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Preface

Radiation is an essential means to promote basic science research. In particular,
radiation detectors and radiation research have made significant progress in the past
century. Furthermore, research and application of radiation in the medical field have
greatly developed in term of industry. X-ray applications in medicine, especially
diagnostic CT scans are currently very common in hospitals. Some citizens do not
recognize the role of radiation and radioactivity and there are not a few who are afraid
of them, but others are taking risks of excessive exposure to X-rays. We wish people to
understand the nature and usefulness of radiation, and the dangers of its handling. It is
our duty as scientists and engineers to talk to citizens about how to use radiation and
radioactivity safely in everyday life.

The 4th International Symposium on Radiation Education (ISRE2008) was held in
Hsinchu City, Taiwan 8 years ago, and this Symposium (ISRE2016) was held in
Koriyama City, Fukushima Prefecture. This symposium has been devoted to the
radiation education for pupils and general citizens. Six major topics in this symposium
were discussed: (1) upbringing of human resources and securing the field of radiation
science, (2) radiation education, energy education and environmental education for
schools and the general public, (3) effects of low-dose radiation on the human body,
method of protecting the human body, (4) risks associated with the application science
and technology, (5) natural radiation, (6) radiation literacy after the Fukushima nuclear
accident. There were 17 participants from Thailand and Taiwan, 4 keynote speakers,
14 oral presenters and 14 poster presenters, and a total of 95 participants in this
symposium. Thank you for letting us know about this unique experience.

The organizing committee of this symposium is very knowledgeable about the
purpose of this symposium and many companies, prominent lecturers and participants
cooperated in various ways to fruitful discussions. We sincerely welcome organizations
and individuals

Kunihiko Hasegawa
Chairperson of the Organizing Committee, The Fifth International Symposium on
Radiation Education (ISRE2016), and President of NPO Radiation Education Forum
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Necessity of Education on Radiation and Radioactivity in

Japan
B AIZ BT 5 BURBRECE O LB
Akito ARIMA
AEEIA

President, Japan Radioisotope Association
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%1 Graded Science

TIMSS1995 TIMSS2003 TIMSS2007 TIMSS2011 TIMSS2015
1Korea 597 Singapore 565 Singapore 587 Korea, Rep. of 587 Singapore 590
2Japan 574 Chinese Taipei 551 Chinese Taipei 557 Singapore 583 Korea, Rep. of 589
3 United States 565 Japan 543 Hong Kong SAR 554 Finland 570 Japan 569
4Austria 565 Hong Kong, SAR 542 Japan 548 Japan 559 RussianFederation 567
SAustralia 562 England 540 RussianFederation 546 RussianFederation 552 HongKong SAR 557
6Netherlands 557 United States 536 Latvia 542 Chinese Taipei 552 Chinese Taipei 555
7Czech Republic 557 Latwvia 532 England 542 United States 544 Finland 554
8England 551 Hungary 530 United States 539 Czech Republic 536 Kazakhstan 550
9Canada 549 RussianFederation 526 Hungary 536 Hong Kong SAR 535 Poland 547
10Singapore 547 Netherlands 525 haly 535 Hungary 534 United States 546
11Slovenia 546 Australia 521 Kazakhstan 533 Sweden 533 Slovenia 543
12Ireland 539 New Zealand 520 Germany 528 Slovak Republic 532 Hungary 542
13Scotland 536 Belgium (Flemish) 518 Australia 527 Austria 532 Sweden 540
14 Hong Kong 533 haly 516 Slovak Republi 526 Netherland: 531 Norway/(5) 538
15 Hungary 532 Lithuania 512 Austria 526 England 529 England 536
16New Zealand 531 Scotland 502 Sweden 525 Denmark 528 Bulgaria 536
17Norway 530 Moldova, Rep. of 496 Netherlands 523 Germany 528 Czech Republic 534
18Latvia (LSS) 512 Slovenia 490 Slovenia 518 Italy 524 Croatia 533
191srael 505 Cyprus 480 Denmark 517 Portugal 522 Ireland 529
20Iceland 505 Norway 466 Czech Republi 515 Sl 520 Germany 528
21Greece 497 Armenia 437 Lithuania 514 Northern lreland 517 Lithuania 528
22 Portugal 480 Iran, IslamicRep.of 414 New Zealand 504 Ireland 516 Denmark 527
1F85: F 2% (@I FEHF RN 201212
%2 Grade8 Science
TIMSS1995 TIMSS1999 TIMSS2003 TINSS2007 TIMSS2011 TIMSS2015

1Singapore 607 Chinese Taipsi 569 Singapore 578 Singapore 567 Singapore 590 Singapore 597
2Czech Republic 574 Singapore 568 Chinese Talped 571 Chinese Talpel 561 Chinese Tapel 564 Japan 571
3Japan 571 Hungary 552 Kores, Rep. of 558 Japan 554 Korea, Rep. of 560 Chinese Taipei 569
4Korea 565 Japan 550 Hong Xong, SAR 556 Kores, Rep, of 553 Japan 558 Korea, Rep. of 556
S Bulgaria 565 Kores, Rep. of 549 Estonia 552 England 542 Finland 552 Slovenia 551
6Netherlands 560 Netherlands S45 Japan 552 Hungary 539 Slovenia 543 Hong Kong SAR 546
7Slovenia S60 Australia S40 Hungary 543 Czech Republi 539 R Fed: 542 Russian Fed 544
BAustra 558 Czech b 539 Netherand 536 Slovenia 538 Hong Kong SAR 535 England 537
9 Hungary 554 England 538 United States 527 Hong Kong SAR 530 England 533 Kazskhstan 533
10England 552 Finland 535 Australia 527 Russian Federation 530 United States 525 Ireland 530
11 Belgium (F1) 550 Slovak Republic 535 Sweden 524 United States 520 Hungary 522 United States 530
12 Australia 545 Belgium (Flemish) 535 Slovenia 520 Lithuania 519 Australia 519 Hungary 527
13 Slovak Republc 544 Slovenia 533 New Zealand 520 Austraka 515 Israel 516 Canada 526
14 Russian Federation 538 Canada $33 Lithuania 519 Sweden 511 Lithuania 514 Sweden 522
15 Iredand 538 Hong Kong SAR 530 Slovak Republic 517 Scotland 496 New Zealand 512 Lithuania 519
16Sweden 535 R Federation 529 Belgum (Flemish) 516 Italy 495 Sweden 509 New Zealand 513
17 United States 534 Bulgaria 518 Russian Federation 514 i 488 Italy 501 Australia 512
18Germany 531 United States 515 Latvia 512 Norway 487 Ukraine 501 Norway (9) 509
19Canada 531 New Zealand 510 Scotland 512 Ukraine 485 Norway 494 lsracl 507
20Norway 527 Latvia (LSS) 503 Malaysia 510 Jordan 482 Kazakhstan 490 Italy 499
21 New Zealand 525 Italy 493 Norway 494 Malaysia 471 Turkey 483 Turkey 493
22 Thailand 525 Malaysia 492 taly 491 Thaitand any oo BamEReP- 474 Mo 481



%3 PISA Scientific literacy

PISA2000 PISA2003 PISA2006 PISA2009 PISA2012 PISA2015

552 Finland 548 Finkand 563 shanghai-China 575 Shanghai-China 580 Singapore
550 Japan 548 HongKong-China 542 Finland 554 HongKong<{hina 555 Japan 538
538 HongKongChina 539 Canade 534 HongKong-China 549 Singapore 551 Estonia 534
532 Korea 538 Chinese Taipel 532 singapore 542 Japan 547 Chinese Talped 532
529 Uechtenstesn 525 Estonia 531 Japan 539 Finland 545 Finkand 531
528 Australia 525 Japan 531 Korea 538 Estonia 541 Macao{China) 529
528 Macao-China 525 New Zealand 530 New Zealand 532 Xorea 538 Canada 528
510 Netherlands 524 Austrokia 527 Canads 529 Viet Nam 528 Viet Nam 525
513 Ciech Republic 523 tand 525 Estons 528 Poland 526 HorgKong:China 523
512 NewZesland 521 Li i 522 & 527 Canada 525 B-5-4-GiChina] 518
511 Canada 519 Kores 522 Netherland 522 Lechtenstein 525 Korea 516
S00 Switzerland 513 Slovenia 519 Chinese taipei 520 Germany 524 New 2ealand 513
500 France 511 Germany 516 Germaay 520 Chinese Taipei 523 Slovenia 512
499 Belgium 509 United Kingdom 515 Liech i 520 Netherlands 522 . 510
496 Sweden 506 Crech 513 Switzerland 517 Ireland 522 United Kingdom 509
496 Ireland 505 Switzerland 512 United Kingdom 514 Australia 521 Germany 509
496 Hungary 503 Macso-China 511 Slovenia 512 Macao-China 521 Netherlands 509
496 G Y 502 Austria 511 macao-China 511 New Zealand 516 Switzerland S06
Spain 491 Poland 488 Belgum 510 Poland 508 Switzerland 515 Ireland 503
B cermany 487 Slovak 495 Ireland 508 Ireland 508 Slovenia 514 Belgum 502
[ 2:[ 483 iceland 495 Hungary 504 Belgum 507 United Kingdom 514 Denmark 502
nwﬂl\ﬂﬁ 481 United States 491 Sweden 503 Hungary 503 Czech Republic 508 Poland 501
X1 PISA Average Score and Ranking, 2000 through 2015
S60
Mathematical 547
550 + fteracy Scientific Ath/65 countries
g Sdi/6$ countries
540 + - Reading wv«m 531 /‘\ - -
Steracy WS7 coaies 4ml6500uwbs » 20d/72 countries
T ——
530 - 522 536 " s
8th /32 countries Tth/65 countries Sthy/72 countries
mosm
=1 lWS?coumnu \ 516
o | mm 872 counis
500 -
498 498
490 - 14th/41 countries 15th/S7 countries
480 -
470 +
2000 2003 2006 2009 2012 2015
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B2 Kinds of Radiation (Radiation without charge)

yray (gamma ray), Xray: v ray and Xray shter
« Light with high energy """""J
(kinds of electromagnetic waves with extremely short wave) N
.

* No charge -> big penetration capability AAARMN
yray, Xray

yray : to be emitted from nucleus, elementary particles
Xray: to be emitted by bremsstrahlung of orbital electron,

charged particles humﬂd'
« Increasing Frequency (v) au
L T o T 1 L T R T L [ 1 1Y speed secondly
1 1 {) L] 1} A A 1] 1 ) ) ] m
Yoy Xap | v ® Micronase llll Lowg radin wives
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BI3 Natural radiation dose per year from earth in the world

Natural radiation dose from at highly dose area in the world(mSv/y)

Area [ Average = Max. Rate
Ramsar (Iran) 10.2 260.0
Guarapari (Brasil) - 5.5 35.0
Kerala (India) . 38 35.0
Yang Jion (China) | 35 5.4
Hong Kong (China) | 0.67 1.0
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How to Explain Radiation Health Risk to The General
Public: Lessons Learned from Chernobyl and Fukushima
Nuclear Power Plant Accidents

Shunichi YAMASHITA, MD, PhD
Nagasaki University/Fukushima Medical University

Abstract

I have passed through many challenges and had a chance to actually realize the significance of
responsibilities from the nuclear power plant accidents in Chernobyl and Fukushima on accurate
evaluation of radiation risk and radiation health effects when communicating with the public. The
public has similar negative feelings about terror, tragedy of the atomic bombings and nuclear
accidents, frustration about the widely spread illusion of nuclear safety before the accidents. We
thus face many continuous difficulties when we have 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 high dose radiation exposure,
and chronic radiation damages and possible genetic consequences, 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 consider other health risk factors.

Introduction

I was one of the medical experts and advisors on 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 risk, especially overall health risk to the population in Fukushima in order
to calm down exaggerated anxiety and mental stress immediately after the forced evacuation and
later spontaneous evacuation. At present, we are meeting more challenges at the frontline of the
individual risk management far beyond the principal and conventional approach to radiation
protection. When we see people’s feelings and 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 discrimination and
inequality, and from disruption of local communities and dramatic changes of daily lifestyle; they
sometimes could not avoid 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 psychosocial part of life.
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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, focusing on

thyroid problems, will be introduced.

Lessons learned from Chernobyl

Chernobyl nuclear power plant accident was of outstanding importance for the issues arising
after the Fukushima accident. The two accidents were different in terms of magnitude, with
Fukushima’s 10% of the radioactive materials released from Chernobyl. Large-scale releases of
radioactive materials including short-lived iodine-131 were widely diffused around Chernobyl and
even in the Northern Hemisphere around Europe. In particular, the critical problems for local
residents have been that iodine-131 was found in milk from cows that had grazed on contaminated
grass in areas close to Chernobyl. Because of a lack of radiation protection and insufficient food
safety control, many people including infants and children were likely ingesting iodine-131 in large
amounts. lodine itself has the property to be selectively taken up by the thyroid gland and this also
fully applies to iodine-131. In addition, Chernobyl is an inland area poor in natural iodine, a factor
which contributed to exacerbating internal exposure of thyroids of children who were consuming
iodine-131 contaminated milk. These children were exposed to an estimated dose from tens to
several thousand milliSievert of thyroidal radiation. As a result, infant and thyroid cancer incidence
increased rapidly in those who were children at the time of the accident. Eventually, the number of
thyroid cancers continues to increase even 30 years after the accident, and has amounted to ~6,000
as of 2005, and there may be additional 16,000 cases due to radiation in European countries by
2065.

Physical half-life of iodine-131 is around 8 days so it decays quickly, but radioactive cesium
remains in the environment. Physical half-lives of Cs-134 and Cs-137 are around 2 years and 30
years, respectively. Therefore, around Chernobyl, radioactive cesium was highly prevalent in
animals and plants in the forest as the food chains was polluted with it. Together with vigorous
efforts how to avoid internal exposure by contaminated food chain, the dose control under the
safety level is always challengeable. So far, besides thyroid cancer, the incidence of other malignant
tumors, leukemia and other radiation-associated diseases did not increase in the population as a
result of radiation exposure. Furthermore, there were no differences in congenital abnormalities rate
between cesium-contaminated and non-contaminated areas; however, the greatest health problems
were the mental and psychosocial issues due to the accident itself.

The difficulties we faced around Chernobyl were how to communicate radiation health risk to
the public and how to encourage their recovery from the accident given a problem of thyroid cancer.
It is of a big problem for us to encourage people overcome radiophobia as well as to help them
realize the accuracy of radiation health effects and risk estimates. We can explain the results of the
past epidemiological studies logically and comprehensibly describe the principles of radiation
protection, but far beyond from such approaches it takes time to reach the common and mutual
understanding of radiation health risks.

Therefore, one of the lessons learned from Chernobyl is that beyond the emotional reaction on
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the event which is already in the past, we, especially experts in radiation protection, should honestly,
patiently and positively support and assist the public in gaining objective perception of radiation
risk. This needs to be done through the direct dialogue and various education materials because
public risk perception is easily influenced by other sources of information such as the unreliable
mass media and groundless rumors. Secondly, during the recovery and rehabilitation period after
the Chernobyl accident, the unnecessary threat of radiation as well as over- and under-estimation of
radiation risk among the residents of affected areas should be avoided. The community-based
recovery together with individual-based approach would be desirable for raising the radiation
protection culture in radio-contaminated areas of Chernobyl in addition to the governmental

support.

Lessons learned from Fukushima

Five years have passed since the Fukushima nuclear power plant accident, a multidimensional
disaster that combined to destroy, giving a serious impact to the world. Owing to the timely
emergency response and prompt countermeasures that included evacuation, sheltering and control
of food production and supply, the risk of radiation-associated physical consequences for residents
in Fukushima is quite different from that in Chernobyl. It is considerably lower or undetectable
based on the estimates of radiation doses the individuals received during the accident.

In contrast, however, there are striking similarities in the social, psychological and economic
impacts between the two accidents. For example, maternal concern is a very serious and important
consideration, especially for children’s health and future. Wrong and misleading information of the
second coming of Chernobyl evoked a profound mental damage, such as a radiophobia. Therefore,
in order to support people’s recovery, careful explaining radiation health risk in Fukushima is one
of the key issues to be solved. Indeed, it is difficult to understand the linear non-threshold (LNT)
cancer risk model used for radiation protection purposes, which does not reflect the real individual
health risk. Namely, the meaningfulness of the LNT model for and biological effects of low dose
radiation exposure are insufficiently understood indicative of shortcomings in relevant scientific
knowledge or of even possibly erroneous conception.

To overcome an endemic of fear of radiation, several concrete actions are now taking place in
Fukushima. These are a collaboration model in Kawauchi village, a series of dialogue seminars
organized by the International Commission for Radiological Protection (ICRP) and a courteous
explanation of the aims and results of the thyroid ultrasound examination (TUE) program to the
affected population by Fukushima Medical University.

Here is one example how to improve the TUE program. After the Fukushima accident, the
government established a wide-reaching health management survey in Fukushima in order to
promote residents’ health for a long time. Strictly speaking, surveys are not primarily scientific
studies. Health and wellbeing is affected by a very large number of factors and to attribute any
health effect to a particular cause, careful scientific studies that involve control groups and take into
account various confounding factors are required, such as e.g. epidemiological investigations.

However, explaining the difference between surveys and scientific studies to the general public is
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not easy, particularly explanation about the TUE, which involves highly sophisticated and
technologically advanced screening method.

In Fukushima, the results of TUE clearly indicate a high detection rate of childhood, adolescent
and young adult thyroid cancer, which Fukushima residents sometimes tend to associate with their
radiation exposure. Accumulated health examination data, and repetitive examinations using highly
sensitive equipment and standardized diagnostic protocol result in the detection of increasing
number of thyroid cancer in young people. More than 140 papillary thyroid carcinomas were
operated among the cohort of about 300,000 individuals aged less than 18 years at the time of the
accident in Fukushima. Although the thyroid doses from potential exposure to radioactive iodines
after the accident were very low compared to those around Chernobyl, misunderstanding and
rumors suggesting a scenario similar to Chernobyl have evoked distress and anxiety about a rapid
increase of thyroid cancer in Fukushima. This has led to an epidemic of fear that exaggerates wrong
interpretation of an increase of thyroid cancer in Fukushima attributing it to radiation. Therefore, it
is important for physicians and public health workers to correctly understand the reasons of the
increased detection rate of thyroid cancer in Fukushima area. This is exactly due to mass screening.
To avoid misreading of the results of the TUE program, there is an urgent need to quantify the
magnitude of the “screening effect” as well as the risk of potential overdiagnosis in young patients.

In addition, even though the Fukushima accident is likely to result in no discernible health effects
from radiation, our risk communication strategy and policy should be reconsidered and involve
various stakeholders. Especially during the post-crisis period, a common knowledge about radiation

protection and radiation health effects is essentially needed.

