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PREFACE
The discovery of radium and polonium in 1898, that of x rays in 1895, and that of
radioactivity in 1886 were major events which contributed very much to the
fundamental understanding of the nature of matter and to subsequent diverse
developments in science and technology in the twentieth century.
At present,
radiations and radionuclides are not only indispensable in medical diagnosis and
treatments, but also are widely used in fundamental research and in industry. Nuclear
fission for power production is also playing an important role in saving the
nonrenewable natural energy resources, without producing the potentially hazardous
carbon dioxide.
However, the fact that the first use of nuclear energy appeared as the disastrous weapon
in 1945 has resulted a profound after-effect in a socio-psychological sense. In addition,
the accidents of nuclear power plants in the 1980's have been repeatedly reported in
mass media with undue sensationalism. As a consequence of these circumstances, a
majority of people, including many intellectuals, have an excessive concern about
radiation and radioactivity even in very minute quantities.
In the present civilized society, it is evident that the sound acceptance of science and
technology by general public, based on full understanding and confidence, is needed to
maintain the stability of society and to improve the quality of human life. It is
particularly desirable that the level of both SCIENCE LITERACY and RADIATION
LITERACY is elevated throughout the world. Otherwise, not only the proper use of
radiation and radionuclides in medicine and in many scientific areas will be obstructed
by the shortage of working personnel, but it is also probable that the mankind may soon
find difficulty in their existence in the event of a serious global energy crisis resulting
from the exhaustion of fossil fuel.
Radiation and radionuclides have existed around us since the birth of Earth, and we all
human beings have continuously received some small amount of radiation doses.
According to the recent studies, the premise that the risk of radiation were the same
throughout the whole ranges of the dose and dose rate is no longer valid; indeed, a small
amount of radiation might be even indispensable for the existence of life in general,
according to a school of thought. Thus, although the idea of "radiation education"
seems to have been focused on the hazard of radiation even at a minor dose, it should be
shifted to teaching not only its hazard at high level but also the possible existence of a
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threshold level below which the hazard is actually negligible, and to emphasizing its
important benefits in various applications used in our present civilization.
This symposium, which commemorates the centenary of the discovery of radium by the
Curies, aimed to promoting the right knowledge about radiation and radioactivity and
about various risks accompanied with the living in the civilized society, by discussing
how to improve education of the public in general and young generations at schools in
particular, and by exchanging newest scientific information relevant to the education.
As seen in this volume, it is our great pleasure that many participants, from 15 countries
and one district, have presented many valuable papers, which contribute to improving
the present situation. We believe that a next symposium following up this one will be
held in a very near future.
The Organizing Committee of this Symposium sincerely thanks several organizations,
including the Japanese Government and a few international ones, many companies
and individuals, including the distinguished invited speakers and participants, who have
very kindly understood the purpose of this Symposium and cooperated with us in
various ways for producing the proceedings in the present form.
December 1998

Tatsuo Matsuura
Secretary General, Organizing Committee of
International Symposium on Radiation Education
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Division of Planning and Analysis
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Tokai Research Establishment
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Tokai-mura, Naka-gun, Ibaraki-ken
(Received September 8, 1999)
The International Symposium on Radiation Education, which commemorates the
centenary of the discovery of radium by the Curies, was held on December 11 - 14, 1998 in
Kanagawa, Japan. At present, radiation and radioactivity are not indispensable in medical
diagnosis and treatment, but also are widely used in scientific research and industrial activities.
Nuclear power generation is also playing an important role in saving nonrenewable natural
energy resources, and without producing the potentially hazardous carbon dioxide. However,
a majority of people has a insufficient knowledge or information about radiation and
radioactivity. The symposium intended to generalize the scientific knowledge about
radiation and radioactivity and also about various aspects of risks associated with the life in
the civilized society, by discussing how to improve education in general and young
generations at schools in particular, and by exchanging the newest scientific information
relevant to the education.
The symposium consisted of 5 sessions with 61 submitted papers, and involved about
170 participants from Australia, Bangladesh, France, Germany, Hungary, Indonesia, Korea,
Philippine, Pakistan, Thailand, Turkey, UK and USA.

Keywords:

Radiation, Radioactivity, Nuclear Power Generation, Education, Scientific
Knowledge, Risk

Xi

JAERI-Conf 99-011
(ISRE98)

(1999^9/3 8

T, 1998 ¥ 12 ^ 11-14

B\ZfrtfTn&)\\T*MM2nfro

61

7,

: T319-1195

*5 170

JAERI-Conf

99-011

Contents
Welcoming Address
Kodi Husimi

fe

4

1. Lectures (Wi^Mi^RZSitWMW
i.i
mm&ifomm&izMtz^m
1.2 The Discovery of Radium 100 Years Ago and the Impact on the Early
History of Nuclear Science
Jean-Pierre Adloff
1.3 Curie's Hypotheses Concerning Radioactivity and the Origin of the
Elements
P. K. Kuroda

9
15
23
36

1.5 Natural Radiation and Radioactivity in Education
Masanobu Sakanoue

1.6 mmz&ttz>1jkm& • W&ffi<r>Wt&(r>W%
&**mx
1.7 w^M¥&mm±£^<nmm
&mw#.®
1.8 Global Warming and Nuclear Power
Peter E. Hodgson

42

so
60

72

1.9 {&URBm&9LM)&(Dmm
U/fflfC. XlU/\Jl'$
1.10 Mortality of Atomic Bomb Survivors in Nagasaki
Mariko Mine, Sumihisa Honda, Hisayoshi Kondo,
Kenichi Yokota, Masao Tomonaga and Yutaka Okumura
1.11 Understanding Nuclear Issues
George Marx

78
85
89

2. Panel Discussion
2.1 Radiology Education in Hungarian Schools
George Marx
2.2 Nuclear Physics Teaching for Japanese Teachers from a Hungurian Physics
Teacher with Love and Respect

103

TothEszter
2.3 Present Status of Radiation Education in Bangladesh
Sana Ullah
2.4 Radiation Education in India: Current Status
V. G. Dedgaonkar and D. A. Bhagwat
2.5 Public Information and Education on Radiation Safety and Protection
in Indonesia
Azhar Djaloeis
2.6 Radio Conversation between Scientists and the Public as a Mean
for Understanding Public Perception of Radiation Risk
Matteo Merzagora, Sylvie Coyaud and Andrea Ottolenghi

108
115
122
130
136

2.7 B*<DMm¥tfuz&tfz>i&m% • m?ti%cg<D$ift
nmmm

144

2.8 Present Status of Radiation Education in Korea
Bum-Jim Chung

151

Xlli

JAERI-Conf

99-011

2.9

Status of Radiation Education and Training in the Philippines
Corazon C. Bernido
2.10 Radiation Education in Poland - The Present Status and Perspectives
Wieslaw Goraczko
2.11 Status and Problems of Radiation Education in Taiwan
Chin-Wang Huang
2.12 Status and Problem of Radiation Education in Thailand
Manoon Aramrattana
2.13 Future Perspective of Medical Radionuclide Production
and Related Educational Problems in Developing Countries
Turan Unak

157
164
169
174

179

3. Poster Session ( z ^ X ^ — -fe y ~> 3 »
3.1 Radiation Education in Bangladesh: Status Need & Opportunities
DelawarBakht
3.2 Radioactive Source Simulation for Half-life Experiment
Warapon Wanitsuksombut and Chanti Decthyothin

189
194

3.3 /Jv^^&ttSift^MW

mmM?, mmrn*, ±nm%,

196

MBJEM

3.4 How Would We Deal with Radiation Related Issues
in High School Educational Programs?

Kuniko Saeki
3.5 i l l BT(Z3 *W,^bW(MU\

204
CA'J + a 7 A

Amsm^

214

mm&m

220

3.7 Teaching Material for Radiation Education Using Radiography
Technique
Masahiro Kamata, Sachiko Katagiri,
Shigenori Fujine and Kenji Yoneda
230
3.8 Educational Experiment for Students Using Natural Radioactivity. I
(Radiochemical Analysis of214Bi in ENAand IKEDA Mineral Spring
Water)
Masahiro Kamata, Mariko Nakamura and Takao Esaka
238
3.9 Educational Experiment for Students Using Natural Radioactivity. II
(Practical Example of Radiochemical Experiment Conducted
at Tottori University)
Mariko Nakamura, Masahiro Kamata and Takao Esaka
245

3.io

^mMmimvmmmmm^zmLTvmmmii
fiium^, wrnmm, ^SMB, ±m^

3.11 K%WJ<&S.%.-i*>mW$feWi\z.~DUX
M&0M, FQ&R

252
260

3.12 Mmmiz&tf&tmj&%L^(D'Mmmintmiimm
-gjg&H
265
3.13 Natural Radioactivity Distribution Images and Their Educational Uses
Chizuo Mori, Tetsuo Sumi, Hiroshi Miyahara,
Akira Uritani, Kojiro Nishina
271
3.14 40kV j-U-}£-A
X UWMUm

&mmm, m/xm,

te**m

3.15 Application of Research Reactors for Radiation Education
Yasuolto, Kenji Tomura, Shu A. Hayashi,
Susumu Harasawa,
TatsuoMatsuura,
Tomoko Nakanishi, and Yusuke Yamamoto
XIV

275

283

JAERI-Conf

99-011

3.16
288
3.17 "Radiation Fair" for 15 Years in Osaka, Japan,
and Survey of the Participants'Attitude toward Radiation
Masakazu Furuta, Takeyoshi Asano, Toshio Hayashi,
Yasushi Hosokawa, Tomohisa Kakefu and Hideaki Nishihara
296
3.18 Ionizing Radiation - One of the Most Important Link of the Energetic
Chain in Biological Cell
Wiesla w Goraczko
302
3.19 Extension Lectures: The Effects of Radiation from Atomic Bombing
Yutaka Okumura and Mariko Mine
310
3.20 Studies of Radiological Consequences on the Reports of Chernobyl
Accident
Takeyoshi Asano
313
3.21 The Australian Nuclear Association's Award Scheme for the
Advancement of Nuclear Science and Technology Awareness in
Secondary Schools in Australia
Roger Alsop
324
3.22 Women Scientists Joining Rokkasho Women to Sciences
MichiAratani andSumiko Sasagawa
329
3.23 Radiation Education Versus "Radiophobia" - Public Perception of
Radiation
Wieslaw Goraczko andStanislawLatek
337
4. Work Shops ( 7 - ^ ^ 3 77°)
4.1 Present Status and Problems of Radiation Education in Japanese High
School
Tadashi Hiroi, Yukimasa Muraishi,
Shogo Mikado and Tomohiro Watanabe
347

4.2

JMH^W^'J+^AWMiW

, mmwm

4.3 Radiation Education and Scientific Literacy
Yuichi Iiri

4.4

355

MtMWt^Ux^-

mmm—

357

4.5 The Importance of Early-school Radioactivity Education
in Cultivating Proper Reflexive Judgement on Radiation
Kojiro Nishina
'
4.6 Experiments of the 42Ar-42K Generator
Bunsei Kikuchi
4.7
Q%GMil^y$-<DWtt*c(Dm%\
=niEW
4.8 Radiation as a Source of Risk
Kazuaki Katoh

4.9

348

361
366
369
377

'JZ^HtLTMItH

mmmw

378

4.10 g-ffi'J^^SHOJtfe

msmrn, wmm

388

4.11 Understanding Radiation and Risk:
The Importance of Primary and Secondary Education
Junichiro
Tada

395

4.12 &W$<DUX£K|irf5flJ^4^!#W
399
XV

JAERI-Conf

99-011

4.13 Investigation on the Acceptance Level of Radiation Exposure
~~ Comparison of Chinese and Japanese
Jin Wu and Kazuaki Katoh

4.14

404

immm<r>%®]/^)V\z^ux<r>m&-*mktR*h<r>\kM

mm, mmmm

405

5. International Advisory Committee Report (HH^fi^mi^lgf^)
Report on the Meeting of the International Advisory Committee
for the International Symposium on Radiation Education (ISRE98)
Mitio Inokuti

xvi

413

JAERI-Conf

99-011

WELCOMING

ADDRESS

Professor Kodi Husimi

(Chairperson of the Organizing Committee, International Symposium on
Ra dia tion Educa tion, an d Presiden t of Ha dia tion Educa tion Forum)
Good morning, ladies and gentlemen! As Chairman of the Organizing Committee, I
have a pleasure of welcoming you all, and want to say a few words of welcome.
It is needless to say that the present civilized world is supported essentially by the
advancement of science and technology.
Opinions are divided as to welcome or not
the further development of science and technology. There are recently increasing
opinions stressing the ill aspects of science and technology.
However, it is
impossible to deny the progress of science and technology.
To encourage or to stop the further development : that is the question.
This question depends totally on the power of human reason : that is the
power of education.
It is a duty of scientists to pursue truth in science and to create innovative ideas, but
simultaneously, they have to act with social ethics and have to educate the general
public.
There seems to be a gap between the views of general public and the scientists toward
the safety of radiation and radioactivity.
Now, it is time for us, scientists, to make a coming out of the academicians' ivory
towers and try to think with the general public, to talk with them, and to educate people
if you find them suffering from pain and damage because of their ignorance.
We, the
scientists, should not be reserved when it is necessary for us to stand up and straighten
the incorrect information.
Especially when we see people using the scientific knowledge in a wrong way, like the
application of atomic bomb, we should not keep silent.
It was a wrong example of
abusing the science, and it should never happen again.
On the other hand, of course, it is encouraged to utilize the atomic energy for peaceful
purposes for the human kind of today and tomorrow.
Participants of this symposium are those who are interested in science education and
radioactivity. I hope that you will discuss about how to educate people in society who
just hate even to listen to a word like "radioactivity. "
Concerning the attitude of people against radioactivity, I would like to cite an interesting
phrase by late Prof. Torahiko Terada, who lived from 1878 to 1935.
He said, "It may
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be easy either to take it seriously dangerous or to dismiss it as entirely safe, but it is
pretty difficult to admit its danger properly. "
This phrase by the famous
Japanese physicist, late Prof. Terada, whose lecture I was happy enough
to listen to during my university years, is particularly important when it
comes to radiation and radioactivity. But it can be applied to all cases
of " risk-related scientific matters.
Presently, correct knowledge about radiation and radioactivity is learned only
by those who wish to be specialists in these field S but I think that
everybody in the society should learn about these matters properly.
Today, in the advanced countries like Japan, materialistic civilization seems
to have reached to the utmost level and materialistic dreams
of the
people come true everywhere everyday.
This is possible just because everybody
has the tight knowledge about how to use the electric or electronic appliances
in daily life.
This is the great results of education.
Thus,
in a sense, we are well educated,
but whether or not we
are properly educated or not is a different matter.
We need to educate
children so that they could nurture a sense of justice, in addition to learn
the three R's : reading, writing, and arithmetic.
Children should be taught
how to think scientifically as well as to understand the phenomena.
The role of education is becoming more and more important and complicated
because the life of people is advanced, expanded and getting complicated.
As the population of the world increases, our environment becomes worsened.
In the mid-21st century, the world population will reach 10 billion and
people may destroy natural environment more than now.
For the existence of humankind, we may develop the land further.
But,
however true "rules of Entropy" may be, we must try our best not to
worsen the natural environment.
We must try our best to stop the
deterioration of our beautiful earth for the sake of our descendants.
For the betterment of our human life and for the improvement of our
real quality of life, let us appeal to teach wisdom with scientific knowledge
for children and people.
Let the wisdom flourish all through the earth !
Without wisdom, our knowledge, creativeness, ideas, goodwill, wishes and
dreams will
be of no use.
To maximize the potential ability of all the humankind, the direction of
our path should be integrated with the same vector.
Here again, we
have to rely on the power of education.

-
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Quite fortunately, here is Prof. Arima, Minister of Education, Science, Sports
and Culture, working hard in the Diet.
Let us join forces to encourage
Prof. Arima to improve the Japanese education system.
We have assembled here to build up a new educational system : an activity
which needs human wisdom and courage.
I am expecting brilliant success
of this meeting !
Thank you.
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1 . 2 THE DISCOVERY OF RADIUM 100 YEARS AGO AND THE IMPACT ON THE
EARLY HISTORY OF NUCLEAR SCIENCE
Jean-Pierre Adloff
Honorary Professor, University Louis Pasteur, 63 Rue Saint Urbain 67100 Strasbourg,
France.

ABSTRACT
One hundred years ago, Pierre and Marie Curie reawakened the topic of uranic
rays and discovered two radioelements, polonium in July 1898 and radium in December.
The circumstances of these events which announced the beginning of radiochemistry are
reviewed at the light of the laboratory notebooks and the publications of the authors.
The role of radium in the early history of radioactivity and nuclear sciences is
emphasized.
1. Introduction
In 1891 Maria Sklodowska (1867-1934) moved to Paris from her native Poland
to undertake scientific studies. In 1895 she married Pierre Curie (1859-1906), a
physicist renowned for his work on magnetism and his theory on symmetry in physical
phenomena. After concluding her studies at the Paris University, Marie Curie was
thinking of a subject for a thesis. X-rays were still a current topic, but had lost the
charm of novelty. On the other hand, the uranic rays discovered in 1896 by Henri
Becquerel raised a puzzling problem. The uranium salts appeared to maintain an
undiminished ability to blacken a photographic plate over months. The law of energy
conservation was solidly established since 50 years. What was the origin of this
inexhaustible energy which apparently violated the Carnot principle, the first principle
of thermodynamics, which states that energy can be transformed, but can never been
created nor destroyed ?
Pierre Curie had a presentiment that the phenomenon discovered by Becquerel
was extraordinary and helped Marie in the decision. Marie Curie confirmed later we feh
the investigation of the phenomenon very attractive, so much the more the topic was
quite new and required no bibliographical research.
The couple settled in a small room in the Parisian School for Physics and
Chemistry. Pierre Curie was involved in a work on crystal growth and had opened a
laboratory notebook. The writing of Marie Curie appears in the diary on December 16,
1897. This day is the beginning of her research on uranic rays first alone, later joined by
Pierre, a prelude to two Nobel prizes.
Two sources of information are available in order to reconstitute the progress of
the work during the memorable year 1898: three laboratory notebooks and three
publications in the Comptes Rendus, the weekly report of the French Academy of
Science .
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2. The strategy
At the end of 1897 all knowledge on uranic rays was contained in nine short
Becquerel publications in the Comptes Rendus, mostly during the first semester of
1896. After an initial excitement, the interest of scientists in the new rays faded rapidly
and the topic was moribund when Marie Curie entered the scenery.
How undertake the subject chosen for Marie's thesis? A new topic required a
new strategy with its own tool and methodology. The blackening of the photographic
plate was useful to detect uranic rays but provided no information on the intensity of
the emission. But the rays also rendered air conducting for electricity. This property
was much more amenable to quantitative determination of the action of rays. However,
a convenient measurement of very small intensities had still to be imagined. At this
point the genius of Pierre Curie was decisive. He invented a device based on
piezoelectricity which he had discovered in 1880 (Fig. I). For the first time, the
emission of uranic rays could be quantified on the basis of the ionization current
produced under controlled conditions.

Fig. 1. The charges produced in the ionization chamber AB by the active substance laid on the plate
B are compensated by opposite charges calculated from the weight P applied to the piezoelectric
quartz Q and the time of application. The compensation is controlled with the electrometer E.

On the 12 of February the equipment was ready and Marie Curie now had an
invaluable tool for routine measurements and knew how to prepare the samples for
reproducible measurements. The systematic search for elements which may impart
electric conductivity to air was a logical procedure since there was no reason that the
spontaneous emission of rays should be limited to uranium. Within a few weeks Marie
Curie tested a large number of samples at hand or borrowed from various collections.
The activity of metallic uranium prepared by Henri Moissan was used as a reference
for comparing the relative strength of active substances.
The most important result was obtained a few days later. A sample of
pitchblende, a black mineral from Joachimsthal in Bohemia with a high content of
uranium oxide, was four times more active than metallic uranium. This was quite
unexpected since no uranium containing substance ought to be more active than the
metal which has the highest concentration of uranium atoms. It was not commented in
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the notebook, but numerous tests of the equipment which followed immediately show
that Marie Curie was extremely preoccupied by the result. The same peculiar property
was observed for other uranium minerals such as chalcolite, a copper uranyl phosphate,
which was twice as active than uranium.
It had been found earlier by Becquerel and confirmed by Marie Curie that the
emission of rays was a specific property of uranium atoms, independent of the
chemical combination of the element. Accordingly the excess of activity of the minerals
had an unequivocal origin which Marie Curie stated in following terms: This fact is quite
remarkable and suggest that these minerals may contain an element much more active
than uranium itself. Initial evidence in favor of this hypothesis appears in the next
sentence since Marie Curie knew how to prepare artificial chalcolite: / have prepared
chalcolite with pure products; this artificial chalcolite is not more active than other
uranium salts. Marie Curie then concluded that the unknown element exists only in the
uraniferous minerals which are more active than uranium.
She discovered at the same time than Gerhardt Schmidt that thorium and its
compounds were active, reported a feeble activity for potassium salts and probably
was the first to record without knowing it the natural radioactivity of potassium.
The results acquired in two months and published in Marie Curie's first paper on
2)
April 12 are impressive . Tens of chemicals and natural compounds with activities
down to a hundredth of that of uranium were measured. Numerous experiments on the
absorption of the rays led to a further important observation: the rays from uranium
minerals were less absorbed than those of uranium compounds, and this confirmed the
hypothesis that the minerals may contain an active substance different from uranium.
The search of this element was now a matter of highest priority. Pierre Curie
fascinated by Marie Curie's findings abandoned his own research projects and joined
his wife in the adventure.
Research on uranic rays now turned from physics to chemistry. The obstacles
were immense: separate and identify a substance whose chemical properties were
completely unknown. The Curies who were not much familiar with chemistry were
helped by Gustave B&nont, an analytical chemist at the Parisian School for Physics
and Chemistry. The team introduced a new methodology which marks the beginnings of
radiochemistry . Marie Curie explained: The method we have used is a new one for
chemical research based on radioactivity. It consists in separations performed with the
ordinary procedures of analytical chemistry and in the measurement of the radioactivity
of all compounds separated. In this way the chemical behavior of the radioactive
element can be recognized and the element can be characterized by its intensity and
the absorption of its rays. The fractions in which it concentrates become increasingly
radioactive.
Marie Curie added radioactivity acts like a specific analytical reagent with a
high sensitivity but she could not imagine that the limit of sensitivity was a few atoms.
3. The discovery of polonium
The second publication, this time signed Pierre and Marie Curie appeared on July
18 . The title On a new substance, radio-active, contained in pitchblende, is eloquent
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for two reasons. It announces that the search for the element much more active than
uranium was successful and it is also the first appearance of the word radioactive (with
the hyphen).
The first chemical treatment began on April 14, whereby 100 g of Joachimsthal
pitchblende was ground and attacked by an acid. (Fig. 2). The residue was fused with
an alkali salt and the treatment of the acidic solution with hydrogen sulfide was a
significant step since the insoluble sulfides and the remaining solution were both active.
This could mean that each fraction contained a different radioactive substance. In fact
the Curies will discover during the following months a new element in both fractions:
polonium in the precipitate of sulfides and radium in the remaining solution. The
authors focused their attention first on the sulfides because it seemed easier to search
for the activity concentrated in a solid.

Pitchblende

sulfides
Pb, Cu, 81, A», Sb, X
•ackl

solution
residua
fused w t h K f O ,

As,St>

residue
Pb, Cu,BI,X
-HN0 3
solution

• acid

solution
• H2S

precipitate

solution
Cu, Bi, X
•NH,

solution

Radium

precipitate

solution
X(part)

1 Polonium

•
solution
Cu

precipitate
Bl + X

Fig.2 (left): Simplified scheme of the first treatment of pitchblende.
Fig. 3 (right): Treatment of the precipitate of sulfides. X is the radioactive substance (polonium)

The activity carried with the sulfides was insoluble in ammonium sulfide and thus
could be separated from arsenic and antimony (Fig. 3). Now it became clear that the
sought substance was associated with lead, copper and bismuth. These three elements
could be easily separated and eventually most of the activity remained with bismuth.
The authors wrote we have not yet found an accurate wet method for separating the
radioactive substance from bismuth. A partial concentration was obtained by
precipitation with water: the first fractions are the more active.
Pierre Curie more inclined to physics undertook the analysis of pitchblende by
sublimation. Already in the first trial it was found that a very small amount of
substance about 10 times as active than uranium could be separated and this method
was pursued in parallel with the chemical treatment.
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Suddenly on July 13, without further comment, the symbol of polonium appears
in the notebook. Pierre Curie had proceeded to the sublimation of sulfides concentrated
by Marie and a fraction 400 times more active than uranium was isolated. This success
was the result of the joint efforts of the two scientists.
The second notebook ends on July 16 with a final test for activity on a large
variety of compounds. This was a last precaution before the discovery of a new
element could be claimed with confidence. Two days later it is announced, however
cautiously... We believe that the substance we recovered from pitchblende contains a
heretofore unknown metal, similar to bismuth in its analytical properties. If the existence
of this new metal is confirmed, we propose that it be named polonium in honor of the
native land of one of us. The designation of polonium had a provocative significance
since as a state Poland had disappeared in 1795, being parceled out between Prussia,
Russia and the Austrian Empire.
For the first time in the history of chemistry the existence of an element was
claimed which could be identified solely on the emission of its rays. Pierre and Marie
Curie had invented the "chemistry of the invisible"
On the other hand, the caution was founded. Eugene Demarfay, the leading
spectroscopist of the time, analyzed the most active sample of bismuth sulfide. To the
disappointment of the discoverers, he could not distinguish any new characteristic line
apart those of bismuth and impurities. The authors admitted this fact does not favor
the idea of the existence of a new metal.
4. The discovery of radium
The title of the third publication on December 26, with Gustave Bemont as coauthor, is identical to that of the previous one with addition of one single word: On a
new strongly radio-active substance contained in pitchblende . The chemical behavior
of the second radioactive substance was strikingly different from that of polonium: it
did not precipitate with hydrogen sulfide but coprecipitated with barium carbonate and
sulfate.
Once it was sure that the radioactivity was contained in barium it remained to
prove that it was not barium, but a new element. This important demonstration was
based on three tests. First Marie Curie verified that natural barium is not radioactive and
contains no radioactive substance. Next the radioactive substance could be separated
from barium by fractional precipitation with alcohol. The operation was repeated until
the activity of barium chloride was 900 times higher than that of uranium. At this point
the authors had to cease the concentration because the amount of material was too
small.
The third argument was decisive. Demar9ay found in the spectrum of the
radioactive barium chloride several lines which could not be assigned to any known
element. The intensity of the most intense new line increased with the radioactivity of
the substance, from very weak with the first sample up to notable for the sample 900
times more active than uranium. Pierre and Marie Curie concluded we think this is a
very serious reason to attribute the new line to the radioactive part of our substance. The
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various reasons which we have enumerated lead us tot think that the new radioactive
substance contains a new element to which we propose to give the name radium.
Besides the spectroscopic analysis, a second official proof for the existence of
radium was the determination of the atomic weight. On December 20 Marie Curie
obtained for the atomic weight of the metal in radiferous barium chloride a value of
142.8 on a sample 227 times more active than uranium. This value was slightly higher
than that of barium which is 137, but still within limits of errors and not significant.
Obviously the amount of radium was too small to change the apparent atomic weight
of barium.
Polonium and radium could excite the fluorescence of a screen of barium
platinocyanide. The authors conclude their publication stating a source of light which
requires no energy can thus be obtained in contradiction, at least apparently, with the
principle ofCarnot. It is precisely this puzzle which prompted the investigation of
uranic rays by Marie Curie. However, the discovery of radium gave no immediate clue
to the origin of the mysterious energy. On the other hand, it proved that radioactivity
was a more general phenomenon than it was thought at the time of Becquerel's
discovery since the phenomenon of spontaneous emission of radiation was now shared
by four elements. The latter had only one property in common: they were heavy
elements in the terminal part of the periodic chart.
In spite of these prodigious discoveries, at the end of 1898 nothing was known
about radioactivity itself. But now time was ready for blooming of the new science.
5. Radium after 1898
The news of the discovery spread out very rapidly. The translation of the full
paper appeared end of January 1899 in the journal Scientific American. Six months later,
a German company which produced uranium for the glass industry followed the
procedure established by the Curies and offered radium preparations for sale. Pierre
arid Marie Curie never sold radium, but delivered the precious radioelement free of
charge. They never made the slightest personal benefit nor granted patents for their
numerous inventions and discoveries.
Continuation of the research on polonium, radium and they rays required much
larger quantities of the radioelements. When the Curies ran out of material they were
aware that vast amounts of pitchblende would be necessary in order to prepare visible
quantities of radium. They could not afford the purchase of this expensive material.
But they supposed correctly that the residues of the ore, which had no longer a
commercial value after extraction of uranium, should contain the new elements. The
Austrian government, proprietor of the Joachimsthal mines, offered free of charge a
first batch of 100 kg followed by additional shipments of several tons of low price
residues, five times more active than uranium.
The tedious processing of the residues under primitive conditions with the
handling of 20 kg batches of the material has been widely popularized. The procedure
is described in Marie's Thesis submitted in 1903, the year when she became the first
woman honored with a Nobel Prize. The Herculean task is modestly expressed in the
sentence we succeeded in extracting from thousands of kilograms of starting material a
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few decigrams of products. This was a quite astonishing achievement considering that
one ton of uranium is in equilibrium with 377 mg of radium and 74 jxg of polonium.
Ernest Rutherford, when he received the Nobel Prize for Chemistry in 1908 wrote the
bigger problems of radioactivity can only be solved by people with lots of radium.
This justified a posteriori the immense efforts of Marie Curie. The preparation of a
macroscopic amount of radium was her obsession, not only for the determination of the
atomic weight, but also to convince the scientific community that radium was a new
and real element. The atomic weight 225.9, practically the present value, was obtained
in 1902, on 122 mg of pure radium chloride, one million times more active than uranium.
Marie Curie knew that the treatment of large amounts of ores and ore residues
could only be achieved on an industrial scale. She helped in the development of a first
plant in Nogent near Paris. The production of radium continued with ups and downs
until artificial radioelements become available in large quantities and supplanted radium
in all applications. In the best years the top price of one gram was 170 000 $.
In the years following the discovery of radium, Pierre and Marie Curie made
further important discoveries. They found that radium can transfer radioactivity to
other substances and observed physical and chemical changes which announced the rise
of a new field of research, that of radiation physics and radiation chemistry. The p
rays were identified with the electrons discovered by J. J. Thomson in 1897. Pierre
Curie evidenced the physiological effects of radiation by applying on his arm during 10
hours a source 5000 times more active than uranium. He described the ensuing erythema
and concluded to therapeutical applications of radium. He informed immediately the
medical world, a step which may be considered as the beginning of health physics and
radiotherapy.
The mystery of the source of the energy carried by the rays began to be lifted.
In a prophetic publication Pierre Curie indicated that radium salts were always wanner
than their surroundings: one gram of radium gave off heat at about 100 calories per
hour, and melted an amount of ice larger than its own weight. This observation gave a
clue to the immense reserves of energy contained in heavy atoms. Pierre Curie
commented so great an evolution of energy can be explained by no ordinary chemical
reaction as radium remains unaffected for years. The evolution of heat might be
attributed to a slow transformation of radium atoms; we should be led to conclude that
the energy generated exceeds all that is so far known. He ended his Nobel Conference
with a warning: it may be conceived that in criminal hands radium may become highly
dangerous, but added / am one of those who think that humanity will gain more good
than evil from the new discoveries.
Marie Curie pursued untiringly the investigation of radioactive matter during the
nearly 30 years which followed Pierre Curie's tragic death. The Nobel Prize for
Chemistry in 1911 was attributed tardily for the discovery of polonium and radium.
With the increasing use of radium in therapy it become urgent to establish a metrology
of radioactivity. In 1912, on behalf of the Committee of Radiology, Marie Curie
prepared an international standard of 22 mg of very pure radium chloride. The
Committee also adopted the curie as unit of radioactivity.
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During the first world war Marie Curie interrupted her scientific work and
together with her daughter Irene introduced mobile X-ray equipment in the field
hospitals behind the front lines and taught the techniques of radiology to medical
assistants. She had a great interest in the application of radium and radon for the cure
of cancers. But she never lost the enthusiasm of her youth for fundamental science.
Her last work dealt with a spectroscopy and the correlation of the energy of particles
with nuclear structure.
The role of radium was not restricted to the early history of radioactivity. Main
discoveries in nuclear science were achieved with sources of polonium, radium and its
daughters. The a particles were first recognized by Rutherford in 1899 from their
strong ionization power, and this was confirmed by Becquerel and Curie using magnetic
deflection. Ten years later, the particles were identified with helium. In 1911 scattering
of a particles led Rutherford to the concept of the atomic nucleus. The field of
radioactivity was now progressively replaced by that of nuclear physics and nuclear
chemistry. 20 years after the discovery of radium, Rutherford realized the first nuclear
reaction by bombarding nitrogen with the a particles of a radium daughter. The neutron
was discovered with polonium and the first neutron sources were constituted by a
mixture of beryllium with polonium, radium or radon. These sources in turn were used
in the discoveries of artificial radioactivity, fission, nuclear chain reaction and the
synthesis first transuranium element. The advent of nuclear energy is the direct
consequence of the centenary discoveries of Pierre and Marie Curie.
Conclusion
Polish by birth, French by heart, Marie Curie is a mythical figure of science
which belongs to humanity. Her glory obscured the greatness of her husband, teacher
and collaborator not only in the eyes of the general public, but regrettably also in the
mind of scientists. One hundred years after the discovery of radium it should be
recalled that Pierre is associated to all Curie denomination: curietherapy, the former unit
of activity curie, the element curium, the innumerable elementary and high schools,
Universities, associations bearing the names. The two scientists were definitely honored
in 1995 when their ashes were solemnly transferred to the Pantheon, the national burial
place for the most illustrious French compatriots.
Acknowledgment Madame Helene Langevin-Joliot is thanked for providing a copy of
the notebooks of Pierre and Marie Curie.
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1.3 CURIE'S HYPOTHESES CONCERNING RADIOACTIVITY
AND THE ORIGIN OF THE ELEMENTS
P.K.Kuroda
4191 Del Rosa Court, Las Vegas, Nevada 89121 USA

In his Nobel Lecture entitled "Radioactive substances,
especially radium',1 vhich was delivered on June 6, 1905, Pierre
Curie stated:

" At the beginning of our i n v e s f c i g a t i o n s

we

stated,

Mme.Curie and I, that the phenomenon could be explained by tvo
distinct and very general hypotheses which were described by M m e .
Curie in 1899, and 1900.

1. In the first hypothesis it can be

supposed that the radioactive substances borrow from an external
radiation the energy which they release, and their radiation
would then .be a secondar y-raidiatlon

2. In the second hy-

pothesis it^ can be supposed that the radioactive substances draw
from themselves the energy which they release

He then went on to remark "

".

The second hypothesis

has shown itself the more fertile in explaining the properties of
the radioactive substances properly so called

."

Con-

sequently, the first hypothesis mentioned above became more or less
forgotten;

It appears, however, the Curies were well aware of the

fact that the first hypothesis should play an important role i n explaining the phenomena concerning the origin of the elements.
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Ten days before Pierre Curie delivered his 6 June 1905
1
Nobel Lecture , one of the most important events in the history of
2
Japan took place. On 27 May 1905, the Imperial Japanese Fleet
under the command of Admiral Togo-Heihachiro destroyed.the Russian
Baltic'.Fleet in the famous battle of the Japan Sea.

A young boy named Chester Nimitz born in Texas graduated
from the U.S. Naval Academy in Annapolis in June 1905.

He and his

classmates sailed across the Pacific Ocean for the first time in
the summer of 1905, and while in Japan, Nimitz was fortunate enough
to meet and shake hands with Admiral Togo.

Nimitz became a great ad-

mirer of Admiral Togo after that and he carefully studied all the
naval tactics used by Admiral Togo for many years.

Four decades

later, Admiral Nimitz and his U.S.Pacific Fleet destroyed Japan's
Imperial fleet during WWII.

Mme. Curie and Admiral Togo died in 1934 and in the same
year Jean Frederic Joliot and Irene Curie discovered artificial
radioactivity.

In his 12 December 1.935 Nobel Lecture entitled
3
"Chemical evidence of the transmutation of elements", Joliot stated;
"

Astronomers sometimes observe that a star invisible to

the naked eye may become very brilliant and visible without any
telescope

the appearance of a Nova.

This sudden flaring up

of the star is perhaps due to transmutations of an explosive character like those which our wandering imagination is perceiving now
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a process that the investigators will no doubt attempt
to realize while taking, we hope, the necessary precautions."

It thus appears that the Joliots were aware of the importance
of the first hypothesis of the Curies in explaining the phenomena
occurring at the time the synthesis of the heavy elements, such as
uranium and thorium, were taking place in nature.

The crucial first step toward achieving this goal was taken
by an Italian physicist Enrico Fermi and his co-workers in 1942.
The following words are written on a plaque at the football stadium
of the University of Chicago:

"On December 2, 1942, man achieved

here the first self-sustaining chain reaction and thereby initiated
the controlled release of nuclear energy".

In 1956, the speaker made the prediction that natural reacters should have existed on the earth about 2 billion years ago. 4 ' 5
Although this prediction was not taken seriously by scientists of the
1950*s, sixteen years later in 1972, French investigators discovered
the remnants of natural reactors at the Oklo uranium mines located in
the Republic of Gabon, Africa.

