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Radiation Education—the Importance of Proliferating the Correct
Knowledge about Radiation, Radioactivity, and Nuclear-Related
Matters

Tatsuo Matsuura
Radiation Education Forum, 3-23-6, Nishi-Shimbashi, Minato-ku, Tokyo 105-0003, Japan

Abstract

The following topics will be reviewed: (1) why Japanese have the feeling of “Radiophobia”, (2) what our
“Radiation Education Forum” aims and have done for these 15 years, (3) the fundamental knowledge
about radiation and radioactivity, (4) examples of incorrect expression about radiation and nuclear-related
matters frequently found in textbooks and in mass media, and (5) the future prospects of radiation

education.
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1. Introduction

The word, “Sustainable development,” seems to have become a popular catch-word among several
developed countries, as a synonym of subjugation of the “energy and the environmental problems.” The
practical effort for this goal is to save the fossil energy such as oil and coal, and to exploit the natural or
new energy, such as solar, wind, biomass and so on, as well as the utilization of nuclear energy.

For obtaining the sustainable development, we have to rely much on the role of nuclear energy. In
Japan, about 32% of the electricity is supplied at present by nuclear power. However, nuclear energy
has great implications with radiation and radioactivity, and the feeling of the general public in Japan
against radiation (“radiophobia”) makes the social acceptance of nuclear energy considerably
problematic.

In the hope of improving this situation, we have organized “Radiation Education Forum” in 1994, and
are continuing our efforts in various ways. In this paper, our endeavor to propagate the in correct
knowledge about radiation and nuclear-related matters to the public, especially to improve the educational
circumstance in school, will briefly be reviewed. We propose here to extend this activity of educating
general public along this line into global scale, because the future of the energy and environmental
circumstances in the whole world will not be optimistic if all matters will be left according to the present

competitive principle .

2. Why Japanese have the feeling of “radiophobia”
There are several reasons why Japanese general public have the feeling of radiophobia.
2.1. The after effect of atomic bombings of Hiroshima and Nagasaki
It was quite an unhappy event that the discovery of nuclear fission, which was purely an academic
achievement, worthy of Nobel prize if this was not in a wartime, was immediately utilized as such a

non-humanistic purpose as killing and injuring many innocent citizens and destroying the prosperous
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cities. The survived people, named HIBAKUSHA, have been told that their residual lives will be
shortened due to the minor radiation dose received by the instantaneous flash of the bomb. Since then,
all Japanese people have been told repeatedly about the risk of radiation by the mass media. It is true
that there are not a few Japanese people who don’t like even to hear the word “radioacitivity.”

2.2. The attitude of mass media and school education

In the 1950’s, a subsequent event occurred and reminded Japanese of the horror of nuclear weapon: in
1954 in Bukini. Following this, during the period of continuous development of the nuclear power
production in Japan, two major nuclear accidents occurred in abroad, one in TMI in 1979 and then in
Chernobyl in 1986, and these disasters were largely reported by mass media. The mass media has a
tendency of reporting the demerit of radiation and nuclear-related matters frequently with much
exaggeration. The usefulness of radiations such as in medical purpose should be much more advocated.
In school education also, Japanese Monbusho (Ministry of Education, Science, Sports, and Culture) has
been reluctant in the education for nuclear energy and radiation-radioactivity at the primary and
secondary school age, contrary to the governmental policy of promoting the utilization of nuclear energy
as the national policy. So the young students at the compulsory education have not the chance of
studying the knowledge about these areas, and only a limited percentage of students have had this chance
after entering into the senior high schools.

2.3. The fundamental principle of the radiation protection--LNT hypothesis

In the region of radiation protection, the “Linear Non-threshold Hypothesis” (LNT Hypothesis), which
assumes that radiation may be risky even in a very small dose, is the basic principle. Although this is a
conventional hypothesis, many people believe this is a scientific fact, and has surely become one of the
reasons of becoming radiophobia.

It should be borne in mind that the recent radiological data (epidemiological and animal studies) in the
low dose (and low dose rate) region show the existence of the threshold, and sometimes there are even
health-promoting effect (radiation hormeses) such as used as a medical treatment (the radon therapy).
We sincerely hope that this policy of ICRP will be amended in some near future. This author has a firm
confidence that the LNT hypothesis is not correct, from the detailed examination of the data of atomic
bomb-survivors, especially on the careful consideration of the additional dose received due to the residual

radiations (Matsuura, 2002).