Summary

When we, medical and health care experts, challenge to tackle the difficulties, trying to find the
ways how to explain radiation health risk to the public, it is essential for all of us to clearly and
mutually understand that expected radiation-associated health consequences in Fukushima are quite
different from Chernobyl. The risk is drastically lower or undetectable based on radiation dose
estimates. This is very fortunate; it gives us a strong confidence and encouraging background how
to communicate with local residents during the recovery phase. However, there are similarities
between the two accidents in the social, psychological and economic impacts. Therefore, the
continuation of the Fukushima Health Management Survey is essential to monitor health condition
of the residents. It is also an important component of all recovery efforts to train and bring up the
specialists who can take responsibility for long-term risk management regarding health effect of
radiation. Our goals include overcoming and reforming the difficult and disordered situation to
transform Fukushima in the future into the “Number one prefecture of longevity in Japan” based on
our common human spirit of “a happiness of lending a helping hand”. Academic responses to
Fukushima accident are now vital and in great demand to match the request for well-balanced

radiation risk communication from the public.
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Abstract

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 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 engineering 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 Atomic Energy Council and College of Nuclear

Science, National Tsing-Hua University, Taiwan.

Introduction

College of Nuclear Science (CNS), National Tsing-Hua University (NTHU) and Atomic Energy
Council (AEC) are the two organizations responsible for Nuclear Energy Education in Taiwan.
CNS is mainly for the professional education in nuclear sciences. Tsing-Hua Open-pool Reactor
(THOR) (Fig. 1), the first nuclear reactor built in Taiwan and also in Asia, reached its state of
criticality in 1961. THOR is a reactor dedicated for research and education in Nuclear Energy. It
provided reactor operation training for Asia countries (supported by IAEA) during its early years. It
also undertook medical applications of nuclear reactor such as blackfoot disease in detecting
the levels of arsenic in hair and produced I-131, Na-24, and K-42 for medical examinations.
Recently THOR is under evaluation of Boron Neutron Capture Therapy (BNCT) in treatment of

patients with head and neck cancer and gaining great successes.
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The main task of AEC is to monitor environmental radiation induced by nuclear reactor and
regulate the radiation dose by the radiation equipment for medical usage. It also provides the
general public information on atomic energy, nuclear power and radiation safety through internet,

flyers, advertisements, publications, press conferences, exhibitions, and media.

Nuclear Reactors in Taiwan

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.

RS
STHA |
1 P!',LLI"

Fig. 1. THOR is the first nuclear reactor in Asia. THOR is a 2 MW, light water moderated and
cooled reactor of the TRIGA conversion type. License renewed in 2011.

Evolution

The society favored nuclear energy during the periods of global energy crisis and then turned to
downside due to the nuclear reactor 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
newly elected government (2016) proposes a nuclear-free homeland at 2025 policy: (1) suspension
of construction of the fourth nuclear power plant; (2) phasing out nuclear power plants; (3)
searching for suitable site for the disposal of nuclear waste (3,575 tonnes of spent nuclear fuel); (4)
promoting renewable energy; (5) improving power generation efficiency; (6) saving energy; (7)

industrial structure adjustment; and (8) electricity liberalization.
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During these years, the public opinion on nuclear energy in Taiwan is similar to the riding of
roller coaster. The College of Nuclear Science also adjusts its structure to meet the rise and fall of
the society attitude toward nuclear energy. In the following, we address the evolution of both

Atomic Energy Council and College of Nuclear Science.

College of Nuclear Sciences, National Tsing-Hua University

The evolution of College of Nuclear Science (CNS), NTHU can be classified into 5 periods:
(1) Incubation (1956-1974)

During the Incubation period, the Institute of Nuclear Science (master program), the Department
of Nuclear Engineering (undergraduate), and the Institute of Nuclear Engineering were founded in
1956, 1964, and 1970, respectively and the College of Nuclear Science was established in 1974. In
these years, several professors from Japan visited CNS and contributed their knowledge to enrich
the field of Nuclear Science in Taiwan. They were: {A[¥F 5275, JRk fif, &k ME, 1L W
BB, Ay IERE, B M, ZEEE Ok, B A, MR CEN, dm T, R0 Y
HH B8, and d7H 4. In the meantime, several faculties from CNS (#5 K, 485, B HE,
T {#4$#) went to Japan and acquired their degrees. The frequent exchange of scholars between
Japan and Taiwan is not seen today as the Japanese in Taiwan is not so popular as before. The
younger generation is more fluent in English now and United States is their first choice for study.
(2) Development (1975-1994)

In the Development stage, the college continues to expand. During this time, the Institute of
Radiation Biology (Master Program), PhD program in the Institute of Nuclear Engineering, and the
Department of Nuclear Science (undergraduate program) were added to CNS and undergraduate
program of NE Department expanded doubly.

(3) Paradigm Shift (1995-2006)

In these years, because of the anti-nuclear environment the Departments changed name to avoid
“nuclear” in order to attract students. During the Paradigm Shift period, NE Department was first
renamed as Department of Nuclear Engineering and Engineering Physics at 1995 and then to
Department of Engineering and System Science (ESS) in 1997. Nuclear Engineering became one of
the programs in the ESS Department. In 1998, Institute of Radiation Biology was combined with
the Department of Life Science and became part of the College Life Science. In 2006, Department
of Nuclear Science renamed to Department of Biomedical Engineering and Environmental
Sciences
(4) Nuclear Renaissance (2007-2011)

Between the years 2007 to 2011, due to the Greenhouse effect (0.6°C temperature increasing and
caused sea level rising last century), Kyoto Protocol came into force, and rise in fossil fuel prices,
USA, England, Russia, Japan, and other industrial countries supported nuclear power stations.
Nuclear Renaissance term had been used to refer to a possible nuclear power industry revival. In
these years, the College continued to grow: re-establishment of Institute of Nuclear Engineering
and Science (master and doctoral program), establishment of Advanced Photo Source Program

(with the corporation of Synchrotron Radiation Research Center), and establishment of
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Interdisciplinary Undergraduate Program of Nuclear Science.
(5) After Fukushima (2011~)

In March 2011, the nuclear disaster at Japan's Fukushima I Nuclear Power Plant raised questions
over the future of the nuclear energy. The nuclear-free homeland policy declared the end of nuclear
energy in Taiwan. The fourth nuclear power plant was in deferral state. It can be predicted that the
program of Nuclear Engineering will dwindle in the coming years. The research focus of the
College gradually shifts from reactor design to nuclear waste disposal and medical applications.
The Department of Biomedical Engineering and Environmental Science is considering change

name to the Department of Biomedical Engineering and Medical Physics.

Atomic Energy Council

The Atomic Energy Council (AEC) was founded in 1955 at the ministerial level. Its original
missions during its initial establishment were: (1) to formulate the Atomic Energy Law; (2) to foster
peaceful applications of atomic energy; (3) to coordinate international cooperation on nuclear
energy; and (4) to help Tsing-Hua University in the construction of THOR.

After the construction of nuclear power plants, its missions became: (1) reactor safety regulation;
(2) radiation protection; (3) radwaste administration; (4) environmental radiation monitoring; (5)
R&D for technology development; and (6) other civilian nuclear applications.

After Fukushima Daiichi Nuclear Disaster, due to the non-nuclear policy AEC will undergo
reconstruction. Firstly, AEC will be included in the ministry of science and technology (MOST).
Then INER will be renamed as Institute of Energy Research (without nuclear) and moved to under
Ministry of Economic and Energy. Missions of AEC will be changed and be focused on: (1)
ensuring safety during "nuclear power phase-out"; (2) regulating nuclear power plant

decommissioning; and (3) radioactive waste management.

Conclusion

The evolution of the nuclear education in Taiwan reflects the society attitude toward the nuclear
energy. The mission of College of Nuclear Science is to train professionals for nuclear power plant
when the society is for the nuclear energy. But when the society is against nuclear energy, the
focuses of the college researches switch to nuclear waste management, green energy, and medical
applications. Similarly, the mission of Atomic Energy Council switches from promoting of nuclear

energy to the safe decommission of nuclear power plants.
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Abstract

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. 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. 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.

1. Introduction

The biodistribution of radioactive isotopes within the patient’s body is particularly useful for
calculating the cumulative activities and estimating the absorbed doses in the different organs of the
patient'-?. Such information can be acquired by measuring the time—activity curve (TAC), a plot of
activity over time of a region of interest (ROI) drawn over a tissue. Biochemical or physiological
models can be fitted to the time-activity curve (TAC) to produce parametric images and convey
more information than just the distribution of radioactivity in an organ®. However, the
measurement of TAC usually requires several repetitive scans by planar scintigraphy, positron
emission tomography (PET) or single-photon emission computed tomography (SPECT) at different

time points. These repetitive procedures are usually time-consuming and not cost-effective. To this
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end, an alternative method to estimate TAC information by using external thermoluminescence

dosimetry (TLD) measurements is proposed in this work.

2. Methodology

Previously works*® suggested the uses of external TLD to measure organ dose. Let Sj—; be the
dose to target j with the radiation from source i per unit cumulated activity. The total dose to an
organ is the summation of the dose delivered from all source organs. Their relation is characterized

by the following dose-activity equation:

N
Dj =D AS(j«i) (1)
i=1

where A, is the cumulated activity occurred within the source organ i during the time interval of

study and D is the total dose delivered to target organ j. The S value representing the target—source
organ pair” that can be obtained from the Monte Carlo (MC) simulation beforehand. In this study,
the MC simulation was based on our house-made patient-specific dosimetry system, namely
SimDOSE?® ?). Assuming N source organs distributed within the patient, as many as N TLDs placed
on the surface around the subject should be sufficient to estimate the N source organ activities. The
N unknown cumulated activities of each organ can be calculated by solving the equation (1) using

the Jacobi method. Fig. 1 demonstrates the procedure example of estimating the

:> S values database
S values of TLD-source pairs

~SIimDOSE

D 4 By P4y Prea [F43|S1cs |[F 45 S1eB
Dyl= 21 Syt |+ Z2 Srcaft 43 Sae3 +-:13 SreB
Dsl= 4; Pse |+ 423 [F 43|33 |+ 45308
Dyl= 4|Speft 4> Spea|t 4154+ 45| Spen
Dj Si(—j

Solve for the equations and obtain
(:4“ ) the cumulative activity of each organ
’ in the time of TLD measurement
using Jacobi’s method

Fig. 1. The procedure of estimating the cumulative activities of each organ through the external

TLD measurement and Monte Carlo simulations.

20



cumulative activity of each organ using the combination of TLD measurements and MC
simulations. For obtaining the organ activity at different time points, one can leave the TLDs
untouched for a period of time. The cumulative activity in each organ during the period of time can
be calculated by performing the procedure in Fig. 1. Finally, the TAC of each source organ can be

constructed by connecting these timely fractional cumulative activities.

3. Results

The effectiveness of this method was studied using a Monte Carlo simulation based on an ORNL
mathematical phantom'® with TAC in six organs (lung, heart, urine, liver, head, and whole body)
during an '8F-FDG study. Numerous TLDs were placed on different locations of the surface and
were repeatedly read and replaced as shown in Fig. 2 (b). The TACs presented in MIRD 19 report
used as input in '8F-FDG uptake simulation. Note that only lung, heart, urine, liver, head, and
whole body were selected as source organs and all the others (kidneys, pancreas, spleen, red
marrow, etc.) were grouped together with the whole body as one homogeneous background due to
their small activities from MIRD 19 report!). Simulations of dose measurements by using TLDs on
the ORNL phantom were performed at eight temporal frames (15, 30, 45, 60, 120, 180, 240, and
300 min) after the intravenous administration of 370 MBq '"®F-FDG. Fig. 2(a) compares the
reference TAC (solid lines) adapted from MIRD report 19 and calculated TAC (dash lines) using

the proposed method for decay-corrected FDG activity in the normal human brain, heart, lungs,

10 TLDs/ 10 organs

Lung-Ref
Liver-Ref
Heart-Ref
Urine-Ref
Brain-Ref
--@-- Lung-Calc
- -4 - Liver-Calc
- -+ -- Heart-Calc
- -1 - - Urine-Calc
- -4 -- Brain-Calc

Activity (mBq)

0 50 100 150 200 250 300
Time (min)

(a) (b)
Fig. 2. Measurement of time—activity curves for decay-corrected '®F-FDG activity in normal human
brain, heart, lungs, liver, and urine by placing the TLDs on the ORNL phantom. (a) The reference
TACs adapted from the MIRD 19 report (solid line) and calculated TAC using the proposed TLD
method (dash line). (b) The arrangement of TLDs on the ORNL phantom.
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liver, and urine. A slight deviation was found between the calculated and reference TAC, but their
trends were in close agreement in general. The percent sum of squared errors (PSSE) between the
reference 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.

A proof of the concept—validation experiment using a physical phantom was performed. A
cylindrical water phantom (200 mm diameter with 168 mm height, Ag) embedded with three
cylindrical rods (Ai-A3) (each with an inner diameter of 54 mm and an outer diameter of 58 mm)
was constructed for experimental validation of the proposed method. Various *™Tc activities were

added to Ai, As, and Ag while Az remained empty with four Experimental scenarios. For each

scenario, four TLDs were attached to the surface of the physical phantom (D1—D3 and Dg).

(a)[ 55

Fig. 3. Materials and devices used in physical phantom study. (a)TLD reader system, (b)TLD
annealing oven, (¢)X-ray machine, (d)TLD plate, (e) RTI solid state detector, (f) TLD set, (g)dose

calibrator.
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Fig. 3 depicted the materials and devices used for our dosimetric procedures of TLDs in the
phantom study. A batch of Harshaw TLD-100H (LiF:Mg, Cu, P) (Fig. 3(f)) were used in this study.
All TLDs were annealed for 50 min by using a Barnstead/Thermolyne furnace (Fig. 3(b)) to remove
any previously stored energy. A diagnostic X-ray system (Siemens Axiom Aristos Vx Plus,
Germany) (Fig. 3(c)) was used to calibrate TLDs together with a solid-state detector (Fig. 3(e)).
The dose response (nC) was obtained for each TLD from a Harshaw model 3500 reader (Fig. 3(a)).
Then, the absorbed dose (mGy) can be calculated by multiplying the dose response (nC) with each
individual calibration factor. To avoiding the non-uniformity of absorbed dose on the TLD plate
(Fig. 3(d)) due to the heel effect and the scattered radiation, the absorbed dose for each TLD was
measured by placing the solid detector at its corresponding position on the TLD plate. The fading
effect of TLD within 24 h was assumed to be negligible. The energy-dependence correction of TLD
is not employed in the present study. A CRC-35R dose calibrator (Fig. 3(g)) was used to measure

the radioactivity of **™Tc before injection into the phantom.

Table 1. Comparison of calculated and reference **™Tc time—activity distribution in the source

organs with four experimental scenarios at different time points.

) Compartments
Experimental .
i Time points Al As Ag
scenarios
Ref Calc Ref Cale Ref  Calc
I 426.2 426.7 0.0 0.0 0.0 0.0
2nd 390.1 4154 0.0 0.0 0.0 0.0
Exp 1
3rd 347.6 3403 0.0 1.1 0.0 0.0
4th 309.7 318.6 0.0 0.0 0.0 0.0
It 27.0 206 5012 4976 0.0 0.0
2nd 244 179 446.6 4428 0.0 0.0
Exp 2
3rd 217 12.0 397.8 4004 0.0 0.0
4th 194 209 3544 2932 0.0 6.6
I 00 615 0.0 668 499.7 3715
2nd 0.0 764 0.0 839 4452 2694
Exp 3
3rd 0.0 394 0.0 42,6 396.6 325.0
4th 0.0 421 0.0 47.1 3533 2745
It 264.0 2884 180.2 179.2 522 0.0
2nd 235.1 259.1 160.6 1642 465 0.0
Exp 4
3rd 209.5 2404 143.0 146.7 415 0.0
4th 186.6 213.8 1274 127.6 369 0.0

Table 1 compares the reference activities measured from the dose calibrator and the calculated
activities using the proposed method for each source compartment in the physical phantom with
four experimental scenarios. Due to the physical decay of *™Tc, the activity of all sources
decreased with time. The calculated TAC was found to be close to the calibrated TAC for each
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source. The result demonstrates that the proposed method can be used to measure the TAC of
internal organs based on timely external TLDs measurement. The largest error occurred for Exp. 4,
where three organs exhibited activities. As a result, background activity has a crucial impact on the

accuracy of estimating activities for the proposed method.

4. Conclusion

The proposed method generates TAC information of radionuclide in organs that can be further
used to estimate the total dose delivered to both cancer cell and critical organs. Simulations and
experiments were performed to validate the feasibility of estimating TACs using external TLD
dosimeters. The TAC curves of all source organs were successfully reconstructed and were quite
consistent to the simulated for the ORNL phantom or the measured for the physical phantom.
Development of a prototype by integrating TLD and Monte Carlo computing for the time activity
curve estimation will be further investigated in future work. Such a design has great potential for

dose evaluation of the treatment planning in radionuclide therapy.
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Abstract

The cancer risk due to external and internal exposures by natural radiations was estimated using
the nominal risk factor 5.5x102 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 2.9x107), where Japan population, annual death of
Japanese and cancer death are 120,000,000, 1,200,000, 400,000, respectively.

1. IXC®IZ
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Abstract

The modern development of nuclear technology has both advantages and disadvantages. In Thailand,
an electric nuclear factory will be operational in 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 has incorporated
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 with nuclear education and
identify how to reform them.

The results of this study show that there are 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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1. Background

Nowadays, a great number of countries benefit from nuclear energy and radiation in many aspects
such as agriculture, medicine, and industry. Although the modern development of nuclear technology is
necessary, this caused the crisis of fossil energy and pollution, one of the factors of severe global
warming and climate change. Also, the modern development of nuclear technology has both advantages
and disadvantages. In Thailand, an electric nuclear factory will be operational in 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 has incorporated nuclear technology into its curriculum. Authorized organizations or
schools should realize the importance of passing this knowledge down to students by adding nuclear
information into the science curriculum at the secondary level. Students should be informed about these
issues before entering adulthood. In Thailand, there was less content about modern development of
nuclear technology in physics courses.

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 them. This study will also
be presented to the fifth international symposium on Radiation Education on the 16™ through the 19t
December, 2016 in Japan.

Purposes
1. To study issues of nuclear education at the secondary level in Thailand.
2. To present the resolution of nuclear education issues at the secondary level in Thailand.

This article will discuss issues which were directly experienced by Physics teachers and researched
from other resources. The suggestions of this article were analyzed by only the authors and a
representative of Thai teachers. This article may not cover all the issues that were faced in Thailand.

