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Necessity of Education on Radiation and Radioactivity in
Japan

HAIZI1T 5 BB T D LB

Akito Arima
HEHIA
President, Japan Radioisotope Association
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Agricultural Effects by Fukushima Daiichi Nuclear Accident
—The Findings by the Graduate School of Agricultural and
Life Sciences, The University of Tokyo—
BEFRERIC K D BHEBERICOVWTREEERET
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Tomoko M. Nakanishi
i KF
Graduate School of Agricultural and Life Sciences, The University of Tokyo
1-1-1, Yayoi, Bunkyo-ku, Tokyo 113-8657
FOXRZPR PP AMB AT FER, T113-8657  HUATH UK 1-1-1
E-mail: atomoko@ mail.ecc.u-tokyo.ac.jp

Five years have passed since the accident of Fukushima nuclear accident.
Immediately after the nuclear accident, 40 to 50 academic staffs of Agricultural Dept.
of The University of Tokyo had started to study the movement of radioactive
materials emitted from the nuclear reactor, since most of the contaminated area in
Fukushima is related to agriculture. They are still continuing their research to find out
the effects of the accident in the agricultural fields. Our Graduate School holds many
research fields and there are many facilities attached to the School, such as meadows,
experimental forests, farming fields, etc. Together with these facilities a lot of on site
researches have been conducted in Fukushima. One of the most important findings
was that the fallout was found at the surface of anything exposed to the air at the time
of the accident. The main radioactive nuclides now are *'Cs and "**Cs. But the
radioactive nuclides were hardly moved from the original point they touched. It is
very difficult to understand form our estimation of chemical behavior of cesium.
Since the carrier free Cs amount was so small, there was an obvious difference
between the behavior of the fallout and that of the macroscopic Cs. During these 5
years, though the results of our work have been published in many reports and in

three books already, this review summarized the information important from the point



of analytical chemistry, together with the other interesting results we obtained.
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The Nuclear Energy Education in Taiwan

Keh-Shih Chuang
Department of Biomedical Engineering and Environmental Sciences
National Tsing-Hua University, Taiwan

Tsing-Hua Open-pool Reactor (THOR), the first nuclear reactor built in Taiwan, reached its state
of criticality in 1961. THOR is a reactor dedicated for research and education in Nuclear Energy.
Since 1961, both the College of Nuclear Science (CNS), National Tsing-Hua University (NTHU)
and Atomic Energy Council (AEC) assumed the responsibility in the Nuclear Energy Education in
Taiwan. While CNS offers formal education and degree to the students in nuclear technology and
science, AEC provides the general public information on atomic energy, nuclear power and radiation
safety. Today, there are three commercial nuclear power plants commissioned: Chin-Shan Nuclear
Power Plant (1978, 636 MWe), Kuo-Sheng Nuclear Power Plant (1981, 985 MWe), and
Ma-An-Shan Nuclear Power Plant (1984, 951 MWe). The fourth nuclear power plant, Long-Men,
was licensed to build in 1999 but was deferral in 2015. During these years, the public opinion on
nuclear energy in Taiwan is similar to the riding of roller coaster. The society favored nuclear energy
during the global energy crisis but turned to downside due to the nuclear accident and the problem in
handling the nuclear waste. The Fukushima disaster in 2011 caused a significant impact on the
nuclear energy policy in Taiwan. The new government proposes a nuclear-free homeland at 2025, i.e.
to phase out all the nuclear power plants. The college of Nuclear Science also adjusts its structure to
meet the rise and fall of the society favorite on nuclear energy. The original mission of AEC was to
foster peaceful applications of atomic energy, and to coordinate international cooperation on nuclear
energy. However, due to the non-nuclear policy AEC’s goal also changed. In this talk, we will
address the evolution of both the Atomic Energy Council and College of Nuclear Science, National

Tsing-Hua University, Taiwan.
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Applications of Boron-Containing Gold Nanoparticles to Boron
Neutron Capture Therapy (BNCT)
Wen-Yi Chang’, Jia-Jia Lin? Jou-An Chen? Bin-Xu Tsai’, Chun-Yi Wu?*

'Department of Nuclear Medicine, Taipei Veterans General Hospital, Taipei, Taiwan
Department of Biomedical Imaging and Radiological Science, China Medical University, Taichung,
Taiwan

Boron neutron capture therapy (BNCT) is a binary treatment system. Nor neutron beam alone neither
boron drug is able to cause tissue damage. However, when a boron atom specifically retains in tumor, it can
captures a neutron and then undergoes fission reactions to produce Li-7 and high-energy alpha particles to
destroy tumor rather than normal tissues. This study aims to develop a “theranostic” gold
nanoparticle-carborane assemblies, which are labeled with radioiodine (**I and **'I) through “click”
chemistry so that their distribution can be noninvasively monitored by using SPECT/CT imaging
modalities. Gold nanoparticles with different sizes (20, 60 and 100 nm) have been functionalized with poly
ethyl glycol (PEG), azidonudecanethiol, and boron cage. After surface modifications, radioiodine was
introduced to gold nanoparticles using copper-based catalysts and free radioiodine was separated by
centrifugation. The radiochemical yield of gold nanoparticles was around 90% with high radiochemical
purity (>95%) for each sizes. The biodistribution studies and microSPECT/CT imaging of radiolabeled
boron-containing gold nanoparticles have been performed in a SASV03 human tongue squamous

carcinoma-bearing mouse model.
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Preparation and Evaluation of Gadolinium Hexanedione
Nanoparticles as MRI Imaging Enhancer for Stem Cell
Tracker

Feng-Huei Lin
Director, Inst Biomed Eng & Nanomed., National Health Research Institutes, Taiwan.
Distinguished Professor, Inst Biomed Eng., National Taiwan University, Taiwan.
E-mail: double@ntu.edu.tw

Stems cells are multipotent cells which are capable of self-renewing and differentiating into
multipotent cell lineages. The therapeutic application of stem cells in many diseases has been widely
studied in the past few years. However, the actual function and movement of stem cells after
injection into human body remains unknown. In order to determine the function and movement of
therapeutic stem cells, it is crucial to develop a technique to trace these therapeutic stem cells.

MRI is the most utilized modality for tracking stem cells in vivo because of its safety and
3-dimensional capabilities. Gadolinium is one of the most effective MRI contrast agent in clinical.
The purpose of this study is to synthesize Gd nanoparticles, which can permeate cell membrane for
labeling the cells as a cell tracker.

Gadolinium hexanedione (GdH), which was synthesized by complexion of Gd3+ with
3,4-hexanedione, was used as the nanoparticle matrix. By the combination of GdH matrix and
emulsifying wax, GdH nanoparticles (GdH-NPs) were obtained from oil-in-water microemulsion
technique. The stem cells were labeled by culture with hydrophobic GdH-NPs and detected by MRI.

