency (NEA) member countries by preparing guidance on practical
interpretation and application of radiological protection to legacy management, and support the development
of corresponding regulatory guidance. The overall goal is to develop a practical and harmonized approach for
the regulation of nuclear and radiological legacy sites and installations, taking into account the results of other
relevant activities of the NEA the International Atomic Energy Agency (IAEA) and the International
Commission on Radiological Protection (ICRP), while accounting for good practice at different types of
legacy sites. as illustrated by specific examples. To this end, the EGLM collated experience from 13 case
studies and site visits from around the world covering a wide range of prevailing circumstances. The EGLM
has then considered how to address the identified challenges under the following headings:

* Repulatory frameworks;
Characterization of circumstances;
Societal aspects;
Deciding upon and achieving end-states, and
Long-term protection values.

This paper will review the conclusions and recommendations of report of the EGLM (1) and discuss them in
the light of continuing activities of the NEA’s Committee on Decommissioning and Legacy Management
aimed and related international developments.

Keywords: Decomissioning, legacies, NEA
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There is a number of situations which are characterized by the presence of radionuclides associated with past
human activities that appear nowadays, for some reason, to be unacceptable for stakeholders and then of
concern for the regulators who are responsible for the management of such contaminated areas. These areas,
sometimes designated as legacy sites, cover a wide variety of cases, from large areas impacted by nuclear
weapons testing to dwellings where watches were painted with radium pamt. There may be research
laboratories, nuclear research reactor, military complexes that were shut down but not remediated or at least
not remediated according fo current standards and societal expectations. Former uranium or rare earth mines
may also fall in the scope of contaminated areas. as well as areas that were affected by accidental or
uncontrolled radioactive discharges.

There is a large variety and thus circumstances to be considered while dealing with contaminated areas. In
most cases, in addition to radionuclides, other pollutants such as heavy metfals or chemucals need to be
considered, requiring a holistic approach for risk management. Definition on an end state, stakeholders’
engagement process, waste management, protection of the environment must be considered together with
prevailing circumstances in order to reach and implement a sustainable remediation strategy.

This presentation describes the application of the System of Radiological Protection as described mm ICRP
Publication 103 to contaminated areas excluding post-accident situation following a severe nuclear accident.
A number of case studies supports this application which reflects the work of ICRP Task Group 98.

Keywords: Contaminated areas, graded approach, stakeholders

ACKNOWLEDGMENTS
Authors associate all ICRP TG98 to this abstract and thank them for their on-going involvement.

66



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

ET7 (T7.5-0370)
Regulatory Supervision and Radiation Survey in the Area of
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Introduction. In the early 1960-s, the Coastal Technical Bases of the Navy has been created in the Northwest
Russia, behind the Arctic Circle. Coastal Technical Bases were used to support the reloading of nuclear
reactors of nuclear submarines and temporary storage of the spent nuclear fuel (SNF). Also, liqud and solid
radioactive waste (RW) being originated both from the activities of nuclear submarines, above-water ships
with nuclear powered mstallations and nuclear service ships were stored at Coastal Technical Bases.

Materials and Methods. Since 2004, The State Research Center - Burnasyan Federal Medical Biophysical
Center of Federal Medical Biological Agency in cooperation with the Norwegian Radiation Protection
Authority carries out some research and practical works to regulate radiation safety at these Bases. The
methods used: radiation health physics in field work, radiometry, dosimetry, including the use of personal
dosimeters being exposed the personnel and in-situ, spectrometry, radiochenustry.

Results. The main directions of research are as follows: radiological threat assessment; detailed analysis of the
radiation situation in the area, on-site, and in the vicinity of the Bases: radiation monitoring of the
environment; development of computer maps and geo-mformation systems; expert review of projects and
designs n the field of remediation, including SNF and RW management. The radiation situation at the
mdustrial sites and within the health protection zone 1s characterized by significant local soil contanunation,
and this leads to the environmental contanmination and potential spreading of radioactivity beyond the
mdustrial site, including to the off-shore water area. The highest soil contamination due to manmade
radionuclides is registered around the SNF storage facilities, where the specific activity of °'Cs reaches
5.7x10'Bq/kg, and that of *’Sr — 5.7x10°Bq/kg. The performance of the mentioned field, practical and
theoretical works termunates with the development of a set of regulatory documents to assure observance of the
radiation safety requirements for workers, the public and environment, as well as documents to regulate SNF
and RW management on the sites.

Conclusions. The experience accumulated during remediation of the former Naval Coastal Technical Bases,
has helped to identify new relevant areas of improvement of the regulatory supervision at nuclear legacy sites.
When dealing with the protection of the population and environment, a methodology of comprehensive
radiation and chemical monitoring should be developed. An important link of the social focus 1s to improve
strategies of public communications near nuclear legacy sites under remediation

Keywords: radioactive wasre; spent nuclear fuel; radioactive contamination,; samples of environmental media;
effective doses; regulatory documents
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Introduction. In the USSR, the main wranium mimng and milling facilities were located in the Russian
Federation and in the Central Asian Republics. After the breakup of the Soviet Union, the development of the
majority of uranium ore deposits in these republics was partially or fully stopped. Currently, many facilities
and sites in areas of former uranium development acquired the status of uranium legacy sites. Since 2005 and
up to now we performed and continmes researches at the sites of uranium facilities in Russia (The Priargun
Mimng Chenucal Association in the Chita Region), and i the Central Asia countries (Tajikistan, Kyrgyzstan).

Materials and Methods. The main areas of research, being completed both in field and in laboratories,
mncluded: study of concentrations of radionuclides, using gamma spectrometry and radiochemistry methods in
the environmental media and local foodstuffs; individual public and m-situ dosimetry, calculation and
evaluation of external and internal doses to the population due to all radiation sources mvolved in this region.

Results. Studies being conducted at the uranium legacy sites of the Priargun Mining Chemical Association,
revealed significant contanunation on the territory of the Octyabrsky village, which is included in the health
protection zone of the plant, as well as the very high values of mdividual effective doses to the population
living m this willage, mamly due exhalation of **Rn. Based on the findings of our studies the decision was
made to resettle the residents (more than 4000 persons) to more radiation safe place. In the settlements located
near uranium legacy facilities in Kyrgyzstan under remediation (Kaji-Sai and Min-Kush villages), the public
exposure induced by the natural sources 1s increased, reaching 6.0 mSv/year. Close to the Taboshar tailings in
Tajikistan (Istiklol City), dose induced by the natural components is much higher — 12 6 mSv/year. The key
coniponent with the very significant contribution to the effective annual public dose at the surveyed areas is
exposure due to mhalation of **Rn dec ay products.

Conclusions. The researches at the urammum legacy sites have revealed the insufficiency of the available
regulatory framework, therefore, we developed regulatory document — the Guidance “Radiation Safety
Regulation during Remediation of the Former Uranium Mines”. In addition, our experience in regulation of the
public and environmental protection, being accumulated at uranium legacy sites, has found its reflection in a
recent TECDOC, which mcludes the findings of activities of the IAEA International Forum on the regulatory
supervision of legacy sites.

Keywords: uranium legacy sites, radioactive contamination; samples of environmental media; radon, effective
doses; regulatory documents
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In uranium fuel fabrication facilities, large amounts of radioactive matenal are present
in a dispersible form. This is particularly so in the early stages of the fuel fabrication
process. In addition, the radioactive matenal encountered exists in diverse chemical
and physical forms and is used in conjunction with flammable or chemically reactive
substances as part of the process. Thus, in these facilities, there are radiological and
chemical hazards will occurs during the operation. The main hazards in the nuclear
fuel fabrication plant uses with uranium enniched LEU (20%) are potential criticality
events. The other hazards in these facilities may be occurs the releases of uranium
hexafluonde (UF6 ) and (U308 ), from which workers, public and the environment
should be protected. In nuclear fuel fabnication facility, the process for the obtainment
of U308 for fuel elements fabrication for research reactors starting from UFEG
comprses two well defined stages characterized by the nsks involved in the raw
matenals and intermediate products. The first stage iIs the wet process (conversion
process) includes the hydrolysis of UF6 to UOZ2F2 and posterior precipitation to
ammonium diuranate (ADU); the second stage is dry process to obtain the U308
powder from ADU at high temperature. This work presents the analysis of the events
in nuclear fuel fabrication facility that have as a consequence the stated risks, their
detection and prevention to protect the workers, public and environment from both
radiological and chemical ( toxicity matenal ) hazards.
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the Hands of a Radiopharmaceuticals Manufacturing Worker
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The Australian Nuclear Science and Technology Organisation (ANSTO) operates one of the world’s most
modern nuclear research reactors, OPAL; a comprehensive suite of neutron beam instruments; the Australian
Synchrotron; the National Research Cyclotron; and the Centre for Accelerator Science. ANSTO also provides
the Australian and international community with nuclear medicine including Te-99m using Gentech®
generators which contain the parent nuclide, Mo-89.

During August 2017 a radiopharmaceuticals manufacturing QC analyst became contaminated whilst carrying
out standard operating processes with a QC sample of Mo-99. Despite the rapid reactions of the operator the
radioactive contamination on the analyst’s gloves and hands led to an estimated dose to the skin of the hands
of approximately 20Gy. The accident was reported on the IAEA International Nuclear Event Scale (INES) as
a level 3, serious accident. There were a number of improvements to equipment, process and protective
equipment identified in the resulting investigation.

This presentation will describe the process which led to the accident, the immediate responses and causes of
the accident, initial dose estimates and the error margins of the early dose estimates based on the information
available at the time and lessons leacned. Immediate changes to equipment were implemented and longer term
modifications requiring significant design changes were identified to reduce the risk of a similar accident
happening and these will be described. The tissue reactions due to the radiation exposure to the workers hands
will be described along with the medical treatments administered. Finally, the emotional / psychological
impacts will be briefly discussed.

Keywords: Contamination, Accident, INES
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VWVR-S nuclear research reactor 15 under decomnussioning due to safety reasons from 2010. Reactor was
operated between 1957 and 1997 having as main purposes radioisotopes production for medical and mdustrial
applications (in the Reactor Hot Cells) and research in physics, biophysics and biochemistry. Hot Cells
decommuissioning consisted of radioactive waste evacuation, radiological characterization of the internal parts
(equipment’s and stainless-steel lining), surfaces decontamination and dismantling and evacuation of the
mternal parts. The floors were contamunated as a result of the wrradiated material spreading from damaged
capsules or liquid vials. The radiological risk for the workers who performed floor surface contamination
measurements (dosimetrist) and floor decontamination (mechanical worker) was assessed for the Hot Cell no.
4 due to the fact that the handling devices were damaged. Direct measurements of the ambient dose equivalent
H*(10) were taken 1 order to identify the floor hot spots. Then, dosimeters with thermo-luminescent detectors
(TLDS) tissue equivalent with high sensitivity were placed above the hot spots. From each hot spot, samples
were taken and measured using a gamma-ray spectrometry system with a high-purity ge:ma.mmn coaxial
detector (HPGe). Dose rate was estimated based on the hot spots activity concentration by using a standard
calculation method as well as numerical method (RESRAD Build code). Dose rate calculation by standard
method was performed assuming that the dosimetrist was exposed for 5 minutes during H*(10) measurement
and located 70 cm away from the measurement point. The dose rate was 3.39 mSv/h, 0.28 mSv (5 min ) and
the risk was quite high considering a dose limif of 20 mSv/year, 2000 working hours/year (10 pSv/hour). In
such circumstances the working time must be less than 5 9 hours/year. The mechanical worker was positioned
45 em away from the hottest spot and both external and internal exposed for 12 munutes. Dose rate was
7.97mSv/h, 1.59 mSv (for 12 mmutes) and the risk 1s very high The working time must be less than 2.5
hours/year. The mternal committed effective dose was calculated assuming only 10 of the total floor activity
was released i the Hot Cell atmosphere and that the mechanical worker wore a mask with a filter retention
efficiency of 99%. The dose rate 1s relatively low (of 1.62 puSwv/h) due to the high efficiency of the filter mask.
The assessment of the dose rate for mechanical worker during floor decontamination with ResRad code, was
performed considering a surface source (2 mradius circle) located in the middle of Hot Cell, 3 decontanunation
cycle (12 nun duration/cycle), 3 distinct receptor locations. The assessment was performed imfially, after 7
days, 14 days, 21 days and 28 days. The dose rate obtained using RESRAD Build code are 32 % lower than
those evaluated with standard method due to the model complexity. Both methodologies used for dose
assessment are in agreement and useful in similar exposure situations.

Keywords: Hot Cells, Decommissioning, Dose rate
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French regulators have taken advantage of the transposition of the European directive 2013/59/Euratom to
update the repulation on the management of waste from industries involving NORM. The activity
concentrations of waste containing NORM are highly variable depending on the raw materials used in the
industrial processes and on the processes themselves, from a few Bg/kg to several thousand Bg/kg of uranum
238, thorium 232 and/or their daughters, as well as potassium 40.

One of the evolutions is that NORM waste whose activity concentrations is lower than 20,000 Bg/kg of
uramum 238 and/or thorium 232 may be stored in a landfill for usual dangerous substances, and not necessarily
in a radioactive waste storage facility.

The mipact on workers of such a decision may be assessed on the basis of workplaces studies. To this end, it is
necessary to identify the different workplaces concerning by exposure to NORM waste in the landfill. For each
1dentified workplace, the assessor has to define exposure scenario(s) including degraded operating situations
and the associated hypotheses as:
¢ the type of waste (pasty or powdery, rich m vranium 238 or rich in thorium 232 or in potassium 40),
¢ the exposwre parameters to assess external and mternal exposure (such as distance between the
radiation source and the workers, the suspension rate, mhalation rate, etc.).
The aim of this presentation 1s to describe these scenanos and the associated hypotheses.
On the basis of the results, some recommendations may be made to the authorities (for inspection) and to the
operator of the landfill (for workers protection).

Keywords: NORM, waste management, occupational exposure
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The System of Radiological Protection and Exposure Situations

Christopher H. Clement!*
Linternational Commission on Radiological Protection, Canada
*sci.sec@icrp.org

The International Comumussion on Radiological Protection (ICRP) develops the System of Radiological
Protection, taking into account the latest scientific knowledge, ethical values, and practical experience. It 1s the
basis of standards, legislation, gmdance, programmes, and practice worldwide.

The objective of the System of Radiological Protection 1s to contribute to an appropriate level of protection for
people and the environment against the harmful effects of ionising radiation exposure without unduly lumiting
the mdividual or societal benefits of activities involving radiation.

This short course 1s an introduction to the aims, scope, principles, key concepts, tools and requisites, and the
scientific and ethical bases of the System of Radiological Protection.

It includes a brief review of radiation effects, quantities and units used in radiological protection, and the
primary aim and specific goals of the System of Radiological Protection.

In particular, the three exposure sifuations introduced in The 2007 Recommendations of the International
Commussion on Radiological Protection (1) —existing exposure sifuations, emergency exposure sifuations, and
planned exposure situations — are reviewed. Their relationship with the three categories of exposure — public,
medical, and occupational — are described, as well how the various protection tools and requisites are used i
each case.

At the end of the course, participants should have an understanding of how the System of Radiological
Protection 1s structured, and how the main concepts relate to one another.

Keyweords: radiological protection, general recommendations
REFERENCES
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Conceptual Basis of Graded Approach in Radiological Protection

Jaiki Lee

There are differences in benefit of value associated with the exposure according to the reason or situation of the
exposure. For taking mto account of these differences. applying graded approaches m radiological protection(RP)
seems necessary and proper. Protection efforts proportionate risk is the principle of graded approach and
optimization of protection.

The International Commission on Radiological Protection(ICREP) lay down the conceptual basis of graded
approach in RP through its recommendations. The current system of RP 1s based on exposure situations; planned,
emergency, existing situations. Also, three categories of exposure and exposed individuals are identified;
occupational exposure of workers, public exposure of members of the public and medical exposure of patients.
Depending on the exposure situations and categories of the exposed individuals, protection approaches and dose
restriction criteria are adjusted accordingly.

Unfortunately, there are incompleteness of coverage. contradictions and confusions in interpretation of the current
svstem of RP. Examples are: severe exposure of peoples due to a radiological event seems fit to neither planned,
EMErgency nor existing situation: it 1s problematic to say a potential exposure 1s part of a planned situation; dose
constraints apply to carers and volunteers of a biomedical research while regarding their exposures are medical
one; requirements applied to the occupational exposure in a planned situation may apply to workers exposed to
radon at work while stating that 1t belongs to the existing exposure situation; it is questionable to apply the same
protection approach to all the remaining individuals other than occupationally exposed workers and medically
exposed patients as a single category of “members of the general public’.

Due to such complexities and ambiguities, we face difficulties in communicating the conceptual basis of RP with
general public or media. Sometimes, understanding of the cumrent system differs even among experts. In this class,
we will discuss the possibility of making the system better.
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Residential Radon Lung Cancer Risk

James Mc Laughlin*
School of Physics, University College Dublin, Ireland
*lames.mclaughlin@ucd.ie

A critical overview is given of the principal approaches (epidemiological and dosimetric) that
have been used to estimate the lung cancer risk to the general population due to residential
exposure to radon and its progeny in their homes. Starting with the findings of the
epidemiological studies of underground miner cohorts exposed to radon their extrapolation to
public exposure is described. An account is then given of the results of residential case-control
studies of the general population and of the European. Chinese and North American pooling
of such studies. Sources of radon exposure misclassification in general population case-control
studies and their potential impact on radon risk estimation are described.

A summary is then given of model based methodologies used to make a global estimate of
lung cancer mortality due to residential radon exposure. In the case of the dosimetric approach
the implications for radon lung cancer risk estimation resulting from recent ICRP
recommendations that doses from radon and its progeny should henceforth be estimated on the
basis of dosimetric and biokinetic models are discussed. Finally a brief account will be given
of some recent attempts to identify biomarkers specific to radon and radon progeny exposure
in humans.
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Late Health Effects of Atomic Bomb Radiation: the Life Span
Study of Atomic Bomb Survivors and Studies of Survivors’
Offspring

Kotaro Ozasa*
Department of Epidemiology, Radiation Effects Research Foundation, Japan
*ozasa@rerf.or.jp

Epidenuological studies investigatmg late health effects of atomic bomb radiation and its transgenerational
effects have been conducted among atomic bomb survivers (the Life Span Study: LSS), in utero survivors, and
the children of the survivors who were conceived after parental exposure to radiation (F,). Health
examinations for subcohorts of the LSS and in utero survivors are conducted as the Adult Health Study (AHS)
and a program of health examinations for a subcohort of the Fy study is called the F; Offspring Clinical Study
(FOCS). Results of these studies have improved our understanding of radiation pathogenesis and informed
practices of radiological protection as well as improved health administration among atomic bomb survivors.

These studies have observed increased radiation risks for malignant diseases among survivors including those
exposed in utero, and possible risks for some noncancer diseases. A marked excess of leukemia cases emerged
in the early period, while the risk of solid cancers increased later and continues to be elevated today. The risk of
all solid cancers was approximately 40 to 50% per Gy higher than that of the non-exposed baseline for both
mortality and incidence for a person aged 70 years who was exposed at age 30. The dose-response 1s linear, but
a significant concave curvature has appeared recently for men. Reasons for this are under investigation. Effect
modification by age at exposure, implying age-dependent radiosensitivity of the tissue, generally indicated that
younger ages at exposure induced higher radiation risks. Breast and uterine corpus cancers showed the highest
radiation risks at ages at exposure around puberty, during which those organ tissues rapidly grow. These
findings suggest that tissue stem cell activity may be related to susceptibility to radiation carcinogenesis.

Risks of heart disease and stroke increased with radiation dose as a whole but the association varied by subtype
in the LSS and AHS. Immunosenescence and persistent inflammatory reactions, which were observed among
the survivors who were exposed to relatively high-dose radiation, might accelerate vascular pathogenesis.
Cataracts were associated with radiation exposure. As for thyroid diseases, nodular diseases were associated
with radiation dose, but thyroid dysfunction or autoimmune disease was not associated. Cognitive dysfunction
or dementia did not seem to be accelerated by radiation exposure. As pathogenesis of radiation-associated
noncancer diseases is still under investigation, especially for those at low doses, study results need to be
carefully interpreted.

In contrast, no increased risks due to parental exposure to radiation have been observed for malignancies or
other diseases i F; at present, but continming investigations are required.

Keywords: Atomic bomb, Cancer, Noncancer disease
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The Radiobiological Human Tissue Repository at the Southern
Urals Biophysics Institute
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1 Southern Urals Biophysics Institute, Russia
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*clinic@subi.su

The Radiobiological Human Tissue Repository (RHTR) at the Southern Urals Biophysics Institute was
established more than 20 years ago and has been supported with the research collaboration of the US
Department of Energy and the Russian Federal Medical Biological Agency [1]. The RHTR collects, processes
and stores biospecimens from workers of the first Russian nuclear production facility, Mayak PA, who were
occupationally exposed to lonizing radiation at a wide dose range, from offspring of the workers and also from
mdividuals (not occupationally exposed) who live in the region close to the facility.

To date, the RHTR collection includes 324,742 biological specimens contributed by 10,311 individuals (aka,
registrants); each specimen 1s assigned with a umque identification number that 1s printed on a barcode label
of each stored specimen. The RHTR collection is divided into five sub-banks of biospecimens: the Autopsy
Tissue and Organ Bank contams 154,505 specimens from 1062 registrants; the Surgical/Biopsy Tissue Bank
contains 2702 biospecimens from 991 donors; the Repository of Blood and Blood Components contains
130,435 biospecimens contributed by 7940 individuals; the Genetic Material Bank contains appr. 45,000
biospecimens from 4750 donors; and the Repository of Other Tissues (e.g. sputum, or immortalized B cells
from selected individuals).

All biospecimens are annotated with complete demographic, medical, dosimetry and occupational information
about donors. Data on non-radiation factors that could affect a registrant are also available.

The electronic database of the RHTR contains information on the stored biospecimens and their locations, and
generates an mdividual barcode for each item in storage. Scanming a barcode label provides complete
mformation on a donor of a specimen and enables fast and precise control of its location and any transfers
within the repository or to outside researchers.

The RHTR web site created under the collaborative efforts (rhir subi.su) is based on the electronic database
that delivers to the web-site de-identified metadata that can be requested by prospective users. Inferested
researcher can look through the catalog of biospecimens and available annotated information in real fime using
the web site. To date, the RHTR is the only biorepository of the kind in Russia and one of the few
bioreposttories in the world that features real-time metadata searching.

The stored biological specimens and complete medical and dosimetry annotated data on donors of the collected
samples are a unique resource for investigations of mechanisms of radiation-induced health effects following
chronic radiation exposure at low dose rates.

Key words: repository, biological specimens/samples, nuclear worker cohort, Mayak PA
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Forging a Sustainable Global Alliance for Radiation Research
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The field of radiation research 1s lughly specialized, extremely mterdisciplinary, with a body of knowledge
that 1s rapidly shifting. It also represents an mcreasingly fragmented and shrinking population that 1s
progressively isolated. Participation in related technical societies such as the Radiation Research Society and
the Health Physics Society have been declining, accompanied by a ‘greying’ of remaining members. Fiscal
pressures push umversities to cut small programs. such as radiation science, in favor of larger ones. Costs
mofivate employers to ‘train’ replacements when knowledgeable workers retire. Because the field of
radiological sciences 1s so small, 1t will not survive as an academic discipline, unless concrete steps are taken.
Initiatives meant to address the decline of radiation professionals have failed, because sustainability of the
entire ecosystem (education, traiming, research and the workforce) has not been addressed. It 1s essential to
create a private/public global partnership to sustamn education and research in the radiological sciences. This
presentation is intended initiate a discussion amongst academic institutions, radiation protection scientific
advisory bodies, regulators, industry, and medicine. The objective of this discussion is to lay out a framework
for forging a global alliance that sustainably supports research and education in the radiation sciences. A new
type of knowledge ecology 1s needed to connect academic institutions, professionals, associations, and industry
with a focus on sustamnability of the profession. A network 1s needed to provide a continuous means of
knowledge sharing, experimentation, application, feedback and improvement that will be able to cross both
geographic and cultural borders. A sustainable educational alliance can be built through increased use of virtual
educational content, internationally collaborative field research, and coordinated student learming
opportunities. Admittedly, such alliances will need to address issues such as sharing curriculum amongst
academic mstitutions; developing joint, dual or certificate degrees; providing field and industry research
experiences for students; sustamning funds for research grants and student support; maintaining mtellectual

property rights; and facilitating knowledge transfer between institutions. Equally as important, sustainably
requires understanding and matching the number of skilled graduates with the needs of employers. Wages
must be sufficient to attract students into the discipline and retain them in the workforce. Too many graduates
forces downward pressure on wages. Too few students results in program closure. Viable academic programs
require a combination of student population, scholarships, fellowships, and funded research. This presentation
1s intended to imifiate a discussion to build the Research and Education Alliance for Global Radiation Protection
(REAGRP).
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Global Networking for Low Dose Research
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One of the key radiological protection research areas addresses the need to improve our understanding of
radiological health risks that might be caused by exposure to low radiation doses (meaning below to far below
about 100 mSv). This vast subject includes addressing such aspects as chronic versus acute exposures, effects
of dose level and dose rate, effects of different types of radiation. organ and tissue sensitivity. cellular damage
mechanisms, tumour progression pathways. non-cancer adverse outcome. etc. Given the importance placed on
such research by government funding organisations. and recognising the enormous amount of research done
and continuing in this area across the globe, while noting ongoing efforts to effectively collaborate and
coordinate research, 1t 1s felt that the global nature of ongoing work merits consideration of some level of
global coordination. To address this need, the OECD Nuclear Energy Agency (WEA) has organised a “High-
level Group on Low Dose Research™ (HLG-LDR), with the aim of building a network of research Funding
Organisations, Research Orgamisations, Regulatory Organisations. International Organisations. and
Stakeholders. to facilitate the global coordination of low-dose research in response to societal challenges. The
vision 15 that the HGL-LDR wrll support radiological protection policy, regulation and application choices by
improving the effectiveness and efficiency of research through global networking for the coordination of
ongoing and future low-dose research projects. This presentation will describe the approach and the foreseen
progranmume, as well as how this global networking mmitiative will build upon existing research association
worldwide (e.g., European Research Platforms such as MELODL the International Dose Effect Alliance,
PLANET and J-MELODI in Japan, and others).

Keywords: Low dose research, global network, radiological protection pelicy
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Adverse Outcome Pathway Approach to Low Dose Radiation
Effects
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A large body of biological research has been generated over the past century using in vitro, animal and
epidenuological models. This data represents efforts globally to understand the mechanistic basis of radiation-
mduced health effects. However, it has remaimned difficult to effectively incorporate tlus data to derive
meaningful information for refimng gudance on the radiation exposure to the public.

In the last several years, an international agreement has been growing to support a paradigm shift from a
“stressor” centric fo an “adverse outcome™ approach to risk management. In chemical and ecological toxicity
such a tactic has been developed that integrates complex biology to apical endpoints through a set of key
events, and key event relationships. The approach offers a means to capture available mechanistic knowledge
in the literature and link 1t to outcomes of relevance to chenucal toxicity, namely the adverse outcome pathway
(AOP). The Electric Power Research Institute, Health Canada, U.S. Department of Energy, US.
Environmental Protection Agency, Organization for Economic Cooperation and Development (OECD), and
the OECD Nuclear Energy Agency (OECD/NEA) have been cooperating to bring this approach to the field of
low dose radiation research. The current status of the AOP framework in the chenucal field. how 1t can be
applied to the radiation field, the EPRI International Dose Effect Alliance, the OECD/NEA High Level Group
for Low Dose Research, and a vision for the next steps will be discussed. For this approach to be successful,
the radiation research commumnity will need to come together to assess the literature and help harness this data
n a systematic manner for incorporation mnto the AOP framework. It 15 anticipated that AOPs will be adopted
as a method to mform issues of high to low dose extrapolation, have ufility in supporting low dose radiation
risk assessment, and create a paradigm within which radiation research priorities may be developed.

Keywords: Adverse outcome pathway framework, radiation risk assessment, linear no threshold, key events,
adverse outcome
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First Joint Roadmap for Radiation Protection Research
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Since the High Level and Expert Group (HLEG) report ten years ago, a remarkable reorgamization of the
European radiation protection research landscape has taken place. The HLEG report on European Low Dose
Risk Research led to the establishment of the MELODI platformy an association of European mstitutes
committed to low dose risk research. Almost in parallel the platforms ALLIANCE, addressing research on
radioecology, and NERIS, on nuclear and radiological emergency preparedness and response were established,
succeeded by EURAMED on medical radiation in 2016. The European Dosimetry Group (EURADOS) was
already founded in the 1980°s. The newly established SHARE platform brought in yet another research
community with expertise i social sciences and humanities that aims to improve links between research and
society. All these platforms are openly sharing their vision and Strategic Research Agenda (SRA) with the
multidiseiplinary scientific commumnity.

While the individual platforms have brought together European scientists and consolidated their research
strategies, there are also joint research interests shared by the platforms, in response to global societal needs
and for these a joint roadmap 1s being developed. The scope of research planned in the joint roadmap 1s 1n the
context of various existing and potential exposure scenarios, relevant from a societal and radiation protection
point of view. The key aim 1s to provide answers to open questions related to the exposure of humans and the
environment, the reduction of uncertainties in risk assessment and the provision of sound, applicable solutions
for risk reduction where needed. Proposed solutions will have to be practicable and widely accepted by the
scientific community and the public.