2. Nuclear education at the secondary level in Thailand

The study of nuclear education in Thailand is normally a part of Physics course in higher secondary
level education. In Fundamental Physics courses, the content includes radioactivity and nuclear energy.
It is divided into three parts: radioactivity, radiation and human and nuclear energy. In Additional
Physics courses, the content is divided into eight parts containing the discovery of radioactivity, nuclear
transformation, isotope, nuclear stability, nuclear reaction, the advantages of radioactivity and nuclear
energy, natural radioactivity, and its disadvantages and prevention. Actually, these courses focus on
mechanics, wave, dynamics, electricity rather than nuclear education.

Banchang Kanchanakulwittaya High School (2559), Muang, Rayong Province. There are three
physics teachers who teach at the higher secondary level (grade 10, 11 and 12). In grade 10, students
will only study mechanics. In grade 11, students will study mechanical wave, sound wave, light wave,
light qualitative physics, atomic physics, and nuclear physics. In grade 12, students will study dynamics,
electricity, electromagnetic wave. At each level students will spend three hours per week studying the
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lesson. Additionally, all schools have holidays on which students do not attend class. Thus, teachers
have to shorten each unit to teach all of material. Teachers do not teach in deep detail about the positive
and negative effects of nuclear energy, but instead focus on calculation of energy because it important
for student’s national test or university exams. Teachers do not teach in a deep detail about positive and
negative effect of nuclear energy but they focus on the calculation of energy because it is important for
students’ national test or university exam. Students know what the advantages and disadvantage of
nuclear energy are, but they are not informed how people can use it in the most beneficial ways. In a
survey where students were asked what they first thought about nuclear energy, 100 % of students said
that it could make nuclear bombs and was dangerous. Teachers need to teach more about how nuclear
energy can be beneficial when used in the right ways and how people can prevent the disadvantages
from nuclear energy.

Sa-nguan Ying High School (2015), Muang, Suphan Buri Province. This school opens to teach
students grade 7-12 and there are three physics teachers in this school. Physics courses will be taught in
grade 10-12. There were two sections of physics course taught in this school. In the first section, 2008-
2015, physics courses were based on the Thai national curriculum in 2008 and the Institute for the
Promotion of Teaching Science and Technology. The courses are divided into The Basics of Physics
and Physics 1-5. In grade 10, students study the Basics of Physics, including nuclear energy and
Physics 1 (mechanics, movement, momentum, mass, and force). In grade 11, students study Physics 2,
including work and energy, momentum, rotational motion, equilibrium and elasticity and Physics 3
(mechanical wave, sound wave, light wave. In grade 12, student study Physics 4 and 5. The courses
includes dynamic, electricity, electromagnetic, fluid and heat, atomic physics and nuclear physics.
Students have three classes per week for all levels. During the second semester, in grade 12, teachers
always could never teach students the topic of physics nuclear because university exams would start
before the end of school semester. Thus grade 12 students had to take the national exam without
learning nuclear physics. This is the same problem that Ban Chang Wittaya School has faced. For the
second section, in 2016, the Physics curriculum has been reformed. Grade 12 students have to study
Physics 1-5 by finishing the first semester of grade 12. Students study fundamental Physics in the
second semester so they will have time to review the lessons before taking a national test and university
examination. In Thailand, at Kasetart University, there is a Department of Radiation and Isotope for
students who are interested in this field. In 2015, a Sa-ngun Ying student studied in this field. At Sa-
ngun Ying School, the Physics lessons are based on the objectives of the national curriculum. As part
of their teaching materials, teachers also use a book written by the Institute for the Promotion of
Teaching Science and Technology. In addition, teachers use a cartoon book written by the Office of
Atoms for Peace. Students also present and display informational boards about the modern
development of nuclear technology. As part of the National curriculum, students have to do an
assessment, a basic operation, and a nuclear test.

Hongsorn Suksa High School (2016). Teachers will begin by teaching the topic of radioactivity
discovery, followed by the experiment of scientists, nuclear structure, Half Life Analog Kit, comparing
and radioactivity decay, analyzing isotope and mass of isotopes, nuclear forces, binding energy,
binding energy to nuclear, fission and fusion reaction of nuclear energy, the positive and negative
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effects of nuclear and radioactivity, and finally how to prevent the bad effects of nuclear energy and
radioactivity. Teachers manage the class by focusing on the scientific processes including researching,
surveying, checking, recording data, discussion and data cluttering.

Conclusion

The finding demonstrates that there were problems of nuclear education in Thailand including the
following:

1. There were less informational resources for students to access.
2. It was found that people did not realize the importance of nuclear education is.

3. This was further reflected in the abysmal level of nuclear technology education at the
secondary level.

Implementation
1. Add more informational resources for students for access readily in anyplace.

2. Physics Teachers should help students to realize how important and beneficial nuclear
energy is.

3. Add more ways to inform students about positive and negative effects of the modern
development of nuclear technology.
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Abstract
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.
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Fig. 1. Atomic power station

Table 1. Atomic nuclear power stations

JRIET JEFEIL JFFEI JRIEIV
i Frieri S AR ik
X X T HEX
s | *1.1978.12 1981.12 1984.7 .
*2 1979.7 1983.3 1985.5
RE | 1,272 kw 1.970 kw 1.902 kw 2,750 kw
AU BWR BWR PWR BWR
fZ1k | 2019.7 2023.3 2025.5

L LAEEBOFRIL I, IVOJFFEIL, WTNHERERFICERL T A, 4 ETIE
JRF )R I OFHEE 1L, BE LR IR TWET, I 5km IVW)’J\
B RS FHGHREIZSI L TOE LIRS, e o & 9km BNICIER S vE L7=(Fig. 3).
fBEFE IR IREIEFLEEZ DL, BETIOL ) ZRMIL, BUFRRE T OIEH |2 M
B FThHHERNET,
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Fig. 3. Distance from atomic nuclear power station
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Abstract

To make general public interested in and familiar to radiation, the author has 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 it interacts with matter, within a limited
time available for the lecture. After the FUKUSHIMA nuclear accident 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 the people fairly accept not only the risk, but also the benefit
of radiation. The author presents an example of his 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.

1. Introduction

Many Japanese vaguely fear radiation and think that they will not be exposed to radiation if there is no
nuclear power station. On the other hand, however, many Japanese are pleased to visit hospital for diagnosis
using radiation. Their contradictory behavior would come from a lack of radiation literacy due to a limited
chance of radiation education. In fact, the teaching of radiation in a Japanese junior high school has restored
in 2012 for the first time in 30 years.

From experience of giving lectures about radiation to general public for more than a decade, the author
found some key factors of letting them interested and understood what radiation is and how it interacts with
matter. One of the significant factors is to give a lesson of radiation as a “science class”, not only for pupils
in school, but also for general public. The learning of basic science of radiation can make an audience feel
secure for a low level of radiation, although they would probably like to know definite radiation effects on
living bodies, particularly for the people living in Fukushima.

In the present paper, the author will introduce a science talk on the nature of radiation with emphasis laid
on its origin and interactions with matter. It is stressed that radiation is not necessarily special, but ubiquitous
in the environment. Knowing its origin and nature, people would be able to express reasonable fear about a

risk caused by radiation.
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2. An example of the talk “The nature of radiation: Its origin and interactions with matter”

Two years after the nuclear accident of Fukushima Daiichi Nuclear Power Station, Fukushima Prefecture,
Japan, the author was invited to talk about radiation to people evacuated from Katsurao-mura that is a
village where all residents left after the nuclear accident in 2011. That was his first occasion to talk in front
of the evacuees from the nuclear accident. The big confusion stirred up mainly by mass media immediately
after the accident excluded the talk on real nature of radiation. Scientists who told that the exposure of
radiation as low as 1 mSv had no risk were hardly trusted and did not invited to talk in front of the evacuees
immediately after the accident. But after the talk on that day, the author was pleased to hear from audiences
that the talk helped them to understand the real risk of radiation and they were encouraged to be back to
their home as soon as possible. “We should have heard today’s talk earlier,” they added.

In the following described are the main subjects of the talk.

2.1 Introductory remarks

Someone believes that there is no radiation if we have no nuclear power plant. But this is
misunderstanding with prejudice. Huge doses of radiation, like in a core of nuclear reactors, causes a big
risk for health, but radiation itself is ubiquitous in the environment, albeit low in dose. Knowing its origin
and nature as well as its interaction with matter, we will be able to express reasonable fear about radiation.
This is a basis of the lecture, and the author gave the lecture in an atmosphere making the audience feel

themselves to be attending in a “science class” of high school.

2.2 The origin of radiation

The source of radiation is a nucleus in the atom as illustrated in Fig. 1. And radiation is ubiquitous in the
environment, because everything in our world is ultimately composed of various atoms. The atom
comprises of a nucleus with positive charges and electrons (¢”) with a negative charge. The size of an atom
is around a few angstrdm (A) or ~100 picometers [pm, 10-'2 m] and that of the nucleus is in a order of
femtometers [fm, 107> m]. The nucleus is composed of protons with a positive charge and chargeless
neutrons. The mass of both particles is about 1 atomic mass unit [u] and that of an electron is 1/1840 of a

proton or a neutron.

2.3 The mass number and nuclear
structure
Immediately after the nuclear accident in

Fukushima, 2011, we have frequently read

such words as “Radioactive iodine-131 and p: Proton (+)

radioactive caecium-137 in newspapers or n: Nuetron (0)
on TV. These digits 131 for iodine-131

(") and 137 for ceasium-137 (*¥’Cs) are Nucleus Radiation

called the mass number, and indicate Fig. 1. A model of the structures of an atom and a

directly the feature of nuclei. The mass | jeus.

number means the sum of protons and
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neutrons in a nucleus, and we can understand that '¥’Cs with the atomic number 55, for instance, has 82
neutrons in the nucleus (Fig. 2). The number of neutrons is of importance, because there are many isotopes

in the same element; the isotope means nuclear
species with the same number of protons but
different in the number of neutrons such that
133Cs, 34Cs and '¥Cs. Of these isotopes; *Cs is
not radioactive but stable, while both 3*Cs and

S5 protons (Z) 37Cs are radioactive. The difference between

82 neutrons (N)

Total = 137 (Z + N) .
Miiss nuinber(A) as the half-life, ~2 years for '3*Cs and ~30 years

34Cs and ¥’Cs are in the nuclear character such

for ¥7Cs, as well as the energy of emitted

Fig. 2. The nuclear structure of caesium-137 (*'Cs) 4o .

consisting of 55 protons and 82 neutrons. The atomic number is equal to the mumber of
protons in the nucleus. We usually place the mass number on the left shoulder of the symbol of an element,
like 137Cs, but we do not need to put the atomic number because the symbol of a chemical element holds the
atomic number as shown in Fig. 3. We use another term “nuclide”, that represents every nuclear species
with the mass number to the symbol of an element like H, “He, '3’Cs and U regardless of elements.
More than 3000 nuclides are known until now and 90% of which is radioactive nuclides with a variety of

half-1ife from picoseconds to 14 Giga years (>*?Th).

24 The real nature of

radiation A

The radiation is defined as
“moving energetic particles or Z

photons” emitted from nuclei,
. . o X Symbol of the element
but it sounds a little bit difficult Z Atomic number [number of protons]

A Mass number (=7 + N [number of neutrons])

for general public to understand.

Although such names of Nuclides

radiation as a rays, frays and y ~ ™
H,2H,H 3He, *He - 133Cs, 13Cs, 137Cs «.. 235U, 238U

rays are popular, most people . - 2

do not know what the radiation Isotopes of  Isotopes of Isotopes of Isotopes of

. L hydrogen helium caesium uranium

is, because it is difficult to see (z=1) (Z=2) (7=55) (Z=92)

on eyes. The first radiation was Fig. 3. The terms element, isotope and nuclide.

X ray, which was discovered in

1895 by German physicist W. C. Rontgen. He named it as X rays because of the faint nature of it at that
time, albeit supposed to be unseen light. But the use of X rays spread rapidly all over Europe to take
photographs inside the living body, and Rontgen received the first Nobel Prize in physics in 1901. Hearing
the Rontgen’s discovery of strange rays, French physicist A. H. Becquerel noticed that something unknown
was emitted from uranium ore, and named it as alpha radiation later. At the same time, French physicists

Pierr Curie and Marie Curie found so called « rays emitted from newly discovered radium. And these three
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scientists received the Nobel Prize in discovery of spontaneous radioactivity and radiation phenomena in

1903.
a rays (*He*") n
Particles B rays (e)
neutrons (n) y rays
7,,=10.25 min Xrays
uv
Photons { y rays
X rays
B ray (¢) 5
a
: Visible
(n—p)
Cs-137 Ba-137 (stable)
Z=55 Z=56 =

Fig. 4. A variety of radiation that defined as moving energetic

particles or photons emitted from nuclei; the X ray is emitted from

atomic shells.

2.5 Interaction of radiation
with matter

Radiation interacts mainly
with electrons in atoms
comprising materials
including living bodies, and
the interaction occurs when
radiation is absorbed in the
material, because the energy
carried by radiation is
transferred to or deposited in
constituent atoms of the
material. The main processes

are ionization and excitation

At the present time of more
than 120 years since discoveries
of radiation, we know the real
nature of radiation: X ray is the
photon (a few keV in energy)
emitted from atomic shells, a
ray the bunch of 2 protons and
2 neutrons (i.e. “He?") emitted
from nuclei than
bismuth (Bi), £ ray the
(€)

emitted from nuclei and y ray

heavier

high-energy  electron
the high-energy photon emitted
from nuclei, as summarized in
Fig. 4.

— Absorption = lonization/excitation of atoms & molecules

Excitation

) N
electron ( sl. ) electron

Ionization

Atom in matter

Radiation

[Transparency] - Medical diagnosis

— Nondestructive inspection
— Baggage checking

in matter

=" “Active species™ being produced

E> Biological effects

Radiation hazard
Radiation therapy

© ¢ emitted from matter
= Radiation metrology

Fig. 5. Interactions of radiation with matter.

of the electron shells, resulting in production of active chemical species such as ions, radicals and solvated

electrons (Fig. 5). The term “active chemical species” sounds rather difficult, but the audience would be

familiar to “active oxygen.” If such active species play hazardous roles in living bodies, the radiation is a

risk to health. On the contrary, if such active species play therapeutic roles for cancer, for instance, the

radiation is of a great benefit to our life.

When radiation interacts with gaseous species, electrons (¢") are emitted through the ionization processes.

And we can use such electrons to detect the radiation; e.g. a G-M (Geiger-Miiller) counter and an Nal

scintillation survey meter.

42



Radiation penetrates through matter and can be used for medical diagnosis such as an X-ray photograph

taken by using X rays, as most of us have experienced. The X ray is widely used also in industries as a

significant mean of a nondestructive
inspection and we are familiar to a
baggage inspection at airports.

The penetrability of radiation
varies depending on the kind of
radiation. As illustrated in Fig. 6, &
rays do not penetrate a sheet of paper,
while S rays penetrate a sheet of
paper but stop at a thin plate of
aluminum. The X rays as well as y
rays stop at a thick plate of heavier
metals like iron and lead. Neutron
beams are somewhat strange and stop

in water as well as in concrete blocks

To shield a B 4 neufrons
arays @ '=={>\ \_ x Q%\
>
Brays o m—m—m |=——>
y rays
neutrons e \ \ '\ .:i
Asheet of  Thin plate Plate or Water,
paper of Al block of concreate
Fe,Pb

Fig. 6. Depiction of penetrability of ¢, £ and y rays as well
as neutrons. When the particles or photons are stopped, they

are not radiation anymore.

through elastic collisions with protons in the water (H>O). Radiation is defined as “moving energetic
particles or photons”, and it is not radiation anymore when these particles or photons stop at such shielding
materials as paper, metals and concrete. It is instructive to note that helium gas filled in balloons, for
instance, is an underground resource resulting from energetic “He?" particles; i.e. the origin was « rays

emitted from uranium and thorium ores in the earth’s crust.

2.6 Radiation and radioactivity

Confusion is seen in the use of technical terms “radiation” and “radioactivity.” It should be clarified as
follows: Radiation like ¢, £ and y rays are substantial because they are moving energetic particles or
photons emitted from radioactive materials or radionuclides, albeit unseen. On the other hand, the
radioactivity is a concept or definition. One of the concepts is a natural character of spontaneous emission of

radiation from matter; used by A. H. Becquerel for the first time in 1896. At present, the radioactivity is

Radiation | « ravs, prays, y rays < substantial
(Decreases in half-life specific to

Raioactive materials
@ (Radionuclides)
P— Y )
&= -
radionuclides)

: E ] A
Energy absorbed in human body (I/kg) | [ m
S'““ (Sv) The number of atoms changing

f—]

\ (decaying) every second

defined as the number of atoms
decaying every second and its
unit is becquerel [Bq] in the SI

system. Namely, the meaning

<@ definition

Raioactivity

“Amounts” of
radioactive materials

of radioactivity is the amount of

radioactive materials or

radionuclides, although most of
Japanese mass media use it
A metric to assess radiation effects with a meaning of radioactive
materials in confusion.

Confusion! (massmedia)
Synonym of “radioactive materials”

The unit of the radiation dose

Fig. 7. The terms radiation and radioactivity. or equivalent dose is sievert
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[Sv], which is wused for

assessing radiation effects on a !
living body, derived from the
energy absorbed in matter
(kJ/kg) by exposure to radiation,
expressed in the unit of grey
[Gy]. The

radiation and radioactivity is

Radioactivity
N

comparison  of

summarized in Fig. 7. L

The radioactivity decreases 18
at a constant rate specific to a AL
nuclide, and the reciprocal of
the rate is called a half-life (71)
which is the amount of time
that it takes to lose half its radioactivity
as shown in Fig. 8, and the inset of this
figure lists half-lives of popular nuclides
such as ¥ (71, = 8 days) and '¥’Cs (1
= 30 years). The shortest half-life listed
here is 15 hours for >Na and the longest
is 4.5x10° years for 238U,

In addition to the “physical half-life”
of radionuclides mentioned above, we
sometimes use another half-life called a

“biological half-life”” as shown in Table

| ... Nuclides Tin
Initial
10,000 Bq Sodinm-24 HNa 15h
Radon-222 2Rn 38d
131] | 4 RS,
! ) Cobalt-60 0Co 53y
Strontium-90 HSr 29y
Ceasium-137 1310g 30y
------------- 5,000 Bq Radium-226 | **Ra| 1600y
| Halfife Plutonium-239 | 2Pu | 24 x 104y
8 days
2,500 Bq Uranium-238 | 25U | 45108y
— 8dyas — 1,250 Bq
625 Bq
+— 8days —
Time

Fig. 8. A feature of 8-days half-life of iodine-131 (**'I) and a list of

half-lives for some nuclides.