From the result of this study, the size of synthesized particles was about 100 nm. GdH-NPs
were biocompatible when the concentration was under 300pg/ml. Moreover, GdH-NPs had greater
ability of image enhancement than the commercialized Gd-DTPA. The TEM image of labeled stem
cells showed that GdH-NPs was accumulated in the cells by endocytic pathway. The accumulation
behavior of GdH-NPs and Gd-DTPA were analyzed by ICP-MS and GdH-NPS showed a better
labeling ability than Gd-DTPA. Labeled stem cells showed better signal in the result to cellular
MRI. In order to evaluate possible adverse effect of GdH-NPs, we examined the immunophenotypes
of labeled cells and the immunophenotypes of stem cells labeled with GdH-NPs showed no
difference with control group.

In this study, GdH NPs are synthesized with a nano-scale size and show a good
biocompatibility. In conclusion, GdH-NP has a great potential as a stem cell tracker in the near
future.

Keywords: Gadolinium, nanoparticle, mesenchymal stem cell, MR, cell tracker
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Development of Polymer Gel Dosimetry and Optical-CT for

Radiation Therapy in Taiwan

%

Chun-Hsu Yao , Chin-Hsing Chen3, Yuan-Jen Changs'4

! Department of Biomedical Imaging and Radiological Science / School of Chinese Medicine, China Medical
University, No.91, Hsueh-Shih Road, Taichung City, Taiwan 40402, R.O.C.

2 Department of Biomedical Informatics, Asia University, 500, Lioufeng Rd., Wufeng, Taichung City, Taiwan

41354, R.O0.C.
¥ Department of Management Information Systems, Central Taiwan University of Science and Technology, No.666,
Buzih Road, Beitun District, Taichung City, Taiwan 40601, R.O.C.
* Institute of Biotechnology and Biomedical Engineering, Central Taiwan University of Science and Technology,
No.666, Buzih Road, Beitun District, Taichung City, Taiwan 40601, R.O.C.
E-mail: ronchang@ctust.edu.tw

In the past two decades, polymer gel dosimetry has attracted significant research attention because of its
capability to record real three dimensional dose distribution as well as its high resolution and accuracy. However,
complex process and oxygen-free environment are needed for gel preparation. It is not suitable for clinic use if the
gel dosimeters cannot be manufactured easily and be provided with uniform quality. A new type of normoxic gel
dosimeter MAGIC was proposed by Fong et al. in 2011, which can be fabricated easily on the benchtop in the
laboratory. In addition, a less-toxic monomer is required in gel preparation to ensure user safety. Senden et al. (2006)
proposed N-isopropyl acrylamide (NIPAM) polymer gel using less-toxic monomer. Hsieh and Chang have chosen
NIPAM as the first polymer gel to develop in Taiwan since 2006, because NIPAM polymer gel has some advantages
such as high sensitivity (greater than 0.995), high linearity (up to 0.0241 mm™) and long-term stability (post
irradiation time up to 3 months). At the same time, the single beam optical computed tomography (CT-s1) was
implemented by Chang (2010) in their study. Hsieh’s research group also developed a new type of polymer gel,
called DEMBIG, by using 2-(Dimethylamino) ethyl acrylate monomer. The DEMBIG showed very good linearity
0.995 for 1 to 25 Gy. But the disadvantage is that the fabrication process has to be under anaerobic environment
inside a glove box. The three-dimensional characteristics of NIPAM gel dosimeter was further investigated by using
a fast optical-CT laser scanner (OCTOPUS™, MGS Research, Inc., Madison, CT, USA). Chang et al. improved the
holder adapter of gel phantom used in OCTOPUS™ to avoid the positioning errors when the gel was used during
pre- and post-scan, thus higher accuracy can be achieved. To shorten the scanning time of OCTOPUS™, Chang et
al. have developed a new type parallel-beam optical-CT scanner (CT-s2) in 2014. Combined with the pinhole,
spatial filter and speckle reduction techniques, the same reconstruction images can be obtained but scanning time
can be reduced to only 36 seconds, which was about one twentieth of the scanning time of OCTOPUS™ when they
scanned the same size of gel phantom. Chang et al. investigated more clinic radiotherapy cases such as RapidArc,
VMAT and brachytherapy by using NIPAM gel dosimeter and self-developed optical-CT. The results reveled good
agreement between measured dose and treatment planning. Therefore, based on previous studies, the NIPAM gel
dosimeter combined with parallel-beam optical-CT scanner have been considered as a potential three dimensional
dose measurement tool for radiation therapy.
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O—4
Patient-Specific Time Activity Curve Estimation Using

External Thermoluminescent Dosimeters (TLDs)

Hsin-Hon Lin"? Cheng-Chang Lu®, Shang-Lung Dong®, Yu-Ching Ni‘, Meei-Ling Jan',
Keh-Shih Chuang?

"Medical Physics Research Center, Institute for Radiological Research, Chang Gung
University/Chang Gung Memorial Hospital, Linkou, Taoyuan, Taiwan
’Department of Biomedical Engineering and Environmental Sciences, National Tsing-Hua
University, Taiwan
Department of Medical Imaging and Radiological Sciences, Chung-Shan Medical University,
Taiwan
*Health Physics Division, Institute of Nuclear Energy Research, Atomic Energy Council, Taiwan

Aims: In this work, we proposed a novel method to estimate time activity curve in nuclear
medicine examination using serial timely measurements of thermoluminescent dosimeters (TLDs).
The approach is based on the combination of the measurement of surface dose using TLDs and
Monte Carlo simulations to estimate the patient-specific time activity data.

Materials & Methods: Since the surface dose is connected to the cumulated activities of source
organs through the radiation transport from the human body which can be pre-calculated with the
Monte Carlo simulations by inputting the patient CT images, the organ cumulated activities can be
estimated by solving the dose-activity equations. Therefore, the activity of each organ at the time of
measurement can be simply the cumulative activity divided by the time span between measurements.
Serial sets of TLDs to be read in a sequential manner were employed and each TLD set measured a
fraction of cumulative activity in each organ. By connecting these timely fractional cumulative
activities, the TAC can be constructed for each source organ. The usefulness of this method was
investigated using a Monte Carlo simulations based on a multi-compartment phantom and an ORNL
phantom with **FFDG filled in several source organs.

Results: For multi-compartment phantom, the percent sum of squared error (PSSES) under
various activity distributions appeared to be stable and most were less than 3%, demonstrating the
robustness of the method. Large errors occurred in the estimation of the background activity. For
ORNL phantom, the time-activity curves (TACs) of all organs were successfully reconstructed. The
PSSE between the simulated and calculated (decay-corrected) activities was 8.94%, 17.9%, 19.7%,
11.8%, 14.1%, 5.66%, 8.19%, and 5.93%, respectively, at the time of the TLD reading.

Conclusion: Preliminary results indicate that it is an effective, robust, and simple method to
assess the TAC. The proposed method holds great potential for a range of applications in areas such
as targeted radionuclide therapy, pharmaceutical research, or patient specific dose estimation.