Until the middle of the 20th century, scientists believed
that chemical elements were synthesized only in stars, but the discovery of the Oklo Phenomenon has demonstrated that a nuclear fire
had once.existed on our planet earth and formation of heavy elements
was occurring in nature.
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The reason vhy most investigators during the 1950's believed
that natural reactors could never have formed in nature was briefly
as follows: when it is attempted to aPPiy Fermi's pile theory to a
natural assemblage of uranium, such as a large uranium ore deposif
a certain assumption has to be made.
constant(

k

The infinite multiplication

) is

k

<*>

= 6 P

f

7

H)'

where £ is the fast fission factor, p is the resonance

escape

probability, f_ is the thermal utilization factor, and ^ is the number of fast neutrons available per neutron absorbed by uranium.
It so happened that investigators in the U.S. during the 1950's
were using a model, in which it was assumed that a large uranium ore
deposit has suddenly appeared on the surface of the earth at a certain time during the geological history.

This model leads to an

erroneous conclusion as shown in Table 1.
Table 1.
Models used in the calculations and the consequences

No.

Model

(1)
A large uranium ore has
suddenly appeared on earth at a
certain geological time

- 2 6 -

Consequence
j ^ has never exceeded
unity at any time in the pas1
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Model

consequence

(2)
Trace amounts of U had
to be leached from the rocks
vith water, transported to
a certain place, and finally
deposited and dried

koo could have exceeded
unity some 2 billion years
ago

What the speaker realized in 1956 was that Model 1) was
over-simplification of the natural phenomena, because a large uranium ore deposit never appears in its present form on the surface
of the earth.

A somevhat more complicated, but geochemically

reasonable model vould be to assume that trace amounts of uranium
had to be first dissolved from rocks and transported by water to a
certain locality and then finally deposited and dried( !see Mo'deli(-2)
which leads to the conclusion that natural reactors should have ope
rated some 2 billion years ago.

In his book entitled "The transuranium elements", Glenn
Seaborg wrote: -

The search for transuranium elements, a

quest born of scientific curiosity, vas destined to be the trigger
for a series of events, which, within a decade, were to rock the
world and burst upon the consciousness of every literate human being.
These events were the discoveries that led to the exploitation of
nuclear energy, particularly as a weapon of mass destruction, other
fundamental scientific discoveries in the past undoubtedly have had
an equal, if not greater, effect on man's mode of existence, but no
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other exploded in his face as has this one: the announcement to the
world of the existence of plutonium vas in the form of the nuclear
bomb dropped over Nagasaki".

It is to be notad here that the element 94^plutoniuni) discovered by Seaborg and co-workers was a "man-made" element and hence
the speaker has initiated a long-range research project to look for
244 the occurrence of
Pu in the early solar system.

In 1960, John Reynolds at the University of California,
Berkeley, made the important discovery that the xenon extracted
129
from the Richardton meteorite was heavily enriched in
Xe and he
concluded that this isotope almost certainly was .fo-rwed from the
129
radioactive decay of
i with a half-life of 16 million years, now
extinct as a natural radioactivity, but not so at the time of formation of the meteorite:
129

P

129
iia

Xe(stable)

o

(2).
244

Tha spsaka:? then proceeded to point out that

pu with a

half-life of 32 million years should have been also present in the
early solar system and the experimental evidence for its presence
could be secured by searching for the presence in meteorites of
. .
131
132
134
135
excess heavy xenon isotopes
xe,
Xe and
Xe, which
Xe,
244
are produced by the spontaneous fission of
pu.
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It is important to note here that in his classic paper
9
entitled "Xenology", Reynolds wrote,in 1963,: "
Xenology
means to us the detailed study of the abundances of xenon isotopes
evolved from meteorites by heating or other means and the inferences
that can be drawn from these studies about the early history of
the meteorites and the solar system.

To the classicists Xenology

means study of a strange substance, which is also appropriate
In this paper we discuss xenology in the context of
theories of the origin of the heavy elements by Burbidge e_t al_
and Cameron, and a theory of the xenon isotope anomalies in meteo8
12
rites by Kuroda and Cameron.

These theoretical ideas provide a con-

venient framework for our discussion/ even though it is certain
that ideas in this field will require frequent

revision as the ex-

perimental side of the subject develops

."

Reynolds9called large variations of relative abundances of
129
Xe the special anomalies/ and the less spectacular variations
observed at all mass numbers, except 129, general anomalies.

He

then went on to state that the general anomalies are explained by
two processes: (a)relative abundances at mass numbers 131, 132,
134 and 136 will be enhanced by the addition of the spontaneous
'
. t
_ 244
8
fission product of
p U f according to Kuroda and (b)xenon in the
sun has been exposed to neutron irradiation during the deuteriumburning phase of the evolution of the sun and hence the transfer
of solar xenon to earth would have the effect of enhancing the re-
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lative abundances at mass numbers 128, 130 and 132, according to
12
Cameron
".

The effect of spallation reactions was unknown in 1963,
but it was soon discovered that the relative abundances at mass
numbers 124, 126, 128, 130, 131 and 132 should be enhanced by this
process.

The effect of the spontaneous fission decay of

244

Pu at

mass numbers 131, 132, 134 and 136 was also discovered at about the
same time.

The importance of the effect of stellar temperature
neutron-capture reactions, which had been predicted by Cameron in
1962 was not clearly understood until the Apollo 11 landing on the
moon in the summer of 1969.

Soon thereafter in 1971, the speaker

pointed out, however, that the differences in the isotopic compositions of xenon found in meteorites, lunar samples and in the
earth's atmosphere can only be explained as due to the alterations
of the isotopic compositions of xenon by a combined effect of
(a)mass-fractionation, (b)spallation and (c)stellar temperature
neutron-capture reactions.

in 1972, Manuel et al

14
reported, however, that the effects

of the above-mentioned processes(a), (b) and (c) were negligibly
small and the carbonaceous chondrites contain two isotopically
distinct components of trapped xenon, which could not be explained
by the occurrence of nuclear or fractionation processes.
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The method of treatment of the xenon isotopes used by
14
Manuel et al. in 1972 was essentially the same as the one used
during the 1960's, but their arguments seemed to lead us to a new
concept that the r- and the £- process nucleosynthesis products
may have not been initially well mixed within the solar nebula.
Moreover, the fact that another strange xenon component( .s-type
xenon)was added to the list of strange xenon components six years
15
14
later ,
seemed to strengthen the case for Manuel e£ a^l
(see
Model(l) in Table 2.

Table 2.
Models used in the study of

No.

129

I and

Model

244
Pu in the early solar system

Consequence

(1)

These isotopes have suddenly appeared in space 4.6
billion years ago

(2)

These isotopes were created
in a supernova and hence the
abundances of all the xenon
isotopes existing in its
vicinity must have been subjected to a combined effect
of L (aHractionatibn
(M
spallation and (c)neutroncapture reactions.
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Carbonaceous chondrites contain
strange xenon components -HL
and the .s-type xenon

244
Xenon^HLis a mixture of
pu
fission xenon and the xenon
whose isotopic composition is
altered by the processes(a),(b)
and (c)/ while .s-type xenon is
the xenon, which was exposed to
a very high neutron flux.
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It is to be noted here, however, that the use of an overly
simplified model often leads to erroneous conclusions, as we have
seen in the case of the Oklo Phenomenon( see Table 1 ) . The speaker
therefore decided to use a more complicated Model(2)( see Table 2 )
to interpret the same set of the xenon isotope data.

Meanwhile, the field of studies on the origin and nature
of the strange xenon components found in carbonaceous chondrites
16
was reviewed by Anders and Zinner

in 1993.

According to these in-

vestigators, primitive meteorites contain a few ppm of pristine interstellar grains that should provide information of nuclear and
chemical processes in stars.

Diamond grains contain anomalous noble

gases including xenon-HL, which shows the signature of the r_- and p_processes and thus apparently is derived from supernovae.

Silicon

carbide grains, on the other hand, shows a signature of the s_process and apparently comes mainly from red giant stars.
It is worthy of note, however, that one encounters great
difficulties in the interpretation of the xenon isotope data by the
use of this over-simplified model(l), as evidenced by the fact that
Anders and Zinner

were forced to conclude:

"

The most

pristine, unaltered-> interstellar grains provide ; little information
on the early solar system, bearing no memory of their gentle arrival

".

Results from our latest calculations reveal,
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the strange xenon components are not isotopically pure substances.
Instead, the former is a mixture of the

244

P u fission xenon and the

xenon whose isotopic compositions is severely altered by a combined
effect of the processes ( a ) , (b) and (c) mentioned above, while
the so-called .s_-type xenon is the xenon, which was simply exposed
to an extremely high neutron-flux.

These results also indicate that the Cl carbonaceous chondrites, which are generally regarded as the most primitive sample of
the solar system material, began to retain its xenon 5.1 billion
years ago, when the plutonium to uranium ratio in the solar system was
as high as almost 0.6(atom/atom), while the C2 carbonaceous chondrites began to retain their xenon about 150 million years later
and the ordinary chondrites and achondrites about 500 to 600 million
years later.

This means that the birth of the solar system began :•

soon after the last supernova exploded about 5.1 billion years ago,
and the generally accepted 4.55 billion year-age of the solar system is likely to be the time of the breakup of the meteorite parent
body17.

It is important to note here that Pierre Curie
in 1905: "
stantly traversed

remarked

It is not absurd to suppose that space is conby very penetrating radiations which certain

substances would be capable of capturing in flight L

•>.

The very penetrating radiations which he had in his mind in 1905
turned out to be the neutrons.

it so happened that the neutrons
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involved in the case of the Oklo Phenomenon were the reactortemperature neutrons/ while those in the case of the supernova
explosion were the stellar-temperature neutrons.

In the speaker's highschool days/ two most respected and
admired living persons in the world were Mme.Curie in France and
Admiral Togo in Japan.

On the occasion of the 100th anniversary

of the discovery of radium and polonium, the speaker wishes to
express his deep gratitude to Professor Tatsuo Matsuura for his
kind invitation to this memorable International Symposium.
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1. 5 NATURAL RADIATION AND RADIOACTIVITY IN EDUCATION
Masanobu Sakanoue
Professor Eniritus, Kanazawa University,
Miyano-cho 14-20, Takarazuka, 665-0843, Japan
ABSTCACT
To understand radiation and radioactivity, it is important to recall the
history of their investigation. At first, the works made by Elster and Geitel
with a leaf electroscope about lOQyears ago are introduced. Then the variations
of enviromental radiation level are shown by the results obtained with a large
volume Nal(Tl) detector on my car travelling all over Japan and the data with a
pocket dosimeter during my tours in Europe. Among environmental radioactivity,
radon and tritium are specially remarked from the historical and educational
points of view, with various methods for their measurements.
1. INTRODUCTION
Though radiation and radioactivity have been exisisting in the nature from
ancient times, they can not be recognized only by five sences of human beings.
The following poem was made for invisible air or wind in the last century by an
English poet, Christian Rosseti (1830-1894).
Who has seen the wind? Neither I nor you:
But when the leaves hang trembling, the wind is passing through.
Who has seen the wind? Neither you nor I:
But when the trees bow down their heads, the wind is passing by.
In order to recognize invisible radiation and radioactivity, we have to replace
the leaves or the trees with some scientific instruments. As seen in the two
lower columns of Table. 1 showing the main historical events in the studies of
radioactivity, our informations on radiation and radioactivity have developed
very much according to the development of detectors and various chemical methods
to be applied for the identification of radioactive nuclides,
On the other hand, a famous Italian chemist, Cannizzarro (1826-1910) once
said as follows, " It often happens that the mind of a person learning a new
science has to pass through all the phases which the science itself has exibited
in its historical evolution ". Furthermore, Ernst Heinrich Haeckel(1838-1919),
German biologist and natural philosopher stated " Ontogeny simulates phylogeny "
that is, in the growing process of individual lives, the stage of historical
development of the species are repeated. From psychological and educational
point of view, it is considered valuable and effective for young generations in
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Table 1. Historical events and the development of methods.
18
95

19
05

oo

20

15

10

25

30

19
33

Atomic Nucleus
• Auger Effect &
Th.Tn.
RaA.RaTh
• Isotope. Diplacement law
Neutron
Ri. Rn.
"Sic, to.
UY.
-Artificial trans, of element
R R Po.Ac.
RaD. ilsTh.
UX i.
Pa.
UZ.
So.
a i
UX.ThX
"F.
y d. from Radioactive Minerals

X U

Environnental Radioactivity
- T h e Mineral Spring of Japan pub.
• Rn and its shot-lived daughtetrs
- R a r e Earth Mineral in
• K-40.
• Atomosph. Dep.(Comet'Halley")
Japan
- Rb-87. • "Hokutolite"(Radioact. Sinter Dep.)
•Cosmic Ray • Radioactive Dating

[CHEMICAL METHOD]

Law of Coprecipt.,
Radiocolloide,
Aerosol,
Electr. Migration and Deposition,

Co-precipitation,
So lvent Extractionwith Ether),
Chromatography,

[PHYSICAL METHOD]

IM FontactoWi ison Chamber,
Auto-rdiography,
Scope,
Gold Leaf Electrometer,
GM Tube,
Quadrant Electrometer.
Photography,
Spinthariscope[ZnS(Cu)],
Coincident
Emission Spectrography,
X-ray Spectrography, Circuit-,1935

40

45

50

55

60

'

65

19
70 72

• Artificial Radioactivity,
Tc.
Np.Pu, Cm. Am. Pm. Bk. Es. Md.
Lr.
Fr.At.
Cf. Fm.
tNud.Syn. in Star(B* FH theo.)
• Induced Nuclear Fission..
* Atomic Power Station. Apollo-llA
• Spontaneous Nuclear Fission.
• SNAP-9A Ace.
- Nuclear Reactor(CP-l).
VtPalomares A.
• Atomic Bomb Expl.
Thule A. *
•k Nuclear Test Expl. inrrrr
the Atomosphere
%. Environmental H-3,
Partial Test Ban Tr.
t H-3- Activity,
C-14.
-^proposed [Natural Nucl.R.] founder

[CHEMICAL METHOD]

(TBP,)(TTA,)

(HDEHP,)

(DBDECMP)

Ion Exchange Resin,
(High Mol. Amine,) —Solvent E x . —
Alumina Chromatography,
Partition Chromatography,
Paper Chromatography,
[PHYSICAL METHOD]
Low BG Counting(C-14),
Lauritsen Electroscope,
CI Chamber, Fission Track,
Nuclear Emulsion,
Bubble Chamber, ' aTrack, aRecoll Tr.
Pulse Counting Tech.& Electronic Circuit,
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Naphthalene Scintillation,
Nal Scin.,
Si(Au)Semi-cond. Det., HpGe,
Liquid Scin,.
Ce(Li),
LEPS.
1973

Problems
•1 « .

J.

•1t.

I.

•« I.

1991
Future

Kirin Meteorite fall*
Eu-152 found in Hiroshima
• Nucl. R. Satellite Ace.
• Three Mile Island R. Ace.
%< St. Helens volcano expl.
•k Co-60 release at Tsuruga
•k Chernobyl R. Ace.
•xi Super Nova SN1987 expl.
Volcanic Activity in Asia
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Nuclear Reactor Safety:
Emergency Monitoring:
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their growing process to trace the historical processes and also to learn the
definite results of experimental works made previously. In order to understand
radiation and radioactivity, it is significantly important to recall the history
of various studies since the discovery of radioactivity by H. Becquerel in 1896
follwed by the Curie's discovery of new radioactive elements, Po and Ra.
2. PIONEERING STUDIES BY ELJSTER AND GEITEL
Pioneering works on natural radiation and radioactivity in the environment
were made by two German physicists, Julius Elster (1854-1920) and Hans Geitel
(1855-1923), by using a simple leaf electroscope. They were both close friends
since their childhood and remained as teachers of a Gymnasium "Groflen Schule" at
Wolfenbiittel throughout their lives publishing many papers jointly. It must be
mentioned that, based on their experiments for Becquerel ray made in a vaccum
environ and a deep underground tunnel in the Harz mine, they sugested at first
the disintegration of atom itself as the possible origin of this ray on 19th of
January in 1899 at the scientific meeting at Braunschweig, although Marie Curie
expressed the same concept soon later on 30th of January, 1899 independently.
They were measuring the electric condictivity of air, that is, the degree
of ionization of atomosphere and invented a photo-cell to measure faint light.
We can see now their some memorial instruments at their school. Elster used a
portable leaf electroscope set on a stick during his tour. He made tours in 1900
to the Mediterranean areas in spring and also to the North Sea areas in summer.
During these tours, he carried out totally 390 measurements at various points.
The data in his report" include the data on several high mountain tops showing
the higher ionozation contribution of cosmic ray even before its discovery by
Victor F.Hess (1883-1964) in 1911.
Another paper2) shows the variation of air electric conductivity during the
total solar eclipse at Algier on May 28th in 1900. Such variations are nowadays
explained as the accumulation of radioactive gas radon on the ground surface due
to the atomospheric inversion layer during solar eclipse.
They also found that the electric conductivity of the air is rather high 3)
in the underground room of the congress hall of their city and in the cavern of
neighbouring Harz district where I visited this summer. By collecting aerosol
particles on the wire charged with high electric potentialand measuring its
radioacrivity decay, they proved in 1902 4) that the high electric conductivity
of airis due to the existence of accumulated radon which had been discovered at
the laboratoty of Halle university in 1900 by Friedrich Dorn (1847-1916).
After such first finding of natural radioactivity in the environmental,
Elster and Geitel extended their studies on natural spring sediments and soil.
Famous scientist E. Rutherford wrote in his book 5) appreciating their works,
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that "The pioneers in this important field of investigation were Elster and
Geitel and no researcher has contributed more to our knowledge of radioactivity
of the earth and atmosphere than they have".
3. CONTINUOUS CARBORNE MONITORING OF RADIATION
Although opaque ZnS powder had been used since 1903 fora ray scitillation
counting, detector using scintillation in transparent solid material developed
since 1947 when its first observation made by /} ray in naphthalene was found by
H.Kallmanand. And then P.R.Bell found in 1948 that anthrathene gave larger pulse
than anthrathene and for7 ray detection R.Hofstadter prepared sodium-iodide
scintillator activated by adding thallium in the same year. Now the large volume
sodium-iodide detector with photo multiplier tube become commercially available.
I carried out continuous carborne monitorings of radiation over Japan by setting
on the back side of my car such a large volume (4" 0 x4") detector enough to
secure a good counting statistics even at fairly high speed driving 6). Electric
powers are supplied from 12 volt car battery through a survey meter unit having
4 channel pulse height discriminators. The relationship between each level and
the energy of gamma ray was examined on an integral curve obtained by changing
the lower discrimination level as shown in Fig.l. In our carborne monitoring,
channel 1 and 2 were used to estimate terrestrial gamma ray levels and other two
channel (3 and 4) were used for the estimation of cosmic ray contribution.
Though the counting rates of cosmic ray contribution increase according to
the altitude of road above sea level (Fig.2), its decrease in tunnels owing to
the shielding effect of mountain and the region of tunnel is easily identified
by this effect Fig.3 ( i ) . In some tunnels, abrupt change of terrestrial gamma
ray is observed. An example is shown in Fig.3(ii) for Ena-san tunnel with its
geological cross section. Such abrupt change can be explained by geological
features of rocks in the tunnel. Another example of such abrupt change was also
observed for Sasaga-mine tunnel on the Kochi highway traversing© Shikoku Island
in Japan. On the southern part of Kochi highways rather lower levels of gamma
ray radiation were observed even in the tunnels and this is understood by the
fact that this area is mainly covered with calcite and dolomite rock.
Maps of Japan6> were made with different colours of circles according to
the ganma radiation levels to summarize the results in tunnels, while triangular
signs were used to show the levels on flat open surface for several districts
where only few tunnel exist. In a table 6J, the radiation levels (40-160 nGy/h)
of each tunnel is shown by deviding Japan into the following nine districts.
(I .Hokkaido, I . Tohoku, l.Kanto, F.Chubu, V.Hokuriku.VI.Kinki, W-Chugoku,
Vll-Shikoku, K.Kyushu). On the whole, rather lower levels in Hokkaido district
and rather higer levels in Qiubu, Kinki and Chubu districts are observed. After
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my retirement from university, I carried out withraywife for several years such
radiation monitoring not only over Japan, but also in China 7) with Hong Kong,
Malaysia8' and Vietnam, when I was invited to these countries, the results being
published in each country.
Furthermore, when I was invited and asked to make a lecture on radiation
and radioactivity in 1990 at the junior high school (the former Kobe-ityu, now
Kobe-kokou) where I studied in my younger days, I measured a week beforehand
radiation levels on the way to the gate of school campus and also in several
school rooms with the cooperation of students belonging to the science club of
this school. By showing in my lecture the results obtained with Nal detector and
also explaining the scientific causes of these variations, many students hearing
my lecture were much interested in various invisible radiation level outside and
inside of the school which can not be known without any detector.
3. ENVIRONMENTAL RADIATION MONITORING WITH POCKET DOSIMETER
When I had a chance to go Europe in 1993, I brought with me a new pocket
electric dosimeter having a pn-junction type silicon semiconductor("MYDOSE-mini"
Model PdM-101,Aloka Comp..Japan) and made radiation level studies on various
routes during my tours as similarly as Elster made with a leaf electroscope.
The data were obtained on various routs 9) including on flights from Japan to
Europe, on the Adria Sea, at the underground laboratory of Gran Sasso in Italy,
from Bohemia in Czech (Jachymov and Karlovy Vary) to Saxony in Germany (Schlema
and Freiberg), at Berlin and Stuttgart, on the Rhein and Bodensee, at Chamonix
and Mont Blanc in France and so on. The radiation levels are known by the slope
of lines of accumulated dose. Rather high levels of about 500nGy/hr are observed
even now at the memorial park in Jachymov with the Madame Curie's monument where
the waste from uranium pigment factory had been piled up and used effectively to
extract radium in Paris about 100 years ago. And in Jachymov, the unpaved road
near the old uranium mine office show the fairly high levels, while the road
paved with granitic rocks at the market place near Rathaus of Marktredwitz in
germany shows also relatively high level. On the other hand, the radiation level
on river and lake or sea show lower level and further lower level was observed
at the Gran Sasso underground room.
As similarly as such radiation monitoring during travels, the presentation
of comparative data on radiation levels along the route of school excursion will
be effective to get the students interested in radiation.
4. MEASUREMENT OF RADON IN AIR
As for natural radioactivity, the measurement of radon in air around us
which make a largest radiation dose commitment to man, provides students with
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familiarity to environmental radioactivity.
Aerosol particles to which various daughter nuclides of radon attach, can
be collected by using an ordinary vacuum cleaner and a glass-fiber filter set on
suction pipe. After sampling for about one hour, the filter is subjected to the
radioactivity counting with Geiger MUller tube which was invented in 1928. The
tube is shielded heavily with lead blocks to decrease the background counting.
The analysis of radioactivity decay curves will give the estimate of levels of
radon by 2 1 4 Pb [RaB] (its half-life:26.8 min.) and that of thoron by2 1 2 Pb [ThB]
(its half-life:10.6 hr.) in air respectively. This experiment is an appropriate
educational subject to become familiar to uranium and thorium series nuclides.
The comparisons of levels of these nuclides and also the ratio of daughter of
thoron over that of radon at differrent locations ( rather high levels in the
space under the floor ) are interesting to be studied at differrent times.
The concentrations of radon in air are also determined by alpha ray track
method developed since 1960's. Plastic detectors for example CR-39(allyldiglycol
carbonate film) are exposed to air for several months with filter for avoiding
the attachment of dusts and the effect of thoron. For rough estimation, more
simply naked plastic plates are also used without filter. Then the etching with
warm sodium hydroxide solution ( 6.5mol/dm~3, 70° C ) is carried out for about
6 hours. The numbers of etch-pits counted by common optical microscope (xlOO)
inform the average concentration of radon in the indoor or outdoor environment.
This method also a good educational trial for students to study environmental
radioactivity in various rooms of their school and also their homes.
Other than these environmental radioactivity, tritium ( H 3 , T ), a soft $
ray emitter, was discovered rather later in 1950 as HT from He-Ne fractions of
Firma-Linde AG (Z.Naturforsch.5A, 438-439) and in 1951 as HTO from heavy water
produced in Norsk Hydro-Elektrisk Kvoelstofaktierlskab (Science 113,1-2). The
gas counting method was used in these discoveries. Cosmic ray produced tritium
is widely distributed in the world. Soon after its discovery, rain water, snow
and others are studied for their tritium in 1954 (Phy. Rev. 93,1337-1344) using
gas counting. Now environmental tritium with artificial atomic bomb-broduced one
can be measured by low background liquid scitillation counter directly or after
the enrichment by electrolysis. The data on tritium in our environment including
familiar drinking water will be informative for students. Interesting tritium
data obtained by us on "Meisui-lOOsen", a hundred selected fresh water in Japan
are presented with some waters in foreign countries for comparison.
5. EXHIBITION AT NAKATSUGAWA MINERAL MUSEUM
The mineral museum in Nakatsugawa, Gifu prefecture of central Japan where
many earlier geochemical studies in Japan were conducted, was opened in May of
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1998. And a special exibibition on " Mineral and Radioactivity " with various
informations on environmetal radioactivity is held at this museum from 1st of
October, 1998 through January 17th, 1999. Exibitions were carried out on the
following five items from educational view points along with many instruments.
(A)How Marie and Pierre Curiedscovered Polonium and Radium?(B)What extent of the
atomic numbers chemical elements have been discovered?(C)Where radioactive rare
minerals are found in Japan?(D)How much variation exist in natural radiation
level? (E)What kind of natural environmental radioactivity have been studied?
Many visitors including students have enjoyed such exibitions.
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i . 7 ITf Jj
CONTRIBUTION TO THE HUMAN SOCIETY
FROM THE NUCLEAR SCIENCE AND TECHNOLOGY

ShojiroMATSUURA
Japan Atomic Energy Research Institute

Abstract
All of us living on this planet feel a hearty gratitude for our being endowed with natural blessings like
sunshine, atmosphere, water, green of the mountains and blue of the ocean, etc. From the same point of
view nuclear power and radiation are also precious blessings from the nature. To begin with, sunshine
originates from the thermonuclear reactions in the sun, and a considerable portions of geothermal energy is
assumed to be from natural radioactivity. The effects of natural radiation onto the evolution of life is
considered as immeasurably great. The aeation of this universe is, in the first place, thought to owe to
certain nuclear reactions. The process of the nuclear reaction or radiation itself can not be perceived by
human senses and feelings such as eyesight or hearing. In order to recognise them we must possess powers
of understanding, or intelligence, as well as detectors of that specific purpose. However, this may have
caused among people the feelings of alienation and fear. Some can be said for cases of bacteria, virus,
electricity, and many others. There seems to be good grounds to say that the greatest characteristic of the
modem civilization is that it has evolved, so far, the quality of human life adopting what man can recognise
by means of "intelligence and detectors" combination, in addition to his senses and feelings. Typical
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examples of this are radioactivity and radiation both of which were discovered in the end of the 19th
century and, provoked by this, the nuclear physics achieved an immense progress in consequence. Based
on these, the nuclear science and technology have been developed with a giant step and exerted their
powerful influence on all over the world in this century. This characteristic is supposed to permeate into the
human society of the 21st century more widely and deeply. The nuclear science and technology have
become to play a significant role in science research, as an energy source and in industry and medicine. In
the century to come, while greater possibility is expected for its exploitation, it must contribute to the
solution of issues like energy shortage or global environmental problems. Still, we need to admit, just the
same that even water or wind involves hazards, the nuclear energy has its own curses; the biggest of which,
of course, is the nuclear weapon. Besides it there are several other possible hazards when a nuclear facility
or a radiation source is wrongly operated. The real role of the nuclear science and technology shall be so
defined that it will provide the society with "knowledge and ingenuity" so as to maximise its blessings to
mankind while reducing the risks associated with the exploitation of the nuclear power and radiation to a
minimum level.

(Mm

W&MJUI

o
o
O
O 21

o

-)*

WL

wmm
- 61 -

JAERI-Conf

99-011

* iSEK^U

-m. m
^©^

-

62-

JAERI-Conf

99-01

X,

H 1A

1007?AH 1

2( c ^

mm

nnteTrsJ3C- y ^ *J^ ^•^ *^* / jd^»^y*
>*^^y ^ ^i ^3 x^ / v i_ ,^1. / ^ "r •

D-feX

mnrmzm

11 *7 J] 1^ 1\ffllyt?^T^Av^lZ7r^rVfft

^zL-y— - > a / J Covello et al 1988.
-

63 -

JAERI-Conf

99-011

< &l* £ I
4.

maw•

$> o >

<

-

64-

JAERI-Conf

99-011

5.

rnmt,

t$)v

-

65 -

JAERI-Conf

99-011

^BI 3 (CT^-f J; -5 tC I f - A I M X > X ^

-

66 -

JAERI-Conf

-

99-01

67-

JAERI-Conf

-

68 -

99-011

JAERI-Conf

99-011

( * ' A ' I W Mtt*'JHO

& m m (D m

m
OM

PQD

ib )

M S* (

l

07 tc
(NOX)

(sox)

-69-

JAERI-Conf

99-011

: SO2 800—50ppm
NOx 225-45ppm

o -

- 70 -

94%)
: 80%)

JAERI-Conf

99-011

8

- 71 -

JP0050068
JAERI-Conf

99-011

1 . 8 GLOBAL WARMING AND NUCLEAR POWER
Peter E.Hodgson
Nuclear and Particle Physics Laboratory,
Department of Physics, University of Oxford.
ABSTRACT
The concentration of carbon dioxide in the atmosphere is steadily
increasing and it is widely believed that this will lead to global warming that
will have serious consequences for life on earth. The Intergovernmental Panel
on Climate Change has estimated that the temperature of the earth will increase
by between 1 and 3.5 degrees in the next century. This will melt some of the
Antarctic ice cap, raise the sea level and flood many low-lying countries, and
also produce unpredictable changes in the earth's climate. The possible ways of
reducing carbon dioxide emission are discussed. It is essential to reduce the
burning of fossil fuels, but then how are we to obtain the energy we need? We
can try to reduce energy use, but we will still need to generate large amounts
energy. Some possible ways of doing this are by using wind and solar
generators, by hydroelectric and tidal plants, and also by nuclear power. These
possibilities will be critically examined.
1.INTRODUCTION
In December 1997 a large international Conference took place in Kyoto
on the subject of global warming and the means to combat it. This follows the
Rio Earth Summit in 1992 when Governments of the more developed countries
were urged to reduce emissions of greenhouse gases such as carbon dioxide to
1990 levels by the year 2000. It is often expensive or politically unpopular to
do this, and many Governments have shown a marked disinclination to take
effective action. At the Kyoto meeting Governments reviewed the situation and
agreed on targets to reduce carbon dioxide emissions to avert an impending
global catastrophe. These agreements have still to be ratified, and even if they
are ratified, there remains to problem of how to achieve these reductions.
It has long been known that due to extensive burning of the fossil fuels
wood, coal, and oil the concentration of carbon dioxide in the atmosphere is
steadily increasing. This gas acts like the glass in a greenhouse: it lets the sun's
rays through but blocks the secondary radiation. As a result, the earth warms
up, the Antarctic ice cap melts and the level of the sea rises, inundating coastal
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regions. While many of us would welcome a warmer climate, there may be
other unpredictable climate changes.
There are other gases that contribute to the greenhouse effect, in
particular methane, nitrous oxide and the chlorofluorocarbons (CFS). The last
two of these are far more damaging per molecule than carbon dioxide. The
concentrations of these gases are increasing annually by 0.4% for carbon
dioxide, 1.2% for methane, 0.3% for nitrous oxide and 6% for CFS.
There has been much argument about the reality of global warming, and
the weight of scientific opinion, as given in the Report of the Intergovernmental
Panel on Climate Change, is that the earth will warm by 1 to 3.5 degrees
Centigrade in the next century, causing a rise in sea level of about 50 cm. These
arguments will not be discussed here; instead, attention will be concentrated on
what we can do about it. Anyone unconvinced by the arguments can consider
the other products of burning fossil fuels which include sulphur dioxide, nitrous
oxide and whole range of noxious substances. These fall as acid rain and pollute
the lakes and forests so heavily that the fishes and the trees die. They pollute
the air we breathe, increase respiratory diseases and shorten our lives.
Apart from these immediate consequences, a rise in the global
temperature may produce far-reaching changes in the earth's climate. We may
already be seeing some of these effects in the warmer weather in some countries
and the floods and droughts in others. On the longer term, a rise in sea level
will practically eliminate many low-lying countries such as Bangladesh and
many islands in the Pacific and Indian oceans, and severely reduce the areas of
many others, including Holland and England, with devastating consequences for
the people living there. We have a serious moral obligation to tackle these
questions before it is too late.
2.POLLUTION
Coal power stations are particularly polluting, and a typical one will emit
each year eleven million tons of carbon dioxide, a million tons of ash, five
hundred thousand tons of gypsum, sixteen thousand tons of sulphur dioxide,
twenty-nine thousand tons of nitrous oxide, twenty-one thousand tons of sludge,
a thousand tons of dust and smaller amounts of a whole range of other
chemicals such as calcium, potassium, titanium and arsenic. To produce one
gigawatt-year of electricity about 3.5 million tons of coal are burnt, and this
contains about 5.25 tons of uranium. Most of this is caught by the filters, but
a few thousand tons of ash will escape carrying with it a corresponding fraction
of the uranium. This accounts for the radioactivity emitted by coal power
stations. All the gaseous waste is poured forth into the air we breathe, and
-
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inevitably damages our health.
This problem is so serious that it must be studied objectively, by assessing
as far as we can the consequences of various proposed solutions. There is no
place for emotion or rhetoric, prejudice or politics.
3. WAYS TO REDUCE CARBON DIOXIDE EMISSIONS
It is essential to reduce the burning of fossil fuels. The only practicable
ways are to increase the price or to replace them by some cleaner source. Just
raising the price is a counsel of despair that bears most heavily on the poor.
Unless some system of differential tariffs is devised, they will no longer be able
to heat their homes or cook their food.
It is far better to find another solution. One possibility is to use energy
more efficiently. We could moderate our lifestyle by adjusting our thermostats,
avoiding unnecessary journeys, walking instead of driving, and using public
transport wherever possible. We can insulate our homes, lag pipes and install
double glazing. Industrial processes can be re-designed to improve the efficiency
of energy use. Any resulting reduction in price can have the unwanted effect of
increasing energy use. In spite of all efforts to reduce energy use in these ways,
it still continues to rise rapidly. Any attempt to limit it further would seriously
damage living standards, particularly those of the poorer people.
Thus increased efficiency is valuable, but the net effect is limited, and so
we have to see if there is another energy source that is non-polluting. The
renewable energy sources are particularly attractive, as apart from the emissions
due to manufacture they are completely non-polluting. Hydroelectric power has
long been a major energy source, but in most developed countries has already
been exploited to the maximum possible extent. There are just not enough
suitable rivers; while it is excellent for Norway and Switzerland, it is useless
for Denmark and Bangladesh.
The next most promising renewable source is the wind. In the last few
years wind turbines have increased in efficiency and the costs have come down.
The amount of energy in the winds is enormous, but it is so thinly spread that
many hundreds of wind turbines are needed to equal the output of a coal power
station. Wind speeds vary erratically, and the turbines operate over a limited
range: if the wind speed is small the power output is small and if it is very large
the blades have to be feathered to avoid damage. The result is that wind power
is unreliable and somewhat more expensive than other sources. The present
contribution of wind power to Britain's energy needs is 0.16%, and it will be
-
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a long time before it makes a significant contribution.
The other renewable energy sources, solar, tidal, wave and geothermal
are all either of limited capacity, or too expensive to provide useful amounts of
power. This is shown by the recently published plans of the European Union to
spend £110 billion to double the contribution of renewables to 12% by 2010.
Nearly all of this (96%) is hydropower and the burning of wood and farm
wastes. In 1995 the contribution of wind power was 4 TWh (terawatt
hours),0.2% of the EU total, and by 2010 it is proposed that this be increased
to 80 TWh, or 2.8% of the total. Solar power is to be increased to 0.35%, and
geothermal to 0.2% of the total. Overall, it is proposed to spend £43 billion on
wind, solar and geothermal to obtain an extra 82.5 TWh, just 3% of the EU
total. It is difficult to avoid the conclusion that a totally disproportionate
expenditure is being proposed for a very meagre return.
4. NUCLEAR POWER
There is another energy source, the nucleus of the atom. For the same
investment it would be possible to build a hundred nuclear power stations that
would reliably generate at least a thousand TWh. This is a well-tried technology
that already generates about 20% of the world's electricity, and this can easily
be increased. France is already about 80% nuclear and as a result has the
cheapest electricity in Western Europe, and is able to export it to Britain,
Switzerland and Italy. Western Europe as a whole is about 50%. nuclear. In
1988, for example, 1866 billion kilowatt hours of electricity was generated by
nuclear power stations. The same amount would be produced by burning 900
million tons of coal or 600 million tons of oil. Thus the emission of 3000
million tons of carbon dioxide is saved by using nuclear instead of coal or oil.
As countries go nuclear, so their rate of carbon dioxide emissions fall. Since
1970, France has halved its emissions, Japan (32% nuclear) has achieved a
reduction of 20%, while the USA (20% nuclear) has reduced it by only 6%.
The emission of noxious gases like sulphur dioxide is also dramatically reduced
by going nuclear.
The British Government has set a target of a 10% cut in the period from
1990 to 2010. By 1995, a reduction of 6% had been achieved, and this is due
to the increase in nuclear output by 39% from 1990 to 1994. However, if no
more nuclear power stations are built, this is set to rise steeply in subsequent
years as the older nuclear power stations retire, and the Government will find
it impossible to reach its target. Many new gas power stations are now being
built, and these emit only half the amount of carbon dioxide as coal power
stations. However this is offset by the leakage of methane, which has a global
warming potential about sixty times that of carbon dioxide. These two effects
-
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are about the same, and so if this is true then no reduction in global warming
is to be expected from the switch to gas power stations. Even if this effect is
neglected, then if gas increases to 43.5% while coal declines to 2.5% we can
expect a 10% reduction is carbon dioxide emissions, while if nuclear rises to
43.5% at the expense of coal there will be a reduction by 20%. Some recent
estimates of the emission of carbon dioxide (in tonnes per gigawatt hour) from
various power sources are: coal 870, oil 750, gas 500, nuclear 8, wind 7 and
hydro 4.
The importance of nuclear power in reducing carbon dioxide emissions
has been admitted by a recent report of the parliamentary Select Committee on
Trade and Industry which says that "without a significant component of nuclear
power generation the plant mix achievement - or maintenance - of the
Government commitment to a 20% carbon dioxide reduction on the 1990 level
in the period after 2010 appears doubtful". If no more nuclear power stations
are built in the UK, there will be only three in operation by 2015.
It is thus difficult to see how global warming can be averted without more
nuclear power stations. Statistical analyses show that they are demonstrably
safer than other energy sources. Surprisingly to many people, they emit less
radioactivity than coal power stations, and the costs of decommissioning are
relatively small. The problem of waste disposal has been solved: the radioactive
fission fragments can be sealed in insoluble ceramic, put in stainless steel
containers and buried deep in a stable geological formation. Long before any
radioactivity can escape, it will have decayed naturally to a level similar to that
in the surrounding rocks. The onus of demonstrating a better way to combat
global warming lies on the opponents of nuclear power.
In order to stabilise the emission of carbon dioxide by the middle of the
next century we need to replace 2000 fossil fuel power stations in the next forty
years, equivalent to a rate of about one per week. Can we find 500 sq.km. each
week to install 4000 windmills? Or perhaps we could cover 10 sq.km. of desert
each week with solar panels and keep them always clean. Tidal power can
produce large amounts of energy, but can we find a new Severn estuary and
build a barrage costing £9 billion every five weeks? The same sort of question
could be asked about nuclear power. The answer is that in the peak period of
nuclear reactor construction in the 1980's the average rate of construction was
23 per year, with a peak of 43 in 1983. A construction rate of one per week is
thus quite practicable. It is a well-tried and reliable source whereas the
alternatives are mainly wishful thinking.
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5. THE LONG-TERM OUTLOOK
We may also reflect that if we do not solve the problem now, then it will
soon be solved for us. We are living in a very special period in human history
when oil, gas and coal are readily available. At present rates of consumption oil
production will peak in the first half of the next century and will thereafter fall
rapidly, as shown in the Figure. The world average duration of oil supplies is
about 45 years, and of gas about sixty years. The world average duration of
coal reserves is about two hundred years. After this time, fossil fuel burning
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The expected duration of fossil fuels, AD 0-3000.
Oil and natural gas will last only for a moment in man's history.
(Sir George Porter, President of the Royal Society. From "Is Science
Necessary?" by Max Perutz, Oxford University Press, 1991).