The progresses in research challenges described in the jomt roadmap will have an impact on the radiation
protection of humans and the environment in many ways. First, 1t will support the implementation of the
European Basic Safety Standards, to help to cope with the new requirements and harmomnize practices
throughout Europe. Our holistic approach covers both risk assessment and risk management, as well as the
development of tools, methods and best practices to cope with the issues related to radiation exposure, thus
making a major impact on society. Research 1s needed for nisk prediction and foresight. New knowledge will
contribute to evidence-based recommendations at international level and informed risk communication.
Research on risk management will help in risk reduction/prevention, improve the resilience of societies for
emergencies, help to set up action plans and work on nutigation and remediation. Authorities operating n
radiation protection, public health and environmental protection will benefit from mvestigations guided by the
roadmap. Gudes, recommendations and regulations are needed, along with good practices and reliable
methods for field and laboratory work, and epidemiological investigations. A graded approach to risk
management is needed, and research will help to place exposures and risks in perspective. Technological
development generates new standards, technological mmnovations and improved capabilities.

The implementation of the Jomnt Roadmap 1s expected to have direct and widespread impact on radiation
protection in Europe. In particular, the research foreseen, and the derived recommendations, will promote
consolidated, harmonized and robust decision making in the field of radiation protection throughout Europe
and beyond.

Keywords: Joimt roadmap, radiation protection research, research challenges, societal impact

Acknowledgements: This project has received fimding from the Euratom research and fraining programme 2014-2018 under
grant agreement No 662287 The authors acknowledge the confributions from the full CONCERT WP2-WP3 working group consisting
of members of the platforms and beneficiaries of the CONCERT project.

81



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | voxsen | prairsesen | Oral Session T2

0S1.2 (T1.1-0229)
Childhood Leukemia around the Belgian Nuclear Sites, 2006-2016:
An Ecological Study at Small Geographical Level
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The possible health risks associated with living around nuclear installations have been the object of public
concern for several decades. Several epidemuological studies, particularly in European countries, have
mvestigated the mcidence of childhood leukemia around nuclear sites. In Belgium, the Belgian Mmister of
Social Affairs and Public Health comumissioned, in 2008, a study to assess the possible cancer risks for
populations living near the four Belgian nuclear sites of Class I (two nuclear power plants and two sites with
a combination of industrial and research activities). Higher incidence of childhood leukemua was observed
around one nuclear site with research activities for the period 2002-2008 (1). These analyses were however
hampered by the geographical scale (e g. the comimunes) at which cancer incidence data was available till then
in Belgium and bias due to exposure misclassification could not be excluded. The present study investigates
whether there 15 a higher incidence of clildhood leukenua around the Belgian nuclear sites, by means of an
ecological study performed at the level of the statistical sectors, the smallest Belgian geographical unit.

The analyses mncluded 808 meident cases of childhood leukenua (aged < 15 years old) registered from 2006 to
2016 by the Belgian Cancer Registry. The distance between the centroid of the statistical sector and each of
the four Belgian nuclear sites was calculated to define the proxinuty area. Rate ratios of childhood leukenua
incidence were estimated using a Zero-Inflated Poisson model. Further analyses were performed to test the
hypothesis of a gradient in childhood leukerma incidence with inereasing levels of three surrogate exposures
(e.g. distance to the sites, wind direction frequency and modelled hypothetical radiological discharges from
the sites).

The Zero-Inflated Poisson model was adjusted for age, sex and socioeconomic status. A statistically sipnificant
higher rate ratio of cluldhood leukenua mcidence was observed in the 5 km proxinuity area around one nuclear
site with combined industrial and research activities whereas no significant higher rates were observed around
the other sites. In addition, significant gradients for childhood leukemia incidence were observed with the
different types of surrogate exposures considered in the 20 km area around this site. Further adjustment for
potential confounding environmental exposures did not change the results.

This study confirms earlier results and suggests a higher incidence of childhood leukemia around one of the
Belgian nuclear sites. Acute leukemia is the most common cancer type diagnosed in children but the incidence
rate 15 low and it has to be stressed that these results are based on a very low number of cases. Further
investigations into these findings could be useful to provide information at the individual level and to allow
inferring causal relationships on the origin of the observations. More in general, this work stresses the
importance of a better understanding of the etiology of cluldhood leukenua.

Keywords: Childhood leukemia, Incidence, Nuclear sites
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Introduction: Previous individual and pooled epidemiological studies of underground miners have provided
clear evidence that increased risk of lung cancer death is associated with higher cumulative radon exposure.
These studies contributed to radiation protection measures limiting exposure to radon and its short-lived
progeny at higher levels. However, questions remain regarding the risk of lung cancer associated with chronic
exposure to lower levels of radon present in occupational and environmental settings. Furthermore, knowledge
gaps for the risks of cancers other than lung and of non-cancer diseases, such as circulatory and respiratory
system diseases remain. Therefore, the setting up of a large combined cohort gathering some of the most
mformative cohorts of uranium nuners will allow us to conduct additional epidemiological analyses with
mcreased statistical power and harmonized methods.

Methods: The Pooled Uranium Miners Analysis (PUMA) combines seven cohorts of uranium miners: three
European cohorts (Czech Republic, France and Germany), two Canadian cohorts (Eldorado and Ontario
cohorts) and two U.S. cohorts (Colorado Plateau and New Mexico cohorts). All included nuners have available
data on demographic and employment history information, vital status (date of death, and cause of death), and
annual estimates of radon exposure. Some cohorts also have individual information on smoking history and/or
external gamima radiation exposure.

Results: The PUMA study includes 124 507 uranium miners, corresponding to 4.51 million person-years of
observation. In total, 54,462 deaths were observed, including 17,085 deaths due to all sites of cancer, 7,825
deaths due to lung cancer, 18,416 deaths due to circulatory diseases and 4,621 deaths due to respiratory system
diseases. The mean durations of the follow-up of individual cohorts range from 30 to 39 years. The mean
cumulative exposure to radon varied from 31 to 580 Working Level Months (WLM). Planned research topics
mclude analyses of associations between radon exposure and mortality due to lung cancer, cancers other than
lung, non-malignant diseases, and of modifiers of these associations, and characterization of overall relative
mortality excesses and lifetime risks.

Conclusion: PUMA represents the largest study of uranimum miners conducted to-date and provides
opportunities to evaluate new research questions and to conduct analyses to assess potential long-term health
risks associated with uranium mining that have greater statistical power to detect health r1sks at lower levels of
exposure than can be achieved with any smngle cohort.

Keywords: Uranium miners, Radon, Mortality risk
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One of the most debated issues 15 the low dose effect of 1omzing radiation. Lately there appeared
new data that testify to the increase in the risk of cancer and a number of non-cancer disease development
following the exposure at doses up to 100 mSv [1]. Main system of cell protection includes DNA reparation,
cell cycle control and apoptosis, antioxidant and ummune systems. It 15 known that human population 1
genetically heterogeneous that 1s why the efficiency of work of the systems that maintain the genome
integrity may differ greatly from person to person. It means that the response to radiation exposure and
individual radiosensitivity may depend not only on sex, age and health status, but also on genetic
peculiarities of a particular human being.

This study mnvolved investigation of the commection between SNP genes that regulate reparation,
apoptosis, cell cycle, antioxidant and immune systems (28 polymorphic regions) and nsk of malignant
neoplasms development. Expression of mRNA of ATM, TP53, MDM2, CDKENIA, BAX, BCL-2, XPC,
OGGI, STAT3, GATA3, MAPKS, NF-kBI and PADI4 genes was also studied in chronically exposed
individuals.

Evaluation of gene expression and SNP studies were performed in 632 chronically exposed members
of the Techa River Cohort for whom the dose to RBM had been reconstructed using TRDS2016 [2]. The
association of SNP with the risk of malignant neoplasm development was mvestigated in 248 patients
(median exposure dose to RBM was 0.87 Gy, dose range 0.002-4.6 Gy) with various types of solid cancers
in the past history: breast cancer (49 people); skin cancer (46 people); GIT cancer (45 people); uterus cancer
and cancer of ovaries (32 people); lung cancer (26 people). Comparison group consisted of 384 people
without cancer (median exposure dose to RBM was 0.86 Gy, dose range 0.001-4.2 Gy). Gene transcription
activity was studied in 163 people (median exposure dose to RBM was 0.72, dose range 0.08-3.51 Gy).
Comparison group consisted of 146 people residing in the same settlements with cumulative dose to RBM
less than 7 cGy.

The preformed study revealed the connection between polymorphic region rs1952133 of the OGG
gene, 152279744 of the MDM gene, 152279115 of the BCL2 gene, 15361525 of the TNFa gene and 151050450
of the GPXT gene and increased risk of cancer development; and association between polymorphic region
1513312840 of the NBSI gene and rs1801270 of the CDKNIA gene with decreased risk of cancer
development.

The most pronounced changes of the transcriptome i exposed persons were noted in genes that
regulate apoptosis of BCL-2, BAX, NF-kBI and PADI4. Gene activity was decreased in exposed individuals
with exposure doses to RBM >1 Gy.

The genes that we have studied play the key role in the system of cell protection from radiation
exposure. Radiation-induced changes in the transcription activity as well as the presence of tumor-associated
allelic variants of genes may impede effective work of protective mechanisms of a cell, which in its turn
results in the development of late effects of radiation exposure.

Keyweords: SNF, biomarker, chronic radiation exposure.
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The presentation includes models of excess relative risk derived from Czech, German and Ontario uranium
miners developed for the most recent UNSCEAR report on Lung cancer from radon [1]. The three studies of
uranium miners are the largest cohorts of uranium miners with 6349 lung cancers, more than twice than in the
BEIR VI report (Table 1) [2]. Generally, the risk models based on low exposure or low exposure rates are
preferred because of more reliable exposure estimates in later periods. The standard projection models
suggested in BEIR VI report include modifying effects of attained age, time since exposure, and ex posure rate.
In addition to model BEIR VI, the presentation will include an alternative model where the modifying effect of
exposure rate is considered in dependence of actual annual low (<0.5WL) and high (>0.5WL) exposure rates in
contrast to mean exposure rate used in model BEIR V1. The second model uses all miners exposed to low
exposure rates, whereas in the BEIR VI model the lowest category uses miners exposed only to low exposure
rates and miners exposed to both high and low ex posure rates are ignored. Higher numbers of cases in the latter
model thus provide narrower confidence intervals in comparison to categories defined by mean exposure rates.
The risk models will also be compared to 11 studies used in BEIR V1. The lifetime risks (firstly suggested in
ICRP- 65) are calculated in relation to projection excess relative risk models using ICRP-103 background
mortality tables for combined male and female European-American and Asian populations [3, 4].

Table 1. Cohorts of uranium miners involved in lifetime risk calculations

Cohort Nu;nﬂl:z;;lfnlél;;lers Number of lung cancers L”enpr}:i &fﬁ;ﬁ sk
Wismut 59 3942 0.00040
Ontario 28.5 1246 0.00083
Czech 10 1161 0.00056
11 cohorts of BEIR VI 60.6 2674 0.00087
T cohorts of I[CRP-63 31.5 1047 0.00028

Keywords: Lung cancer, Radon expasure in uranium mines, Lifetime risk

REFERENCES

1. UNSCEAR, Lung cancer from exposure to radon. United Nations, New York (2019).

2. NRC, Health effects of exposure to radon, BEIR V1. National Academy Press, Washington DC (1999)

3. ICRP, Protection against radon-222 at home and at work. ICRP Publication 65, Ann. ICRP 23(2) (1993).

4. ICRP, The 2007 Recommendation of the International Commission on Radiological Protection. ICRP
Publication 103, Ann. ICRP 37 (2-4) (2007)

85



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | voxsen | prairsesen | Oral Session T2

0S1.3 (T1.2-0144)
Study of the Changes in the Lens during Cataract Development
in People Exposed due to Radiation Incidents in the Southern
Urals

Mikryukova L.D.*
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Until present day there is no clear understanding of the health nisk values and nature of dose
dependence for the population chronically exposed in the low to medium dose range (up to 1 Gy). In view of
this, the studies in large cohorts could be very useful in providing necessary information.

Objective: To study the peculiarities of the lens opacities in exposed persons long after the chronic
radiation exposure with account of the exposure dose effect and non-radiation factors. This case-control
study involved patients included into the URCRM Registry of Exposed Population (1,377 persons) who were
exanuned by the ophthalmologist in 2016-2018. ). Analysis of the changes in the lens was based on LOCS -
Lens Opacity Classification System, 3™ revision. It allows registering changes in the lens in various layers,
mcluding changes in the posterior capsule. One and the same method was vsed to examine and photograph
lens opacities in all the subjects.

In the framework of this study for the first time individualized exposure doses to the lens were
calculated using dosimetry system TRDS 2016.

The performed study in the cohort of exposed people, who for many years had been affected by low
dose 10mzing radiation, revealed that cataract incidence rate increases with attained age. The greatest number
of cataracts were observed in persons aged =60, which 1s in line with trends for unexposed population.

The study of the lens changes in various layers revealed dose-dependence of the inerease in the risk
of opacity development in the posterior capsule (OR=1.54 (95% CI 1.04-2.27) and in the lens nucleus (the
findings of 2 case-control studies demonstrated similar OR estimates (1.62 (95% CI: 1.01-2.60) and 1.84
(95% CI: 1.14-2.95)).

No statistically significant dependence on increasing dose of erther lens changes in the anterior
capsule and cortical layers or changes m the lens nucleus color was observed. Any impact of ethmeity on
priority development of opacities in any lens layers was not proved either.
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A Multi-omics Approach to Assess the Effects of Low-Dose
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Human populations can be exposed to low doses of uranium either naturally present in earth crust or dispersed
by human activities, such as phosphate fertilizers spreading, nuclear fuel exploitation and nulitary weapons
use. In this environmental context, social and scientific questions arise regarding such exposure and associated
health risks.

To study the biological effects of such chronic low-dose exposures, an in vivo protocol of chronic exposure to
uranium was developed and implemented. Male and female rats were exposed to a non-nephrotoxic solution of
uranyl mtrate for nmine months through their drinking water followed by analyses of metabolomic,
transcriptomic (MRNA and mucroRNA) and global DNA methylation changes within a multiscale
high-throughput multi-omies approach as a supplement to a clinical monitoring.

Results demonstrated a sex-interaction effect of uranium 1n the kidney, urine, and plasma metabolomes of rats.
In urine and kidney, metabolic profiles confirmed that the primary impacted metabolisms were those of
nicotinate-micotinanude and of unsaturated fatty acid biosynthesis. Upstream of the metabolism level,
transcriptonuc analysis of the kidney revealed changes in gene activity associated with gene regulation
mechanisms, cell signaling, cell structure, developmental processes and cell proliferation. Post-transeriptional
epigenetic regulation revealed 70 dysregulated micro-RNAs; however no impact on DNA methylation level
was observed. Further multi-omics analyses revealed the biological processes that were affected by exposure
to uramum on mulfiple scales from gene expression to metabolome.

In conclusion, our results demonstrate molecular links between omues profiles (from gene expression to
metabolism) of rats exposed to chronic low doses of uranium. Therefore, this multi-scale approach can be
useful to elucidate effects of low-level environmental exposures systemically and mechanistically at multiple
levels of biological organization Finally, this approach may be useful for addressing a variety of radiation
protection research issues, such as revealing mechamisms of delayed and even transgenerational effects,
assessing individual radiosensitivity in the context of age, sex and state of health, as well as providing
mformation for bulding Adverse Outcome Pathways for radiological risk assessment.

Keywords: uranium, low-dose, mulfi-omics
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“Southern Urals Population Exposed to Radiation” Cohort: Risk
of Mortality from Circulatory System Diseases

L.Yu. Krestinina*, S.S. Silkin, A.V. Akleyev
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This report is devoted to the analysis of the effects of the chronic population exposure at low-to
moderate doses and dose rates on the example of the risk analysis of mortalifty from diseases of circulatory
system (DCS) 1 a newly established cohort of the population exposed in the Southern Urals.

In the 1950s in the Southern Urals residents of the Techa riverside villages were affected by chronic
radiation exposure following the releases of Mayak PA radioactive waste info the Techa River. And the
thermal explosion of the radioactive waste storage reservoir in September 1957 resulted in formation of the
East Urals Radioactive Trace (EURT) and exposure of the population of the settlements located along the
EURT.

Long-term follow up of the population exposed due to these 2 radiation incidents in the Southern
Urals, uniform methods of follow up and analysis, common dosimetry system for dose estimation allowed
combining this population mto a umiform cohort for the analysis of radiation effects of low-to moderate
exposure doses. Cohort of Southern Urals Population Exposed to Radiation™ (SUPER) mncludes more than
60,000 people, the number of person-year at risk over the period 1950 -2015 was 1,836,203, The number of
deaths from all DCS registered in the cohort 15 14,830, and 6,163 deaths - from 1schemic heart disease (IHD).
Mean dose to muscle tissue calculated with the dosimetry system 2016, accumulated in 1950-2015 was 34
mGy, maximum dose was 995 mGy.

Excess relafive risk was analyzed with simple parametric model (software package EPICURE).
Available non-radiation factors for mortality risk analyses were time-independent (sex, ethmcity, catchment
area, evacuation, radiation accident, parental exposure) as well as time-dependent ones (attained age, age at
exposure, birth cohorts, calendar period, time after the exposure). We could not estimate the influence of
specific factors that contribute to the development of cardio-vascular pathology, still, we believe that these
factors will not change radiation risk value as they do not depend on dose of accidental exposure.

Risk analysis of mortality from DCS in SUPER cohort over a 66-year follow up period demonstrated
dose-dependence of the mortality rate for all DCS and for IHD separately. Dose dependence is linear. ERR
value (0.36/Gy for all DCS and 0.56/Gy for IHD) 1s comparable with the findings of other cohort studies [1-
3]

Thus, the established cohort 1s highly potential for the future research of the nisk of cancer and non-
cancer effects related to chronic radiation exposure of the population.

Key words: ERR, diseases of the circulatory system, chronic exposure
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Cardiovascular Risks from Low Dose Radiation Exposure
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In the past, the health risks of low-level exposure to ionizing radiation were assumed to be related prumarily fo
cancer. However, it has been documented that at high radiation doses, a variety of other non-cancer effects
have been observed, m particular, damage to the structures the cardiovascular system (particularly the heart
and to the coronary, carotid, and other large arteries). An association between lower doses (< 0.5 Gy) and late
crculatory disease has recently been suggested and remams somewhat controversial The Electric Power
Research Institute (EPRI), Radiation Safety Program. Low Dose Health Effects Research Focus Area has
undertaken an evaluation of the scientific hterature that mcludes recent epidemiological studies and
mechanistic evaluations of the radiation effects on the circulatory and cardiovascular systems m order to assess
the scientific bases of recommendations on lowermg the cardiovascular disease nommal thresholds.

The EPRI research approach utilizes a systematic hiterature assessment to examme methodological strengths
and weaknesses of epidemiological studies, resultmg m a tiered stratification of the available studies, and
mdications of those studies most mformative to a meta-analysis of results. For cardiovascular disease, a total
of 71 studies were identified, with 20 of those studies bemg judged as Tier 1 (most mformative) and 27 bemg
Tier 2. All Tier 1 and 2 studies provided risk ratios for a given dose. The studies were then utilized m a meta-
analysis assessmg all cardiovascular disease, ischemic heart disease, and cerebrovascular disease. The
resulting analyses mdicates that a large uncertamty m risk estimates persists as evidenced by mxed resuks and
wide confidence mtervals. Nevertheless, mcreased risk may be associated with lonizmg radiation at doses
lower than previously assumed. The overall excess relative risk per gray was posttive and significant for all
cardiovascular disease and ischemic heart disease. The excess relative risk per gray was positive and
significant for cerebrovascular disease only when acute dose studies were mcluded m the analysis. The atomr
bomb study dommates the meta-analysis when acute doses are meluded. Typically, the Mayak study 1s the
dommatmg study when acute dose studies are not mecluded, and the INWORKS study domimnates when Mayak
resulfs are not mclided. An analysss for threshold was not possible with the available data.

Keywords: Cardiovascular Disease, Low Dose Ionizing Radiation, Meta-analysis
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Safe operation of a nuclear power plant (NPP) integrate emergency preparedness and response plan in case of emergency situations.
These plans should be exercised and are implemented with the lesson to be learned from former incidental or accidental situations.
Accidents occurning mn the reactor core of a NPP may result in the generation of large amounts of radioactive particles, including
1odine-131, dispersed as aerosols into the environment. These particles and aerosols potentially contaminate the affected areas, by
deposits and can be inhaled by populations exposed to the radioactive plume. One of the main risks of the exposure to radioactive 1odine
1s the occurrence of thyroid cancers, especially in infants and voung children. In order to prevent exposure to radioactive iodine, three
types of population profection countermeasures can be implemented: evacuation, sheltering and ITB. The aim of this last measure 1s to
saturate the thyroid gland with non-radioactive 1odine in order to prevent the fixation of the radioactive iodine of the plume. In France,
the "1odine doctrine” advocates the single taking — renewable once 1n the adult individual 1n case of impossibility of evacuation of
populations — of potassium 1odide (KI) tablets whach, to be effective. must take place between two hours before exposure and six hours
after. However, the current Marketing Authorization (MA) for KI tablets does not consider the situation of populations or first
responders potentially exposed to repeated and / or prolonged releases of radicactive 1odine. Two questions arise regarding 1) the
conditions of repeated mtake of stable 1odine (side effects, frequency of setting, etc ), and 1) from a regulatory pomt of view, the
possibility of changing the MA of the KI tablets. which for the moment only provides for a single dose, which may be renewed once.

The PRIODAC project (repeated prophylaxis by stable 1odine in accidental situation) aims at refining ITB posology 1n case of repeated
of prolonged accidental releases of radioactive 1odine. The objective 1s to deternune the optimal dosage and frequency of stable iodine
administration to protect the thyroid gland, as well as to evaluate the safety of repetitive admunistration for different population’s
categories (mnfants. children, adults, pregnant women and the elderly).

Since the implementation of the program. the optimal effective dose (1mg/Kg/day) for a daily admunistration over a period of 8 days
was identified and offer efficient long term protection of the tyroid. Preclinical experiments (clinic biochemical. endocrinology.
immunology, histology. transcriptomic, metabolomic and SPECT-CT imaging) conducted to date. have not shown anv significant
adverse effects for the chosen regimen. Good Laboratory Practice toxicology studies were finalized and the subnussion to french health
competent authorities of the proposal for modification of the dosing regimen for ITB was done.

The results of the work carried out in this project will ultimately provide health authonities with new operational solutions for the
prevention of exposure to radioactive iodine, and thus contribute to the evolution of the "iodine doctrnine”.

Keywords: Potassium iodide, repeated prophyiaxis, Thyroid gland, Thyroid hormones
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Renal Toxicity and Biokinetics Models after Repeated Uranium
Instillation
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Uranium kidney toxicity 15 well known after acute uranium intake with a threshold around 3 pg/g of kidney.
After chronical exposure kidney toxicity is controversial even after chronical ingestion of 600 mg/1 during 9
months'. The main risk of contamination for workers exposed during uranium processing is inhalation and
exposure sifuations can occur repeatedly.

Biokinetic model after uranium intake has been recently updated by ICRP? to include recent data. However
most of experimental data either consider acute exposure or chronic ingestion through drinking water. To
evaluate urantum intake at the kidney level after protracted exposure, assumptions are made but no
experimental data are available to support them. The objective of this work 15 therefore to verify 1) if uranium
biokinetic model developed from acute exposure are consistent with data obtained after repeated contanunation
of animals, 2) if renal foxicity modify uranium retention and excretion 3) if nephrotoxicity threshold can be
predicted by the models?

Mice (C57BL6/T) have been exposed to different Uranium nitrate hexahydrate concentration (0.03-3 mg/kg/)
via infranasal instillation four times a week dunng two weeks. Uranium in urine and m tissue has been
measured at several time points during exposure and up to 42 days post exposure. In addition the kidney
toxicity has been measured, at the same time-point, m urines using Clusterin and Kim-1 kidney biomarkers
and, confirmed by 1n situ kidney mRNA levels of early and late nephrotoxicity markers.

For the lower uranium concentrations, the experimental retention in kidney is well predicted by the usual
bickmetic model when accounting for the exposure profile. However, whatever the concentration tested under
this repeated exposure scenario, the amount of activity retained in kidney 1s lower than predicted by the models.
Uranium biokinetics 1s also modified for higher doses probably due to tissue alteration and organ dysfunction
not considered in bickinetic models. A clear nephrotoxicity is detected for the highest concentration 3mg/kg/
and suspected after a concentration of 1mg/keg/].

Specified biokinetic models must be developed to take mto account the possible modification of excretion and
retention due to organ toxicity.

Keywords: Uranium, Biokinetic model, nephrotoxicity
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Health effects of human exposure to internal beta-radiation from trittum are poorly defined (1). Prospects of
the use of the thermonueclear fusion energy which 1s associated with production and handling of tritium, as well
as current operation and expansion of fissile nuclear energy production, both make 1t imperative that biological
effects of low-level fritium exposures are thoroughly studied. Addressing this issue, the Institute de
Radioprotection et de Sureté Nucléaire has established a collaborative program with the Canadian Nuclear
Laboratories to examine biological effects of trittum 1n mouse models in relation to matching external gamma-
exposures (2). In a series of in vivo mouse studies, biokinetics of tritiated water (HTO) and organically bound
trittum (OBT), molecular, cellular and tissues toxicity and genotoxicity m various organs, as well as
tumorigenesis and lifespan effects were examined in several mouse models using a variety of chrome exposure
lengths and concentration (0.01 to 3000 MBgq/L). The effects were compared to those produced by external
gamma-radiation at matching cumulative doses and dose-rates. Results suggest that: 1) OBT possesses higher
biological effectiveness compared to HTO; similarly, HTO effects were in general more pronounced than
effects of external gamma-radiation; 2) tritium exposures had a threshold of dose below which no effects were
found; the threshold varied for different tissues and endpoints, and generally increased with the level of
biological organization, 1.e. molecular<tissue<organism; 3) as high as 500 MBg/L of HTO mn drinking water
produced no effect on lifespan i wild type CBA/CaJ mice when given for two weeks via drinking water; 4)
high-doses of HTO (=1200 MBq/L or 0.5 Gy cumulative dose) produced a profile of neoplasia (>50 neoplasia
types scored n 9 tissues) that was different from that produced by matching doses of gamma-radiation; 5) little
or no effects of HTO (4.5 — 906 MBq/L) on tumorigenesis in mouse colon (APCmin/+) and breast (MMT Vneu)
cancer models were found; yet, a plethora of molecular, genetic and epigenetic changes were detected in these
tissues. Overall, our results support the notion that internal beta-radiation from tritium may exert higher
biological activity than external gamma-radiation; however a threshold mode of action was revealed since the
effects were typically observed at concentrations that were substantially higher than current regulatory linuts.
Our data also provide essential knowledge for developing Adverse Outcome Pathways for tritium exposures.

Keywords: fritium, radiotoxicity, tumorigenesis
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Therapy in Thyroid Cancer using Common Data Model
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There is controversy about the risk of secondary malignancy related to [-131 therapy.
However, previous studies had been used limited medical information of the patients.
Because they used data from limited information that are established for the special
purpose such as payment, insurance, et al. The only way to overcome such limitation is
using medical record of each hospitals. However, it is very laborious task to integrate
and analyze multicenter data with entire information of patients. Recently, there is
common data model (CDM) domestic and international consortium. We used CDM
model to evaluate the risk of secondary malignancy related to 1-131 therapy

Methods: The anominized data from common data model database of Seoul National
University Bundang Hospital (SNUBH) was used this study. We selected the patient who
had been undergone thyroid surgery in SNUBH from 2003-2018. After the selection of
patients, we evaluated the diagnosis, blood test, et al before and after I-131 therapy. To
correct the difference between the patients with and without 1-131 therapy, Propensity
score matching method was used. The risk of secondary malignancy was evaluated
using Cox hazard ratio analysis.

Results: From 2003 to 2018, total 5,351 thyroid cancer patients were enrolled. Among
5,351 thyroid cancer patients, 2,571 patients underwent I-131 therapy. After the
propensity score matching, 873 patients were enrolled in each group. We compared the
risk of secondary malignancy between two groups, and there no significant difference of
the incidence of secondary malignancy (p-value, 0.82). The hazard ratio of second
malignancy with I-131 therapy was 1.04.

Conclusion: From the analysis of DATA from CDM database of SNUBH, there was no
significant difference of the hazard ratio between thyroid cancer with 1-131 therapy and
without I-131 therapy.

93



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | voxsen | prairsesen | Oral Session T2

OS1.4 (T3.3-0586)
Repeated Potassium lodide (KI) Treatment during Pregnancy
Dysregulates Thyroid Function and Modulates Cortex Gene
Expression of the Progeny

Hayat GAOUAOUI-AZOUAOU?, Bruno L’HOMME!?, Mohamed Amine BENADJAOUD?! Dalila LEBSIR?,
Amandine SACHE-ALOUI!, Romain GRANGER?, Frederic VOYER?, Philippe LESTAEVEL?, Gaétan GRUEL?,
Francois CAIRE-MAURISIER?, Caroline CRAMBES? ,Marc BENDERITTER?, Madmar SOUIDI'*

1Institut de Radioprotection et de Slreté Nucléaire (IRSN), France
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* maamar.souidi@irsn.fr

Background: Nuclear power plant accidents can result in the release of large amounts of
radioactive particles. in particular radioactive iodine (P°'I). The WHO recommends a single
administration of stable iodine in order to prevent the fixation of ! to the thyroid gland. In a
situation of repetitive exposure to P!T (e.g. Fukushima accident). additional doses of stable
iodine may be necessary to ensure adequate thyroid protection. However, an excess of iodine
tor several days may induce adverse effects such as thyroid dysfunction (ex. hypothyroidism).
especially in vulnerable population categories such as neonates and pregnant women.
Objective: The objective of this study is to evaluate the adverse effects. in a model of
pregnant rats. of repeated administration of 1lmg'kg/24h KI for 8 days (previously identified
as an optimal treatment for thyroid protection in the adult model). A particular focus concerns
the treatment period corresponding to the development of the thyroid and the central nervous
system (CNS) of the progeny.