Risk of Natural Radiation of Japanese
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SHIMO Michikuni
T EE
Fujita Health University
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The cancer risk due to external and internal exposures by natural radiations was estimated using
the nominal risk factor 5.5 102 Sv™* adapted by ICRP.  Two hypotheses were taken in estimation.
One is that the health effect by radiation was caused by dose accumulated with time, without
reduction effect. Another is adaption of LNT (linear no-threshold) model. The accumulated
dose is taken from mean accumulated dose of each 5-years layer. The used data are the population
visual statistics of Japan that released by the Ministry of Health, Labor, and Welfare, and the
Japanese annual dose due to natural radiation of 2.1 mSv that was estimated by the Atomic Safety
Research Association. The results are as follows; the mean dose is 95.6 mSv from mean age of
45.5, the lifetime dose is 175 mSv from lifetime of 83.5, and age-weighted mean lifetime dose is
160 mSv.

When we assume that every cancer leads to death with no-effect of treatment, the death rate of
cancer exposed by natural radiation is estimated to be 0.88%, the rate to all dead to be 0.29%, and
the rate to population to be 0.0029% (risk was 2.9 X 10°), where Japan population, annual death of
Japanese and cancer death are 120,000,000, 1,200,000, 400,000, respectively.
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Effects of Radioactive Spring
SRR DA

Kimiko Horiuchi
WA AF
Radioisotope research facility, The Jikei University School of Medicine
HORBESERRTT A Y b — 7 EZER ik
3-19-18 Nishisinnbashi, Minato-ku, Tokyo, 105-8471, Japan
T105-8471 P& PE BTG 3-19-8
E-mail: kmhoriuchi@gmail.com

Radioactive spring is radon hot springs.

There are three kinds of radioactive radon gases in nature, even though the word radon (Rn) often
means 2?Rn. The two others are thoron (*°Rn) and actinon (***Rn) and all of the three are decay
products of the natural radioactive chains of Uranium, Thorium and Actinium. Since the half-life of
?Rn is too short (4.0 seconds) and there has been little study done onit. ~And radon which belongs
in the rare gases, is the main element of the radioactive spring.  As radon is chemically inert, it dose
not make any complex with other chemical component present in hot and mineral spring water.

Radon research is presently being performed in environmental science, geochemical science,
medical science, physics, biology and technology with many other applications.

The human body is made up of approximately 60 trillion cells, and the number of cells is known
to decline with age. Recent research results show that radon bathing helps reactivate cellular
function, thus helping ease symptoms of chronic illnesses and aging. But radon research is complex
and has a distinct mechanism of action, not yet understood.

This time 1 would like to report about effects of radon and radioactive spring.

TERERIZT RUIRRTH D,
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Nuclear Technology Education at the Secondary Level in

Thailand

Thanakit Lerdlu*, Chuntana Boonmark?, Surat Chumthong®, Mutita Aodton®,
Khawee Sunthornoward®
'professional Level Teachers, Hongsonsuksa school under the Patronage of HRH Princess Petcharat
Rajsuda Sirisopaphannawadee.
E-mail: thanakit553@hotmail.com
?Professional Level Teachers, Sa-nguan Ying school, Suphanburi

E-mail: tippawan154@hotmail.com

%Practitioner Level Teachers, Sa-nguan Ying school, Suphanburi
E-mail: chedsurapatter@gmail.com

*Practitioner Level Teachers, Banchangkarnchanakulwittaya school, Rayong
E-mail: mutita.maew@gmail.com

*Practitioner Level Teachers, Banchangkarnchanakulwittaya school, Rayong,
E-mail: Khaweekub@gmail.com

The modern development of nuclear technology has both advantages and disadvantages. In
Thailand, the electric nuclear factory will be operational since 2020. Therefore people should be
informed about the positive and negative effects of nuclear technology. An authorized organization
should pass this knowledge down to people. At the moment, there is no official science
organization that incorporates nuclear technology into its curriculum. In accordance to this
problem, the researchers of this article have discussed, surveyed and collected data about nuclear
technology education at the secondary level in Thailand. This was done in order to present the
various problems of nuclear education and identify how to reform this. This study will also be
presented to the fifth international symposium on Radiation Education on 16-19 December, 2016 in
Japan.

The result of this study shows that there was less informational resources for people or students to
access. Additionally, it was found that people didn’t realize how important nuclear education is.
This was further reflected in the abysmal level of nuclear technology education at the secondary
level.
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Nuclear Radiation Education in Thai Universities

Nopporn Poolyarat', Sayan Pudwat", Siriyaporn Sangaroon®
Department of Physics, Thammasat University, Pathumthani, Thailand

Department of Physics, Mahasarakham University, Mahasarakham, Thailand

In this presentation, an overview of nuclear radiation education and nuclear power understanding
in some Thai universities are presented. In Thailand, most major universities provide most basic
nuclear knowledge in undergrad level. In some university, i.e. Chulalongkorn University, provide
deeper knowledge into nuclear physics and technology. Moreover, it offers degree in nuclear
engineering up to Ph.D. level. Additionally, nuclear engineering, nuclear physics and radiation
science courses have been taught as electives for physics and engineering students in many
universities in Thailand. Fields of study include medical and public health, agricultural, material and
industrial, environmental and advanced technology like neutron scattering and nuclear fusion.
Moreover, many academic activities have been conducted such the Thailand international conference
and the ASEAN school on plasma and nuclear fusion. The nuclear fusion research and study have
been one of targeted research in Thailand. Most of activities are under the Center for Plasma and

Nuclear Fusion Technology (CPaF).
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Radiation Education and Nuclear Power Plant in Taiwan

BEICBIT A BHBREET L RFHEERTICONT

Chin-Wang Huang
W AR
Emeritus Prof., Chung Yuan Christian University
B RR SRR B AR
200,Chung Pei Rd, Chung Li, Taiwan 32023, RO.C. E-mail: yt_huang@cycu.edu.tw
VB BRI T P R 200 A

Radiation education at school and the current state of the nuclear power plant in Taiwan are
described. In compulsory education, radiation education and radioactivity education are not so much
accomplished. The explanation of radioactive materials using a periodic law table is mentioned
during "natural life and science technology” by science of a junior high school. Safety of radiation,
division chain reaction and nuclear fusion reaction are mentioned about an X ray at a high school. A
chapter of nuclear physics and nuclear chemistry is in the general physics and the chemistry texts of
a university, but the majority teachers actually do not lecture.

There are four nuclear power plants and six nuclear power plants are working at present in Taiwan.
A problem describes some facts to administrative correspondence of a government in a safety

management side in a nuclear power plant.