Table 1. Biological half-life and physical half-life.
Biological half-life (T};,) Physical half-life (Tph)
. Babi 11d

Todine-131 5 apies 2 46d
(131[) 5 years old 23d 8 days| 594
Adults 80d 72d
0~ 1 year old 9d 9d
Ceasium-137 [ 2~9 38d 0 38d

30 years
(37Cs) [ 10~30 70d] 77 704
31 ~50 90d 89d

Consumer Affairs Agency, Japan (25 Aug. 2011)

Effective half-life (T ;) :

1, that is used when we discuss a risk of internal exposure of radiation from ingested radioactive materials.

2.7 Exposure to radiation in daily life

“ 7 Cosmic rays
0.4 mSv

2.4 mSvly

(World average) (Rn)

13 mSv

Fig. 9. World average doses a year for living bodies in

daily life on the earth.
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As shown in Fig. 9, we are exposed to
24 mSv of radiation a year on world
average. That is the sum of 0.4 mSv from
cosmic rays, 0.4 mSv from the ground
containing uranium (**U) and thorium
(#?Th), 1.3 mSv from radon gas (**Rn,
222Rn) inhaled from indoor air and 0.3 mSv
from daily ingestion (K). Potassium is
one of the essential elements for living
things and our muscle contains 0.2% of
potassium. Although the natural abundance

of “K (T1»= 1.3 x 10° years) is as low as



0.01%, the equilibrium radioactivity of “’K in our body resulting from ingestion through everyday life is
calculated to be around 4000 Bq for a person with 60 kg of weight as shown in Fig. 10, and the equivalent
dose from “K is estimated to be about 0.3 mSv a year. This figure also depicts the typical radioactivity of
40K in a kilogram of foods (Bg/kg) such as rice, spinach, fish, seaweed and milk. The value is clearly high in
the potassium chloride (KCl) fertilizer widely used in agricultural fields.

2.8 Typical affairs
associated with exposure to
radiation

To discuss a health risk
caused by radiation, it is
instructive to pick up typical
affairs associated with the
exposure to radiation. Table
2 lists the related affairs as a
function of the equivalent
dose (mSv). Although it is
difficult to make clear the
clinical symptom at
exposure to radiation below
200 mSv, a temporary
decrease in the number

of leucocyte in blood

Potassium-40 (*’K)

e

Whole radioactivity (“C, 4°K, 87Rb, 21°Po): ~ 100 Ba/kg

In @ human body of 60 kg: ~4.000 Bq

WK (T;,,=1.3 x 107 y): 0.01% of potassium
Amounts of K in a body: 0.2% (muscle)

= 40K in foods etc.

Bq/k
Rice 40-190 ‘.."; (Ba'ke)

Seaweed 40-190  Fertilizer KCI 40-190

Fish 40-190

Spinach 40-190

Fig.10. Radioactivity of potassium-40 (“’K) in muscle of living body

taken from foods we ingest in daily life.

Table 2. Typical affairs associated with exposure to radiation.

Dose/mSv

Affairs

becomes clear around

4000 50% Death within 30 days

500 mSv. In this

2000 Loss of hair

respect, a twice a year

of Dblood tests are

Abrupt decrease of lymphocyte (vomit, feel tired)

obliged in Japan for

persons working in a

controlled area for

radiation, in addition to

the official dose limit

of 50 mSv a year and

100 mSv in very five

1000
5%-increase in death risk of cancer (= ICRP)
500 Temporary decease of leucocyte (lymphocyte)
250 Emergency dose limit for workers
200 Clinical symptom not observed
100 5-year dose limit for workers in controlled area
50 1-Year dose limit for workers in controlled area
69 CT diagnosis of chest with X rays (once)
24 Exposure to natural radiation for 1 year (World average)

years. Above 4000

1.0 1-year dose limit for general public (= ICRP)

mSyv of exposure for a

whole body is so

dangerous as 50% of

0.6 X-ray diagnosis of stomach (once)
0.2 Boarding for NY from Tokyo (a round trip)
0.05 X-ray diagnosis of chest (once)

persons will die within

30 days. In Japan, a huge number of persons were killed in exposure to terribly huge doses of radiation
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induced by the explosion of nuclear bombs in Hiroshima and Nagasaki in 1945.

Figure 11

summarizes  dose

“
% limits in respects of
% Y our daily life and
in 5 years

Dose limit . .
for general public | Natural 2 mSvly the obligation for
1.0 mSv/y —

professional

Dose limit
for workers in
controlled area

- Mg
The dose limit should — &
be set lower than
natural level for people
receiving no benefits
through additional
exposure (ICRP).

workers. We should

100 mSvinSy feel
(50 mSyv a year)

safe for

exposure as low as

{safety)
I mSv a year

{Feeling secure) UNSCEAR 2000 report

although we should

l Medical diagnosis 4 mSv/y (Japan) N always be careful to

be exposed to a
higher dose of

radiation. Here, it is to

Fig. 11. A dose limit recommended for general public by ICRP (International
Committee on Radiation Protection) and the official dose limits applied to

professionals working in controlled areas.
be pointed out that

Japanese people are receiving about 4 mSv a year of radiation on average through medical diagnosis. This
value is the highest in the world, and the availability of such a medical diagnosis makes Japanese the

longest life in the world.

2.9 Applications of radiation and benefits for daily life

In developed countries, radiation is used in a variety of fields such as medicine, engineering and
agriculture as well as in research. Figure 12 shows examples of the application of radiation in Japan. In
addition to the medical use of radiation for diagnosis and therapy, we would recognize that the radiation
sterilization of medical device — e.g. sterilization of medical needles and syringes by j<ray irradiation — is
of great benefit to medical safety. In the field of materials modification, on the other hand, radiation is used
to produce foamed polyethylene to be used for a dashboard of vehicles and heat-resistant cables used for

wiring around a high-temperature engine.

~ Modification of
materials
Non-destructive
inspection
Modification of
plastics
Inspection of
Control of mature woidng

Eoamed polyethylene

Anti-germination of
potatoes

Depth
Improvement of breed measurement
Various guaging

Storage of foods Stream tracing

i Fig. 12. Beneficial use

X-ray analysis

Medical diagnosis Of radiation in mediCine,

Isotope batteries
Cancerthrapy agriculture, engineering
for vehicles

= and research &

development.



The above-mentioned is the essentials of the one-hour lecture for general public. The tables and figures

attached here are copies of the slides selected for a handout distributed to the audience.

3. Summary

From the experience of giving lectures for general public including evacuees from the nuclear accident in
Fukushima, the present author has recognized that it is effective to give a lecture with emphasis laid on the
basic science of radiation rather than on the influence of exposure to radiation. Although it seemed first a
roundabout way for the audience, the learning of the basic nature of radiation was eventually a shortcut to

understand a real risk of radiation even if any special case occurs.
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The seminar on radiation education experiment named “Radiation watching” has been held over
many years by Chubu Atomic Conference for high school students and teachers. The participants
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, alpha-particle source is able to be put inside 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
emitter and GM counter, the absorption of ultraviolet ray can be evaluated. The air-filled GM
counter would be useful for science education experiments as well as for radiation education

experiments at school teaching.
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1. Introduction

Radiation education experiment is a part of radiation education. However, experiment needs
experimental instruments and is generally time consuming. It is therefore not so easy to carry out
experiments in the class work. The author considered that school teachers might hesitate to perform
the experiments only for radiation education. They might be interested in using the radiation
education experimental instruments for other science experiments or in carrying out radiation
experiments combined with other general science experiments.

The author and his collaborators developed handmade GM counter filled with air with a version
of a GM counter V. Since it is possible to open the window of the counter, various specimens can be
inserted in it and some general science experiments other than radiation experiments became

possible.  If radiation education experiments or

anode [| Adhesive
resin

experimental equipment can be related to other

Signal
lead wire

science education experiments, it would be

Polyethylene
window film

more attractive and educational. Teachers in
high schools and even in elementally schools
would be interested in such experiments.

2. Counting equipment and radiation
experiment

Fig. 1(A) shows a handmade GM counter
and some metal plates to be put inside the
counter. The GM counter had a darning needle
as an anode and electric conductive paper lined
inside a plastic cup as cathode. The window
was covered with thin plastic film. Butane gas

from cigarette lighter was blown into GM  Fig. 1. (A) Handmade GM counter with metal

counter for about 10 seconds as quenching gas.  Pplates, (B) cross sectional view of the counter,
(C) light shield box covering GM counter and

(B) shows the cross-sectional view of the - .
counting equipment.

counter, and (C) the whole view of the

equipment with a light shielding box including 600

GM counter in it. 500 o
Fig. 2 shows Plateau curve of the counter. E 400 /r‘o/ T 7
The applied voltage was decided to be 4.2 kV. £ 300 o=
Fig. 3 shows absorption curves of alpha E 20 féj
particles emitted from a monazite source » and o
so-called mantle source. The absorber was Dz;l 32343638 4 42 44 46 48 5

cooking aluminum foil with thickness of 12 pm. Apllied voltage (k)

Experiment on alpha particle absorption is not Fig. 2. Plateau curve of the counter

so easy because of very short penetration range of the particles.
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3. Experiments other than radiation experiment
3.1 Photoelectric effect

Fig. 4 shows the experimental setup (left) and the
photoelectron count rate for various materials (right).
Fluorescent light tube emits
ultra-violet light (UV) which enter into the GM
counter through a diaphragm aperture of the light

visible light and

shielding cup and through the transparent back of
plastic GM counter cup and irradiate the surface of
specimen put inside the counter. Photoelectrons are

emitted when the energy of UV is larger than the

the

material. The work function

work function of

Fluorescent =

light :

K i Ultra-violet

Diaphragm = rays
aperture

of aluminum is 3.3-4.2 eV
depending on the surface -
condition and that of zinc is
4.08 eV. The

materials in the figure have

other

larger work function. Even
. Photo- §
aluminum, when the S electrons =' 3

surface is oxidized,

photoelectron emission is

400

350 - Monazite
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Fig. 3. Absorption curves of alpha
particles from two different sources

300

250

200

150

100

Count rate {cpm)

Carbon Al Ti Cu Zn Pb

Fig. 4. Experimental setup for photoelectric effect (left) and

photoelectron count rate for various materials (right)

small.  Incandescent light

showed almost the same photoelectron emission to fluorescent light, whereas ordinary LED (light

emitting diode) light did not emit photoelectrons.

Photoelectric effect caused by y-rays and X-rays is physically the same phenomenon to that

caused by UV light mentioned here.

500
450 -

3.2 Absorption of ultra-violet rays by < ggg
various materials & 300 -
UV rays emitted from fluorescent light % igg
tube are absorbed by thin plate etc. Fig. 5 ‘cg: igg
shows the count rate of photoelectrons Y 5o
emitted from the oxidized surface of o
aluminum when thin film etc. were &®

placed on the diaphragm aperture shown
in Fig. 4. When UV cut film was put on
the diaphragm the photoelectron count

rate was very small compared with the

50
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Fig. 5. Absorption of ultra-violet rays by thin film and
glass plate, etc.



case of no film. Thin polyethylene film coated with sun block cream absorbed UV, whereas the film
coated with ordinary cream did not so much. Plastic glasses made with CR-39 coated with UV block
material absorbed UV, whereas pure CR-39 did not so much.

Absorption of y-rays and X-rays is similar to that of UV, but not to that of visible light.

3.3 Decrease of photoelectron emission 1000 |
aTe

N

with elapsed time . | 1;,‘\*\% _ - -
The surface of zinc plate was fully - L*‘:\
. ! -

polished with emery paper and = -
. . . . . o s
immediately inserted inside the counter. £ |5 e
Qo
The count rates shown by circles @ g 100 % LAM‘
o a
. . . c ] \]
in Fig.6 gradually decrease with elapsed é % %n‘,
time due to the oxidization of the ' b Lm‘
@
--e--7n £ E
surface. Background count rate and --&--2n, Heating T &
. ™ =
exo-electron count rates (mentioned Tovrays T
(2]
10
later) were subtracted. 1 10 100
When zinc plate was heated in a Elapsed time after polishing (min)

toaster 80 “C for 10 second, the count  Fig. 6. Decrease of count rate of photoelectrons
emitted from the fully polished zinc plate surface
with elapsed time after polishing. When the plate was
heated in a toaster for 10 seconds, the count rates
rays shown by m irradiated from the  suddenly decrease due to the increase of oxidization.

outside of the counter with light

rates shown by triangles a suddenly

decreased. The count rates for gamma

aperture closed were almost constant

which showed the stable performance of the counter throughout the measurement time.

3.4 Exo-electron emission igg \
When material surface was fully polished 400 \ —
or irradiated with nuclear radiations, E zzg !I ——Cu
exo-electrons are emitted (Fig. 7). The @ 250 —A
surfaces of three metals were fully polished E 200 \
with emery paper and immediately inserted § iég
inside the GM counter. In this case, the 50 .
diaphragm aperture was closed not to enter ° 0 5 0 15 20
any light. Exo-electron emission strongly Elapsed time after polishing (min)

d ded the d f polishi d . . .
cpended on Hie degree of POlSHINE an Fig. 7. Exo-electron emission from the heavily

polished surface of metal plates. In this case, the
diaphragm aperture was closed not to enter any
light.

lasted only for a few tens of minutes.

4. Utilization of high voltage supply
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The handmade counting instrument proposed here contains high voltage supply up to 5 kV with
output resistance of 1 GQ for safety. The resistance makes it possible even to touch on the high
voltage terminal. In our surroundings, there is no such safe high voltage supply, which is very useful
for electrostatic experiment. Fig. 8 shows tissue paper cut into strips, which is connected to the high

voltage terminal. When the power switch was off, the strips were closed (left). Whereas the switch

Fig. 8. High voltage was not supplied to Fig. 9.

the strips of tissue paper (left). The voltage Measurement R Vel

was supplied (right) and the strips opened. of very high .0
resistance R ) cI’C

was on, the strips opened.

As shown in Fig. 9, the high voltage was supplied to a handmade leaf electroscope through very
high resistance R which was a strip of thick paper with a resistance of 10''-10'2€Q) . Measurement of
such a high resistance is usually is not so easy. Measurement of the time (T12) to decrease the angle
of the leaf to the half of the maximum angle gives the resistance R as follows when the capacitance

is known. The measurement of capacitance C is usually possible by using digital circuit multi-meter
(tester). R = T12/(C*In2)

5. Conclusion

The handmade GM counter presented here is able to open its window, it is then possible to insert
various specimens inside the counter. When alpha particle source was put inside, alpha particle
absorption curve was easily obtained.

Science education experiments other than radiation experiment were proposed. When metal plates
were inserted inside the counter, the experiments on photoelectric effect by ultra-violet rays included
in fluorescent light, absorption of ultra-violet rays, oxidation of metal surface, and exo-electron
emission were possible.

The high voltage supply to the GM counter was able to utilize for electrostatic experiments.
Measurement of very high resistance 10''-10'2Q was possible.

Utilization of the instruments for radiation education experiments to other science education
experiments is not only economically effective but also effective to understand the similarity and the
difference between radiations and light through the experiment of, for example, photoelectric effect

or photon absorption.
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Abstract

A Peltier-cooling-type high performance cloud chamber was developed which is very effective
equipment for performing radiological education. Observation in a few tens of seconds after a
power supply is possible without dry ice, and not only simple observation of alpha-rays track, but
also observations of beta-rays track or a delta-rays track arisen from gamma rays are possible. It
enables us to perform far deep radiological education. In this paper, the technical features for the
hardware of this equipment and the educational program as software using this equipment are
introduced.

1. IXC®IZ

FHTIT O TV D RSB T 24— 7 v 2 7 — VIR ENC R W T, B8 TR
MbOTRENGD &Y, B TR TEEAIZHHBROFEZ D Z & B HRD T2 DEERIZ)
RPRERE L, kA 2L - BEEDRBEROURITEHE D> TE 72, HFELIThiILD X
NS T TAEZ L EET, WER EETLE LN BRE I F—RETH, TIEXT
DR THERE L THRENEENTWND,

LUt ERITEROBTREITOTEDICRIA T A ADOHEFRMLETH Y, =E
MTOF =T AT =N, IR OGE RIAT A A HE{THZ L E2T2H5 D
by, =F LT a— i AW TCEIRIEIN OB IR STV D05,
BIREZBRALTOOEE L THETE 5 F TREN )Y | BIEGRT ORIR O B
L, KBOTHNRDLA—T U A7 =L TlEY 7 RICHHT 20BN LE, ik b &
T, BRFDOA T T U AOBICHERZF L7 ) a— L OEKIER->T L% H alfett
DL EOMENRH D RVHIETE 220, S HIT, TUNETHWOLITEZEHH T
REEREICE VRN BIECTCE RN L b ZhoTc, F72, AR L LTE o FROTRBIN
RATZ] ICEE-TWE,

2T, HHIZ200CU TOMRIRZ S FEE LT, ~AT =R T2 Lz m e R
% PA%E L7z (http:/bigbird.riast.osakafu-u.ac.jp/~akiyoshi/Works/index.htm#CloudChamber) , #x
KOFHHEI R FA T A ANRARETH S Z LM T, BRHZE L TZ U7 2R o852
NABETH D12, — XA FR TO o BEOTRBFOBIETINZ T B RROTRBROBILR ¢, vl hE
ThHO ., IHITIEy BRI SN EE T R EOBIERERZETh D, ZHITLY,
R ORI X 2WE & OMEAEH OEWZ BRI EE T 5 2 Entsks 720, 7272
HIZRRA TV DOBRR AT, TR E B RWEBEOBERO MR 2B 35 Z LT
H5D,
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BEWZ S OB & —4ELL B U, SRR e IRFE 21TV D O B 2 #0 ik 2
LR+l AE SR ESD 2 EBHEKTEY . 2HOREHTZR 2 EOHE
FERS. BOHBRICBEE L 7o e 72 E~OBAFERRZ G DI > T D, K SUTHRNT,
Z O TF = AR EPERE TR OHINB e WA AT 2 2 & T, KHOMSE - BHHEE D
B TATF o BHAERZREL, L0 3 S ZE0fYE, WBRMTbiLd Z L %2
T 5,

. SR OFEEIC L AR A~DOREN E 5 87 507> (4000 Bq D K-40 & 20 Bq
@%Qm&i%%%ﬁE@EW)%% ADOFERERZTHHTE D, 2O ENHRT L
T TIRERADEE (—L ) TR TERNI &, EHIT, Eo Vol EEN
ED XD RBHREH L T DD E W IERN S, H ORI ORGSR & 155 O i Thd
SN & OFLFFRZDONT, WU ETHIT 2 /1240105 2 L3 kD X9 e
B0 7 AEERL, EEREITSTOTHENTT 5,