will cease and alternatives will have to be found. The only practicable largescale energy source will then be nuclear power and so inevitably it will have to
be developed on a large scale. If we continue to burn the fossil fuels we not
only pollute our earth and bring on global warming, we also deprive future
generations of these valuable materials, the bases of the petrochemical
industries. Would it not be better to solve these problems now by further
developing nuclear power, instead of waiting until it is too late?
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1 .10 MORTALITY OF ATOMIC BOMB SURVIVORS IN NAGASAKI
Mariko Mine, Sumihisa Honda ,Hisayoshi Kondo, Kenichi Yokota, Masao Tomonaga
and Yutaka Okumura
Atomic Bomb Disease Institute Nagasaki University School of Medicine,
Sakamotol-12-4, Nagasaki 852-8523, Japan

ABSTRACT
We analyzed the risk in 2,743 atomic bomb survivors by using a new dosimetry
system. From the database, we selected 2,743 exposed persons and a total of three times
2,743 age-matched controls who were living far from the center of the A-bomb radiation in
Nagasaki at the time of the explosion and who were still alive in 1971. The mortalities from
all causes for male subjects exposed were slightly lower than, or almost equal to, those of
unexposed persons. Death from cancer, however, increased in both sexes after all levels of
irradiation except in males exposed to 0.01-0.49 Gy. In males, the risk was showed
significant reduction in death from all diseases other than cancer classified according to
0.31-0.40 Gy.
1. INTRODUCTION
In 1945, two atomic bombs were dropped on Hiroshima and Nagasaki for the
first time in human history. Since 1945, many studies lz>3) have been performed on the
effects of the atomic bombing, for example, the physical damage, estimation of radiation
dose and medical studies of the effects of the atomic bomb survivors and so on.
In 1972, the Scientific Data Center for the Atomic Bomb Disaster (renamed as the
Division of Scientific Data Registry, Atomic Bomb Disease Institute in 1997) was founded
in Nagasaki University to analyze the radiation effects on atomic bomb survivors.
Information about A-bomb survivors are generated in many organizations. We have
collected information from the City Office, Health Management center and other
organizations. We have constructed an A-bomb survivor's Database in 19684), and we
have collected medical data of survivors into the database there after.
2. METHODOLOGY
Atomic bomb survivors are the persons who have been issued the Atomic Bomb
Health Handbook from Nagasaki City Government. There were 83,050 persons registered
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as atomic bomb survivors living in Nagasaki as of 1968. The Health Management Center of
Nagasaki City offers a free health examination to atomic bomb survivors twice a year. Since
1968, data of about two and half million health examination items have been stored in a
database of a computer in Atomic Bomb Disease Instutute in Nagasaki University.
We analyzed the risk in 2,743 atomic bomb survivors by using a new dosimetry
system. From the database, we selected 2,743 exposed persons and a total of three times
2,743 age-matched controls who were living far from the center of the A-bomb radiation in
Nagasaki at the time of the explosion and who were still alive in 1971. Number of subjects
show in Table 1.
3. CONCLUSION
In our first analysis, we did was to compare the death rate between A-bomb
survivors and controls. The figure 1 shows the mortality from all causes. The abscissa
is age, and the ordinate is the death rate per one hundred thousand persons. The solid
lines are for atomic bomb survivors, the dotted lines are for the control group. The circular
symbols are for males, the triangular symbols are for females. Above sixty years old , the
mortality of the exposed group is actually lower than that of the control group. Strangely,
this result was unexpected. We think that this was due to early detection of disease and
the advice about health care in the periodical health examination. A-bomb survivors have
two free health exams per year.
The figure 2 shows the risk of cancer. We have analyzed the risk of atomic bomb
survivors. The number of exposed group with radiation dose above 0.006 Gy were two
thousand seven hundred and forty three persons. The number of zero dose group are
eight thousand two hundred twenty nine persons. The abcissa is radiation dose, and the
ordinate is the risk. Unity of the risk means the mortality rate of unexposed people. The
risk of cancer increased with increasing dose for both sexes.
The figure 3 shows the risk of non-cancerous diseases. The risk of non-cancerous
diseases did not increased with exposed radiation dose for male and female. However, in
males exposed to 0.31 to 0.40 Gy, the risk was lower than unity.
REFERENCES
1) Beebe, G.W. et al., "Studies of the mortality of A-bomb survivors. 6. Mortality and
radiation dose, 1950-74", Radiat. Res., 75, 138-201(1978)
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Table 1. Number of subjects
Radiation
Dose(Gy)

Male

Female

Total

0
3,159 5,070 8,229
0.006-0.30 540 922 1,462
0.31-0.40 111 139 250
0.41-0.50
69 126 195
0.51-1.00
126 214 340
1.01-5.99
207 289 496
4,212 6,760 10,972
Total

Death rate
100,000

F

All causes

10,000

1,000
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•-&••
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Fig. 1 Compare the mortality of exposed and control
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1 .11 UNDERSTANDING NUCLEAR ISSUES
George Marx
Department of Atomic Physics, Eotvos University
Pazmany setany 1A, Budapest H-1117, fax 36-1-3722753

ABSTRACT
In our days technological progress for the benefit of society is slowed down by the fact that common citizens
(opinion-forming media reporters, journalists, furthermore elected decision-makers) are underinformed about
basic numerical facts concerning harms and benefits of high technology. Here a comparative risk study is
presented about smoking, ozone hole, global warming, and ionizing radiation. This approach has turned out to be
successful in educating the youth in Hungary; because school-going teenagers do understand numbers.
1. ACCELERATING HISTORY
In early centuries, the societal and technological progress was slow, unnoticed within one generation. Orientation
and skills were learned by imitating the parents. This resulted in a high respect of fathers and grandfathers. The
industrial revolution accelerated the speed of progress. The time between the invention of steam engine (Watt
1765) and locomotive (Stephenson 1825), between the discovery of electromagnetic induction (Faraday 1831)
and utilization of alternating current for energy supply (Zipernowsky 1885), between the telegraph (Morse 1821)
and the public telephone centrale (Puskas 1879) took about two generations. This allowed schooling time enough
to introduce the new scientific ideas to the mind of fresh generation. This is why compulsory schooling was
introduced in the 19th century, in order to prepare the incoming generations for productive work and democratic
citizenry. The teacher became high authority in the eyes of young people. Dennis Gabor, Hungarian-British
Nobel-laureate inventor of holography, wrote in his book entitled Inventing the Future:
— Moses showed the promised land to his people but then he led them around for forty years in the wilderness
until a new generation worthy of it had grown up. Now forty years is not an unreasonable estimate for educating
a new generation, which can live in leisure created by high technology, but we must find a better equivalent of
wilderness. At present stage of information technology the time ought to be shorter - merely the time to train
teachers and for the teachers to train the first generation of modern workers. It is not so much the education of
the people, which is slow, but the education of their leaders.
In the 20th century the revolution of modern science accelerated the pace of history from generations to short
decades. Theodore von Karman discovered the Ka'rma'n vortex train behind moving bodies (1910s) and created
the streamlined jet aircraft (1940s) within one generation. The neutron was discovered (Chadwick 1932); then
the idea of utilization of neutron chain reaction was patented within two years (Szilard 1934). A nuclear pile
started working within a decade (Chicago 1942, Obninsk 1947), and soon atomic bombs exploded (Hiroshima
and Nagasaki 1945).
Quantum mechanics (Heisenberg 1925) was applied to explain the structure of solids (Wigner 1940s) and
Bardeen, student of Wigner, invented the transistor in 1947). Then the portable transistor radio inflamed the
Islam consciousness even among illiterate Bedouins, leading to revolutions, wars, and a world wide oil crisis.
Even the Cold War was fought and won rather more by telecommunication than by armies. The electronic
computer (von Neumann, 1945) led soon to e-mail (Kemeny 1964). The youth of the world (much more the
students than their teachers and professors) switched to Internet. Kasparov lost against Deep Blue (1997). The
fast pace has made schoolbooks outdated, the youngsters use TV for orientation in our Brave New World. But
the media and politicians were shocked by the unexpected invasion of private life by nonlinear physics, quantum
mechanics and nuclear technology. The citizens (even worse: politicians and generals) were supposed to make
(democratic or totalitarian) decisions about issues what they has not fully understood. This resulted in highly
emotional but irrational controversies. (Malaria~DDT, fossil fuel-climatic change, nuclear bomb test-nuclear
power plant, DNA-genetic manipulation). The outcome was grassroots anti-science movement, even in the
media, because the journalists - supposed to shape public opinion - were irritated by their own scientific
illiteracy. This symptom resulted also in risky military situations, and in millions of victims (from malaria
epidemy, air pollution, and nuclear bomb test fallout), in numbers far exceeding the number of victims in
Hiroshima or Chernobyl. A characteristic symptom is to overemphasize less important issues and to overlook the
important ones. E.g. the worldwide impact of the Chernobyl accident was blown up out of proportions compared
to the consequences of atmospheric bomb tests enjoyed by the "patriotic" military leaders of the superpowers.
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The approaching turn of the century offers the most appropriate occasion to discuss this issue of public
understanding, to turn to the public by presenting them the actually relevant nuclear issues.
The present high responsibility of scientists and teachers implies educating the democratic citizens of the 21SI
century in schools and in the media for understanding basic science and technological trends, together with their
(actual or potential) social impacts. Teachers had to offer knowledge in schools what they had not learned at the
university. Scientist had to explain ideas to the public, which are not yet in the textbooks. This duty may seem to
be hard, perhaps impossible to fulfill but our experiences in Hungary have shown that it's not the case. As our
teachers experienced, even the students interested in humanities pay much more attention to nuclear classes than
e.g. to lessons on geometrical optics. The problem left is that journalists and members of the cabinet cannot be
called back to these lessons. But we used to tell the teachers that the to-be-ministers and generals of the 21s1
century are now sitting in the school banks; they are today students of present teachers. Cornelius Lanczos
encouraged us to save the world by education saying: — Nearest to the genius is the child.
2. SMOKING
According to the World Health Organization, 27 billion cigarettes are sold in Hungary in a year. Every year
about 29 thousand people die due to smoking-related causes. By assuming linear proportionality, smoking one
cigarette results in 1/million probability of fatal disease. If out of 1 million exposed persons one will die due to
this exposition, we shall speak about 1 microrisk. In Hungary, with a population of 10 millions, one third of
people smoke, that is an average smoker consumes 9000 cigarettes per year, exposing himself/herself to 9000
microrisk=0.9 % risk each year. (The number of victims for other types of suicide amounts 5000/year, equivalent
to 500 microrisk/year.) Passive smokers (children of smoking parents) may take about 30 microrisk/year
(equivalent of 30 cigarettes): from among one million children of smoking parents about 30 may die due to the
parents' habit.
The cigarette consumption decreases in the U.S. and in Scandinavia. The multinational tobacco companies look
for compensation of losses in Eastern Europe and in the Third World. Since 1990 (since the liberalization of
tobacco advertising) the cigarette consumption is increasing by about 1% per year. The World Health
Organization estimates the total number of victims of smoking to 3 millions/year world wide, being about equal
to the number of victims at traffic accidents. Taking the rate of increasing consumption into account, the number
of tobacco victims may reach 10 million per year in the decades to come.
3. PUBLIC RISKS
The mathematical definition of risk is R=P-C, where P is the probability of occurrence and C is the seriousness
of the consequence. (In case of certainty, P=l. In case of death, C=l.) According to the definition of probability,
if N people are exposed to the same risk R, the collective risk (i.e. the expected number of lethal casualties due to
this exposure) is NR. According to international assessment, one microrisk is incurred while
traveling
2500 km by train,
flying
2000 km by plane,
traveling
80 km by bus,
driving a car for
65 km,
bicycling for
12 km,
riding a motorcycle for
3 km,
smoking a cigarette,
living 2 weeks with a smoker,
drinking half a liter of wine,
living in a brick house for ten days,
breathing in a polluted city like Budapest for three days.
Looking at these numbers, one may conclude that people consider a few microrisks acceptable: one microrisk
means about smoking a cigarette, or consuming a bottle of light wine, or making a weekend by car, or riding
motorcycle to pick up a girlfriend. In legal terms the U.S. Congress considers one microrisk to be acceptable.
The "Right of Knowledge" act, accepted by the State of California with a majority of two-thirds in 1987, states
that "nobody may be exposed - consciously or unconsciously- to a chemical effect that may cause cancer or
genetic harm, without calling the attention of the person to be exposed to this danger". But in court one must
know what a punishable non-zero risk means. A physicist may be inclined to say: What I can measure. (But you
may elaborate more accurate tests!) According to the legal praxis in California, an exposure above 10 microrisks
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must not be caused without advanced warning. This is why warnings must be printed on every packet of
cigarettes: "Smoking may be harmful for your health."
One microrisk may look small in itself. But let us consider a state of JV=100 million inhabitants. If each person is
exposed to the 'affordable' 1 microrisk, this means a collective risk NR=100. Hundred innocent causalities in a
country do not look such a low price any longer! This example shows that the presentation of risk offers a
chance to manipulate the public. For example, after the Three Mile Island nuclear accident a local newspaper
wrote: "The release of radioactive noble gases increased the risk of a person living in that environment by the
equivalent of smoking half a cigarette." (It is reassuring, isn't it?) The four million people living in the affected
environment were informed by another local newspaper: "The irresponsibility of technocrats kills two innocent
victims!" (It is terrible, isn't it?) Simple multiplication may show that the two statements are equivalent! Society
can be educated for democratic decision-making (e.g. about the route of progress) by obtaining relevant
information and by being schooled in rational thinking.
Different professions are risky in different ways. In trade the risk is about 10 microrisk per year. In factories it is
10-100 microrisk per year. In transportation it is about 400 microrisk per year. In coal mining it is 800 microrisk
per year. At the construction of high electric transmission lines it makes 1200 microrisk per year. At deep-sea oil
wells it is 1500 microrisk per year. At deep sea fishing it may reach 1800 microrisk per year. To be the president
of the U.S. means several thousand microrisks per year.
4. OZONE HOLE
"Ifyou don't go out in the sunshine, you may get rickets (rachitis)"— we were told by grandpa. It's true: the near
ultraviolet radiation contributes to our production of vitamin D.
The first humans emerged in Africa; they were evidently dark-skinned. When some of them were driven by
overpopulation to cloudy Europe, a mutation decreasing the pigment production was an advantage: the body
collected more sunshine, therefore their organism could produce more vitamin D. This is why medical doctors
recommend a sun-lamp for the long dark winter afternoons in Northern Europe.
The hard ultraviolet photons of sunshine break up the molecules of air, which is how the ionosphere has been
produced. Deeper atmospheric layers are reached only by soft ultraviolet photons (0.5-0.7 aJ) and by visible
photons (0.25--0.5 aJ). In the first billion years of Earth's history the bombardment of soft ultraviolet photons
made the survival of complex organic molecules impossible, life could not evolve on land. The green plankton in
the sea, however, began to pump oxygen into the atmosphere by photosynthesis (hv + CO2
»C + O2), and the
energetic ultraviolet photons broke the oxygen molecules in the stratosphere, producing ozone (hv + O2
»O
+ O, O2 + O
• O3). The ozone (O3) is able to absorb also the soft ultraviolet photons (Av=0.6 aJ), that the
electrons in the short O2 and N2 molecules cannot do. Under the protection of this ozone shield, life dared to
occupy the continents.
In 1984 at springtime the thickness of the ozone shield dropped to one-sixth of its usual value above the
Antarctica. The ozone hole reached record size in the 1990es. The suspects were found on the spot: they were
freon-type (CFCl, chloro-fluoro-carbon) molecules, used in sprays, in refrigerators and in air conditioners. These
man-made molecules are durable enough to diffuse up to the stratosphere, there the hard ultraviolet rays of the
Sun brake them up, and the liberated Cl and F atoms catalyze the decay of ozone. Ultraviolet photons cross
through the ozone hole; they harm green leaves and may cause skin cancer in human beings.
Populations of pale skinned people, who like to enjoy sunshine, are especially sensitive. (Remember the suntanned blond movie stars in bikinis!) In the U.S. skin cancers make about 40 % of all cancer cases, more'than
100 000 are registered every year. Skin cancer is three times more common in the sunny Texas than in the rainy
Iowa. The number of skin cancer cases has doubled in 20 years and quadrupled in 40 years even in Europe.
According to the U.S. Environmental Protection Agency 1% thinning of the ozone layer may increase the
ultraviolet radiation by 2 %. This could cause a 4 % increase in skin cancer and 0.5 % increase in eye cataracts
for pale-skinned, blue-eyed population, meaning e.g. 6000 extra deadly megamelanoma cases in the U.S. and
several tens of thousands worldwide. The number of lethal skin cancer cases grew from 200 in 1980 to 500 in
1990, indicating an increase from 20 to 50 microrisks/year in Hungary! This is why a suntan is already out of
fashion in California and on the Riviera. This is why blinded sheep has been observed in South-Chile. This is
why the Montreal Protocol urges the elimination of freon-type compounds.
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The climbing of the skin cancer frequency is the steepest among twen-agers in Hungary. Due to the latency
period of skin cancer this may be due of their sunbathing when they were teenagers in the 1970s. The diffusion
of the freon to the stratosphere, to reach the ozone layers takes about 10 years. Unfortunately, freon molecules
survive humans. If we stop releasing these kinds of molecules today, the ozone layer will start recovering only
after one or two generations from now. The sins of fathers will be met at their children and grandchildren.
Ultraviolet radiation is harmful because it excites and destroys organic molecules. In the coming pages, we shall
focus our attention to ionizing radiation, not only because radioactivity is the most feared, but because it can be
measured, checked, researched and controlled the most easily.
5. IONIZING RADIATION
Radioactive decay liberates energy: it produces ionizing radiation. The unit of activity of a sample is 1 Bq
(Becquerel) =1 decay /second. The radiation may destroy molecules. The ions disturb the delicate network of the
biochemical metabolism in the human body. The overall number of ions may be considered to be the measure of
the impact of this radiation. The dose is the ratio of the absorbed ionization energy E to body mass M, that is
E/M.
(The corresponding unit is 1 Gy = 1 gray = 1 joule/kg = 1 J/kg. - The cell is able to neutralize a few ions, to
repair smaller damages by fabricating special repair enzymes. The differences in the biological effects of
different particles can be taken into account by a quality factor Q which is 1 for X-rays, y- and /3-radiation, is 2 10 for slow-fast neutrons, is 20 for a-particles and fission fragments. The dose-equivalent is defined as
D=QEIM. Heavier charged particles are absorbed easily by cloth and skin; therefore the public is exposed mostly
to X-rays, y- and P-rays. Thus for the understanding of everyday risks this distinction is not so relevant.)
The unit of dose equivalent D is 1 Sv = 1 sievert = 1 joule/kg (for X-rays, a- and a-radiation). We know from the
bitter experiences of Hiroshima and Nagasaki thatZ>>10 Sv is lethal. £)=4 Sv results in death with a probability
of 50 %. A few Sv causes acute symptoms (loss of hair, bleeding in the gut) within days. In everyday life much
smaller doses occur. We shall use 1000 times smaller units: 1 mSv (millisievert) = 1 Sv/1000.
There was a zone in Hiroshima and Nagasaki (in belt at a distance of 1.5-2.5 km around the epicenter) where
people survived but they have received radiation doses of about 100 mSv. Their medical history and the causes
of their death were tracked carefully. These statistics have been compared with those of the Japanese population
living elsewhere. The estimation obtained by subtracting the normal mortality and by extrapolation, assuming a
linear proportionality between risk and dose, has shown that a dose equivalent of 1 mSv increases the risk of
lethal leukemia and cancer by about 50 microrisk. The International Committee on Radiation Protection
recommends this risk/dose factor in official calculations. (At much higher dose the factor is taken twice as large,
but such high doses do not affect the public.) So what is the risk of 1 mSv dose equivalent? 50 lethal cancer
cases by million people exposed. Equally risky are
to smoke 2 and a half packets of cigarettes,
to bicycle for 600 km,
to drive for 3250 km,
to cross a busy road twice a day for a year,
to drink one glass of wine per day for a year,
to be X-rayed for kidney metabolism.
The law says that the artificial radiation burden on the population must not exceed 5 mSv/year (corresponding
essentially to 5 microrisk/week) and the International Committee on Radiation Protection recommends to
decrease this limit to 1 mSv/year (1 microrisk/week). This value may be over-prohibitive: it corresponds to the
risk of smoking one cigarette per week. (Medical interventions to save life may and do surpass this value.) For
those who are working professionally with radiation the maximum dose tolerated in a year is 50 mSv, but in
average the radiation load must not exceed 20 mSv/year. (The largest exposure within the Hungarian Nuclear
Power Station was 33 mSv in one case.)
A gentleman of 75 kg mass contains 750-1025 atoms. Biochemistry tells us: what kinds of atoms they are. The
percentage by weight and the number of atoms in units of 1025 are given for the important chemical elements in a
body of 75 kg.
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H
0
C
N
Na

(10 %)
(60 %)
(20 %)
(5.4 %)
(2.7 %)

99-011

450
185
75
19
1.6

P
Ca
S
K
Rb

(1.3 %)
(1.3 %)
(0.5 %)
(0.3 %)
(0.02 %)

1
1

0.7
0.3
0.01

H, O, C, N occur in the essential organic compounds (food, protein). P plays a role in DNA, S is essential for
some enzymes, and Ca is present in bones. Na+ and K+ ions play role in ion transport.
The atmosphere is under steady bombardment by the energetic protons of cosmic rays. They produce nuclear
reactions in the upper atmosphere, liberating neutrons among others. The neutrons may transmute nitrogen into
radiocarbon: «+14N 14C+H.
The 14C nucleus is radioactive, it is produced and it decays, its equilibrium concentration amounts 14C/12C=10"12.
The gentleman of 75 kg contains 75-1025 carbon atoms, including 75-1013 radiocarbon atoms. Of these
radiocarbon atoms 3000 decay every second.
Solar energy is liberated by the nuclear fusion of hydrogen: H+H 2H+e+, H+2H 3 He, 23He 4He+2H, but
reactions like 2H+4He 3H+3He also occur. The solar wind blows 3H (tritium) to the Earth. Tritium is radioactive
with a half life of 12 years (emitting electrons with maximum energy of 0.002 pj). The equilibrium concentration
of tritium in rain water is 3H/1H=1017. The gentleman of 75 kg is made mostly of hydrogen atoms, among them
he contains 4.5 billions of tritium atoms, from which about 100 decay in every second.
In this region of the Galaxy a supernova exploded 4.6 billion years ago. At the very high temperature of the
explosion, neutrons evaporated from the nuclei. Some of these produced new nuclei: n+87Sr 87Rb+H,
«+40Ca 40K+H. Accumulation of the ejected materials made the Solar System. The Sun and planets were born
4.59 billion years ago. 87Rb, having a half-life of 500 billion years, is still present, constituting 28 % of natural
rubidium. (25-1020 87Rb atoms are present in the body of the gentleman.) 100 of them decay in each second. The
half-life of 40K is only 1.28 billion years, most of it has already decayed during the long life of Earth, and today it
makes only 4°K/K=0.0118 % of natural potassium. The body of the gentleman contains 30-1020 of them. Due to
their shorter half life, many 40K atoms decay per second. Between two heart beats, about 8700 radioactive atoms
decay in our body; our own activity is 8700 Bq.
Fortunately, most of these nuclei emit electrons of low energy. Therefore the dose deposited by 3H, 14C, 87Rb is
small. The 40K decays are the most abundant and most energetic. About one-third of the decay energy of 0.2 pj is
deposited in the body (two-third of the a-photons and all the neutrinos escape.) This means that the ionization
energy deposited in 1 kg of the body is (5500/75)-(0.2 pJ/3)=5 pJ/kg s, meaning a dose-equivalent of 0.15
mSv/year. By adding the 14C dose, one may conclude that our own body gives us a dose equivalent to 0.18
mSv/year. In reaching the age of 55 years the gentleman collected a total dose of 10 mSv. This means a 0.05 %
risk of dying from cancer produced by the radioactivity of one's own body. One person out of two thousands is
going to be killed by the radioactivity of his own body. You can escape this only by jumping out of your skin.
(The total risk of dying from cancer is about 20 %, and that of dying anyway is exactly 100 %.)
We should be aware that the gentleman irradiates not only himself but his girlfriend as well during their close
encounters. He is a radioactive source of 8700 Bq! In his body 5500 ^K nuclei decay every second. 10 % of
these decays produce a-photons of 0.23 pJ each, so he is a a-source with the power 126 pW. If she absorbs only
8 % of that energy while sharing a bed with him, then her body is irradiated by 2-1013 Sv/s. In an eight-hour
night this gives a total dose-equivalent of 5 nanonsievert. A thousand and one nights can give her 0.005 mSv. In
this happy way she takes total 1/4 microrisk (i.e. 1/4 000 000), equivalent to the risk of 5 pulls from a cigarette!
Is it worth of taking? (Let us not forget that a pull of cigarette would shorten her life expectancy by 25 seconds,
but virgin life style would shorten her life expectancy by about 6 years according to statistics.) For a man the
corresponding risk is lower: just from this point of view she is less active, due to her smaller body weight.
(Furthermore, a strict bachelor lifestyle may shorten his life expectancy by 10 years. Medical X-rays shorten our
life in average by 2-3 weeks.)
6. RADON IN HOMES
The half life of "^Th is 14 billion years, that of ^ U is 4.5 billion years, that of " 5 U is 1.2 billion years, and that
of 40K is 0.7 billion years. These decays supply the internal heat of Earth. (We enjoy it in thermal spas.) But not
only heat emanates from the Earth. The gaseous decay product of '"'K makes now 1 % of the atmosphere as
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innocent "°A. The gaseous decay products of 238U (namely ^ R n ) and that of 232Th (namely 220Rn) are not so
harmless: they are radioactive themselves. 220Rn decays within one minute, therefore it usually does not have
time to diffuse into our living room. But 222Rn's half life is 3.8 days, long enough to reach us. The radon activity
of indoor air depends upon the soil, building bricks, house structure, and room ventilation. Rough values are:
outdoor air near the ground
ventilated room
closed room
highly contaminated room
cave of very high activity

10 Bq/m3
40 Bq/m3
80 Bq/m3
4000 Bq/m3
40000 Bq/m3

In uranium mines, before the era of forced ventilation, the miners inhaled contaminated air. According to
statistics, a year spent in an air with radon concentration of 5000 Bq/m3 increased the risk of lung cancer by 1 %.
This means that (taking a life span of 50 years) the risks of radon induced cancer can be calculated by assuming
linear risk/dose relationship:
living in the wild:
ventilated house:
well insulated room:
contaminated flat:

,4=12 Bq/m3
,4=40 Bq/m3
,4=80 Bq/m3
,4=800Bq/m3

D=0.3 mSv/y
£>=1 mSv/y
D=2 mSv/y
D=20mSv/y

R=0.\5
i?=50
/?=100
fl=1000

microrisk/year
microrisk/year
& microrisk/year
& microrisk/year

Sweden has been built upon a granite block, relatively rich in uranium. Rolf Sievert and Bengt Hultqvist
measured the a-activity in 1000 apartments already in the 1950s. There was a wide scale survey of radon activity
concentration in the early 1980s. By comparing the two surveys one finds that the average of the later
measurements is four times larger than the average of the earlier survey. The explanation may be the "energysaving" insulation of the doors and windows, due to the oil crisis of the 1970s.
In Hungary, the abundance of lung cancer tripled in 30 years, but this can be accounted more to chemicals
(smoking and air pollution produced by cars) than to radon inhalation. But if the population of Hungary would
listen to the advertisements recommending efficient door and window insulation (in order to "conserve energy"),
irradiation may increase by 1 mSv/year. The population of Hungary is 10 million people, so by assuming a strict
proportionality an additional 1 mSv/year dose for everyone would result in iV-.R=(50-10"5)- (10-106)=500
additional lethal lung cancer cases per year (added to the present number of 6400 cases)!
7. LOW DOSES
The risk/dose relation has been measured empirically in the 100 mSv region (in Hiroshima and Nagasaki). From
that point an extrapolation has been used (with steepness of 50 microrisks/mSv) to reach the low-dose region at 1
mSv. The linear extrapolation down to very low doses relies on the argument, that the attack of ionizing
radiation is a probabilistic phenomenon: a a-quantum either hits a DNA molecule at one of its sensitive sites
(initiating cancer by the uncontrolled replication of the damaged pattern) or does not.
A suspicion against linearity was raised recently. Bernard Cohen (University of Pittsburgh) intended to decipher
the risks of low doses empirically. He compared the lung cancer statistics of the different counties in the U.S.
with the average radon activity concentrations in these counties. The observed data don't follow the theoretical
rise but show a definite decrease in the region of 100 Bq/m3. The discrepancy between "theory" and "facts"
amounts about 20 standard deviations! Originally Cohen did not believe in the reality of this conclusion,
therefore he extended his investigations to the regions of Sweden, Finland, China, where the uranium rich granite
rocks produced enhanced radon emission. The outcome has confirmed the empirical conclusion that a low level
radiation load of a few mSvlyear seems to suppress cancer risk. A similar significant minimum was reported by
Esther T6th in Hungary.
A direct indication has come from the recent study of the survivors of the Nagasaki atomic bomb. Those people
who survived and received a modest dose in Hiroshima and Nagasaki lived in average 4 years longer than the
control population. Sohei Kondo (Osaka) has published curves showing that the probability of getting leukemia,
lung cancer, colon cancer as a function of dose drops at first, it has a minimum at about 20-50 mSv, it follows the
linear rise only above 100 mSv.
At vaccination, a controlled tiny amount of toxin is injected into the blood of humans, in order to activate the
biological defense against expected greater attacks. It may be that small doses (or a given dose extended to
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longer period) may have similar effect: it may activate the defense (repair enzyme and antibody production)
against oxidative attacks. It may increase the immunity against carcinogens. This indicates that the human
organism may have a sensitivity threshold at a few mSv. It can defend itself biologically against doses below the
threshold, but it is unable to do so against stronger or multiple attacks. A human cell seems to be able to repair a
slight damage in a few hours, may ready itself for expected new attacks, but it is irreversibly damaged by the
simultaneous attacks of several ionizing particles. In this case the best defense is that the damaged cell commits
suicide, instead of multiplying itself in an uncontrolled way. This explains why no genetic harms of ionizing
radiation were observed among humans in Hiroshima and Nagasaki.
8. PUBLIC DOSE
We can calculate now our own dose received in the last year. Let us consider the natural radiation load first. (The
numbers have been rounded off.)
ionizing cosmic radiation at sea level
cosmic neutron flux at sea level
100 m height excess

0.30 mSv/year
0.05 mSv/year
0.02 mSv/year

(The atmosphere offers a shield against cosmic radiation. Its flux doubles at each 1800 m of altitude.)
Radioactive isotopes of cosmic origin contribute as well:
^K in the body and environment
I4
C and 3H in the body
87
Rb in the body
U-family in the environment
Th-family in the environment
Rn inhaled
Natural sources (rounded off)

0.18+0.15 mSv/year
0.015 mSv/year
0.06 mSv/year
0.10 mSv/year
0.16 mSv/year
0.3 mSv/year
1.5 mSv/year

This would be the dose received by a prehistoric human living in the wood, sleeping in the nest at the top of a
tree. But civilization (especially the industrial revolution) changed our lifestyle. Wolves and smallpox were
eradicated, but other risks were created. If you live and work in house, add
living on the ground floor*
in a light concrete house (9 mg U/kg)
in a brick house (3.5 mg U/kg)
in a light panel house (1.5 mg U/kg)
in a wooden house (0 mg U/kg)
Radon excess in the house (rounded off)

0.5 mSv/year
1.8 mSv/year
0.7 mSv/year
0.3 mSv/year
0.2 mSv/year
1 mSv/year

(* 1 mSv/year for 40 Bq/m3 radon activity concentration in bedroom.) "Move to a wooden house resting on
piles! By doing so you can suppress your radiation load by 1 mSv!" Are you going to do it? - Further artificial
doses:
air flight for each 2500 km
wristwatch with luminous numbers
watching black-white TV, 1 hour/day
watching color TV, 1 hour/day
medical X-rays, in average
Technological load (Hungarian average)

0.01
0.02
0.01
0.02
0.5
0.5

mSv/year
mSv/year
mSv/year
mSv/year
mSv/exposure
mSv/year

The average load on the Hungarian citizen is about 3 mSv/year, reaching a risk of 1 % during lifetime. (In
Sweden, due to the dominating granite surface and single-level housing, this value was about 7 mSv/year before
the radon mitigation campaign. In Kerala it may reach 13 mSv/year due to the thorium-rich soil.)
The nuclear plants of the world supply about 200 GW of electrical power. The related industry (radon release at
uranium mining, active Kr and Xe emission at fuel reprocessing) brings an extra load upon the population of the
Northern hemisphere: World's nuclear industry: 0.00015 mSv/year/capita.
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The anxiety over nuclear power plants stems from the consequences of the tragic accident that happened at the
nuclear power station in Chernobyl (Ukraine). The author of the present paper paid a personal visit to Chernobyl
in the late 1991, with a dose-ratemeter in hand. The number of direct causalities was 30, and might have
approached 100 within the first year. The amount of ejected radioactivity could be measured, it is known
worldwide. The radiation dose, received in the first year was in Hungary measured to be 0.2 mSv. The overall
dose from Chernobyl in the years to come is estimated to be cca 0.4 mSv - equivalent of smoking a pack of
cigarettes by each Hungarian. Is it terrible, isn't it?
The International Atomic Energy Agency estimates the collective risk due to Chernobyl to be 600 000 Sv,
corresponding to 30 000 collective risk, as the most pessimistic estimation, using the proportionality hypothesis.
(20 % of the Europeans, i.e. 120 millions will die anyway of cancer. We shall never know who of those died
because of the accident.)
In the era of anxiety people are afraid of risks. In the months following the Chernobyl accident the number of
surgical abortions jumped by 50 000 in Western Europe (as we have seen, without good reason). The team of the
International Atomic Energy Agency found in Ukraine that there are more psychic problems than radiationinduced medical cases. Ignorance and unjustified anxiety may kill as well.
9. SINGLE INCIDENTS
Thousands of victims from an industrial accident are certainly an unacceptable price for comfort. Such unstable
graphite moderated and water cooled nuclear reactors (operating only within the former Soviet Union) must be
eliminated. (The U.S. eliminated them 40 years ago, following the intervention of Edward Teller.)
Hiroshima, Nagasaki, Windscale, Harrisburg, Chernobyl focused the public anxiety on nuclear risks. Nuclear
fission produces radioactive fragments necessarily. If they get into the atmosphere, they create risks that
Cross borders. The largest recorded radioactive releases were (in units of 1018 Bq):
Hiroshima bomb
Present H-bomb
100 megaton bomb
All atmospheric tests
Windscale reactor accident
Harrisburg reactor accident
Chernobyl reactor accident
Coal industry, yearly release