BBICHB T 2P TORBHREAE &R I EFT OBLRIC OV TR E T,
THHE Tl EHREE R OB XSV 23N T EE A, FEROHER T, TH
ROAENE LB ORI EEIER 2 W T B E ORI > TWET, @R TIEEX
BRIZDOWTHURBRO M, #2528 UG & OB G BSOS L SN TV ET, KFD
— B L LT ORI, B E BT OREN S Y T, KIS OBEITHEEL TV
WO RBUR T,

BEIIX 4SO NREHND Y, BIE6 EOFERMBEEH L TOET, HEOLZEE
HE T, BUFOITBIN 26 SR H 5 Z L s ik E T,
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An Example of Lectures on the Nature of Radiation

for General Public

Hiroshi KUDO
Professor Emeritus of Tohoku University
Tohoku Radiation Science Center, Chuo 2-8-13, Aoba-ku, Sendai 980-0021, Japan

To make general public interested in and familiar to radiation, |1 have given lectures on the basic
science of radiation for more than a decade. Because scientific literacy of general public is limited, it
was sometimes hard to let people understand what radiation is and how does it interact with matter,
within a limited time available for the lecture. After the FUKUSHIMA nuclear disaster in 2011,
however, the situation has dramatically changed: a lot of Japanese people worried about health
hazards of radiation, stirred up mainly by mass media that emphasized only risks of radiation even at
the dose as low as 1 mSv. Variety of news put the society into confusion for a while. At present,
more than 5 years since the nuclear disaster, the confusion has almost settled down and most of
people fairly accept not only the risk, but also the benefit of radiation. | present here in this
symposium an example of my lecture, by which the audience could understand the nature of
radiation. To know fundamental features of radiation such as the origin and interactions with matter

would help the audience to feel safe from danger of radiation in their daily life.
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How Can Clinical Radiologists Mitigate the Public’s Fear of

lonizing Radiation and Radioactive Materials?
FBURBRBU B [T 2 HROBNZ ED K I
BT D> ?

Kazuko Ohno
RE¥ o+
Kyoto Collage of Medical Science
FARE SRR R
Oyamahigashi-machi Imakita 1-3 Sonobe Nantan-city Kyoto Japan
ST B PF T BRI T/ LT 4 b 1-3
E-mail: kakochan@Kkyoto-msc.jp

On March 11, 2011, a nuclear accident occurred at the Fukushima Daiichi Nuclear Power Station
(FNP-1), operated by Tokyo Electric Power Company. Consequently, it provoked widespread
skepticism and lasting anxiety about radiation, not only in Japan, but also in other countries that
operate nuclear power plants. In addition to that, many patients in Fukushima prefecture and in the
other part of Japan declined CT examinations despite a doctor’s recommendation. Members of the
radiological society shall continue efforts to dissolve irresponsible rumors about the effects of
radiation that may hinder the beneficial uses of radiation in medicine. So, it is extremely important
for clinical radiologists to encourage every medical staff to have a knowledge to correct prejudiced
public understandings on the effects of ionizing radiation on human health, especially at low doses.
We had been taking many classes for medical staffs. Based on questions and answers in these classes,
we have created simple booklets and an E-learning system on radiation for the education of medical
staffs. We would like to inform these systems to our Asian colleagues.

15


mailto:kakochan@kyoto-msc.jp

0-12
Radiation Education Experiments and Other Science

Education Experiments with a Hand-made GM Counter
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Chizuo Mori
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Chubu Atomic Conference, Adviser
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2-10-19 Sakae, Naka-ku, Nagoya,
Aichi Pref., 460-0008, Japan
T 460-0008 3% ARAL R T A X 52-10-19 PH L33k T £ /L 6F
E-mail: moric@wh.commufa.jp

The seminar of radiation education experiment named “Radiation watching” has been held over
many years by Chubu Atomic Conference for high school students and teachers. The participators
fabricate GM counter and counting equipment by themselves. We recently developed air-filled GM
counter with a darning needle as an anode. The counter is very easy to fabricate and the counting
performance is stable. The usual radiation measurement experiments are possible. Moreover, since
this counter can open the widow, an alpha-particle source is able to be put into the counter and
alpha-particle absorption experiment is possible. When a small metal plate such as aluminum or
zinc is put into the counter and irradiated with light, photoelectrons can be counted, and hence the
experiment of metal surface oxidation is possible. When optical films are inserted between the light
source and GM counter, the absorption of ultraviolet ray is evaluated. The air filled GM counter
would be useful for science education experiments as well as for radiation education experiments at
school teaching.

BB A F o 77 L AT T U REBE KA . PR RS A - EiR
DAEFERLTAZ MR E U TRFRMBE L CE 7o, ZiE) GM E e 2 A HHANL T,
R FERRZ T 5, L Fkcid, & CEHEBRiRIC L7-#N C oM TR H /2285 GM & &
BigE U7z, % OHIERIIFEE CHH B . GMEDORERFHITHL ZENTE L7720,
HUZT V7 7 B & ANIT= T V7 7 BROWILESR, OB E A TH DD % BRET
BN R SRR, SRR SER . SRR OB VB AU 7 & ORISR
LISAOERERBTE 20T, % @ROKEN N DOFEBRITIEN T2 L3 TE 5,
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Development of Radiation Educational Program Using
the Peltier Cooling Type Highly Performance Cloud Chamber

~NNF = ARG HREER EZ AW BIRREE 7 e 7 7 A OB%

oMasafumi AKIYOSHI', Hirokazu ANDO?, Yasuki OKUNO?, Hiroto MATSUURA'
ofkT B, ZHE K% BE R/E R EAC
'Radiation Research Center, Osaka Prefecture Univ. “Quantum Rad. Eng., Osaka Prefecture Univ.
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Use of ®®Ge/®Ga Generator as Experimental Tool in Wide
Fields of Education
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Bl 2#EER

Tadashi Nozaki
£ o
Radiation Education Forum; Faculty of Science, Kitasato University
HBEREE 7 +— 7 & B ALBRRFEFE FRE

Various characteristics of radioisotopes (RI) can be used effectively in experiments for education
in various fields. As the source of RI, radioisotope generators, particularly small ®*Ge/®Ga
generators, are thought to be highly suitable.  (®Ge: 9 month half-life, EC decay; ®Ga: 1.1 hour
half-life, B * decay) Following experiments are ready for practice in education hours: (1)
own-making of the generator, (2) milking of ®®Ga and measurement of its half-life, (3) observation
of the approach to radiochemical equilibrium after the milking, (4) several tracer experiments by
the use of the carrier-free ®®Ga, and (5) a few experiments related with positron annihilation. These
experiments are clearly effective to provide to the attendants with deeper understanding of
exponential and logarithmic functions, with intimacy on differential equations, and with some
knowledge on the behavior of ultra-minute or ultra-dilute substances. In the decision of national
policy on nuclear power, opinions should be appreciated of those who have experienced
experiments using RI, been interested in it, and continued related studies.