2. NNVF = HHEIE HERRER O EITR R

NNV FxFRFEE—FTVUT

—FEDOLEHLTH DN TF = R11E, BRZIRT & RO DS SN B A k5
HEWHIEE (N FhR) EFEo, BEEET 5 ﬁ%%?ét@%%%%@%ﬁ
LW, BEEICERZAETIEISEZDEWVIDITTIEAWZ SICEHEETALERD A,
TEC1-12708 #% ¥ Hi{k% Shuriken RevB CPU 7 —F —|(Z#H T ($R~— 2 MI%RD
MX-4), 7 /LA > =2 DM-330MV ZELE ﬁfﬁﬁ BIEAEZ - EDEREFZFRED
BFREOBREZX 1 1R T, BIITHEMICEEICHAIL TND, T 2RIz L 5 E
B BT TR 9D A%, v:~w%@gi B _FIIFIT DD, 12V EREE

BRIZIREN EFLTETWD, “ATF o FEFIIkx L 20 U RS —ICIRES L
TWDREMTH Y 40 mm FADKE ST, KgAK 2BKINLRE O D 2 —H# 800 M
LR CTAFAETHY (¥ 2). TECI-127xx OB CTHEE S, WEGE N R DR~ 72
LR GE 31T 5 (http://www.everredtronics.com/thermoelectric. TEC1.html) .
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W, ZEERQOI A — REBERT D Z & CHORmEARE N 2 ZR T 20 ENH D, —B
HE B HOMARDEIC L » TXBEARERIEE N2 Y . TEROFEFIZ 12V, LB
FITSVHIIE W) TR OMBAE DT ZBRAE LR (8 1), TEC-12705 % FE
2. TEC1-12708 Z FEAICEE T 5 & i bEFEREMES 220 2 LR STz,

#£1. FEBELTEONTF 2R FOMAEDLOEEEZT-BORERE (C) o&k
HIERFRIRIX 25°C

TE(12V)
L | 12703 | 12705| 12706 | 12708 | 12709 | 12710| 12715
A 25 -13 -15 -14 -15 -10 -9 4
12703 0 -20 -22 -24 -25 -24 -22 -4
12705 0 -17 -23 -21 -26 -21 -20 -4
FE¥ | 12706 0 -17 -23 -20 -25 -21 -17 -4
(5V) | 12708 | -2 -12 -19 -17 -23 -17 -12 0
12709 0 -12 -22 -18 -25 -19 -14 -1
12710 1 -6 -15 -13 -19 -13 -7 -6
12715 | 13

i EoEEA L LTI, 150CL BICEFDOIREN END L NECTHEFE2FEEL TV
HANCEDETTLEY, HHARREICRZ->TLEI LW ARETFLND, E—Fhy 7
EORNCED N E D72 8 L CHETHEHOBEN LT Do T E i EICHIRT 572
O, BERENARTSRIGEEDLLDNOFB TR L TWRWIDERT Z2MERD S,

«w%zﬁ%i%<if%&%%éﬁé%%fbwEwmbfbiobffi&wwf
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ARECH D, BUEMRTE LTV 5 M T, Scythe #0 Shuriken RevB &\ 5, kv 77

n—RITH LN+ EFF O CPU Z — T — 2L TnD

CPU 7 — 7 —[FlkRIC k%&%ﬁg%@ﬁfét %bﬁﬁm%7UxﬁPc%’*
RENTWD, Eh @ﬂm%7jxkbfﬁ®wﬁ%%ﬁﬁbt@ w2 < TEH LT
BO, EBFBLEDLNLTWAHIC, BYmEFR 9.0 Wm « K O Arctic Silver £ AS-5, =
EHR 85 W/m -+ K O ZAWARD tt MX4 NEF 55, MX4 (ZEMEEECHERLT
H TV ADFANNPRT T LIS WEEDbRTEY, BERTE L THWDIERTITIZO
MX-4 ZfEH L T\ 5, RS TIE. Joulye Computer D)/ « XA £ R —< /L7
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56




T 5,

BB, VUV F =2 FEAE T BEERICLTCPU ~y RICREDERIC, MBS (VA R
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LT 7V MEIT N a— VIRA IR INTOVNEN R EBRASTLEI D, ZoaL sy
AU —RAFEREL X BRI AT L URITH Y R MERSHEHT L 2 EnHkKD, 7
B, NF 2 BHROBFHNER DO R—=Y L LTEF TR, RIA4 T4 A& Wi 6eskm
DEFEAERT DB H . BEDEMNOE, BIABERREW D, AR UTF—F

57



ZATT 2 120 OFEEERE OVEE TR TLMM CRtERE R BER ANk D726, i 7N &
25, 300 MRRED LY KB —A BRI TEY . e v KO ERHO
BROEMRFR CTHD, oD —ADF v A= TN T T AF v 7 ThHTD, KK
2~ ¥ FVBRR A A AUE o ARTEEE IS B AR
y BIZTH T v X —NIZAND Z ERARETH D |
FEER 72 BRI LIZ B MBI A ATREE LT D, T T ﬂ ,&}l f’) D

it

ABIDTF ¢ U N—=TIIRA[RETH Y, KE2FF % L
72> TN A,
AR & LT, @O =ENERE DO 5 S THRBE

AR BB AIRE L T A, BAICTHIRST </ Wiﬁ -

W5 12V XA T OEEE LED &Y = — Va2 L
TV 5, HAEIL SMD 5730 3-LED £ ¥ = — /L (X 5)
EHERALTCHhE0, it 8T Y 2 — LIS AA
FNTEVZOEE 12 V EFRICESE T Ok X 5. SMD 5730 3-LED £ 2 —/
HESTIERT L Z ERHKD, 20 i AL C AT Al HE

UV LPr»

ALy var AN T 2 RTOEARITITI UV LY EFERH LTS, mRF
EHR7e ETHREDRWA, L ENY OfBES & 2 SRR CHEE A 1EEM, BETRE T UV
VYU RIERICENR TS, BIRRCFEE TRANLT — T 784V —8ER R & C
ZEGE O TS, BRIZE > THERWLARE O o720 FHRDBRTZDOW 20 350, fF{k
BIZT N a— L TRERD 2 & TR FTEETH 5, BILIZITHLISY TS0 UV 74
MafET %728, LED > UV 74 MiX 375 nm LED ZfiH L T\ 5 EBHFEE L Tk
LI ERERE EGDT., 2O THERICTTERWEDEREEZET D,

UV LYy offbld, BRI L 2 BEARIGOBMIGHT 2 2 LMKk s, o, %
SRR S, BESCFHIER DR O L LT, XBOT v~ a3 2 BRI 8
fEDBT LD, THEUV LYV EMRA LT 783 ) —T/EImO TALKBE L. BEE
J& % GO T RIS L CT B b9 5 2 E AR D B LW E Y — b L
THEY 7 by =T 2T TH D,

- BRIR
BHIAFTELOMRE LTI, NI ULEZBART 2O FARRBIEL TS
MLEEFEEALEOREN Y T L EGEATORY, BUEFICAD MY U AEA~ Y e L
T, VU R7 40—/ K7 Z 2 KD SF-2000 <> kL SF-2000MT & D-X ™A /RNT—F X%
> 3000 O D-X A RU—<> bABRETLRD (K6), LaL, [Fftofliz X 5 72T
% SF200MT <> SF-DX400MT & 5 2 i3 &< B2 M L T 63, pilofi & FEHIC
FoTE NI T LEZATHRNEWIIERS & D720 IRMAFTRENR EIEEBLETH D,
BB, TARXY U THETHDLT-O, LGFTIEEAETHBICHE-TEHT, AFLIZLL
BT, BGIEALTEBLERD D,

WIZAF LT VWO, VLTI Iy 78—/ (K6 T) T100g2000 HEEE TATFH
RETZM, v hUIZHARD LM EEMES . ANWR—ARDOT, Ty ¥ —0D X5 72W%

58



BEIZT H0ERNH D,

&HEHEIC o FREZAFT DI, EXFOT RUR
FEFl 2 fR R CHIE T 2 O LV, bR — %m0 7e
THHTHAHIN, T—F A7 — Lo ERE B
7o AR— A B T A1T 9 %613, Electrolux fHHd
T TRY —= )L F 7T &) RS TR A
N L TWD, T OERICABD L I B DFEE -
o7 A NG =D & FEEITHENRIE  FFH D
WINDHIH, Xvay NprEloX 7k i—BE2FEHT2
LWV RICHEET D, WREORVIAZ I —E 2 Y
TTHy = ATIED 10 RERS|T 5720 TN T), i
B OFER (B 7 U—MnE S50 SLEFHORNR —
IR Lo TER DN, MTERERDNIT~ 2 ML
VT % 58 OFIR B AERLATRE T d 5, I 40 5 FRJE
TWET HT-OFER LIEHE L TORUG OB S 20
Th 5, USB #fit L T PC IZFHIUE & BUA T RE 72 =l S ”’*“?f”*‘”r
DRI —RTDIEZE GM F—~Af A—4—Th% SE :
International 841 > A~ % —USB 73 &L % FHv

AU, 2 ERE ] NAR BE C AU 2 B IR ATRE T v |
R E BRI EERBRIE 2D,

- BIEER

W OFER Tl KRR & o SO &L < Bl5E
TERWFEENHBEICRAET 5, Jiud, R OM
AFIMETEDLTS, BHRPREL 2 THT L2
— VDA LT LE VIR FZASEME T T 5720
Thbd, ZOMA L%, @EEEZEHNT S Z
L CHRETHLENRD D,

B BEICE, (EFREO R ETF v o
—HHEEITHI L CTHEIEBEI T DD,
FREFHS B2 22 W R R I ER b4 Lic<
<. EFEL< vz 20y, MO T
77— 7 WEKR SRR TH 505, K
OB T, BEOa S P —LHE
A e AN

FZTayrrsu7 b xR (M
8) W omBEERALE AR T 5, mkai
% (CCFL) HDA v _—Z[EK (9) A2
TAFTELD, 2% 1kV REFE TOL
OFEEERELTCay s r7a7 k- U4 hURERIZANT, JFF - BfiET5, RV E

X 6. HU A7 4 — )V RKTF R
DX "ANRT—< b () &
SF-2000MT ()., 7Y U ALk7
Ty AR—L (F)

X 7. Nray b bR E O TER
DT Ko b IR A R LT
HERT

59



4V

N
\

CCFL Electronic_Inverter Wanew 1{TE
input| 12 [voc Output| 2|Pes 7
For lamp.[ 3.0 |-[

nnnnnnnnn

-

Y A YV A
OV
Y A YV A

| |
X 8.2v 77 v kalggofdl
XA F— REEINZE N T
5 DIEME%E EF 579, KT
F4BTH LR TIT 2 B
BHTnb,

i e

9. Mt - > — & [ ofl]

A2 BEFTEs L, A A EIMEL THEA AU Z2HWOLED 2N, ZLE TOWNE
THLNIZ/ o TS A U N—ZICANDELEE 50 Q OF-EERIsZ AW T2 hr
— AT HZETHIEREZAAELE LTWDA, RiEQEELFHNL7ZE 2 A 500 VFEET
b olo, THUTHI R AR O EBBER IR ERRICHEY L, 2Ll IS 5 & HepilFHEfEm
6 GM Ik E 725 Z L FIIIEEOZ SRR SN D, 72720, A4k L V@R
BT 72 EOREHEAT O MERH Y . KVELWSEETOZ V7 RBlEZ 5wl 3756 2
Lx BT,

- RTFREOBRE

FRPO~NT 2 FTEAEITBE LT T DR BIMNER D LD, iR D
AOCLL F~DIREZE b ZB VIR LT, STV a— VIS T D720, 2O 5
itz 9 AR TH D, UUNIT Ve DOEINAMNET v 1— AT L—%&f
FALTWER, =& ) —ZExil@EaEnizizd, AU 7Y e OiEa 2 ik L4
VAT VAR Lz, BIEITIERICHRTHY, A YT a ) — b e BRI mn
ST, BEEMIZE YV OVEIR - F2FREOOLORBENEE LT, ZOHFEFREE
Y ard 7 (NFEUNTHS) TLo2Y EREL., BEEORWT T 4 ~—Hla ki
i LTRRICHHEAI 2K L E AT U—2 T 5 Z & T, IREAICHIEAIC LRV
a5 2 LNk, 2R LEZ 27— 1 [EfEWEI Y ThH Y | s & N
72, RN IITEOMER DX v F XU ENFEHTH D,

3. NF = HAREHRERZ AW R EET 2 7 J A

2016/8/18 IZFEFFIRSLE R BN D B XN 2016/12/13, 15 (X FERFSIAR L @A B |
KRBT SE R RIS o 2 —~DFRINHE R &V |~V F = i HA SRR SRR 2
TR BIER FE 21T > 12D T, TONKELLTFICHINT 5,

60



s BEXNEANTE N F 2R FEHRBEORE

BESROT VU HVIREFIC L0 BRERIEE (B0°CRE) 2HEd 5, BEX ST,
REEND D EBIRDIEND, B—_y 7 REFH L TOLEN, VT = RFETHICE
Fiafid CIREENREAET D, WAL TV AR T A AEZEEIZHE L TV DI HEREE
AT 5, B CIXEME A IRERE KT, T I T =T TLonh LB A Blo
THET D HFICEET D,

cEBOFEHLERI RNy 7 AN~ MVRRE AN - B OB

ARV T =T ~TH ) —)v (AT aR)—)L AN O TR THEDRW) 21E
AL THIREZ ANTIZTF ¥ o =2 UEREZ AND, AT =R IZEID T ra—ro
REDHO S Bl & 720 | BRI OHEA A EIZT v a— Ay TR EE o TEEAR
LTHO>T 56 EFROERMMNES TWD I E2BIETDH, I —D2DF v/ \—H IR
VR ZIZ AN~ v MVBREZE AN TEE, E=— L — KT oLl Tns 2 &
EHERT D, £, WITNOF v o NN—HTH LS BIEEFIT D EZBZRTFDT Ko7z B
LD o, Ny I TT T RO BRI ENBIEREIND,

cARINY PRV E LT~y MVBRIRE ANTZER TO a BROBE

—REO IR TR BIERFRE IS, ~ > MDD o OB EBIET D, RITHELFRILL,
B BRI Z 2 < THRMN AL TWD (RFO/NS S Z2FHT %) ZhH TOREET
TN NE em 7223, X0 XV EEMBIICRSZ LD, %Ik T D BRI a ki 1E T
S LEEL, BREDHAEERCLE DA AL DAERBB LW 20T 5, ok, #E
B O a I E AR HRA TV DY, WEaFE 2 ERIZ 7 o TV D 7o O K AN TR
AT o BRTE T BBIITE TV D,

- BOEFDO LT MVBRIREZBWTO BROBIE

o FUET ¥ U N—KIDO T T AF v 7 REFRTE ROV, B BITENTTAF v 7K
FEILER CE 5 Lz, FEFICRIEILENSLT VO T, ENS AR L THERCE TE
I CHEL SN TR FITHATICELBFHPABIETE D, HAFEMZ eIV b oL/
<IHoTHhé LRI, FTIZES TOHMICHEELE TR T O L D 1cHn
V<D, LI MICEERELTHILZET S,

cBOEFLEV MVOMIZTVIRZEHETO vy (WOLOXRETFRY) 0B
U7 VRIWEREIN D D B RO T L 2 HCORKAFRIL, Bi-214 725D 3.27 MeV O B ##
XD 61mm CTHDHZD, 6mm DT /LI aE~ 2 bIVERIR E T ¥ o —RKIRDOMIZ A
TR MEER L, vy BROHLET ¥ o N—HNICAFT D, 75 &, FEFITA N MUTED
LIS, y BRI Ko T SN B 7 ENEBHER 2R3, SMBBlE IS, AI-BIX
BRRLFFETH Y | vy EEINTIZ B EF UL 5 ERZRT 2 LB 00 5,

caft, pRR. yROME L OHEEMLDENE, AEPBOE V2N

aft, PR, yRRENZNWHE L OMAEMEMNRZRY | TR K> THERTORAT N
%, M HTEMSNTLE ) aftid, FFEOCBRETHRIAZMAFENZL TR, W
HHRIE< 2B 22 LIFFITAER, Bl O y BT EZ T L A LFBY LTEY,
Bpad At LT BpMERMUL DI RERZ T 5, RENEMTE 5, ZDOZ & bIT3EH

61



TeNORY LT CIIAEREEBITFHMECE T, ofy OEEOENRZ XL —DENE
EZRL TERBRNWI &, ZRIT X - Tl 572 20 Bq @ Po-210 73N4ERE] 800 pSv D FE4h#k
Bx b2 50I12x LT, 4000 Bq @ K-40 [T 170 pSv (2 L2372 B2 WERDSEIA TE %,

4. ¥ES

THHREBE %17 9 % T THN 2B CTh 5~V F = AR S MEREZE OB 21T\,
N R =7 & LTCOEMBFHRE, TNEHNWY 7 =27 E LTCOHEE 077 A
RN LTz B SN TV DR D 2 —F —D R 59 T bRREEIT I - #FE
FlckoT, #E - EH EDOEE L NITENTH D,

EHAEITY LT, AR =T Z2MHHA L TCWDEE CITBERNIEFICNETH D L)
EHE 2= —NEETWDLR, EBICZOMY) Thoto, Fx REBEOIE TOM M
HIIIEFITS B LR SROBBOT L7250, 2—WF—fd ML Z1/Esk L CTIEH
REEATV, KV EERBIEEZ AL T 580 — N EEHmNO DR R % £tk
REOZHFIIK L TRV BRI T ERHRD K HOBE T v 77 AORFEIT- T
TETHD,

Flo, IRTETRELZTO /D - PEROBUBEBRGICNE I N— Ry =T 2 fHaTE 5 &
. 5D ELWBHIEZ AWK RIS EETOT oY =7 FEvEH EF T
%o REFFSLRZATASLFRE & O D BRI T D720, ZOHERFIHAEETH Y |
BEIZEA R D32 N & R0 & O R~ DHER IRt O FEENR B 5, 5% EEIZ Z DAL
EIEH LIV AT A& BEATERWVDBRFZ1T9 TETH D,

62



ISRE2016(2017) 63-66

Utilization of Small ®*Ge/*®Ga Generators as Experimental
Tool in Wide Fields of Education

Tadashi NOZAKI' and Toru SASAKI?
IKitasato University, School of Sciences; 1-1 Kitasato, Minami-ku, Sagamihara, Japan

ZKitasato University, School of Allied Health Sciences; 1-1 Kitasato, Minami-ku, Sagamihara, Japan

Abstract

Regarding small *Ge/*®Ga generator as highly useful main tools in experiments for education of
various fields, we first made possible the self-manufacture of the generator. We then selected about 20
kinds of suitable experiments and have tested them for the preparation of their manuals. We intend to

contribute to arouse interest of citizens in various fields of sciences by wide use of the generator.