0.01
1
10
100
0.04
0.0001
4
0.6

Present dose from previous atmospheric tests is 0.01 mSv/year, the collective dose for humankind amounts 50
000 Sv/year, corresponding to a collective risk of 2500 in 1990. According to the report of the United Nations
(1988) the collective dose commitment due to all the previous atmospheric nuclear explosions is estimated to be
30 million Sv. By using the linear risk/dose formula, one obtains a collective risk exceeding one million!
The largest tests were performed in Novaja Zemlja in the 1960s, since them a large fraction of the radioactive
fallout decayed. The memoirs of Andrei Sacharov (published in 1990) describe, how he became irritated by the
plans to test the 60 megaton H bombs developed in the 1960s. He made some rough estimations: all the previous
nuclear explosions had not emitted as much radioactivity till then as the explosion of one single 60 megaton
bomb would do. He estimated the number of indirect causalities to be in six figures. (You may repeat his
calculations using the data given in this paper.) We know the final outcome of the story. Mr. Khrushchev
rejected Sacharov's protest, two big bombs were exploded. The physicists made their measurements and
performed their calculations worldwide. A global protest wave ~ lead by scientists - forced the superpowers to
agree a ban on atmospheric tests. But smaller powers wanted to develop their bombs as well: they continued
low-scale testing for a while, but the global protest wave forced also them to stop atmospheric explosions.
Nuclear fallout can be measured exactly, as the Hungarian schools did after Chernobyl, and they monitor radon
in the environment since. High technology can be controlled. Humans, too, have to learn controlling themselves,
to prevent war games and technological catastrophes. (The number of the causalities of car accidents in Europe
approaches a million per year.) We share the hope that in the coming century the main issue will be cleaning up
the environment: acid rain, ozone depletion, carbon-dioxide induced warming. These are more complex
chemical issues. DDT accumulates is the body of fish, its use has been prohibited worldwide. Since that the
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suppressed enemy, malaria, spreads again, killing 2 millions in 1994. We have to learn to measure, understand
and control the chemicals, as we have done with the risks of ionizing radiation.
10. GLOBAL WARMING
- Global warming is possibly the single greatest threat ever to the future of life on the planet. Its ultimate
consequences have been compared by eminent scientists as "second only to a global nuclear war". - This is a
statement of Greenpeace International. In this respect the official experts of the Intergovernmental Panel on
Climatic Change agree with the opinion of grassroots environmentalists: -- There is increasing empirical
evidence that human activity makes a noticeable impact upon the climate. ~ NASA goes even further: -Humankind performs such a global experiment with the atmosphere of our planet, which may have
unforeseeable consequences. - There is a scientific, political and ethical consensus that the climatic instability
and global warming may become a central issue of humankind for the 21 st century.
For scientists, facts and numbers tell more than emotional and eloquent declarations. In past centuries (1400-1800) the CO2 concentration of the atmosphere was steady 0.028 %. Then due to the industrial revolution it
began climbing at an accelerated rate: 0.030 % in 1900, 0.031 % in 1950, 0.032 % in 1960,0,033 % in 1975,
0.035 % in 1990, 0.036 % for 2000. The industrial revolution raised the average global temperature by 0.6eC.
The hottest year of meteorological history was 1998, but the spring of 1999 was warmer by 0.6fiC than the
average of the 1960--1990 period. In the last summer, the temperature did not sink below lOOT in Dallas on 19
consecutive days. (This was higher than body temperature. In this case the human organism cannot get rid of the
surplus entropy.) The increased evaporation resulted in enhanced water circulation, drought and famine in the
tropical regions, and torrent floods at cooler regions. In 1998 thousands of humans died due to floods. The
Intergovernmental Panel on Climatic Change stated:
The fast climatic changes of the future imply surprises for us, due to the nonlinear character of the climate. The
behavior of such nonlinear systems will become especially unpredictable when the system is affected by quick
impacts. As example we may mention the change in the system of oceanic currents due to human interventions. Since then, El Nino made headlines.
The most sophisticated climatic predictions of the Lawrence Livermore Radiation Laboratory supercomputer,
taking into account also the reflectivity of the SO2 produced smog, reproduces the past trends and fluctuations
successfully, therefore its predictions are accepted. Humankind releases 30 billion (109) tons of CO2 year by year,
which makes 2 % of the total CO2 content of the atmosphere. A part of this released CO2 is absorbed by the green
vegetation and the oceans, but it is rather certain that the atmospheric CO2 content will double well within the
21st century. This will result in a temperature rise of 2-5 a C, and a rise of see level well above 1 meter.
One must not forget where this CO2 surplus originates from. The U.S. releases 23% (i.e. 5.26 tons per capita per
year), Germany 5% (2.89 tons/capita/year), the developed countries altogether (the golden 1 billion) 70% of CO2.
China releases 12% (0.71 tons/capita/year), India releases 5% (0.24 tons/capita/year), the developing world
altogether (the poor 5 billion people) releases 30% of the CO2. The population of our planet doubled in the
second half of the 20th century. It is expected that the First World (with an average income of $10 000/year) will
keep its population steady and may double its standard of living. The Third World (with a present average
income of $1000) will triple its population and may quadruple its income. Anyway, it is hard to avoid the
conclusion that human industrial activity will increase tenfold in the next century.
At the United Nations and in the European Union the coastal countries make a majority. Due to the thermal
expansion of water, the rise of the sea level was 25 cm in the 2O'h century. (In the Ice Age the sea level was 100
m lower. The thickness of ice on the Arctic Sea reduced from 6 m to 4 m in the past 20 years. Melting the ice on
Greenland would result in a rise of 5m. Melting the ice of the Antarctica would make a rise of 60 m.) Thus there
is a strong diplomatic pressure to stop the greenhouse warming. The representatives of the world's nations
assembled in Kyoto in the last December. In their luggage, they took the following offers for the reduction of the
CO2 release till 2010 with respect to their level of 1990:
The European Union has a long coastline, they offered 15 % reduction. Switzerland (producing electricity
mainly from nuclear and hydropower) offered 10 % reduction. England offered 8 % reduction with respect to
1990 (they are now above the 1990 level by 12 %). Hungary intended to offer 8 % reduction. The American
delegation was in a difficult position: at present the U.S. is already by 10 % above the 1990 CO2 release, and the
Senate instructed the delegation to accept a return to the 1990 level if and only if also the Third World accepts
considerable reductions. The demand of the oceanic island countries was the overall reduction of 20 %. The
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same 20 % - reduction with respect to the 1990 global CO2 release - was demanded by the Greenpeace
International. Experts say that, for stopping the rise of the global atmospheric CO2 concentration, a reduction of
the yearly release by 60 % would be necessary. The finally reached agreement was the following:
European Union
~8 %
Bulgaria, Romania
~8 %
Czech Republic
--8 %
Estonia, Latvia, Lithuania ~8 %
Switzerland
-8 %
Slovakia, Slovenia
-8 %

U.S.A.
Japan, Canada
Poland, Hungary
Croatia
Russia, Ukraine
Australia

--7%
-6%
-6%
-5%
0%
+ 8%

Seeing the U.S. policy, the E.U. also went back with its obligation. Russia would not mind a bit warming in
Siberia. The Third World has not committed itself, they argued that the present high CO2 level has been caused
by the First World. Thus the outcome was very modest, it will not solve the problem of global warming and sea
rising.
My personal opinion is that we cannot hope very much from politics. Politicians look ahead only to the next
election. Industrialists look ahead to the financial gain at the end of the year. The CO2 and freon molecules,
however, stay in the atmosphere for 100 years. The thermodynamical reaction time of the atmosphere may be
even longer, due to the huge heat capacity and CO2 absorbing capability of the oceans. For the same reasons, the
changes are irreversible — at least on human time scale. The fate of the global climate is not interesting for
politicians or businessmen. It is relevant only for parents who have children, and for teachers who have students.
Our students, children and grandchildren will we citizens of the 21 st century.
11. CONCLUSION
In a democratic society, decisions have to be made by the society. The citizens have to understand the issues,
they should evaluate them with ethical responsibility, and they should force their decisions on the politicians.
This means that the incoming generations should understand and shape their future. I am convinced that
problems like the coal/nuclear power alternative can be solved only by education.
The memory of Hiroshima and Nagasaki, the memory of Three Mile Island and Chernobyl are a heavy burden
upon nuclear power. But the ethnic conflicts and irresponsible diplomatic behavior killed more people in former
Yugoslavia than the Hiroshima and Nagasaki bombs did. Gas accidents kill more than nuclear accidents. Air
pollution caused by coal industry (or smoking) kills hundred times more each year than Chernobyl might kill in
toto. But for a TV reporter it is difficult to understand that a graphite moderated, water cooled reactor shows
positive feedback at thermal fluctuation, but a water moderated, water cooled reactor shows a negative feedback:
it stops working when water boils away. The difference is similar to the difference in the responses of a barrel of
gasoline or a barrel of beer if we throw a flaming match into them.
If we ask the anti-nuclear activists, should we use the dirty coal power, which is far more dangerous for the
public, than nuclear power, they react: - Conserve energy! Insulate your windows! -But it is a wide experience
in Northern and Central Europe that after the oil crisis the increased insulation of dwellings raised the indoor
radon level by a factor of 2 to 4. And at moderate climate radon and its progenies produce the main radiation
load upon the population. (In Hungary, the average radon dose per year is ten times higher than the radiation
load from Chernobyl was in 1996; in spite of the fact that Chernobyl is only 600 km away from Budapest.)
We think that air pollution and global warming are ethical problems in the same way as nuclear armament is. We
try to discuss these problems with Hungarian teachers. They have noticed: if they discuss the issue of global
responsibility towards the future in physics, chemistry, geography and biology classes, each student (even to-bepoets, businessmen and politicians) pay attention. This convinces the teachers that nuclear disarmament, energy
options, CO2 greenhouse are interesting scientific problems, which are made even more interesting due to their
societal relevance and the associated ethical responsibility. In a highly successful teacher initiative, over 15 000
Hungarian high school student have measured the radon activity concentrations year long in their own bedrooms.
When an Israeli educator raised the question to them: — How would you react in case of a nearby nuclear
accident of Chernobyl dimension? -- students answered: -We would measure the fallout! — The winter of
1996/97 was especially cold, frosty and snow-rich in Hungary. During that winter, the radon surplus dose
exceeded the 1986 surplus dose that Hungary received from Chernobyl. This was what high school students
measured and understood! They have also to understand, that our using high consumption cars now in Europe
may kill babies one generation from now 10 000 km away at the river delta in Bangladesh.
- 98 -

JAERI-Conf

99-011

This is a concrete way how we may educate to global citizenry. Let me repeat my thesis: in a democratic society
people must understand the future.
Integrated collective doses from specific events (UN SCEAR1993)
Hiroshima bomb explosion
Windscale reactor accident
Harrisburg reactor accident
Chernobyl reactor accident
El Chicon volcanic eruption
All underground bomb tests
Largest atmospheric hydrogen bomb test
All atmospheric bomb tests

1.5 thousand
6 thousand
0.05 thousand
600 thousand
10 thousand
0.2 thousand
1000 thousand
30 000 thousand

man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv

Collective global doses pro year
Watches with luminous dials
Flying by airplanes
Medical (X-ray) diagnosis
Medical radiotherapy
Phosphate fertilizer industry
Geothermal power
Natural gas production
Oil industry
Coal fired industry
Public dose from nuclear industry
Occupational dose from nuclear industry
Living in houses (radon indoor)
Natural radioactivity

2 thousand
10 thousand
1800 thousand
1500 thousand
300 thousand
0.005 thousand
0.003 thousand
0.1 thousand
110 thousand
1 thousand
2 thousand
6000 thousand
7000 thousand

man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv

Collective dose from producing 1000 GW-year electricity
Coal
Oil
Peat
Natural gas
Geothermal power
Nuclear power

20 thousand
0.5 thousand
2 thousand
0.03 thousand
2 thousand
6 thousand

man-Sv
man-Sv
man-Sv
man-Sv
man-Sv
man-Sv

Students may calculate the number of victims by the (official) linear model (50 victims/thousand man-Sv) or by
the threshold model (negligible at low doses). As we have mentioned above, according to WHO estimate,
smoking demands 3 million victims per year, and this habit is wildly advertised on giant posters by multinational
firms in Eastern Europe and the Third World. Mining coal, feeding coal ovens, and cutting trees may result in
accidents. The number of (occupational + public) victims associated with the production of 1 GW-year
electricity is, according to official data of the International Atomic Energy Agency.
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m iie-silicosis
in ine-acctient
m ine-radiation
transport
processing
construction
m aiitanence
production-rad
reprocess, accid.
reprocess.rad
disposaLrad
victims

COAL
0.3
1.1
0.02 0.3
0.1 0.5
0.06
0.15
0.16 20
.
0.7

total 23

0L
0.9
0.5 0.05
0.5
0.05 6

total 8.1

99-011

GAS
0.4

PEAT
1

W OOD
1.2

0.02 0.03
0.05
0.06
0.02
0.25

0.9
0.002 0.1

1

total 0.5

tota 1 2

tota 1 2

- 1OO -

0.8

1

NUKE
0.1
0.04
0.04
0.01 0.05
0.06
0.1
0.1
0.02
0.01
0.05 0.12
0.47 0.25
total 0.7
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2 Panel Discussion

The Status and Problems of Radiation
Education in Various Countries
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1 RADIOLOGY EDUCATION IN HUNGARIAN SCHOOLS
George Marx
Department of Atomic Physics, Eotvos University
Pazmany setany 1A, Budapest H-1117, fax 36-1-3722753
ABSTRACT
Basic concepts of nuclear physics are not more abstract and more difficult than those of electricity. For the
orientation of the citizens of the 21 st century, the Hungarian school curriculum has made them compulsory for all
teenagers. According to the teachers' experience, the students find nuclear issues more relevant and more
interesting than the topics inherited from the schoolbooks of earlier centuries.
l.AIM
School education - relying on the pedagogical praxis of earlier teacher generations - presents the mathematics
of the Antiquity, the physics of the early Industrial Revolution (17/18lh century) to the youth living in the 20/21st
century. And the science teachers are surprised that the teenagers pay less and less attention to solve close-ended
numerical problems about rigid bodies, direct currents, and geometrical optics, while living in an environment of
semiconductor chips, mobile phones, and nuclear weapons. This conservative teaching habit excludes modern
science and high tech from the human culture. Honest grassroots movements among the youth advocate a world
free of 'alien' nuclear power and computer network, and advocate returning to the 'understandable' world of their
ancestors.
The cleanest form of energy is offered by electricity, therefore it is the most comfortable and most popular
option for people. In the last two decades Hungary utilized nuclear power to cover almost half of its electric
consumption. This has made our country more independent from outside economical and political pressure. This
is one of the main reasons, why statistical physics, atomic physics, nuclear physics, and astrophysics have
become parts of the Hungarian high school curriculum. (The Japanese translations of the corresponding
schoolbooks, written by Esther Toth, have been printed recently by the Maruzen Publishing Co. in Tokyo.) The
actual official state curriculum has made the orientation in nuclear science compulsory already in the middle
school, i.e. for all teenagers. Our experiences have been very positive: present teenagers - even to-be poets,
politicians, businessmen — show much more interest towards radioactivity and nuclear power plants than
towards forces acting on rigid bodies and direct current networks. Nuclear physics can be treated with much
simpler mathematics than e.g. the resistance in case of alternating current.
2. NUCLEAR DROPLETS
Nuclei are much simpler structures than atoms, molecules, or solids. According to experiences (electric
scattering on nuclei in the Rutherford experiment) nuclei are of constant density. Nuclei are made of (positive)
protons and (neutral) neutrons. These constituents have almost equal masses. The protons repel each other
electrically, but nuclei are still stable formations due to the intensive nuclear attraction, which acts among these
nuclear particles. The nuclear attraction is about hundred times stronger than the electric repulsion, but it has a
short range: much shorter than the size of the nucleus. These empirical properties of the nuclear force have the
consequence that inside the nucleus each particle has the same number of neighbors, thus its binding energy is
independent of the size of the nucleus, of the total number .4 of particles (constant heat of boiling). A particle on
the surface, however, has fewer neighbors, thus its binding is weaker (surface tension). These characteristics of
nuclear forces explain the constant density, the surface tension, and the spherical shape. Nuclei remind us on
water droplets. The fusion of small droplets to a larger one would release energy, because fusion decreases the
overall surface. But...
3. NUCLEAR VALLEY
Protons and neutrons — like electrons in the atomic shell - are subject to the Pauli principle: on the energy
ladder only two protons and two neutrons can stay on the same grade. This is why about half of particles are
protons and half of them are neutrons in a stable nucleus. Thus the nuclear droplets are positively charged and
repel each other by long-range electric force. The intensity of the short-ranged nuclear attraction and the long
range of the electric repulsion make the nuclei to long-lasting structures. This explains the stability of chemical
elements, which is the basic axiom of school chemistry.
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The chemical properties of elements depend on their electron shells. The size of the electron shell depends upon
the positive electric charge of the nucleus, i.e. on the number Z of protons in the nucleus. The Periodic Table of
chemical elements terminates, however, at Z<100. The explanation is very simple: electric repulsion between
two protons is about 100 times weaker than nuclear attraction. But the electric repulsion has a long range: the
joint repulsion of all the other protons may become comparable to the nuclear attraction of the immediate
neighbors in case of Z ~ 100, which destabilizes the very heavy (high Z) nuclei.
A nucleus is made of Z protons and N neutrons, altogether A =Z+N particles. The average binding energy per
particle is weakened if
a) A is small (large fraction of particles is on the surface),
b) Z is large (intensive electric repulsion acts among protons),
c) Z>N (protons are forced to high energy levels by the Pauli principle,)
d) N>Z (neutrons are forced to high energy levels by the Pauli principle).
Nuclear particles feel themselves most comfortable (possessing the deepest average binding energy per particle)
at medium-sized nuclei (A ~ 50), with about 50 % protons and 50 % neutrons in them. This can be visualized by
a map, indicating the average binding energy per particle versus Z and N. A narrow valley runs through the Z—
N} plane, more or less following the Z=N line. Two sides of the valley (Z> >N and Z< <N) are steep due to the
Pauli principle. Starting from small A=N+Z values, we walk downhill in the Nuclear Valley, due to the short
range of nuclear attraction and decreasing relevance of surface energy; this is the Yukawa slope. For large Z
values, however, we begin climbing uphill along Nuclear Valley, due to the electric repulsion between the many
protons present in the nucleus, this is the Coulomb slope. At the deepest point we find the iron nucleus (A=56).
It is a remarkable fact of Nature, that the chemical elements populate the whole Nuclear Valley, but the most
common metals are to be found at its deepest part: at the Iron Sea. We don't pick up a rusted iron nail, but we
take a golden ring with.
large Z
Coulomb slope
{Z«N}
Pauli slope

Z~N,A~50
IRON SEA

Z»N
Pauli slope

small A
Yukawa slope

4. RADIOACTIVITY
If one puts an arbitrary Z number of protons and N number of neutrons together, the system goes quickly to its
energy ground state by emitting electromagnetic radiation within a tiny fraction of a second, in the same way as
atoms do. But at nuclear transitions the emitted photons have much higher energy (a-radiation).
If N»Z, then the nucleus can transform itself to another nucleus of deeper energy by a neutron proton
transmutation, releasing also a negative electron (and an antineutrino). But the transmutation of a nuclear particle
is a weak transition, it takes much more time: minutes, days, even years, (k-decay).
If Z»N, the proton
neutron transmutation may lower the energy content of the nucleus. The proton can get
rid of its positive charge by capturing an electron from the atomic shell. (By electron capture or by emitting a
positive positron. In both cases a neutrino, too, is emitted. In order to decrease the lexical knowledge to be
memorized by the students, we do not speak about positrons and neutrinos in the school. We speak only about
electron emission to increase Z, electron capture do decrease Z. These a-transitions enable the nuclei to slide
down the Pauli slope to reach the Nuclear Valley.) If we replace a neutron (standing high up on the energy
ladder) by a proton, the new particle may find empty proton grades downstairs, therefore it jumps down, adecays are usually followed by a-decays.
If the electric charge of the nucleus is too large, by splitting into two parts it could decrease its energy: the two
fragments would repel each other vehemently. But the first step of splitting would be the deformation of the
spherical droplet, i.e. an increase of its surface, which means increasing surface energy. The energy will drop
only after the formation of two spherical droplets out of a larger sphere: sliding down on the Coulomb slope may
begin. Thus splitting of a large nucleus could liberate electric energy, but an energy barrier prevents it. A He
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nucleus may leak through this barrier by quantum tunneling, but that may take thousands, millions, even billions
of years, (a-decay). For larger fragments the tunneling time would be even longer.
We experience that the nuclei, occurring in Nature, are to be found down, in the Nuclear Valley. This is the
result of sliding down on the slopes. Radioactivity — as nuclear cooling — is a natural phenomenon in the same
way as the cooling of hot water in a cup is — but the released energies are larger, even million times larger.
5. OUR NUCLEAR HISTORY
In the Universe the most common chemical element is hydrogen, making about 75 % of the cosmic stuff. This
hydrogen the leftover from the Early Hot Universe. In the first second of the cosmic history the temperature was
so high, random thermal motion was so intensive, that composite nuclei could not survive. Cosmic history
started with H. As if a shower had poured a lot of water at the Zero End of the Nuclear Valley. But positive
protons repel each other therefore they cannot merge...
In the gradually cooling Universe gravitational attraction formed gas clouds. The work of gravity heated these
contracting hydrogen clouds up to several million degrees. At such a high temperature there is a certain chance
for the single-charged H nuclei (Z=l) to collide, to touch each other and to make He (Z=2) by nuclear fusion.
The released nuclear energy feeds the starlight.
In the stellar interior the temperature is originally not high enough to make also the fusion of He nuclei (with
charge +2e) possible. But when the H fuel of the star becomes exhausted, the gravitational pull heats the center
to 100 million degree, and the fusion of He begins, three He make C, one more He makes O, these life essential
elements. Such hot He burning stars are known as red giants.
When the He content of the star becomes exhausted, the star is very hot and it shines intensively. The energy loss
is covered by further gravitational collapse. The central part of the star collapses to nuclear density, a neutron
star is formed. The outer layers keep falling in and upon impact they are heated up to billion degree. At such a
high temperature the collisions are so energetic, that nuclear droplets start boiling away. All nuclear reaction
channels open up; the whole Periodic Table becomes populated. Nuclear matter is dispersed along the whole
Nuclear Valley.
But this total nuclear freedom does not last long. Within minutes the heat of the layers falling in produces a
thermal explosion: the giant star strips its outer layers off. Gas shells, rich in heavy metals, are ejected to the
outer space. Faraway astronomers can register the brilliance of the quickly expanding hot gas sphere as
supernova explosion. In the heat of this explosion even the heaviest elements (Z>90) were formed. Such an
explosion occurred in this region of the Galaxy 4.6 billion years ago. (Its time can be read from radioactive
clocks: by measuring the ratio of radioactive elements and their decay products in the most ancient meteorites.)
From the collision of the ejected dirty supernova-material and the pure interstellar hydrogen gas the Solar
System has been formed. Thus the Sun is made of the lightest elements, with some metallic concentration. As the
wdrlectfqganritational attraction warmed the Sun above 10 million centigrade, the nuclear fusion H
Sunshine is fed by the liberated binding energy of helium nuclei. {Helios is the Greek name of the Sun.)
The innermost planets were formed from dust grains, covered by the ice of H2O and CO2. The sunshine made
these planet lukewarm, thus the volatile H2, He, CH4, Ne escaped. The radioactive elements, inherited from the
supernova, melted the Earth in the first half billion years of her existence. Heavy metals (Fe, Co, Ni) sunk to the
core of the planet. Lighter metallic oxides and silicates made the crust. As the radioactivity decreased, the crust
solidified. Volcanism released CO2 and H2O, to make atmosphere and ocean. The sunshine, produced by nuclear
fusion in the Sun, keeps the oceans liquid, warms the atmosphere, drives the winds and rivers, and feeds life by
photosynthesis. Geothermal heat, produced by radioactive nuclei inside the Earth, manifests itself in hot springs
and volcanism. These two phenomena, the two flows in the Nuclear Valley towards the Iron Sea, keep the
Universe changing and they shape the face of our home planet.
Deeply inside the Earth the melted rock material expands, becomes lighter, and rises to the surface. Here the
magma cools, solidifies, shrinks, becomes heavier and sinks down. This geothermal circulation drives the plate
tectonic motion: continents collide, mountain chains are formed, between the continents oceanic rifts open up.
India hits Asia at a speed of 4 cm/year, producing the Himalayas. Such plate tectonic drift has made the chain of
islands, which is Japan today.
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The composition of the Sun is changing due to nuclear fusion. Its temperature rises slowly; its luminosity
increases by 5 % per billion years. The water was liquid on Venus 3-4 billion years ago, and then it evaporated to
the atmosphere. The icy moons of the Jupiter will melt in 2-3 billion years from now. But liquid ocean is present
on the Earth since 4 billion years, offering time long enough for biological evolution. What sort of air
conditioning preserves the steady temperature of our blue-green planet?
The sunshine warms the soil. The lukewarm soil emits infrared radiation. Terrestrial temperature depends on the
balance of heat input and output. The actual temperature depends sensitively on the CO2 concentration of the
atmosphere, because CO2 molecules absorb this infrared radiation. Without the atmospheric CO2 the Earth would
be as frozen as the Moon is.
CO2 is released by volcanism and is dissolved in rainwater, to make carbonic acid: CO2+H2O H 2CO3.
Carbonic acid attacks volcanic silicates and dissolves them into seawater in the form of limestone:
CaSiO3 + H2CO3 CaCO 3 + H2O + SiO2. The sedimentary limestone and sand sinks deeper and deeper. Down
the limestone dissociates due to geothermal heat: CaCO3 CaO+CO 2. The CO2 rises into the atmosphere in
carbonated springs. The calcium oxide and sand make CaSiO3 again, and the molten silicate — due to thermal
expansion — flows to the surface at volcanic eruption. This steady circulation of CO2 is driven by the weathering
of rocks (sunshine) downwards and volcanism (radioactivity) upwards.
If the climate warms up, e.g. due to increased solar luminosity or to increased CO2 concentration in the
atmosphere, the stronger thermal motion accelerates the chemical reactions. Faster weathering means extraction
of more CO2 from the atmosphere, thinning greenhouse, and lower temperature. (The speed of the geochemical
reactions in the deep is not influenced by temperature changes outside) If the climate cools, weathering slows
down, less CO2 is extracted, and the increasing atmospheric CO2 warms up the atmosphere. This negative
feedback keeps the temperature of the biosphere at constant level. Our special planetary air conditioning is
driven by sunshine (nuclear fusion) and geothermal heat (nuclear radioactivity). This air conditioning does not
work on Venus (the planet is too hot, it does not have rainwater to make carbonic acid). It does not work on
Mars either (the planet is too small, it cannot preserve radioactive heat to drive plate tectonics and volcanism).
On the Earth, we are fortunate. The only problem is that the reaction time of the terrestrial air conditioning offered by Nature - is rather long, several thousand years. It cannot offer defense against such a sudden attack
like converting all fossil fuels into CO2 during the few hundred years of the Industrial Revolution.
Thermonuclear fusion in the Sun and natural radioactivity in the Earth are both delayed cooling of supernova
materials. They are natural phenomena, as the cooling of hot water in the pot and flow of rivers into the ocean.
Well, the phenomena of Nature can be controlled and utilized, as the water mill does with the energy of the
rainwater running down the valley. The efficiency can be enhanced; the level difference can be increased by
constructing dam. Why don't we utilize the natural flow of nuclear matter along the Nuclear Valley towards the
Iron Sea? The discovery of nuclear fission made the artificial transmutation of very heavy uranium into mediumheavy nuclei possible in nuclear reactors. A nuclear power plant is a straightforward utilization of a natural
phenomenon in the same way as the water mill or windmill is. The advantage of nuclear power plant with
respect to chemical power plants is that it does not affect the carbon-dioxide greenhouse.
It is a psychological fact, however, that nuclear power was discovered in the 20lh century, in our lifetime.
Humans have not got used to it through generation, like they learned to use firewood or riverflow or coal. It is
now the duty of radiology education, to express in simple terms, what nuclear energy is. In conclusion, let us
quote James Lovelock, the British atmospheric chemist, who has elaborated the Gaia model of the terrestrial
biosphere, which has become the guiding principle of environmentalists:
- The natural energy of Universe is nuclear energy, this feeds the starlight on the sky. From the point of view of
the Director of the Universe chemical energy, wind energy, and water mill are insignificant phenomena, as a
coal fired star would be. And if it is so, if the Universe of God is driven by nuclear power even today, then why
do people demonstrate against making electricity out of nuclear power?
APPENDIX
For those teachers, who like formulas: The volume of the spherical nucleus is proportional to the number y4 of its
constituents, thus its radius isR=R^i113 (R0=1.21015m). The binding energy contains the main (negative) term
proportional to A. The binding is decreased by the (positive) surface energy proportional to 46 R2 and by the
Coulomb energy 0.6(Ze)2/46aoR. Due to the Pauli principle, a positive n2 term appears in E/A (binding energy per
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particle) if the relative neutron excess n=(N-Z)/A is different from zero. These altogether give the following
formula:
E(A,Z)/A=\+lis4m+&cZ2/A'i'3+liPiA-2Z)2/A2.

This is the equation for the Nuclear Valley, the positive terms describe the Yukawa slope (decreasing with
increasing^), the Coulomb slope (rising with increasing Z) and the Pauli slopes (rising with increasing n2).
Comparison with the measured binding energies gives: aB=2.52pJ, as=2.85pJ, a^O.llpJ, aP=3.80pJ. For a fixed
A particle number, E is a quadratic function of Z, its minimum Zmin}=0.5A/(l+0.0075A2/3) gives the most
favorable proton content of the nucleus.
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2 . 2 NUCLEAR PHYSICS TEACHING
FOR JAPANESE TEACHERS FROM A HUNGARIAN PHYSICS TEACHER
with Love and Respect
Toth Eszter
Lauder School and RAD Lauder Laboratory,
Budakeszi 48, Budapest, Hungary H-1121
ABSTRACT
I intend to give belief to science teachers living in an efficient society where
entrance examinations and evening schools, making money and art of
advertisement seems to be the emperor of the children's mind. If a nation does not
want to import creative people from abroad, it will change the education any way.
The changes should come from genuine teachers who work on the field, who
meet the young people day by day. Nuclear literacy is only an example to show
how we can catch the attention of the open minded young people. The teachers
who love their students will find further possibilities.
1. LECTURES AND READING
At about 1980 the Hungarian physics teachers noticed that their students are
not so interested in physics lessons as before. If the students were in a good term
with their physics teachers they questioned them about semi-conductors or superconductors, about molecular biology or nuclear power in break-time. And their
questions were on how these work, how they can be used and not about the names
of old and wise physicists having lived at the beginning of this century. That time
the Hungarian Academy of Sciences initiated a movement to create a new science
curriculum for schools. Then new school books were born. And new teaching
methods begun to form.
One of the new chapters is nuclear physics. (The Japanese version of the
Nuclear Physics text book was published by the Maruzen Co., Ltd., Tokyo in
1998 December in the excellent translation of Jumpei Ryu and Tae Ryu.) In this
book nuclear physics is based on the binding energy of nuclei, or better: on the
changes of energy of nuclei. In this structure nuclear physics consists of three
main parts in the text book:
1. Experimental discovery of nuclei and neutron (Rutherford's, Chadwick's and
other experiments, shown by computer simulation)
2. Droplet model for heavy nuclei (mapping the energy valley in the plot of
energy per nucleon versus the number of neutrons and the number of protons)
3. Applications of the droplet model (radioactivity as "cooling" of nuclei,
fusion, fission; natural and artificial radiation, health effects, reactors, power
plants, bombs)
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In Hungary this book is used in the last year of the high school which means
about the 25% of the whole population. According to the last national curriculum
(1996) a very simple version of nuclear physics and radiation protection have to
be introduced to the whole population in the middle school before the age 16.
Problems (in italics, a possible solution in roman characters):
A good percentage of the older high school teachers, and all the middle school
teachers missed the nuclear chapter of physics in their education. In the last 1015 years many of the physics teachers went to voluntary postgraduate teacher
training in nuclear physics courses because of the pressure of their students.
At the entrance examinations there are no questions about nuclear physics. In
Hungary there are a few physics competitions where the first 10 students are
accepted in universities without entrance exams. In the last year the Leo Szilard
Competition on radiology was accepted also as one of these competitions.
Nuclear physics in the last year of the high school was too late, the students
arrive with many ugly misconcepts about radioactivity learnt from newspapers
and television. This is why the newest national curriculum brings nuclear physics
earlier: to the age less than 16 years old and for the whole population.
2. SIMULATION AND EXPERIMENT
Nuclei don't age: their decay occurs as randomly as traffic accidents. Let ask
the students of the whole class to stand up, then to throw a 10 Y coin every time
when you clap! Those whose coin fall with the value facing upwards have to sit
down. Let count the students standing after each clap! With this simple game you
simulate the randomness of radioactive decays, in order to introduce the idea of
half life time.
The computer offers many other possibilities for simulations, and not only for
half life time but for the Rutherford's and the Chadwick's experiment, for the
nuclear chain reactions, reactor or power plant simulations as computer games.
These simulations can help to understand the non-visible phenomena, the
experiments with expensive equipment.
But to understand something in a deep way means not only to be able to follow
the logical steps of a proof leading to a conclusion. If you introduce everything
via computers then your students will forget about the real world, nuclear physics
may become a "virtual reality" (where everybody has at least three lives). In
science one can understand something if one has one's own experiences. The
teacher needs to offer experiments (not only computer simulation or video) for
their students in the classroom. Here there are a few of the classroom experiments
what is used in Hungary:
137
Cs is an artificial element on Earth, born in nuclear fission. It has a half life
of 30 years, and by P decay it becomes 137Ba. The 137Ba is born usually in excited
state, so it has to make a y decay, with a half life time of 2.5 minutes. The Cs and
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Ba can be separated by chemical solution. Many years ago East Germany
produced a so called "school isotope generator": a porous ceramic pill absorbed
137
Cs on its inner surface was taken into a syringe. Thus the chemical solvent was
able to wash out the Ba from the pill easily. The radioactivity of the solution
containing 137Ba can be measured by the simplest Geiger counter. Because of the
short half life time, this experiment fits to lesson time.
From educational point of view it is important to show the students that
radioactivity is a natural phenomenon. Putting six layers of ordinary medical
gauze at the end of the tube of a vacuum cleaner one can collect the very small
dust particles and small water droplets from the air in about 30 minutes. If there
are any radioactive ions in the air they will stick to the dust. In this way, again
with the simplest type of a Geiger counter, one can show the radioactivity of air
in the school..
Even more simpler way to collect the radioactive ions from the air is by using
a balloon. Blow a big balloon, rub it with hair to make it negatively charged, and
hang the balloon not too far from the floor. (For better result use the ground level
of the house.) Measure the clicks per minute by a Geiger counter before you blow
up the balloon, this will be the background radiation. About a half an hour is
enough to wait for the collection of radioactive ions from the air. Then let the air
out of the balloon, and measure the clicks per minute again on the original sized
surface of the balloon. (The surface was large when it collected the ions. Now, on
the smaller surface there is higher density of radioactive material.)
In the last two cases one can also make a measurement and not only an
observation of the presence of natural radioactivity. The radioactive ions in the
air are coming from the decay of radon, the radioactive inert gas. Radon is
everywhere on the Earth. After the decay of radon (222Rn) radioactive polonium
(218Po), then radioactive lead (214Pb), then radioactive bismuth (214Bi), etc. are
coming. The lead and the bismuth makes (3 and y decays. This is why the simplest
Geiger counter is able to detect them. The half life of the radioactivity of the
dusty medical gauze or that of the balloon is about 40 minutes. (This comes from
the 20 minutes half life of the 214Pb and the 27 minutes half life of the 214Bi.)
Problems:
Some teachers who were amazed by the computer possibilities tried to
introduce "everything" by computer codes. - The only solution is to WAIT! Wait
till the teacher realizes again that science is interesting because it can not leave
away the real world. Most Hungarian teachers have already been cured from the
disease of virtual reality.
East Germany does not exist any more to create such an inexpensive school
isotope generator (60 US Dollar that time). Thus only those schools are happy to
use it which bought this 137Cs source before 1985 {the half life of 137Cs is 30
years). But other schools are poor to buy the expensive American or Japanese
version of the same isotope generator. - The radon is present everywhere,
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collecting the daughter elements by vacuum cleaner or charged balloon can solve
this problem.
In the early 80-ies the Soviet Army was still present in Hungary. It was easy to
buy from the soldiers (on the very black market) military Geiger tubes Bright
young boys built up the electronics for these tubes creating very good Geiger
counters. But the Soviet troops went out from Hungary ... These days some
Ukrainian people bring relatively cheap Geiger counters from the Chernobyl
region, selling them on the (not so) black market. In Japan the Geiger counter is
not a problem, you can lend it from the State, each student could use them in the
school or even at home.
3. EXPERIENCE AS EARLY AS POSSIBLE
When you teach your son to count, you use his fingers: "one, two, three, ..."
You use his fingers although you do not explain at first to him that fingers are
consisted of living cells, in those cells there are water molecules and DNA, and
proteins... You use these fingers because they are at hand. When you teach your
son to count, you do not stop at 2 and 3 and 5 explaining that they are primary
numbers, even the concept of odd and even number is coming later when he is
able to count routinely. The students know a lot of things about numbers before
they learn number theory. We should not forget this practice when we want to
make our pupils and students to be familiar with radioactivity.
With the help of a Geiger counter every pupil at the ages 10 to 14 can map the
radioactivity in his or her environment. Where the Geiger counter is clicking
faster, there is more radioactivity. They can observe the radiation of furniture, the
swimming pool, the wall of the school, the soil in the garden, flowers,
mushrooms or even their own body. If they find a granite wall they become
excited and happy. (See also the experiments in the Fourth Elementary School in
Nerima-ku, Tokyo).
In Hungary all the researchers thought there was no radon in homes at an
unhealthy high level due to the geology of Hungary. Then in 1992 it turned out
surprisingly that there was a small village in North Hungary where because of
special geological reasons the indoor radon levels were high. The Hungarian
School Network of Radon Survey started in that year. In that nice village,
Matraderecske, people did not understand why the white collar researchers were
entering their homes and murmured not understandable words; the local people
questioned them whether they were in danger or not, but it was in vain: there was
no answer. Newspapers cried about the hell of radioactive homes in their village,
about catastrophic situation but at the same time people did not sense anything
special in their homes. Then I arrived to the village together with my students.
We went to the village school and we played together with the local students to
make them experienced with Geiger counters. We talked about radioactivity, and
about its health effect. The elementary school pupils became literate in radiation
protection. They went home and they explained their parents what happened in
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the school. They asked their parents, grandparents, and other relatives, whether
they could bring home small detectors (CR39) to know how high was the radon
level in their bed rooms. In this way we were able to measure the radon in all the
homes of the village. When the results came, together again with the local pupils
we gave the results to the house owners. The pupils had to explain what was the
meaning of 500 Bq/m3, they had to speak about the meaning of yearly average,
about the possible health effects. In the homes where the radon level was higher
then 800 Bq/m3, with the students we found out very cheap and effective mitigation methods after having consulted with the house owners.
In Matraderecske our school laboratory (named RAD Lauder Lab) had learnt:
1. To make measurement at home (not only in physics lab) is a huge attraction for
pupils.
2. It has became natural for pupils: radioactivity is everywhere, even in their bed
rooms.
3. It is very important to let the house owners know the results in their home, with
explanation at a mental level what they can follow.
4. The students were excited to learn as much as possible about the topics
because they wanted to be well informed in front of their parents and relatives.
5. The pupils had to learn also how to communicate with people at different
literacy levels and different attitudes towards the radioactivity.
6. We also learnt in Matraderecske how to reduce the radon level where it is too
high.
After the first two years of these lessons in Matraderecske we have invited any
other villages to take part in the radon survey. Up to now the RAD Lauder Lab in co-operation with the local physics teachers and pupils - measured the radon
level in more than 15 000 homes in Hungarian villages. This means also that
about 15 000 Hungarian pupils learnt about natural radioactivity in the above
mentioned direct way together with their parents. (Hungary is a small country, 10
million inhabitants, so 15 000 pupils are many.)
Problems:
Money for the detectors. If you want to make similar radon measurement in
Japan one (only one!) detector costs (together with the evaluation done in USA)
60 US $. In Hungary it is much cheaper. I buy the CR39 track detectors from
United Kingdom for 0.5 US$ each. We use a very simple box (0.07 US$) for
container. We have learnt how to etch the detectors. My old students built up a
tracks counter machine. They also wrote an excellent image analyzing program
for IBM PC. One result costs less than 1 US$, including mailing, but not
including the work made by the teachers and many pupils of the RAD Lauder
Lab without any extra payment. To take part in the survey would costs about 2300 US$ for each school, but up to now I were able to create money by finding
sponsors, so to take part in the survey is free for any Hungarian school.
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One could think that this is only childish work, but in each year we take part at
the International Intercomparision of Radon Measurement organized by the
National Radiation Protection Board, England, and our data turn out to be good.
The students and pupils are generally much much reliable than the adults ...
4. RESEARCH
"One can not make fire if one does not bear the temperature of fire." If a
teacher has never felt the smell of scientific research at least on a small scale,
he/she would not be able to educate for scientific thinking.
When a village school gets the results of the radon levels of homes, the teacher
and the pupils try to explain themselves the differences. Why there is higher
radon level in one room than in the neighboring room? Why was the result larger
in Autumn than in Spring? Last year Winter the radon level was lower than this
year, WHY? And so on, there are many more questions for discovery because the
indoor radon level depends on many parameters: geology, house structure,
meteorology, the way of living, etc. Discussing these questions - even only in the
short breaks - a good teacher can teach deeper scientific thinking than during the
official lessons by slopes and pulleys, AC and DC. For pupils and students the
unknown is the real challenge. Taking part in the radon survey they feel that there
are no written answers to choose one of them, but they are themselves who have
to make hypothesis what should be checked by their own experiments.
In the last seven years the RAD Lauder Lab measured the radon level in many
homes, enough to ask the question whether there is any health effect of high
radon level. We collected the cancer cases with the help of the local doctors, and
identified the bed rooms of the patients 15-20 years before the cancer turned up.
In the case of women (younger than 60 years, no smokers) we can state with a
probability not less than 98% that between 100 Bq/m3 and 170 Bq/m3 the cancer
incidence is less than at lower or at higher radon activity concentrations. (For
your orientation: the Japanese radon average in homes is only 39 Bq/m3!) It
means that a few times higher radioactivity from indoor radon than the average
would result lower cancer risk! This was published in the medical journal
Pathology Oncology Research, London (the editors did not say it would be a
childish work).
From time to time in human history teachers should think it over whether what
they teach is important for the next generation or it is not. One thing is sure: if the
students hate to take part in physics lessons then those lessons are not worth at
all. As teachers we have to respect the way of thinking of our students, because
they will create the future. When the students refuse our pedagogical tricks which
we wish them to lead the conclusions what was discovered many years ago by
scientists, and when the students say that the evening schools are better than our
morning schools because those tell them The Good Answer for the entrance
examinations, I am afraid, they are right. They want to survive the entrance
exams! If you are not able to fight against those creativity killer exams, you
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should find something else which is more interesting for your students. As a
physics teacher I think the reality is the most interesting for my students. The
Hungarian experience in the School Network of Radon Survey shows us a way
how to activate again the curiosity and the responsibility in our students.
Problems:
There are many problems left! But these are interesting challenges. And the
love for your students may help you every time to solve these problems.
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2 . 3 PRESENT STATUS OF RADIATION EDUCATION IN BANGLADESH
Dr. Md. Sana Ullah
Atomic Energy Centre, Dhaka, Bangladesh