Methods: Pregnant rats were treated with either KI or saline water for 2 days (Group 1). 4
days (Group 2) or 8 days (Group 3). Clinical biochemistry. pituitary and thyroid hormone
levels, as well as the expression of genes associated with thyroid and cerebral function of the
progeny were analyzed 30 days post-weaning.

Results: Groups 1 and 2 showed hormonal imbalance. characterized by a significant increase
of the rr110dothyr011ule (T3) by 41 % and 17 %, respectively (p=0.01/p=0.03). In group 3. a
significant decrease in the levels of both thyroid-stimulating hormone (TSH, —28%/p=0.05)
and free thyroxine (T4, —7%/p=0.02) was observed. Repeated KI prophylaxis did not induce
any change i gene expression in the thyroid for all groups. However. a significant increase in
expression of Kneal (+?6 o/p=0.008), Mbp (+70%/p=0.03) and Mobp {(+90% p—'D 03).
known to be involved in synaptogenesis and myelination respectively, was observed in the
cortex of animals from group 3. but not in group 1 and 2.

Conclusion: Our data show that repeated prophylaxis of KI over 2 or 4 days during gestation
resulted m a T3-hyperthyroidism 30 days post-weaning. Hou ever, an 8-day prophylaxis
induced an atypical T4-hypothyroidism combined with a decrease of TSH. which may reflect
congenital hypothyroidism. These atypical hormonal changes were in line with variations of
expression of genes implicated in brain plasticity. We thus conclude that repeated prophylaxis
of KT over 8 days seems more deleterious than that of 2 or 4 days. Experiments are underway
in order to challenge these preliminary results with CNS functional test (Rota-rod test, Forced
Swim test and Y maze test). Our results are encouraging and will allow as to define and
propose the most appropriate prophylactic duration for pregnant women.

Key words: potassium iodide. thyroid hormones, gestation. thyroid dysfunction. progeny.
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Sfpil Gene Deletions Causing Acute Myeloid Leukemia Remain
in the C3H Mice Spleen for a Long Time after X-irradiation

Reo Etanil*, Mitsuaki Ojima?l, Emi Miyazaki?, Michiaki Kai!
1 Laboratory of Environmental Health Science, Oita University of Nursing and Health Sciences, Japan
* etani@oita-nhs.ac.jp

Acute myeloid leukemia (AML) 1s one of the major cancers seen in human population exposed to iomzing
radiation. In the several past studies using a model mouse of radiation-induced AML (rAML), hemizygous
deletion of the Sfpil gene (HDSG) has been recognized as an imtiating event for developmg rAML. We
previously found that the cellular kinetics of hematopoietic stem cells (HSCs) with HDSG in y-irradiated C3H
mice with 3 Gy were involved in the process of rAMLY. Although the HDSG occurs in hematopoietic
stem/progenitor cells (HSPCs) early following radiation exposure, the cellular kinetics of HSPCs carrying
HDSG m various hematopoietic tissues after X-irradiation has been unclear. In this study, we examined the
difference of frequency of HDSG i HSPCs between bone marrow and spleen of C3H mice irradiated with
3Gy of X-ray. Eight-weeks old male C3H mice were irradiated 3 Gy of whole-body X-ray (1Gy/mun) and mice
were sacrificed at 1, 4, 8, and 26 weeks after X-irradiation. Then, HSPCs were i1solated from bone marrow of
femur and spleen, the frequency of HSPCs with HDSG was analyzed by FISH method. The results showed
that the number of HSPCs in bone marrow increased by X-irradiation within a week, and then gradually
decreased to be lower than in the control group by 26 weeks. In the spleen, the number of HSPC increased
gradually after X-wrradiation. The frequency of HSPCs with HDSG m both bone marrow and spleen increased
at a week after X-irradiation. The frequency of HSPCs with HDSG m bone marrow showed a gradual decrease
from 4 to 26 weeks, whereas that frequency in spleen remained high even at 26 weeks after X-urradiation. Our
study suggests that the HSPCs with ADSG migrated to spleen from bone marrow, and that HSPCs with HDSG
confinued to be present m spleen after X-uradiation. If major hematopoietic site could replace bone marrow
with spleen following high-dose-rate X-irradiation, spleen mught be one of the major site for rAML

development.
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Fig. 1. The frequency of HSPCs with Sfpil/Pu.l gene deletion in bone marrow and spleen
Keywords: radiation-induced Acute myeloid leukemia (rAML), Sipil gene, hematopoietic stem/progenitor cells
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Lung Injuries after Stereotactic Radiation: Preclinical Modeling

and Radiopathological Aspects
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Every year in France, 30,000 new cases of lung cancer are diagnosed, 85% of which are non-small cell
lung cancers (NSCLC). Since 10 years, stereotactic body radiation therapy (SBRT) is proposed to inoperable
patients as an alternative to surgery. This techmque consists in irradiating a very small volume with
submillimetric accuracy thanks to the convergence of mini-beams at the target center. This allows the delivery
of ablative dose, from 6 to 20 Gy per fraction (e. g. 3x20 Gy). Globally, the main toxicity after SBRT i1s
radiation pneumonitis (RP), which may progress, to radiation induced pulmonary fibrosis i the long term.
Symptomatic RP incidence is from 10 to 20% of grade 3 or more, 2 years after the treatment’. The excellent
tumor control obtained by SBRT (95% at 2 years') increasingly encourages the use of this technique, despite
the lack of hindsight on its toxicity. Here, the clinical practice precedes radiobiological knowledge. Currently.
there is very little evidence of the response of small volumes of healthy lung tissue exposed to very high doses
per fraction. Improving radiobiological knowledge on these points could provide a better understanding of
mechanisms involved side effects development after SBRT.

The SARRP (Small Animal Radiation Research Platform) 1s a micro-irradiation system, image-guided
and associated with treatment plan software that allows us to mimic SBRT in mice. Qur aim is to acquire in
vivo radiopathological data, considering volume, total dose and fractionation effect. The effect of the
irradiation volume was studied thanks to 4 collimators: 10x10 mm?, 7x7 mm?, 3x3 mm? and 1 mm diameter,
with a single dose of 90 Gy delivered in arc-therapy, centered on the left lung Obliterans bronchiolitis
compromused the survival of mice irradiated with 10x10 mm? and 7x7 mm? collimators. Irradiation with 3x3
mm? collimator induces early RP then the development of radiation induced pulmonary fibrosis restricted to
the target volume. Because 3x3 mm? collimator allows us to study early and late effects of SBRT, we choose it
for dose effect study, with a dose range from 20 to 120 Gy. Pulmonary volume irradiated in this configuration
tolerates very high doses: mice survived until the end of the study, without any clinical symptoms. Lung
parenchyma and bronchiolar epithelium react strongly from a dose of 60 Gy, with late impact on the
contralateral lung. Necessary dose to trigger fibrosis 1s between 40 and 60 Gy. Fractionation of the dose was
also studied, with 3x3 mm? collimator. Mice were wrradiated with 4 different fractionation protocols, chosen to
vary the BED: (Biological Effective Dose) and to keep a constant number of fractions to avoid changing the
spread. Protocols were delivered in three fractions, on one week, with dose per fraction from 20 to 50 Gy 1n
order to deliver BED; of 60, 108, 208 and 300 Gy near the target volume. Analyses are ongoing.

Finally, cellular response to high doses per fraction was determined, using human pulmonary cell lines
irradiated with five fractionation protocols, with varying dose per fraction but constant BED3, and analyzed 7
days post-irradiation. Custom card gathering 44 genes has been built and analyses are in progress.

This modelling provides in vive radiobiological data, which combined with in vitre radiobiological
data on different pulmonary cell lines, will provide a better understanding of the risks and effects of SBRT on
healthy tissue.

Keywords: Radiation-induced lung injuries
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Purpose
In radiotherapy, the prediction of radiation sensitivity for varous types of tumor has clinical importance.

Researchers have mainly used the statistical methods to suggest the predictive model by analyzing the
correlation between radiation sensitivity level represented by survival fraction at 2 Gy (SF2) values and gene
expression data. In this study, we develop a deep neural network to model the nonlinear relationship between
SF2 value and large amount of gene expression data.

Materials and Methods

The RNA sequencing gene expression profiling data based on National Cancer Institute (NCI)-60 cancer cell
line was acquired from Cellminer (https://discover ncinih gov/cellminer) database. We obtained SF2 values
using clonogenic assay for 56 cells lines from previously published literatures. To ensure the reliability of the
SF2 data, we used the SF2 values that has been reported in at least two different publications. We developed
a regression model using deep neural network to estimate SF2 values from the gene expression data. To frain
the deep neural network model, leave-one-out cross validation approach has been applied. To validate the
predicted SF2 values, Pearson’s correlation analysis was performed using SPSS software (IBM SPSS Statistics
version 25, New York, USA).

Results

As a result of the nonlinear regression analysis using 56 cell lines, the average relative error of the dataset was
2.82 £ 0.71%, and the median value of the relative errors was 1.37%. Data of 20, 28, 4, and 4 among the 56
test data were mcluded in the groups with relative errors of less than 1%, 1 to 2%, 2% to 10% and 10% or
more, respectively, which mdicates that 85.71% of data have less than 2% of relative error. Data with relative
errors above 10% had absolute SF2 measured values of 0.1 or less, and the absolute errors of these values with
predicted ones were between 0.0072 to 0.0306. The Pearson correlation coefficient r value 1s 0.9988, indicating
that the predicted SF2 values by our model and the measured SF2 values obtained from publications have a
statistically strong positive correlation (p < 0.001).

Conclusions

Our results suggest that the utilization of deep neural networks 1s reasonably feasible to develop the prediction
model for radiation sensitivity using large amount of gene expression data. This study is in early stage, and it
1s possible to expect various kind of applications m the future. In the future, we will be able to predict radiation
sensitivify with more stable and higher accuracy by increasing the dimension of the data, utilizing better
algorithms for identifying nonlinear relationships, and obtaining more accurate and larger amount of radiation
sensitivity data.

Keywords: Radiation sensitivity prediction, Deep neural network, Nonlinear regression model
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Interventional radiology team uses specific medical approach where procedures are usually done under lead
aprons and in the vicinity of radiation beams. These are the main reasons for many occupationally related
orthopedic conditions, as well as unwanted radiation-induced effects. Although the technological
mmprovements decreased doses applied in such procedures, the number of them increased several fold.
Strategic Research Agenda of the Multidisciplinary European Low Dose Imifiative (MELODI) set priority
research of cancer risks in occupational settings (particularly for doses <100 mSv) and individual radiation
sensitivity. Therefore, the aim of the study was to assess cytogenetic changes in interventional radiology team
and to relate them with occupational effective doses.

Exposed population (N=24) comprised of 18 male and 6 female volunteers, at the age of 40.96+9.73, BMI of
24.65+3 .26 kg/m’, and 29% of were smokers. They were recruited in three hospitals in Zagreb, Croatia. The
control group (N=24) was matched for sex, age, BMI and smoking status to reduce the possible confounders.
Personal dosimetry using thermoluminiscent dosimeters showed average annual effective dose of 1.82+3.60
mSv (range 0 — 13.87 mSv). The baseline induction of primary DNA strand breaks was higher (p<<0.05)
exposed population using the comet assay’s tail length (Fig la). As for the abnormalities in chromosomal
structure, the only significant increase observed was the frequency of nuclear buds (NBs) (Fig 1b), while other
micronucleus test parameters did not differ among groups.

Based on our results, we managed to detect changes at the molecular level for the population occupationally
exposed to low dose 1omizing radiation. We also detected high inter-individual variability of the results. As for
the personal dosimetry, more accurate protocols are needed in order to assess doses more precisely. Further
studies are needed in order to improve occupational safety and to acknowledge ALARA principles.
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Fig. 1. Comparison of human biomonitoring biomarkers in interventional radiology unit workers (exposed)

compared to control group. (A) the comet assay’s tail length — the distance between green and magenta line;

(B) total number of nuclear buds (INBs) — extruded nuclear material. Differences at p < 0.05 are considered
significant (*).
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Tonizing radiation (IR) is a physical agent which interacts with cellular DNA molecules, producing a variety
of primary lesions such as single- and double-stranded breaks, DNA-DNA and DNA—protein crosslinks that
can result in gene mutation, gene amplification, chromosome rearrangements. cellular transformation as well
as cell death. Hence, IR can induce chromosomal damage that can mcrease the risk of developmental
abnormalities and cancer. Children exposed to IR are at a relatively greater cancer risk as they have more
rapidly dividing cells than adults in addition to longer life expectancy. Therefore, we performed simultaneous
physical dosimetry and buccal cell micronucleus cytome assay on pediatric patients before and after X-ray
exam of sinus. The study involved 20 subjects (11 girls and 9 boys) aged 11.85 + 3.60 years, and BMI < 25
kg/m? The samples of epithelial buccal cells were sampled before and 14 + 1 days after the X-ray exam.
Physical dosimetry was done usmg radiophotoluminiscent (RPL) glass dosimeters on four loci of the head.
The buccal cell micronucleus cytome assay was done in order to evaluate DNA damaging, replicative,
cytostatic, and cell death effects. Micronuclei as well as other biomarkers of DNA damage (nuclear buds and
the so-called “broken eggs™) and genomic instability (normal basal cells, normal differentiated cells,
binucleated cells, cells with condensed chromatin, pyknotic cells, cells with karyorthectic chromatin and
karyolitic cells) were analyzed in a munimum of 2000/1000 cells per child, respectively. The observed doses
were highest at the primary beam entry (370.8 — 1106.0 nGy) and were several fold higher than at the other
loci. As for the biological parameters, we did not observe any significant DNA damaging effects. Yet,
significant increase in cells with condensed chromatin was observed, indicating more cells undergoing early
stages of apoptosis. It has to be pointed out that interindividual differences existed for each monitored child.
Although we did not observe significant changes in majonity of the parameters tested, some of the assessed
parameters showed small increases in their values after the radiological exanunation mdicating that further
studies with larger samples are warranted. Based on our results, methods such as the buccal micronuclens
cytome assay could be very useful in acute events where children are exposed to genotoxic agents especially
from physical sources. Besides, this particular method could be used for monitoring genetic damage in children
who are often exposed to diagnostic procedures, as 1t 1s a minimally invasive method of sample collection. In
line with that, future research on biomonitoring and finding optimal biomarkers for low-dose IR exposure are
required, especially in pediatric diagnostics to mimmize the potential damage and maintain the optimal benefit
for young patients. For now, we have to keep the annual absorbed dose as low as possible, especially at early
ages, and conduct more research of the radio-sensitivity time window.

Keywords: Child population, X-ray dosimetry, Buccal micronucleus cytome assay
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Interaction between Tritiated Water and A-dsDNA
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To study the biological effects of HTO on internal radiation. it is necessary to
clearly understand the damage of HTO 1 subcellular structural biomacromolecules
and the distribution of this damage in biological space and time. DNA damage 1s
caused by various intermediate stages in the biophysical and biochemical processes
involved in the absorption and transport of HTO radiant energy, the excitation and
ionization of molecules, the generation of free radicals. and the cleavage of chemical
bonds. In this context, comparing DNA damage caused by HTO at different dose rates
may be helpful in understanding the mechanism of radiation damage in HTO.

1x lﬂﬁBq ml HTO 1s mainly indirect effect of 10nm1zing radiation during uradiation.
which 1s ionizing radiation mediated by solvent molecules plays a major destructive
effect on dissolved dsDNA. Tt can be seen from the experimental results that the
increase in Raman characteristic peak intensity of bases and dRib occurring at a low
dose (100-500mGy) of IXIDEBQ_ ml HTO can be attributed to base pair unstacking
caused by various primary and secondary products of water radiolysis. and they have
certain selectivity to DNA molecular structure, mainly destroying hydrogen bonds
between bases cause base mismatches and modification m base structure, resulting
better unpairing of base pairs. ultimately leading to partial denaturation of dsDNA.
The high radiation dose (4-8Gy) of 1= lﬂﬁBq ml HTO leads to a more pronounced
decrease in Raman characteristic peak mntensity. The Raman label band of the whole
spectrum 1s split and broadened, indicating that the long-term action of free radical
molecules 1s more likely to result in local modification in the sugar-phosphate

backbone or nucleic base.
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period of time is similar to y-ray, mainly caused by direct ionization or protonation of
the ray, which leads to the destruction of the base structure, especially the ring modes
of the purine which causes the DNA skeleton to break. As the dose of HTO irradiation
mnereases, leading the irradiation time inereases, and the base pair unstacking effect
also occurs.

The characteristic Raman peak of dRib exhibits the splitting of the Raman label
band. the appearance of the new Raman peak and the dose-dependent disappearance
of the characteristic line after high radiation dose of HTO (2-8Gy). indicating that the
action of high dose HTO can cause the conformational transfer of the furanose ring or

the cleavage of the covalent bond through trittum isotope effect. which can cause the

single strand of the DNA backbone to break.

Six measurements of 120s were averaged for each spectrum.
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Fig. 4 The obtained TSs of the cleavage of hydrogen bonding.

Fig 1 Raman specira of A-isDNA after 10x10° Bo/mL (A) and 10x10° BymL (B) HTO
irradiated at different doses. Background corrected spectra are presented in the region 600-1800
cm’. Peak positions of prominent Raman bands are labeled The DNA concentation is
approximately 20 mg/ml For all measurements, the laser power at the sample space was 200 mW.
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Previous studies about low Linear Energy Transfer(LET) radiation have shown that survival rate of cell lines
decreases exponenfially with the increase of radiation dose. In recent decades, scienfists and physicists
medicine have found that some cell lines exhibit Hyper Radio Sermtn'l P(HRS-) to low radiation doses that is
not predicted by back-extrapolating the survival rate from higher doses'™. However, the blologlcal effects of
low-dose for high LET radiation of neutrons need to be studied urgently because of the increasing possibility
of human exposure to neutrons following the development of reactor technology, Boron Neutron Capture
Therapy(BNCT) and so on. Thus, we studied the lifespan of Caenorhabditis elegans because of the better
simulation of biological effects of individuals on environmental stress than cell lines. The results showed that
all dose groups were significantly different with control group. With the increase of neutron dose, the lifespan
showed an overall decreasing trend; especially the shortening effect of 1.83Gy on the Lifespan. The result
suggested that the HRS effect was firstly discovered of C.elegans from neutron radiation. As the dose 1s
mcreased above about 6Gy, there 1s Increased Radio Resistance(IRR) until at doses beyond about 10Gy, radio
resistance 1s maximal and the life span of C.elegans follows the usual downward-bending curve with
mcreasing dose. HRS effect of lifespan for C.elegans may result from the inability of low dose radiation to
efficiently induce repair mechanisms, whereas higher doses cause enough damage fo trigger repair responses.
Although the molecular mechanism of HRS/IRR remains to be further elucidated, DNA damage and repair is
believed to play an important role, especially in the damage and repair state of DSB. Therefore, failure or
wrong repair of DSB caused by radiation becomes a key factor of cell death. Demonstration of HRS/IRR
would provide mechanism of the phenomenon that so far observed in vitro and in animal models; on the other
hand, if the possibility of HRS 1s too high in human normal tissues, this would argue against a therapeutic gain
from ultrafractionation”*. Nevertheless, below of 8 4Gy, the results of germ cell apoptosis for C.elegans were
not shown significantly different with control, and the threshold for neutron radiation apoptosis is about 8 4Gy.
The above results indicated that high energy neutron radiation might make a stronger damage effect at low
dose, which provides scientific basis for neutron low-dose radiation protection.

Keywords: Neutron, HRS/ARR, Low dose
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The combined effects of exposure to low dose chronic radiation
and parasite Crithidia bombi on bumblebee fitness

Katherine Raines?, Matthew Tinsley?, and David Copplestonel*
1 Faculty of Biological and Environmental Science, University of Stirling, Scotland
* Katherine.raines@stir.ac.uk

The effect of radiation on wildlife 15 a key area of research, much of the current data come from laboratory
experiments where study organisms were kept mn optimum conditions. Effects have been measured in
contanunated areas such as Chernobyl at much lower dose rates than predicted from laboratory data. One
possible explanation as to why there is disconnect between the laboratory and the natural environment 1s
multiple stressors.

We designed complementary field and laboratory studies to test whether a natural stressor (parasite fection)
and mcreased radiation exposure interact to exacerbate the effects of radiation. Crithidia bombi 1s a common
trypanosome parasite known to exhibit a negative effect when the bumblebees are under stress.

We conducted field sampling in Chernobyl and found that bumblebees from highly contaminated areas had a
greater Crithidia bombi load and a lack of bees in the highest age class as judged from wing wear. Thus
mdicating that bumblebees from the most contaminated areas of Chemobyl have a lugher number of parasites
and reduced longevity.

We then tested this result under laboratory conditions. Bumblebees were mnfected bumblebees with Crithidia
bombi and wrradiated with dose rates encompassimg those measured in the Chernobyl Exclusion Zone.

Our laboratory studied demonstrated that increased radiation exposure reduced the time taken for bumblebees
to be nfected with Crithidia bombi. The reduction in infection time was associated with increased parasite
burden, which m turn, reduced individual bumblebee lifespan. Therefore, our laboratory data support field data
from the Chernobyl Exclusion Zone.

We can conclude that low dose radiation exposure indirectly reduces longevity by exacerbating the effects of
parasitism. This effect was smaller under laboratory conditions when compared to the field, which indicates
that the optimal conditions and ab libitun food supply may have buffered against other stressors which would
be encountered m the field.

This 15 the first truly complementary first study to combine laboratory and field studies m the field of
radioecology. Our research sigmficantly contributes to resolving the ongoing differences between laboratory
and field studies which have measured the effects of radiation on wildlife. Furthermore, as the Bee is an
International Commussion on Radiological Protection (ICRP) Reference Ammal, these new findings offer
msight and provide much-needed information concermng the ICRP’s Derived Consideration Reference Level.

Keywords: Radioecology, Multiple stressors, Bumblebees
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Protection of the Biota against Routine Radioactive Discharges
around Nuclear Installations: MODARIA Il -— WG3

Juan C. Mora! and Diego M. Telleria?
1 CIEMAT. Unit of Radiological Protection of the Public and the Environment, Spain
2 ]AEA. Assessment and Management of Environmental Releases Unit, Austria.

The TAEA international project MODARIA II. run in the period 2016-
2019, with the general objectives of enhance the capabilities of modelling
the radionuclide transfer in the environment and assessing the exposure
levels of the public and the environment in order to ensure an appropriate
level of protection from the effects of ionizing radiation. Within this project
seven working groups were formed. being the third of them: WG3., in
charge of demonstrating the practical applicability of the radiological
protection system to the biota in the particular problem of the normal
operation discharges produced from the nuclear installations.

The main objective of the Working Group 3 is to check if the biota
around nuclear installations is properly protected when the public was also
protected. To investigate the applicability of the radiological protection of
the biota in this particular case, the MODARIA II WG3has solved six
problems:

1.- Existing national and international regulation has been compiled
to define a practical method to carry out impact assessments on biota
around nuclear installations.

2.- Computational codes used in different countries to perform dose
assessments on the public has been improved to implement capabilities to
assess doses to biota.

- Five scenarios of real nuclear installations worldwide have been
defined and a number of integrated dose assessments on humans and biota
were carried out on each of those scenarios.
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Protection of the Biota against Routine Radioactive Discharges
around Nuclear Installations: MODARIA Il -— WG3

Juan C. Mora! and Diego M. Telleria?
1 CIEMAT. Unit of Radiological Protection of the Public and the Environment, Spain
2 ]AEA. Assessment and Management of Environmental Releases Unit, Austria.

4.- The influence of including in the dose assessments a reduced
number of Reference Animals and Plants, as recommended by the ICRP, or
a real set of species existing around an installation, has been investigated.

- The influence of the size of the area, used to average activity
concentrations to perform dose assessments on populations of animals and
plants, was investigated.

6.- The problem of communicating to the stakeholders the dose
assessments on biota were discussed.

All the achievements of this three years project are presented in this
work.
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Why Many Chernobyl Radiation Effects Studies are Wrong
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1 University of Salford, United Kingdom

2 Centre for Ecology & Hydrology, United Kingdom

3 Chernobyl Centre for Nuclear Safety, Ukraine

*m.d.wood@salford.ac.uk

Over the last three decades, many studies have evaluated the effects of radiation on wildlife within the
abandoned area around the Chernobyl Nuclear Power Plant {ChNPP). This heterogeneously contaminated
landscape provides a natural radioecological laboratory in which sampling sites can be identified across an
activity concentration (and ambient dose rate) gradient. However, interpreting the results of Chernobyl
radiation effects studies 1s challenging. Habitat variability, site connectivity, exposure history and proxmmity
to areas of human activity can all influence study findings. Whalst researchers may have attempted to control
for some of these factors, an implicit assumption in many previous studies 1s that ambient dose rate correlates
with an orgamism’s total absorbed dose rate. Drawing on data from our recent studies in the Chernobyl
Exclusion Zone (CEZ; 2014 — 2018), thus presentation demonstrates that the assumed correlation between
ambient and total absorbed dose rate 1s a fallacy and that inferring dose effect relationships from ambient dose
rates cannot be justified.

Within the CEZ, Cs-137, Sr-90 and actinides (Am-241 and Pu-1sotopes) may all contribute to an organisms
total absorbed dose rate from anthropogenic radionuclides. In May/June 2014, we sampled plant, ammal and
soil samples from a 0.4 km? area on the edge of the ‘Red Forest” approximately Skm west-southwest of the
ChNNPP. The activify concentrations of Cs-137, Sr-90 and actinides were determined and the results used to
calculate internal and external radiation exposure. Our results demonstrated that: (1) the main contributors to
dose are Cs-137 and Sr-90; (11) the relative contribution of infernal and external exposure to the total absorbed
dose rate 1s highly variable; (111) the ambient dose rate at the sampling site may underestimate the total absorbed
dose rate by more than an order of magnitude.

In 2017 and 2018, we sampled small mammals from sites across an ambient dose gradient and quantified the
total absorbed dose rate for each animal The results clearly demonstrate that, even for sites outside of the
‘Red Forest’, the total absorbed dose rate for individual organisms 1s highly variable and that ambient dose
rate cannot be used as a reliable proxy for total absorbed dose rate.

Our findings will inform future radiation effects research in Chernobyl and the derivation of regulatory
benchmarks based on field dose-effect studies. These findings will also be important for regulators, providing
arobust scientific basis for responding to stakeholders that use ambient dose rate-based radiation effects studies
to challenge regulatory dose assessments.

Keywords: Chernobyl, dosimetry, wildlife
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Machine learning for personal dose monitoring Insights into
irradiation scenarios with a novel TL dosimeter
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Personal dose momtoring is one of the key concepts of a successful radiation protection program for
occupationally exposed people. Thermoluminescence detectors are among the most widely used passive
dosemeters. The individual monitoring service in the western part of Germany provided by the
Materialpriifingsamt NRW will soon start to use thermoluminescence dosemeters instead of film dosemeters
as well. The material used for the dosemeters 1s LiF-Mg, T1 (MT-N).

In routine dose monitoring, the luminescence light from a detector 1s used to estimate the recerved dose
within the monitoring interval which 1s one month in most cases. From a radiation protection point of view,
this retrospective dose estimation ensures rather a workplace safety compliance than an actual protection
mechamism. Additional information about the wrradiation scenario like the number of wrradiation fractions or
the irradiation date can be used to track the reason and circumstances of an exposure and can thereby
improve an existing radiation protection concept by raising the chances to reduce subsequent exposures from
the same source.

In this talk we will present results of our research on retrieving additional information about the irradiation
scenario by analyzing the glow curves of thermoluminescence detectors using artificial neural networks.
Artificial neural networks require large data sets to be trained before they can be used to predict the
parameters of a new measurement. Therefore, more than 4000 glow curves have been recorded for several
studies. Another option i1s the use of simulated glow curves. For this purpose, we have developed an
empirical simulation approach to successfully augment our data set with glow curves from interpolated
shape-determining parameters. A presentation of our simulation approach and the successful application on
measurement data will be included in this talk.

Key results from our research are the estimation of the uradiation date in a single uradiation scenario with an
accuracy of up to 4 days within a monthly monitoring interval and a simultaneous estimation of wradiation
dose and date estimation with less than 10% uncertamty on the nradiation dose using simmlated glow curves.
Further results include the automatic computational separation of alpha and gamma or beta wrradiation with
up to 100% for identification of alpha irradiations and up to 80% for beta and gamma differentiation. Parts of
the presented material have also been published in the Radiation Measurements journal [2,3].

Keywords: Individual dose monitoring, thermoluminescence glow curve analysis, artificial neural networks
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Experimental Evaluation of Scattered X-ray Spectra due to X-ray
Therapeutic and Diagnosis Equipment for Eye Lens Dosimetry
of Medical Staff

Munehiko Kowatari'*, Keisuke Nagamoto?, Koich Nakagami?, Yoshihiko Tanimura?l, Takashi Moritake? and
Naoki Kunugita?