FUFTA Y b= (Rl) OEFEIL. Fix ODBFICBIT 2 HEREITIEHTREE & 2
bivbd, TOREO R HHEIRE LTIETA Y F—TF V=R —%— B2 THL/AHO
8Ge/®Ga ¥ = F L—F —NIEFITEN TN D, (BGe; M1 9 1, EC #1725 ;%Ge: 2l 1.1
B, BB TR RO X 5 722 HoOFEBREE A 2, BT OEMBBEN R UE) F470
REZRIRBEICH 5 (1) =R b—F—DHAME; (2) %Ga D I /v 7 LB oRlE ; (3) 2
LFR L THROY = R L—F — T TOREH A RRROBIEL ; (4) %2 7 TE- ®Ga
EHWDHEA O N L—H—5E ; (5) BEE FIHBICBIEOGEER, T hEOEERIL, &
BIER B OBRE EE L, Mo FERERCH LA U, SMEDE - BISEEYE O
ZHEZ BT D DICKEAN b DEZLEATVD, BT IBEOEFERIIEIZD,
RI B\ 28 L CRIE BB LA - T L CX - HEE B OE RITRVIC &
SN D FE,
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Detection of Spatial Distribution of Dual Photon Emitters

Using TOF Coincidence Imaging Technique with Stochastic

Origin Ensemble Approach

Chih-Chieh Chiang, Hsin-Hon Lin, Keh-Shih Chuang”
Department of Biomedical Engineering & Environmental Sciences, National Tsing-Hua

University, Hsinchu, Taiwan.

Introduction: In this study, the time of flight (TOF) coincidence imaging technique is employed
to obtain the spatial distribution of dual photon emitters. For each event, one hyperbolic response
curve can be projected according to the time difference of the two arriving photons. ®°Co is a dual
photon emitter (1.17 and 1.33 MeV) and plays an important role in the process of nuclear waste
disposal. The proposed technique can be applied to Waste Inspection Tomography (WIT) system for
nuclear waste drum characterization and activity measurement in the future.

Method: Dual photon emitters emit two directionally uncorrelated photons simultaneously. If both
photons are detected in the same time, the possible location of decay could be determined by TOF
information and the coordinates of detectors. A full-ring PET-like detection system was built to
detect the dual-photon emitters (e.g. Co-60, Se-75, or In-111). By detecting the gamma rays with
TOF information in coincidence, the hyperbolic response curve can be described on the space. Due
to the complexity of the spatial distribution, the activity map was reconstructed by using stochastic
origin ensemble (SOE) algorithm. An in-house developed GATE/MPHG Monte Carlo software was
used for the simulation study of selenium-75. A point source and multi-rods phantom were used for
assessment of the proposed system.

Results: Results show that the proposed system successfully reconstructs the source distribution.
The SOE method works well with the imaging system. The spatial resolution in the central
field-of-view achieves about 20 mm when coincidence resolving time (CRT) is under 100 ps. There
is a strong relationship between spatial resolution and CRT.

Conclusion:  The conclusion is drawn that TOF coincidence imaging system combined with SOE
reconstruction technique is feasible and is suitable for the imaging of dual-photon emitters. It can be
applied to existing multimodality WIT system to acquire the spatial distribution of nuclear waste
inside the drum.

Key words: Time-of-flight, Stochastic origin ensemble, Waste inspection tomography.
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A Study on Clinic Brachytherapy Using 3D Polymer Gel
Dosimeter

Chun-Hsu Yao 1,2’ Tung-Hao Chang3, Min-Jia Tsai l, Yuan-Chun LaiA, Chin-Hsing Chens,
5,6*
Yuan-Jen Chang

! Department of Biomedical Imaging and Radiological Science / School of Chinese Medicine,
China Medical University, N0.91, Hsueh-Shih Road, Taichung City, Taiwan 40402, R.O.C.
2 Department of Biomedical Informatics, Asia University, 500, Lioufeng Rd., Wufeng, Taichung
City, Taiwan 41354, R.O.C.
® Department of Radiation Oncology, Changhua Christian Hospital, 135 Nanxiao St., 50006
Changhua City, Taiwan, R.O.C.
* Department of Physics, National Chung Hsing University, 145 Xingda Rd., 40227 Taichung City
402, Taiwan, R.O.C.
® Department of Management Information Systems, Central Taiwan University of Science and
Technology, No.666, Buzih Road, Beitun District, Taichung City, Taiwan 40601, R.O.C.
® Institute of Biotechnology and Biomedical Engineering, Central Taiwan University of Science
and Technology, No.666, Buzih Road, Beitun District, Taichung City, Taiwan 40601, R.O.C.,
E-mail: ronchang@ctust.edu.tw

Brachytherapy is a treatment technique that put the radioactive source near the tumor target.
However, it is difficult to measure the dose distribution because of the characteristic of high dose
gradient and large variation of dose in clinically. Different from traditional dosimeter, TLD and
radiochromic film which were one or two dimensional dose verification tool, polymer gel
dosimeter is capable to record three dimensional (3D) does distribution and it is a high potential
dose verification tool for new accelerator such as RapidArc, VMAT and proton therapy.

The aim of this study is to investigate the dosimetric characteristics of high dose rate (HDR)
brachytherapy by using 3D NIPAM polymer gel dosimeter combined with self-developed
parallel-beam optical-CT scanner. The gamma evaluation technique is used to compares the
measured and TPS doses point by point. The criteria is set as 3% dose-difference and 3 mm
dose-to-agreement.

In this study, a cylindrical PMMA phantom which is 10cm in diameter and 10cm in height is
used. The plastic tube in phantom is use as a transfer tube for brachytherapy. NIPAM polymer gel
comprise 5% gelatin, 5% NIPAM, 3% Bis, and 5mM THPC. After solidification, phantom is
irradiated using Nucletron micro-Selectron with radiation source Ir-192. The target dose is 5 Gy at
2 cm from seed center.

The dose measured at 2 cm from seed center showed good agreement for HDR
brachytherapy. The gamma pass rate was 84% to 99% at 2.0 cm from seed center. But the high
dose rate and edge-enhancement effect does made influence on the dose distribution measured by
gel dosimeter. Therefore, the measured dose distribution showed disagreement near the seed
center. Other impact factors such as streak artifact occurred in image reconstruction needed to
improve in the future.
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Post-3.11 Literacy Promotion Activities for Urban Citizenry and High
School Students, by Literature and Practice Covering Science and Disaster
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H. Nihon’yanagi®’, T. Ishikawa®, T. Kikuchi®, T. Matsumoto®, S. Sawaya’, S. Okayama®, K. Enda’,
K. Kanazawa®, H. Todoroki', K. Yokoyama', H. Okukawa®, T. Ueno, H. Hirano? E. Nakayama?,
K. Miyamoto?, C. Ishikawa?®, N. Kumano', and M. Aratani®
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'Rokkasho Cultural Association, ?Society of Japan Women Scientists, and *Radiation Education Forum
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Radiation literacy is essential for Rokkasho Village, the site of reprocessing facilities of spent nuclear
fuel. Our reading circle (an affiliate of Rokkasho Cultural Assoc.) has steadily participated in various
activities for, in cooperation with SJWS (Soc. of Japan Women Scientists), especially Tohoku branch (the
then branch head: Dr. M. Suzuki). Once everything went so well as Tohoku branch of Radiation
Education Forum was established (the then branch head: Ms. S. Tsushima).