ABSTRACT
Radioisotopes and Radiation are being widely used in the fields of agriculture,
medicine, industry for the benefit of people throughout the world. At the same time the
use of radiation sources can do harm to man and environment. In order to ensure the
safety against radiation hazards and safe use of radiation, proper education, training,
knowledge and awareness are essential. Like other countries Bangladesh is trying to
achieve economic development through application of isotopes and radiation technology
in agriculture, food, industry, power, health or medicine. Basic education about radiation
is incorporated in the school curriculum. Courses on radiation are also given in college
and university education. Research organizations, universities carry out research and
development works on different disciplines using radiation and radioisotopes. Seminars,
workshops, conferences, trainings on isotopes and radiation are also being organized. In
1993 Government of Bangladesh passed the Nuclear Safety and Radiation Control Act1993 for safe use of radiation. The present paper will cover the radiation education,
research & development works on radiation, applications of radiation in agriculture,
medicine and industry, personal safety and radiation protection against radiation hazard
and rules & regulations of the nuclear safety and radiation control act practised in
Bangladesh.
1. INTRODUCTION
Basic Radiation Education is started in high school level. Then more detailed
radiation education is given in college and university levels. The course curriculum
contains the topics like types, natures and sources of radiation, its properties and
characteristics, its uses and benefits, its dangers and safety. Universities and research
organizations carry out research and development works for peaceful uses of atomic
energy in the fields of agriculture, medicine and industry for socio-economic
development of the country. Personal safety and radiation protection is effectively
ensured through the practice of Nuclear Safety and Radiation Control Act now in force
in the country. Regularly organized seminars, symposium, workshops, conferences dnd
training courses help to give proper education for the radiation workers to protect man
and environment against the danger of ionizing radiation. The present paper will highlight
the radiation education in Bangladesh.
2. RADIATION EDUCATION IN EDUCATION INSTITUTES
2.1 Educational curriculum concerning radiation in High Schools
The school students spend ten years to have Secondary School Certificate (SSC).
In the last two years of their high school education in science group they are taught very
basic radiation education e.g., X-rays, production of X-rays, uses and properties of Xrays, radioactivity, nature of radioactive rays, characteristics of radioactivity, properties of
alpha, beta and gamma-rays, half life of radioactive elements, units of radioactivity,
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danger of radioactivity, nuclear energy, merits and demerits of nuclear energy. Students
do not have any practical demonstration to handle the radioactive sources and X-rays at
this level.
2.2. Educational curriculum concerning radiation in Colleges
After successful completion of SSC examination the students get admitted in two
years education in the college level to have Higher Secondary Certificates (HSC). The
course curriculum of the radiation education in science group covers cathode rays and
its properties, X-rays, production of X-rays, its properties and different uses in the
laboratory, medicine, industry, commerce, agriculture, detective departments, kinds of Xrays, unit of X-rays, radioactivity, characteristics of radioactivity, radioactive rays - alpha,
beta and gamma rays, properties of radioactive rays, kinds of radioactivity - natural
radioactivity and artificial radioactivity, units of radioactivity, radioactive decay laws,
half life, mean life or average life, uses of radioactivity - medicine, agriculture, industry,
some important terms - Isotopes, isobars, isotones, radioisotopes, uses of radioisotopes,
cosmic rays, properties and kinds of cosmic rays, atomic models, structures of atoms and
nucleus. No practical demonstration is conducted at this level also.
2.3 Education curriculum concerning radiation in University
The general universities provide four years of study - three years in
undergraduate level (Honours) and one year in post-graduate level (M.Sc.) in the science
faculty. The technical universities/institutes also offer four years of study to have B.Sc.
(Engg.) degree but medical colleges have five years of study to have MBBS degree. The
course curriculum of technical universities and institutes does not contain much about the
radiation education. Some basic knowledge about radiation is given. Radiology is taught
in the medical colleges for awarding degree of MBBS in radiology. But in general
universities a broad range of radiation education is taught both in undergraduate and
post-graduate levels in the Faculty of Physical Sciences. Major topics in the course
curriculum are as follows:
Atomic physics: quantum nature of radiation, photoelectric effects, compton effects,
electron diffraction, Rutherford scattering, electron spin, production of X-rays, X-ray
scattering.
Nuclear physics: basic properties of nuclei, radioactivity, alpha emission, gamma
radiation, beta decay, interaction of radiation with matter, nuclear models, nuclear
reactions, nuclear reactors, nuclear fissions, nuclear fusions, accelerators.
Radiological physics: units and measurements, biological effects of ionizing radiations,
external and internal effects, low-level radiation effects, radiation protection guide and
shielding, radiation detection.
Medical physics:
Imaging technique - gamma camera, CAT
radiopharmaceuticals radiotherapy, radiation protection, radiation dosimetry.

scanner,

Nuclear and Radiochemistry: basic concepts of nuclear and radiochemistry and radiation
chemistry, the atomic nucleus and its properties, radioactivity and radioactive decay
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laws, nuclear reactions and fission, interaction of radiation with matter and detection of
nuclear radiation, nuclear reactors, cyclotron, Van de Graaff accelerators, production
and uses of radioisotopes, nuclear, nuclear related and radiochemical methods of analysis
and their application, nuclear power and safety.
Students at university level carry out practical experiments and research works on
some selected topics of radiation. After awarding M.Sc. degrees, students may get
admitted to M.Phil and Ph.D. degrees in local universities. Courses in Health Physics,
Medical Physics and Radiation Protection cover the following topics:
Nuclear physics, nuclear reactors, nuclear models, physics of radiology, health physics,
radiation biophysics, physics of radiotherapy, medical physics, reactor physics, radiation
protection.
Universities in close collaboration with the research organizations carry out also research
works on medical physics, nuclear physics, reactor physics and other related subjects for
higher studies leading to M.Phil and Ph.D.
Radiation education background from High School to University levels has so far
been described. Now the research and development works and applications of radiation
technology and radioisotopes carried out in different research organizations are described
below:
3. RESEARCH & DEVELOPMENT WORKS AND APPLICATIONS
3.1 Bangladesh Atomic Energy Commission
Since its formation, Bangladesh Atomic Energy Commission (BAEC) is playing a
pioneering role in the country's nuclear research programme. BAEC has undertaken
research and development programme in the peaceful use of atomic energy in its various
establishments to develop indigenous expertise and thus achieve the cherished goal of
self-reliance through national efforts and international cooperation. Its primary objectives
Are:
Promotion of peaceful uses of atomic energy in agriculture, medicine and
industry;
Development of related technology like electronics, computer, materials science,
etc.
Planning, Implementation and Operation of nuclear power plants.
Services in the sterilization of medical products, food preservation, nondestructive testing, elemental analysis, hydrology, etc.
3.1.1 Its major nuclear facilities are:
3 MW TRIGA MARK-H Research Reactor
3 MeV Van de Graaff Accelerator
14 MeV Neutron Generator
50,000 Curies Co60 Gamma Source
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3.1.2 Major areas of activities in nuclear field
3.1.2.1 Physical Sciences
Analytical methods such as Proton Induced X-ray Emission (PIXE),
Proton Induced Gamma Emission (PIGE), X-ray Fluorescence (XRF),
Neutron Activation Analysis (NAA), Atomic Absorption Spectrometry,
Gas Chromatography, Polarographic techniques have been developed.
Some of these methods are being used in analytical services and research.
Trace element analysis of various samples including water, air, human
hair, nail, body tissues & fluids, pulses, tobacco, food staffs is also
carried out.
Radiation vulcanization of natural rubber - latex
Nucleonic Control System for paper, steel industries
Non-Destructive Testing (X-ray radiography, gamma radiography,
neutron radiograph), necessary services are rendered to the industries.
Isotopes in industry and hydrology
Application of tracer technique has been made in studying different
problems in hydrology like aquifer condition related to exploration of
ground water, sand and silt movement etc.
Tracer techniques are also being used for calibration of flow rate
measurement, distillation column scanning at Petrochemical Industries,
RTD measurement in different industries like fertilizer, cement, paper,
chemical etc, measurement of levels and interfaces in different vessels.
3.1.2.2 Biological Sciences
Agrochemical research.
Analytical laboratory infrastructure based on nuclear and related conventional
instrumental techniques has been developed and provides necessary analytical
services for analysis of pesticide residue in food and environmental samples.
Food preservation and medical product sterilization.
BAEC has made laudable achievement in Using nuclear radiation for food
preservation, pest control and medical product sterilization. Experiments are also
being carried out for genetic improvement of microbes and higher plants that are
of economic importance. BAEC and BEXIMCO jointly installed a "Gamma
Tech" commercial plant in 1993 with 1,30,000 Curies Co60 Gamma Source.
Tissue Banking:
Radiation sterilization of tissue grafts for use in rehabilitative surgery.
Nuclear Medicine
BAEC is rendering valuable services to the country's population through its
nuclear medicine centres. There are at present 14 Nuclear Medicine Centres
situated all over the country. Radioisotopes are used for diagnosis and curative
purposes. The investigations include diagnostics and treatment of thyroid gland
diseases, scanning of brain, liver, kidney, bone etc., identification of diseases of
liver and skin due to malnutrition and localization of tumour in various parts of
the body. With the establishment of 3MW TRIGA MARK-II research reactor,
some radioisotopes like technetium-99m, iodine-131, fluorine - 18 are produced
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and are used in the nuclear medicine centres. Some essential radioisotopes are
imported from abroad.
3.2 Bangladesh Institute of Nuclear Agriculture
Better mutant varieties of rice, jute, pulses and some other crops have been
evolved using nuclear radiation at the Bangladesh Institute of Nuclear Agriculture
(BINA). Optimum use of different fertilizers in different types of soil and radiation
sterilization of insects have been studied. BINA is the only organization which is doing
research works on agriculture using nuclear techniques.
4. NUCLEAR SAFETY AND RADIATION CONTROL
Nuclear Safety and Radiation Control (NSRC) Act 1993 was passed by the
Government of Bangladesh. Bangladesh Atomic Energy Commission has been entrusted
and empowered for implementation and enforcement of the Act. The NSRC Division of
BAEC has been empowered with the following duties and responsibilities:
Development and strengthening of necessary Nuclear Safety and
Radiation Control Infrastructure in the country through the successful
implementation and enforcement of Nuclear Safety and Radiation Control
Act, 1993.
Planning, motivation, coordination, direction and control of all R&D and
routine activities pertaining to Health Physics and Radiation Protection in
the country in order to save life, health, property and environment from
the undue risks and deleterious effects of ionizing radiation.
Preparation/adoption of necessary rules/regulations, standards, codes,
guides etc. of various practices involving nuclear and radiation technology
in the country.
Advisory and coordination activities and identifying the problems relating
to nuclear safety and radiation control particularly in BAEC and also in
other establishments/organizations in the country.
Supervision of overall activities of various Health Physics Laboratories of
BAEC including Radioactivity Testing Laboratory at Chittagong.
Issuance of NOC/Permits for import of radioactive sources/materials in
the country.
Liaison with the Ministry of Science and Technology as well as different
national and international bodies on the matters of nuclear safety and
radiation control.
Research and development activities aiming at strengthening nuclear
safety and radiation control activities including safe radioactive waste
management.
Organizing/conducting training courses and seminars on different aspects
of nuclear safety and radiation control.
Nuclear Safety and Radiation Control Regulations and Rules have already been
prepared and passed by the Government and are being practised in the country. In
addition to NSRC Division there are three backup laboratories in BAEC. These are (a)
Health Physics and Radiation Monitoring Laboratory, (b) Radiation Control and Waste
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Management Laboratory, (c) Radiation Testing Laboratory. A salient features of the
activities are summarized below:
i)
For peaceful application of ionizing radiation in industry, medicine and
research, the NSRC Division is being issued NOC/permit for import of
radiation sources and materials to different industries & organizations.
ii)
Radiation protection services are being offered.
iii)
Under the general supervision and guidance of NSRC Division
radioactivity level of imported and locally produced (for exports) milk,
milk powder and other food materials are being tested at different
laboratories of BAEC to determine the maximum acceptable level of
radioactivity as per Government directions.
iv)
Regulation supervision of the safety and radiation protection activities of
the TRIGA MARK-E Research Reactor.
v)
In collaboration with NSRC Division, the Secondary Standard Dosimetry
Laboratory (SSDL) and Health Physics & Radiation Monitoring
Laboratory of BAEC standardize and calibrate radiation measuring
equipment/instrument and X-ray machines of different Government and
private hospitals and clinics in the country and also make inventories of
radioactive materials and X-ray machines.
vi)
hi addition to the above activities this Division also reviews and examines
the radiation protection programme, area and environmental monitoring
activities, emergency preparedness plan and suggests certain
recommendations to the concerned authority.
vii)
The NSRC Division organizes training courses on Nuclear Safety and
Radiation Protection to make awareness among the radiation workers and
public for safe use of the radiation sources.
ix)
Measurement of radioactivity in environmental samples.
x)
Personnel Radiation Monitoring services in the country.
xi)
Radiation Survey and Dosimetry in Hospital.
xii)
Inspection services for radiation protection.
xiii) Management and disposal of radioactive waste.
xiv) Calibration of deep therapy and teletherapy units.
xv)
IAEA/RCA Personnel Dosimetry Intercomparison.
xvi) Education
BAEC conducts and offers lectures and demonstrations in Radiological
Physics and Radiation Protection in Part-I Post-graduate Medical courses
for DMRD, DMRT of Medical Colleges and FCPS (Radiology) and
FCPS (Radiotherapy) of Bangladesh College of Physicians and Surgeons
(FCPS). Post-graduate students of universities carry out their research
works leading to M.Phil and Ph.D on Health Physics, Medical Physics
and Radiation Protection.
5. INTERNATIONAL COLLABORATION
Bangladesh has active collaboration with
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UNDP/IAEA/RCA Regional Project on the use of Isotopes and Radiation
to Strengthen Technology and Support Environmentally Sustainable
Development.
IAEA Technical Cooperation Project.

Under these two international collaborations, Bangladesh receives equipment, experts
and trainings.
6. CONCLUSION
Through proper radiation education and training and regularly organized
seminars, conferences people are becoming more awared about the benefits of radiation
and its uses in agriculture, medicine and industry for socio-economic development of the
country. People specialty the radiation workers are very much careful and conscious
about the safe handling and use of radiation sources to protect man and environment.
Nuclear Safety and Radiation Control authority is enforcing the rules & regulations in
the country effectively and efficiently.
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2 . 4 RADIATION EDUCATION IN INDIA: CURRENT STATUS
V.G.Dedgaonkar and D.A.Bhagwat
Department of Chemistry, University of Pune, 411 007, India

ABSTRACT
Like others, Indians too have fear of nuclear radiation, probably because of weaker
systems of proper radiation-education to the sizable illiterates. Even in urban areas,
laboratories are ill equipped and radioactivity-wise practically non-functional. Only
through textbooks, some concepts are introduced and the media and Internet are yet almost
non-influential. Some national institutes (DAE Labs.) and a few universities including ours
are involved in research and teaching. National associations (INS, IANCAS) voluntarily
organize workshops, symposia, practicals for the teachers/students and informative
speeches for all. Syllabus emphasizing experiments for the age group 14-17 years is
proposed and implementation-methodology is discussed.

INTRODUCTION
The pioneering efforts by Jamshedji Tata for promoting science and technology
education in India resulted in establishing the Institute of Science, Bangalore. Dr. Homi J.
Bhabha, a student of this Institute, lead the foundation stone of Tata Institute of
Fundamental Research (TIFR) and then the Atomic Energy Establishment (1948). It was
Bhabha's vision and inspiration that put India on the nuclear energy map and lead her
towards peaceful uses of nuclear energy; since India possess limited amount of fossil fuels
and irregular hydropower sources, promoting nuclear energy programs as an alternative
had been a must. The well-planned foundation and systematic growth of nuclear
technology became a trendsetter for many high technologies in India.
In order to achieve quicker technological progress after the independence (1947)
certain important areas were emphasized, nuclear technology obviously remaining on
priority. The nuclear power corporation is now in a position to plan setting up 17 more
plants by the year 2020 to raise the total installed capacity to 20,000 MW. This has placed
considerable demands on advanced material technologies and the spin-off from nuclear
achievements could form the basis of the emergence of certain major industries. To support
this, the DAE Training Division will have to expand its program still further producing
skilled specialists. Concurrently, in order to sustain the impact of technological growth in
India, radiation education system has to take firm roots in the entire nation. Besides
nuclear energy, India has made significant growth in the radioisotope production.
Diagnostic and therapeutic facilities utilizing isotopes have become essential all over the
country to treat cancer; however, these are available only in a few specialized institutions.
There are 120 cobalt-60 units in the country and it is estimated that for every one million
people at least one unit is required; that means the present need is of about 1000 Cobalt-60
units. To generate and sustain such rapid growth, the requirements of the nuclear materials
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and correspondingly the need for solutions to the related environmental problems will
increase and accordingly the burden on the education systems; producing specialists in all
streams, educating the entire society.

EDUCATION- BACKGROUND
Education is the training of mind, brain and character, developing requisite abilities,
attitude, knowledge, interests, skill, understanding and values in a person to enable him
make worthwhile contribution to human welfare. Enthusiastic minds of the younger
generation need to be well familiar with the world around and the vast strides of its
scientific and technological developments. Very soon the Indian population will cross the
one billion mark and at present, half the illiterates of the world live in India. A
considerable fraction of the society is striving for mere survival and resides mainly in the
rural areas. Because of poor attention given to education during the past 50 years of
independence, benefits achieved through the technological development have not
percolated to the weaker/poor sections. Besides, since the medium of instruction for
science and technology courses is English and because the number of English medium
schools is much smaller in comparison with the regional language-schools even in the
urban areas, these courses are out of reach of the rural Indians.
In spite of the above, India has a large number of higher education institutions.
There are over 225 central, state and deemed to be universities and more than 8000
affiliated and autonomous colleges. The number of teachers is 300,000 and the student
strength is eight million, which is going up at a rate of 4.5% per annum. As per the
government statistics, in the year 1990-91 the number of pupils in the age group 6-11 was
10 million, in the group 11-14, it was 33.3 million, in the group 14-17 it was 20.9 million
and at the university stage (age: 18+ years) studying in arts, science and commerce
faculties alone was 4.4 million. The complexity exists because of the population spread in
urban, semi-urban, rural and remote areas, use of regional languages for teaching and a
diverse socio-economic-geographical background. Even though the financial input in
higher education has increased almost 10 times in the last five decades, there is a resource
crunch and most of the money nowadays is going for keeping the system running rather
than initiation of new programs. It is no wonder then that India has widely varying
academic standards and the technology education still remains to be a negligible fraction of
the traditional education.

THE 'FEAR' PROBLEM
Nuclear energy is significant since it is going to be the major source of energy to
remain after the first half of the 21 st century. Radiation education, therefore, must be
brought into regular curriculum of high school level and its futuristic growth and benefits
should be stressed with positive attitude. On the other hand the impact of 200,000 human
kills at one stroke in the year 1945 is so strong that even today its effects are persistently
felt and revealed in the writings by educationists, politicians and many others. Years ago
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the present Indian Prime Minister, Mr. A.B. Vajpayee, expressed his utter disheartening
through the poem (translated by us) as :
'.....Did they feel at least for a moment
That whatever has happened
Is not at all good for the mankind?
If they feel so, then the time will not punish them;
But if they do not, history will never forgive them.'

The fear developed in the hearts of Indians is so deep-rooted that it explodes out wherever
possible. A chapter from a voluminous book written by Indians on medicine is with the
title, 'Nuclear Hazards'; and the benefits of radiation are also included under the same
heading! Professional text book writers for the high school students emphasize:
'Pollution due to radiation is a dangerous pollution of modern times. The ultraviolet
rays, x- rays beta rays and more penetrating gamma rays are more and more hazardous to
the body. They show adverse effects on cell growth and interfere with the genetic
constitution and metabolic activities. The harmful radioactive waste is a great problem.'

PRESENT RADIATION SYLABI
Although there has been an increasing trend of nuclear energy production and of
application of nuclear radiation in our day-to-day life, the spread of its scientific /
technological knowledge among the Indian masses is extremely poor. The authors fear that
there is always a limit to the gap between technological development of the society and the
knowledge received by the society about the development. When the gap widens further,
no longer being able to sustain the pressure, the society may develop enmity with that
technology, howsoever beneficial it may be! And as per the university set up the existing
nuclear - radiation courses on the whole are only theoretical, students do not find
opportunity to even observe demonstrated experiments. Only a handful of Indian
universities in the disciplines like chemistry, biology, medicine or engineering teach and
do research in the radiation field. In physics, this number is sizable; however, practically
none of these disciplines offer a rigorous laboratory course. Lab-work is, as if, a part of an
outcome of pure science! On the other hand, the courses conducted in BARC are
vocational. An urgent need appears to diversify the 'single track' education of the pure
academic type and to bring down such courses to the teenagers so that vocationalization of
nuclear and radiation education spreads. Such training would be related to productivity,
preparation of individuals for jobs and employment potentiality, broadening of horizon,
dignity of labor and more importantly, a maximum utilization of the material and human
resources in the country.
Wherever delivered lectures in the universities and colleges we always asked
questions like, how does the radioactivity appear in the environment?, what is natural
radioactivity?, how to generate nuclear energy?, what is its importance?, what is the role of
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radioactivity in human activities ?, etc. To our surprise almost none of the students and
even very few teachers from the refresher courses had just partial information! On the
contrary, most of them expressed their fear about the past and present nuclear bombs,
Chernobyl accident, radiation hazards, and so on. This clearly indicated that availability of
knowledge at all levels, school, college or even at the university is insufficient. Looking at
the syllabus that is framed for the age group 14-17 years, one finds some topics on
radiation education; however, these are largely unrelated to the questions arising in the
minds of students of that age group. For example, the children in the age group 14-15
years, the syllabus in Maharashtra State contains alpha, beta, gamma radiation and their
properties, radioactive transformations, cathode and x-rays-properties and uses, radiationpollution, etc. While for the group 15-17 years, the prescribed topics are nuclear structure:
size and properties, energy levels- magnetism and shape; radioactivity, decay kinetics,
determination of age of a sample, artificial radioactivity, isotope applications, binding
energy, nuclear reactions: fission and fusion, carbon-nitrogen and solar energy cycles, etc.
The science syllabi for the age group 14-17 years thus include only one or two chapters
on radiation in the whole science course, particularly related to physics and chemistry.
Syllabi for higher levels are mainly based on English medium books written by foreign
authors. Not many eminent scientists or university professors have written textbooks for
the radiation course for these children. Situation is still worse regarding practicals; no
experiment is performed in the laboratories. At all levels including the post- graduate one,
nuclear-radiation chemistry/ physics courses and the courses like radiation biology or
applied nuclear physics remain as theory courses. Hardly one/two practicals are conducted
in a few institutions at the M.Sc. or rarely at the B.Sc. level. This is the real drawback in
the present education system in India. Further, very large section of even urban population
is deprived of any sort of vocational training. Radiation-training courses should evolve and
spread into the university system. At present there are no such vocational training systems
except one, which is run very effectively at the BARC.
In the existing teaching and research programs of the universities, instead of expansion,
retrogation is going on; taking and example of chemistry, the established research groups
present in some 7-8 institutions are rapidly shrinking their contribution and influence on
the society is correspondingly getting diminished. There is an urgent need to revert this
situation giving substantial support to the development of radiation-teaching/research in
the universities.

PROPOSED SYLLABUS
One must be clear in mind that energy from the nucleus has to be harnessed to sustain the
modern way of living. Energy crises are at the horizon; in the later part of the 21 st century
these are going to be severe and as the situation stands today there does not appear to be
any alternative to obtain energy from the nucleus. With further advancement in technology,
more and more attention will have to be paid for minimizing the outcome of artificial
radiation in the human environment. Already efforts have gone in extensively in this
endeavor. It becomes imperative, therefore, to introduce radiation education that highlights
such efforts, and the achievements made all over the world in an unbiased way. Education
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must also include radiation environment nature has created for us. Everybody must be
aware that the world he lives in, since and prior to the days of Adam and Eve, is full of
natural radioactivity. Not only that, all of us are bombarded by cosmic radiation from outer
space but also that our bodies contain radioactive polonium and radium in our bones; our
muscles contain radioactive carbon, radioactive potassium; radioactive noble gases and
radioactive tritium exist in our lungs, and so on. Thus the natural and artificial substances
we eat and drink each day irradiate us from within. The authors would like to stress that
this aspect should be introduced and exemplified to the school going children. There is a
paramount need to create consciousness of the environment, permeating all ages and all
sections of the society, beginning with the childhood. Education should not be monopoly
of university, school or any advanced laboratory, nor it is a time-bound learning
experience. It is a way of life, a long way of life. Specifically in the Indian context,
education has to compete with the 21 st century problems of explosion of population,
poverty and illiteracy, hurdles of language barrier, of caste, class, regional imbalance, and
so on. It needs to prepare the entire society to bear and sustain the impacts of modern
technology which includes the nuclear one.
Based on emphasis to natural radioactivity in the environment and considering the
enormous growing energy needs, fast depletion of the conventional energy sources,
innumerable applications of radioisotopes and great efforts being put in and already
achieved success in the safety aspects, the following syllabus is proposed for teenagers
(14-17 years), to be spread over 3 years of schooling.

A.

Applied Oriented Topics

1.

What is radioactivity: radioactivity in the environment, cosmic rays, and
radioactivity in our bodies; uranium, thorium nuclei and their daughters in nature
Discovery and epoch making historical inventions
How the radioactivity is detected and estimated: elementary concepts of GM and
scintillation counters
Fission of nuclei: how energy releases (E=mc2), depleting conventional sources and
the need of harnessing nuclear energy, conversion into electrical energy
Radiation generated for human prosperity against radiation in the environment
Radiation effects on cells: maximum permissible doses,
radiation safety, radiation protection-physical and biological scavengers
Radioisotope production in reactors
Applications of radioisotopes in:
a. Agriculture
b. Pest control: food preservation
c. Medical: diagnosis and treatment
d. Industry and related problems
e. Production of new polymers, etc.

2.
3.
4.
5.
6.
7.
8.
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Theory Topics

1.

Radioactivity: decay kinetics, radioactive elements, parent-daughter decay-growth
relationships, alpha decay, and nuclear de-excitation, counting errors
2.
Interaction of radiation with matter, units of measuring radiation dose , dosimetry,
radiolysis water: free radicals ,time scale
3.
Typical reactions involved in the preparation of radioisotopes
4.
Analytical methods, age determinations, etc.
(Numerical problems should be solved.)
C.

Laboratory Experiments

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

Determination of background radiation using GM detector/survey meter
Stopping beta's by Al foil, Emax of beta particles
Half-thickness stopping gammas by Pb and Cu foils
Application of thin film detector
Liquid GM counter: daughter separation and ti/2 determination (uranium series)
40
K activity: 4OKC1,40KClO3 and NaCl from Lab.
Dosimeter: Fe+2 --> Fe+3
G-value determination: (CHCl3)-> HC1 measurement
Polymerization by radiation (viscometer)
Measurement of activity in pitchblend
Photoprint-Becquerel's Expt.
Demonstration: high activity near volcanic springs-survey meter

Dry Experiments
13. 14C disintegration per day in the body muscles
14. 40K dis./day in muscles
15. 222Rn inhalation, disintegration per day
16. 226Ra and Po dis/day in bones
17. Counting error: concept of statistics
18. Average radioactivity dis/day in a human cell
19. Video demonstration of all the above experiments
20. Film shows projecting significance of the pioneering contributions
(Experimentation Center / Mobile Lab. / Museum, etc. may be developed as a common
facility for all the schools in a city. Such centers need to be funded by the DAE and also
may be donated instruments in working order.)
The above syllabus is proposed only in the form of guidelines. Further details will
have to be worked out by senior radiation scientists from different disciplines at various
levels. Also, they need to write standard textbooks, teachers' guides, etc. in English and the
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regional languages. It is to be realized that merely introducing good, balanced syllabus will
not serve the purpose. Bookish knowledge on radiation would lack in providing skill and
also scientific attitude. The system needs to be revolutionized and for that one has to begin
with the teacher education programs. The philosophy is that once a teacher knows the goal
and approach, intuitively develops the required skill to propogate and the whole society
then assimilates the knowledge automatically. A sound program for teachers, therefore, is
essential for the qualitative improvement and expansion of radiation education.
Globalization of radiation education also must be considered in the long run. The end of
the present century should mark the end of a uniform education policy by introducing a
variety of programs to suit the aptitude, ability and availability of students at all levels.
These challenges can be met only through the dedicated teachers. Without sacrifice by this
community, nothing can be created, evolved or achieved. The preference by youngsters for
moneymaking and luxury oriented education needs to be transformed and hence it has
become an absolute need of the day that teachers inculcate devotion academic approach
emphasizing on sacrifice, co-existence and citizenship of the world community.

EFFORTS BY VARIOUS ORGANIZATIONS
The small but concrete role being played by of various Indian associations concerning
the field of radiation is worth mentioning in the context of education. These have been
organizing symposia, workshops including practical courses, informative talks and
discussions all over the country; also publish radiation-oriented literature and regularly
bring out bulletins. Various programs are being executed by the Indian Association of
Nuclear Chemists and Allied Scientists and the Indian Nuclear Society. Over 2,000 life
members coming from different disciplines ranging from basic sciences to reactor
engineering to biology to medicine, are the member of the INS. As we recollect, 10 years
ago the first IANCAS workshop was held in our University for seven days and attended by
over 50 university teachers. Total 8 instructors who came at their personal travel
expenditure taking privilege leave, worked day and night to set 8-10 laboratory
experiments. The overwhelming success and the wholehearted voluntary participation by
the teachers gave tremendous impetus to this activity since then. During the past 2-3 years,
the activity entered the high school streams as well, adopting regional language as the
medium of instruction. Over thirty, 'One-day lecture-cum-demonstration' programs for
school children were conducted and attended by over 3000 students and 150
schoolteachers. Authors of this article also have visited on their own and lectured several
times before a large number of teacher and student audiences at various levels in different
institutions across the country. During the past ten years INS conducted over 50
seminars/lectures while over the period of three years IANCAS carried out rigorous twoweek workshops for university teachers at 15 different locations in the country.
Nevertheless, this is certainly not enough; wholehearted support and efforts by many are
required to reach the desired goal. It all needs solid foundation of personal sacrifice as
well, time-wise, energy-wise, even money-wise, if necessary. Such efforts should be
supported by the media. The Information Technology Center in Pune University has
planned to start link up a number of institutions in and around. This project is developing
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in collaboration with some foreign universities and the Internet will soon link all the
universities, colleges, schools and research organizations in India.

CONCLUSION
If the human race desires to enjoy the enormous source of nuclear energy all
through the future centuries, then it needs to put in integrated efforts towards abandoning
the existing deadly nuclear weapons. These are the major cause of keeping alive the deeprooted fear into the minds of the innocent world-community. To eliminate fear, there is a
great need of applying will, courage and efforts for the implementation of appropriate
radiation-education programs all over the world. Indians are indeed in the stage of effective
execution in this context one may recollect what Rabindranath Tagore (NL) had
emphasized half a century ago,' A man shall be incomplete till he has not learnt to put his
hand and mind to good and efficient purpose.'