1 Japan Atomic Energy Agency, Japan
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The study presents an experimental evaluation of scattered X-ray spectra which medical staff is exposed during
their procedure. Medical staff have been recognized as a highly exposed group due to low energetic X-rays,
from the viewpoint of the eye lens dosimetry ! Additional monitoring of the equivalent dose to the lens of the
eye should be implemented as required, in order to protect medical staff and comply with the annual dose linut,
namely 20 mSv per year averaged for five consecutive years without exceeding 50 mSv in any single year.

We have been investigating the method to experimentally evaluate personal dose equivalent for the lens of the
eye, Hy(3) for medical staff An appropriate air-kerma-to-personal-dose-equivalent conversion coefficient,
hpr(3) should be determined, according to the actual situation of exposwre of medical staff. The hp(3) 1s
strongly dependent on X-ray energy and one of the key parameters is the average X-ray energy which medical
staff are to be recerved around their eyes. However, there is a few studies which experimentally investigated
X-ray spectrum that medical staff are actually recetved during their procedures. In the study, the measurement
of scattered X-ray from X-ray therapeutic and diagnosis equipment were conducted.

The CdZnTe semiconductor detector (Kromek GR-1) was employed for the measurement. Pulse height spectra
from the detector was measured at the positions where a medical staff actually engage his/her procedure or
treatment. A RANDO phantom and an ISO water slab phantom were chosen for simulating a medical staff and
a patient, respectively. The CdZnTe detector was set the position close to the eyes of RANDO phantom and
pulse height spectra were obtamned at each position. The scattered X-ray spectra were then derived by de-
convoluting the pulse height spectra using an unfolding code MAXED °>. We present the measurement of
scattered X-ray spectra at the position of medical staff of therapeutic diagnosis equipment such as Angiography,
fluoroscopy and CT. We will also introduce the differences of scattered X-ray spectra obtained at the position
of medical staff's trunk. neck and eyes.

Keywords: Eye lens dosimeny, Scattered X-ray, Medical staff
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Alexandrite: Development of a Natural TL and OSL Radiation

Detector
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The development of a functional and low-cost radiation detector 1s one of the goals of this investigation. Within
this context, the potential of alexandrite (BeAlOs:Cr*) as a dosimetric material was first investigated by
thermoluminescence and optically stimulated luminescence measurements. Thermoluminescence (TL) 1s the
light emitted by some materials upon heating after exposure to 1omzing radiation, besides incandescence [1].
Optically stimulated luminescence (OSL) 15 sinular to TL but i this case lununescence 1s stimulated by the
absorption of optical energy instead of thermal energy [2]. OSL and TL have long been established as a reliable
technique 1n dosimetry. Natural alexandrite as a TL/OSL detector was investigated because the chemical nature
of this mineral, BeAl,O4:Cr**, that combines two binary oxides, BeO and Al,Os, thus naturally suggesting this
nmuneral for dosimetric applications.

The pellets were produced using a Brazilian natural alexandrite sample. This natural sample was manually
crushed, and the powder obtamed was sieved by selecting grain sizes smaller than 0.35 mm. This powder was
then mixed with an organic matrix based on a fluorinated polymer (for OSL measurements) and special lugh
temperature glue (for TL measurements). Irradiation was executed at room temperature using the built-in
#031/7"Y beta source of the TL/OSL reader delivering a dose rate of 10 mGv/s. TL glow curves were obtained
using a heating rate of 1 K/s, from RT to 500 K. The activation energy (E) and frequency factor (s) of the TL
glow peaks were obtained by glow curve fitting using the GlowFit software [3], assuming a first-order kinetics.
The OSL signal was stimulated in CW mode using blue LEDs (470 nm, FWHM = 20 nm) delivering a
maximum power density of 80 mW/cm® of at the sample position. The TL and OSL measurements were taken
in terms of dose-response (beta dose from 0.1 to 5 Gy), repeatability, reproducibility, and fading. In addition,
optical absorption measurements were carried out in the range from 200 to 700 mmn on the pellets before and
after 10 Gy beta dose.

Alexandrite pellets showed sensitivity in a wide range of doses, especially low doses (less than 1Gy), which
are often vsed in medicine area that uses ionizing radiation. In addition, the results showed that the TL and
OSL integrated signal varied linearly with the irradiation dose. There is no relevant effect of radiation damage
by the optical absorption spectrum.

Keywords: Dosimetry, Alexandrite, Mineral.
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Luminescence of UV-irradiated a-Al203:C,Mg
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Currently, there is an increased use of artificial UV sources and overexposure 1s the main factor that causes
skin cancers, erythema, opacification of the lens and inflammation of the eyes. Due to this a search for new
materials and practical methods for UV detection and dosimetry becomes mmportant. ALO::C Mg 1s a very
sensitive luminescent material for applications in optical data storage dnd imaging. It has been successfully
used in dosimetry of neutrons, protons and heavy charged particles. Although Al,O5:C Mg 1s very promuismg
in the monitoring of beta, gamma e X radiation, there are no specific previous studies on the influence of
ultraviolet (UV) radiation on this crystal nor about its possibility of use as an UV-dosimeter. In this work,
Al05:C.Mg single crystal was investigated as a potential UV detector, using the thermoluminescence (TL)
and optically stimulated luminescence (OSL) technique. Thermoluminescence (TL) 1s the light emitted by
some materials upon heating after exposure to lonizing radiation, besides incandescence [1]. Optically
stimulated luminescence (OSL) 1s similar to TL but in this case luminescence 1s stimulated by the absorption
of optical energy instead of thermal energy [2]. OSL and TL have long been established as a rehiable techmque
in dosimetry. UV irradiation was performed with a Hg lamp (2.44 W/m® at the sample position) with different
tlumination times (10 to 60 s). TL and OSL measurements were carried out using a Rise TL/OSL reader
(model DA-20). TL glow curves were obtained using a heating rate of 1 K/s, from RT to 500 K. The activation
energy (E) and frequency factor (s) of the TL glow peaks were obtained by glow curve fitting using the GlowFut
software [3], assuming a first-order kinetics. In addition, the OSL emission was stimulated using blue light
emitting diodes (470 nm, FWHM = 20 nm) delivering 80 mW/em® at the sample position in CW mode. TL
results showed three low mtensity peaks at low temperatures (about 320, 350 and 375 K) and the main peak at
455 K. The results of the OSL were analyzed by the mitial intensity and of the curve, showing a typical decay
curve, even for a short exposure to UV. We concluded that TL and OSL signals of Al,0;:C.Mg are promoted
by UV radiation. In addition, for both TL (area of the main peak) and OSL (area under the curve) results, UV
irradiation led to a non-linear response as a function of the irradiation exposure that could be approximated by
a linear behavior for short irradiation times (< 15 s), while showing a trend for saturation for longer irradiation
times. Saturation was attributed to the unique characteristics of the absorption and dissipation of the incoming
radiation, as well as changes in the F-type/F-aggregate concentrations.

Keywords: UV Dosimetry, Al,O;:C Mg, Luminescence.

ACKNOWLEDGMENTS

N. M. Trindade is grateful to grant #2019/05915-3; M. G. Magalhies is grateful to grant #2019/00942-2 and
M. C. S. Nunes is grateful to grant #2018/16894-4, Sido Paulo Research Foundation (FAPESP). L. G.
Jacobsohn 1s grateful to grant #1653016, National Science Foundation. E. M. Yoshimura thanks CNPg grant
#306843/2018-8.

REFERENCES

1. 5. W. §. Mckeever, Thermoluminescence of Solids. Cambridge University Press, Cambndge (1985).

2. E. G. Yukihara and S. W. 5. Mckeever, Optically Stimulated Luminescence: Fundamentals and Applications.
Wiley & Sons: West Sussex, UK (2011).

3. M. Puchalska and P. Bilski, “GlowFit—a new tool for thermoluminescence glow curve deconvolution,”
Radiation Measurements, 41(6), pp. 659-664 (2006).

e | 110 [




S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | o sen | i sesen | Oral Session T2

0S2.1 (T2.2-0295)
IDAC-Bio, an internal dosimetry software based on the new ICRP
biokinetic models and specific absorbed fractions
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It 15 known that iomizing radiation has health effects on humans. Therefore, it is an evident need to assess
radiation absorbed dose to various population groups for miscellaneous exposure situations — including
planned, existing and emergency situations — with appropriate accuracy. International Commission on
Radiological Protection (ICRP) has developed a new computational framework for internal dose estimations,
summarized for more detailed and physiologically correct biokinetic and anatomical models than before.
Therefore, the ICRP is currently producing new dose coefficients for occupational intakes of radionuclides
(OIR) and environmental intakes of radionuclides (EIR) — series, which supersede the earlier dose coefficients.
However, the ICRP only published bioassay information (retained and excreted activity) for single acute
intakes of radionuclides integrated over 30 years.

IDAC-Bio is created in Matlab with a user-friendly graphical interface and compiled into a Standalone
executable file containing all code and data. The software follows the ICRP computational framework for
internal dose. The software uses the raw data of the biokinetic models and numerically solves the biokinetic
model and calculates the absorbed doses to the reference phantoms. This allows the software to calculate
absorbed dose for the nuclear decay data in ICRP publication 107. By performing absorbed dose and
committed effective dose calculation imn the raw data there is also a possibility to select an arbitrary
integration time or different inhalation exposures scenarios, e.g. a continuous intake 9 hours a day. IDAC-Bio,
is a further development of the internal dosimetry program [DAC-Dose2.1 and allows retrospective absorbed
dose caleulations. In the software parameters such as data from real measurements, 1.e. time, radionuclide
activity and organs are selected. IDAC-Bio uses the ICRP biokinetic models and fit the measured activity to
these models to estimate the realistic exposure scenario. From the estimated exposure scenarios then the
absorbed dose and committed effective are caleulated. This retrospective caleulation will allow a more realistic
absorbed dose estimation for persons investigated for internal contamination than possible up to now.

The software was tested and validated against the published ICRP dose coefficients. The retrospective dose
calculations were tested on a power plant worker, who had undergone several whole-body measurements.
IDAC-Bio successfully manage to create a good fit, resulting in a realistic time varying activity concentration
for the worker. Fitting the ICRP models to the measured data points creates a possibility to perform realistic
absorbed and effective dose estimations for arbitrary exposure scenarios,

Keywords: ICRP, Internal dosimetry calculations, IDAC-Bio
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[n a radiation emergency, several techniques for dose reconstructions of individuals have been developed. The
methods vary from analysis for dicentric chromosomes in blood samples'), an electron paramagnetic resonance
(EPR) for tooth samples®’, thermoluminescence (TL) / optically stimulated luminescence (OSL) measurements
for components in a mobile phone® *, Monte Carlo calculations with exposure scenarios”, etc. Since the
TL/OSL method provides faster dose reconstruction and relatively lower detection limit* *, it is suitable for
earlier retrospective dosimetry than other methods. Korea Atomic Energy Research Institute (KAERI) and
Korea Institute of Nuclear Safety (KINS) have been cooperated to develop and apply TL/OSL method using
mobile phones in retrospective dosimetry group in South Korea. Most of radiation accidents reported by KINS
were occurred in working places of non-destructive testing using high activity radiation sources. Therefore,
validation of the TL/OSL method by inter-laboratory comparison was considered with a virtual accident i
radiation testing room of real work places. The concept of the accident is an exposure of a radiation worker
with a certain distance from an unshielded Ir-192 source. Several mobile phones will be located on the chest,
hip and side, which are common places of mobile phones, of a physical human phantom. Materials for the
measurement will be bottom display glasses, resistors, and SIM cards. Sophisticated protocols for glasses (TL),
resistors and SIM cards (OSL) will be applied. As a reference dosimeter, TLD (LiF:Mg,Cu,S1) will be used.
The TLDs will be positioned on the mobile phones and in and outside of the phantom to estimate surface and
organ doses as well as phone doses Computational dose calculations of mobile phones, anthropomorphic
phantom and TLDs will be carried out using GEANT4 (GEometry ANd Tracking 4) code with mesh-type
reference computational phantom and specially designed mobile phone phantom.

Keywords: Emergency dosimetry, Inter-laboratory comparison, TL, OSL, mobile phone glass
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Optimization of Luminescent Dosimeter Energy Response by
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Objective: The purpose of this study is to establish the effect of dosimeter geometry
on the luminescent dosimeter energy response for different radiation beams and

optimization of this response.

Methods and Materials: In this work, we calculated by Monte Carlo simulation,
using MCNP code, the energy response of three kinds of non-commercialized
luminescent dosimeters: a) RPLGD (FD-7 glass), b) TLD (LiF: Mg, Ti} and c) OSLD
(Al;O35: C). The three dosimeters present cylindrical geometry of 2 mm of thickness
and different diameters ranging from 1 to 13 mm. The used radiation beams are 70
kV ¥-ray beam, clinical photons beam of 15 MV and clinical electrons beam of 9
MeV.

Results: Our results showed that the dosimeters energy response increases from
0.88 to 1.02 for clinical beams of photons and electrons. For the kV X-ray beam, a
reduction in energy response of 8.8%, 1.4% and 8.7% is reported when diameter
varies from 1 to 13 mm for RPLGD, TLD and OSLD, respectively.

Conclusion: In conclusion, this study confirms the non-neglected effect of the
dosimeter geometry on the energy response for kV X-ray beam and the clinical
photon and electron beams. Further study is proposed according to the luminescent
dosimeters application (RPLGD, TLD and OSLD) for the routine quality assurance (QA)

check for clinical electrons beam.
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Environmental monitoring of radioactivity can be greatly assisted by the r}adiation imaging technique, which
detects and visualizes ionizing radiations from the radioactive material. Gamma-ray and neutron imaging, in
particular, plays a key role for the environmental safety of nuclear techniques in various applications as well as
the homeland security and safeguards. For the development of a radiation imager capable of visualizing both
neutrons and gammas, the rotational modulation collimator (RMC)-based imaging technique was attempted as
an economical and effective approach which offers less complexity in the system configuration [1.2]. Recently,
we have suggested an RMC system combined with the pulse shape discrimination capable Cs:LiYCls:Ce
(CLYC) scintillation detector as a dual-particle imager. Batches of Monte Carlo simulations were performed
using Monte Carlo N-Particle version 6.1 (MCNP6.1) code to investigate the feasibility of developing
CLYC-based RMC system, and an image reconstruction algorithm implementing maximum-likelihood
expectation-maximization (MLEM) approach was developed. We also optimized the collimator mask design
parameters for the dual-particle imaging purpose and proposed a new asymmetric mask design to remove the
ambiguous artifact without compromising the imaging capability [3]. In this paper, we introduce the
newly-developed dual-particle imager and report results from the measurement experiments conducted for
verifying dual-particle imaging capability at a mid-range field using gamma-ray and neutron sources. We
report recent updates on the results from the CLYC-based RMC examined for a single source and multiple
sources imaging and evaluate the imager’s performance in a mixed neutron/gamma-ray environment to
investigate the repeatability and the reproducibility of the result by conducting additional experiments. The
signal-to-noise ratio and the structural similarity index was calculated to evaluate reconstructed images of the
source distributions quantitatively. Measurement results showed that the modulation patterns obtained from
the RMC imager showed good repeatability and reproducibility and well matched MCNPG6.1 simulation results.
Reconstructed images was shown to make good estimations on the radiation source location. In this study, it
was shown that both gamma rays and neutrons can be visualized to estimate the source location of radioactive
materials utilizing a CLYC-based RMC system. The experiments gave promising results on utilizing
CLYC-based RMC for radioactive material monitoring and detection.

Keywords: Dual-particle imager, Rotational Modulation Collimator (RMC), Radiation Imaging
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Dose assessment for emergency workers was delayed due to the collapse of the dose evaluation
system at the site during the Fukushima nuclear accident. Prior to the accident, only fixed whole body
counters {WBCs) were fitted, so the role could not be performed by the tsunami. Since then, the
Fukushima NPP currently has more than 20 mobile WBCs. KHNP has been operating stand-type and
bed-type WBC using Nal and HpGe, respectively. Compared to pre-accident Fukushima NPP, it
maintains a good operating system 1n terms of analysis of radionuchde and shielding design. However,
it has been operated on a fixed basis within NPP. When WBC 1s mounted n the vehicle for mobile
operation, low center of gravity design and attachment of auxiliary equipment should be considered.
Shielding 1s also important to be able to assess the dose of workers in a high background to a low
level below 0.1mSv. Based on comparison between the existing WBC at the NPP and Lightweight
WBC, 1t was deemed most efficient for mobile WBCs to follow the shielding type used by the
existing WBC in consideration of their operation in the event of an accident. We chose a trailer that
could only be connected to the vehicle if needed, rather than a truck that was difficult to manage. A
scintillator detector with a high measurement efficiency and a shadow shield method to minmmuze the
mmpact of a high-level background were adopted. Agditional radiation portal monitor was required at
the hatch to filter out the contamination of the subjetts and protect the equipment, the radiation zone
momtor was added for identification of residential requirements, and automatic correction of
measurement signals and air conditioming facilities were considered to ensure safety due to changes m
the instrumentation environment. Considering the identification of contamination and security 1ssues,
the vehicle's location and surrounding radiation dose rates while moving to the accident site were
transferred to the accident control department in real time, and additional systems were constructed
that can share the employee's measurement screen and dose record. Space for in-vivo ESR was
provided for external dose evaluation, and n-vivo ESR can be detached so that beds for patients can
be placed 1f internal dose assessment system 1s operated only. Although the U.S., Japan, France and
others are building up their operational experience by introducing mobile dose assessment systems
ahead of Korea, 1t has not been long since Korea mntroduced them n only a few places. Future
procedures need to be established and accumulated operational experience 1s necessary to improve the
system.

Fig. 1. Mobile Dosimetry Laboratory in KHNP

Keywords: Nuclear power plants, Whole-body counting

e | 115 [




S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | o sesn | prairsesen | Oral Session T2

0S2.2 (T2.1-0051)
Proposed Guideline for Dose Assessment after Exposure to
I-131 in an Accidental Situation

Lendoiro N'*, Cabitto M.%, Puerta Yepes N! and Vazquez M.1
1 Nuclear Regulatory Authority, Argentina
*nlendoiro@arn.gob.ar

The events in which individuals can become internally contaminated with I-131 may cover a wide range of
possible sifuations, ranging from an accidental exposure in a medical, industrial or research environment that
mvolves only a few people to an accident at a nuclear power plant or a radiological terrorist event, with dozens
of potentially contaminated indrviduals.

Dose evaluations of these individuals may include the analysis of bioassays: such as the measurement of
thyroid, urine and/or nasal samples. These measurements may support medical decisions, which may be based
on the projected thyroid dose and / or the effective dose. The purpose of dose assessment in these situations 1s
to provide objective information that contributes to make decisions about follow-up actions after an incident,
to comply with legal regulations and to improve conditions in the workplace.

In this work, 1f 15 proposed a nine-step guide for the assessment of exposure to I-131 after real or suspected
abnormal events or in the case of a positive result during triage or routine monitoring. This methodology allows
giving recommendations on the type, number and time at which measurements should be made. This guide
provides an effective handling of I-131 accidental exposures, contributing in the support for decision-making
on follow-up actions (e g, thyroid blockade with KI), as well as it allows verifying compliance with the legal
regulations.

e
=

i P i N
—

Fig. 1. Guide for the assessment after exposure to I-131

Keywords: I-131 accidental exposure, thyroid dose, dose assessment
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IDAC-Radon, an Internal Dosimetry Code for Radon and its
Progenies using the New ICRP Biokinetic. Models and Specific
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The US environmental protection agency (EPA) estimates that nearly one in 15 homes in the United States has
aradon level that should be reduced. The Swedish Public Health Authority estimates that the number of homes
in Sweden with radon levels above the guideline value of 200 Bg/m’ is at least 400,000, which means one in
twelve homes. After smoking mhalation of radon (Rn-222) is the second leading cause of lung cancer. Radon
forms when uranium in water, rocks, and soil begins to break down, releasing radon gas into the ground beneath
buildings. Radon can enter through e.g. cracks in foundation walls and floors, or fireplaces and furnaces.
International Commission on Radiological Protection (ICRP) have in ICRP Publication 137 revised both their
biokinetic models and absorbed dose calculations for acute mntake of radon. The ICRP dose coefficients
includes progenies of the radon once the radon is inhaled and inside the body. However, the progenies will
also be mhaled as these also occur in the air. The progenies will have different air flow rates leading to different
actrvity concentration than radon once they are inhaled.

IDAC-Radon 1s a software code dedicated for internal radon dose calculations. The software performs
absorbed dose calculations based on the full biokinetic transfer, and imncluding inhalation of progenies. As the
biokinetic calculations are solved numerically, all parameters and data connected to the radon calculations can
be built-in to a complex biokietic system. This allows for continuous inhalation at different breathing rates
e.g. continuous inhalation 9 hours a day, 5 days a week. The users select which of the radionuclides to perform
estumations for. Add the activity concentration, the integration period, the type of continuous mhalation and
the inflow and outflow transfer rates in air for the different progenies. Parameters which all affects the number
of radioactive particles mnhaled. IDAC-Radon uses the biokinetic compartment models of ICRP Publication
137, the nuclear decay data of ICRP Publication 107 and the specific absorbed fraction data of ICRP
Publication 133 to calculate organ absorbed doses and the effective dose defined in ICRP Publication 103.

IDAC-Radon uses a fast differential equation solver to calculate the activity distribution and performs absorbed
dose calculations directly on the result. This enables the possibility to set arbitrary mtegrating periods, modify,
pause or stop the inhalation periods during the stepwise calculation procedure. IDAC-Radon 1s a code created
to facilitate more realistic absorbed dose calculations from exposure of radon.

Keywords: Radon, ICRP, Internal dosimetry calculations
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The computation of dose coefficients due to intakes of radionuclides requires knowledge of the
tfraction of an emitted radiation’s energy from a source region which will be absorbed in a target
tissue. This quantity is called an absorbed fraction and when divided by the mass of the target
tissue becomes a specific absorbed fraction. Biological variation makes calculation of person-
specific absorbed fractions impractical. Instead. for radiation protection purposes. a set of
reference individuals is defined and specific absorbed fractions are tabulated for those reference
individuals. ICRP Publication 133 contains specific absorbed fractions for the reference

adult. The adult values were used to support the computation of occupational dose coefficients
tfound in ICRP’s Occupational Intakes of Radionuclides series. In the present work, we describe
the development of specific absorbed fractions for a series of age-dependent reference
individuals. This development can be summarized in three steps: (1) definition of the reference
individuals® geometries with particular emphasis on source and target region masses. (2)
radiation transport simulations in voxel and stylized models representing such geometries. and
(3) quality control checks for consistency on large sets of data. The result is sets of specific
absorbed fractions for 6 reference ages (newborn, 1-. 5-, 10-. 15-year old. and adult). 2 genders.
and 4 radiation sources (alpha. electron. photon. and neutron.)

118



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | o sesn | prairsesen | Oral Session T2

0S2.2 (T2.1-0970)
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Radionuclides in Israel
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Momnitoring of occupational radiation exposure 1s required according to the International Basic Safety
Standards (BSS)[1] to verify the compliance with the requirement for protection and safety of occupationally
exposed workers. When it comes to monitoring of internal exposure of short-lived radionuclides, periodic
monitoring techniques conducted quarterly or even monthly, such as Whole-Body Counter (WBC) and radio-
toxicology measurements of urine samples, will not be effective to detect internal exposure that occurred
shortly after the previous measurement. The Swiss Personal Dosimetry Ordinance include a screeming
measurement (triage monitoring) conducted in the workplace to identify workers suspected of internal
exposure[2]. First, an in-vivo screening determines whether there is a suspicion an internal exposure had
occurred and if so, a WBC measurement or m most common scenarios the measurement of a urine sample 1s
conducted for the quantification of the dose. This in-vivo monitoring program was also recommended in other
international regulations, ISO standard and recommendations[3-5].

According to the Israeli Safety at Work Regulations[6]. a worker suspected of internal exposure 1s monitored
quarterly. This requirement has been fulfilled by measuring the worker in a WBC or by conducting a radio-
toxicology urine sample measurement. Our aim was to study the feasibility of the implementation of the Swiss
procedures and above-mentioned mternational standards and recommendations[2-5] m Israel taking into
account the Israeli work culture. Preliminary work included a comparison between four common radiation
detectors in Israel and their compatibility for the in-vivo screening of *'T and #™T¢[7]. The screening protocol
designed according to the international standards: workers working with *'I were screened weekly and
workers working with *™=Tc were screened daily. If the threshold is exceeded, a radio-toxicology urine sample
was sent to the National Internal Dosimetry Laboratory at Soreq NRC.

The study was conducted in a major hospital, a regional hospital and the largest manufacturer of
radiopharmaceuticals in Israel. Some major challenges arouse in the implementation of the planned
procedures. The main finding of the study was the mconsistent reporting and lack of workers' understanding
of the method and mmportance of immediate measurement of a urine sample. Unine samples were not sent in
real-time to the dosimetry lab. In some cases, external confamination has been reported as the screening result
and a second measurement was not conducted after the removal of the contamination. Another finding was the
use of the radiation momitor itself, part of the staff didn't understand how to operate the momitor, leading to
wrong use of units and failure to send urine samples in possible intake situations.

For the successful implementation of the triage monitoring a few modifications have been made: additional
training of all workers on the measuring technique and a change in the time of the self-measurement (mid-shift
as opposed to the end of the working day). In addition, a surface contamination measurement has been added,
in order to comply with the ISO standard[5]. The results show a pronusing outcome, that allow for a future
implementation of the triage monitoring as part of the occupational dose monitoring regulations in Israel.

Keywords: Occupational dose monitoring, Short-lived radionuclides, Triage monitoring
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In vivo momnitoring technology, when its detection linut meets the requirements, 1s prioritized by IAEA for
mnternal radioactive contamination monitoring due to its high speed and accuracy. In vivo monitoring involves
a wide range of aspects like gamuma-ray detection and analysis, calibration phantom, virtual calibration, wound
measurement, dose assessment and so on. Integrating these parts and form a complete all-m-one monitoring
system will greatly meet practical needs and be of application value. However, because of its technical depth
and complexity, the realization of this 1dea 15 a big challenge For these reasons, China Institute for Radiation
Protection has carried out a series of in-depth researches, and have finally established a complete system of in
vivo monitoring technology. The details of tlus system are to be briefly provided in the following part of this
abstract.

In terms of calibration technology, Chinese torso physical phantom CIRP-Torso for lung counter, Chinese
aged BOMAB phantom CIRP-BOMAB-Age (including 6 age groups), Chinese reference BOMAB phantom
CIRP-BCAM and sBCAM(1n solid) for WBC are developed, and phantom fabrication based on 3D printing
technology is preliminarily explored. In terms of dynamuic virtual calibration, a sophisticated method is
established based on the Chinese reference voxel and mesh phantom And in aspect of dose assessment,
INDOSE, a software with the ability to solve biokinetic equation, and calculate organ equivalent dose and
effective dose, 1s developed. In addition, wound contamination depth measurement method 15 established
based on computational phantom and Monte Carlo simulation In particular, in the part of gamma spectrum
analysis, a set of exclusive algorithms designed for vivo monitoring has been developed, and on the basis ofit,
a special gamma spectrum analysis program package called Gamma+ has been created. Compared with Geme
2000, Gamma+ performs better in the analysis of overlappmg peaks pea.ks with high continuum and mn low
energy region. Meanwhile, in view of fixed measuring position in in-vivo measurement, we came up with a
new method to reconstruct the emitting spectra by nuclides base on sparse signal principle. Moreover, fast
anomaly detection technology based on machine learning has been studied recently in order to realize fast
measurement.

Based on this technology system, several applicable all-in-one in vivo measurement systems have been
developed. They include: a standing large-volume Nal type whole body counter, equipped with Simple In
Vivo-S which is an mtergrated software system with the ability to conduct data acquisition, spectrum analysis,
virtual calibration, dose assessment and personnel data management: a portable thyroid counter with integrated
software Simple In Vivo-T; and an m-vehicle monitoring system with Simple In Vivo-V.These research
results on integrated technology provide a high-precision in vivo monitoring hardware and software system for
application, and offer innovative 1deas for the future development of in vivo momitoring technology..

Keyweords: in vivo monitoring, integrated technology, measuring system
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International Comnussion on Radiological Protection (ICREP) Publication 133 provides specific absorbed
fractions (SAFs) for fission-spectrum neutrons that are associated with radionuclides that can decay by
spontaneous fission. This is in keeping with the ICRP formalism that SAFs are only produced for radiations
emutted directly in the decay of radionuclides; however, alpha-enutting radionuchides which may potentially
lead to higher levels of neutron doses outside the source organ due to the generation of (c,n) neutron. The
generation of (o.n) neutron sources can occur in any radionuclides by the emission of alpha particles of
sufficient energy to meet the threshold for that reaction. According to ICEP formalism, the dose due to
neutrons from (cor,n) reactions would technically be inecluded m the SAF value for the alpha enussion.