Introduction

In Japan at present, study and use of radioisotopes are declining, and opinions concerning promotion
or refusal of atomic power are based either on “safety myth” or on “radiation allergy”. We now need
Renaissance to replace these religious situations by scientific discussions. Unique properties of
radioisotopes, i.e., decay characteristics, highly sensitive, continuous and nondestructive detectability,
and equal behavior with stable isotopes, are thought to be useful in experiments for education of
various categories. Isotope generators are the best supply of radio-isotopes to the experiments, and, of
all generators shown in Table 1, small %Ge/*®Ga generator is probably the most useful. First, we looked
for a simple method of manufacturing small types of the generator, and now “manufacture of the
generator” is ranked in the titles of experiments. We selected about 20 experiments based on the
generator, and have tested them following trial procedures for publishing a guide book of experimental
manuals.

In this presentation, first the superiority of this generator is explained, then the title and main aim
are shown for each of the experiments together with the stage of progress in our work. Some comments

not directly scientific but inevitable in the achievement of our task are added.

Superior Properties of the small ¥Ge/*®*Ga Generator

Decay properties of ®Ge (271 d; EC 100 %; no y) and *Ga (67.7 m; B* 90 % and EC 10 %; y weak)
are quite suitable, making it possible to milk easily the daughter, ®*Ga, several times every day for
more than a year, and to observe clearly the growth of ®3Ga in the generator just after milking without
any interference from radiations of ®Ge. The milked carrier-free *Ga can be used for a variety of
tracer studies.  Fig. 1 shows our self-made generator, which is simply a column chromato-graphic set,
with the column being 1 mL plastic disposable syringe and the adsorbent SnO, powder prepared by
our method. Attendants to the class of experiments will be able to select a course involving self-
manufacturing of generator, though ready-made adsorbent powder, requiring a long time of
preparation, is offered. Fig. 2 shows the milking and column-washing stages. Experiments based on

%8Ga milked from such a generator surely gives stronger impressions to the attendants. ~ Still smaller
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generators can be manufactured similarly
and used also as nearly point sources of

annihilation radiations. The highest ®*Ge

Table 1. Generators usaful in aducation

radio-activity treatable free of the law Parent/Daughter  Parent/Daughter Parent/Daughter
o i (Half-life) (Half-life) (Half-life)
restriction is 100 kBq, by which several 2pr )4k 87y / 87y 137¢s / 137mBg
experiments  shown below can be (33y.12.4 h) {79.8h,2.82 h) (30.2 y. 2.55m)
undertaken by several groups T /445¢ 905y /90y 140G /140) g
simultaneously. (60 v, 3.97 h) (28.9y. 64.0 h) (12.8d.40.3h) .
Attendants to the course of experiments *Ge/ “Gn “Mo / gngC. W/ 1%Re ,
(271 d,67.7m) (66.0h. 6.01h) (69.8d.17.0h).
are regarded as learning more about 7250 [ 725 3§y / 13mpp 19405 /194
radioisotopes and radiations than about its 8.4d,26.0 h) {115 d, 99.5m) (6.0y,19.3 h} .

main/nominal aims. This fact is really a

two-bird-one-stone solution.

Normal font: Neutron Deficient Nuclides (-, EC)

italic font: Neutron Excess Nuclides (87)

Fig. 1. Manufactured generator assembly with
its parts.
SnO, powder (before HNO; treatment);

Generator connected with eluent syringe; and

From bottom to up: adsorbent

porous plastic diskette and short end of plastic
tube (see text for more detail).

Experiments: Title, Main Aim, and Stage of Manual Preparation

Table 2 shows the title, the main aim and the
stage of manual preparation for each of the
experiments. The total experiments can be
divided into three categories: (A) manufacture
and properties of the generator, (B)
experiments by 8Ga, and (C) measurement and
use of annihilation radiation.

In (A), the treatment of the results of decay
and growth measurements can be a valuable
exercise of differential equation. In tracer
experiments ~ with  carrier-free  %Ga,
characteristic behavior of ultra-minute amount
or hyper-low concentration substances are
learned to become some knowledge valuable
for understanding entropy of mixing and the
second law of thermodynamics.

Fig. 3 shows the adsorption of the %*Ga from

acetate buffer solutions of various pH in a

— =L - N " h
3! - 5 EN
] ‘%
Y

F ig-. 2. Milking by ordinal procedure (right), and

Column washing by intravenous drip system
(left).



single pass through a sheet of filter paper 4A. Some ill reproducibility is inevitable for these kinds of

experiments.

Table 2. Title, aim and present stage of manual preparation for each experiment

Title Aim Present stage*

A. Manufacture and properties of generator

1. Manufacture of ®®Ge/%®Ga generator Self-manufacture of tool for experiment End
2. Milking and half-life measurement of ®®Ga  Relation among exponential, real number and logarithm  End
3. Growth of ®®Ga in generator after milking  Intimacy with differential equation End
4. Milking yield and breakthrough of ®Ge Properties of generator End

B. Experiments by *#*Ga

1. Adsorption, coprecipitation and solvent Behavior of ultra-low concentration and ultra-minute
extraction amount materials Near end

Entropy of mixing and the second law of thermodynamics

2. lon exchange and chromatography Chemical separation and analytical chemistry Near end
3. Isotope exchange Intermolecular atomic exchange without chemical

change Midway
4. Chelate chemistry, and synthesis of Radiopharmaceutical chemistry Before starting

Positron radiopharmaceuticals

5. Uptake by plants Nondestructive, continuous measurement of RI
taken up by plants Midway
6. Contamination and decontamination, and  Advantageous utilization of short-lived RI Midway
Leak hunting

C. Measurement and use of annihilation radiation

1. Absorption by various substances Absorption mechanism of v -ray End
2. Dependence of coincidence counting Principle and utilization of coincidence counting End

efficiency on geometrical arrangement

3. Low background counting of B* emitters ~ Naturally existing RI and radiations Near end
4. Principle of PET and image Nuclear medicine Some new idea needed
reconstruction

* Present stage of test experiments for manual preparation.

Without isotopes, isotope exchange cannot be observed. Isotope exchange between Ga-EDTA
complex and ®Ga’" can be recognized to occur by solvent extraction as oxinate, though correct
analysis of its rate seems to be too difficult for the attendants except chemists. The milked *®Ga can
be obtained as citrate complex in a neutral solution by an on-line treatment in a cation exchange

column. This ®Ga is often taken up by some plants, e.g., Eulalia (Susuki) with the rate enough for
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being followed by coincidence measurement of
annihilation radiation. However, the uptake by any
plant changes so remarkably, depending on
conditions of both the plants and environments, that

next experiment time often cannot be scheduled.

Safety Guarantee and other Problems for our
Task

Internal exposures caused by '8F and ®*Ga are
roughly the same when these possess the same first
activity (in Bq) and decay away in the body. We
have planned to use 10 to 100 kBq %Ge/*®*Ga

-

e
Y

8

Adsaption rata (%)

-
=1

-]
*
e
L—1

pH

Fig. 3. Dependence on pH in the adsorption
of carrier-free ®Ga on filter paper 4A

generator, while about 100 MBq of '®F is injected in usual FDG PET diagnosis. The dose (in Gy) from

%Ge is clearly smaller than from the ®Ga. Hence, the radiation exposure in our experiments can be

regarded as being negligible. The fact that about 4 kBqg/person of 4°K always exists in our body also

gives the same result.

More and more expensive modern apparatus will be needed for science education in future, but

these will be used less frequently in each school. This will be of considerable similarity with our

generator experiment. Rental system or round-robin use will be unique and profitable solution.
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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, Keh-Shih CHUANG, and Hsin-Hon LIN
Department of Biomedical Engineering and Environmental Sciences, National Tsing-Hua

University, Hsinchu, Taiwan.

Introduction

The nuclear waste classification is an important issue in the process of nuclear waste disposal. In
this study, the time of flight (TOF) coincidence imaging technique is employed to obtain the spatial
distribution of dual photon emitters. Co-60 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. By detecting the gamma rays with TOF information in
coincidence, the hyperbolic response curve can be described on the space (Fig. 1). Actually, the
concept of TOF coincidence imaging technique is the same as time difference of arrival (TDOA)

technique, which is an electronic technique used in direction finding and navigations'-.

Equation of hyperbola:

-

L = |PD; — PD,| = 2a

x—h? =k _

/ _.:" a2 b2 1

a? + b? = ¢?

Fig. 1. The illustration of TOF coincidence imaging technique.

Due to the complexity of the spatial distribution, the activity map was reconstructed by using
stochastic origin ensemble (SOE) algorithm. Stochastic origin ensemble algorithm, fist proposed by
Sitek in 2008, is one of iterative reconstruction method, which is based on Markov chain and use
Metropolis—Hastings algorithm*>). In the proposed SOE reconstruction, the origins of each event
are randomly assigned to locations on hyperbolic response curve. After a sufficient number of

iterations, the possible origins can converge to actual position of emitters.
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In order to validate the proposed concept an algorithm, a full-ring PET-like detection system was
built to detect the dual-photon emitters (e.g. Co-60, Se-75, or In-111). The system was built
referring to the geometry of Siemens Biograph 6 PET scanner and the detail geometric parameters

are shown in Fig. 2.

Geometry of the scanner
e LSO crystals
® 48 detector modules
e 39 detection rings
e 13x13 array of 4x4x20 mm3
e Total of 24,336 crystals
e Diameter of 83 cm
e Dual Energy window:
108-164 keV and 211-318 keV
e Time window: 2.0 ns

Fig. 2. The full-ring PET-like detection system.

An in-house developed GATE/MPHG Monte Carlo software was used for the simulation study of
selenium-75. In this study, Se-75 was used as preliminary test and its decay scheme was shown in
Fig. 3. A point source and two phantoms (contrast and Jaszczak-like array phantom) were built in
simulation for assessment of performance (shown in Fig. 4 and Fig. 5). Five different CRT of
detectors (0, 50, 100, 150, and 200 ps) were set to estimate the system spatial resolution under
different conditions in point source measurements. In all cases, the activity of Se-75 was set to 1

mCi.

TSSe
119.79D
EC
0, 0, 0,
11.39%16.86% 57.7% 1.67ns
121.1 keV 136 keV
0,
24.89 % 0.273 ns
Q,
A 58.75% 0.0112 ns
400.7 keV
279.5 keV 264.7 keV
A 4 0
75As

Fig. 3. Decay scheme of Se-75.
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23 Cold Cylinder 0 6
Background 1 O
Hot Cylinder 5 @

Fig. 4. The phantom configuration of Contrast phantom that was used in Monte Carlo simulation.
The phantom was a 30 cm diameter uniform cylinder containing 10 cm diameters hot/cold rods and

placed on the center of system. The ratio of activity concentration was 5:1:0.

00O %000
( N N J
[ N °e0
?
19.1 mm 15.4 mm

Fig. 5. The phantom configuration of Jaszczak-like phantom that was used in Monte Carlo
simulation. The phantom was 25.6 cm diameter and contained 19 independent rods with varying
diameters (15.4, 19.1, 25.4 mm).

Results

We have simulated and reconstructed three different objects: a point source, contrast phantom
and Jaszczak-like array phantom. Fig. 6 shows the point spread functions evaluated along the
central x-axis of reconstructed images with varying CRT and its corresponding reconstructed
images. The figure illustrates the relationship between the spatial resolution and the coincidence
resolving time. It shows that as the coincidence resolving time decreases the resolution improves.
The reconstructed FWHMs as function of iteration numbers for different CRT are shown in Fig. 7.
Following the iterative process, the number of event origins per voxel reaches steady state after 50
iterations. The results show that the value for the FWHM of the PSF in the central field-of-view can
achieve about 25 mm when CRT is under 100 ps. Fig. 8 displays the reconstructed images of
contrast and Jaszczak-like phantoms. For the final image made with SOE after running for 500
iterations, the spatial distribution of dual photon emitters is reconstructed successfully. We
demonstrate that the SOE seems practical for proposed system and can obtain acceptable image

quality.
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Fig. 6. The point spread function evaluated along the central x-axis of reconstructed images with

varying CRT and its corresponding reconstructed images.
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Fig. 7. FWHM as function of iteration number for different CRT
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Fig. 8. Results of the phantom studies: (a) initial event density images for the contrast phantom (b)
reconstructed images of contrast phantom with 500 iterations (c) initial event density images for the

Jaszczak-like phantom (d) reconstructed images of Jaszczak-like phantom with 500 iterations

Conclusion

The TOF coincidence imaging technique can locate radioactive sources, provide internal activity
approximations, and provide the data needed for waste classification. Our results show that TOF
coincidence imaging technique combined with SOE reconstruction technique is feasible and might
open other avenues that can be used for the existing multimodality WIT system to acquire the
spatial activity distribution of nuclear waste inside the drum. By using the technique, the

classification accuracy and quantification accuracy may be enhanced as well.
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Abstract

At Rokkasho, the site of reprocessing facilities of spent nuclear fuels, members of Reading
Circle, an affiliate of Rokkasho Culture Association (RCRCA, since 1995, Represetative: H.
Nihon’yanagi) have been promoting Science Literacy for themselves under support of the Society
of Japan Women Scientists (SJWS), mostly Northeast Block (Head: M. Suzuki). After the 311
catastrophe, promotion was extended to Science & Disaster Literacy for themselves, and citizenry
and high school students.

The members of RCRCA were apprehensive about the public sentiment of “No More Genpatsu
(Nuclear Power Station)” accompanied by the government policy at that time. In view of the
situation of such an island country with no natural energy resources, it seemed unwise and
impolitic for Japan and for residents of Rokkasho as well.

The highlights of our activities are: 1) publication of the first English version of our ‘Bulletin’
(selected articles of 1995-2011) “Women’s Messages from the Village of Rokkasho to the World”
(2012), 2) Holding Symposia entitled ‘Messages from Rokkasho Women’ in Rokkasho (2013), in
Tokyo and Sendai (2014) and in Mutsu (2015), and 3) Carrying out Summer School for junior &
senior high school girls at National Women Education Center (NWEC), Ranzan, Saitama Pref.
(2012-16).

72



General view of our principal activities

In 1995, the villagers of Rokkasho, the site of reprocessing facilities of spent nuclear fuel, took
first step of Rokkasho Reading Circle, an affiliate of Rokkasho Cultural Assoc. (RCRCA,
Representative: H. Nihon’yanagi, one member of SJWS in addition). The aim was to improve our
own literacy in radiation and science, while sending messages through Nos. of ‘Bulletin’® 2.
Things went favorably by working together ® of SJIWS, Soloptimist Intl. Aomori (SIA, comprised
of leading businesswomen), and RCRCA.

Circumstances changed suddenly by an unbelievable criticality accident of JCO in Tokai (30
Sept. 1999). From necessity, our activities had to be more extensive, and socially evaluated as a
result; Aoi-Mori Science BBL (Founder: Y. Osanai 7, a member of both SIWS & SIA) was
selected as a promotion program (2007), while RCRCA won Grand Prix ‘Nourishing Seedlings in
Science’ (2007).

Situation turned out more serious after the nuclear catastrophe ® following the East Japan
Earthquake &9 and Tsunami 't 2 (11 March 2011). A nationwide mood ‘Ex Nuclear Power’
prevailed throughout, even coupled with national policy at that time. In aware of what to do, we
extended our activities; “Women’s Messages from the Village of Rokkasho to the world” was
published (2012), symposia were held successively in Rokkasho (2013), Tokyo (2014), Sendai
(2014), and in Mutsu (2015), for instance.

Featured further is the Summer School of NWEC for students (junior & senior high) we
participated for 5 years (2012-16), as an extension of our ‘Science School for Parent-Child’ (led by
M. Kazuno, the then President of STWS): Experiment/Practice: ‘Learning energy from cosmic
stars---Fundamentals of the nuclear accident in Fukushima’, for instance. This program is for
students, parents and teachers across the country (from Okinawa was the longest way off so far).

Timelines of our activities after March 2011

2011

Mar. 11 The East Japan triple disaster (earthquake, tsunami & nuclear accident)

July 24 “On the “natural nuclear reactor’ by Prof. Dr. P. K Kuroda”, ‘Bulletin’ No. 251.

Aug. 23 “What can we do on the basis of correct understanding of radiations and observation
of the stricken areas?” SJWS (Soc. of Jap. Women Scientists) Lecture Meeting (E.
Nakayama, K. Miyamoto, N. Kumano), Visitor Center of JNFL, Rokkasho.

Oct. 01 “Radiation-related hands-on” Aoi-mori Science BBL, “Life-long Learning Fair 20117,
Aomori Pref. Social Education Center, Aomori.

Oct. 26 “What can we do on the basis of correct understanding of radiations and observation
of the stricken areas?” Mini Symposium to support Fukushima, Cultural Exchange
Plaza (Swany), Rokkasho.

2012

Aug. 10 Experiment/Practice.“Learning energy from cosmic stars---Fundamentals of the

nuclear accident of Fukushima”, Summer School 2012~for budding scientists and
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Oct. 08

Oct. 12
Dec. 12
2013

Mar. 28

July 08
Aug. 09

Sept. 22

Dec. 03

2014
Jan. 31

Feb. 02

Feb. 02

May 30

Aug. 08

Oct. 05

engineers~, Natl. Women Education Center (NWEC), Ranzan.

M. Aratani, E. Nakayama. K. Miyamoto: Report, The 9" Science Conference of
SIWS, “NWEC Summer School 2012, Experiment/Practice, Learning energy from
cosmic stars---Fundamentals of the nuclear accident of Fukushima”, Arcadia Ichigaya,
Tokyo.

K. Yokoyama: “From my living right in the way of Dan (cut)-Sha (dump)-Ri (go
away)” ‘Bulletin’ No. 267.

Published “Women’s Messages from the Village of Rokkasho to the World”.

M. Aratani: On the circumstances of publishing “Women’s Messages from the Village
of Rokkasho to the World”, Study Association for Revitalization of Peninsula
Shimokita, Masakari Plaza, Mutsu.

Study visit: Recycle Fuel Stock Co. Ltd., Mutsu.

Experiment/Practice “Learning energy from cosmic stars---Fundamentals of the
nuclear accident of Fukushima”, Summer School 2013~for budding scientists and
engineers~, NWEC, Ranzan.

The 20" year Commemorative Round-table Symposium of Rokkasho Reading Circle
on the Vitrified High-level Radioactive Waste, N. Kumano: Science lecture “We are
made of stardusts”, Swany, Rokkasho.