BIBLIOGRAPHY
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

H.J.Arnikar,'Essentials of Nuclear Chemistry.' Wiley Eastern Ltd. 4th Edn.
(1997)
V.G Dedgaonkar, Proc. Symp. INS, India, 18 (1989)
J.C.Aggarwal, 'Developing and Planning of Modern Education.', Vikas Pub.House
Pvt.Ltd. 6th Edn. (1997)
S.B.Patel, 'Nuclear Physics, An Introduction', Wiley Eastern Ltd. (1991)
Indian Asso. for Radiation Protection, 'Nuclear Energy, What you want to know,'
Nuclear Power Corp. (1993)
V.G.Dedgaonkar, et al Radiation Measurements, 28,145(1997)
D.D.Sood et al, Principles of Radiochemistry, IANCAS (1996)
S.B.Manohar et al, 'Radioactivity' (in regional language)
IANCAS (1994)
D.D.Sood, et al, Trontiers in Nuclear Chem.' IANCAS, (1997)
P.K.Iyengar, Radioanal. And Nuclear Chem., Articles, 171, 33 (1993)
ISRAPS Bulletin (Ind. Soc. for Rad. and Photochem. Societies) 9, 2 (1998)
IANCAS Bulletin (Ind. Asso. of Nucl. Chemists and Allied Scientists)
4 times/yr
'Univ. News', Wkly. J. of Higher Edu. Asso. of Indian Universities,
Weekly(1995-1998)
APJ Abdul Ka\am,et al, 'India 2020, A Vision for the New Millennium', Viking
Penguin Bks, Ind. Pvt. Ltd.(1998)
'Textbook of Medicine', by Asso. of physicians of Ind., 5th Edn, Chapter 7,
1377(1994)

- 129 -

JP0050076
JAERI-Conf

99-011

2 . 5 PUBLIC INFORMATION AND EDUCATION ON RADIATION SAFETY AND
PROTECTION IN INDONESIA
Azhar Djaloeis
National Atomic Energy Agency, Jalan KH Abdul Rohim, Mampang Prapatan, Kuningan
Barat, Jakarta, 12710, INDONESIA
ABSTRACT
This paper presents a brief overview of public information and education concerning
nuclear science and technology in general and radiation safety and protection in
particular in Indonesia from the perspective of promoting the development and
utilization of nuclear science and technology in the country. The role of nuclear science
and technology in Indonesia is first introduced, followed by an overview of the nuclear
activities in the country. Basic considerations, major objectives of the public
information and education program on radiation safety and protection as well as basic
and operational strategies to achieve those objectives are then presented. Major
programs including highlights of the past and present activities as well as the prospect
on future course of actions are discussed.
1. INTRODUCTION
First of all I wish to express my sincere appreciation and thanks to the
Organizing Committee, in particular to Professor Matsuura, for having kindly invited
me to participate at this distinguished International Symposium on Radiation
Education, held here in Tokyo 11-14 December 1998. I am sure that this important
meeting will give me an ample opportunity to widen my horizon on various aspects of
Radiation Education, including public information and education, which in my view
should primarily be aimed at achieving public awareness, public appreciation, public
acceptance and finally public support and participation in the development and
utilization of nuclear science and technology.
In my country, and perhaps also in many other countries, the word "radiation"
is generally still associated with "nuclear radiation", meaning the "Rays of Death".
This negative perception was primarily caused by the fear of the potential catastrophe
that could result from nuclear technology, as has been demonstrated by the devastating
effects of nuclear radiation resulting from the explosion of nuclear bombs in Hiroshima
and Nagasaki in 1945, which had brought the World War II to an abrupt end. To these
groups of uninformed, under-informed or misinformed people, radiation is something
to be feared; one should stay away from it, as it can bring nothing but sufferings and
death! In my country, this perception was further reinforced by accidents at Nuclear
Power Plants, such as the Chernobyl nuclear accident in 1986.
In contrast to other modern technologies, therefore, nuclear technology is
marked with such a traumatic start, which had generated such a strong emotional public
resistance towards the introduction, expansion or even continuation of the utilization of
nuclear energy in many countries including in the most technologically advanced
countries with highly educated majority of the population. Emotion has in fact
significantly outweighed rational thinking in judging the benefits and risks of nuclear
technology.
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In view of the above, radiation education, or more specifically education on the
nature, scientific and practical aspects of various types of radiation, constitutes in my
view one of the fundamental pillars for the healthy development and application of
nuclear science and technology worldwide. The ultimate aim of radiation education
should in my view be to pull nuclear technology down from its present seat on the
"throne of death" in the mind of many people and put it on the similar footing and
treatment as other branches modern science and technology.
In this paper I shall present a brief overview on public information and
education concerning radiation safety and protection in Indonesia from the perspective
of promoting the development and utilization of nuclear science and technology in the
country. For that purpose, I shall first briefly introduce the role of nuclear science and
technology in Indonesia, followed by an overview of the nuclear activities in the
country. Having presented some basic considerations, major objectives of the public
information and education program on radiation safety and protection are spelled out,
followed by basic and operational strategies to achieve those objectives. Major
programs including highlights of the past and present activities as well as the prospect
on future course of actions are discussed and summarized in the conclusion.
2. NUCLEAR SCIENCE AND TECHNOLOGY IN INDONESIA
"Breathtakingly beautiful, looking just like a bunch of emeralds on a blue velvet
scattered around the equator from east to west, ..."! I could imagine those words
coming from an artist-austronaut describing the beauty of the Indonesian archipelago
while looking at the earth from his space ship!
Indeed, Indonesia is not only a beautiful country, strategically located in the
tropics and inhabited by over 200 million people with a great diversity of languages
and cultures, but it also possesses a large variety of natural resources. In short,
Indonesia has a tremendous potential to become a major world power, and the strongest
nation in South-East Asia. Socio-political stability, empowerment of the people and
mastery of science and technology are in my view the three basic pillars for the
promotion of economic and social progress.
Considering the financial, economic and socio-cultural problems presently
threatening the country, mastery and application of science and technology including
nuclear science and technology by Indonesians becomes in my view even more crucial
for economic recovery and progress. The conducive atmosphere for the promotion of
efforts to master and apply science and technology in the country is only possible if the
public and the government are aware, appreciate, accept and support the endeavour.
Towards this end, information and education play a key role. In the case of nuclear
science and technology, information and education on radiation safety and protection
constitute an important component.
• Role of Nuclear Science and Technology in National Development
As a developing country, especially in view of its vast economic potential strategic geography, natural and human resources, Indonesia has a vital interest in the
development and utilization of appropriate modern sciences and technologies as a
driving force in the development of the country. In this context, nuclear technology has
a wide spectrum of competitive, and in many cases, unique benefits to offer to the
nation. Apart from power generation, nuclear techniques play an important role in
Agriculture, Livestock production, Health, Industry and Environment.
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Nuclear activities in Indonesia were started in 1957 as national response to the
nuclear bomb testing activities in the South Pacific. Institutional, legal, scientifictechnical infrastructures and the necessary human resources were developed. Scientifictechnical works were initially concentrated in the detection and analysis of effects of
radioactive fallout to the environment and health of the population.
• National Atomic Energy Agency (BATAN)
Founded in 1964, BATAN - the National Atomic Energy Agency of the
Republic of Indonesia - was given the authority and responsibility as the highest
national institution to develop and utilize nuclear science and technology solely for
peaceful purposes for the safety, health and welfare of the Indonesian people. Since
then, nuclear science and technology were systematically developed, initially primarily
focussed in the fields of Agriculture, Livestock, Health, Hydrology, Sedimentology and
Environment.
Step by step and in collaboration with the International Atomic Energy Agency
(IAEA) as well as through bilateral cooperation with many advanced countries
including Japan, human resources and scientific-technical infrastructure were
systematically developed in Bandung, Jakarta (Pasar Jum'at Complex) and in
Yogyakarta to support the increasing application of nuclear techniques in the
aforementioned areas. Two Triga-type research reactors were acquired for Bandung
(250 kW in 1964, upgraded to 1 MW in 1971) and Yogyakarta (150 kW in 1974).
A big quantum leap was made in 1978 with the establishment of a new Nuclear
Research Complex in Serpong, located about 40 km south-east of Jakarta. This research
complex was equipped with a 30 MW MTR-type research reactor, fuel element
fabrication installations for research as well as experimental power reactors,
radioisotope production center, radio-metallurgy laboratory, radioactive waste
treatment installation, neutron beam scattering facilities and several supporting
facilities. This complex was envisaged as a stepping stone for the introduction of
Nuclear Power Plants and nuclear based/related industries in Indonesia. Despite the
current financial and economic difficulties, preparatory activities towards an intelligent
and public supported decision making for the introduction of nuclear power in
Indonesia are still continued.
3. PUBLIC INFORMATION AND EDUCATION
As mentioned above, public information and education, in particular on
radiation safety and protection, plays a key role for the acceptance and support in the
development and application of nuclear science and technology in Indonesia. The fact
that the application of nuclear technology was highlighted with such a traumatic start,
makes it particularly challenging to inform and educate the public, that nuclear energy
does not simply mean destruction, suffering and death! Even more challenging is the
task to make the public aware of and appreciate, and finally accept and support the
peaceful and beneficial application of nuclear science and technology for the society.
In the case of the Indonesian public, the aforementioned task is made even more
difficult by the various nuclear accidents, such those that have occurred at Chernobyl,
Three Miles Island and Monju nuclear power plants.
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• Basic Considerations
There are three major factors that have been considered and taken into account
in developing appropriate strategy and programs on "radiation information and
education" in Indonesia. These three factors are:
1. Negative image of nuclear technology
Apart from the ghost of nuclear explosion in Hiroshima and Nagasaki, public
uneasiness and fear of nuclear technology have been significantly reinforced by the
unfortunate accidents at nuclear power plants, such as Chernobyl, Three Mile
Islands and Monju. Some of the technical-administrative their handling of these
accidents, and in particular their incorrect, incomplete or distorted reporting in the
mass media, have contributed significantly to the negative image in public
perception in Indonesia.
2. Cultural diversity and generally still low level of education
The fact that Indonesia is inhabited by over 200 ethnic groups (tribes) with different
languages, cultures and levels of education presents a special challenge in designing
the appropriate strategy and programs of public information and education. The
specific socio-cultural features of the different population groups have to be
considered and taken into account in order to achieve the desired impact.
3. Large size of the Indonesian archipelago
With the available financial, manpower and infrastructure support, the large size of
the Indonesian archipelago poses also quite a challenge, in particular in conducting
information and education programs via two-way communication method.
With those challenges in mind, the limitations on the side of the available
resources and confronted also with small but very vocal and financially strong antinuclear groups, public information and education program in nuclear science and
technology, especially in radiation safety and protection, in Indonesia is not only a
science and an art but also a test of stamina at the same time.
• Objectives and Strategy
The major objectives of the public information and education program on
radiation safety and protection in Indonesia may be stated as follows:
• To achieve and strengthen awareness and appreciation by the general public,
the scientific/intellectual community and the government officials that
nuclear science and technology are indeed a useful and manageable branch
of science and technology.
•

To win and strengthen acceptance and support by the public, intellectuals
and decision makers for the development and application of nuclear science
and technology in the national development.

•

To obtain public participation in the national effort towards achieving a
nuclear-arm free world.
The general strategy to achieve those goals may be classified into basic and
operation strategies as follows.
1. Basic Strategy
• Respect and take into account the cultural diversity of the population
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•

Ensure a balanced view of the benefits and risks of nuclear science and
technology, in particular on radiation safety and protection

•

Take advantage of the national and international links and cooperation

2. Operational strategy
• Classify the target population into three target groups, namely the
general public, the intellectuals and the decision makers
•

Train specialized "JUPEN" (Public Information Specialists), who
should master not only the overall perspective of the scientific-technical
subject in question but also the necessary techniques in public/mass
communication

•

Take advantage of the modern public/mass communication technology,
such as the electronic mass media.

• Programs and Activities
The programs and activities are designed to suit the target groups. The programs
may classified into the following categories:
1. One-way communication program
This program includes provision of various types of reading materials (literature),
audio-visual materials, permanent and travelling exhibitions, plays and wayangs
(Javanese shadow plays).
2. Two-way communication program
This program includes dialogs, discussions, and other types of direct two-way
communication among the participants.
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3. Mixed program
This program includes seminars, symposia, workshops, special courses for teachers
and special interest-groups, where opportunities for exchanges of opinions,
questions and answers session may follow the presentation of the public
information specialists.
In the past few years the activities have been concentrated on informing and
educating the public on the benefits and risks of Nuclear Power Plants. Major areas of
concern were the economics, safety and technology of nuclear power plants. The use of
the Javanese shadow play (wayang) and the use of community leaders (religious and
tribe leaders, and other informal leaders in the society) have been found to be effective
in conveying the desired message to the target audience in the general public.
Since the start of the economic crisis and the emphasis of the government policy
to reduce the increasing level poverty, the focus of activities has been shifted to
highlight the benefits of radioisotopes and radiation and other nuclear techniques in the
field of agriculture, livestock production, industry and human health. A new BAT AN
initiative, known as the "AMD" (Atom Masuk Desa - Atom in the Village)" program
has been intensively communicated to the public and has received a very positive
response from the beneficiaries, especially from the small farmers in the rural areas.
In the future, in particular after the easing of the current economic crisis,
BATAN intends to make a balanced focus between the efforts to popularize the
benefits of nuclear fission reactors to generate power on one side and those to highlight
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the benefits of nuclear radiation and radioisotopes in solving problems connected with
the basic human needs, such as food and health.
4. CONCLUDING REMARKS
Despite the very limited budget and the challenges described above, judged
from the benefits-costs analysis, the results so far obtained have been generally quite
encouraging. The expected output and outcome of the implemented programs as well as
their impact have been very good. The policy and strategies developed and
implemented by BATAN have been well supported by the government, by the
parliament and by the public.
For the future, the program on public information and education is still
hampered by the very limited funding. This situation needs to be improved in order to
reach more target groups in the population. The number of trained public information
specialists needs to be significantly increased. In addition the facilities and the technical
infrastructure support needs to be further improved. In addition, links and cooperation
at the national and international levels need to be strengthened, and the use of
community leaders should be expanded.
<AD-December 1998>
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6 RADIO CONVERSATION BETWEEN SCIENTISTS AND THE PUBLIC AS A
MEAN FOR UNDERSTANDING PUBLIC PERCEPTION OF RADIATION
RISK.
Matteo Merzagora1'2, Sylvie Coyaud1, Andrea Ottolenghi2
'Radio Popolare, via Stradella 5/a, 20133 Milan - Italy; 2Physics Department, University of Milan and INFN, Section of Milan, via Celoria 16, 20133 Milan - Italy.

ABSTRACT
Radio broadcasts with phone-ins in which the public can interact directly with scientists in the studios can represent a very useful tool for analysing public understanding of
science. An in depth analysis of the listeners' questions and of the scientists' reactions despite the obviously low statistical relevance - can provide important clues on the
spontaneous and emotional components of the attitudes of the citizens toward science,
and of the attitude of scientists toward citizens' concerns.
As an example of the opportunities such an approach may offer, a series of live radio
broadcasts on radiation and its applications (the first three transmitted in Italy in November and December 1998) is presented. Each broadcast involved an introductory
presentation by two or three invited scientists, followed by phone-ins. The questions of
the listeners are analysed and commented. A strong need for a deeper understanding of
the methodological principle of radiation research seemed to emerge. The broadcasts
also stressed how the need of an interaction between scientists and the public is at least
as urgent as the transfer of information to the public.
In the future, the same approach will be extended to other fields of science and to
other radio channels, with the aim of designing a methodology for the exploitation of
specific features of radio broadcasts for promoting the dissemination of scientific culture.
1. INTRODUCTION
Among mass media, a local radio has several characteristics that tend to enhance the
sense of friendliness and belonging - essential to any true communication. There are
several reasons for this: mainly, the radio is often perceived as an additional "voice in
the family", it does not require our complete attention but can be a part of the environment, and keeps company instead of being a mere source of information, etc. A local
radio can therefore be a kind of non-intrusive neighbour, easy to turn to, either for a
chat, or for discussing some vital problem.
Some radio stations or networks allow a direct contact between the listener and the
conductor. Through phone calls, listeners can ask for a favourite song, answer a serious
or a jockey quiz, state an opinion, ask a question, communicate with each others, etc..
Radio Popolare di Milano (see section 2.1), since its birth in 1976, has been concerned
with this form of access and with keeping an ongoing dialogue with and among the
audience. Indeed, it devotes a large fraction of the daily schedule to the participation of
the listeners, which is direct, spontaneous and not filtered by the conductor who has no
way of knowing in advance who will be on air.
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The freedom of access is very valuable when dealing with science related topics. Reporting science in a radio broadcast is not an easy task: "Science is usually presented as
a continuous, coherent, concrete activity [...]. Science does not like superficiality, trivialization, or talk of 'breakthroughs'. In its nature, broadcasting is episodic, fragmented,
ephemeral [...]. This mismatch between the demands of science and the ability of
broadcasting to meet them creates many profound problems in communicating the significance and excitement of scientific discovery to a lay audience."1*. But, in a radio
programme on science, "good broadcasters will rely heavily on analogies to stimulate
the imagination. It is not a very precise way of communicating, but it can be very
evocative"2). A radio broadcast has therefore many limitations and many advantages: for
our purpose here, it can represent a possibility for the listeners to express their feelings
about science, emphasising the emotional aspects rather than the rational aspects of their
personal relationship with science.
Indeed, one of the main problems concerning science communication is a two-sided
gap between the scientist and the public. On one side stands the public, for whom the
scientist speaks in an arcane and barely understandable language from an unreachable
research laboratory, in a separate world. This leads to a perception of the scientific work
as the main source of problems associated with modern life-style, or, even worse, to a
loss of interest in scientific issues (as if they were not driving changes so forcefully). On
the other side stands the scientist: quoting the French physicist Jean-Marc LevyLeblond, "If science communication is so inefficient, couldn't it be because it answers
questions that were never expressed by the 'public', instead of grasping the real ones even if their meaning may be confused and mostly implied?"3*. As a matter of facts, the
occasions when a scientist can have a direct contact with the public, and be exposed to
questions, comments or criticisms, are very few both for the science student and for the
professional researcher. Moreover, the highly demanding effort to devote time and
thought to the communication of one's scientific work to the general public, is often not
sufficiently rewarded by the scientific community itself. This is particularly true in Italy, characterised by a traditionally humanities-oriented culture and a lack of university
programs devoted to science communication (with the exception of the newly created
Master in Science Communication in Trieste4*), but can be extended, with various corrections, to other European countries, among which the activism of British scientists in
taking part in public debates is the only notable exception.
A scientific communication event where the interaction between the scientists and
the public is possible (such as a conference or, as in our case, a radio broadcast with
phone-ins), should therefore aim at making both sides willing to get better acquainted
with the other's interests and concerns, and take this opportunity to educate both the
public, and the scientists involved, not about science in general - a rather unachievable
aim - but to paying due attention to what the other is actually saying.
In this paper, a series of radio broadcasts devoted to radiation and their application in
different fields is presented. A brief description of Radio Popolare and of the weekly
magazine // ciclotrone is presented. Three live "special issues", broadcast every two
weeks (5 and 19 November 3 December 1998) within // ciclotrone are analysed. The
content of the presentations and explanations by the scientists during the broadcasts are
only outlined, and the attention is focused on the questions the listeners asked the scientists.
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The broadcasts here presented are intended as preliminary experiments. They will
represent the basis for the development of a methodology intended to exploit specific
features of the radio for understanding public perception of science and improving the
quality of science communication. Due to the inevitably limited number of questions
and to their highly scattered nature, a quantitative, statistical analysis cannot be conducted, even when, as prospected, the same approach will be systematically extended to
other fields of science and to other radio channels belonging to the Network of Radio
Popolare. Indeed, these types of programmes have to be regarded more as live performances than well-planned and organised ones, thus emphasising the spontaneous reactions of the public. In the following, a qualitative analysis is therefore attempted, with
the main objective of understanding how these types of interactions could help the scientific community to grasp and interpret the type of information needed by the audience.
2. RADIO POPOLARE AND THE WEEKLY SCIENCE MAGAZINE IL CICLOTRONE
2.1 Radio Popolare, Milan (Italy)
Radio Popolare was founded in January 1976 as a "community radio", broadcasting
in Lombardy, the richest and most populated region of Italy. It broadcasts mostly news,
culture and debates (with phone-ins). At first a co-operative with few underpaid workers
and many unpaid volunteers, it is now a company with a staff of 45 people (one third of
whom are professional journalists), and with about 150 external collaborators covering
specific topics and expertise. Approximately 60% of its stock is owned by over 12,000
shareholders, the rest by the co-operative. Revenues are evenly split between advertising and subscriptions. 13,800 listeners support the radio by freely paying an average annual fee of 180 dollars. In the last five years, Radio Popolare has built a network all
over Italy, supplying news and programmes by satellite to 20 smaller local radios. The
radio has an average audience in Lombardy of 250.000 listeners a day, with peaks during the news. Most of them (45%) are in the age range 25-44, with middle or higher
education curricula.
2.2 II ciclotrone
II ciclotrone is a weekly magazine, one hour long, devoted to science and technology. It was started in 1986 by one of the authors (S. Coyaud) and since then has been a
regular appointment for the listeners. It is edited by a journalist (S. Coyaud) and a researcher (M. Merzagora) and relies on a pool of experts, doing physics, astrophysics,
biology, maths (no chemistry, regretfully), linked by a common taste for science communication and story-telling. The programme attempts to tackle hard science lightly but
without oversimplifying (according to Albert Einstein's motto that "We should make
things as simple as possible, but not simpler").
Apart from few series - on climate sciences earlier this year, or recently on radiation
- the format is flexible. Scientific conferences and events open to the public are announced, books reviewed, and one or two core issues discussed with specialists.
During the years, II ciclotrone has evolved. Some aspects, however, remain unchanged. In order to exploit the specific features of a radio broadcast as much as possible, // ciclotrone is often conceived as a conversation between the audience and the sci-
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entists in the studio. As opposed to printed media, the radio does not need a reporter: the
authors of scientific researches can report on their own work, and the journalist tries to
awaken or summarise public curiosity. Moreover, by allowing non-filtered phone calls,
the listener can talk directly to a Nobel laureate, or ask an expert about the safety of frozen foods or the means to get rid of space debris and so on. // ciclotrone is constantly
seeking the participation of the audience: technology - whether space travel, Information Technology or biotech - kindles heats debates, and so do topics whose social impact is clear, e.g. genetics, neurochemistry of illegal drugs, greenhouse gases and atmospheric chemistry, etc. When treating so called hard sciences, e.g. basic research in
physics or molecular biology, the call for participation is somewhat less successful, but
over the years listeners' participation has been considerably improving.
Besides merely numerical data on the audience, one of the main assessment of the
success of the program is, in the authors' opinion, the satisfaction of the invited scientists with the opportunity to communicate with an intelligent if untrained audience,
showing true interest and curiosity for their work.
3. AWASH IN A SEA OF RADIATION
To celebrate the centenary of the discovery of radium, several issues of // ciclotrone
are devoted to radiation and to how radiation is involved in various aspects of our daily
life. Three issues have been already broadcast at the moment this symposium is being
held. Common aspects of the programs were the definition of the technical terms (e.g.,
dose, radioprotection, e.m. field), and a brief historical background pointing out the
evolution of scientific knowledge on the subject. After some 20 minutes of presentation
by two or three hosts, the phone-ins started and more specific topics were then selected
on the basis of the listeners' requests. Here is a brief description of the content of the
broadcasts.
1) Introduction: radiation effects and radioprotection.
Invited scientists: G. Tosi, professor at the Specialization School in Medical Physics,
University of Milan, head of the Radioprotection Unit at the European Institute of Oncology (IEO, Milan); G. de Luca, physician specialised in occupational medicine at the
National Agency for the Protection of the Environment (ANPA).
Contents: introduction to the term "radiation" and related quantities; introduction of
the notion of natural background; discovery of X-rays and natural radioactivity; first acknowledgements of health hazards; definition of stochastic and deterministic effects;
basic principles of radioprotection; Italian and European legislation on radioprotection.
2) Radiology and radiotherapy
Invited scientists: R. Orecchia, professor at the Faculty of Medicine, University of
Milan; G. Pedroli, director of the Sanitary Physics Division at the Niguarda Hospital,
Milan.
Contents: medical applications of radiation; a brief history of radiology and radiotherapy; costs-benefits analysis in diagnostic and radiotherapy; evolution of different
techniques, from their origins to recent advancements.
3) Non ionising radiation
Invited scientists: P. Vecchia, director of the Radioprotection Unit at the National
Health Institute (Istituto Superiore di Sanita, ISS), president of the Italian Association
for Radiation Protection (AIRP); L. Venturi, scientific director of the environmentalist
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organisation Legambiente; M. Fronte, journalist and science writer5), Zadig Agency,
Milan.
Contents: definition of non ionising radiation; present knowledge on health effects of
electromagnetic fields; environmental problem of electromagnetic pollution and attitude
of various environmentalist groups; the particular attention that the Italian press devoted
to the matter in recent times.
Other broadcasts will follow, concerning other specific application of radiation, such
as food irradiation, applications in agronomy, the indoor radon emissions, etc. These are
scheduled for the first semester of 1999.
4. QUESTIONS LEADING TO MORE QUESTIONS
"Scientific information must be conceived as a means of spreading questions, - not
answers"6). Although this statement is probably agreed upon and well understood by
most researchers and scientific journalists, the common citizen, as it emerged from the
questions analysed, wants to obtain from a scientist unambiguous answers.
Three main types of questions can be identified throughout the three broadcasts: a)
questions related to personal problems; b) questions aimed at a better understanding of
the general issue; c) questions or comments aimed at giving an interpretation of the
public attitude towards radiation exposure.
As expected, the first type was particularly frequent during the broadcast on radiology and radiotherapy: understandably, medical issues are of personal concern to everyone, and the listeners tend to take the opportunity of a radio program to get additional
medical advises on a specific disease. These type of questions were of greater interest
during the radioprotection and non ionising radiation programmes: after the general
presentation by the scientists, people were asking about the risk of living in a house
without foundations located in a volcanic area, of placing "possibly radioactive" heat insulator in the house, of living next to a large antenna ("I am feeling a bit nervous lately:
shall my wife blame it on the antenna we have over our roof?"), etc. The listeners were
demanding precise answers, numbers, and clear-cut definitions: this is what science, according to its widespread perception, is supposed to provide.
These questions induced most of the invited scientists to devote specific attention to
methodological matters, introducing the concepts of stochastic and deterministic effects,
of non-threshold effects, etc. heavily relying on analogies with easily understandable
hazards. As an example, convincing analogies were the speed limits on freeways to explain how to deal with non-threshold effects in legislation (keeping a low speed does
not prevent us from having an accident, but respecting speed limits is in any case a good
way to lower the probability of an accident), or the risk of smoking or drinking as an
example of stochastic effects (almost everybody knows somebody who has been smoking for years without consequences, and somebody who had lung cancer or cardiovascular diseases due to smoking and drinking). As a matter of facts, the authors had the
impression that although the listeners were asking for precise data, answers strictly
based on data were not considered satisfactory. "The decrease of the dose limit has not
reassured the public and may even have increased anxiety because it revealed uncertainty with regard to risk and triggered controversies among scientists. [...] These reactions to ionising radiation further confirm that fear is actually not related to data but to
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mental models."7) Thus explanation of the methods adopted in the disciplines described,
appeared much more urgent than the actual results of the quoted studies.
It appears that the statistical association between exposure and incidence of a disease
has to face a natural barrier in the common understanding of radiation risk. The fact that
in some cases "... the connection between low-level insult and bodily harm is probably
as difficult to prove as the connection between witches and failed crops"8) is not generally accepted by the public. Moreover, there seems to be a natural "appeal", often mediated by the press, related to not clear-cut conclusions, leading to a rationally unexpected
greater impact of so called "phantom risks" (see ref. 9 for a discussion on this subject)
with respect to well assessed "real" risks. This tendency is enhanced when the source of
risk is ubiquitous, but invisible and undetectable through standard household appliances, as in the case of electromagnetic fields, which are presents in our environment
everywhere and everyday of our whole life. The conflict between scientific assertions
and public perception of the content of the assertions themselves, is in these cases enhanced by the very different meaning of the world "risk" in the scientific and general
public domains, as clearly stressed in the ICRP publication 6010).
Concerning the relationship between scientific conclusions and reports by the press,
several other questions induced the invited scientists to stress methodological issues.
During the broadcast on electromagnetic pollution ("electrosmog" is a term which is
making headway in the newspaper headlines), three listeners quoted a recent observation of an increased tumour incidence in an area in central Italy (Marche), possibly due
to the presence of a large military radar. After epidemiological studies, no increase in
tumour incidence was found, but public opinion seemed unconvinced. An explanation
of statistical significance, and of the so-called "selective attention" effect was therefore
needed. The invited scientists then tried to point out how the aims and constraints of a
news report are intrinsically different from those of a scientific research. These interactions between scientists and the audience made clear, in the authors' opinion, that a
deeper understanding of the media procedures and choices relative to scientific topics,
together with a serious consideration of citizen's concerns expressed by self-organised
pressure groups'^ (even when obviously driven by irrational fears), is of uttermost importance in defining the criteria for a successful information on radiation effects.
Other questions were clearly intended to get a better grasp of the problem. Examples
are: "What is the difference between a radiograph and a long-distance flight in terms of
exposure to radiation?"; "Is the intensity of electromagnetic fields influenced by daily
and/or global climate change?"; "Does the increased power of mobile telephones increase the associated risk?"; "Does the absorbed dose accumulate over the years?";
"Why, in the current legislation, professional workers are allowed a higher exposure
than the general public?".
In this case, the reactions of the invited scientists were strictly professional: the
questions are clear, the underlying concern is explicit and not hidden, and in most cases
there is a clear answer to those kinds of questions.
Among this type of questions, two listeners who appeared to have had some professional experience in the past, stressed how the doses presently used for a radiograph are
considerably lower than a few decades ago. The scientists answered very correctly,
quoting many pioneer radiologists who experienced severe diseases, and stressing how
technical improvements and a correct evaluation of the risks involved grew very slowly
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and are still subject to refinements. Explaining science as a constantly evolving "work
in progress", quoting failures and mistakes as well as successes can be of extreme value
for transmitting the correct messages to the public. Indeed, the claim of authority for a
scientific statement can inspire distrust in the public, especially if the specific topic is
not yet a well established knowledge. On the contrary, making explicit that science is
able to explain many things, but not everything, can help shrinking the gap between the
scientist and the public, generating confidence and trust.
A third set of questions tried, as requested by the conductor during the broadcasts, to
give an interpretation to the often-irrational attitude of the public towards the risk related to radiation exposure. In particular, two listeners proposed the following, interesting arguments: a) due to the extremely high incidence of neoplastic diseases, people
tend to associate radiation with the pain that cancer treatment inflicts to the patient, with
his distress and that of his relatives. Even if in the case of radiotherapy radiation is
"good", an unconscious association is unavoidable, b) Concerning electromagnetic
fields, the lack of clear cut answers, and the daily exposure to which we are all exposed
during our lifetime, generate a state of stress in the citizen. This limits the possibility of
adopting a rational attitude toward the problem.
5. CONCLUSIONS AND FURTHER DEVELOPMENTS
The firsts three broadcasts of a series of radio programmes devoted to radiation and
its many applications in our daily life were presented. The broadcasts were a first attempt to develop an approach for analysing public understanding of sciences starting
from the questions posed to the scientists during a radio broadcast, and the answers of
the scientists.
Main advantages of the approach are:
- it allows a direct contact between the public and the scientists, generating confidence and trust;
- it can represent a non-intrusive way to promote public understanding of science;
- it can help educating the scientists to communicate their researches;
- it allows to analyse the spontaneous and emotional feelings of the public toward
scientific research, thus representing a possible complement of statistical analyses.
Even considering the limited data set available up to now, the approach described
seems to be very promising and a few conclusions can be drawn.
- The dissemination of data and research results is not necessarily reassuring for the
population. Often people strongly demand data, but are then disappointed by them, realising that they are much more difficult to "use" than expected. Therefore, the information on radiation related topics should probably focus more on the methodologies
adopted in research rather than on their results. Only by clarifying the stochastic nature
of low exposure risk, the statistical content of epidemiological studies, etc., a fruitful
education of the public seems possible.
- A scientific research and a news report cover the same event in a completely different way. Since the public is exposed to news coverage at first, the mechanisms regulating the work of the media needs to be well understood by the scientific community. In
other words, a "wrong" article on a newspaper could be also regarded as a negative experiment, which make us angry but can be very helpful in redirecting our researches.
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- The true interrogatives of the public, even when confused and implicit - needs to be
carefully considered, also taking into account irrational and emotional aspects, which
tend to escape from the quantitative analysis which the scientific community is more
likely to accept.
In the future, other specifically designed broadcasts will be edited, transmitted and
analysed. Three more programmes on radiation are already scheduled in the next few
months, and the same scheme will be applied to other scientific topics, such as biotechnolgies and genetically modified organisms, public founding of scientific research, earth
sciences, etc. The same approach will be extended to other local radios of the "Popolare
Network", each having peculiar characteristics and a different audience. Also, a retrospective analysis of similar experiences in other European countries would be desirable.
As a larger data base of questions and answer will become available, it will be possible to draw a general scheme on how to exploit interactive radio broadcasts as a mean
for understanding public perception of science, and the pros and cons of such approach
will be singled out.
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PRESENT STATUS OF RADIATION AND NUCLEAR
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2 . 8 PRESENT STATUS OF RADIATION EDUCATION IN KOREA
Bum-Jin Chung
Atomic Energy R&D Division, Ministry of Science & Technology, 2-701 Government
Complex - Kwachon, Kwachon, Kyunggi-Do, 427-760 Korea

ABSTRACT
Korea is one of the world's most dynamic countries in the use of nuclear energy
for power generation. Fourteen NPPs are currently in commercial operation and six
additional plants are under construction. According to the country's Long Term Power
Development Plan, ten more NPPs will be constructed by 2015. The Korean
government has experienced difficulties in acquiring nuclear facility sites and is,
therefore, well aware of the importance of public acceptance. Many programs have
been initiated to educate the public on the values and benefits of nuclear energy. This
paper discusses one of the long-term programs that focus on education for future
generations, which include education programs for teachers and students, nuclear
facility visit programs, seminars and workshops, scholarship programs, and school
curriculum reorganization activities.

1. INTRODUCTION
Korea is one of the world's most dynamic countries in the use of nuclear energy
for power generation. Since 1978 when the first commercial NPP (nuclear power plant)
Kori #1 unit began operation, the nuclear power generation has been vitalized and
currently fourteen NPPs are in commercial operation and six additional plants are under
construction. According to the country's Long Term Power Development Plan, ten more
NPPs will be constructed by 2015.!)
Along with the nuclear power generation, the application of radiation and
radioisotopes (RIs) has contributed to the development of industries, scientific research,
disease diagnosis and therapy. The areas of application have diversified in parallel with
the nation's economic development and the enhancement of the quality of life. As of
December 31, 1997, the number of institutions using radiation and RIs had reached
1,315.23) Table 1 shows the current radiation and RI application statistics.
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Table 1. Radiation & RI Applications Statistics in Korea.
Category of Organization

Industrial
Firms

General
N. D. T.

Sales
Subtotal
Hospitals
Education & Research Org.
Others
Total

Type of Use
RI
Rad.
536
35
22
593
111
204
5
913

Gen.
347
34
4
385
40
195
2
622

Total
883
69
26
978
151
399
7
1,535

# of Users
800
35
23
858
111
339
7
1,315

The Korean government has experienced difficulties in acquiring nuclear
facility sites, especially radioactive waste management facility sites. From this
experience, the importance of public acceptance (PA) was understood and many
programs have been initiated to educate the public on the values and benefits of nuclear
energy.
One of the long-term PA activities is education programs for future generations.
This paper reviews the current status of atomic energy education in Korea and
introduces the current activities on the topic.4)

2. OVERVIEW OF CURRENT SCHOOL CURRICULUMS
Textbooks play important roles in the education of the youngsters. Especially
in Korea, the authority of textbooks is said to be comparable to that of the Bible. The
sequences and contents of school education follow those of textbooks and every detail
of textbook has important meaning.55 Furthermore most schools adopt almost same
curriculums and textbooks.
Elementary school (6 year course) curriculums do not cover much of atomic
energy. The "Society" subject introduces atomic energy as one of power sources and
"Society Investigation" subject deals with the annual electricity generation statistics and
the comparison of power sources : hydroelectric, fossil fuel, atomic, etc. It is strange to
note that the symbol of power plant does not appear on maps.
Middle school (3 year course) curriculums cover basic knowledge of atomic
energy and nuclear power generation in "Science", "Technology", "Industry", and
"Environment" subjects. The "Environment" subject deals with the comparison of the
fossil fuel and nuclear power plant and the radioactive waste management problems.
The "Society" and "Politics" subjects deal with nuclear power generation statistics and

- 152 -

JAERI-Conf

99-011

the importance of nuclear Non-Proliferation Treaty. It is notable that there are room for
role play on the topic that "If radioactive waste management facility is built in our
village
"
High school (3 year course) curriculums cover comprehensive knowledge on
atomic energy uses. The basics of atomic physics such as atomic structures, radiation,
RI applications, chain reactions, PWR & PHWR, nuclear fusion, radioactive waste
management, are covered in "Science", "Physics", "Chemistry", "Mechanics",
"Industry", etc. The statistics of energy resources are dealt in "Geography". The
"Ethics" describes the KEDO activities positively in relation to the reunification of
Korean Peninsula. The "Electric Power" subject covers the comprehensive knowledge
on NPP. The radioactive waste management problems are dealt in "Politics" and some
discussion topics related to atomic energy issues were provided in "Literature" and
"Narration" subjects. The current educational curriculums and those related to atomic
energy were tabulated in Table 2 and 3.6)
Table 2. Statistics of Subjects/Texts Related to Atomic Energy(AER).
# of subjects
# oftexts
AER
Total
Total
AER
29
38
Elementary School
5
5
21
Middle School
12
168
44
77
42
310
181
High School
127
59
516
Total
230
Table 3. Subjects Related to Atomic Energy.
Subjects related to atomic energy
Elementary
School
Middle
School

High
School

Society 1 2 3, Living Guide, Maps
Environment, Korean Language, Society, Ethics, History,

Industry 1

2 3, Science 1 2 3, Maps
Industrial Chemistry, Physics, Chemistry, Industrial Mechanics,
Geology, Introduction to Industry, Politics, Ethics, Power Generation,
General Electricity, Food, Biology, Fishery, Environment Technology,
Society, Physics Experiment, History of Science, Literature, Writing,
Geography, Society & Culture, Narration, Industry, Technology,
Geology 1 2, Biology 1 2, Physics 1 2, Chemistry 1 2, Maps, etc.
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3. CURRENT ACTIVITIES ON NEXT GENERATION EDUCATION
Next generation education program is composed of lecture courses, nuclear
facility visit programs, seminars and workshops, scholarship program, and school
curriculum reorganization program.
The purpose of lecture program is to disseminate scientific information on the
peaceful use of nuclear energy. This program is composed of lecture courses for
teachers and students, and nuclear expert's lectures at schools. In 1997, we held 173
lecture courses and 17,029 teachers and students participated.
In order to build the familiar and sound image on NPPs, nuclear facility visit
program is opened and nuclear science camps for students, workshops for professor are
organized. The detailed statistics of above programs is summarized in Table 4.
In addition to the above activities, educational aids such as educators' guides
and audio-visual materials are prepared and distributed to help them learn and teach
nuclear energy extensively and correctly. To inspire an appetite for writing and to foster
culture in the youngsters, we invite middle and high school students to enter writing and
drawing contests. Contest entrants will have chanced to win overseas trips.
Table 4. Next Generation Education Statistics.
1996
Program
Lecture Courses
- Teachers
- Students
- Nuclear expert lectures
Nuclear Facility Visit
- University students
- High school students
Seminars & Workshops
- Nuclear science camps
- Workshop for teacher
- Workshop for professor

1997

#of
courses
28
20
8

#of
persons
5,306
3,594
1,712

#of
courses
173
16
21
136

#of
persons
17,029
2,083
7,383
7,563

9
4
5
12
2
6
4

600
160
440
635
160
435
40

8
4
4
13
1
8
4

1,042
160
782
818
300
468
50

While providing integrated and systematic educational programs for the
youngsters, we try to have school curriculums reorganized to deliver an accurate picture
of nuclear energy. As shown in Table 5, there are about 2.4 million students and
teachers in Korea. Because of the limitations of manpower and fund, the direct
educational approaches such as lecture courses, nuclear facility visit program, etc. reach
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only 1% of students. Thus most emphases are on school curriculum reorganization
program.
Table 5. Number of Schools, Students, and Teachers.7)
# of Schools
# of Students
# of Teachers
Total

Elementary
5,721
3,800,540
138,670
3,944,931

Middle School
2,720
2,379,963
97,931
2,480,614

High School
1,892
2,331,725
104,404
2,438,021

As shown at Table 2 and 3, subjects and textbooks related to atomic energy are
surveyed and requests for corrections regarding the negative or wrong descriptions, are
made to the Ministry of Education. In 1996 for the 18 requested subjects, 6 corrections
were made.
Besides the curriculum survey, Next Generation Education Committee was
formed to converge the opinions on the atomic energy education, which is composed of
educational and nuclear experts. Nuclear facility visits for textbook authors are
organized to give them the right knowledge on atomic energy use so that they may
describe atomic energy matters objectively. Also supportive activities such as
preparation of educational aids and arrangement of topical meeting on atomic energy,
are supplied.