As a first level attemipt at assessing the order of magnitude of internal dose associated with (o,n) neutron
emissions, computations were carried out for Am-241, Pu-238, Pu-239 and Pu-240 placed in materials with
elemental compositions corresponding to bone, liver and lung. These computations were performed with
SOURCES-4C for each composition. In the resulting values reported in Table 1, only the activity of the parent
radionuclide was considered and not their progeny.  The number of neutrons emitted per cm’ of the source
organ/tissue were computed with the code assuming a 1 Bg/em’ activity concentration. This table indicates
up to 14-15 tumes more (c,n) neutrons than spontaneous fission neutrons could be emtted from these organs
and in contrast Pu-240, which has a “large” spontaneous fission emission probability, produces about 0.3-0.4
(o) neutrons per spontaneous fission neutron.  Based on this ongoing work, the presentation will discuss
whether this phenomenon is an interesting physics study or whether it needs to be included in internal
dosimetry studies. The presentation will include data for a larger number of alpha emuitters, including
spontaneous fission radionuclides. In addition the magnitude of the impact of mcluding (cr,n) neutrons in the
SAFs for alpha emission will be presented based on anthropomorphic phantom dose caleulations.

Table 1. Comparison of (c,n) neutrons to spontaneous neutron source terms in bone, liver and lung
compositions.

Neutron Source (n/cm’-sec per 1 Bg/cm”)

Nuclide Bone Liver Lung

(cen) SF (cen) SF (ou,n) SF
Am-24]1 5.5E-08 9.8E-12 5.9E-08 9.8E-12 5.8E-08 9.8E-12
Pu-238 5.6E-08 4.1E-09 6.0E-08 4.1E-09 5.9E-08 4 1E-09
Pu-239 4.1E-08 6.5E-12 4.5E-08 6.5E-12 4 4E-08 6.5E-12
Pu-240 4.1E-08 1.2E-07 4.5E-08 1.2E-07 4.5E-08 1.2E-07

Keywerds: (o,n) neutrons, spontaneous fission, specific absorbed fractions
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Following an unexpected exposure to lugh concentration of noble gases i wlich a reactor’s worker was
immersed during some munutes, internal dose assessment was required although the personal dosimeter’s
worker readings were not significant. This requirement arose as a result of having obtained positive values of
activity of Xe-133 and Xe-135 m the thorax measurements performed on the worker from a few hours to
several davs after the event. Because the dose estimation methodology for these noble gases considers only
external exposure [1, 2], the requirement of internal dose evaluation presented a challenge to perform it
without biokinetic models or dose coefficients of reference for occupational intake of these isotopes. in
addition to the need for a rapid result of the dose estimation.

The mntakes of the xenon 1sotopes were estimated from the reconstructed concentration of gases at the tune of
the event, which were 130.2 MBq of Xe-133 and 10.22 MBq of Xe-135. Using the thorax measurements and
the estimated intakes, 1t was observed that the measurements of internally deposited xenon were reasonably
consistent with the behavior of retained xenon 1n systemic tissues, mainly in fat. observed in subjects and in
model predictions found 1n literature [3. 4. 3. 6]. The Xe-133 dose factors recommended by ICRP 128 for
patients treated with this radionuclide by re-inhalation of the gas for 10 munutes [6] were considered for thus
scenario. For taking into account the dose contribution for Xe-135 inhalation, MIRD methodology was
implemented. Additionally. positive results of HTO and I-131 in urine bioassays was evaluated using the
metabolic models recommended for the worker, under the assumption of acute mhalation and no contnibution
from previous intakes of these radionuclides It was estimated a value of the committed effective dose for
inhalation of Xe-133 and Xe 135 of ~0.2 mSv, and taking into account the contribution of HTO and I-131 1t
was obtaimned a the total commutted effective dose of ~0.3 mSv. Finally. although the dose estimated was much
lower than the limits and operating restrictions for workers, the causes that gave rise to the event are being
analyzed.
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In case of risk of oecupational intakes of radionuclides, the potential internal contamination of workers must be
monitored. This monitoring is carried out by measuring the activity retained in the body or present in excreta.
The results of these measurements can be interpreted in terms of comnutted effective dose using biokinetic and
dosimetric models adapted to exposure circumstances.

However, the measurement variability and the incomplete knowledge of exposure conditions introduce
uncertamnty m the dose assessment. Statistical methods were developed to evaluate this uncertamnty as a
criferion to optmuze individual momtormg programs. The objective 1s to guarantee compliance with dose
linuts or dose constraints within a defined level of confidence and using reasonable operational means. These
statistical methods were implemented in MIODOSE software developed in collaboration between IRSN and
ORANO.

This software allows, by integrating uncertainty:

* estimating the mimmum dose detectable by a routine monttoring program from available information
on physico-chemical forms of the handled material, on the level of activity at the workplace, and on
the detection limuts of the techmiques available to measure incorporated radionuclides;

* assessing the commutted effective dose following an intake incident, along with its associated
uncertamnty, from measured retamned and/or excreted activities;

* helping the person in charge to choose the monitoring program best adapted to the potential or
ascertain exposure conditions.

The developed methods will be explamed and applied to real cases i order to demonstrate their practical
mnterest.

Keywords: Internal dosimetry, monitoring, uncertainty)
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Uramium 1s the heaviest actinide, naturally prevailing in almost all rocks, soil, surface and groundwater. The
health outcomes of uranium are the synergistic effect of its chemical and radiological toxic mechanisms.
Groundwater samples collected from wide-ranging sites of gramite-rich Bluwam district of Haryana were
analyzed for nahu'al uramum content using LED fluorimeter. In this region, U concentration varied from 11.55
to 423 33pug L with an average of 119.79 ug L), exceeding the prescribed limit of 30 pg L™ b} WHO, 2011
and 60 pg L~ b} Atonnc Regulatory Board, India. The average cancer mortality risk for 4, 27U, U was
11.942x10™, 3.97x10%, 6.67x10° and average cancer morbidity risk was 4.64x107, 6. 27x10%, 10.57x10°
respectively. The mean values of Lifetime Average Daily Dose (LADD) and Hazard Quotient (HQ) were
2.36pg kg'd” and 1.96 (<1) respectively, posing a considerable health hazard to the general public. Highest
doses are imparted to infants of 7-12months, making them the most vulnerable group of population to U doses.

Hair compartment model proposed by Li et al, 2009 was employed for prospective and retrospective
assessment of U retention and the calculation of tissue and organ doses following chrome mntake for 60 years
via drinking water pathway. Hair growth rate was normalized at 0.1g d" and alimentary tract factor as 0.6%.
Cortical bone volume and soft tissue form the stable U repository in the human body. Bone surface (38%),
kidneys (14%), LLI (11%), ULI (5%) and liver (5%5) are the major dose recipients. The annual effective dose to
the whole body due to U ingestion via drinking water ranges from 1.92uSv to 70.32puSv with an average of
19.90puSv which is below the threshold of 100uSv (WHO, 2011). The mean uranium excreted from the body
per day via faeces, urine and hair were 166.71pug, 0.35ng and 0.64pg, respectively.
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Fig. 1. Hair compartment model of uranium
Keywords: Uranium biokinetics, Hair compartment model, Age and organ-specific doses
REFERENCES

1. W.B.Li Z. Karpas. L. Salonen. P. Kurttio. M. Muikku, W. Wahl, V. Ho llriegl. C. Hoeschen. U. ingestion of natural
Oeh (2009), A compartmental model of uranium m human hair for protracted uranium m drinking water, Health

Physics, 96:6
e | 124 [




S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | o sesn | prairsesen | Oral Session T2

0S2.4 (T2.4-0673)
Biological Dosimetry - Status and Challenges
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In a radiological or nuclear emergency it 1s highly important to obtain personal information about a potentially
recetved radiation dose and thus to take fears or, if necessary, initiate individually tailored treatments.
However, refrospective dose estimation, especially in case of large scale events with a large number of possibly
exposed individuals remains a challenge. This does not only apply to retrospective dose estimation but also to
accompanying measures such as collection and transport of biological samples or personal devices. During the
years several strategies have been developed, tested and are frained to be prepared for different scenarios.
Today there is a broad and increasing spectrum of assays, which can be used for retrospective dose estimation
and depending on the circumstances the best strategy can be chosen to the benefit of the individual person, but
also for society. Thus, even after weeks, a supposedly hugh radiation exposure can be individually excluded
and a "worried healthy" person with supposed radiation symptoms can be differentiated from an actually
exposed person.

Technical development for the analysis of approved, validated biomarkers has been driven forward since years
with great success. Today, due to automation processes, the long established cytogenetic biomarkers are still
very well suited for larger scale events. In addition new molecular biological biomarkers are on their way to
be integrated in biological dosimetry, e g. for a fast classification of individuals or to identify persons who will
need medical care.

Networking between laboratories has also shown to have a high potential for handling mass causalities. This
strategy 1s followed worldwide and there are specialized active networks in America, Asia, and Europe. This
strategy 1s also supported by global orgamisation, as WHO and IAEA. Besides preparedness for different
emergency scenarios, biological dosimetry and the applied methods also contribute to radiation research topics,
e.g. on low dose research or individual radiation sensitivity.

An overview will be given about established and upcoming assays as well as regional and global networks and
their activities. Presented will be also mitiatives, which actively or indirectly support the actrvities and
preparedness of these networks, either by bringing together relevant organisations or by supporting the transfer
of knowledge and skills.

Keywords: biological dosimetry, networking, large scale analysis
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Individual radiosensitivity (RS) 15 a characteristic inherent to the subject associated with an increased reaction
to 1on1zing radiation (IR), influenced by genetic susceptibility. Primary immunodeficiencies (PIDs) are genetic
diseases with defects in the development, function and / or regulation of one or more components of the
mmune system. A group of PID is characterized by defects m DNA repair systems with increased RS.
Numerous studies have been carried out i order to assess whether there 1s a correlation between climieal
radiosensitivity and cellular radiosensitivity determined by in vitro tests on fibroblasts and lymphocytes.

The cytokinesis block-micronucleus test (CBMN) and the comet assay, single-cell gel electrophoresis (SCGE),
would allow the evaluation of this RS. The potential ufility of RS predictive tests is particularly linked to
planned medical exposures, as an additional tool for patient radiological protection and the admimstration of
personalized treatment.

Three clinical cases of pediatric patients with PID are described: Case 1) 1 year old girl with inflammatory
bowel disease, combined immunodeficiency without pathogenic variants in molecular biology panel for PID,
evaluated in 2018 by CBMN. Case 2) a 9-year-old girl, with antecedents of recurrent respiratory mfections
and HyperIgM syndrome, which may associate alterations in DNA repair, evaluated in 2012 by SCGE. In 2018
diagnosed with activated PI3KGé syndrome (pathogenic gain-of-function variants m the genes encoding
phosphoinositide 3-kinase &), a RS study was repeated using CBMN. Case 3) 15 years old boy with two
heterozygous mmtations of gen PREDC associated with immunodeficiency, granuloma, wuvertis,
Iymphocytopenia and leukopenia, evaluated in 2019 by CBMN.

Results: Case 1) The frequency of micronucler (MN) shows values compatible with normal RS, Case 2) the
RS studies conducted in 2012 and 2018 showed hypersensitivity to IR. Case 3) the MN frequency values could
be related to the heterozygous mutations observed in the PREKDC gene and the hypersensitivity associated with
an increased reaction to IR.

Conclusion: These results show the importance that predictrve trials ‘application would provide for the
evaluation of patients with suspected / diagnosed PID who may require radiant procedures or radiomimetic
drugs for complications (avtormmunity, inflammation, malignancy) or hematopoletic precursor
transplantation.

Keywords: Radiosensitivity, immunodeficiencies, DNA repair.
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Recent Developments on Automated High Throughput
Biodosimetry Tools for Radiological/Nuclear Mass Casualty
Incidents
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In the case of radiological /nuclear (R/N) mass casualty incidents, several hundreds and
thousands of humans may be exposed to ionizing radiation. Timely assessment of radiation dose
is critical for making an appropriate “life-saving” clinical decision for those exposed to
moderate and high doses of radiation. Currently available biodosimetry techniques are
time consuming and laborious making them impractical for mass casualty incidents.
Therefore. it is imperative to develop automated high throughput platforms for some of the
well-known biodosimetry tools to provide rapid biodosimetry. An equally important aspect is to
discover new biomarkers that can enhance the rapidity of dose assessment on samples obtained
with minimal invasion. To achieve this objective. a multidirectional approach has been
undertaken at the REAC/TS Cytogenetic Biodosimetry Laboratory: (I) Development and
automation of high throughput Dicentric Chromosome and CBMN assays on robotic platforms.
(IT) Increase the rapidity of dose assessment by automated image analysis (III) Automated
analysis of a novel biomarker. Psendo-Pelger Huet Anomaly (pseudo PHA). (IV) Development
of automation for the Premature Chromosome Condensation (PCC) technique and (V)
Development of electronic tramming tools to teach and train clinical laboratorians for increasing
the surge capacity of dicentric chromosome scorers for validation of estimated radiation dose.
Additionally. efforts are being made to optimize the interphase chromosome breakage analysis
(ICBA) tool that can be efficiently performed on any human cell type for dose assessment.
Optimization and clinical validation of high throughput techniques in robotic platforms will
enable a rapid assessment of absorbed radiation dose for several hundreds and thousands of
exposed people. Our multidirectional approach using automated high throughput robotic
platforms will constitute an efficient radiation emergency response to fulfill the biodosimetry
needs of R/N casualty incidents in the futre.

Acknowledgements: The funding received from the US Department of Energy/National
Nuclear Security Administration is gratefully acknowledged.
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The CE-IVD marked REDI-Dx test is a direct from stabilized blood, gene expression based high throughput
biodosimetry test system undergoing clinical validation in preparation for a de novo subnussion to the US
FDA. The test system consists of a 1.0 ml draw blood collection tube, a multiplex gene expression assay kit,
and the Thermo Fisher ABI 3500xL Dx Genetfic Analyzer with custom analysis software. The blood samples
are stable for 14-days at ambient conditions for transport and the testing process takes as little as 6 hours
with a throughput of up to 1100 samples per 24 hour day per system. The test is designed to estimate dose
from 0 to 10 Gy. Test accuracy as well as sensitivity and specificity are being evaluated using a combimation
of blood samples from human cancer patients undergomg total body wrradiation (TBI) in preparation for bone
marrow transplant, TBI non-human primate (NHP) samples, and more than 500 non-irradiated human
samples including burn, trauma, influenza, and other potentially confounding conditions. There were zero
false positives in the human variability samples consisting of Caucasian, African American, Hispanic and
Asian adults, as well as geriatric and pediatric samples with no apparent effect of age, race or sex. Simularly,
in the potential confounder cohort representative of common chronic conditions, pregnancy, lactation,
obesity, and likely therapeutics, there were zero false positives. Granulocyte-colony stimulating factor (G-
CSF) does lead to false positives after 5 days of daily treatment, so sample collection should be performed
prior to or at the time of administration. Testing of 44 influenza patients yielded 1 patient with an estimated
dose of above 0.5 Gy, and burn, severe infection and trauma evaluations are underway. Several pre-
wrradiation cancer patients were reported as false positives with a mean estimated dose of 0.2 Gy. Initial
results from Human TBI samples (141 fractionated dose samples, 3 x 1.2 Gy, Nomunal doses of 3.6, 7.2, and
10.8 Gy) showed good separation between dose levels and a correlation of 1= 0.93 with nominal dose.
Human TBI results will be compared to matched regimen fractionated dose WHP TRBI to bridge between
humans and NHPs. NHP based single dose TBI accuracy assessment 15 on-going. The REDI-Dx
Biodosimetry Test System 1s For Investigational Use Only in the USA and bears CE-IVD marking in EFTA
and EU.

Keywords: Biodosimetry, high throughput
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Biomarkers are essential in evaluating exposure and for predicting future adverse health outcomes.
Development of cellular and molecular biomarkers 1s an important goal in public health research. Many
attempts have been made to 1dentify biomarkers which can be used for high throughput biodosimetry sereening.
Chromosome alterations such as dicentrics and translocations induced by 1omsing radiation can be detected by
using fluorescence m situ hybridisation (FISH) using telomere and centromere specific peptide nucleic acid
(PNA) probes as well as by multi-colour FISH. DNA damage can be measured by both vH2AX and
micronuclel analysis. Gene expression profiles using microarray analysis will be useful in identifying
signature genes of exposure to ionising radiation. Predictive genomuics may be a pronusing approach to high-
throughput radiation biodosimetry. It 1s anticipated that such a multiparametric approach using advanced
biodosimetry techniques may be needed in estimating the biologically relevant doses of radiation in accidental
or occupational exposures. The application of different assays — classical cytogenetic assays and molecular
biodosimetry assays — will be discussed in the presentation with reference to low- and high-LET radiation
exposure

Keywords: Ionising radiation, high and low-LET, Biological Dosimetry
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Contact Lens-Type Ocular In Vivo Dosimeter for Radiotherapy
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This study aimed to (1) develop a contact lens-type ocular in vivo dosimeter (CLOD) that can be worn directly
on the eye and (11) assess its dosimetric characteristics and biological stability for radiation therapy. The molder
of soft contact lens was directly used to make the dosimeter, which included a radiation-sensitive component—
an active layer sinular to a radiochromuc film—to measure the delivered dose. A flatbed scanner with reflective
mode was used to measure the change i optical density due to nradiation. The sensifivity, energy, dose rate,
and angular dependence were tested in this study and the uncertamnty in deternuning the dose was calculated
using an error propagation analysis. Sequential biological stability tests, specifically, cytotoxicity and ocular
irritation tests, were conducted to ensure the safe application of CLOD to patients. The dosimeter demonstrated
high sensitivity in the low dose region, which linearly decreased with the dose. The differences for the 10 and
15 MV photon beams were 1.7% and 1.9%, as compared fo the 6 MV photon beam, which increased with
energy. No significant dose rate dependence was obtained for the CLOD. Angular dependence was observed
from 90° to 180° with difference of response from 1% to 2%. The total uncertainty using error propagation
analysis decreased as a function of dose with the red channel, presenting uncertainty values of 11.0%, 5.6%,
2.4%, 1.4%, and 0.9% at 5, 10, 20, 30, and 50 cGy, respectively. Quantitative evaluation using the MTT
method presented no cytotoxicity. Further, no corneal opacity, iris reaction, or conjunctival inflammation were
observed. The CLOD 1s the first dosimeter that can be worn close fo the eye. The results of cytotoxicity and
irritation tests indicate that it 15 a stable medical device. The evaluation of dose characteristics 1n open field
condition shows that the CLOD can be applied to an m vivo dosimeter i radiotherapy.
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[a) Sandwiched structure and design of CLOD (b Manufsctured CLOD

Fig 1. (a) Sandwiched structure and design of CLOD and (b) manufactured CLOD

Keywords: Contact lens dosimeter, Lens dose, Radiation therapy
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Cardiac toxicity from adventitious irradiation of the cardiac substructures during radiation therapy can
lead to a variety of cardiac complications. Several studies have discussed the radiation dose-volume effect to
cardiovascular diseases in patients (1). However, the mechanisms of radiation-induced cardiac toxicity and
cardiac structures involved are not clearly understood and data showing the relationship between radiation
dose to heart substructures and subsequent cardiac complications are scarce.

We developed an automatic method to segment cardiac sub-structures given in a radiotherapy planming
computed tomography (CT) image set to support epidemiological studies or clinical trials looking at cardiac
disease endpoints after radiotherapy. Our method is based on a library of 30 detailed cardiac atlases combined
with a most-simular atlas selection algorithm and three-dimensional (3D) deformation. We cross-validated our
method within the library by evaluating standard geometric comparison metries (1e, Dice Similarity
Coefficients (DSC) and Average Surface Distance (ASD)) and by comparing cardiac doses for simulated breast
radiotherapy between manual and automatic contowrs. We also analyzed the impact of the number of cardiac
atlas in the library and the use of manual guide points on the performance of our method. The DSCs from the
cross-validation reached up to 97% (whole heart) and 70% (chambers). The ASD for the coronary arteries
was less than 11.0 mm with the best agreement (7.3 mm) in the Left Artery Descending (LAD). The dose
comparison for simulated breast radiotherapy treatments showed absolute dose differences less than 0.3 Gy
for the whole heart, whereas the coronary arteries showed differences less than 2.3 Gy (LAD). The sensitivity
analysis showed no notable improvement in our method beyond ten atlases and the use of manual guide points
does not significantly improve performance.

The developed method for automatic segmentation of cardiac substructures for radiotherapy CTs,
combined with accurate dosimetry techniques, should be useful for cardiac dose reconstruction of a large
number of patients in epidenuological studies or clinical trials.

Figure 1. Cross sectional view of manually-drawn (left) and automatically-generated (right) heart
substructures

Keywords: Cardiac structures, Automatic segmentation, Deformation, Breast radiotherapy
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Experimental validation of TG-43 brachytherapy dose calculation
formalism for HDR Co-60 brachytherapy source
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This study has been designed to develop a three-step method of m-phantom dosimetry around a HDR
brachytherapy Co-60 photon source. The present development of a method of in-phanfom dose measurement
under reference HDR brachytherapy conditions was performed in recognition of the primary role of
brachytherapy dose calculations according fo the AAPM TG-43 recommendations. This also can be
considered as an experimental validation of TG-43 consensus data. This method 1s a frame for in-phantom
dosimetry i brachytherapy, analogous to “small calibration field” commonly used m teletherapy fo provide
the reference conditions for the cross-calibration of high-resolution detectors. The first step was to measure
the absorbed dose rate to water with the calibrated 1onization chambers and with solid-state detectors such as
stlicon diodes and diamond detector under reference conditions. The second was to determune Radial and
Amnisotropy function. Under these identical reference conditions, third step was to cross-calibrate, small solid-
state detectors such as silicon diodes, synthetic diamond detector well suited for spatially resolved dose rate
measurements particularly at smaller source axis distances in the water phantom In water dose rate
measurements were performed using PTW senuflex chamber type 31010, PTW senuflex chamber type 31013,
PTW Pinpoint chamber type 31006, PTW mucrodiamond type 30019 and PTW Diode detector 60012 (PTW
Frieburg, Germany). Eckert & Ziegler BEBIG's “SagiNova” model of HDR Brachytherapy Co-60 source
machine with PTW MP3 Scanning water phantom and “MEPHYSITO™ soffware were employed for the
measurements. The distance of 40 mm from the source axis was chosen as the reference condition for cross
calibrations. The correction factors have been devised, developed and evaluated durmng the experimental
measurements with various dosimeters. The results of present study showed that major contributing correction
factors were volume averaging and posttion of the chamber’s effective pomt of measurement (EPOM) durmng
the validation. The present work provided methodology for (1) the experimental determination of the position
of the source axis, (2) a general formulation for the volume averaging correction factor of small 1omzation
chambers and (3) the experimental deternunation of the EPOM positions. Detailed results including correction
factors specific to particular kind of detector and cross calibration values will be discussed further during
meeting.

Keywords: Brachytherapy, Cobalt-60, phantom measurement
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Aim: The present stt%was aimed to assess radiation dose to eye lens for the head and neck cancer patients
treated with Rapid Arc

Material and Methods: Twenty patients with head and neck cancer were randomly assigned to participate in
the present study after obtaming a written informed consent. The inclusion criteria of patient in study were
having disease extended bilateral and a curative intent. The patient age (range, 38 - 65 years; mean, 51 years)
treated with Volumetric Modulated Arc Therapy (VMAT)/ Rapid Arc™ which is a form of external beam
radiation therapy (EBRT). All the patients were planned with Eclipse treatment planning system version 13.7
(Varian Medical Systems, Inc , Palo Alto, USA) and treated with RapidArcm dual arc (1 isocenter, 2 full arc,
+30° collimator angle) technique using Trilogy (Varian Medical Systems, Inc., Palo Alto, USA) linear
accelerator (Linac) equipped with 60 pair Millenmum Multi-Leaf Collimator (MLC). The patients treated with
a conventional fractionation regime of 70Gy/35 fractions, with a dose delivery of 2 Gy/fraction. The eye lens
doses were assessed by placing the dosimeter as close a ngcssible to the eye m contact with orfit. The OSL
dosimeters were from Landauver Inc., Al:0;:C nanoDots™ (10 X 10 X 2 mm). A set of information were
recorded from each of the partlclpants such as patient ID, patient characteristics, age, skull size, distance of
planning target volume (PTV) from eyes, target volume, Momtor umts (MU) delivered dunng treatment etc.

Results: The total target volume was recorded m range, 338 — 560 cc; mean, 460 cc. The distances of
planning target volume (PTV) edge from eyes were found in range, 3.0 — 8.7 coi; mean+SD, 4 5+2 8 cm. It
was observed that maximum eye lens dose was recerved during the treatment of cancer of the maxilla. This
was measured 1.26 cGy per fraction for a mean dose delivery of 200 cGy/ #, 1.e. 0.63% of the tumor dose. At
the end of the EBRT, the cornea would have received total estimated dose of 44.10 cGy m 7 weeks. Whereas
during the treatment of Ca Vocal cord was responsible for the mininmm corneal mean dose 1.14 c¢Gy per
fraction for a dose delivery 1e. 0.57% of the tumor dose. At the end of the EBRT, the eye lens would have
received total estimated dose of 39 .90 ¢Gy m whole treatment fractions. It was observed that nuninmm eye
lens dose was recerved due to greater distance of eye from PTV edge. There was no significant correlation
observed in eye lens doses with respect to target volume and average MUs delivered during Rapid Arc™
treatment. The average cumulative dose to eye lens was estimated 42 ¢Gy with Linac Rapid Arc™ treatment
of head and neck cancers.

Conclusion: The radiation dose to eye lens is critical and important. Our results show that assessment of dose
to eye lens 1s recommendatory during radiotherapy freatment of curative cancer patients.

Keywords: Eye lens dose, Rapid Arc, Optically stimulated luminescence (OSL) dosimetry

133



The Korean Association
for Radiation Protection

e | o sesn | prairsesen | Oral Session T2

0S2.6 (T2.1-0531)
OpenRadiation: a collaborative project for radioactivity
measurements in the environment by the.public
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After the Fukushima accident, initiatives emerged from the public to carry out themselves measurements
of the radioactivity in the environment with various devices, among which smartphones, and to share data
and experiences through collaborative tools and social networks. Such measurements have two major
interests, on the one hand, to enable each individual of the public to assess his own risk regarding the
radioactivity and, on the other hand, to provide “real time” data from the field at various locations, especially
in the early phase of an emergency situation, which could be very useful for the emergency management.

The objective of the OpenRadiation project is to offer the public the opportunity to perform measurements
of the radioactivity using connected dosimeters on smartphones. The challenge is to operate such a system
on a sustainable basis in normal situations and being useful in an emergency situation. In normal situations,
this project is based on a collaborative approach with the aim to get complementary data to the existing
ones, to consolidate the radiation background, to generate alerts in case of problem and to provide
education & training and enhanced pedagogical approaches for a clear understanding of measures for the
public. In case of emergency situation, data will be available “spontaneously” from the field in “real time”
providing an opportunity for the emergency management and the communication with the public.

The practical objectives are to develop i) a website centralising measurements using various dosimeters,
providing dose maps with raw and filtered data and offering dedicated areas for specific projects and
exchanges around data and ii) a dosimetric app using a connected dosimeter. This project is conducted
within a partnership between organisms’ representative of the scientific community and associations to
create links with the public.

This project is conducted within a partnership between organisms’ representative of the scientific
community and associations to create links with the public. The website is available since October 2017 and
more than 100 000 measurements were performed by about 80 users.

M
Lo
\ ]

m

ciBs7s
0,075 pSvin L \\
o plus

PR 4 5«
(.l 4
Gl Parcde | 1 1ee B ]

Louviciennes
A S

TOUTES QUALIFICATIONS v "2’;/9‘
TOUTES MESURES v 3




S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | o sesn | prairsesen | Oral Session T2

0S2.6 (T2.1-0281)
Current status of a carborne gamma-ray survey system,
KURAMA-II

Minoru Tanigaki
Institute for Integrated Radiation and Nuclear Science, Kyoto University,Japan

KURAMA-TI a carborne gamma-ray survey system characterized as its compactness, autononious operation,
acquisition of pulse height spectrum data along with GPS data, has established its position as an effective
method for the radiation monitoring method in the environment on a long-term basis'. Periodical surveys in
eastern Japan have been conducted by the Japanese government since 2011. A continuous carborne survey of
radiation by KURAMA-IT installed on local buses continues in Fukushima prefecture as a collaboration among
Fukushima prefecture, Kyoto University, and JAEA

The applications of KURAMA-IT have begun to extend beyond just monitoring the radiation. One of such
examples is the implementation of KURAMA-IT into a robot for the recovery of farmlands near Fukushima
Daiichi Power Plant. This robot 1s also equipped with a hyperspectral system for fertility estimation, a high-
precision GPS-based guidance system, and the data will be processed at a cloud-based analysis and
visualization system. Now the implementation of KURAMA-II 1s fimished and a series of field test including
the comparison with the results of a standard procedure in soil-contamination measurements is on the way. A
certain number of this kind of robots will be deployed mtending to accelerate the recovery and farmlands,
especially in difficult-to-return zones around Fukushima-Daiichi Power Plant.

Another trial 1s to port the system to a low-power single-board computer for realizing a low-power, compact
KURAMA-TI as a tool for the prompt establishment of radiation monitoring in a nuclear accident. Autonomous
network communication based on LPWA (Low Power Wide Area network) is mtroduced to this type of
KURAMA-TI realizing the extensive coverage of the radiation monitoring network under extreme sifuations
such as a large-scale black-out caused by an earthquake.

The present status and prospects of KURAMA-TI. mcluding the status of these trials, are ntroduced.