After 3.11 disaster, however, nuclear power or radiation related literacy tended sluggish throughout
Japan, being coupled with national policy of ‘ex nuclear power’ at that time. In taking those
circumstances seriously, we published the first English version of our ‘Bulletin’ so as to send messages
internationally: “Women’s Messages from the Village of Rokkasho to the World” (2012).

Led by the view of former Representative (the late Ms. H. Nihon’yanagi): “it’s now time to extend our
activities over big cities, major power consuming areas”, symposia were held successively in Tokyo,
Sendai and Mutsu.  We also took advantage of the Summer School of NWEC (National Women Education
Center) for students (junior & senior high), with arrangements to foster their fundamental understanding of
energy with global to cosmic vision.

1 T35 AL IRBE FRALER i 5% D ST HIURT S 2 PR Tl SUB B4R T OBEEE L3, J6 /2 IRf (1995)
Lok, AARZLMHRYE O E AR GOk - 8aARIE 7K i) offEob &, Bt
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R, POEBEFFE I T, “Women’s Messages from the Village of Rokkasho to the World”
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Mystery of Alpha Particle Track in Cloud Chamber!
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Chizuo Mori
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Aichi Institute of Technology
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Yachigusa 1247, Yagusa-cho, Toyota, Aichi Pref., 470-0392, Japan
T470-0392 %0 WL 8 M i J\ BT\ #1247
E-mail: moric@wh.commufa.jp

The track length of alpha particle with 6 MeV in air with the atmospheric pressure is about 4.7
cm and the flight time is only 4.5 ns. Then ion pairs are produced almost simultaneously
throughout the track and therefore the white track is supposed to appear simultaneously. However,
the white track of alpha particle in a cloud chamber is clearly seen to extend from the alpha particle
source to the end of the track. This is mystery! The specific energy loss of alpha particle along the
track is expressed by the Bragg curve. The track is visible only when the liquid drops of alcohol
have grown to about 3 um in diameter and then Mie scattering of light has appeared. At the
beginning of the track, two or three ion pairs per 1 um are produced and they are able to grow to
the liquid drops with 3 um diameter by the diffusion of supersaturated vapor of alcohol through
about 0.3 mm distance. However, near the end of the track, five or six ion pairs per 1 um are
produced and they need the alcohol vapor diffused through 0.5 mm distance to grow to the drops
with 3 um diameter. Therefore, the end of the track appears later than the beginning of the track.
Beta ray track, on the contrary, appears simultaneously throughout the track length because of very
low density of ion pairs per unit length.

6 MeV D7 /L7 7 D 1 KIEDZEKH ORFRIT 4.7 cm THRATHEIX 4.5 ns TH D, T
ebb, ERBIZOIE>TUTE A ERFFCA A Uk E21ED, LD > TIRFEO L TOHT
ICAVWREE (F8) NRIFFICEND & B0, REMNIRE» SmF~EHNTITL, =
NITESICHTH D, MNP AL A DEOIC1E, FMITEARY 3 um BEICKE< o
T Mie ELAE U R T IER S0, T 7 7RO R A —HRIT T v FHfR TR
. TREEDRPIONME TIE, MRFOEE 1um 4720 O A FoxtoiE 2~3E<T, Zhbd
1%, 59 0.3 mm OBENTALE DD OREFIAKOIEHIZ L > TEZ 3 um IZEF >, LML
RIEDRE DT TIXE~6HDOA AL XN TE, ZHHNERE 3 um [IZE2I2IE, 0.5 mm
D XV EF OWBAFIZELR YL L ORI IR 572\, f-> TRIFO#K D Y O J7 135 W)
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The Image of Alpha Emitter Distribution on the Surface of

Environmental Material with CR-39
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Some environmental materials, such as stone, brooch and ornament made of pottery, lead,
solder, etc. contain Th-232 or U-238 and emit alpha-particles. The images of the distribution of
alpha emitters on the surface of such materials are able to simply obtain using nuclear track
detector CR-39 used for heavy particle radiations. The procedure to obtain the images is as
follows;

@ Purchasing CR-39 ($180/ 1 sheet (28 cm x 28 cm x 0.9 mm) , Nagase-landauer.co.jp)

@ Cutting it into 15 pieces (Only $12 / 1 piece) (Insensitive to beta- or gamma-rays)

(@ Putting alpha emitter specimens on the CR-39 surface for 2-3 months.

@ Chemical etching for 5 hours in sodium hydroxide solution (7.5N, 80°C)

(® The image can be clearly seen by placing the CR-39 plate in a dark box and lightening through

a side of the plate.
® Taking the photograph and displaying on a personal computer; pseudo color display if you like.
Students of science clubs at senior or junior high schools would be interested in this method.

ORI oM, Blzi3Ea, Mo 7 a—F #E, 6, EEAMATES. R8BI
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Radiation Sources Fabricated from the Zuiki Taro Plant and

Educational Uses
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The Japanese name “Zuiki” means the edible stem of a kind of taro plant, which contains natural
radioactive potassium-40. The several Zuiki stems were peeled, dried and micronized with a
pulverizer; then the compression and formation method was applied to the Zuiki powder, making
disk-shaped radiation sources. Thus, ten Zuiki radiation sources were obtained and measured as to
their weight, thickness, diameter and radiation count rate including background radiation of each
source. The radiation was counted for 1-minute using a GM-survey meter, mainly attributed to
B-rays from “°K. Then, the averages (SD's) of the weight, thickness, diameter, and radiation count
rate were 15.1 (0.03) g, 9.98 (0.1) mm, 35.2 (0.01) mm and 163.4 (10.5) cpm, respectively. The
usability of the sources for educational purposes was examined in three tests on the dependence of
the radiation count versus time, distance, and shielding. Furthermore, the statistical fluctuation of
the radiation counts was examined by making 50 measurements with the GM survey meter.

The time dependence test proved that an accumulate radiation count increased proportionally to
the elapsed time (= accumulated time). The distance dependence test demonstrated that the
relationship between distance and radiation count rate could be explained by the inverse-square law.
The shielding dependence test showed that the radiation count rate decreased exponentially with
shielding thickness. Ant it was found that the radiation counts were randomly fluctuated and the
distribution of the count rates was statistically represented by Gaussian function.

It is concluded that the Zuiki radiation sources are useful aids to enable better comprehension of
the three cardinal principles of radiation protection, and the randomness and statistical fluctuation
of radiation counts. The experience-based radiation education using the Zuiki radiation sources will
be conducted at all common places like school classrooms, community halls and even houses with

children where legal radiation sources cannot be handled.
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Experiential Learning to Understand the Necessity of
Radiation Device Calibrations at
NSG Koriyama Calibration Center
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After the nuclear accident at the Fukushima No. 1 nuclear power plant in March 2011, serious
radioactive contamination occurred and environmental radiation levels suddenly went up in the
Fukushima area. As a result, not only members of the authorities concerned but also members of
the public sought for radiation measurement devices, like survey meters, and measured radiation
doses in a variety of places, including their own houses and gardens as well as public places like
parks and school grounds. Concurrently, various problems occurred when individual radiation
doses were measured by using multiple survey meters. In a typical case, radiation doses measured
with one survey meter were different from ones measured with other meters; leading to
disagreements between users of the meters because they trusted the measurements of their own
survey meters without any doubt. Although many problems resulting from the inaccurate
measurement of radiation doses were largely caused by using uncalibrated devices, users were not
aware of the importance of device calibration.