4. CONCLUSIONS
In order to bring up our future generations to understand the peaceful use of
atomic energy, the proper educations on the topic are very important. This paper
reviewed the present status of school education in Korea.
This paper introduced direct educational approaches such as lecture courses,
nuclear facility visit program, etc. and indirect educational approaches of school
curriculum reorganization program. Considering the efficiency of education, which can
be defined by the influence of education, it is concluded that most emphasis should be
made to school curriculum reorganization program.
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2 . 9 STATUS OF RADIATION EDUCATION AND TRAINING IN THE PHILIPPINES
Corazon C. Bernido
Philippine Nuclear Research Institute, Commonwealth Avenue, Diliman, Quezon City 1101,
Philippines
ABSTRACT
There are three major sources and levels of obtaining radiation or nuclear education
and training in the Philippines: the secondary schools or high schools; colleges and
universities; and training courses in nuclear science and radiation protection offered by
government agencies such as the Philippine Nuclear Research Institute (PNRI) of the
Department of Science and Technology and the Radiation Health Service (RHS) of the
Department of Health. This paper summarizes the status, some of the activities and some
of the problems of radiation education in the Philippines.
1. INTRODUCTION
At the present time, there is a general negative public perception about anything
associated with the word "radiation" or "nuclear". The most comprehensive and effective
way to counteract this negative perception would be to educate the young generation in
schools and introduce nuclear science topics in all levels of the educational system.
Radiation and nuclear science topics are not taught in the elementary school. There is a
need to upgrade and effectively implement nuclear science education in the secondary level
or high school. There are 6,673 schools offering secondary education all over the
Philippines, and there are around 100,000 high school science teachers.
The Philippine Nuclear Research Institute (PNRI), an institute under the Department
of Science and Technology (DOST), is the sole government agency in charge of matters
pertaining to nuclear science and technology, and the regulation of nuclear energy. The
PNRI is tasked with fast-tracking nuclear education and information, together with the
Department of Education, Culture and Sports (DECS), the Commission on Higher
Education (CHED), and some other government agencies which constitute the
Subcommittee on Nuclear Power Public Education and Information, by virtue of Executive
Order 243 enacted by then President Ramos on May 12, 1995. This Executive Order
created the Nuclear Power Steering Committee and the Subcommittee on Nuclear Power
Public Education and Information is one of the subcommittees under it.
The only other govenment agency that provides radiation education/radiation
protection training is the Radiation Health Service (RHS), an agency under the Department
of Health responsible for licensing users of X-ray machines. RHS provides radiation
protection training to X-ray technicians and users.
2. PRESENT STATUS OF RADIATION EDUCATION/TRAINING ACTIVITIES
2.1 Secondary School or High School Radiation Education
The system of secondary school or high school education in the Philippines has a
duration of four years; other countries have five or six years. Secondary education follows
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the completion of six or seven years of elementary education. The secondary school science
education program consists of General Science (First Year), Biology (Second Year),
Chemistry (Third Year) and Physics (Fourth Year). Each course is taught for two periods
equivalent to 80 minutes per day, with a credit of two units. Radiation and nuclear science/
technology including nuclear power are taught mainly in the fourth year science and
technology curriculum, under Physics. In the general and specific learning competencies for
fourth year high school Physics, radiation and nuclear science topics including nuclear
power are taught last, under the chapter on "Matter and Energy." As published by the
Bureau of Secondary Education, of the Department of Education, Culture and Sports,
Table 1 lists the General and Specific Learning Competencies under "Matter and Energy,"
which is the last chapter to be taught in the fourth year high school science and technology
curriculum.1
Table 1. General and Specific Learning Competencies Under
"Matter and Energy"1
VII. Matter and Energy
1. Demonstrate understanding on the dual nature of matter and energy
1.1 Explain photoelectric effect.
1.2 Use the photon theory to explain fluorescence and the principles of
a photo cell, photovoltaic cell and laser.
1.3 Restate the meaning of the dual nature of matter and energy in one's
own words.
1.4 Explain Einstein's matter-energy equivalence, mass defect, and
nuclear binding energy.
1.5 Differentiate nuclear fission, chain reaction and fusion.
2. Manifest scientific thinking on nuclear radiation.
2.1 Recognize the contributions of Becquerel, Pierre and Marie Curie
on radioactivity.
2.2 Distinguish three types of radiations given off by radioactive
substances and their effects on living things.
2.3 Write equations on nuclear reactions.
2.4 Cite some uses of radioisotopes in medicine, agriculture and industry.
2.5 Explain the principle of radiation safety.
3. Understand basic physics principles of a nuclear power plant and a
nuclear weapon and their effects on man and the environment.
3.1 Compute the energy released in a nuclear reaction.
3.2 Describe the important features of a fission reactor.
3.3 Explain the fission and fusion processes in nuclear weapons.
3.4 Discuss environmental effects of nuclear reactors and weapons.
3.5 Evaluate the findings made by scientists, environmental experts and
other technocrats on the use of nuclear power in the Philippines.
4. Explain energy and interactions as unifying concepts in physics.
4.1 Describe and differentiate some elementary particles.
4.2 Explain four basic interactions.
4.3 Discuss briefly the physicists' search for unification in physics.
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The main problem of radiation education in the secondary or high school level is that
many high school science teachers omit teaching radiation and nuclear topics since they are
found in the last chapter, and taken up towards the end of the school year. In addition, a
vast majority of the science teachers do not have the necessary qualifications, competence
and training to teach these topics. In general, the situation in the Philippines is that only
around 20% or even less, depending on the field of science, of high school science teachers
are qualified to teach these subjects. This means, for example, that many of the high school
Physics teachers are not actually Physics majors. To solve this problem there is an urgent
need to educate and train science teachers in order to give them enough confidence to teach
nuclear science to their students. There is also a need for the availability of good
audio/visual teaching aids that would make radiation and nuclear science topics interesting
and understandable. These would include teaching modules complete with visual aids such
as transparencies or tape slides, and computer-aided instruction for use in those schools
where computers are available to the students. Another approach to solve this problem
would be to introduce nuclear science topics in the present secondary school curricula, not
only under Physics (Fourth Year) but also in the lower years as well. Some possible entry
points for nuclear science topics are shown in Table 2.
Table 2. Some Possible Entry Points for Topics on Radiation
and Nuclear Science in the High School Curricula2
SCIENCE SUBJECT

POSSIBLE ENTRY POINT

General Science (First Year High School)

Topic on Energy - under forms and
transformations of energy, and sources of
energy, nuclear energy could be
introduced

Biology (Second Year High School)

Topic on Genetics - under gene mutation,
radiation could be introduced as
producing better strains of plants, as used
in mutation breeding

Chemistry (Third Year High School)

Topic on Inside the Atom - under
structure of the atom and subatomic
particles, radioactivity and transmutation
of the elements could be discussed

Physics (Fourth Year High School)

Topic on Matter and Energy - this is the
main entry point of topics on nuclear
science, nuclear power plants and
radiation safety

2.2 College or University Level Radiation Education
In the Philippines, not all curricula for a Bachelor of Science college or university
degree incorporate nuclear science/technology as a one semester course (consisting of 3
units). Although recommended by the Technical Panel of the Commission on Higher
Education (CHED), it is not a requirement but the option of a particular school to include
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nuclear science and technology topics as a one semester course in some Bachelor of Science
curricula. For example, the B.S. Physics curriculum may include one semester of Nuclear
and Particle Physics; the B.S. Chemical Engineering curriculum may include one semester
of nuclear chemistry or nuclear chemical engineering. The B.S. Electrical Engineering
curriculum includes one semester of nuclear engineering. The B.S. in Radiologic
Technology includes one semester of radiation protection. There is only one university
offering a masteral degree in Medical Physics, and radiation protection is included as a onesemester course in its curriculum. Although in the past an M.S. Nuclear Engineering
degree was offered at the University of the Philippines in preparation for the first nuclear
power plant, this M.S. program has been inactive since the government decided not to
operate this nuclear power plant.
2.3 PNRI Activities
The Philippine Nuclear Research Institute regularly conducts training courses in
nuclear science and technology, and radiation protection to users of radioisotopes in
academic and research institutions, hospitals and medical institutions, and different
industrial companies. It also conducts training courses in nuclear science and technology
for high school science teachers, and college/university faculty. The five-week training
courses are: Seminar in Nuclear Science for High School Science Teachers; Nuclear
Science for University/College Faculty; and Radiation Cytogenetics Course. Some of the
four-week courses are: Radioisotope Techniques Training Course (either for medical, for
academe, or for agriculture); Industrial Uses of Radioisotopes Course; and Radiological
Health and Safety Course. Two-week courses include the Training Course on
Radioimmunoassay, and Radiographic Testing (Nondestructive Testing) Course. A oneweek Introduction to Nuclear Science Course is also offered to high school teachers, or
university faculty upon request by a particular school or university. A three-day Radiation
Safety Course is also offered to industrial companies using radioisotopes in nuclear gauges
(for example, level gauges and thickness gauges), to hospitals, and to research institutions.
Some of the common topics discussed in these training courses are: (a) Sources of
Radiation; (b) Radioactivity and Radioactive Decay; (c) Interaction of Radiation with
Matter; (d) Radiation Quantities and Units; (e) Radiation Detection; (f) Biological Effects
of Radiation; (g) Basic Principles and Concepts in Radiation Protection; (h) Radwaste
Management Principles and Practices. In addition, the courses for teachers would include
topics on nuclear power and nuclear energy.
Up to the present time 6,959 have received some radiation education/training from
the PNRI. The trainees include all users of radioisotopes in the Philippines: researchers,
practitioners in the medical field and industry, as well as high school teachers and university
faculty. Except for those who take the Radiographic Testing (Nondestructive Testing)
Courses, the trainees are required to have a minimum of Bachelor of Science degrees in the
sciences or engineering. Figure 1 shows the number who availed of training from the PNRI
per year, while Figure 2 shows the distribution of these trainees per sector or field (industry,
medical, academe, others).
The PNRI also conducts one-day nuclear awareness seminars, held in different high
schools, for the students. This seminar usually includes a demonstration of the detection of
radiation using a survey meter, as well as the effect of distance on the intensity of radiation.
Table 3 shows the number of nuclear awareness seminars per year for the last five years,
as well as the number of students per year.
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Table 3. Number of Nuclear Awareness Seminars Conducted by
PNRI and the Number of Students
1994

1995

1996

1997

1998

No. of
seminars

8

12

7

9

7

No. of
students

1,135

2,784

2,320

2,167

750

Year

In cooperation with the Radioisotope Society of the Philippines, PNRI developed
ten teaching modules in nuclear science for use by science teachers, complete with
instructional materials such as script, and transparencies as visual aid. Although these
teaching modules had been trialed and received positive feedback, mass reproduction of
these modules has not yet been done. These ten training modules are on the following
topics: (1) The Atom; (2) Radiation - Where From, and What For? ; (3) The Unstable
Nucleus; (4) What is Radioactivity; (5) The Radioactive Clock - How Old Is Old? ; (6) Is
Interaction With Ionizing Radiation Exciting?; (7) Biological Effects of Radiation; (8) Uses
of Radioisotopes in Industry, Medicine, and Agriculture; (9) Nuclear Power; (10)
Environmental Impact of Nuclear Energy.
2.4 RHS Activities
For users of X-ray machines, the government agency in charge of regulations and
licensing is the Radiation Health Service (RHS) of the Department of Health. RHS is also
actively involved in providing radiation education/radiation protection training to doctors
and residents in radiology, X-ray technicians, dental X-ray and industrial X-ray users. There
are around 2,000 medical X-ray facilities in the Philippines; of these, 30% are located in the
National Capital Region or the Metro Manila area.
Before 1995, the RHS trained, on the average, around 450 personnel per year in the
following courses:3 (a) Six-week "Training on Radiation Physics and Protection,
Radiographic Techniques and Film Interpretation of Chest, Skeletal System and Emergency
Radiographs"; (b) Three-day "Seminar on Radiation Physics and Protection and
Radiographic Techniques for Dental X-ray Units Users and Operators." Starting in 1995,
RHS offered the workshop on "Radiation Safety in Medical Radiography for X-ray/
Radiologic Technologists." This 26-hour training/workshop enables X-ray/radiologic
technologists to become Radiation Safety Officers, and is a requirement for licensing of Xray facilities. The radiation-related topics in the syllabus for this training/workshop are:
(a) Production of X-ray and Its Properties; (b) Interaction of Radiation with Matter; (c)
Radiation Quantities and Units; (d) Biological Effects; (e) Principles of Radiation
Protection; (f) Personnel Monitoring; (g) X-ray Room Design.
3. Additional Future Activities
In 1998, as part of a Regional Cooperative Agreement (RCA) and International
Atomic Energy Agency (IAEA) project, the Philippines participated in the trialing of
distance education or distance learning modules in radiation protection. These distance
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learning modules were developed at the Australian Nuclear Science and Technology
Organisation (ANSTO). Under Phase 2 of the project, these modules will be trialed in the
Open University of the University of the Philippines. These modules will also be trialed in
Thailand, New Zealand, Korea, and Mongolia. After the trials and once put in their final
form, these modules will be published by the International Atomic Energy Agency and will
be free for use by countries desiring to do so, and may be translated to the native language
of a particular country. These modules could in the future be transformed to electronic
format to be availed of using the internet.
As part of the activity of the Subcommittee on Nuclear Power Public Education and
Information, 36 additional Teaching Modules on radiation and nuclear topics are being
developed by the University of the Philippines - Institute for Science and Mathematics
Education and Development. These are designed for use from the First Year to the Fourth
Year of high school, and designed for continuity of learning on a spiral method. Each
module includes a Teacher's Resource Manual and a Student Resource Manual.
Although at present there are some weekly science programs on television designed
for science teachers, high school and elementary students, radiation and nuclear science
related topics still need to be incorporated into these television programs.
The Philippines is coming up with an Education Technology Master Plan whose aim
is to improve the accessibility and quality of education through the use of Information
Technology and other innovative education technologies. The different government
agencies involved in this master plan are the Department of Education, Culture and Sports
(DECS), the Technical Education and Skills Development Authority (TESDA), the
Commission on Higher Education (CHED), and the Department of Science and Technology
(DOST). If incorporated into the Master Plan, Information Technology (IT) will be a
powerful vehicle for radiation education in the future.
REFERENCES
1)
Bureau of Secondary Education, Department of Education, Culture and Sports,
"Philippine Secondary Schools Learning Competencies, Science and Technology"
latest revision, 1998.
2)
Information taken from the Subcommittee on Nuclear Power Public Education and
Information.
3)
Personnal communication from the Radiation Health Service, Department of Health.
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2.10 RADIATION EDUCATION IN POLAND - THE PRESENT STATUS AND
PERSPECTIVES
Dr Wieslaw Goraczko
Technical University Poznan, Radio- and Photochemistry Dept;
60-965 Poznan, uLPiotrowo 3; Poland
Email: GORACZKO@SOL.PUT.POZNAN.PL

ABSTRACT
The necessity for the continued education about radiation (both in nuclear science and the
technical application of radioisotopes) in the educational system is obvious.
For many years this subject has been part of a students education in physics as well as
nonphysical areas of study, such as chemistry, biology, medicine, ecology and agriculture.
Unfortunately in the wake of the disaster at Chernobyl, a number of negative factors have
resulted that have undermined both education in this crucial area and financial investment in
Polish radiation institutes. Some sociologists have termed this behaviour/viewpoint "radio phobia phenomena". Might I be so bold as to recoin it as "nuclear related paranoia" since it
has caused a general breakdown in rational, "cause and effect analysis" even within respectable
scientific circles, including prominent radiobiologists, who now accept radiation only as a
destructive factor in biological and human life.
Unfortunately in Poland there is a good basis for the development of "radio-phobia" amongst
the population. Firstly, in the past, the development of the A-bomb coupled with the rise of
two diametrically opposed political and military systems (dividing East and West), up until
1989 led to extensive worldwide research which considered only the damaging effects of
exposure to radiation in the event of world conflict. This created the basis for the false and
totally unscientific belief that exposure to radiation in both high and low doses were strangely
equal and therefore harmful to humanity. The voice of reasonable scientific research, that
proved that this was patently not the case, was drowned under the insistence, by many, that the
use of nuclear physics for the creation of civilian power sources equated that of an S.S.20 or
Pershing II nuclear warhead, a few of these misinformed persons going so far as to claim that
missies were perhaps even more desirable than civilian nuclear projects because as they put it
to the Danes, "at least, unlike Barseback, there not in your backyard".
Now might be the last chance we have to rid society of this hocus-pocus and change their
way of thinking about radiation and nuclear physics in general.
The most important factor in this campaign will be the promotion and presentation of
radiation in simple-understandable terms through the following outlets, (popular articles, TV
programs, objective classroom presentations and so on), designed to be easily understandable
to society as a whole. In this support is to be found in some governmental and independent
organizations which do attempt to show radiation as bio-positive, human friendly and an
economically indispensable factor for the future. However our fight with the so-called "coal
lobby" will continue to be difficult. Help by international organizations such as the I.A.E.A will
not suffice in this battle.
In this article the author tries to describe the Polish education system and statistical data
showing the present status of radiation science, radiation education and the quantity of students
and experts in the field.
As a nuclear physicist and specialist in radiation protection, lecturer and an Inspector of
Radiation Protection, he provides insights from his own experience and offers his conclusions
regarding efforts to encourage and promote radiation science and education.
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1. INTRODUCTION
Interest in nuclear science and its applications began before 1970, in connection with the
start of designs for the First Polish Nuclear Plant (FPNP). After Chernobyl and a very
aggressive negative publicity campaign against all forms of nuclear development, all work in
this project was discontinued. This despite the fact that from its inception and throughout the
eighth years of its design and construction, FPMP had cost the Polish government, that is the
Polish tax payer, over $8 million. Starved of financial assistance, institutes concerned with the
development of nuclear related subjects, have fallen into disuse and neglect, many closing
altogether. The Polish Nuclear Society coupled with the Technical University of Warsaw has
released an elaborate analysis of the present status regarding education about radiation in the
Polish education system. Sadly a sorry picture emerges.
Although in some elementary and high schools various elements pertaining to the science of
radiation exists it is generally taught within the framework of related subjects - for example physics, chemistry and ecological studies. This is therefore the first contact a student will have
with atomic science related matters. Because this first point of contact with nuclear subjects is
of such great significance, one would expect the subject to be introduced in an easy and
objective manner which describes both the positive and negative influence on ecology and
human life. What is called for here is a rational balanced approach which explains realistically
the types of problems associated with nuclear technology, at the same time stressing both the
known and potentential solutions. Therefore it is an absolute necessity that a positive nuclear
education program be adopted in the Polish education system. Sadly this is not true of the
present climate.
Analysis of this problem is overwhelmingly pessimistic. After 1990 many Universities closed
post-graduate studies in nuclear related subjects. During the same period large numbers of
nuclear specialists and experts rejected their profession, finding new positions in jobs that were
more profitable and acceptable to "public opinion". Several scientists have fled the country to
seek meaningful employment in less paranoid countries, where their highly skilled educational
qualities are appreciated and not scorned.
Also since 1990 the amount of students applying for studies in nuclear related subjects has
collapsed. Only a handful of Polish Universities continue to offer courses in the field of nuclear
sciences (Table 1) most of the others having capitulated to the irrational demands of political
and public "anti-nuclear sentiment".
Fig. 1 shows the number of university students completing nuclear science and technology
related subjects in the period 1985 -1994. As a direct consequence of the Polish Governments
decision to abandon construction of F.P.N.P. we are able to observe a catastrophic decline in
the number of students involved in the nuclear field. Fig. 2 and Fig. 3 show clearly how this has
also decimated the number of students receiving honors at the highest levels (i.e. doctorate and
professorial level) and a number of the post-graduated thesis finished in nuclear science and
technology (before and after 1990).
2. CONCLUSIONS
The shortsighted political decision to halt construction of the First Polish Nuclear Plant has
all but destroyed nuclear science education in the country, both in regards to its commercial
use and its non-energy-related applications.
The political about-face by both the Polish Parliament and Government to revive a Polish
nuclear program will require a "Manhattan Project " type program in both educational reform
and public awareness if it is to have a chance of success. We will need to use the expertise of
all nuclear scientists and professionals to help to create, as rapidly as possible, a new generation
of nuclear experts.
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Tab.l. Universities and scientific laboratories in Poland involved in "atomic area".
Department
Nuclear Physics and Techniques;
Electronics and Electrotechniques;
Energy;
Mechanical
Electric
Institute of Radiation Techniques
Environmental and Energy Engineering
Radio- and Photochemistry,
Physics Institute;
Institute of Chemistry and Electrochemistry,
Physics Institute;
Institute of Chemistry - Radiochemistry;
Electric;
Electronic;
Energetic and Aviation;
Land Engineering;
Institute of non-organic Chemistry,
Rare Earth;
Physics Institute;
Mechanical Energetic;
Experimental Physics Institute;
full spectrum

Place
University of Metallurgy and Mine
Krakow
Technical University Bialystok
Technical University Gdansk
Technical University Lodz
Technical University Gliwice
Technical University Poznan

Poznan University
Technical University Warsaw

Technical University Wroclaw

Nuclear Energy Institute Swierk
Institute of Nuclear Problems Swierk
Central Laboratory of Radiation
Protection Warsaw
Chemistry and Nuclear Techniques
Institute Warsaw

Radiation Protection
Environmental Science
full spectrum

-
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Fig.3.Number of the post-graduated thesis finished in nuclear science and technology (before
and after 1990).
Both the Chernobyl incident and the so-called "Hiroshima Syndrome", have had a disastrously
negative impact in applied nuclear - radiation studies and subsequently undermined the
economic viability of most Polish "Institutes of Radiation R & D".
The sociological impact of years of negative nuclear propaganda is most keenly felt in public
attitudes towards both nuclear energy projects and related subjects. The repeated emphasis in
the media of the, "negative only", results of nuclear technologies, coupled with unscientific
ravings of a few misguided individuals in the scientific community has resulted in a "radio phobia phenomena" of hysterical proportions.
Only an all out educational drive, using popular articles in the written media, TV
documentaries and a school educational program, will enable us to redress this imbalance.
Although there exists some governmental and independent organizations that attempt to
present nuclear science in a positive light, i.e. bio - positive, human friendly and as an
economically indispensable factor for sustainable growth, we cannot rely on the help of such
institutions, including the I.A.E.A., to win the battle we are waging.
The fight against ignorance and short-term economic solutions in the field of energy
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development, against the "Greenies" and "Coal Lobby" respectively, will continue to be
difficult.
Finally the following list of points, I hope will enable all of us attending today's conference,
to focus our discussions and perspectives for future actions.
a) an increase in the number of nuclear science related subjects at university level is imperative.
b) an increase in funding in this area is needed by the Ministry of Education in Poland.
c) the use of positive coverage in all forms of media is essential for combating public ignorance
in the subject.
d) financial assistance, in the form of grants, have to made available to a Science Research
Committee.
e) the introduction of pro ecological techniques for the production of energy, such as nuclear
energy, must be explored vigorously.
f) financial incentives to industries engaged in nuclear related programs should be encouraged
through "Tax Breaks" and low interest credit opportunities.
g) a concerted effort should be made to explain the relationship both historicalfy and presently
in the evolution of the universe and the human species.
h) a full frontal attack must be launched to combat superstition and ignorance about nuclear
physics. This should also focus on the necessity of exposing unscientific and sensationalistic
postulations made by the uninformed. Every piece of misinformation should be challenged
wherever it occurs.
i) an international alliance of all persons dedicated to the proliferation of nuclear related
science and technologies should be formed and cemented through regular contact and forums
of the kind we are attending today.
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2.11 STATUS AND PROBLEMS OF RADIATION EDUCATION IN
TAIWAN
CHIN-WANG HUANG
Department of Chemistry, Chung Yan Christian University CHUNG LI,
TAIWAN. 320

Abstract
In Taiwan, there are few numbers of radiation education, courses this fact makes
an impression of insufficiency. This matter is thinkable to be an important problem.
There are sets of atomic power stations and 6 atomic reactors are now operating. The
electric power production is about 50144MW, which comprises 20% of total electric
power in the country. The knowledge for the related to the radiation is not diffuse and
there is only frightened impression. The radiation education should be spread to the
ordinary citizen, and essential qualities a risk of the radiation should be instructed
sufficiently. The radiation literacy of the ordinary citizen is needed to raise the level.

I . Introduction
The country area of Taiwan is nearly 3,6000 sq.km2 and the population
numbered is over 21,000,000.The population density is 585 persons/km2 which is the
secondly crowded in the world, Taipei City has the highest population concentration
(2,800,000) of the Taiwan area. The population is greatest along the Taiwan Starct
seaboard where the weather is mild and the transportation and industrial facilities are
most highly developed. In fact approximately 95% of the nations people live on the
strip of coastal plain between Taipei and Kaohsiung. Advancing industrialization has
been accompanied by a population shift toward the large cities and a remarkable
population decline in the agricultural areas.
The education is available to all citizen over 98%. At the present time, there are
about 130 Universities or Academies, while most of student enrollment of university
is more than 20,000. The Gross National Produce (GNP) reaches US$13,000.
Student enrollment of university or academy at present is 856,186 The numbers of
doctoral, masters, undergraduate and academic course students are 10,013, 38,606,
373,702, 433,865 respectively, and corresponding ratio is 1:3.75:36.3:42.2.
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II. Education and Training
There are 79 Universities and Academies; the other Colleges are 60. The
number of university, which employs teachers with radiation license, is 18, and the
number of these teachers is 77. Which the college with the same qualification is one
and the number of teachers is 2.
Number of university and colleges, which provide the course of various
radiation education, are 16 and 1 respectively. There are 20 universities that contain
the Department of Chemistry, and the number of student is 4,737. Among these 20
universities only 4 provide the course of various radiation education (the ratio is
Because the various radiation education in university are not enough, ordinary
citizen can not understand radiation well. This situation makes people frightened and
they are against to the peaceful use of radiation and the building of new Electric
Nuclear Power.
In order to redress the deficiency of various radiation education in university,
short course training about radiation education is provides in 4 institutes as follows
(Table 1).
1. Institute of Nuclear Energy Research: To strength the training of employs
in institute.
2. Radiation Protection Association: To provide publicly the course of sealed
radioactive source.
3. Taiwan Electric Power Co.: To strength the training of employs in
company.
4. Yang Ming University: To train the use of Un-Sealed radioactive source in
medicine.

Ill. Nuclear Reactor
1. Nuclear Research Reactor
There have 2 Nuclear Research Reactors in Tsing Haw University and Instituted
of Nuclear Research Reactor. They also educate and train for basic science and
technology of Radiation, simultaneously, they produce some Radio Isotopes to supply
medical use etc.
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Nuclear Power Generation

The six nuclear units in Taiwan jointly constituted 20 percent of the total
installed capacity. The six nuclear units were housed in three nuclear power stations,
all of which are owned and operated by the Taiwan Power Company. The first nuclear
power began to operation in 1978. The second nuclear power was started in 1983. The
third nuclear power began operating in 1984. The two new nuclear units are building
now.
Almost all of the nuclear power reactors are located at North part of Taiwan, and
another 2 research Nuclear reactors are also in there. So that North part of Taiwan is
exposed to higher density of nuclear reactor dosage than South part (Fig. 1).

IV. The Atomic Energy Council
The Atomic Energy Council, a government supervisory agency under the
Excutine Yuan, sets the licensing specification for nuclear power plants and Radiation
equipment or users (Table 1,2 and 3 ) . Numbers of license for Medical and NonMedical are 13,932 and 7,654 respectively, and the number of license for Radiation
protection is 1,360.

CONCLUSION
The discovery of radiation has been beyond 100 years. We still feel it's mystery.
Henceforth the education of radiation is strengthened from primary school to
university. People will understand the importance of radiation and the way to use well.
The radiation literacy of ordinary citizen in Taiwan can be raised in the near future.

REFERENCES
1) Atomic Energy Council, "An Introduction to the Atomic Energy Council."(1996)
2) Ministry of Education, "Education Statistics of the Republic of China."(1998)
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Taiwan Strait
No.l, 2, and 3:Nuclear Power Reactors
No.4:Nuclear Power Reactors(building)
No. 5 and 6:Nuclear Research Reactors

Fig. 1 Map of Nuclear Reactors location in Taiwan

Table 1 License for Medical
Associates
Engineers
Engineers
Dentists
Doctors
Total

To Diagnose

RI

Treatment

Total

420

3

12

435

2517
6483
3905
13325

148
0
85
236

241
2
116
371

2906
6485
4106
13932
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Table 2

License for Non-Medical
Sealed
Un-Sealed
Radioactive Radioactive
Material
Material

Junior
Middling
Senior
Total

99-011

2266

2707

85
17

190
10

2368

2907

Ionizing X-ray for
Sealed
Radiation Animal Radioactive
Equipment
Sources and
X-ray
1812
201
276
L
82
0
3

5
1899

0
201

0
279

Ionizing
Radiation
612
Equipment
High level
Radiation
44
Treatment
Radiation
irradiation
101
Sealed
Radioactive 214
Materials
Un Sealed
Radioactive 470
Materials
Nuclear
Reactor
100
Others
28
Total
1569

Middling Senior

Total

40

1

653

12

0

56

2

0

103

52

3

269

63

2

535

40
I
210

3
37
46

143
66
1825

Numbers of Licenses : 1360
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2.12 STATUS AND PROBLEM OF RADIATION EDUCATION IN THAILAND
Manoon Aramrattana
Office of Atomic Energy for Peace
Vibhavadee Rangsit Road, Chatuchak, Bangkok 10900, Thailand

ABSTRACT
Knowledge of radiation and its application and protection have been routinely
taught, discussed and transferred to end users and the public. Limited resource and a
strategic plan are identified to be the major obstacle to fully implementation of radiation
education in Thailand. Current strategic planning on radiation education in Thailand will
be discussed.
1. INTRODUCTION
Peaceful applications of atomic energy in Thailand has been the founding
principle of atomic energy applications since its introduction to the Kingdom in 1961. It
is clear to us that 'peaceful' means benefit with safety. In practice, Thailand commits
and adheres to Non-Proliferation Treaty (NPT) of nuclear weapon regime with a
comprehensive safeguard agreement with the International Atomic Energy Agency or
the IAEA.
The world wide "Atom for Peace" program initiated a national peaceful
application of atomic energy program in Thailand. Later, an Atomic Energy
Commission, so called Thai A.E.C., was established by virtue of the Atomic Energy for
Peace Act 1961 with an Office of Atomic Energy for Peace (OAEP) established as its
Secretariat. OAEP is an the key organization in Thailand dealing with all matters on
peaceful application of atomic energy. Apart from being the Secretariat to the Thai
A.E.C., OAEP has been playing key roles to implement the founding principle and its
associated policies to control and regulate safe uses of, to promote and coordinate
research and development on, and to conduct its own research and development on
peaceful utilization of atomic energy. It is also the counterpart institution of the
International Atomic Energy Agency (IAEA).
In the past 36 years, there have been substantial progresses made on peaceful
and safe utilization of atomic energy in various Thai research institutions including
OAEP. Their main contributions have been in areas of education and training, and for
agricultural produce development and treatments, nuclear medicine and nuclear
oncology, health care and nutrition, and increasing industrial productivity and
efficiency. Such progresses are assured by only with sufficient safety measures.
Enforcing of radiation and nuclear safety measures has been a major commitment to the
public of the safety inspectors and safety officers at OAEP. It has been clearly successful
as there has been no record of any major nuclear accident in Thailand since 1962.
2. CURRENT RADIATION EDUCATION PROGRAM
Office of Atomic Energy for Peace, with the research reactor and modern
equipment, is the center of associated with radiation education in Thailand, as the
promoter and enforcement. Training of radiation safety and radiation safety officer
which are the requirement of nation's regulatory function are also provided. All the
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training course contain basic radiation interactions with matters, the basic knowledge for
radiation education. However, it is at rather technical and for scientists. Therefore, it is
recently agreed among the trainers that education plan on dedicated radiation education
curriculum is needed for expanding correct knowledge of nature of radiation and its
usefulness and danger. Hence, the general public are more knowledgeable, and proper
use of nuclear technology in the future will increasing on sound basis.
Knowledge of radiation are recently put in school education, starting in
secondary school, radiation applications in food irradiation and sterilization of medical
products are taught in everyday science courses. In high schools, the topic on radiation
and radioactivity are parts of fundamental physics and chemistry. Furthermore, in more
than 600 colleges and universities located in all part of Thailand, every major college
and university offers courses in fundamental nuclear physics and related topics in
Physics Department. Physical-chemistry concerning of radiation and radioactivity in
other aspect is taught in Chemistry Department. Reactor theory is a topic existed in
Master degree program of Nuclear Technology at Chulalongkorn University. Among
universities in Bangkok area, Kasetsart University has a Department of Applied
Radiation and Isotopes which offers many undergraduate courses on applications of
radiation technology in agriculture and environment. Radiation and research from
accelerator is emphasized in the Fast Neutron Research Facility, Institute of Science and
Technology Research and Development, Chiang Mai University at Chiang Mai. For
medical application, there are numbers of programs on radiation technology studies in
medical fields in major cities; Bangkok, Chiang Mai, and Song Khla. The program
produces radiologist for hospitals. Three level programs consist of a program for Xrays technician, a program for overall radiologist and a program for advance radiation
physicist, who is a person assisting oncologist in radiation dose calculation and
treatment of patients.
OAEP's major roles in above curriculum are:
• giving lecturers for many courses in colleges and universities, providing assistant for
laboratory exercises and researches;
• delivering lectures for interested groups and associations, arranging in house courses
in radiation technologies and radiation protection; and
• cooperating with IAEA in arranging national or regional training in some special
related topics, etc.
Figure 1 shows number of academic courses given by lecturers from OAEP, Figure 2
shows number of persons doing laboratory exercises and researches, and Figure 3
shows number of lectures given to groups and associations. In addition, since 1990,
OAEP has organized 11 courses on radiation aplications and 59 courses on radiation
protection.
It is therefore advisable to say that, except for nuclear power, the utilization of
nuclear technology in Thailand is willingly accepted. They are widely used in nuclear
medicine, industry, agriculture, research and education.
Besides the 59 courses arranged by OAEP and some courses offered in
universities, there seems to be inadequate for increasing needs of the technology. OAEP
also negotiate with JAERI, under the bilateral OAEP-JAERI Cooperative Research
Agreement, two courses on Radiation Protection for Radiation Safety Supervisor, and
on Nuclear Technology and Its Diverse Applications. Course for the two topics will
organized twice in the course of three years. JAERI also supports number of essential
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instruments necessary to conduct the courses. Distance Learning for Radiation
Protection training is another approach being planned together with planned certification
for radiation protection personnel to be enforced by OAEP.
Currently, simplified and short courses on radiation and radioactivity have been
organized for school teachers at Ongkharak Distric, Nakon Nayok Province, where a
new nuclear research center is to be established. The courses are simplified and
associated with simple laboratories such as radioactive materials in everyday-life
products, radioactivity in air, autoradiography, column scan demonstration, etc. The
courses proved to be successful, and there are numbers of suggestions such as
organization of the nuclear related youth camp, the public information center located in
schools in the vicinity, and granting students to further study in nuclear science.
3. CURRENT PROBLEM
As radiation education is recently start in school, there are still lacking of
experienced teachers to provide appropriate guidance to students. Many educational
colleges are inadequately equipped with laboratory accessories, especially materials for
physics experiments. Another major concern is to encourage teaching statistics of
probability and risk assessment within the radiation measurement techniques. Many
people are not knowledgeable enough to make use of the subjects and, hence, do not
know status of risks from natural radiation being experienced in everyday life. Majority
of university students refuse to take statistics courses if they can avoid.
4. FUTURE PERSPECTIVES
There are world wide effort to educate general public on peaceful applications of
nuclear energy including that of nuclear power. Traditionally, public information
officers, most likely being familiar with perception of nuclear scientists, tend to jump to
disseminating all available information close to our routine technical work and
acquainted environments. It is assumed that the public have certain degree of scientific
background sufficient to comprehend the available information. After so many efforts
for a long period of time, the public often complain of complexity of nuclear science for
them to readily comprehend. They need some simpler reference than scientific terms and
formulae. Therefore, some rethinking is necessary to clearly identify how general public
perceive events around them, what influence their decision making process, and what
kind of personality they respect, listen and follow. It is a huge and difficult task.
Public perception of what explained to them seems to be the origin of all
misperceptions. The long standing perception of nuclear energy is destructive while
perception on daily exposure to radiation from the origin of mankind remains unnoticed
situation. Radiation education seems to possess strong message to the public to be
understood and be aware of true ecology of mandkinds and true meaning (perception) of
nuclear energy in daily life. Hence, public acceptance is expected to follow
spontaneously.
It is, therefore, essential to concentrate on using radiation education as the
important vehicle to inform general public of nuclear energy in daily life called sun ray,
cosmic ray neutrinos and others.
Public understanding of such naturally occurred phenomena will certainly
prepared themselves to listen more carefully on subjects of atomic energy, as they
realized of its daily association with life on earth.