Keywords: KURAMA-II, soil contamination, single-board computer
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Anthropogenic radioruthenium (**Ru) has been detected in the environment from late September to early
October 2017 by the environmental monitoring networks of several European countries, mcluding the
monitoring stations of the Hungarian National Environmental Radiological Monitoring System (NERMS) [1].
The widespread, continental scale detection made the comprehensive analysis of the available monitoring data
necessary. However, difficulties arose in the direct comparison of the reported data due to the different length
of sampling periods in relation to the residence time of the contaminant. This requred the mathematical
unification of the vanant sampling periods for their usage as mtegration periods [2]. The evaluation of the
measurement data was further complicated by the availability of data with deficient mformation content and
different data format.

This paper’s objective is to assess the data supply procedure of the Hungarian environmental radiological
monitoring systems based on the key lessons learned from the 'Ru detection event. General proposals were
determined for the evaluation of individual measurement data applied e.g. in the uncertamty analysis and
wmprovement of detection limits of environmental measurements, as well as i the reporting of measurement
results. Furthermore proposals were developed for the statistical analysis of environmental radiation
monitoring, including the comparison of data originated even from different entities.

As a result of this work, the accuracy of the monitoring data can be increased and their usage in the assessment
of dose consequences may be improved in a sinular release case.

Keywords: " Ru release, environmental monitoring, statistical analysis
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In order to study natural radiation exposure m Douala, the largest and most populated city in Cameroon, in-
situ radiation measurements were carried out with Nal(Tl) scintillation detector at 1m in height from the soil
ground to determine activity concentration of **U, *Th and **K. Also, the car-borne survey was conducted
m Douala to measure air absorbed dose rates. Indoor radon and thoron concentrations were measured m 71
dwellings in Douala city using passive type radon-thoron detectors (RADUET) for long-term measurements.
Thoron progeny concentrations were also measured with deposition detectors placed with the radon-thoron
detectors. Moreover, soil samples were collected in a part of Douala for radicactivity measurements in the
laboratory. From the results of the measurements, arithmetic mean, minimum and maximum air absorbed dose
rates estimated to be 50 nGy h'. 29 and 86 nGy h™! respectively. This arithmetic mean is lower than the world
average value of 59 nGy h™!. The activity concentrations obtained using Nal(T1) detector varied from 18 to 47
Bq ke! for #5U, 21 to 54 Bq ke! for 2*Th, and 10 to 410 Bq kg™ for *’K with averages of 29, 38 and 202
Bq kg respectively, for in-situ measurements. They vary between 29-98 Bq kg™ for ***U, 29-92 Bq kg™ for
B2Th, and 40 to 79 Bq kg'! for “K_ with the averages of 60, 57, and 56 Bq kg'! respectively for soil samples
collected at Douala ITT subdivision. However, radon, thoron and EETC were respectively found to vary from
31+ 110436+ 12Bqm>, 4+7t0 246+ 5Bqm™, and 1.5+ 0.9 to 13.1 + 9.4 Bqm~. The arithmetic mean
values of radon, thoron and thoron progeny concentrations were respectively found to be 139 = 47 Bqm™, 80
+ 52 Bqm~, and 4 6 =2 9 Bqm~. The mean value of the equilibrium factor for thoron is estimated at 0.11 =
0.16. The highest annual external effective dose of 0.7 mSv y! for in-situ measurements by car borne survey
observed at Ndogbong 1s higher than the world average value of 0.5 mSv y'!. The annual effective dose due to
exposure to indoor radon and progeny was found to vary from 0.6 to 9 mSv y! with an average value of 2.6 +
0.1 mSv y* and the effective dose due to the exposure to thoron and progeny was found to vary from 0.3 to
2.9 mSv y with an average value of 1.0 = 0 4 mSv y'. The contribution of thoron and its progeny to the total
mhalation dose was found to vary from 7 to 60% with an average value of 26%; thus their contributions should
not be neglected in inhalation dose assessment.

In general, radiation doses have shown no significant health risk due to exposure to natural radiation from
external sources, to radon, thoron and their progeny in the study area.

Keywords: Natural radioactivity, air absorbed dose rate, radon/thoron, progeny.
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Performing radiological characterization of structures and land areas during decommissioning of a nuclear
facility involved multiple surveys of land areas and large structures to support remedial action and then and
eventual Final Status Survey for site release. These surveys are typically performed using manual methods,
which 1s time consuming and labor intensive. Due to the repetitive effort of performing surveys over large
areas, automation of radiological characterization techniques has a high potential to be successful and
promises substantial benefit.

EPRI has performed a project that started with the development and then the eventual demonstration of an
autonomous site characterization system. This EPRI project focused on building surfaces and the surfaces of
large land areas as these configurations lend themselves more readily to automated survey. The project used an
existing EPRI robot platform, but included the development of a LIDAR mapping program to define the limits
of the robot pathways, and to provide location information about the robot when inside. A GPS provides the
location when outside. .

The radiation sensors were
supplied by Mirion Technologies —
Canberra, and included an
LED-stabilized 3x3 Nal detector,
Osprey MCA, ISOCS efficiency
calibration, and a Data Analyst to
repeatedly collect and analyze
each 3-second spectrum. Nuclide
results are obtained each 3 second.
Dual sensors were deployed
spaced 1 or 2 meters apart to
reduce the survey time. The EPRI
geo-mapping algorithms are then
used to generate nuclide-specific
contour maps.

The system was successfully Lolbas i
demonstrated at the Kewaunee Figure 1 The EPRI robot with LIDAR unit i the front, GPS on the

nuclear power plant site in the fall top. Radiation sensors include dual Nal spectrometers on the sides,
of 2019. The demonstration and a doserate meter.

included autonomous surveys of
floor areas mside the Auxiliary Building, and autonomous surveys of environmental areas where potentially
radioactive items were stored 1n the past.

Keywords: Robot, Mapping, Spectrometry
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In-Situ Sample Analysis with Portable Gamma Spectrometers
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The conventional method for monitoring specific isotopes of interest involves taking swipes and bringing
those samples to a laboratory environment for counting. This offers two advantages: stationary laboratory
detectors are often more sensitive than devices used in situ and the ambient radiation levels are expected to
be lower in a counting laboratory than in a potential radiological area where samiples are taken. There are
already cases when laboratory sample analysis is not necessary, for example in an area that is not expected to
have any radiation a survey can be done with a portable scintillator to identify unexpected isotopes.
However, the limits on spectral resolution of portable equipment have comphcated efforts to search for the
presence of 1sotopic signatures that are weak relative other 1sotopes present. This work will focus on the
application of recently developed portable gamma spectrometers to in-situ radiological measurements.

There are many real world environments where radiation levels are relatively high but the presence of a
particular isotope or class of 1sotopes 1s problematic, even in small quantities. One example would be the
presence of fission products in the primary coolant of a nuclear power plant. It may be challenging to
observe the peak from Cs-137 in the presence of strong Co-60 sources, which provide a continuum that Cs-
137 must be detected on top of, or an Ag-110m source which has a strong peak 5 ke'V below the Cs-137
photopeak. A high resolution spectrometer, such as 3D position sensitive CdZnTe (3DCZT) devices
commercially available with total crystal volumes on the order of 19cm”3 and energy resolution of 1%
FWHM at 662 keV, will be capable of achieving a lower detection threshold for Cs-137 in this environment
than a handheld scmfillator with energy resolution on the order of 3%-7% FWHM. This work will study the
use of portable high resolution gamma spectrometers for in situ counting applications and compare their
sensitivity to conventional portable spectrometers.

There are various conﬁgumtmn options that are umque to 3DCZT. For example, an apphcahon specific
mtegrated circuit (ASIC) 1s required for event readout and the choice of ASIC plays a major role on device
performance. There are currently two different ASIC configurations available commercially from H3D, one
has better energy resolution and the other has lower dead time. These two ASICs will be compared for
similar applications to determine when it is 1deal to use one technology over the other. Another major
capability of 3DCZT is to discriminate based on event type. For example, events in the central pixels of the
detector have a higher peak-to-Compton ratio than pixels near the edge of the detector. Also, events that
trigger only one pixel tend to have better energy resolution while events that trigger more events tend to have
better peak-to-Compton ratio. The ideal configuration fo maxinize sensitivity will be discussed based on
the in-situ measurement scenario.

Keywords: Gamma-ray speciroscopy, sample analysis, CdZnTe, CZT
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Radioactivity-induced Charging: Theory and Measurements
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Nuclear events Chernobyl disaster in 1986 and Fukushima Daiichi accident in 2011 can release large amounts
of radionuchdes into the environment and consequently cause substantial radiation damage to humans and
ecosystems. The scope and the level of the radiation damage depend on the amount of radicactivity
accumulated in the environment. Accumulation of radioactivity mainly results from atmospheric dispersion
and deposition of radioactive particles, indicating that predicting atmospheric behavior of radioactive particles
is a key step to assess the impact of such nuclear events on public health and environmental pollution.'

Attempts have been made to investigate the behavior of individual radioactive particles and radioactive particle
populations in air.”” These studies have shown that the behavior of radioactive particles can significantly
change over time because of strong electrostatic particle-particle mteractions. When radionuchdes decay into
different nuclides, radioactive particles can instantly acquire and accumulate electrical charge by self-charging
and diffusion-charging mechanisms. Self-charging is due to acquisition of electrical charge via the emission
of alpha and beta particles. Diffusion charging 1s due to acquisition of electrical charge by capturing gaseous
ions. Charge accumulated on radioactive particles can create strong electrostatic forces between the particles,
affecting their microphysical processes. Thus, 1t 1s essential to better understand the charging mechanisms of
radioactive particles in order to more accurately predict their atmosphenic behavior and transport.

This research focuses on reviewing the progress of theoretical and experimental investigations of radioactivity-
induced charging. including the authors” work. Theoretical approaches reviewed in this study include charge
and force balances that have been studied since mid-1950s. Charge balance equations consist of terms
descrbing charging mechanisms, such as self and diffusion charging. Force balance equations generally
include electrodynamic forces to consider radioactivity-induced charging. Various measurement techniques to
quantify radioactivity-induced charging are introduced. Advantages and disadvantages of measurement
techniques of radioactivity-induced charging are discussed. Application studies of radioactivity-induced
charging are also examined.

Keywords: Radioactive particle charging, Radioactivity transport, Nuclear power plant accidents
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Human health and environmental risk assessments of radiation exposure, after a nuclear plant accident or a
deliberate explosion of a radiological dispersion device, are based on theoretical predictions of atmospheric
dispersion of radionuclides. However, because of large discrepancies found between theory and obsen ations
after nuclear accidents, improving predictive modeling of radioactivity transport is a top priority.’ In general,
it is assumed that the microphysical processes of atmospheric particles contaiming radionuclides are
independent of electrostatic surface interactions > Radioactive decay of radionuclides, however, may induce
signmificant surface charging; therefore, electrostatic particle-surface imteractions should be mcluded in
predictive models of radioactivity fransport to reduce uncertainty i radiation risk assessments.

This study is focused on investipating the influence of radioactivity-induced charging on atmospheric
dispersion of radioactive particles. A theoretical framework has been developed to mcorporate particle
charging and subsequent charge effects, chemical transformation of radionuclides, and mucrophysical
processes of radioactive particles™ which are relevant to this investigation. It has been found that
radioactivity-induced charging can significantly influence various microphysical processes of radioactive
particles because the particles can acquire electrical charge mmmediately after radioactrve decay of
radionuclides. The acquisition of charge by the particles can create strong electrostatic particle-particle
interactions. For example, the coagulation of lighly radioactive particles can significantly be suppressed
because strong electrostatic repulsive forces can be generated between the particles which can instantly acquire
many positive charges by radioactive decay of numerous radionuclides. Then, the framework was meorporated
wmto a transport model to assess the effects of radioactivity-induced charging on atmospheric dispersion of
radioactive particles. Simulation results have shown that growth rates of radioactive particles dispersed in air
can significantly change due to effects of radioactivity-induced charging, and this change can mmpact the
deposition rates of the particles. Results of this investigation suggest that radioactivity-induced charging should
be taken into account to more accurately predict transport of radioactivity after a nuclear event.

Keywords: Radicactive particle charging, Radioactivity transport, Nuclear power plant accidents
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In 1994, a new type of gamma radiation coming from the Earth’s atmosphere has been discovered. This
radiation, now referred to as terrestrial gamma-ray flashes (TGFs), comes in the form of bursts of high-energy
photons, lasting less than one millisecond [1]. Initially expected to be rare events, we now know that they are
related to common thunderstorms [2 ; 3] and common types of discharges, namely intra-cloud lightning [e.g.,
4]. Briggs et al. [5] estimate that 400,000 TGFs per yvear occur globally, as detectable by the Fermi Gamma
ray Burst Monitor (GBM). Thunderstorms also produce another type of events, called gamma ray glows. These
are significant elevations of the background radiation, lasting from seconds to minutes. Both are explained by
the bremsstrahlung emission from relativistic runaway electron avalanches (RREA) [e.g., 6 ; 7] taking place
in large potential differences in thunderclouds. A conservative estimate for the occurrence of gamma-ray glows
is that 8% of electrified storms produce them [6].

Both TGFs |e.g., 8] and gamma ray glows [e.g., 9] are produced at thunderstorm altitudes, which match with
flight altitudes of commercial flights. That calls for a precise assessment of the risk encountered by aircrew
and passengers on a plane that would fly near or through thunderstorms. The exposure of aircrew to cosmic
radiation is monitored by goftware that estimates the dose received for each individual, within the route flight
data, taking into account the galactic component (cosmic rays) and relevant solar flares. Maximum annual
doses can reach 6 mSv. In 2010, Dwyer et al. [10] already estimated the dose that a TGF could produce as a
function of the diameter of the electron beam, and showed that TGFs could be an additional non negligible
exposure for aircraft passengers. Since then, and as these events are not well understood yet, no other studies
have been carried out to estimate the risk for aircraft passengers. If TGF doses are assessed as significant, this
could challenge the paradigm of dose calculation assessment and require the implementation of on-board
measurement systems, which would have a significant cost for airlines.

In this work, as a first step in the risk evaluation, we will present calculations of doses produced by TGFs and
related processes: RREA, gamma-rays and secondary particles, that would be received by humans if an
airplane were to find itself in such an event. Calculations for electron doses will be realized within two different
theories of production of TGFs (leader-based model [e.g., 11 ; 12] and relativistic feedback model [e.g., 13]).

Keywords: Terrestrial Gamma ray Flashes, Aircrew Dosimetry, Thunderstorms
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Since 1ts 2007 Recommendations, the International Commission on Radiological Protection (ICRP) has used
the voxel-type reference computational phantoms (VRCPs) represenfing adult (male and female) [1] and
children in different ages (newborn, 1, 5, 10, and 15 years male and female) [2] for the calculation of the
reference dose coefficients for radiological protection purposes. While providing anatomically more realistic
representations than the previous stylized phantoms, the VRCPs have linutations coming from the finite voxel
resolutions and mnherent nature of voxel geometry. The VRCPs do not precisely represent very small or thin
organs/tissues which are below their voxel resolutions (= hundreds of nucrometers to several millimeters),
resulting in unreliable dose calculations especially for weakly penetrating radiations. Moreover, the VRCPs
are not suitable to calculate doses for emergency exposure situations planned by the ICRP, because they are
very difficult to be deformed into different postures and body sizes according to the exposed mdividuals. To
overcomie the linmtations of the VRCPs, the ICRP established Task Group 103 to develop new adult and
pediatric mesh-fype reference computational phantoms (MRCPs) in a high-quality/fidelity mesh format based
on the VRCPs. The Task Group recently completed developing the adult MRCPs and their high fidelity and
deformability were demonstrated through various application studies. After development of the adult MRCPs,
the Task Group has undertaken to develop the pediatric MRCPs, which are expected to have same advantages
as those of the adult MRCPs. The development has almost been completed (see figure 1) and is planned to be
fully completed by the end of 2019. This talk will overview the phantom development project in general,
explaining the development procedures, main features, and dosimetric impacts.

Male phantoms shown for figure anly

2 LU ‘l"h.
Newborn 1 year 5 years 10 years 15 years male 15 years female

Fig. 1. Preliminary results for development of pediatric MRCPs.
Keywords: ICRF, Pediatric phantoms, Mesh phantoms
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Gamma spectrum analysis 1s a basic technology in RP. At present, the most commonly used analysis method is
based on photonelectric peaks in the spectrum. However, when detector’s energy resolution 1s poor, measuring
tume 1s short, the spectrum often presents bad behaviours of high statistical fluctuation and low S/N ratio,
meanwhile, there will also exist channel drift caused by temperature change. All these behaviours will make
nusidentification and mussing detection very common when the method based on photonelectric peak 1s
applied. How to improve analysis accuracy of these spectra has always been a difficult problem Recently,
pattern recognition technology based on deep neural networks(DNN) has made rapid development. Because of
its super performance in feature extraction and classification tasks, it has been widely used in face recognition,
image classification, and other fields. Enliphtened by this, is it possible to extract the morphological
charactenistic of gamma-ray spectrum by using DNN and make classification between different categonies e g.
background/non-background? In this paper, this 1dea has been studied.

Firstly, the simulation experiment 1s camried out. In the simulation, 104 background spectra and 104 spectra
contaiming different amount of 661keV gamma ray (enutted by 137Cs) were generated. Next, these spectra are
preprocessed. Then deep convolutional neural network (DCNN) 1s selected as the learner. DCNN i1s chosen
because of its strong ability to extract morphological features, and more important, it 1s topologically
invariable which means 1t 1s resistant to the influence of shape expansion and deformation which are very
commen in the measured spectra. In operation, we use Tensorflow 1.12.0 to build a DCNN structure; the mnifial
convolution kernel width 1s 20, and then gradually narrows. The pooling step size is 4, so that the spectrum
dimension can be reduced to 1/4 after one pooling; the activation function takes the Relu function; and the
optimuzation algorithm uses SGD method. ROC and defection limit were analyzed. The results show that ROC
are befter than that of traditional method (using Genie 2000 as a tool), and detection lumit are 40% lower than
classical Currie limit. Application research was also carried out. A 137Cs point source was measured witha3 x
3 mch Nal (T1) detector. The source mtensity was changed by moving the position of the point source. 104
background and non-background spectra were measured respectively. The measurement time was 30 seconds.
Using these data, ROC and detection linut are also tested, and the results are similar to those of simulation
experiment.

The results of this paper show that under the conditions of short measurement time and poor energy resolution,
DCNN based detection technology can sigmficantly mmprove the accuracy and sensitivity of anomaly
detection. This conclusion shows that this novel approach has great application potential.

Keywords: gamma spectrum analysis, convolution neural network, anomaly detection
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The computational human phantoms (CHPs) which have been developed in the radiation protection field can
be ufilized 1n the radiation oncology, but it 1s necessary to convert from phantom structure to DICOM-RT
dataset [1]. Recently, tefrahedral-mesh (TM) phantoms have been released for representing complex organ
structures realistically and anatomically; however, the TM phantoms have never attempted to convert info
DICOM-RT dataset. The objective of this research project is to develop the conversion program from the TM
phantoms to DICOM-RT dataset, named TET2DICOM, for utilization of the TM phantoms i commercial
clinical software. TET2DICOM is written in C++ and contains (1) a new voxelized method to mumic a CT
image-like pixel array, (2) a contouring system of organ shape based on VTK library, and (3) exporting
DICOM-RT dataset based on GDCM library. To test the developed program. various TM phantoms were
converted DICOM-RT format using TET2DICOM. Subsequently, the converted files were imported mto
clinical software (1.e., MIM and RayStation) and were checked whether functionalities of software were well
performed or not. Our results show that the converted phantoms by TET2DICOM provide identical organ
shapes and HU densities within statistical uncertainty of DICOM voxel resolution, and they were successfully
implemented in chnical software. Figure 1 shows (a) a pair of TM-type reference Korean phantoms (MREKP-
AM and MREKP-AF) [2] and (b) screenshot of planned MREKP-AF converted to DICOM-RT format by
TET2DICOM using RayStation 5, for instance. More detailed results for the other conversion results, including
ICRP reference and pediatric phantoms, will be presented at IRPA15 conference presentation.

Fig 1. (a) 3D renderings of a pair of TM-type reference Korean phantoms (MRKP-AM and MREP-AF) [2]
and (b) screenshot of planned MRKP-AF converted to DICOM-RT format using RayStation 5

Keywords: Tetrahedral-mesh phantom, DICOM, Treatment planning system
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The influence of using Mesh-type Reference Computational
Phantoms on the calibration of an internal exposure
measurement device
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There are several nuclear scenarios that represent a threat to the public health and safety. These include
terrorism acts or accidents where there is the release of nuclear material. While there are several instruments
to quickly measure external exposures, such as Thermoluminescent Dosimeters or Optically Stimulated
Lununescence dosimeters, there is not an efficient and fast method to measure internal exposures.

The newly developed mesh-type reference computational phantoms (MRCPs) [1] represent the evolution of
the previous reference phantoms and a more detailed description of the human body, addressing the voxel
reference phantoms limitations. These allow for a more accurate dose calculation in the human body which in
some cases results in a significant difference on the calculated quantities [2].

In tluis work, the computational calibration of a WBC was performed using the ICRP reference Golem voxel
phantom and the male MRCP. With it, 1t was possible to derive the relationship between WBC measurements
and the corresponding effective dose in a person due to mternal exposure, which can be used to estimate
effective doses to the human body due to internal exposures in emergency scenarios. Whole Body Counters
(WBCs) are used to detect and quantify internally deposited radionuclides in the human body and are a standard
for in vivo measurements 1n several internal dosimetry laboratories [3, 4].

The accuracy of the in vivo measurement depends on the anatomical similarity between the phantom used for
the calibration and the human body. By assuring this, the isotopes distribution within the body and the
corresponding attenuation properties are correctly modeled [4]. Furthermore, it is necessary to precisely
quantify the radioactivity deposited by ingestion, inhalation and absorption through the skin. The comparison
between the two types of reference phantoms aims at understanding how the more detailed model of the human
body provided by the MRCP influences the biodistribution description of the radionuclides and therefore the
calculated internal deposited dose.

Measurements were performed using a physical plastic phantom with **Ba, *'Cs, ®Co and *Mn sources
placed mside in such way that sinmlate the thyroid, GI tract, lungs and whole body internal deposition. The
phantom was placed in an ACCUSCAN II WBC which measurements were performed with two High-Purity
Germanmm (HPGe) detectors. After validating the corresponding PHITS Monte Carlo model, the
computational phantoms were modeled inside the WBC with the organs set as mternal radiation sources, to
simulate an internal exposure. The simmulated source distribution in the organs follows the recommended
biokinetic models, for an accurate description of the internal exposure.

This study shows that by using the relationship function obtamed from the calibration, the effective dose
received to the human body can be derived directly from WBC measurements, making it easy and fast to
evaluate the effective dose to the human body by internal exposure in a radiation emergency. The advantages
and disadvantages of using the new mesh-type reference computational phantoms 1s discussed.
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In this study, we attempted to establish a methodology to estimate the internal exposure of the human body
from the whole body counter measurement result. The whole body counter 1s often calibrated with a reference
physical phantom such as RMC-II phantom or BOMAB phantom. However, previous studies showed that
there 1s sigmficant discrepancy between the results depending on the phantom used [1], and, furthermore,
physical phantoms have mherent hmitations on 1ts versatility as they cannot closely reflect the varous
configurations of the internal exposure. That 1s, even 1f the whole body counter 1s calibrated to the reference
phantom, 1t does not necessarily allow us o correctly estimate the effective dose to the human body from the
internal exposure.

We performed vanous simulations by implementing a few kinds of computational phantoms to be measured
in a whole body counter. The human phantoms may include different internal exposure scenarios in respiratory
or gastrointestinal organs, or glands. We, first, validated our model for an ACCUSCAN 11 whole body counter
by comparimg Monte Carlo simulation results with measurements using a standard point source contained in an
RMC-II phantom. and calculated expected responses of the whole body counter to computational phantoms
including radioactive sources 1n organs. Here, we implemented an ICRP reference golem voxel phantom and a
HDRK-Man (High-Defimition Reference Korean-Man) voxel phantom [2] and calculated the effective dose for
the whole body and each organ from the simulation. Various cases and scenarios were simulated to investigate
the sensitivity of the whole body counter response to many variables in the assessment of the internal exposure
and to obtain a reliable reference data set. The relationship between the whole body counter response and the
estimated effective dose for the human body was deduced for several mternal exposure scenarios. Ths
methodology can be utihzed for various applications requining nternal dose assessment, such as emergency
situations including terrorism and accidents.

Keywords: Internal exposure, Dose assessment, Monte Carlo simulation
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The cadmmum zinc telluride (CZT) detector has several advantages ncluding high detection efficiency and
good energy resolution at room temperature without cooling device due to ifts high atomic number, high
density and wide band- gap. In many studies, the pixelated anode structure had been proposed to achieve the
single-charge-carrier sensimng and minimize the position dependency of the output signal caused by the charge
trapping, low mobility and short life time of the holes, etc. Since this detector also can detect the 3D position
where interaction occurs, the correction of the signal loss based on its position, and Compton imaging with a
4w solid angle with the smgle detectm‘ were possible.

In thus study, the RENA mini —long detector system from Kromek Inc. (Durham, UK) which comprised the
pixelated 20x20x5 mm® CZT crystal, analogy signal integrated circuit and data acqulﬂhon board was used.
We evaluated its spect:mscoglc performauce and feasibility as a Compton imager for various isotopes. The
point sources of 'Co, **Ba, Na and 'Cs were measured and the energy resolutions of 122, 356, 511 and 662
keV peaks were 4.61, 2.94, 2.08 and 2.2 %, respectively. Figure 1 shows the reconstructed Compton images of
the multiple sources that were positioned with 30° intervals and simultaneously measured. Each source could
be reconstructed sepa:ratel} by using the energy window around each photo peak and all source images were
reconstructed by summing individual images after normalization. As a result, every source was clearly
1dentified at each position.

(a) )] ] (d)

Fig. 1. Re;constmction 1mages of multiple sources
(a) Three sources (b) **Na (511 keV) (¢) “'Cs (662 keV) (d) ©Ba(356 keV)

Keywords: CZT, Spectroscopy, Compton imaging
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Measurements Inside Pipes using PIPS Detectors in a Vacuum
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The decommissioning strategy of Danish Decommissioning is a muxture of decommissioning and
decontamination. This means that buildings and structures may remain after decontamination 1if they can be
cleared in thewr entirety. Pipes and ducts embedded in the structures pose a challenge m the clearance
measurements. The chosen clearance measurement strategy for these pipes and ducts is to measure gross a and
p using PIPS detectors. As the surfaces of pipes are curved the geometry poses a size constramt of the PIPS
detectors, due to the fact that the detector surface needs to be close, within a few cm, to the pipe surface in order
to detect a-particles reliably. We would like to present the initial results of a novel measurement method we are
developing to nutigate this problem and make more efficient clearance measurements in pipes and ducts.

a-particles have a very linuted range m atmospheric air at standard pressure conditions. However this range
can be considerably extended in a low density atmosphere. Thus we have manufactured a cylindrical vessel
from which we are able to evacuate some of the air and thereby creating a low density atmosphere at ~
0.02MPa. Placing a plane source and a detector in this environment we are able to do measurements at
different source detector distances much greater than the o-particle range at 0.1 MPa. By calculating the
geometric efficiency of our detector at the different distances to the source we are able to measure the intrinsic
efficiency of our detector at different air pressures. We are calculating the geometric efficiency using a point
kernel approach. In principle we should be able to assess the maximum range of the a-particles at different
pressures using the ideal gas equation.

Once the mtrinsic efficiency of our detector has been determined we will be able to calibrate our measurement
setup. Measuring in a low density atmosphere allows a larger detector as the curvature of the pipe and
maximum distance from the surface no longer poses a constraint of the size of the detector. We are planning to
use multiple detectors in an arrangement which allow us to measure a segment of the pipe in one measurement.
In our planned setup a detector 1s situated perpendicular to a radial line of the pipe at a given distance from the
curved surface. The group of detectors is then placed in a polygonal fashion allowing a simultaneous
measurement of an entire pipe segment. In order to calibrate our measurement setup we need to calculate the
geometric efficiency of the detector measuring on a curved surface. This will be done using the point kernel
method. The calculations will also provide information on how many detectors at a given size 1s needed to
measure a section of a given pipe diameter.

In order to control the width of the measured section our plan 1s to sandwich the detector array between two
discs with a diameter corresponding to the infernal pipe diameter. The discs also serve as gaskets, which ensure
that we are able to evacuate the air between the discs and create a low density measurement atmosphere.

We will present the development of a novel clearance measurement method, to measure embedded pipes and
ducts efficiently. We will show prelinunary results using a cylindrical vacuum vessel, in which a detector can
be positioned at different distances from a plane source. The calibration of this laboratory setup will be used to
calibrate the final measurement setup, where multiple detectors are utilized to measure a pipe segment at the
same tume. It will be shown how the calibration factors are obtained and also show the design of a
measurement setup. Finally it will be touched upon how the measurement method will be integrated into an
accredited clearance measurement system.

Keyweords: Clearance Measurements, PIFS detectors, Pipes
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Alpha contaminations in nuclear facilities should be detected instantaneously because alpha particle emitters

such as plutonium isotopes are very harmful when a worker inhales them. We have developed new alpha
particle detectors for detecting the alpha contaminations accurately and instantaneously: alpha imaging
detectors and alpha dust monitors.