3. What our “Radiation Education Forum” has done to improve the present situation

Our “Radiation Education Forum (REF)”, which was established in 1994 by us, to improve these
situation, namely for filling the gap between the scientific facts and the perception of general public for
the radiation and the nuclear-related matters. The members consist mainly of investigators (universities
and institutes) in the fields of radiation and nuclear sciences, and teachers in schools. (The number of
members is at present about 250.) The basic philosophy is to deliver the correct scientific facts, by
excluding prejudices. We try to explain the data in an easily—understandable way when talking to
non-experts. We are doing following various activities:
3.1. Holding of seminars and symposia.

*Seminars for members are held regularly three times in a year in Tokyo.
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*The International Symposium on Radiation Education (ISRE) was organized three times: in 1998 in

Kanagawa by REF, in 2002 in Debrecen, Hungary organized by late Prof. Marx, in 2004 in Nagasaki by
REF, and the present symposium is the forth, organized by Taiwan group.

*“Seminar on Energy, Environment, and Radiation” for school teachers has been held since 2001 in
various places throughout in Japan. This is for providing the recent information for school teachers to
teach the radiation, radioactivity, and the related subjects in school. (The total number of participants in
the seminar per year is about 500.)

3.2. Holding the expertise committees.

There are 6 committees at present in the REF to discuss various aspects of radiation education : “On
the curriculum of radiation education in school”, “On experimental materials for teaching for radiation in
classroom”, “On risk education”, “On radiation effect at low level”, “On the description in the text-book”,
and “On the account in newspaper and other mass media”. The summaries of each committee are
reported at the end of each Fiscal Year.

3.3. Publishing the periodicals

*“Newsletters” are published 3 times in a year, and totally 42 number of pamphlets (§~12 pages) has
been issued up to Nov. 2008.

*Japanese journal “RADIATION EDUCATION” is published annually, and 11 volumes  have
already been published up to April 2008. In addition, since March 2000, it has now become a rule to
publish as the extra version of this journal a summary report of the activity of the REF. Nine volumes
have already been published, and these have become a suitable material for teaching radiation and
nuclear-related problems in schools for the participants of the seminar.

3.4. Submitting Appeals to the Government

In order to improve the radiation education circumstances in schools, REF have submitted the
appealing documents to the Monbu-Kagaku-Sho (Minister of Education, Science, Sports and Culture)
several times during these 15 years. We have appealed the revision of official education guideline, which
prescribes the detailed contents of curriculum of Science Studies in junior and senior high schools: in
1995, in 1996, in 2005, and in 2006. Our recent two appeals succeeded in revising the guidelines of the
Jjunior high schools, so that radiation and radioactivity should be taught in the Science Studies after the 30
years’ blank period of excluding these items in the teaching curriculum at this stage.

3.5. Preparing the teachers’ guide for teaching radiation, especially to meet the needs in junior
high school

Responding the newly revised regulation for school curriculum, we have started to prepare the

teachers’ guide for teaching radiation and the related topics in the classroom in junior high schools.

4. The Items about Radiation to be Taught at the Stage of Junior or Senior High School
The followings are the items which we believe should be taught for relatively young students:
4.1. Existence of natural radiation and radioactivity
Radiation and radioactivity exist everywhere in our environment. (This fact must be demonstrated
experimentally, using radiation measuring instrument)

Origin of natural radiation comes from various sources: ground, cosmic rays, human bodies, and radon
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in the air. The dose of radiation from the ground varies from place to place, depending on the geometric

condition. There are several places in the world, where the level of natural radiation is extraordinarily
high.

Natural radioactivity such as K-40 exists in a food which we daylily eat and so they exist also in a
human body.

4.2. What is the nature of radiation and radioactivity?

Radiation is one type of energy. They should be taught in connection with the atomic and nuclear
structures, nucleons (proton and neutron), isotopes, and the stability of nucleus, half life of radioisotopes.

What is the action of radiation with matter?

4.3. What is the nuclear energy?

What is the difference between nuclear power station and atomic bomb?  What is the nuclear

fission?
4.4. What kind of utilization does radiation have?

To what kind of nature of radiation does the utilization depend?
4.5. How is the radiation effect to the human body?

To what extent is the radiation can be regarded to be safe? According to the most recent data, we can
say that it will be safe up to about 200 mSv. The effect of radiation for human body varies not only with
the total dose, but also with the dose rate, i.e., the effect becomes less if the dose rate is small compared
with the case when the same dose is given in a short time.

The effect is independent on whether the radioactive source is natural or artificial.
4.6. What is the common knowledge for protecting our body from the source?