An experiential learning program for understanding the necessity for device calibration was
established at the Koriyama Calibration Center in the Japan Shield Technical Research Co., Ltd
(NSG). In this program, several weight scales and weight samples are used instead of radiation
devices and radiation. Some weight scales work correctly but others do not because they are
intentionally uncalibrated. Similarly, the weight samples are 250-ml bottles filled with river sand
with some of the bottles containing a piece of lead and others a piece of styrofoam to change their
weight. All the bottle samples look the same, but their weights are not necessarily the same.
Participants measure the weight of the bottles using the weight scales, then compare and discuss the
results with each other. Through this program, participants come to understand what calibration is
and understand the importance of calibrating not only weight scales but also radiation measurement
devices.
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Analysis of the Consciousness of University Students in Okinawa

about the Radiation
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By revising curriculum guidelines for junior high school in 2008, “radiation” was added to the third grade
science. Most of the students who enrolled in the university in last year were the first student who learned a
radiation at the age of a junior high school. In this study, we compared the awareness of radiation of undergraduate
students who received the new curriculum (N=99) versus the old curriculum (N=224) by survey.

Compared with students from the old curriculum, students on the new curriculum showed an improvement for
the knowledge about the type and properties of radiation. Though high radon concentration inside the houses had
been observed in Okinawa, the recognition about a radon was very low with both groups. The investigation about
the utilization of radiation, awareness of both the X-ray application and a radiation therapy were high. On the other
hand, insect pest control using a radiation which brought much convenience for agriculture of Okinawa has been
unknown. As described above, by the revision of curriculum guidelines, some knowledge of the radiation of
students has been increased, but awareness of both radon and radiation applications have remained low.
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Development of Teaching Materials for Radiation Education

Using CR-39 Solid State Nuclear Track Detectors
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CR-39 solid state nuclear track detector suffers a microscopic defect when hit by an energetic particle. This
defect can be enhanced into a visible track (etch pit) by chemical etching. If the students watch the defect caused by
the radiation with eyes, they can understand easily that radiation has an energy. However, highly-concentrated
solution is necessary for etching, the CR-39 has been difficult to use in elementary and junior high school. In this
study, we investigated the visually effects of etch pits by different etching conditions for CR-39.

The etch pits in CR-39 were observed with an optical microscope, when it was etched in a low concentrated
solution (5% NaOH) at 90°C for 3 hours. As a more secure method, by chemical etching for 6 days in the room
temperature, the small etch pits were observed. After 20 days, distinguished etch pits were observed. Furthermore,
by pre-UV irradiating (254 nm, 6 W, 1h) on CR-39, the diameters of etch pit were enlarged. Thus, it can be safely
utilized CR-39 in the school by combining several conditions.
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The Road to a World of Elementary Particles, Quantum

Mechanics, and Relativity Theory from the Radiation
Education
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Some important scientific ideas have been born since the discovery of radiation at
the end of 19th century. Atomic structure based on the idea of nucleus and electrons,
qguantum mechanics which describes motion of particles, energy transfer between
colliding particles, and the theory of special relativity necessary to understand energy
concept of moving particles having mass, all these ideas were developed
experimentally and theoretically by use of the radiations. We propose a new radiation
education in which people and students become interested in basic sciences through
learning fundamental properties of radiations.
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X-ray Imaging with Imaging Plate by Geissler Tube
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Instrumental Neutron Activation Analysis of the Hair

—A Study of the Biological Monitor in Persons Exposed by

Toxic Metals—

Sayoko OHMORI

Dr., Otsuma Women’s University, ret.

(OBJECTS] It is assumed that not only individual metals but also the interactions multiple metals,
such as assertive action, synergism and antagonism, may cause health hazard to persons. And it is
assumed that mineral balance shows the condition of a disease. To examine the effects of human
health on metals of hard metal factories and by manganese of persons living near manganese smelter,
instrumental neutron activation analysis was carried out on their hairs. And also the conditions of
disease on Cr poisoning patient absorbed into the system through the skin of Cr (VI+) were
examined by activation analysis of the hair.

(METHODS] Samples: Hairs were collected through the hard metal factories, manganese smelter
area and a hospital. Irradiation: Instrumental neutron activation analysis of their hairs was carried out
in KUR. Gamma ray spectrometry of short- middle- and long- lived nuclides was carried out with
4096 channel pulse height analyzer equipped with pure Ge detector.

(RESULTS] Interesting results were recognized.
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Effects of the Thoron Spa or Bath on the Anaplastic Carcinoma of
Thyroid
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It is well known that the low dose irradiation is effective for the improvement of the condition of the lifestyle
diseases such as cancers and diabetes. In this meeting, we will report about the effects of the Thoron spa or bath
on the anaplastic carcinoma of thyroid.

The thoron hot water was prepared using our devices based on the weak acid leaching method. The cancer
patient took a bath in the thoron hot water from six to eight times a day for each ten minutes every day. We
judged the evaluation from a blood test and so on.

The patient, who was diagnosed as the anaplastic carcinoma of thyroid in June 2014, received taxol treatment
(130 mg/body/ times) after surgery. The myelosuppression is a side effect of the taxol treatment. The bone
marrow activity recovered after the thoron hot bath, and the taxol schedule of 11 times of once a week could be
performed. In addition, the peripheral nerve disorder as a serious side effect of taxol was minimal. On the
other hand, four times of recurrences of the cancer were caused by June 2016. However, their progression was
very slow unlike the normal anaplastic carcinoma of thyroid. Thus, the recurrent cancers were able to be
eliminated by the surgical operations.

The mechanism of the Thoron spa or bath’s effectiveness was still unknown, but it would be suggested of the
good results for the improvement of the cancer.
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HATO Project / Practice of Radiation Education through
Partnership of Teacher Education Universities
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In Japan, curriculum guideline (Course of Study), for junior high school science was revised in
2008, and radiation education was added in the guideline of school science. After Fukushima Daiichi
nuclear power plant accident of 2011, scientific literacy on radiation/radioactivity is socially
demanded.