An alpha detector which has a good energy resolution and spatial resolution 1s useful for distinguishing nuclear
material such as plutonium from radon progeny. For the development of the alpha imaging detector, we used
a thin certum-doped Gdi(Ga,Al)sO;2 (Ce: GAGG) scintillator and silicon photomultipliers (S1PMs). The thin
GAGG scinfillator was opfically coupled to a light-guide and the SiPMs for the detector fabrication. The
detector showed a good energy resolution for 5.5 MeV alpha particles (~13 % at the full width at half maximum
(FWHM)). The detector is capable of capturing two-dimensional alpha images. This detector also has the
advantage of its compact size, which enables to measure the alpha contaminations in narrow spaces. We
demonstrated the actual measurement of smear samples obtained from the Fukushima Daiiclu Nuclear Power
Station using the developed imaging detector [1].

Commercial alpha dust monifors with a silicon surface barrier defector (SSBD) operating at some nuclear
facilities frequently produced false alarms due to environmental conditions such as hunumdity. For the
development of the alpha dust monifor, we used a certum-doped Gd,S1,O; (GPS) scintillator plate and a
photomultiplier tube (PMT) [2]. The energy resolution for 5.5-MeV alpha particles was ~12% FWHM. The
count-rate of the radon progeny decreased by 77% with applying energy discrinunation. The alpha dust
monitor was capable of conducting alpha-particle spectroscopy even though the GPS scintillator got wet. The
alpha dust monitor is an ideal choice for in places lacking temperature and humidity controls.

In the presentation at the IRPA 15 conference, we will present the developments and measurement results of
these alpha detectors.

—FMT ok boa

Fig. 1. Developed alpha imaging detector (a)[1] and alpha dust monitor (b)[2]

Keywords: Alpha contamination detector, Alpha imaging, Alpha spectrometry
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The radioactivity measurement method using a calorimeter uses the 1st law of thermodynamics. The decay
energy of a nuclide is absorbed n isothermal system (calorimeter) and converted into thermal energy. The
converted thermal energy causes a temperature change in the chamber. Heat flow occurs due to temperature
difference between sample and background. The heat flow rate of calorimeter is converted mto a measurable
electrical power by the thermoelectric sensor using the Seebeck effect. Radioactivity can be calculated using
the decay energy of the radionuchde, the absorption efficiency at which decay energy 1s absorbed by the
calorimeter, the calibration factors of the system, and the measured heat flow rate.

The 1sothermal calorimeter measurement method can overcome the problem of counting loss due to dead
time. However, since the measurement range of the calorimeter differs from that of the 1omzing radiation
detector, studies are being conducted to secure traceability of radioactivity.

TAM III (TA Co.) was used as a measuring mstrument. By circulating the mineral o1l 1in o1l bath,
temperature changes nside TAMII can be minimized and the temperature setting of the system can be
maintained.

The calibration factor of the calorimeter was obtained using the joule-heating method. The resistor of
199978 kQ connected with current source and voltagemeter was placed in calorimeter. The current of current
source was supplied and voltage was measured by DAQ. The expected power (generated from known current
and resistance) and the heat flow rate measured in calorimeter were compared to obtain calibration factor. The
calibration factor was obtamed m the form of linear function such as y = 1.015 x + 0.078.

**P radionuclide was used with av erage beta energy of 695.5 ke'V per Bq for radioactivity measurement.
The absorber 1s made for the purpose of 100% absorption of average decay energy. As a result of using Monte
Carlo simulation, the decay energy absorbed m the absorber was almost equal to the average beta energy. p
radioactivity in the calorimeter can be obtained by applying the calibration factor after dividing the measured
heat flow rate by 695.5 keV per Bq. The radioactivity measurement of **P source in calorimeter was about 3
weeks and subsequent radioactivity measurement was replaced by TDCR. In addition, we assume that effect
of heat defect on the liquid source will affect the heat flow rate measurement. In order to reduce the possibility
of counting loss of calorimeter due to heat defect, the volume of liquid source was adjusted to 3 mL.

As aresult, the results of comparing the radioactivity (calorimeter) and the TDCR. measurement had a
difference of 2.3 %. The result was at the time when the effect of dead time is expected to be large. After a
period of time to overcome the effects of dead time, the comparison seems to be good. In addition, it would be
possible to measure radioactivity more precisely in the calorimeter if the effect of heat defect on the liquid ratio

of liqud source 1s demonstrated.

Keywords: heat flow rate, absorption efficiency, heat defect
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for Applications in Natural Resources and Life Sciences
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Naturally occurring radionuclides like K and the decay products of the primordial radionuclides »*Th, *°U
and ***U are present in many natural resources. Naturally occurring radioactive materials (NORM) containing
these radionuclides are exploited industrially and often exceed the exemption limits of the activity
concentration. In addition, industrial activities generate a significant portion of waste, possibly enhancing the
potential of exposure of workers and the public and the management.

It 1s necessary to create traceable, accurate, and standardised measurement methods, reference materials and
systems for application in the concerned industries and laboratories to ensure correct analysis of activity
concentration and ensure the radiation protection of workers and the public. There 1s a general need for certified
NORM reference materials in science and mdustry to achieve traceability, validate methods and calibrate
mstruments.

The main problem with NORM lies in the variety of chemical elements and radionuclides composition. NORM
emits many gamma-rays of different, and sometimes interfering, energies that have to be measured and
analyzed by an expert. For the fraceable deternunation of activity concentrations in NORM, reference materials
with a well-established activity concentration are essential.

Therefore, an extensive study of particular problems arising in y-ray spectrometry of NORM samples has been
conducted to investigate the best gamma-lines to analyse the activity concentration in NORM.

A novel alternative way to approach this problem 1s the use of artificial neural networks (ANNs). ANNs are
mathematical software tools that emulate the way the human brain works. They are tramned, tested and validated
using sample datasets and can generalise the “knowledge” gained from the content of the traming set, applying
1t to new problems. This can be viewed as a new calibration tool where no expert knowledge of gamma-ray
spectrometry is needed by the end-user. In this work an ANN was created in the frame of MetroNORM that 1s
able to decide from the input data of a raw gamma-ray spectrum if the activity concentrations in a sample are
above or below the exemption limits. Six NORM reference materials have been analysed. To widen the
applicability of the algorithm, a set of artificial gamma-ray spectra with varying densities and activity
concentrations and material compositions have been created by Monte Carlo simulation and successfully used
in the tramming, testing and validation of the ANN.

Additionally, a certified traceable reference material has been established. It 15 made from filter sand of a
drinking water production site with significantly elevated levels of ***Ra and was used in an intercomparison
exercise with nine European laboratories concerned with radioactivity measurements. Due to its volatile
nature, special attention is given to the evaluation of radon activity concentration and radon tightness of used
sample contamers. A simple and sensitive method for the estimation of 222Rn leakage is proposed.

Furthermore, two 1omization chamber methods have been used to evaluate the radon activity concentration in
drinking water samples.

The results of these studies, the preparation of the reference material and the results of the mtercomparison
exercise and ANN will be presented in this paper.

Keywords: radionuclide mefrology, NORM, ANN
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Activity standardization of 3*Cs and 3Cs by 41B(LS)-y
coincidence counting method

Agung Agusbudiman®23* Kyoung Beom Lee!?, Jong Man Lee!?, Sang Hoon Hwang?
1 Korea University of Science and Technology, Republic of Korea

2 Korea Research Institute of Standards and Science, Republic of Korea

3 National Nuclear Energy Agency, Republic of Indonesia
*agung@kriss.re.kr/agusbudiman@batan.go.id

Caesium-137 (**'Cs) and Caesium-134 (***Cs) are two important radioisotopes that are widely used in both the
research and industrial field. In most nuclear accidents, these 1sotopes are often used as parameters for radiation
contamination in marine organisms, foodstuffs, as well as in the environment. The ratio of these two isotopes
in the environment was also utilized to identify the reactor umits that caused atmospheric releases during the
Fukushima nuclear accident [1]. In terms of activity measurement, the two 1sotopes are very important for the
calibration of y-ray spectrometer as well as for the study of comcidence summing on gamma spectrum analysis.
Due to the importance and the wide application of these two 1sotopes, activity standardization of these 1sotopes
has become important to provide an accurate and traceable activity measurement of the isotopes.

YCs disintegrates with a half-life of 30.05 (8) years by p-ray emissions. The emissions occur 94.36% to the
excited level of ""™Ba with end-point energy of 513.97 (17) keV and 5.46% to the ground state of *'Ba with
end-point energy of 1175.63 (17) keV. The meta-stable °™Ba further decays with a 661.6 keV y-ray emission
to the ground state with decay time 2.552 minutes [2]. This long decay time makes the time correlation between
the 513.97 keV B-ray and the 661.6 keV y-ray enussion events nearly completely disappeared. Therefore, for
the case of activity measurement, *’Cs needs to be treated as a pure p-ray emitter that makes the conventional
4mp-y comcidence method cannot be applied directly to determine its activity. For this reason, “*Cs with a
known activity value is used as a tracer to determine the activity of *’Cs through efficiency tracing method.
To be used as a tracer, the '**Cs needs to be standardized to obtain its activity value The standardization is
performed by using 47p(LS)-y coincidence counting method. The complex decay scheme of **Cs suggests the
standardization of this nuclide using different y-window may lead to different efficiency function.

This paper described the activity standardization of **Cs based on five different settings of y-windows and the
activity standardization of *’Cs using an efficiency tracing method. The mean activity value of **Cs given by
measurements from all y-wmdows setting was (1256.0 = 3.2) kBq/g on reference time with activity value
obtained from each window differing by a maxinmmum of 0.46%. The final activity value for *’Cs obtained from
efficiency tracing method tume 1s found to be (942.0 = 5.8) kBq/g on the same reference time. All quoted
uncertainty values are evaluated at k= 1. All final activity value was compared to the measurement with the
standard ionization chamber.

Keywords: 47f-y coincidence method, Cs 17

Cs activity standardization, efficiency tracing method
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The MetroRADON Project — progress and findings after 3 years
European research work

Hannah Wiedner'*, Franz Josef Maringer?!
1 BEV - Austrian Federal Office for Metrology and Surveying, Austria

MetroRADON i1s a 3-year Horizon 2020 Joint Research Project funded under European Metrology Programme
for Innovation and Research (EMPIR) in which 17 European metrology and research institutes aim to provide
metrology for radon monitoring. During the project, reliable techmiques and methodologies to enable SI
traceable radon activity concentration measurements and calibrations at low radon concentrations have been
developed. This will help to establish a basic European metrological mfrastructure for radon measurements,
enabling sound and traceable monitoring of radon and radon protection in Europe. The need for this project 1s
mostly motivated by the requirements of the implementation of the European Council Directive
2013/59/EURATOM (EU-BSS), aiming to reduce the risk of lung cancer for European citizens due to high
radon concentrations i mdoor air.

Uptake and exploitation of the project’s results and dissemination to as well as inclusion of experiences by all
stakeholders concerned with radon was another main focus point that will be continued by the partners after
the end of the project. The methods developed in the project will assist EU Member States i the establishment
of their national radon action plan required under the EU-BSS. The development of a novel European unified
mdex of geogenic radon hazards provides a consistent picture of susceptibility to geogenic radon across Europe
and will be an important tool for the harmonised implementation and performance of national radon action
plans. Novel calibration methods and traceability validation at low radon activity concentrations have been
devised and new and stable radioactive reference sources developed to achieve sufficiently low uncertainties.
For the first time, the distortion of radon measurement results due to the presence of thoron 1s considered and
corrected at low radon activity concentrations. Traceabilify to a primary thoron standard 1s ensured (and has
been refined), enabling the thoron influence to be reliably investigated. Several materials and methods that can
serve as thoron barriers have investigated. Several infercomparisons have been conducted m the framework
of the project, amongst others a Consultative Commuttee of Ionising Radiation CCRI(IT) key comparison at
the International Bureau of Weights and Measures (BIPM). These mntercomparisons serve to strengthen the
trust of stakeholders and end-users in the measurement and calibration capabilities of the participating
laboratories.

Guidelines and reconumendations on the new calibration and measurement procedures have been and continue
to be published and made available to end users, standards organisations, regulators and mternational bodies.

This paper will present the main results and research highlights after the end of the 3-year Joint Research
Project MetroRADON.

Keywords: Radon, metrology
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Personnel Radiation Monitoring Lessons Learned — A Dose
Reconstruction Perspective

Timothy D. Taulbee!*

1 Centers for Disease Control and Prevention (CDC), National Institute for Occupational Safety
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*ttaulbee@cdc.gov

Under the U.S. Energy Employee’s Occupational Illness Compensation Program Act (EEOICPA) of 2000, the
National Institute for Occupational Safety and Health (NIOSH) is responsible for reconstructing worker
radiation doses that are subsequently used to determuine the probability that a worker’s exposure caused a
specified cancer. This work discusses personnel monitoring lessons learned from a dose reconstruction and
radiation compensation perspective. Personnel monitoring for both internal and external radiation exposures
has changed many times over the past 80 years of radiological monitoring. Most changes have been good and
wmproved radiation momitoring and subsequent radiation protection. For example, most radiological workers
are monitored for radiation exposure via a personal dosimeter and/or through biological monitoring when there
is an internal exposure potential However, some changes such as decreasing or eliminating personnel
monitoring i favor of area, group, or co-worker monitoring have led to challenges from a dose reconstruction
and radiation compensation perspective. The scaling back of personnel monitoring whether external dosimetry
or bioassay momnitoring has resulted in the need fo rely on documentation of the worker's radiation
environment. Without this documentation, dose reconstruction can be challenging when a worker presents
with a reported mjury (cancer) and the job of the radiation safety professional is to reconstruct the worker’s
radiation dose. Was the worker ever exposed to radiation? Was the worker not monitored because the expected
dose was less than the personnel momtoring requirements? How does the radiation safety professional
demonstrate this? Were the area or co-worker records maintained and accessible? Are compliance records
sufficient? Were there breakdowns in the radiological momitoring that led to non-compliance 1ssues? How
does the radiation safety professional reconstruct the dose in these scenarios? When personnel monitoring
data 1s not available, alternate radiation monitoring data (awr sample, surface contamination, co-worker data)
becomes critical for dose reconstruction and compensation decisions. This presentation provides examples of
radiation monitoring lessons learned over the past 18 years of dose reconstruction under EEQOICPA. The
lessons learned mclude availability and subsequent analysis of personal and alternate radiation monitoring
data. The presentation will also address monitoring data limitations such as detection linuts (nussed dose),
records quality and availability, as well as difficulties placing workers m different radiation environments
during their career and how these factors can impact the ability of the radiation safety professional to
reconsfruct a worker’s dose.

Keywords: Dosimetry, Bioassay, Dose Reconsfriuction
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Application of the “graded approach” for the radiation protection
of workers — Examples and reflexions from European ALARA
networks

Sylvain Andresz'*, Fernand Vermeersch?, Nicolas Stritt3, Thierry Schneider?
1 Nuclear Protection Evaluation Centre (CEPN), FRANCE

2 SCK+CEN Mol Boeretang 200, BELGIUM

3 Swiss Federal Office of Public Health (FOPH), SWITZERLAND
*sylvain.andresz@cepn.asso.fr

The “graded approach™ to the regulatory control of practices and the issuing of authorisation is a key principle
m the Euratom Directive 2013/59 [1] that states that the approach applies “for the purpose of radiation
protection and [shall be] commensurate with the magnitude and likelihood of exposure™ (art. 24). Exemption,
notification, registration/licensing and authorization as well as the way to perform inspections (adnumstrative,
technical, etc.) are the options in the hands of the regulator to apply the graded approach (art. 25 to 30). The
Directive had to be implemented into national legislations by 2018.
In this context, the European ALARA Network (EAN') and the European Radiation Protection Authority
Network (ERPAN?) has decided to set up a brainstorming meeting in December 2018 to discuss about the
interpretation of the graded approach and also its practical implementation.
The scope of the bramstorming has been limuted to the application of the graded approach for workers at their
workplace. To amimate the debate, the participants (from 7 countries) elaborated several keynotes to cover
different sectors of activities. In addition, several questions have been shared prior to the meeting, inter alia:
e What are the factors used to implement the graded approach? Are these factors only linked with

radiation protection?

¢  Are there differences in the graded approach for artificial sources and ‘natural’ sources like radon, or
NORM?

* Can we 1dentify good practices and factors of success, or conversely difficulties, when implementing
a graded approach?

After the meeting, the mterest raised by the discussions was elevated and the participants decided to launch a
survey via the EAN and ERPAN networks. The swrvey’s objectives were to collect additional points of view
and also more examples of application. The survey ran in Spring 2019 and 13 questionnaires were sent back,
by regulators and professionals.

A synthesis of the brainstorming meeting as well as the results of the survey will be presented. Several themes
will be addressed like the objectives of a graded approach, notably from the regulators point of wiew; the
common and transversal aspects across the countries/sectors when shaping a graded approach and also the
existence of differences and the reason of 1t. If the ‘entry point® of the approach 1s generally indeed based on
the “magnitude and likelihood of exposure”, 1t also appeared that a wide panel of factors — and not only
radiological ones —are used in the grading it-self, depending on the sector and the circumstances. Examples of
good practices that support the implementation of a functional graded approach have been collected and will
be presented.

Keywords: Graded Approach, Euratom Directive Basic Safety Standards, ALARA
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QUANTITATIVE EVALUATION OF RADIATION PROTECTION IN
INDUSTRIAL GAMMA RADIOGRAPHY THROUGH REGULATORY
INSPECTION

Mussica, R. P.t and Da Silva, F. C. A2
1National Atomic Energy Agency, Mozambique
2Institute of Radiation Protection and Dosimetry, Brazil

Industrial gamma radiography 1s one of the industrial activities deemed as high radiological risk. It is classified by IAEA
as Category 2. among five classes, due to the high probabality of occurrence of radiological accidents and the use of high
radioactive activity sources. Industrial radiography is responsible of relatively significant number of accidents in the
world. These conditions have been receiving special attention from the Regulatory Authorities to maintain a high radiation
protection level i radiography installations. Thas work presents a methodology to evaluate quantitatively the radiation
protection in industrial gamma radiography installations during regulatory inspection. It was based on five steps: (1)
analysis of 40 radiological accidents cases published by TAEA: (2) link among these accident cases, the main causes and
the requirements items for regulatory inspection; (3) selection of 25 requirements items from step 2 to link with IAEA
enforcement classification; (4) definition of weight value for each enforcement group depending on the nisk of non-
compliance; (5) verification, at the end of regulatory inspection. the negative points received by installation due to its
non-compliance, for a total of 390 points. The methodology used showed that the higher score received by the installation
means that the radiation protection level 15 i nisk. The quantitative evaluation done after a regulatory inspection 1s a
resource to verify the performance and specially to quantify of radiation protection level based on non-conformities. It
can also become a tool of great assistance 1n the licensing process runs by the Regulatory Authority.

1. INTRODUCTION

Industrial radiography is one of the non-destructive inspection methods widely used in the mspection of ferrous
and non-ferrous materials welds, castings and forgings, where quality requirements of the industrial sector are
necessary to avoid discontmuities i parts, components, equipment, etc. Tlhus method uses radioactive sources
of ®Co, “Se and especially *’Ir [1].

As industrial gamma radiography is one of the industrial activities deemed as high radiological risk it is
classified by IAEA as Category 2, among five classes, due to the high probability of occurrence of radiological
accidents and the vuse of high radioactive activity sources [2].

The work involved 1s often carried out under difficult working conditions, such as mside confined spaces,
extreme cold or hot temperature, or during the night. Working under such adverse conditions might result in
operational situations in which occupational radiation protection procedures may be compromised. Experience
shows that incidents involving industrial radiography sources have sometimes resulted in high doses to workers
causing severe health consequences such as radiation burns and, in a few cases, death [3].

]

Industrial radiography is responsible of relatively significant number of accidents in the world. In the last 30
years, more than 80 severe radiological accidents mvolving 120 radiation workers, 110 members of the public
and 12 deaths happened in the world, including 10 accidents in Latin America [4, 5, 6, 7]. TAEA published
three Latin America reports: Peru (1999), Bolivia (2002) and Chile (2005).

These conditions have been receiving special attention from the Regulatory Authorities to maintamn a high
radiation protection level in industrial installations. In order to control the use of radioactive sources,
specifically in industrial radiography, all countries should establish a Regulatory Authority with very specific
functions, taking into account TAEA reconunendations. National Nuclear Energy Commussion (CNEN) is the
Brazilian Regulatory Authority and in Mozambique is the National Atomic Energy Agency (ANEA). Both
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Radiation safety standards for public and workers protection in
Belarus

Alena Nikalayenka
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International requirements have been introduce to national radiation safety legislation and
requirements of the Republic of Belarus since 2012 for maintaining national system on radiation safety and one
of triggers was decision to build new Belorussmn NPP. The Republic of Belarus 1s constructing the first NPP
with two units of WWR-1200, 1% and 2*! NPP Units are planned to commence operation in 2020.

The Ministry of Health as one of the radiation safety regulators, 1s responsible for requirements
process, inspections, dose assessment for public and collects the data of radioactive monitoring in people
locations, radioactive contamination of commodities (foodstuff, drinking water), workers and public dose
assessment and etc.

The revised Law on Radiation safety (2019) and national safety requirements for public and workers
protection (SANPINS ) took into account the requirements of IAEA Safety Standard GSR Part 3 regarding the
separate consideration of the situations of planned, existing and emergency exposure. For each situation, the
appropriate approaches for limitation and optimization of the public and staff exposure have been established:
for the planned exposure situation - Dose Limits and Dose Constraints (DC), for emergency and existing
exposure - Reference Levels (RL) of exposure doses to the public, reference levels of content of radionuclides
in the environment. foodstuffs and products. The Requirements define DC for practice, for example for newly
constructed NPP as 100 pSv/year. Specified DC for radioactive waste disposal facility is 300 pSv/ year

The general emergency requirements, generic criteria for implementing protective actions in case of
radiological or nuclear emergency, emergency zones and distances have been established are compliance with
TIAEA Safety Standard GSR. Part 7. Further these criteria have been implemented in the National Emergency
Response Plan and make a basis for decision making on taking protective actions in case of radiological or
nuclear emergency. In addition, they were used to perform a hazard assessment of nuclear facilities and
determune their Emergency Preparedness (EP) category in line with Requirement 4 of IAEA Safety Standard
No GSR Part 7. The categorization is to facilitate introducing of graded approach to applying EP requirements
in the regulatory system of the Republic of Belarus.

The Law On Radiation Safety (2019) established new legislative basis accordance with TAEA
requirements and prescribes using of graded approach to application of radiation safety requirements for
supervision of radiation facilities and emergency preparedness measures. This means that state supervision
over radiation facilities should be carried out taking mto account the degree of radiation hazard of the facility
and 1ts nisk to the health and life of personnel and the public.

An important advance was the introduction to the requirements the ternunology of ICRP and GSR
Part 3: the term “quota™ for “dose constraint™, “representative person” for “critical group™, “minimal activity™
for “exemption and clearance levels” and etc. There 1s not only a new termunology but for the first of all there
are new approaches on safety regulation and assessment.

The Belarusian experience on legislation processing since 2012 allowed to establish gaps and the
needs for new regulatory requirements or recommendations and can be beneficial for radiation safety
requirement process in other countries.

The new radiation protection approaches can be intentionally and deliberately introduced into national
requirements, for example: representative person safety conception, justification principals introduction using
reference levels and dose constrams, clearance and exclusion of radioactive material from regulations and
control, new radiation waste classification and management and etc. The gaps and weaknesses that need to be
considered when implementing international recommendations to national legislation have been deternuned
and recommendations that have to be work out to comply with new requirements were 1dentified as a results
many years experience of processing and use of new radiation safety requirements in Belarus.

Keywords: Radiation safety, requirements, NPP, radiation protection, public, workers.
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An Alternative Proposal for the Regulatory Framework of the
Large Accelerator Facilities in Korean Nuclear Safety Act

Nam-Suk Jung'*, Hee-Seock Lee!, Arim Lee!, and Sang Eun Han?
1 Pohang Accelerator Laboratory / POSTECH, Republic of Korea
2 Korea Institute of Nuclear Safety, Republic of Korea
*nsjung@postech.ac.kr

Recently, the large accelerator facilities such as PAL-XFEL, Pohang Accelerator Laboratory hard X-ray free
electron laser, and RAON, a heavy 1on accelerator of Institute for Basic Science, as well as the particle
accelerators for radiation therapy have been mtroduced and are being constructed continuously in Republic of
Korea. Although the domestic trend 1s mcreasing, the regulatory criteria, suitable for the small radiation
generating devices, are applied to the large accelerator facilities. As the large accelerator facilities need to be
regulated by the concept of the graded approaches to construct, the regulatory framework changes and
mprovements in Korean Nuclear Safety Act are requuired to review the radiation safety issues of the large
accelerator facilities.

To evaluate the alternative proposal, we reviewed and investigated the status of the acts, the regulations, the
classification and the licensing procedures for the large accelerator facilities in foreign countries. We also
considered the accelerated beam specification of the current and near-future domestic large accelerators and
the results of the assessment of the radiation source, 1.e. neutron yields and the induced radioactivity by the
Monte Carlo code, FLUKA. As the results, we proposed two classifications for the large accelerator facilities
according to the radiation risk and summarized the regulatory requirements according to the classification,
level 1 and 2. It 1s considered appropriate to classify the licensing procedures mto two steps, the construction
pernussion and the operation permussion, and related legislation amendments of the domestic large accelerator
facilities are proposed. The results of this study would help to develop the regulatory framework of the large
accelerator facilities in Korean Nuclear Safety Act.

Keywords: Large Accelerator Facilities, Licensing Procedure, Regulatory Framework
ACKNOWLEDGMENTS

We wish to thank the experts m Accelerator Radiation Safety Forum (ARSF) in Korea for their review of the
results. This work was supported by the Korea Instifute of Nuclear Safety (Grant No. 19-22).

159



S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | oxsen | raiursesen | Oral Session T3

0S3.1 (T3.1-0386)

Operational indications and self-assessment forms regarding
environments dedicated to the handling of unsealed sources for
medical purposes

Contessa G.M.1*, D’Avanzo M.A.2, Cocomello G.3, Mattozzi M.2, Pacilio M.4, Sandri S.1, CampanellaF.?

1 ENEA - Italian national agency for new technologies, energy and sustainable economic development,
Italy

2 INAIL - Italian workers compensation authority, Italy

3 Medical physics expert

4 Umberto | university hospital, Italy

*gianmarco.contessa@enea.it

Nowadays the use of radionuclides in the health sector is increasingly widespread in nuclear medicine
applications, or in activifies concerning the manufacture and use of radioactive sources for preparing
radiopharmaceutical products.

In Italy a comprehensive gumde for designing medical laboratories where unsealed sources are handled has
been 1ssued in collaboration with one of the national regulatory authorities. In that document indications are
provided to fulfill the Ttalian regulation and to guarantee the workers safety.

In this work we intend to propose the most important suggestions reported in the published guide, providing
useful operational indications to approach, with the best practice, the design of a "complex” nuclear medicine
service. Special attention 15 devoted to organizational and safety aspects.

Main goal 1s to provide an essential guide in evaluating and choosing the most smitable features and
equipment to lmut the risks due to ionizing radiations and to prevent contamination of workers and the
environment.

In order to prompt toward a sistematic application of the proposed indications, the article meludes specific
self-assessment forms, consisting in a list of some different sequential items, which address the design
process in all the different phases.

The approach followed in the elaboration of the forms includes a list of key points of the design process and
four levels of applicability for every single indication.

These forms represent a useful tool-box both in the initial phase of the project and subsequently for the
development of internal audits aimed at assessing compliance with the indications provided.

Keywords: indications, self assestament forms, Radiopharmacy, Nuclear medicine, unsealed sources
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Radiation safety issues regarding X ray emittable devices below

10 kV applied voltage
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The exemption level for radiation generators or an electronic fube 1s (1) They do not in normal operating
conditions cause an ambient dose equivalent rate or a directional dose equivalent rate, as appropriate,
exceeding 1 nSv/h at a distance of 0.1 m from any accessible surface of the equipment; or(i1) The maximum
energy of the radiation generated 1s no greater than 5 keV according to IAEA GSE. Part 3 and RSG1.7.

The purpose of this presentation is to propose a method to solve issues m terms of radiation safety issues
regarding x-ray emiftable devices below 10 kV applied voltage and the literature review was performed.

In Japan, except national government, Industrial Safety and Health Act covers X ray equipment and it defines
the specific X-ray equipment which are required to use irradiation tubes and filters, and to limit the wrradiation
field adequately. However, the exemption for x-ray equipment has not been implemented in Japan yet as of
Sep. 2019. Therefore, there are practical differences of radiation safety protocol in each facility on X ray
emittable devices such as for X ray fluorescence analysis and electronic microscopes. For distribution of the
newly developed basis weight gauge with below 5 kV X ray generator, it is expected to implement the
mternational exemption level to the Japanese regulation. Furthermore, Crookes tubes including old fashion
types are popular in jumior high schools and the updated government course puidelines mentioning Crookes
tubes will be fully implemented in 2021 so that teachers require radiation safety information since it 1s difficult
to measure low energy and pulsed X ray i a junior lugh school. Therefore, a umique project for providing
accurate radiation doses around each Crookes fube i a school 1s ongoing in Japan.

Although 1t 1s not explicitly mentioned in GSR Part 3 or RSG1.7, the recommended reference depths would
be 10 mm for the operational quantity ambient dose equivalent and 0.07 mm for directional dose equivalent,
since for low energy photons, the reference depth should be 3mm or 0.07 mm for directional dose equivalent
that should be evaluated according to Para 2.34 to 2.38 of GSG7. However, exemption level was derived by
using a scenario to keep each effective dose of 1 mSv 1n a year not mentioning an equivalent dose to the lens
of the eye of 15 mSv nor an equivalent dose to the skin of 50 mSv in a year.