There are the three principles: (a) to take a distance, (b) to place a shield, and (c) to minimize the

working time.
4.7. There is a regulating law system to minimize the radiation exposure for working people.

It is recommended to use radiation according the principle of ARALA: (a) not to use when there is no
merit of using radiation, (b) to use radiation under due caution, and (c) to obey the exposure limit,

determined for the workers and for the general public.

5. Various Examples of Incorrect Statements about Radiation
The following are the examples of incorrect statements frequently found in textbook used at junior or
senior high schools or in other publications:
(1) “Nuciear power produces radioactivity which is poisonous to human body in large amount.”
(2) “Because radioactivity is highly poisonous, it is difficult to dispose it.”
(3) “Radioactivity has an effect of threatening the existence of all living things.”
(4) “Once nuclear accident occurs, a vast area is contaminated with radioactivity, and it brings an
enormous bad affect for human body and ecological system for a long time.”
(5) “As shown in the examples of accidents occurred in a large scale in abroad, the safety of nuclear
power station is incomplete.”
(6) “In Chernoby! accident, the radioactive contamination occurred in the scale of 500 times of that in the

atomic bomb in Hiroshima.”



Dec 18 08:30 ~ 10:30

(7) “In JCO accident, 700 residents were exposed with radiations.”

(8) “New construction of nuclear power stations is rarely done in European countries and in America,
considering the high cost and safety.”
In general in the textbook of “social studies”, we can frequently see the statements which favor the

“natural energy” by almost neglecting their demerit and by exaggerating the demerit of nuclear energy.

6. Perspective for the Future of Radiation Education

The activity of making the correct knowledge widespread should be continued not only for school
education, but also to the entire society. For the latter purpose, we think we experts should have much
more contact with the mass media and those who may have great influence for changing the opinion of
general public.

I believe this necessity is not restricted only to Japan, but also to all over the world, because many
countries will probably have to meet the similar problem; namely, they will have to depend much on
nuclear energy and to do with the various problems in some near future. Then, our experience and
know-how to propagate the correct knowledge especially about the risk of radiation will surely be helpful
for the decision- making of these countries. This kind of information will surely be welcomed as a
valuable estate for the welfare-making of that country or district.

I feel, for that purpose, we experts should make our idea and opinion about the degree of risk of
radiation more clear, and unite them into almost the same direction, such as for the basic criticism for the
LNT hypothesis. Then, we hope we can be able to recommend ICRP to lead the revision of their

recommendations.
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Radiation Education in School
K Hasegawa*

Shizuoka University, 836 Ohya Suruga-ku Shizuoka City 422-8529 Japan

Abstract

The seminar has been for the teacher of junior and high school mainly to reflect energy,
an environmental problem for school education definitely.

It is to train the fair judgments of the nature of the citizen for the issue of energy,
environmental and atomic energy problems. It is important to perform substantially
and upbringing of the school and in the society to find a future talented person in this
field. The event is served the increase of the public interest. The seminar accords with
mind which is both in the articles of association of NPO-hojin Radiation Education
Forum. For a class of “Recommendation to Integrated Science and Education” for the
school teachers, the time when the seminar has been keeping up with us in 2001 and
aimed at spreading right knowledge to the pupils.

There are involving the seminar lectures, the experiment of radiation, a panel discussion,

a free panel discussion, interchange society and visit to instrument party.

Keywords; energy, environment, radiation, right knowledge

Introduction

When the atomic energy experience
seminar faculty of liberal arts course that
intended for the staff of a school of the
faculty of liberal arts was carried out
mainly from 2001, NPO-howjin Radiation
cooperated  with

Education forum

Radiation  Application = Development
purpose of the NPO-houjin Radiation
Education Forum "planned substantiality
by deepening understanding for energy,

environment, and radiation such as the

Association (RADA). The Seminar was
established “Energy, Environment, and
Radiation seminar" as a new business
which aims at right knowledge spreading
to pupils through “Recommendation to
Integrated Science and Education”
starting in 2003 in high school from 2002

by deepening understanding for energy,
environment, and radiation such as the
staff of a school. Realizing for the
NPO-houjin Radiation Education Forum

*Corresponding author:Tel:+81-54-247-7921;fax:+81-54-247-792 1 ;e-mail:khase@mx 1.s-cnet.ne.jp
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“planned substantially of the education of
this field in a school and the society and
the spread of right knowledge for energy
environmental problem, radiation and
training of fair judgments nature of the
citizen for the issue of atomic energy and
security of the future talented person in
this field.

increase of the public interest” as for this

It is to contribute to the

seminar.