H. Nihon’yanagi: “Activities in Yokohama Town”, T. Ishikawa: “The way I have
come”, M. Aratani: “Geothermal energy (hot spring) and radiation”, Senior School of

Yokohama Town Public Hall, Community Center, Yokohama.

K. Yokoyama: Let’s begin the ‘Fuk (u) kou (reconstruction and happiness) Egg’ from
Fukushima, ‘Bulletin’ N0.289.

E. Nakayama, K. Miyamoto, M. Aratani: “Career choice in Science~for you, future
creators”, Poster session, Korasse Fukushima, Fukushima.

E. Nakayama, M. Aratani as facilitators of discussion around the lecturers (M.
Takahashi, commentator of the Asahi, K. Abe, Prof. emer., Dept. Agriculture, Univ. of
Tokyo), M. Katsuyama (Shiseido Res. Lab.).

Messages from Rokkasho “Nuclear energy and the way we have come” Tokyo
Symposium, Vision Center Nihonbashi, N. Kumano: Science lecture “Nature’s gifts in
a long history of our planet”, Tokyo.

Experiment/Practice “Learning energy from cosmic stars---World of science spreading
from Fukushima”, NWEC Summer School 2014 for girls’ students~Meet with
Science, Technology and Human~, NWEC, Ranzan.

Messages from Rokkasho “Nuclear energy and the way we have come” Sendai

Symposium, El-sola Sendai, K. Yokoyama: Art display “Egg art”, N. kumano: Science
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Nov. 12

Nov. 19
Nov. 22

2015
July 30
Aug. 07

Aug. 30

Sept. 13

Oct. 11

2016

Feb. 28

Aug. 07

Sept. 25

Nov. 06

Dec. 17

lecture “Cigar Lake uranium mine---a natural analogue of geological
disposal”/Display & Experiment “Zeolite”, Sendai.

K. Yokoyama: “Profile of K. Yokoyama, the leader of Circle “Ka (fragrance)-Ri
(Lapis Lazuli)-Mu (dream)”, ‘Bulletin’ N0.293.

K. Yokoyama: “Being compelled to be on endless branch road”, ‘Bulletin’ No. 294.
Messages from Rokkasho “Nuclear energy and the way we have come” Exchange
meeting with Higashidori, K.Yokoyama: Art school & display “Let’s begin the
‘Fuk(u)kou (reconstruction and happiness) Egg’ art (Ukrinian egg art) from
Fukushima”, N. Kumano: Poster & display “\olcanic ashes as Nature’s gift”, Tomari
Community Center, Rokkasho.

Published the “Bulletin” No. 300 of Rokkasho Reading Circle.

Experiment/Practice “Learning energy from cosmic stars---World of science spreading
from Fukushima”, NWEC Summer School for girls’ students~Meet with Science,
Technology and Human~, NWEC, Ranzan.

Messages from Rokkasho 2015 “Future Shimokita and women’s role”, Mutsu
Symposium, K.Yokoyama: Display “Nami’e Town Now”, N. Kumano: Science
display 1) Interior of the earth, 2) “Boreholes for Hot wastes” (Science 10 July 2015),
Kasamai Hall, Mutsu.

Exchange Meeting of Omaezaki Energy Group, Nagoya Energy-Ecology Wing, and
Rokkasho Reading Circle, Hamaoka Power Station, Omaezaki.

“Detoxification of radiation (experiment) and play school children with seashells”,

Tomari Community Center Festival, Rokkasho.

Published the “Messages” Vol. 12 (Part I & 11, Nos.236-308 of the “Bulletin”).
Experiment/Practice “Know more and manage cosmic gifts, won’t you?”, NWEC
Summer School 2016 for girls’ students~Meet with Science, Technology and
Human~, NWEC, Ranzan.

Opinion-exchange Meeting with NPO HSE-Risk C-Cube (Tokai village), Crystal
Palace, Hitachinaka.

“Enjoy with seashells from Rokkasho/Radiations close to us”, Apio-Aomori Fall
Festival, Aomori.

ISRE2016 Poster session, Koriyama.

Although the present authors are mostly nonmember of REF, we have been favored with

occasional opportunity to be close to the then secretariat Prof. Dr. T. Matsuura and the then Chair

of the board of directors Prof. Dr. A. Arima in either Aomori or Rokkasho.

Once Tohoku branch of REF was established indeed (Head: S. Tsushima, the then member of
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Soloptimist International Aomori). We will be pleased to present our activities here in Koriyama,
Fukushima Pref., and grateful for any comments or suggestions you could give for.
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Mystery of Alpha Particle Track in Cloud Chamber!
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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 7.3 ns. Then ion pairs are produced almost simultaneously
throughout the track and therefore the white track in a cloud chamber with ethanol vapor is
supposed to appear simultaneously. However, the white track of alpha particle 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 ethanol have grown to about 3 um in diameter and then Mie scattering of
light has appeared. At the beginning of the track, 2-3 ion pairs per 1pum of the track are produced
and they are able to grow to the liquid drops with 3 um diameter by the diffusion of supersaturated
ethanol vapor diffused through about 0.3 mm distance. However, near the end of the track, 6-8 ion
pairs per 1um are produced and they need the ethanol vapor diffused through 0.46 mm distance to
grow each of the drops to 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 DT V7 7 #D 1 KIEDZEZH OFRFRIL 4.7 cm THRATHERIL 7.3 ns TH D, 772
bbb, ERBIChT > TUEE A ERIBCA o 215D, Lo CTERT TIImEOS
TOHAIZAWVIREE () BFEFICEND &b D0, REFIHIE HiE ST~ E T
7, ZNTEZIZHTH D, RPAL R D721, FEHITELRN 3 um FZEITK
<o T Mie BELDE LR ITF U b2, T 7 7O VX —HKRILT7 7 v 7l
TR SN FREORAIONE TIXRFOE S 1 um K720 OA F o3t O%T 2~3 T,
ZNHIE 03 mm OBENTALEN D O X ) — )L ORI K OPEEUS Lo TEAE3 um
WZED, L LIREEOKED T TIX6~8 DA AN TE, ZHOLNER3I um IZED
IZIE, 0.46 mm D KV 55 O@EAFIZ KL L ORI IR v, fiE o TIRBR O
PO OTFIIRNOT LY LB HND, R, X—ZBORPRNIRIE S £2RICb
S TRFIZHEND D, ZAUTHARE S Y720 OA F Rt OBENRIEFIT NI VDB TH D,

Key words: extension direction, alpha-particle, cloud chamber, track, diffusion, energy loss
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1. Introduction

Since Wilson invented the expansion cloud chamber !?), these chambers have frequently been
used to find new particles. In 1939, Langsdorf developed diffusion cloud chamber *. However,
because of the development of new electronic radiation detectors, cloud chambers are little used
today, excepting for radiation education purposes.

Large expansion cloud chambers were used mainly to study cosmic rays. After expanding the
chamber, the droplets grew to a few micrometers in diameter and a strobe light was flashed to
photograph them. In the study of cosmic rays, researchers observed comparatively light particles
such as positrons, muons, and pions. Because the ion density created along the path of these light
particles is very less and almost constant throughout the path, the liquid droplets appear almost
simultaneously along the entire particle path. Therefore, the direction of the track extension was
not accessible for researchers. Actually, in large diffusion cloud chambers, beta-ray tracks appear
simultaneously throughout the path and we are not able to see the extension direction. Conversely,
the direction of the tracks of alpha-particles can be determined with human eyes, even with small
diffusion cloud chambers for educational purpose.

However, the flight time of alpha-particles in air is less than 10 nano-seconds. The author
noticed there was a contradiction between the visibility of the extension direction of alpha-particle
track and the flight time of alpha-particles. In this paper, the reason why the direction of the

extension of alpha-particle track is visible will be described.

2. Extension time of alpha-particle track and flight time of alpha particle in air

Diffusion cloud chamber used in the present experiment was 12 cm X 12 cm X 7 cm(height) with
ethanol sink at the upper part of the chamber. The temperature of the upper part was about 20°C.
The chamber was put on dry ice so that the temperature of the bottom of the chamber was about
-40°C. The saturated vapor pressures of ethanol at 20°C and -40°C were 44.0 Torr (5780 Pa) and
7.5 Torr (1000 Pa), respectively. Alpha-particle source was
232ThO, attached at the tip of a thin bar. ol |

The extension of an alpha-particle track was observed in
movie mode with 60 frames per second of a digital camera. As . » ‘

shown in Fig. 1, there was no track in the first frame (0 s), then

the beginning of a track appeared in the second frame (17 ms)
and it grew in the third frame (34 ms). Finally, the track
completed in the fourth frame (51 ms).

Fig. 2 shows the relation between travelling time and

travelling distance of alpha-particles in air. The maximum

energy of a natural alpha-particle is 8.785 MeV (for 2'?Pb in the
Fig. 1. The extension of

thorium series). The travel time is, therefore, less than 10 ns for .
an alpha-particle track

all natural alpha-particles. There is the discrepancy between the
extension time of the track (about 50 ms) and the travelling time (less than 10 ns) of an

alpha-particle. This would be “mystery”.
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12008 3. Visibility of the direction of alpha-particle

1.00E-08 track
= EO0E-09 Fig. 3 shows the energy loss and the number of
; B OOE-0% ion pairs per lum of alpha-particle track in air
‘E:. £ 00 against the travelling distance of alpha particle.
E: A At the beginning of the track, 2-3 ion pairs per
(S 1pm of are produced and they are able to grow to
P o 20 a0 &0 20 the liquid drops by the attachment of
Travelling distance inair  (mm) supersaturated ethanol vapor. However, near the
Fig.2. Travelling time against end of the track, 6-8 ion pairs per lum are

travelling distance of a-particles produced.

Electrons of ion pairs quickly combine with oxygen molecules forming negative ions Oz .
When low electric voltage is applied on an ionization chamber, it is known that the ionization
current is small due to the recombination of the ion pairs. When the applied voltage is zero, the
current is zero. Similar phenomenon would appear on a cloud chamber without electric applied
voltage. However, since the droplets actually appear, not all of the ion pairs recombine. It is
difficult to determine the degree of the recombination. Here, it is supposed that the half of the ion
pairs recombine. It means that the initial # ion pairs leave # ions.

Ions collect the supersaturated ethanol vapor and the liquid drops grow. The droplets scatter light

by Mie scattering, and they are visible to human

eyes when they grow to over about 3um in ?3:-: : _

diameter * 3. Droplet with 3um in diameter %zsu | 7 E’:

contains about 1.5x10'! ethanol molecules. The = 20 6w

. . ur s 7

temperature at the upper part of the diffusion T 150 ‘ s 5

cloud chamber is about 20 “C (saturated vapor § 100 1%

. B 2

pressure of ethanol is 5,870 Pa) and the 2 ep | : E
= 1

temperature at the lower part is about -40 C Y |, “
a 10 20 30 &0 50

(saturated vapor pressure of ethanol is 1,000 Pa). Travelling distarce {mr]

Therefore, the degree of super saturation (super ) . .
Fig. 3. Number of ion pairs per 1um

saturation ratio) is 5.8 which satisfies the in alpha-particle track

condition that the degree of super saturation is

greater than 4 © to grow ethanol droplets in air. In saturated vapor at 20 °C, the density of alcohol
molecules is 1.55%10'® cm. Thus, three droplets correspond to three ions per 1um at the beginning
of the track require 3x1.5x10!" (=4.5x10'") molecules to grow to droplets with diameter of 3um.
These alcohol molecules are contained in a volume of 2.9x10~7 ¢cm? of air, which corresponds to a
circular disk with a thickness of 1um and a radius of 0.30 mm as shown in Fig. 4. For seven

droplets (seven ions) near the end of the track, the disk radius must be 0.46 mm.
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We expect that the diffusion time of

0.46mm i
alcohol molecules in the larger disk [
diameter required to grow seven droplets P : !
with 3um in diameter near the end of the [ i
track would be longer than the diffusion S ¢ o ’
time required to grow three droplets with ] 3 I g Thim
3um diameter near the beginning of the l; i a-particle
track. This would be the reason why we | -3:1 :L: - 1 :13:1[::: -
can see the direction of the extension of [l molecules molecules

the track of alpha-particle in a cloud
Fig.4 Number of ion pairs per 1 u m on the path of

alpha-particle in air and the distance from where
ethanol molecules must diffuse to make each
4. Comparison between calculated droplets to 3 u m in diameter.

chamber.

diffusion time and experimental result

To calculate the diffusion time of the required ethanol molecules to make an ethanol liquid
droplet by being attached to a N> or O ions, it is important to find the region where the ion pairs
are created by an alpha-particle travelling in air. Although little information is available on this
matter, it is considered that most ion pairs are substantially produced in a distance less than about
50um by simple calculation.

Positive and negative ions rather quickly gather alcohol molecules forming droplets of ethanol
and the diffusion coefficient of the droplets is very small compared with that of ethanol molecules.
For this reason, only the diffusion of ethanol molecules is taken into account in what follows.
Owing to the geometry shown in Fig. 4, the diffusion equation is expressed in cylindrical

coordinates 7.

sC(r) 16 8C(r)
- (T‘D or ) (1)

St rér
In Equation (1), C(7) is the density of ethanol molecules at radius r, ¢ is the time and D is the
diffusion coefficient of ethanol molecule in air. In the steady state, the flow rate Q
(molecules/(secxunit axial length) ) from radius b with density C(b) to radius a with density C(a) is
expressed by the following equation 7.
o= s >
where C(b)=1.55%10'8 cm3 and C(a)=0 in the present case. Several ions are distributed within the
disk of radius 50pum, so it is appropriate to consider the radius a=50um. The diffusion coefficient D
for an ethanol molecule in air is 0.088 cm?/s which is the average value of the experimental value
and the theoretically determined value extended to -40 “C by using values from the literature ®.
The total number of diffused molecules that is the current Q X10%#(molecules/s+pm) times
diffusion time ¢ must be 4.5x10'" molecules/um for 3 drops/um and 10.5x10!" molecules/um for 7
drops/pum under the simple assumption that the molecules are supplied by a steady state current

from radius b to radius 50um, although the actual diffusion is not a steady state current but a
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transient current. The author has to admit Table 1. Comparison between the calculated

that the above assumption is the first diffusion time and experimental result

approximation. Number of Calculated | Experimental
Table 1 shows the comparison between droplets time (ms) time (ms)

the calculated diffusion time and 3 at the beginning 18 17

experimental result (obtained by Fig. 1) of the track

for the number of droplets at the 6 at the end of 3 2

beginning of the track and at the end of the track

the track. The both agreed each other, 8 at the most end 48 51

though under the rough assumption. of the track

5. Conclusion

We examined why it is possible to see the extension direction of an alpha-particle track in a
diffusion cloud chamber with human eyes despite alpha-particle travel time of less than 10 ns.

Ethanol droplets must grow to a diameter of about 3um to become visible by Mie scattering of
light. The energy loss (-dE/dx) of alpha-particle and thus the number of ions per unit length of
alpha-particle path are very large compared with the corresponding quantities for beta-particles. In
addition, the number of ions produced by alpha-particle per unit length near the end of the path is
larger than that near the beginning of the path. Therefore, near the end of the path, a larger number
of ethanol molecules have to diffuse from farther distance than that near the beginning of the path.
The time required to grow droplets to a diameter of about 3um near the end of the path is longer
than that near the beginning of the path. For this reason, the alpha-particle track appears first at the
beginning of the path and then at the end of the path, and thereby the direction of the extension can

be seen with human eyes.
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Abstract

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 obtained images are very clear, because the penetration ranges of
alpha-particles in solid are very short such as a few tens micro-meter. Since the method is simple and
inexpensive, it can be used at science clubs at senior and junior high schools. From the etch pit density
obtained by microscopic observation, the radioactivity density of materials can be determined with the
help of some theoretical calculations.

Fomly o, Flzi3aa, ST TErya—F, #E, iR, ez atermay
X Th-232 X°U-238 2 E & H A TWT, MEOREN LT VT 7 MEBRHLTWD, £D LD
TR R O T VT 7 MR EERR D 53 AT 15 % B A R O TRIFE AR Higs Td D CR-39 Zfifio
TRBICEST 52N TE D, 77 7 BOBRIENEEF T+ I 7 v o Thd TR
DT, fERRBEHRDLIZ LN TED, ZOFEFMHHE LMD T, EROHFROR T2
TTREIITEL WD EE Db D, BAMEET CR39 DEMAEBLETHZ LTk > T, K
HFIZEEN D HEREZRDDH Z EHTE D,

Key words: alpha emitter, distribution image, nuclear track detector, CR-39, environmental material,

radioactivity,
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1. Introduction

Geometrical distribution images of radioactivity on the surface of environmental materials are very
helpful to understand natural radioactivity and natural radiations. With this intention, so far images of
beta-ray emission from “°K, which is naturally present in vegetables, meat, and other environmental
materials, have been obtained using an imaging plate V). These images have been widely used in public
education. However, an expensive image reader is necessary to obtain such images.

A unique method to obtain macro-autoradiographs of alpha emitters was developed by N. Ishigure 2
who used a solid-state track detector CR-39 plate to obtain plutonium distribution image with very
strong radioactivity in a mouse’s body after the injection of plutonium in a vein. The author considered
that this method could be adaptable to obtain the image of natural alpha particle emission on the
surface of environmental materials such as stone, and ceramics 2, although a very long exposure time
would be necessary for these environmental materials. Such images would be very useful to
understand natural radioactivity and natural
radiations. Since this method is inexpensive and @ )
simple, it would easily be used even at the high
schools.

o CR-39
2. Procedure to obtain alpha particle images : (B)
with CR-39 . =
An inexpensive solid-state track detector

CR-39 plate, 280 mmx280 mmx0.9 mm in size,
known as BARYOTRAK is commercially
available through Nagase Landauar Ltd, Japan.

For the present study, this plate was cut into 15
pieces. The detector is sensitive to alpha particles ©
and insensitive to beta- and gamma-rays. Stone,
ceramic ware, lead plate, etc. are appropriate

specimens, because they emit natural alpha

particles.

The exposure process is very simple. pio | (A) Alpha emitter specimens are

Specimens are simply placed on a CR-39 plate as  exposed on a piece of CR-39, (B) pieces of
shown in Fig. 1 (A). It is not necessary to shield ~CR-39 are chemically etched in sodium
hydroxide solution, and (C) the photograph of
_ _ the image was taken under the illumination of
exposure time is very long as 2-3 months, light through only one side of the plate as

because the alpha-radioactivity of environmental ~ shown in (C).

environmental radiations or light. However, the

specimens is very small. It is important to make
the specimen surface contact with the plate surface to obtain a sharp image.