Under the circumstance described above, teacher training to produce junior high school science
teachers who can teach radiation/radioactivity based on scientific perspective has become an urgent
task in Japan. Since 2012, four Teacher Education Universities (Hokkaido University of Education,
Aichi University of Education, Tokyo Gakugei University (TGU), Osaka Kyoiku University) have
been engaged in the "HATO-Project”. Under this big project, Tokyo Gakugei University has
managed a sub-project; “HATO Radiation Education Project” whose objective is pre-service teacher
training of radiation education for junior high school science. In this project we started two new
subjects “Radiation Education I” and “Radiation Education II” in TGU from 2014. The former one is
for the students of the four universities, and is made of lectures and educational experiments. The
latter one (Radiation Education I1) is for the students of TGU, and is made of lectures and practical
work such as practice teaching at junior high school. In addition, we have developed teaching
materials of radiation education (Video contents and “Teaching Materials Package for teachers”).
Details will be reported at the conference.
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Technology through the Grant for Strengthening National University Reforms for the “HATO
Project/Teacher Training Renaissance: Building a Support System to Advance Teacher Education
through University Partnership”.
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How to Explain Radiation Health Risk to the General Public
— Lessons learned from Chernobyl and Fukushima Nuclear Power
Plant Accidents —

FEEBRERR U 2 7 & — AR ED K S ICHT % Dh>
— Fx ) T4V LEEDORBERIDFATZHI —

Shunichi YAMASHITA, MD, Ph.D.
e
Nagasaki University,”Fukushima Medical University
Rty R/ s W SLIE R R
T852-8523 RIURTHTA 1—12-4 Rk KGRI S R TEiT

| have passed through many difficulties and had a chance to actually realize the significance of
responsibilities from the nuclear power plant accidents of Chernobyl and Fukushima on accurate
evaluation of radiation risk and radiation health effects when communicating with the public. The
public has already exposed similar negative feelings about terror, tragedy of the atomic bombings
and nuclear accidents, frustration about the widely spreading illusion of nuclear safety before the
accidents; we thus have many difficulties for a long time when we challenge to perform crisis and
post-crisis radiation risk communications.

At first we should realize that there are two types of radiation health effects: an acute radiation
syndrome, the so-called deterministic effect (tissue reaction) due to a massive radiation exposure,
and chronic radiation damages and genetic effect, which underlie the stochastic effects caused by the
lower doses or low dose-rate radiation exposure. It is important to understand that health effects of
radiation may be very different depending on the level of the dose received. Clearly, we naturally are
surrounded by radiation exposures and radiological materials, even from inside our body. Therefore,
we should learn comprehensively the effects of low dose and low dose-rate radiation exposure at the
standpoint of daily life and considering other health risk factors.

I was one of the medical experts and the advisors of radiation health risk management to
command the emergency radiation medicine in Fukushima just after the accident. At first we tried to
mitigate and block the radiation health risk to the general population in Fukushima, especially in
order to calm down exaggerated anxiety and mental stress, and then, at present, are facing more

challenges at the frontline of the individual risk management. When we see people’s feelings and
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difficulties of the daily lives of evacuation, we surely understand their deep damages and all
negative consequences. If people could admit that “It is no use crying over spilt milk®, it would be
possible to forward positively radiation risk communication. However, many still suffer from
post-traumatic stresses, social stigma such as discrimination and inequality, even from disruption of
local communities and dramatic changes of daily life-style; they sometimes could not avoid escaping
from individual self-stigmatization. We should keep in mind when we implement a sound radiation
education that the negative delayed impact of radiation exposure always influences not only physical,
but also affects psychosocial recovery and resilience.

In this presentation, on a basis of our knowledge and own experience of Chernobyl+30 and
Fukushima+5, an accurate and well-balanced way of education in radiation health risk will be

mainly introduced.
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Radiation Education Initiatives in Fukushima Prefecture
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Education for Radiation Awareness
which Values a Relationship among Schools or People
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Radiation Education in Fukushima High School
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https://www.pref.fukushima.lg.jp/uploaded/attachment/167949.pdf  (Japanese only)
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Recent Support Activities of Teaching Practice in Radiation
Education Forum
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In Japan the learning guidance for radiation in the junior high school science was resumed
5 years ago for the first time in 30 years. In addition, it has been strengthened based on
lessons learned from the nuclear disaster in Fukushima. However, if you look over the whole
of Japan, as a matter of fact, many of the teachers are actually in such situation that they
hesitate or do not know what to do in the practice of radiation lesson. On the other hands,
there are teachers and regions who are practicing with enthusiasm on pioneering teaching
practices on radiation classes.

Radiation Education Forum is working on the activities to support science teachers to
disseminate radiation education nationwide in junior high schools, through planning and
holding pubic panel discussions where constructive opinions have been exchanged on the
practice of radiation classes, between experts and the teachers with leading experiences, or
between the teachers. In junior high school science textbooks that was began to be used this
fiscal year, enrichment of learning contents of radiation is making support for radiation class
important. A growing importance of tuition assistance by learning the contents of the
radiation has been substantial. For this reason, we are spreading and deepening the discussion
on the teaching practice, for the purpose of collecting and providing such practice examples
of radiation class, and developed "Teacher's Plaza™ set up on the homepage and are promoting
utilization for teaching practice support.
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1. Nuclear and Radiation Education in Elementary, Junior High and High Schools

The concept of energy and electric power generation (Water Power, Thermal Power, Nuclear
Power, Renewable Energy) are introduced in elementary schools.

Nuclear power plant and radiations are described in the junior high school science textbooks.
Damages by Great East Japan Earthquake, the evacuation of peoples and the environmental pollution
caused by Fukushima Daiichi Nuclear Power Accidents are mentioned in the textbooks.

The structure of nucleus and mechanism of nuclear fission are explained in the high school
physics. But, less than 20% of high school students study physics. So the knowledge about the
nuclear power and radiations stays at the level of junior high school for the majority of high school
students. Energy resources, the advantages and disadvantages of nuclear power, status of renewable
energies and the influences by the Fukushima Daiichi Nuclear Power accident etc. are written in the
civics history and geography textbooks.

2. Support Activities of the Nuclear and Radiation Education in Atomic Energy Society of
Japan (AESJ)

2.1 Activity of AESJ Educational Committee

The sub-committee about elementary and secondary education in AESJ Educational Committee
researched and reported about the descriptions of energy, nuclear power and radiations in the
textbooks for last twenty years. Incomplete or inadequate descriptions about the effects of radiation
exposure, safety of radioactive waste are picked up in the report. The report has been submitted to
the Ministry of education and textbook companies.
2.2 Meeting and Dialogue with Students by Senior Network Members

Senior Network (SNW) of AESJ is established in 2005. SNW members talk with university and
college students about nuclear power to encourage and foster their dreams in the dialogue meeting.
Two or three SNW members talk with 5 to 7 students in a meeting for sufficient exchange of
opinions.
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2.3 Cooperation with Japan Network of Human Resources Development (JN-HRD.Net)
JN-HRD.Net was established 2011 for the cooperation of nuclear-related organizations. ASEJ has
been a member from the start. JN-HRD will help member organization to cooperate each other and
to help activities. One of major objectives of JN-HRD is support activities of elementary and
secondary education. The JN-HRD sub—committee offers teaching materials, model class plans
about nuclear and radiation education.
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