2. The summary of the seminar

The seminar was held in ten national
(Hokkaido District, Tohoku
District, North Kanto District, South
Kanto District, Shizuoka and Yamanashi
District, Aichi, Gifu and Mie District,
Toyama and Ishikawa and Fukui District,
Kinki District, Chugoku and Shikoku
District, Kyushu .and Okinawa District).
Of these, established the held course had

been done in each district on held course,

districts

a day and second days.

From 2001 to 2007, recruitments
number and participant number was
indicated in figure. Planning it by the
contents which the member of the
Radiation Education Forum played a key
role as for the course contents, and staffs
of faculty of liberal arts of a junior high
school and the high school mainly
intended for the

concerned by the expert of each field, and

education person

—e— Recruitment
Participant

¢

700} g
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sob N R
400}

300}
200}
100}

L g
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2001 2002 2003 2004 2005 2006 2007
year

Fig. Recruitment and participant
helped a class in time for general learning

(1) An education system and energy and
an environmental problem of educational
issue ( an idea and ideal method, an ideal
method of the education of he 21* century
and the directionality when it take up for
a class of “Recommendation to
Integrated Science and Education”.
international comparison of the scholastic
ability of the Japanese junior and senior
school pupil. technology and society. the
positioning of radiation in the scientific
as the basic knowledge.)

(2) Energy and an environmental
problem of the 21st century, fossil energy
(coal, oil, natural gas), an interest and the
loss and gain of the natural energy
(waterpower, the sun, the velocity of the
wind, biomass, the ocean) nuclear energy,
the world and Japanese energy
circumstances and a future prospect. a
global environment problem (carbon
dioxide, acid rain, ozone, food and an
artificial problem), a living of the 21st
century. (basic knowledge about radiation
and the radioactivity.) of radiation and the

radioactivity. Natural radioactivity and
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artificial radioactivity, radioactivity and
everyday life. Application to each field
that used radioactive rays, influence on
human body. environmental endocrine
disrupter).

(3) The fundamental and usage

(4) Panel
report about an action and practice

discussion and topics (a
example of "Recommendation to
Integrated Science Study" and how do
place energy and an environmental
education in an education system by
discussing it each other cooperation with
of the

educational program about energy and

each subject?) Development
the environment: Development of the
learning teaching materials for education
about energy and the environment.

(5) Training and showing to observe
radiations (The production of the Wilson's
cloud chamber and hydraulic power
generation by observation and the model
of radiation and nuclear power
generation)

(6) Visit society (The institution of a
company about atomic energy institution,
environment-related institution, energy
and radiations)

(7) Interchange society (Reply to
exchange of opinions with a lecturer and
an observer and the student attending a
lecture, the question of the school
teacher.)

3 Discussions

Including a thing to be useful for very

much in the contents of the program of

2-11

the seminar whether it is the teaching
materials helping the enforcement of the
class of “Recommendation to Integrated
Science and Education” directly. Let us
fill up as the thing which is an inventive
idea without deciding to make use of the
characteristic of the seminar of each
district (popular the theme of the medical
application of radiation by 2007), and
assuming the program of ten national
districts uniform contents. It is referred to
the questionnaire results that include not
only the district organizer but also the
local school staff of a school in this
purpose on the occasion of the seminar
plan of each district and examine needs
information investigation and performed
till now. There is made the program that
did matching by the reporting from
organizers as well as this as much as
possible. In addition, it is put enough
breaks and keep it in mind for the making
of the program with a space in time
generally.

About the lecture involves environmental
energy, atomic energy, and radiations by a
lecture name and the contents from the
purpose of this seminar (with a thing
concerned with atomic energy and
radiation in the contents about the theme
only for environment)

It is thought that the lectures such as a
fundamental problem or the problem to
extend over a faculty of liberal arts and
the border domain with the physical
science help it in “Recommendation to

Integrated Science Study". However,
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actually it is the present conditions that
just finish a seminar by difference in
difference of the with

knowledge and consciousness with a

knowledge

lecturer and the teacher, the teacher of the
physical science and the teacher of the
faculty of liberal arts or personal ability,
lack in lecture time. It is to move an
important point as a problem with
concreteness by cooperation between
subjects from an idea of the learning of
the synthesis without remaining in
content of general “Recommendation to
Integrated Science “, and it is necessary
to collect in an ideal method and an
example of the practice in "time of the
learning of the synthesis" in a mass.