For this reason, it was thought that the exemption level indicated by the IAEA for X ray equipment should be
mmplemented in Japan and the criteria regarding depth on an ambient dose equivalent rate or a directional
dose equivalent rate for exemption should be clearly defined depending on photon energy. Furthermore, dose
constraints for teachers and jumor high school students should be established by stakeholder involvements.

Keywords: Exemption, X ray emittable devices, dose constraints for students
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The role of clearance and exemption in regulating radioactive
liquids using a graded approach: A UK perspective
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2 Radiation Assessments Department, Centre for Radiation, Chemicals and Environmental Hazards, UK

Liguids wastes containing radioactive substances may be generated by a wide range
of facilities and activities, e.g. the decommissioning and clean-up of legacy nuclear
sites, production water from the oil and gas industry, waste waters resulting from
medical applications of radionuclides. The regulation of those radioactive liquids
should be in accordance with the graded approach.

The concepts of clearance and exemption are important elements of the regulatory
framework which, if applied appropriately, contribute to the application of a graded
approach, whilst maintaining a high level of protection. The |AEA have provided
guidance on the application of the concepts of clearance and exemption. However,
that guidance does not explicitly address liquids. Also, unlike for solids, there are no
“bulk quantity” values provided for liquids. It is also questionable whether the
moderate quantity values address all liquid exposure pathways.

The UK has recently reviewed the regulatory framework for controlling the
management of radioactive liquids. The review consisted of 4 tasks; (1) a review of
relevant international standards and guidance, (2) a collection of information, via
questionnaire, from other countries regarding how they apply the concepts of
clearance and exemption to liquids in their own regulatory framework, (3) a review of
the UK’'s domestic framework and its implementation using real examples, and (4)
recommendations for improvement.

Twenty countries responded to the questionnaire; the responses indicate that there
is no consistent approach to the application of clearance and exemption to liquids.
This reflects our finding that there is relatively little international guidance on this
topic.

Real examples of liquid waste management in the UK indicate that more careful
application of the concepts of clearance and exemption will improve the regulatory
framework and result in a more graded approach.
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0S3.2 (T3.1-0339)
ALARA in Practice — 4 Decades of Radiological Protection at
Goesgen NPP

Dr. Marcel LIPS
1 Goesgen Nuclear Power Plant, Switzerland
*mlips@kkg.ch

ATARA 1s an important tool in protecting people from the harmful effects of ionizing radiation. It supports
both, regulators and operators in mmplementing the three radiological protection principles [1], namely
limitation, justification and especially optimization. Even though these principles have not been in the
foreground in the early years of nuclear power generation, operators initiated programs to optimize both
collective and individual doses to workers and the public. Due to technical progress and growing experience,
these optunization programs resulted worldwide in a significant reduction of occupational exposures to
workers in nuclear facilities. At Goesgen NPP as one example mean individual doses dropped from 3.5 mSv/y
in the nud 80ies down to less than 0.3 mSwv/y today. Similar reduction factors were obtained regarding
maximum individual and collective doses. Even though reduction gradients decreased over tume [2], the
downward trends are continuing.

Because of these good results as a consequence of our efforts and the global cultural change on how society 1s
facing any kind of risk the initial ATLARA philosophy is moving more and more to a continuing expectation
that optimization is equivalent to reduction. This philosophy change is even more pronounced in the light of
the ongoing discussions about the effects of low dose radiation. Multiple conservatisms in dose models and
dose calculations as well as added conservatism due to uncertamnties will lead to a musbalance between
radiation nisks and benefits. That causes anxiety among the public and an unnecessary econonuc burden to
nuclear facilities. In light of pressing global issues (1.e. climate change), a discussion about the meaning of the
R'in ATLARA 1s urgently recommended.

dose [mSv]
o
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0S3.2 (T3.1-0197)
Issues to be Discussed Regarding Application of Conformity
Assessment on Uncertainty of Measurement to Radiological
Safety Regulations

Takatoshi Hattori*
I Nuclear Technology Research Laboratory, Central Research Institute of Electric Power Industry, Japan
*thattori@criepi.denken.or.jp

JCGM106 (ISO/IEC Guide 98-4: 2012)' is an internationally used document providing standards or guidelines
regarding conformity assessment considering the uncertainty of measurements. This guide provides general
guidance and procedures for assessing the conformity of an item (entity, object or system). The Joint
Committee for Guides in Metrology (JCGM) consists of eight organizations including the International
Orgamzation for Standardization (ISO) and the International Electrotechnical Commission (IEC), and has not
been directly linked with the radiological protection community. The scope of this guide seems to be lumited
to the application to product control with a very severe requirement for accuracy, for example, in the size or
mass of the products. However, in reference to JCGM 106, the German Commission on Radiological Protection
(SSK) adopted a recommendation’ regarding the conformity assessment in radiation measurement in
September 2016. An example of the confornuty assessment in this recommendation 1s shown in Fig. 1.

Does the measured
quantity value
conferm with the
requiremant?
—— No
1 No
| = No

| Yes

Fig. 1. Example of conformity assessment, where Tt is the regulatory level, in German recommendation’.

Figure 1 shows that the upper confidence level of the measurement must be below the regulatory level, taking
relevant uncertainties into account. This requirement of conformity assessment was also mcorporated into a
Japanese rE:gl.llﬂtm'%r guide in compliance with the clearance level by the Nuclear Regulatory Authority (NRA)
in September 2019°. Also, since 2018, the need for this requirement has also been discussed at an international
level in the framework of the ongoing revision of the IAEA Safety Guide RS-G-1.7. In this presentation,
whether such a strict requirement of uncertainty is necessary for radiological safety regulations 1s reviewed
from various viewpoints, e g, the methodology used to derive clearance levels, the balance in a radiological
protection system with a graded approach, the difference between product control and radiological protection,
and the understanding of the health risk of radiation by both the public and the regulators.

Keywords: Uncertainty, Conformity assessment, Regulation
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0S3.2 (T3.1-0060)
Psychophysiological examinations of employees of the nuclear
industry - an element of the radiation protection system

Bushmanov A.Yu.}, Udalov Yu.D.%, Torubarov F.S.%, Kretov A.S.2*, Tsarev A.N.%, Denisova E.A.2
1 Zhivopisnaya, Russian Federation
*and2610@yandex.ru

The relationship between the level of health of the employee and his professional reliability at the
moment is obvious and requires no further proof. The implementation of measures aimed at reducing the
risks of emergency situations caused by the human factor at nuclear power facilities 1s an important element
of the radiation protection system.

Anmual psychophysiological examinations of certain groups of employees of the nuclear industry in
the Russian Federation is a prerequisite for admission to work. These surveys allow timely detection of
violations of adaptation. leading to a decrease in professional reliability. and to carry out targeted
rehabilitation measures.

Every vear in State Research Center — Burnasyan Federal Medical Biophysical Center of Federal
Medical Biological Agency conducts up to 500 surveys of employees of the nuclear industry working under
the influence of ionizing from 3.25 to 1.62 mSv per year. Professional duties of the surveved emplovees
include the need to make and implement responsible decisions.

Practical experience shows that out of the total number of employees who have passed the
psychophysiological examination, 25.1% have a significant reduction in psychophysiological adaptation,
which is the risk of developing emergency situations due to the human factor and indications for
rehabilitation measures. After completion of the rehabilitation course. repeated examinations were
conducted. according to which 92.3 % of employees have a positive dynamics of the level of
psychophysiological adaptation. which allows them to be admitted to work.

Thus. the mandatory psychophysiological examination of the personnel of the nuclear industry is an
effective element of the radiation protection system. which allows to influence the risks of emergency
situations caused by the human factor and to carry out targeted rehabilitation measures in a timely manner.

Keywords: psychophysiological examination, radiation protection, miclear industry
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0S3.2 (T3.1-0065)
Radioprotection measures adopted during the transportation of

spent fuels from the DCMFEI to FACIRI and collective and
individual doses evolution analyses

Viscovich, T.12* Blanco, M.S.12, Ciavaro, M.12

I National Atomic Energy Commission, Argentina

2 National Program for Radioactive Waste Management, Argentina
*thomas.viscovich@gmail.com, viscovich@cae.cnea.gov.ar

The purpose of this work 1s to describe the different stages developed during the transportation of spent nuclear
fuel elements (EECC), from the Central Fissionable Special Matenal Storage Facility (DCMFEI) to the
Research Reactor Irradiated Fuel Storage Facility (FACIRI), emphasizing on radioprotection. The results of
mdividual and collective doses will be analysed as well.

The National Programme for Radioactive Waste Management (PNGRR), which 1s part of the National Atomic
Energy Commission (CNEA), 1s responsible for the safe management of radioactive wastes and spent nuclear
fuel elements, which come from nuclear activities carried ouf in Argentina. They are stored and treated in the
Ezeiza Radioactive Waste Management Area (AGE).

AGE 15 located at the Ezeiza Atomuc Center (CAE) and 1ts venue 15 eight hectares long. Different facilities
operate 1 the venue, one of them 1s the DCMFEI Spent nuclear fuel elements generated during the RA-3
Argentiman Nuclear Research and Radioisotopes Production Reactor operation are stored in this facility,
adding up to 185 wmuts in July 2015.

In order to increase the capacity and improve the storing conditions of EECC, all necessary tasks were
performed to transfer the 185 EECC from the DCMFEI to FACIRI, located at CAE. The main goal all the
fimes was to mumimize the doses that workers could receive during a normal operation or non-normal
situations, to limit the mcident probabilities, to prevent possible accidents that could occur, and, in case they
would occur, to establish the actions that should be adopted to nutigate thewr consequences.

Throughout its development, the operation involved different systems which tend to optimize the
radioprotection.
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Qualification of Radiation Workers in KSA, Historical Prospective

Al- Zahrany, Awad! and Basfar, Ahmed?

1 Radiological Regulatory Sector, Nuclear and Radiological Regulatory Commission (NRRC); Riyadh,
Saudi Arabia

*a.zahrany@nrrc.gov.sa; a.zahrany@energy.gov.sa

Qualification of radiation workers in industrial, medical. research and services started in 2002, At that
time, radiation safety officer (RSO) examination and authorization began. In 2016, a new qualification
requirements and procedures were developed to examine RSO candidates. and to issue certificates to individuals
who have satisfied these requirements. In addition, certification of qualified experts (QE) was established and up
to now about 20 qualified experts were recognized in many radiation practices based on detailed requirements
including experience in the field. On the other hand, in 2019, authorization of workers in radiation practices
(medical, industrial. research and services) were also initiated. In this paper. lessons learned from implementation
of requirements for authorization of RSO. QE and workers will be presented.
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0S3.3 (T3.3-0344)
Optimization of Radiation Protection by the Implementation of
Local Dose Constraints at ANSTO

Sarah Turek?!, Andrew Popp?, Robin Foy?, Jordan Saratsopoulos?
1 Australian Nuclear Science and Technology Organisation (ANSTO), Australia

The IAEA tells us that a dose constraint is a boundary value for the optimization of planned individual
exposures from a single. specific source or practice. above which it is unlikely that protection is optimized. In
the workplace. a dose constraint (better described as a dose review level) is an operational tool used in the
optimization of protection.

The Australian Nuclear Science and Technology Organisation (ANSTO) is the centre of Australia’s
capabilities and expertise in nuclear science and technology. Through its nature an organisation like ANSTO
encompasses the wealth of the health physics field and utilises a variety of radiation sources. These include
operating the nation’s only mmlti-purpose reactor. OPAL. in Sydney and the Australian Synchrotron in
Melbourne: large fixed ganuna sources: x-ray machines; particle accelerators: neutron sources: neutron guides:
unsealed radioisotopes used in biomedical and chemical applications, biomedical tracer studies, and production
seftings: and naturally occurring radioactive material (NORMSs). As a result. planned exposures are not uniform
across or within these practices.

Previously at ANSTO., to ensure that source-related restrictions provide sufficient protection where there are
multiple sources. the effective dose to any occupationally exposed person as a consequence of planned
exposure situations was constrained to less than 15mSv per year. A review of occupational exposures showed
that it is no longer appropriate to have one dose constraint. ANSTO now develops. in consultation with the
practice owners and Radiation Protection Experts. constraints which represent the prevailing circumstances.
Once determined and agreed upon these constraints are not static and shall be reviewed amnually. taking the
planned operations for the coming year into account.

This paper discusses the development of source or practice specific dose constraints for optimization and
reviews lessons learnt.

Keywords: constraints, optimization, exposures
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0S3.3 (T3.2-0559)
KNOWLEDGE AND PRACTICE OF JUSTIFICATION OF MEDICAL
EXPOSURES AMONG MEDICAL AND DENTAL PRACTITIONERS
IN NIGERIA

Abdullahi, 0.J., Joseph,D.Z
Department of Medical Radiography, Bayero University Kano
*Jjosephdlama@gmail.com

Introduction: Radiation protection in medicine is supported by the concepts of justification,
optimization and dose limitation. One of the basic principles of radiation safety is to make sure
that all exposures to ionizing radiation are clinically justified. Justification is the process of
weighing the potential benefit of the exposure against its potential detriment to an individual and
it is based on evidence of knowledge of hazards associated with exposure and the clinical
information of the patient.

Materials and Method: The study is a prospective cross sectional study conducted among
medical and dental practitioners in Aminu Kano Teaching Hospital and Abdullahi Wase
specialist hospital within Kano metropolis. Nigeria. A convenient sampling technique was
adopted. Data was collected by the use of a semi structured questionnaire. which were
administered to them and later retrieved after it was filled. Descriptive statistics in form of mean
and percentages were obtained while Pearson’s correlation was used to establish relationship
between knowledge and practice. Statistical significance was set at p<0.05.

Result: There was response rate of 100%. Distributions of the respondents based on
specialization werel109 (60.6%) medical practitioners and 71(39.4%) dental practitioners. Based
on gender, there were 122(67.8%) males and 58(32.2%) females. On assessment of knowledge
of justification of medical exposure. majority of the respondents have adequate knowledge with
84.4% medical practitioners and 64.6% dental practitioners. Practice of justification of medical
exposure was found to be very poor. with 10.1% medical practitioners and 25.4% dental
practitioners. There was a weak positive correlation (1=0.144) for medical doctors while a
moderate positive correlation was also found for dental practitioners (r =0.403). It was found that
knowledge was inadequate with medical practitioners having 19.3% and dental practitioners
having 42.3% as the only ones aware of it.

Conclusion: knowledge of medical exposure is adequate among medical and dental practitioners
while practice of justification is very poor. Knowledge of radiation safety and hazards was also
found to be inadequate among them.

Kevwords: Ionizing Radiation. Radiation Protection. Justification. Optimization. Dose
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0S3.3 (T3.3-0632)
Quality assurance as a tool for optimization of radiation

protection in diagnostic radiology in two tertiary hospitals in low-
middle income country

Moi A.S™ , Nzotta C.C?, Nkubli B.F%, Shem S.L3, Joseph D.Z* Abubakar M.G%, Nwobi I.C.
1Department of Medical Radiography, University of Maiduguri, Nigeria

2 Department of Radiography and Radiological Sciences, Nnamdi Azikiwe University, Nigeria
3 Department of Radiography, Ahmadu Bello University, Nigeria

*moisolver@yahoo.com

Background: Quality assurance in diagnostic radiology and its effects in the optimuzation of radiation
protection are well known, but in practice, especially, in low- and nuddle-income country, there seems to be
little or no effort made towards optimization of radiation protection in diagnostic radiology, through quality
assurance.

Objectives: This study evaluated the parameters of quality assurance in diagnostic radiology in line with Bonn-
call-for-action 2012. The objectives were to evaluate: radiology equipment procurement process; quality
control checks and measurements; competence of equipment operators, efficiency of information and
communication systems; shielding design goal; and film reject analysis.

Methodology: A cross sectional study design was conducted in two Radiology Centres. Data on equipment
procurement were collected using WHO recommended checklist and a questionnaire. quality control checks
through visual inspection of the x-ray equipment and quality control measurements were collected through:
Kilo Voltage peak (kVp) accuracy and reproducibility test using kV meter (Gammex, model RMI 245, USA);
timer accuracy and reproducibility test using Digital x-ray timer (Gammex 07-453); light-beam alignment test
using radio-opaque markers and data capture sheet. Competence of equipment operators and efficiency of
information and communication systems were assessed. Data on shielding goal design were collected through
a Survey metre (RadEye G-10) and data on film reject were collected using adapted WHO data capture sheet.
The pointer to optinuzation of radiation protection in this study was film reject rate of less than 5%. Data were
analyzed using summary statistics such as percentages, mean and standard deviation with the aid of a statistical
software, Statistical Package for Social sciences (SPSS) version 20.

Results
Parameters of quality assurance evaluated in the study
Cent Equipment WVisual Quality Control test Competenc Shielding  Reject
re  procureme inspectio e goal rate
nt process nof survey (<=5%)
mstalled kvp kVp Tiumer Tmmer  Light (0.1 and
equipme accura reprodu  accura reprodu  beam 0.02
ot cy cibiity ¢y cibility  test mSv/wk)
(1.6— (=5%)  (£5%)  (£5%) (25%) (1%)
2.0)
A NA A NA A NA A NA A A NA
B NA A NA A A A NA A A NA

Keyv: A = Acceptable, NA = Not acceptable

Conclusion: Findings from this study shows that quality assurance practices were not in accordance with the
Bonn-call-for-action 2012. Consequently, the optimization of radiation protection in the centres studied were

mnadequate.
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Using the Alpha-value to Check Overspending

Maarten Huikeshoven, Jos van den Eijnde
Arbodienst Academic Medical Center, Amsterdam UMC, Amsterdam The Netherlands.
m.j.huikeshoven@amsterdamumc.nl

In this contribution overspending in radiation protection is discussed. Three practical cases are elaborated using
the concept of the alpha-value.

The contribution starts with a discussion on the alpha-value. Around 1984, as can be read in the ICRP 42
Publication, it was advised to use this parameter in optimisation calculations. After this publication, the use of
the alpha-value became less common, as to obsolete in the past years.

The case is made that the alpha-value can still be a valuable tool to check overspending.

Using the alpha-value, three practical examples are elaborated. They concern the ventilation of a radionuclide
laboratory, the use of personal dosimeters in a radiology department and the yearly examination of category A
workers. It is shown that in these situations there is serious overspending.

The contributions ends with a discussion on the constraints and possibilities of using the alpha-value. The case is
made that the alpha value should be used to check the reasonableness of existing measures in situations where
workers receive a dose that is already below -or far below- the dose that is equivalent to a risk in a non-risky
occupation.
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0S3.4 (T3.6-0591)
Radiological Protection of the Public and Environment: recent
developments in the IAEA’'s Programme

Joanne Brown'*, Diego Telleria?, and Tamara Yankowich?
1international Atomic Energy Agency, Austria
*l.brown@iaea.org

The paper presents an overview of recent IAEA activities on development and application of international
safety standards on the radiological protection of the public and environment.

The development and application of international safety standards on radiation and nuclear safety are important
statutory functions of the IAEA . The international standards on radiation safety have a broad scientific and
practical basis, such as the scientific findings of the United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR), principles of the radiological protection developed by the International
Commission on Radiological Protection (ICRP), extensive international and national experience in
mamtaming radiation safety.

In accordance with its statutory functions and recommendations of its Member States, the IAEA published
General Safety Requirements Part 3 NO. GSR Part 3 on Radiation Protection and Safety of Radiation Sources:
International Basic Safety Standards i 2014. This Standard was joimntly sponsored by the EC, FAO, IAEA,
ILO, OECD/NEA, PAHO, UNEP and WHO. The Standard includes requirements on protection of the public
and environment in planned, existing and emergency exposure sifuations. The IAEA also develops Safety
Guides that provide recommendations and guidance on how to comply with the safety requirements.

In 2018, the IAEA published three Safety Guides to help Member States ensure that radioactive releases to the
environment from facilities discharging radionuclides are assessed, controlled and, where necessary,
authorized, to protect the environment and to ensure that the public who may be exposed, is adequately
protected. This IAEA guidance helps regulatory bodies in three ways: to create a framework for protection of
the public and the environment [1]; to control and authorize radioactive discharges [2]; and to conduct an
environmental mmpact assessment, which deternunes whether the planned facility or activity complies with
current legislative and regulatory requirements on the protection of the public and the environment [3].

The IAEA engages in activities to promote Safety Guides in Member States and to assess challenges that
Member States have in their implementation and the assistance is needed, which is provided in activities such
as through on-gomg tramning mechanisms and national and regional Techmical Co-operation projects co-
ordinated by the TAEA Another key on-going IAEA programme, the most recent of which is called
MODARIA (Modelling and Data for Radiological Impact Assessment), assists Member States to buld
experience in assessing the impact of radioactive releases to the environment. This is achieved by acquiring
improved data for model testing and comparison, reaching consensus on modelling approaches and data,
development of improved methods and exchange of information.

Keywords. Radiological Protection, Public exposure, Environmental Protection

REFERENCES

1. IAEA UNEP, Radiation Protection of the Public and the Environment, IAFA Safety Standards Series No.
GSG-8, IAEA. Vienna (2018).

2. IAEA, UNEP, Regulatory Control of Radioactive Discharges to the Environment, IAEA Safety Standards
Series No. GSG-9, IAEA Vienna (2018).

3. IAEA, UNEP, Prospective Radiological Environmental Impact Assessment of Facilities and Activities,
[AEA Safety Standards Series No. GSG-10 IAEA, Vienna (2018).

e | 172 [




S® IRPA 1S5 4.4 KARP

The Korean Association
for Radiation Protection

e | oxsen | raiursesen | Oral Session T3
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The impact of radionuclides discharged from Koeberg Nuclear
Power Station on the marine environment, Western Cape

Modise M.R1, Sekoko 12, Jeannes D3

Koeberg Nuclear Power station generates about 6% of the total power capacity in
SA using Nuclear energy. During normal operations, KNPS discharges liquid and
gaseous effluents to the environment comprising various radionuclides which are
authorized and regulated by the National Nuclear Regulator (NNR). Historically the
system of radiation protection focused on the impact of ionizing radjation on humans
with the assumption that non-human species are also protected. The system of
radiation protection has over the years changed and there is a need to demonstrate
that non-human species are also protected from the effects of ionizing radiation. This
is mainly driven by the recent development internationally (ICRP 91, 103,108
and 124).

Therefore, it is of importance to determine the impact of the ionizing radiation on
marine organisms living in and around Koeberg Nuclear Power Station. For this
study, the ERICA TOOL is used and the model comprises of three Tier levels
(i.,e Tier 1, 2 and 3). Only Tier 1 and Tier 2 levels were used in this study in-order to
assess the impact of radionuclides released from KNPS on the marine environment.

The ERICA screening dose rate of 10 uGy/h was applied for all species analysed.

From the result, the model predicts that there is negligible risk to all the organisms
considered in this study. Sensitivity analysis of the ERICA results confirms that the
polychaete worms are the most vulnerable organisms. The outcome of this study
indicated that the highest predicted dose rate is for the polychaete worm with the
total dose rate of 1.58 uGy/h from the discharges released by Koeberg Nuclear
Power plant during normal operations which is less than the AADQ limits
(164.48 uGy/h) and IAEA Benchmark (400 uGy/h).
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0S3.4 (T3.6-0182)
Case Studies on the Regulation and Management of Radioactivity
in Drinking Water

Thato Molokwe!*, Margaret Mkhosi?, and lan Korir!
1 National Nuclear Regulator: Centre for Nuclear Safety and Security, South Africa
*Tmolokwe@nnr.co.za

The National Nuclear Regulator (NNR) regulates amongst others mines and contaminated legacy sites,
associated with Naturally Occwrring Radioactive Material (NORM) facilities and activities as part of ifs
mandate. During mining operations and processing of gold in the Witwatersrand basin. uranium and its
radiogenic progenies are produced as residual products. which are capable of contamunating the surrounding
water resources. The public residing in the vicinity of these areas sites rely on water resources for amongst
others drinking water, and this poses a threat to their health and environment. To ensure that the public and
environment are protected from radiologically damaging effects. NNR needs to establish regulatory standards
and criteria for radioactive levels in the water. Currently. NNR does not have control measures for drinking
water in the vicinity of authorised NORM-producing mines and legacy sites. To assist NNR. this research
intends to provide a benchmarked case study of international practices in the establishment of regulatory
criteria for radioactivity in drinking water. Through this, potential gaps are identified and recommendations
made to NNR on effective control measures. The research findings form part of NNR’s broader research
mitiative to assess the natural radioactivity in drinking water in the suwrrounding vicinities of used and disused
gold mines.

Keywords: radioactivity, drinking water, regulation
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“NDR: Prototype of National Dose Registry for Latin America.
Main experiences in their design and implementation”
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The IAEA Safety Standards require that regulatory authorities take actions for the establishment. conservation,
and recovery of the results of radiological surveillance of occupational exposure. Several national regulations
and good international practices promote the existence of a central register with results of the individual
radiological monitoring. In the majority of the countries (Latin American region), the dosimetry data were
neither harmonized, nor managed by a unique database. therefore the possibility of using such data. for proper
characterization of the radiological conditions, integrally at national level, in a territory or a sector. and by
practices or occupational categories. was very limited. The dosimetric information was not used in the
optimization processes of occupational radiological protection.

All these justified the need for designing and developing a prototype of National Dose Registry (NDR) for
Latin America, in the frame of ITAFA projects RLA9066 and RLA9075. The main objectives of the project
were addressing the strengthening of the safety supervision in nuclear applications and the surveillance system
for the occupational exposure as well as the centralization of personal dosimetry data. compiling all doses
evaluated by the different dosimetric services providers. Experiences of Cuba and Brazil in the implementation
of their national registers were well known and accordingly used as bases to design this software. The first
version of the NDR prototype, developed in the Spanish language has been designed. developed., and
validated. So far, sixteen countries have started to implement the National Dose Registry (NDR)).

The present work deseribes aspects such as the technical bases of the NDR's design. its characteristics, and
functionalities. Experiences gained during the implementation in Latin America. problems detected linuting
its effective 1111plemen‘r'1t1on and future challengcs are also addressed. Having a common system of dosimetric
information management in the region has opened an important space for scientist exchange between the
countries and their competent authorities.

The NDR will allow to centralize and preserve the dosimetric history of all occupationally exposed workers of
the country (legal character). Its implementation in Latin America has provided regulatory authorities with a
tool that permits the verification of the level of compliance with the dose limits and restrictions, as well as to
carry out statistics assessments of the results of the individual radiological surveillance that may permit to
identify the appropriateness and effectiveness of the radiation protection programs implemented in the
practices and to contribute to their optumization

The situation of Latin America has also been observed m other regions (Asia Pacific and Africa). Currently
most of the developing countries have not established their national dose registration systems. The first English
version of the NDR has been developed based on the achievements and experiences obtained in Latin
American region.

Keywords: National Dose Registry, Dosimetvic History, Individual Radiological Monitoring
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Australia shares lessons from incidents nationally through its Australian Radiation Incident Register (ARIR).
Recent reports from the ARTR highlight lessons from nuclear medicme (2017 report) and the use of computed
tomography (CT) scanners (2018 report).

The Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) is the federal regulator for, and
Australian Government's primary authority on, radiation protection and nuclear safety. We manage the ARTR
to enhance patient outcomes and worker safety. As the sole radiation regulatory body with national reach, we
comibine the de-identified incidents that are reported via independent jurisdictional regulators. This puts us in
a leading position to share information across the nation.

ARPANSA’s annual incident summary reports, published on our website and distributed through professional
societies, regulatory agencies, industry professionals, and media are a key part of our public engagement on
incidents. Incidents are primarily reported from the medical mdustry, mcluding nuclear medicine production
and use, radiotherapy and medical imaging. The presentation will cover a number of recent lessons for sharing,
including from recent INES level two and three mcidents.

Enhancing worker and patient safety requires getting the right information to the right people. While it is
important that radiation incidents are managed on a local level, learmings should be shared across institutions
and jurisdictions. To achieve this the register has been undergoing a series of transformational changes to
develop an innovative sharing platform across jurisdictions, practices and modalities. Through the register we
have an opportunity to connect with diverse institutions, professionals, and government bodies. We have been
steadily upgrading the system to make 1t easier to submit, analyse, and enhance data accessibility. ARPANSA
has a track record of successfully delivering high impact projects i the medical space mcluding Australian
Clinical Dosimetry Service, Australian National Dose Registry, and the Radiation Protection of the Patient
(RPOP) Trammung Module. ARPANSA has been approached by professional bodies m radiation oncology to,
as part of the ARIR collect near-miss and other oncology event reporting nationally. A key focus is the use of
web and cloud based systems and the enhanced involvement of professional bodies.

We are working with oncology groups on integrations directly into hospital reporting systems and other
innovative information sharing arrangements. These enhancements will dramatically increase the volume of
data through near-miss event reporting, and through increased engagement will allow us to feedback useful
information to drive change. As demonstrated by reporting systems such as Safety in Radiation Oncology
(SAFRON) and the Radiation Oncology Safety Information System (ROSIS), near nuss information and
aggregate analysis can lead to valuable information on the types, causes and detection of nustakes, which helps
to prevent serious incidents.

ARPANSA has an important role in in the promotion of good radiation protection culture (culture for safety).
The incident register collects information on contribut