Alpha particle leaves a radiation damage trail called a latent track. The chemical etching enlarges it
to be visible size under the microscope or human eyes. In the present case, the CR-39 plate was
immersed in sodium hydroxide solution (7.5N, 80°C) for 5 hours as shown in Fig. 1 (B). Cone-shaped
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etch pits with diameter in the range of 10-100 micrometers appear on the plate surface. Since the
exposure time is as long as 2-3 months, the surface density of the number of etch pits is large and the
reflection of light by these dense etch pits allows to observe the image with human eyes. If the
observation with an optical microscope is desired, the etch pit density must be small. Therefore, in this
case, the exposure time was chosen to be as short as several days depending on the radioactivity
density of the specimen.

After chemical etching, the CR-39 plate was washed with water. The etch pit density image can be
directly seen with the eyes. To obtain the photograph of the image, the plate was put in a dark box so
as to face having etched pits downward and the plate was illuminated with light only through one side
of the plate as shown in Fig. 1 (C). The photograph was taken and exhibited on the personal computer
screen.

3. Some examples of alpha-particle emission distribution images

Fig. 2 (A) shows a
photograph of a piece of
granite with a flat surface. The
granite was placed on the
CR-39 plate for 3 months and
(B) is the obtained image
shown by pseudo color
treatment. The radionuclides
present in granite are thorium,
uranium and their daughter
nuclides. Therefore, the etch
pits caused by alpha particles
emitted from the radon gas
emanated from granite and its

daughter nuclides can be seen
at outside the granite surface
area. The black points (biotite
containing 2%2Th, 2®U and
their daughters) shown in (A)
coincide with bright points

shown in (B).

Fig. 2 (C) shows two Fig. 2. Photograph of the flat surface of granite (A) and its
image of alpha-emitter distribution (B). Two broaches, an
emblem, and an IC part (C) and their images (D). Various lead
specimens, two emblems, two monazite spheres and uranium
(integrated circuit) part in a  glass (E) and their images (F).
broken electronic desk

broaches, an emblem with a
pigeon pattern, and an IC

calculator. Fig. 2 (D) shows the distribution images of alpna emitters of these materials. The wirings of
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the IC were attached with solder containing lead. Lead contains natural alpha emitters, although
recently manufactured solder does not contain lead. Fig. 2 (E) shows the photograph of a lead
container and the cap, from upper left to right, uranium glass, two emblems of the Atomic Energy
Society of Japan, two monazite spheres with a diameter of 2.5 mm, and three different lead plates. Fig.
2 (F) shows the auto-radiographs obtained by the exposure of (E) for two months. Different three small
lead plates showed different lead contents depending on the content of 21°Pb (half-life is 138.4 days) of
the daughter nuclide of 2*8U. Two monazite alpha sources have been used for small cloud chamber at
the radiation seminars held by
Chubu Atomic Conference and
their alpha-particle emission rate is
only about 0.8 particle /second .
However, the exposure time was so
long as 5.2<10%s that the density
of the pits was extremely large as  Fig. 3. Three dried sardines (left) and their alpha emitter
about 100 pits per the area of 100  distribution images (right)

um <100 pm.

Fig. 3 gives the case of dried sardines (left) and their alpha-particle pit image (right) which shows
alpha-emitters were included in special internal organs. The author obtained the image of the same
specimens after about one year to confirm whether the alpha emitter was 2°Po with the half-life of
138.4 day or not. The image of alpha emitters was faint, so that the emitter was estimated to be ?*°Po.

From the etch pit density obtained by microscopic observation, the radioactivity density of materials
can be determined with the help of some theoretical calculations . In this case, however, the exposure
time should be much shorter than 2-3 months not to overlap the pits depending on the radioactivity
density in the specimen.

4. Conclusions

By using solid state track detector CR-39, very sharp alpha particle macro-autoradiographs can be
obtained which are very useful for understanding natural radioactivity and natural radiations. Since
this method is very simple and inexpensive, it can be adapted in extra-curricular activities under the
supervision of a teacher at high schools or junior high schools. At universities or research institutes,
this method can be used for studying petrology. Radioactivity density in a specimen is able to obtain
from the pit density observed by microscope.
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Abstract

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 (2015) were the
first student who learned a radiation at the age of the junior high school. In this study, we compared
the awareness of radiation of undergraduate students who received the new curriculum versus the
old curriculum by survey. The revision of the curriculum has brought about improvement of some
knowledge of radiation. However, no significant difference was found in many other question items.
Since the awareness of the topics of radiation related to Okinawa was low, we should develop
familiar teaching materials for students.
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HAET 52 L, RTERER E 28 b, EROCHGEERETCRHIATWAS Z 722
Elzbfiiinsg ) RSN TND Y, Rk 27 FEICAF LT RFEDL L, FHERTH
S EFE L E e ol 22T, AT FEREEEOLERII LD FAED
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Abstract

For visualization of radiation damage to the solid track detector, it must be etched with a high concentration of
sodium hydroxide solution or potassium hydroxide solution. Since the use of these solutions is accompanied by
danger, it is difficult to do in elementary and junior high school. In order to use the solid track detector CR-39 in the
education field, we have investigated a safe etching method for CR-39.

When a low concentration sodium hydroxide solution (5%) was used for etching at room temperature, etched pits
could be observed by etching for 3 days. If etching could be performed at 90 °C using a hot water bath, the etch pit
on CR-39 appeared in just a few hours. By irradiating CR-39 with UV, it became easy to observe the etch pits. In
particular, the size of the etch pits of CR-39 irradiated with UV before and after a-ray irradiation has expanded. By
partially irradiating alpha particles, we were able to observe the presence or absence of radiation damage without

using a microscope. By combining these methods, it can be safely utilized CR-39 in the school.
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Abstract
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 (TGU) 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
“Radiation Education II” 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”™).

Outline of “HATO Project”

dimii - Bk T 00 hETO9s B - R {EET O - hE-EETAvs
I . 1 d 1 Hokkaido Tohoku region Chubu region Kanto - Kashinetsu region Kinki- Chugoku- Shikoku region
n J apan, curriculum guidelne

(Course of Study) for junior high A -|-
school science was revised in 2008, LEERAKRF EABAAE ERFERF KRS
Hokkaldo University, Alchi University of Tokyo Gakugel Osaka Kyoiku
. . . . of Education Educati Universit Universit,
and radiation education was added in - o L
IREEM WS- NS E A ﬁ?ﬂﬁ:ﬂ?’r:’%i&ﬁl‘ﬁ
M : M he Institutional Research he Tralning and Exchange ithe A Ee i
the guideline of school science. After Sl ] e | oo
. e . n 310 3 L SEMEIETH
Fukushima Daiichi nuclear power (InstitutionalResearch & eaREEhLE
12— F LDBE) RIS LMREE
plants accident of 2011, scientific
literacy on radiation/radioactivity is Fig. 1. The Organization of HATO

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.

The HATO Project is implemented to build a support system for advanced teacher education
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through university partnership. The project was established in 2012. Four Teacher Education
Universities (Hokkaido University of Education (H), Aichi University of Education (A), Tokyo
Gakugei University (T), Osaka Kyoiku University (O)) have been engaged in the “HATO Project”

(Fig. 1). Under this big project, Tokyo Gakugei University (TGU) has managed a subproject;

Radiation education project. The objective of this project is to develop junior high school teachers

of science who can teach radiation and radioactivity based on scientific perspective.

Radiation Education Curriculum

In this project, we have developed a curriculum and materials for radiation education, and have

started two new subjects ‘“Radiation Education I” and “Radiation Education II” for university

students since 2014.

Table 1. Curriculum of “Radiation Education I” (2016)

Day Schedu No. Title Teacher
2016 01 |Guidance Masahiro Kamata(TGU),
9/2(Fri) 9:00 Akio Hirata(TGU)
10:40| 02 |Basics of radiation physics Masahiro Kamata(TGU)
13:00 03 |[Science of Radiation Masahiro Kamata(TGU),
Kazuko Onishi(TGU)
14:40| 04 |Nuclear fission and nuclear reactor Shu Matsuura(TGU)

9/3(Sat.) 9:00/ 05

Natural nuclear fission reactor, uranium deposits and deep geological

Masataka Nakata(TGU)

Model experiments using ultraviolet light
The effect of ultraviolet light on E. coli and Drosophila

repository
10:40 06 |[Separation of radionuclides using ion exchange and solvent extraction |Hisao Kokusen(TGU)
method
13:00| 07 |Effects of radiation on living organism Fumi Nakanishi(TGU)
14:40| 08 |Molecular mechanism of Cs specific adsorption Kiminori Sato(TGU)
9/5(Mon.)| 16:00| 09 |Guidance(for students of three other universities) Masahiro Kamata(TGU),
16:20 Basics of radiation physics Akio Hirata(TGU)
9/6(Tue.) 9:00 10, |Measurement of natural radiation, Masahiro Kamata(TGU),
’ 11 |Visualization of radiation by cloud chamber Kazuko Onishi(TGU)
12 |Experiment of model waste fluid processing using ICP and AAS (1) Hisao Kokusen(TGU)
13:00 13 |The effect of radiation on biological systems (1) Kazuo Harada(TGU),

Hisaki Takamori(TGU)

9/7(Wed.) 9:00| 14

Principles of IP, CT, and radiation detectors

Etsuo Arakawa(TGU)

Model experiments using ultraviolet light
The effect of ultraviolet light on E. coli and Drosophila

12:50| 15 |Elementary particles observed in Photographic Emulsion Koichi Kodama(AUE)
16 |Experiment of model waste fluid processing using ICP and AAS (2) Hisao Kokusen(TGU)
9:00, 17 |Radiation effect of foods Hideo Nakamura(hue)
9/8(Thu.) 10:40 18, |Measurement of the natural radioactivity of mineral rocks Masataka Nakata(TGU),
19 |Identification of radionuclides in mineral rocks Akio Hirata(TGU)
9/9(Fri.) 13:00| 20 |The effect of radiation on biological systems (2) Kazuo Harada(TGU),

Hisaki Takamori(TGU)

In “Radiation Education I” (Table 1), students learn about radiation systematically through

lectures and experiments. In “Radiation Education II”, students design some classes of radiation for

junior high school science. They actually try in junior high school what they designed, and confirm

the responses from the junior high school students.

Since “Radiation Education I”” was held intensively for four days (16 school hours) in September,

students of three other universities came to TGU and learned about the basic of radiation, radiation

measurement, radiation effects on living things through experiments with TGU students. In 2016,

professors from Hokkaido and Aichi University of Education participated in the class as lectures,

and the students’ impressions were very positive (Photo 1).
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Photo 1. Scenes from “Radiation Education I” (2016)
1) The effect of radiation on biological systems (1)
2) Elementary particles observation using Photographic Emulsion

3) Experiment of model waste fluid processing using ICP and AAS(2)
4) Students from four universities.

Class questionnaire

Before and after the class “Radiation Education 1, we asked 26 students of the four universities
to answer our questionnaire. Before the class, we asked the reason why they took part in the class.
The results indicate that they could not find enough opportunities to learn about radiation while
they understood the knowledge is important when they become teachers in future.

After the class, we asked them if the contents of ‘“Radiation Education I” were useful for
teaching science classes in future. The students who choose “Very useful” and “Useful a little”,
were 96% (Fig. 2).

Students’ opinions

- In future, we will teach science in junior high school. But we have not learned about radiation. So
I think the class is very useful.

- Although radiation is harmful to a human body, it is used for various purposes in our lives. In

future, I would like to teach correct knowledge about radiation to my students.
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(5) @Please list what you know about radiation usage.
(before class) (after class)

X-ray photography

radiographic inspection —

cancer treatment  SE——O
nuclear power plant =585

15 X-ray photography  EE— ] 5
radiographic inspection T 3
cancer treatment i —— S
nuclear power plant  —_
medical care  =—3 p . P 6
radiation treatment === 2 medical care  —G

irradiation sterilization == 2 radiation treatment 2

MRI = 2 '\irradiatl’on sterilization EE— S
Others =9§4 \‘\ MRl 0O
Number of .
:;:D;reo 0 5 10 15 20/ |rr.adl|ated !JOtEtOE‘S e 3
radiation effect food E=33
Storage, disinfection and... L 114
After classes, the number of Others I ——— 15
responses increased. 0 s 10 15 30

Mumber of people

(6) Are the contents of "Radiation
Education 1" useful for teaching
Science in the classroom?

Very userul. | NN o9
Usefull, a little. ﬁﬂ%

Not useful. 0%

Fig. 2. Results of questionnaire before

Not sure. i 4%
and after “Radiation Education I”

0% 25% 50% 75%

Developed materials

In 2016, we developed teaching materials for radiation education; “Video contents” and
“Teaching Materials Package for teacher training”. The materials have been uploaded on the
website of HATO Project, and can be used for free in any university for preservice and in-service

teacher training.

(Top page) (Contents)

http://hato-project.jp/index.html http://hato-project.jp/product/post_10.html
(2017/2/16)

*This research was supported by the Japanese Ministry of Education, Culture, Sports, Science and

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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Effects of the Thoron Spa or Bath on the Anaplastic
Carcinoma of Thyroid

Kimiko HORIUCHI, Atsuhiro KISHIMOTO, and Koji YAMAMOTO
Healthypeople Co.,Ltd

1. Introduction

It is generally received that the low dose irradiation emitted by the radioisotope such as radon
(**’Rn) and thoron (**°Rn) is effective for the improvement of the condition of the lifestyle diseases
such as cancers and diabetes. In this meeting, we reported about the effects of the thoron spa or bath

on the anaplastic carcinoma of thyroid.

2. Materials and Methods
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.

3. Results

Comparison of the thoron and the radon hot spring

The thoron is an isotope of the radon. The radon is a member of the Uranium-238 decay series and
is the a decay product of Radium-226 then becomes stable Lead. On the other hand, the thoron is a
member of the Thorium-232 decay series and is the o decay product of Radium-224 then becomes
stable Lead (Fig. 1).

8 steps
SNSRI -

Half life of 3.8 d Stable Pb

- Ry =

Half life of 55.6 s Stable Pb

Fig. 1. Summary of the Uranium-238 and the Thorium-232 decay series. The Uranium-238 and the

Thorium-232 become radon (*?Rn) and thoron (*?>°Rn) each.

As the radioactive material, the half-life of radon is about 3.8 days, and it takes more than 20 years
for the radon to become the Lead. On the other hand, the half-life of thoron is about 55.6 seconds, and
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it takes around 11 hours for the thoron to become stable Lead. Thus, because the period when the
thoron exists as radioactive material is shorter than that of the radon, it is thought that the negative
effect of thoron on human body is small. For the thoron hot water, it is easy to obtain the radioactive
effects stably and to investigate various conditions such as the concentration and the component of the
water because of preparing artificially. On the other hand, for the radon hot water, it is difficult to
maintain the radioactive effects and to study more effective conditions because of the natural hot water.
As the location of the radon hot spring, it is difficult to move the place of spa facility because of the
natural hot spring. As the location of the thoron hot spring, it is easy to build the spa facilities in the
various places because of the artificial hot spring. Thus, the thoron hot spring is useful as the

radioactive spring (Table 1).

Table 1. Comparison of the thoron and the radon hot spring

Radon hot spring Thoron hot spring

Safety of  The half-life of radon is about 3.8 days, and The half-life of thoron is about 55.6 seconds,

radioactive it requires more than 20 years until it and it requires around 11 hours until it
material becomes stable °°Pb. becomes stable ***Pb.
Radiation @ a
. c 5.4 x 10° MeV 6.3 x 10° MeV
Intensity

Because of natural hot water, it is difficult
to maintain the radioactive effects and to
Hot water study more effective conditions. It is
difficult to move the place of spa facility
because of the natural hot spring.

To prepare hot water artificially, it is easy
to obtain the radioactive effects stably. It is
easy to build the spa facilities in the various

places because of the artificial hot spring.

Radioactive component of the thoron hot water

A stock solution immediately after the thoron preparation was measured by the liquid scintillation

counter. We could detect the thoron even after 4 hours of elution. (Table 2).

Table 2. Radioactive component of thoron hot water

Elapsed time(h) 228R5 (ba/l)| 228Ac (ba/l)| 22'Ra (ba/1)| 22°Rn (bg/1)| Total radioactivity (Ba/l)
0 0 0

7.43 9.70 17.13
0.24 7.43 0.19 9.68 9.68 26.78
2.4 7.43 1.76 9.52 9.52 28.23
4.0 7.43 2.74 9.39 9.39 28.95 y

Case

The patient was diagnosed with undifferentiated carcinoma of thyroid, which is a high grade of
malignancy and is one of intractable cancers, in June 2014, and the surgery was performed in the same
year on August. The treatment of taxol, which is an antitumor agent to prevent the microtubule
organizing and produces the serious side effects, was started from September of the same year. Bathing
in the thoron hot spring (every day, 6 to 8 times a day, and bathing of each ten minutes) began just
before the second taxol treatment (Fig. 2).
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diagnosis surgery 1sttaxol 2nd AL 11th
‘ -.w ‘

Bathing

no harmful
side effects

* o+ 14

1/2014 8/2014 9/2014 12/2014

Fig. 2. Time table of the therapy of the patient

The number of white blood cells sharply decreased after the 1st time of taxol treatment, and it has
become less than the normal value. Thus, the 2nd taxol treatment was canceled. But it recovered after
the thoron bathing, and it was fall within the normal range. It was possible the administration of 11
consecutive weeks. The peripheral neuropathy, which is observed generally in the taxol treatment did
not appeared (Fig. 3). On the other hand, the recurrences of the thyroidal anaplastic carcinoma were
caused four times by August 2016. However, only the removal operation was carried out because the

progress was very slow unlike normal anaplastic carcinoma.

White blood cells (/pL) Platelet (10%/uL) Red blood cells (10%/uL)

2 g e e

start of bathing taxol treatment fdecrease in white blood cells normal range

Fig. 3. Data of blood test. These graphs show the white blood cell count, the red blood cell count, the
platelet count, AST, ALT and gamma-GTP from September 16, 2014 to January 7, 2015.

Discussion

It was suggested that the thoron hot spring possibly reduced the side effect of the anticancer drugs.
Furthermore, the possibility that the thoron hot water affected the malignancy of cancer was suggested.
The mechanism of the effectiveness of the thoron spa or bath was still unknown, but it would be

suggested of the good results for the improvement of the cancer.
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Keynote Lecture by Prof. Arima (President of Japan Radioisotope Association)

Keynote Lecture by Prof. Yamashita (Vice President of Nagasaki University)

109



s

< Educaton Lniversites

Poster Session

110



Group Photo at Fukushima Environmental Creative Center
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