It is popular at all with the teachers of the
faculty of liberal arts, and, about the
experiment, as for the training that
natural radiation can observe with a
handmade brief measuring instrument; a
constant seller becomes it by the seminar
of each district as well as the teacher of
the physical science. In addition, a
re-student attending a lecture is extremely
small, but it is necessary to prepare for
another experiment for such a teacher.
About

exchange of opinions party, it is popular

interchange society or the
by the device of each district, but there
are many people who do not like
collective actions as a modern trend, and
consideration that an organizer, a lecturer,
an observer make the opportunity of the
story for such a person positively is

necessary. In addition, it is effective when

dividing it into the small group when
perform interchange party and carry it
out.

Further more, it gathers up a seminar the
document for one book, and distribution
is thought a CD with

distribution or a document of

about as

PowerPoint on carrying out a seminar.
Conclusions

The seminar has been enforced for eight

years and achieved the results surely.

It is
performs by a steady effort steadily. It is

important that this seminar
necessary for the teacher of the school
to tell the acquisition of right knowledge
of radiation and the radioactivity to
children by this seminar.
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Heavy particle beam therapy

Yasuhito Sasaki, M.D., Ph.D.
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1. Introduction
As a medical discipline, radiology began immediately after the discoveries of X-

rays (1895), radioactivity (1896) and radium (1998).There are three major fields of
clinical radiology: diagnostic radiology, radiotherapy and nuclear medicine. Among
these, radiotherapy deals nowadays almost exclusively with malignant tumors.

Approximately 300,000 people died of cancer every year in Japan. It its believed
that twice as many new cancer patients are observed every year. The surgical
operation is usually the first choice of treatment for localized cancers. Radiotherapy
has been used as well for localized cancers. Its use has been increased of late
because of its non-invasive nature. Technology of radiotherapy has remarkably
progressed in recent years. In this presentation the heavy particle beam therapy using
proton and carbon is to be described. In particular experiences with carbon beam
therapy using HIMAC (Heavy lon Medical Accelerator in Chiba) and its future
aspects is presented.

2. Principles and classification of radiotherapy

High dose radiation exposures break DNA strands, which disables cell divisions
and eventually cause cell death.

In principle ideal radiotherapy consists delivery of radiation high enough to kill
all cancer cells without irradiating normal cells and tissues.

Varieties of techniques have been developed to deliver high radiation doses to
cancer tissues sparing surrounding healthy tissue with exposure less than its tolerable
dose which causes hazardous reactions. Those technology are classified as external
beam irradiation (tele therapy), intra-cavity or intra-tissue irradiation (brachy
therapy) and radiotherapy using unsealed radioisotopes. The heavy ion beam therapy
is a cutting-edge technology of external irradiation.

3. Characteristics of proton and carbon beam therapy

Routinely used high energy X-rays from a Lineac or Gamma rays from Co-60,
when irradiated, pass through the body gradually losing its kinetic energy. Therefore,
it is unavoidable to deliver higher radiation doses and damage the tissues which lie
along the path before reaching a deep-seated cancer in the body. On the other hand
proton and heavy ion such as carbon lose large fraction of kinetic energy near the
stopping point forming the so-called Brag peak. This Brag peak can be irradiated to
the cancer tissue by manipulating the energy in accordance with the depth of the
cancer. Thus the dose to the tissues which lie in the path before the target can be kept
minimum. The tissues and organs which lie behind the target are not exposed to
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radiation.

In addition to the excellent dose distribution in cancer therapy the carbon ion has
high relative biological effectiveness (RBE), which is estimated as 2-3 as compared
with one for X-ray and 1-1.2 for proton.

4. Facilities of proton and carbon beam therapy in Japan

There are 4 facilities which treat cancer patients with proton therapy, one with
both proton and carbon beam and one with carbon beam. Those facilities install large
scale accelerators. Those facilities need a large fund for construction and operation
as well as highly trained human resources. The construction costs have been less for
proton accelerators than for carbon accelerators.

5. Carbon beam therapy using HIMAC

A large-scale medical purpose accelerator, the first of its kind in the world, was
constructed in 1993 in National Institute of Radiological Sciences (NIRS) under a
budget provided for the national “Ten-year Comprehensive Strategic Plan against
Cancer”. This accelerator was named as the Heavy Ion Medical Accelerator in Chiba
(HIMAC). Clinical trials of cancer treatment using HIMAC started in June 1994
under the auspices of the NIRS. A large-scale multi-institutional clinical trial of
heavy ion beam therapy for cancer was conducted under the “New Ten-year
Strategic Plan for the Conquest of Cancer.” A la