-

176-

JAERI-Conf

99-011

Therefore, radiation education is indeed an essential instruments for providing
good basis for general public to understand atomic energy in daily life. It will certainly
be a strategic approach in Thailand for public information program from now onward.

Figure 1 Number of courses given by lecturers from OAEP
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Figure 3 Number of lectures given to groups and associations
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2 .13 FUTURE PERSPECTIVE OF MEDICAL RAD1ONUCLIDE PRODUCTION AND
RELATED EDUCATIONAL PROBLEMS IN DEVELOPING COUNTRIES
Turan UNAK
Ege University, Faculty of Science, Department of Chemistry
Bornova, Izmir 35100, TURKEY
ABSTRACT
The radionuclide applications arc continuously escalation in nuclear medicine.
Especially, the development of positron emission tomography (PET) technique has
increased very rapidly the use of short-lived radioisotopes in this field, and this has
caused the development of compact medical cyclotrons. About 30 cyclotrons operated
in the world wide are actually found in the developing countries. In parallel of this
progress, the basic nuclear sciences, especially nuclear chemistry and
radiopharmaceutical chemistry will probably very important fields in the next new
century for nuclear science and technology applications in health care sector. For this
reason, the developing countries should eventually revise- their academic educational
and training programs aiming to ensure the formation of qualified basic nuclear
scientists such as nuclear chemist, nuclear physicist, radiopharmacist, etc.
1. INTRODUCTION
The imaging techniques based on the detection of nuclear radiations emitted by
the radionuclides incorporated into the specific organs are commonly used in today's
health care sector. The single photon emission computed tomography (SPECT) and
positron emission tomography (PET) are the fastest growing imaging techniques in
nuclear medicine and related branches of medical sciences. These techniques
principally use the radiolabeled chemical materials that are known as
"radiopharmaceuticals". In recent years, many radiopharmaceuticals bearing different
kind of radionuclides have been largely used in diagnostic and therapeutic studies,
especially of cancer. The basic principle of radiodiagnosis and radiotherapy is ensuring
as low as radiation dose absorption by patients. Sometimes, the radionuclides having
very short physical half-lives, and very interesting decay characteristics are required for
this purpose. The use of short-lived radionuclides necessitates their productions just at
the application sites. This necessity has provoked the development of compact particle
accelerators. So, the medical cyclotrons were begun to be used in this field. While the
oldest running cyclotron was commissioned in 1948 at the University of Birmingham
in England, their commonly using was started following 1970's years, and the
radionuclides production using medical cyclotrons has became very largely applicable
even in the developing countries not haven other nuclear facilities. Consequently, the
number of cyclotrons running in the world wide has increased very rapidly. For
example, while there were only 3 medical cyclotron and PET centers in the USA in
1975, today this increased up to about 66. In this context, the number of medical
cyclotrons actually operated in the world wide is about 206°. Table I shows the
numbers of medical cyclotrons installed in the period of 1972 - March 1998, As is seen
clearly, the use of medical cyclotrons has consideably grown. Table II shows the
distribution of these cyclotrons by countries. It is interesting that about 30 cyclotrons
running are actually in the developing countries. It seems also very probable that at the
beginning of the next new century nearly all developing countries will be able to have,
at least, one cyclotron for own medical applications.
2. CYCLOTRON PRODUCED RADIONUCLIDES
The principal purpose of medical cyclotrons is, of course, to produce the shortlived radionuclides at their application sites. Nevertheless, in the case of a productive
nuclear reaction can be applied, the charged particles accelerated by cyclotrons such as
proton, deutron, triton, and alpha can also be used for production of any radionuclide
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having whatever half-life. For this reason, in recent years the production of many
radionuclides, for example 73Br, tMI, 2"At, etc. which have the potential applications in
diagnostic or therapeutic studies, have been subjected by several investigators2 4). In this
context, some reactor produced radionuclides, as an example wMo or directly ^"Te,
have been tried to produce by using cyclotrons'*. Consequently, the variety of
radionuclides has been considerably grown day by day. Table HI shows the principal
cyclotron produced radionuclides which have the potential applications in medicine and
other fields1".
3. BASIC PRINCIPLES OF PREPARATION OF RADIOPHARMACEUTICALS
AND FUTURE PERSPECTIVE OF NUCLEAR CHEMISTS
The use of radionuclides in diagnostic and therapeutic studies is depended on
the preparation of appropriate radiopharmaceuticals. The first step of preparation of a
radiopharmaceutical is to produce the radionuclide, and the next step is the labeling of a
chemical compound with this radionuclide. The third step is its sterilization and quality
control procedures. For this reason, the nuclear chemistry and radiopharmaceutical
chemistry have the principal roles on the preparation and safely using the
radiopharmaceuticals in medical applications.
As outlined in the introduction section the growing applications of cyclotron
produced radionuclides in medical studies have clearly indicated the importance of
qualified nuclear and radiopharmaceutical chemists. This means that in the next new
century these professionals will be the key people for radionuclide applications in this
field. A report5' prepared in 1990 by a group of International Atomic Energy Agency
experts (group members : H. Vera-Ruiz, C.S. Marcus, V.W. Pike, H.H. Cocnen, J.S.
Fowler, G.J. Meyer, P.H. Cox, W. Vaalburg, R. Contineau, F. Hclus, and R.M.
Lambrecht) also very clearly outlined the important role of these professionals for the
preparation and quality controls of cyclotron produced radiopharmaceuticals. It is also
interesting to note that in that report the special training of radiochemists and
radiopharmaceutical chemists on the specific quality control techniques of
radiopharmaceuticals bearing short-lived radionuclides was obviously outlined, and
indicated the dangerous role of non-training people to safe and efficacious use of
radiopharmaceuticals.
The future perspective of progress envisaged on the application of cyclotron
produced radionuclides necessitates the reorganization of academic educational and
training programs of basic nuclear sciences, especially of nuclear chemistry.
4. COMMON PROBLEMS ON NUCLEAR CHEMISTRY
As is known well, the public reactions provoked by several politicized groups
against to nuclear energy and related technologies influence, of course, the basic
nuclear science and technology educational and training academic activities in all
countries. In this context, also the nuclear chemistry has been considerably influenced
by these negative actions. Surely, this is a common and global serious problem for
basic nuclear sciences and related technologies, and particularly for nuclear chemistry.
Another important problem of nuclear chemistry is originated from the confusion of
"nuclear chemistry", "radiochemistry", and "radiation chemistry" definitions, A careful
searching on these three basic definitions in the literature including the main textbooks
written by famous authors and published by international press companies clearly
shows that there is not an international agreement on these definitions. This means that
it is not clear-cut as wished; what is exactly nuclear chemistry, radiochemistry, and
radiation chemistry; what relations are exist between them; and exactly what topics
should be covered by these chemistry branches related basically to the radioactive
materials and nuclear radiations? In addition, what is their place between other
chemistry branches? According to some authors, the nuclear chemistry is considered as
a principal branch and covers the radiochemistry and radiation chemistry as being two
main sub-branches of nuclear chemistry. For example, the textbook prepared by G.R.
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Choppin and J. Rydbcrg and titled as "Nuclear Chemistry : Theory and Applications"7'
has the principal topics of radiochemistry and radiation chemistry. The similar textbook
coverage has been also applied by several authors. Other examples are the textbooks
written by M. Haissinskys>, A. Vertes and I. Kiss"', HJ. Amikar"J>, and E. Roth">.
Contrarily, some other autruirs have considered that the nuclear chemistry and radiation
chemistry are basically different, and cover different topics as being not including the
radiation chemistry. The textbook written by G. Friedlander, J.W. Kennedy, J.M.
Miller'*' is a well known example for this consideration. That textbook was principally
covered only the topics related to radioactive materials not including the topics related
to radiation chemistry under the title of "Nuclear and Radiochemistry*\ The nuclear
chemistry and radiochemistry have been also very sharply differentiated and very fairly
overiopped by R. Guillamont13'. Tt is also necessary to outline that the "nuclear and
radiochemistry*1 expression has been also commonly used to refer the discipline of
chemistry that relates to radioactive materials including the nuclear transformations.
The coverage of radiation chemistry is much more easily distinguished then nuclear
chemistry and radiochemistry as being the chemical effects associated on matter with
nuclear radiations"4'.
If the nuclear chemistry, radiochemistry, and radiation chemistry are considered
as well distinguished sub-chemistry branches, it should necessarily be defined a
principal chemistry branch that must exactly to cover the nuclear chemistry,
radiochemistry, and radiation chemistry, and basically to relate to the chemistry of
radioactive materials and nuclear radiations. If so, what definition can be found for this
principal chemistry branch? Surely nothing! Nevertheless, in the case of the definition
of nuclear chemistry as a principal chemistry branch which covers the radiochemistry
and radiation chemistry as its two sub-branches, the problem on the confusion of these
definitions will easily be resolved; but, it should eventually be created an international
agreement on these definitions. The foundation of the International Nuclear Chemistry
Society (INCS) can surely be very helpful for this purpose. If such a society is founded,
it may to cooperate with other international scientific organizations such as the
International Union of Pure and Applied Chemistry (IUPAC), International Atomic
Energy Agency (IAEA), NATO Scientific Committee, American Chemical Society
(ACS), etc. In the case of realization of this cooperation, also an international
agreement on these definitions can be realized. If not, the confusion will probably
continue, and consequently the nuclear chemistry will not seriously be able to into
account in international scientific platforms, and to get its real place between other
principal chemistry branches. As an actual situation of nuclear chemistry in
international platforms, it is not included in the list of principal chemistry branches
defined by famous international organizations. As is known well, the principal
chemistry branches have been commonly defined as the analytical chemistry,
biochemistry, inorganic chemistry, physical chemistry, and organic chemistry. The
nuclear chemistry should be included in this list of principal chemistry branches having
very different and characteristic application principles and handling techniques as a
younger chemistry discipline which basically covers the chemistry related to the
radioactive materials and nuclear radiations14'.
5. LOCAL PROBLEMS IN DEVELOPING COUNTRIES
In the next new century, the global energy requirement will probably result the
use of nuclear energy with growing intensity in developing countries, too. Actually, the
development and advancement of nuclear technologies have been controlled by
industrialized countries. As a result of this situation, in that countries the required
nuclear engineers and basic nuclear scientists can be formed using the graduate and
undergraduate academic programs. In this context, the nuclear chemists, and other
nuclear specialists can be formed; but, in the developing countries the situation is much
more different than that of industrialized countries. Firstly, while some developing
countries has already one or more nuclear power stations, some others have not yet it.
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Even the developing countries have the nuclear power station or stations as being
already envisaged with the first important step of nuclear technology, this does not
means that the formation of nuclear engineers and basic nuclear scientists can be
realized in own countries.
The rapid growing of medical cyclotron applications shows clearly that in many
developing countries the medical cyclotrons will be grown much more than the nuclear
power stations. This means that these countries will eventually need the nuclear
chemists and other basic nuclear scientists rather than the nuclear engineers. Table IV
shows the distribution of nuclear power stations, research reactors, and medical
cyclotrons in some developing countries.
The challenge of nuclear chemists and radiopharmaccutical chemists having
special training in medical radionuclide production, radiopharmaceutical preparation,
and their quality controls as obviously outlined in the IAEA experts report5* indicated
in the above paragraphs, the quality standards of radiopharmaccuticals which will be
used on the patients will not sufficiently be satisfactory and will be able to be
dangerous, too. While the easily installation of medical cyclotrons, but the challenge of
required qualified experts will probably result the use of non-qualified people for these
applications directly related to the health care. Of course, this will cause the envisaging
very serious radiation dose problems for patients.
6. SPECIFIC PROBLEMS IN TURKEY
Turkey as a country having very critical geopolitics situation is a political and
cultural bridge between Est and West, Russian and Middle-Est, Balkan and Caucasia.
The economic potential of Turkey has developed very rapidly, especially in last fifteen
years. Also its industrialization has been very considerably realized. iNevertheless, the
critic geopolitical situation and earlier economical problems prevented Turkey to have a
nuclear power station untill today. Of course, this has had a role negative on the
required development of basic nuclear sciences in Turkey, while Turkey has two
nuclear research reactors; but, in the first five years of the next new century, Turkey
will probably have two nuclear power stations and this will obviously provoke the
understanding of importance of nuclear technology and basic nuclear sciences. In
addition, at the Ege University a medical cyclotron project has already been started. It
is hoped that at the beginning of the next new century it will be able to produce the
principal cyclotron produced medical radionuclides used around the Turkey. Of course,
these applications will also show clearly the importance of basic nuclear sciences,
especially of nuclear chemistry. In spite of these progresses, Turkey has some similar
public reactions against to nuclear technology. This is, of course, a serious problem in
Turkey, too. Another serious problem in Turkey is originated from the administrative
procedures of academic organizations that are controlled by a governmental council.
According to regulations determined by this council, a department of chemistry at any
faculty of a Turkish University, should be organized by five principal chemistry
branches as being analytical chemistry, biochemistry, inorganic chemistry, physical
chemistry, and organic chemistry. So, all graduate and undergraduate educational and
professional formation programs must be formulated starting from this basic principle.
The nuclear chemistry is only considered one of two sub-branches of physical
chemistry. Of course, this prevents very seriously the development of nuclear chemistry
specialization in Turkey. The complexity of this problem is depended on the difficulty
of alteration of governmental high educational council regulations. This means that the
problem cannot be resolved neither by an individual University nor by a group interest.
As the author of this paper, personally I have been charged since many years to resolve
this problem in Turkey; but unfortunately, while the similar problem is not valid neither
for nuclear physics nor nuclear medicine and radiopharmacy, a considerable progress
could not be obtained for nuclear chemistry. It should be also outlined that the global
misconceptions on the understanding of nuclear chemistry has also very seriously
influenced the resolving this problem in Turkey.
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7. CONCLUSIONS AND GENERAL RECOMMENDATIONS
It is evident that the radionuclide production has became more and more easy by
using the compact medical cyclotrons. For this reason, the application of different
radionuclides will be able to have an important role in the near future either for
scientific and technical applications or medical diagnostic and therapeutic studies. As a
consequence of this progress, the basic nuclear scientists, especially nuclear chemists
will be seeking professionals in the next new century also in the developing countries.
Starting from this point of view, it can easily be understand that the academic formation
and in addition the specific training programs aimed to the formation of these qualified
professionals should eventually be considered, and all graduate and undergraduate
academic programs should be revised as soon as possible starting from the basic
principles indicated in the different reports15"" by the developing countries which desire
to develop their public health care programs. For support these efforts in developing
countries the international scientific organizations should similarly support the
formation of basic nuclear scientists in industrialized countries, too. In this context, the
importance of nuclear chemistry as a principal professional field for radionuclide
production, radiopharmaceutical perparation and their quality controls should clearly
be shown by everybody who is directly or indirectly related to the application of
radioactive materials and nuclear radiations in global science and technology sector.
The organization of these actions on nuclear chemistry can be realized by the
foundation of the International Nuclear Chemistry Society. All nuclear chemists are
invited to support and to realize this idea.
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TABLE I
Number of medical cyclotrons installed in the world wide during
the period of 1972 - March 19981'

Years

Number of cyclotrons
4
2
4
3
2
_
_
2
2
4
4
6
3
9
7
10
5
12
15
17
17
6
13
13
8
12
8 + 12 sold

1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998 (March)
Total

: 195 cyclotrons / 27 years -»• « 7.2 cyclotrons / year

Last 10 years : 138 cyclotrons -* « 14 cyclotrons / year

-

184-

JAERI-Conf

99-011

TABLE U
Distribuition of medical cyclotrons by countries"
Country

Number of cyelotron

USA
Japan
Germany

Country

Denmark
Poland
Spain
Czech Republic
Egypt
Hungary
India
Indonesia
Iran
Israel
Kazakhstan
Norway
Romania
Saudi Arabia
South Africa
Sweden
Syrian Arab Republic

66

UK

Belgium
Canada
Ncthcrland
Italy
China
France
Russian Federation
Australia
Brazil
Finland
Republic of Korea
Switzerland
Argantina

Number of cyclotron

33
20
9
8
7
7
6

5
4
4
3
3
3
3
3
2
Total number

2
2
2
1

1

1
1
1
1
1
1
1
1

1
1
1
1

: 206

TABLE III
Principal cyclotron produced radionuclides having the potential applications in
medicine and other fields.
Kadionuclide
"C
"0
«p
M
Cu
.*!
M

K
4

62

Ti
Zn/ Cu
62

7:1

Se

"Br
76Br
8

*"Rb

»to T c
ft7

Ga
•"In

!*!
»IT|
22
Na
67
Cu
103
Pd

Kadionuclide

Half-life

IH

20.3 m
10.0 m
123 s
109.7 s
12.8 h
4.2 d
7.71m
0.09 h
9.3 h / 9.8 m
7.1 h
1.7 h
16.1 h
1.3 m
5.3 m
78 h
2.81 d
60 d
73 h
2.60 y
59 h
17 d

Xe/ (2 'I

»'Pb/»TI
88
Y
7
Be
M

Mg

4xy
75

Se

87Y / «7mY
w

Mo
"Mo

99mJc
l47

Gd
Au

19S

2or,Bj

""Re

211

At
57
Co
i:w
Ce
8l
81n
Rb/ 'Kr
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Half-life

2.1 h/13.3 h
9.4 h / 73 h
108 d
53 d
19.4 s
21 h
16 d
120.4 d
80h/14h
>100y
67 h
6.0 h
35 h
183 d
6.24 d
90h

7.21 h
270 d
140 d
4.7 h/ 13 s
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TABLE IV
Comparison of distribution of nuclear power stations, nuclear research reactors
and medical cyclotros in some developing countries.
Country

Number of
power stations20'

Number of
research reactors2"

Number of
medical cyclotrons"

2

5
1
4
1
2
10
1
1
3
2
1
2

2
3
-

Argentina
Armenia
Bengladesh
Brazil
Bulgaria
Chile
China
Colombia
Congo, Democ. Rep. of
Czech Republic
Egypt
Ghana
Hungary
India
Indonesia
Iran, Islamic Rep. of
Israel
Jamaica
Kazakhstan
Korea, Democratic Rep.
Korea, Republic of
Latvia
Libyan Arab Jamahiriya
Lithuania
Malaysia
Mexico
Pakistan
Peru
Poland
Portugal
Romania
Russian Federation
Saudi Arab Republic
Slovenia
South Africa
Syrian Arab Republic
Thailand
Taiwan
Turkey
Ukraine
Uzbekistan
Viet Nam
Yugoslavia
Total

1
1
6
3
4
4
10
-

5
_
-

16
1
_
-

3
4
2
1
3
1
2
1
1
1
3
2
2
1
1
1
27
1
1
1
1
3
2
1
_
1
2

1
1
1
1
1
1
1
_
1
3
_
_
2
1
4
1
1
1
_
_
_
_
-

99

106

31

5

1
12
-

2
2
1
_
29
1
2
-
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3 . 1 RADIATION EDUCATION IN BANGLADESH : STATUS NEED & OPPORTUNITIES
-Engr. Delawar Bakht B.Sc Engg. M.Engg. FIE(B), M(BSNDT).
General Manager,Marketing Division
Titas Gas Transmission & Distribution Co. Ltd.
105, Kazi Nazrul Islam Avenue, Kawran Bazar C/A, Dhaka, Bangladesh.

Introduction
Since the emergence of Bangladesh as an independent state, the provision of radiation
education and training have expanded greately. Still then, since it is a developing country with
high population growth rate, low literacy level and located thousands of miles away from the
developed ones, it is difficult to transfer & dessiminate knowledge, particularly about the
subject of radiation at a speed & spread as required to meet the challange of future. So, not
only professional training but also institutional and formal academic knowledge & skill
development is essential in the process of acquisition and transfer of such knowledge.
Accordingly the courses on radiation & radioactivety including risk perception in general have
to be vigorously pursued for the sake of safety and attaining basic concepts about health
effects of different levels of radiation.
Background
For radiation protection purposes, the health effects of ionizing radiation are considered in
two classes : deterministic and stochastic. Deterministic effects can occur when relatively
large doses are received, causing large numbers of tissue cells to be damaged or killed, with
consequent insult to tissue or impairment of organ function. There is a threshold of dose
below which deterministic effects are not observed, while above that threshold, the severity
of effects increases with increased dose. Radiation protection against deterministic effects can
be ensured by keeping doses below the threshold levels.
On the other hand, stochastic effects are usually associated with lower doses and may or may
not occur in an exposed individual. The likelihood of occurrence increases with increased
dose. No threshold is presumed for stochastic effects and, at low doses, the probability of
occurrence of an effect is taken to be directly proportional to the dose received. The most
common such effect is radiation-induced cancer, which typically does not become manifest
until several years after the initiating exposure.
Scope and Reference of Radiation Education
In consideration of the foregoing, it has to be conceived that at least some general knowledge
on the research and application of radoactive materials as well as radiation and radioactivity
it self should be imparted to students and concerned members of the public to avoid
unmeessary fear of risk and radiophobia.
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As such, it is further required to review the current status, need & opportunities of such
education in Bangladesh in these tields in the context of National & International regulations
and recommendations of IAEA, UNSCEAR, ICRP and Bangladesh Atomic Energy
Commission (BAEC). In this connection due provision has been made in Nuclear Safety &
Radiation Control Act- 1993 of Bangladesh.
Current Status
Though introduction of Tracer Technology and Nucleonic Control System in Bangladesh is
still in the nascent stage .Bangladesh has been experiencing ionizing radiation in the application
of X-ray & Gama ray in Q A & QC through industrial radiography including food preservation
and sterilization of medical products and research investigation in different fields, for
example, radio pharmac-eutical, soil science & agriculture, ground water studies,
environmental studies, assessment of pollution of air, water, sediments, sewage as well as
exploration of coal, oil & gas applications in terms of logging of borehole. Further, so far as
gas industry is concerned, all high pressure pipelines and installations are subjected to NDT
involving high strength of X-Ray and Gamma-Ray radiography. Inadequate training and in
appropriate precautionany and monitoring measures taken there of have already caused some
severe and tragic radiation injuries too.
Need of Radiation Education
In an exercise of assessment of need of such radiation education, a comprehension ol
definitions of basic terms, viz radiation, radiation dose, low (absorbed) radiation dose and
dose-response relationship including radio biological & epidemiological estimates are essential.
Further, risk of effects on malignancy, hereditary effects and effects on embrio etc. have to
be explained in an attempt to examine the potential day to day exposure of working persons
in particular and members of public in general so far as industrial, health care and research
application of radioactive materials and protection measures are involved thereof.
Opportunities
Tliis sort of radiation literacy if properly imparted would help to take action or precaution if
any and thereby must relive the people at work and in the periphery of the psychological
stress resulted from radiophobic feeling so far as peaceful use of nuclear technology is
concerned as pointed out by Prof. T. Matsuura at 2ICI,Sydney in October 1997. Such effort
to enhance radiation education may not only start with secondary schools/colleges but also
include technical, vocational and polytechnic institutes too.
Upgradation of capabilities including evaluation of the scope, extent, rationale & involvement
of radiation education methodology in these spheres shall have to be made keeping in view
that innovative technologies have made it possible either to reduce the radiation levels or to
enable establishment of appropriate protection measures.
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Conclusion
Finally ,it has to be stressed that an active and collaborative support of the country's partners
in progress as well as co-operation & linkage programs of respective organizations of
Bangladesh & its friendly countries all over the world are developed on mutual benefits.
Simultaneously, national effort as per existing rules and regulations along with
recommendations of relevent International agencies may continue.
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3 . 2 RADIOACTIVE SOURCE SIMULATION FOR HALF-LIFE EXPERIMENT
Warapon Wanitsuksombut and Chanti Decthyothin
Office of Atomic Energy For Peace,
Vibhavadi-rangsit Rd., Chatuchak, Bangkok 10900
THAILAND

ABSTRACT
A simulation of radioactivity decay by using programable light source with a few
minutes half-life is suggested. A photodiode with digital meter label in cps is use instead
of radiation detector. Both light source and photodiode are installed in a black box to
avoid surrounding room light. The simulation set can also demonstrate Inverse Square
Law experiment of radiation penetration.
1. INTRODUCTION
Learning Nuclear Physics in school is quite difficult to understand. One methed of
teaching is trying to have the student learned by experiment. Most schools can not afford
a laboratory for a fundamental experiment on nature of radiation. Lacking knowledge for
handling of radioactive materials and cost of nuclear instruments made impossible in
implementing of such laboratory in ordinary schools. This simulation set is aimed at
providing simple and low-cost experiment to schools.
2. METHODOLOGY
2.1 LIGHT SOURCE TO SIMULATE RADIOACTIVE SOURCE
A small lamp is used connecting to RC circuit in order to simulate radioactive
source. The intensity of light is synchronized with voltage reading from a voltmeter.
Student will notice the decrease of light intensity along with the decrease in voltage at the
meter. With stop watch, student can determine half-life of the simulated radioactive
source.
2.2 FOR INVERSE SQUARE LAW EXPERIMENT
A constant light source is set on a stand located on a rail. A photodiode detector is
set on the same rail as light source and marked distance from the light source. Both light
source and photodiode are installed in a black box to avoid surrounding room light.
Readings electrical current passing through the photodiode detector are observed with
varying distance from the light source. Hence, Inverse Square Law is demonstrated.

-
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3. CONCLUSION
Gamma radiation emitted from radioactive source is the same electromagnetic
wave as light. The advantage of light is that it can be observed by eyes. The radiation
emission of any radioactive source is decreasing with time. It means the radioactive
source becomes less active, but the mass is not smaller than previous. Lamp light can
show similar effect by decreasing light intensity. A voltmeter is provided for
determination of half-life because the decreasing in light intensity could not determine by
eyes.
If half-life of a radioactive source is long compared to observing period, the
radiation emission rate assume to be constant. For inverse square law experiment,
constant light source can be used. Since light and gamma radiation have the same natural
phenomena, Inverse Square Law can be demonstrated.
The radioactive source simulation by light source may find their application in
secondary school, if it is desired to put the subject of radiation and radioactivity into
school level. Cost of the simulation set is substantially less than the true radioactive
source set. The problem on handling of radioactive source is also eliminated.
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3.3
Radiation Education in Elementary School
(Yoshiko Harima)
JEBflS^ (Teruo Matsuda) ,

(Shigehiro Ootake)
-2-1

l (Masamichi Ikeda) [
& 2-28-45

mm
tz-f *-v

Padiational education in elementary school [ The Lessons to Measure Natural Radiation]

ABSTRACT

Lessons to measure natural radiation have been given at the fourth elementary school
of Hikari-gaoka, Nerima-ku, Tokyo, for three years.
The Method of Lessons: After hearing a brief explanation about natural radiation and
usage of a simple instrument of gamma ray named "Hakaru-kun."by a lecturer (Fig.1),
every child participates to measure dose rate at several measured points within the
range of school campus (Figs. 5 ~ 1 4 ) . They calculate the average value of measured dose
rate(Fig.2) and affix tags written the average value (Fig.3). In addition, by looking
at the photographs, through the imaging plate, of radiations released from yegetables
and pork,they are surprised at the fact that all the food have such activities.
Finally, they watch marks of alpha particles released from the ore of samarskite in a
cloud chamber. The alpha particles fly in alkohole vapor oversaturated cooled with dry
ice(Fig. 15). They express their impression of lesson for finding out the existance
of natural radiation in their reports(Table 1 and Fig.4).
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3.4 How would we deal with radiation related issues in high school
educational programs?

Kunikb Saeki
Attached High school of Akita Keizai Houka University

Motivation and Purpose:
We imagine that current educational curriculums we rely on will be more
improved and the materials in schools will be somewhat different by the year of 2002
when students have two days off in a week.

Unfortunately, it is a well known fact that

recent Japanese people's level of understanding about Science and Technology is the
second from the bottom among OECD nations and, as a matter of fact, few schools are
dealing with scientific issues such as atomic energy or radiation.

If the day comes

when those issues become very close to our ordinary lives, or it might have come
already, we would hardly expect most of the people to be ready for the situation.
I consider that we, teachers, should be more involved in planning the school
materials and educational curriculums that directly cultivate thoughts and knowledge of
young adults who are going to lead this country in the near future.

And then, we

should actually encourage the Ministry of Education or the committees of education to
reconsider current educational programs and to increase materials that include more
issues related to nuclear power and radiation.
Since I have a freshman class this year, I surveyed what students know about
atomic power and radiation, how deep they studied in previous schools and what kind of
interest they have in conservation of world energy sources or environmental issues
discussed today.
Method: Obtain information from 328 students (7 classes) by the questionnaire method.
Date of the Survey: April 8, 1998 (A week after the entrance ceremony of freshman
classes)
Results: Following

-
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Questionnaires
This year is the 100th anniversary of discovery of "Radium" by Marie Curie. Now, I would like
to ask you following questions; please circle the most appropriate ones for you.
(1) Do you know what Radiation is?
© Yes
(2) Do you know what Radioactivity is?
© Yes
(3) Do you know the difference between "Radiation" and "Radioactivity"?
© Yes
(4) Please write anything that Radiation and Radioactivity remind you of.
Reasons

© No
© No
© No

©
©
(5) Are you familiar with the word "Nuclear power generation"?
®

Yes

© No

(6) If YES, please answer the following questions.
(a) When did you learn about it for the first time?
When you were in ©Elementary School ©Junior High School
(b) How did you learn about it?
©In class(
grade)
©Mass media
(c) What do you want to know more about nuclear power generation?
® The effects of radiation and radioactivity on others
© Accidents and break downs
CD Management and nuclear wastes disposal
© The mechanism of nuclear power generation
© Future plans and something else
(7) I would like to ask you about the energy sources and their scarcity.
(a) Since when have you been interested in them?
© Elementary School (
grade)
© Junior High School (
grade)
(3) Never
(b) How did you learn about them?
©In class ©Mass media
(c) Please write anything that you want to learn about the energy sources and their
scarcity.

- 205 -

JAERI-Conf

99-011

(8) Please circle the subject(s) you know and explain briefly.
(D X-ray pictures
(D Radiotherapy
CD Nuclear wastes disposal methods
© Nuclear power generation mechanism
© Atomic Bomb
(9) We would like to ask you about various environmental issues.
(a) When did you learn about the word "environmental issues" for the first time?
When you were in
® Elementary School (
grade)
(2) Junior High School (
grade)
(b) How did you learn about them? ®ln class
©Mass media
(c) What do you want to learn more about environmental issues? Please writewhatever you want to know or study.

(d) Please write all you know about environmental issues.
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The results of questionnaires
(1) Do you know what Radiation is?

Yes
No

206 students (62.9%)
121 students (37.1%)

(2) Do you know what Radioactivity is?

Yes
No

215 students (65.7%)
112 students (34.3%)

(3) Do you know the difference between "Radiation" and "Radioactivity"?
Yes
21 students (6.4%)
No
306 students (93.6%)
(4) Please write anything that Radiation and Radioactivity remind you of.
1. Atomic Bomb, War, Nuclear Missile
92 students (28.1 %)
2. Medical treatment, X-ray picture
40 students (12.2%)
3. Chernobyl, Nuclear power plant accident
37 students (11.3%)
4. Nuclear power plants
34 students (10.4%)
5. Skin cancer, Leukemia, Diseases
34 students (10.4%)
6. Fearful, Noxious, Bad for health
23 students (7.0%)
7. Light
19 students (5.8%)
8. Uranium, Plutonium
9 students (2.7%)
9. Godzilla
7 students (2.1 %)
9. Hiroshima, Nagasaki
7 students (2.1%)
11. Bikini islands, H-bomb test
5 students (1.5%)
11. Baldness
5 students (1.5%)
11. Air pollution, Pollution
5 students (1.5%)
11. Radiation, X-rays
5 students (1.5%)
Other

34 students (10.4%)
Radioactive wastes, Russia, USA, Aomori, Fukui, Infrared, Ultraviolet,
Microwave, TV, Sun, Acidic rain
(Total of 22 students: 2 students of each topic)
Ozone layers, Green house effect, Black cloud, Atom, Universe, Smoke,
Melt, Movies, Malformed child, Hadashi No Gen (Cartoon), UV protection
glasses, Electrocardiogram
(Total of 12 students: 1 students of each topic)

(5) Are you familiar with the word "Nuclear power generation"?
Yes
305 students (93.3%)
No
4 students (1.2%)
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(6) When did you learn about it for the first time?
Elementary School
When they were in
207 students (63.3%)
Junior High School
120 students (36.7%)
How did you learn about it?
In class
154 students (47.0%)
Mass Media
146 students (44.6%)
27 students (8.4%)
No answer
What do you want to know more about nuclear power generation?
© The effects of radiation and radioactivity on others 137 students (41.9%)
(2) Accidents and breakdowns
67 students (19.7%)
(E) Management and nuclear wastes disposal
87 students (26.6%)
© The mechanism of nuclear power generation
61 students (18.7%)
© Future plans and something else
51 students (15.6%)
•

Notice
Among 207 students who said "Elementary schools," they learned
In class
106 students (51.2%)
Mass media
101 students (48.8%)
Among 120 students who said "Jr. high schools," they learned
In class
48 students (40.0%)
Mass media
72 students (60.0%)

(7) & (8) Please circle the subject(s) you know and explain briefly.
Who became interested in the topic
of the energy sources and their
scarcity when they were in (From
question (7a))
Elem. School.
Jr. High School
(41 students)
(142 students)
®
(2)
(3)
©
(5)

X-ray pictures
Radiotherapy
Nuclear wastes disposal
Nuclear power mechanism
Atomic Bomb

16
6
11
8
16

-

(39.0%)
(14.6%)
(26.8%)
(19.5%)
(39.0%)
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60 (48.6%)
36 (25.6%)
22(15.5%)
57(40.1%)
57(40.1%)

Unconcerned
(134)
94(70.1%)
14 (10.4%)
8 (5.9%)
43(32.1%)
43(32.1%)
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(9) We would like to ask you about various environmental issues.
(a) When did you learn about the word "environmental issues" for the first time?
When you were in® Elementary School
181 students (55.4%)
(D Junior High School
122 students (37.3%)
No answer
24 students (7.3%)
(b) How did you learn about it?
® Elementary School
In class
97 students (53.6%)
Mass Media
77 students (42.5%)
No answer
7 students (3.9%)
(2) Junior High School
In class
49 students (40.2%)
Mass Media
71 students (58.2%)
No answer
2 students (1.6%)
• Notice:
The students who answered "I'm Interested" in section
(a) When did you learn about them?
1. Elementary School
2. Jr. High School
No answer
(b) How did you learn about them?
1. Elementary School
In class
Mass Media
No answer
2. Jr. High School
In class
Mass Media
No answer

(7)&(8).

The students who answered "Unconcerned" in section
(a) When did you learn about it?
3. Elementary School
4. Jr. High School
No answer
(b) How did you leam about it?
3. Elementary School
In class
Mass Media
No answer

m&(8l
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134 students (69.4%)
39 students (20.2%)
20 students (10.4%)

69 students (51.5%)
58 students (43.3%)
7 students (5.2%)
20 students (51.3%)
17 students (43.6%)
2 students (5.1 %)

47 students (35.6%)
83 students (62.9%)
2 students (1.5%)

28 students (59.6%)
19 students (40.4%)
0 students (0.0%)
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4. Jr. High School
In class
Mass Media
No answer

29 students (34.9%)
54 students (65.1%)
0 students (0.0%)

(c) What do you want to learn more about environmental issues?
(Interested)
(Unconcerned)
How to solve the issues
Global environmental problems
Greenhouse Effect
Garbage-disposal
Ozone Layers
El nino
Deforestation
Air Pollution
Environmental Hormones

Total

33 students
(18.0%)
3 (1.6%)
15 (8.2%)
4 (2.2%)
12 (6.6%)
3 (1.6%)
5 (2.7%)
6 (3.3%)
8 (4.4%)

26 students
(19.4%)
8 (6.0%)
7 (5.2%)
6 (4.5%)
6 (4.5%)
2 (1.5%)
2 (1.5%)
1 (0.8%)
o 40.0%)

59 students!
(18.6%)
11 (3.5%)
22 (6.9%)
10 (5.7%)
18 (3.2%)
5 (1.6%)
7 (2.2%)
7 (2.2%)
8 (2.5%)

0
3
3
0
2
1
2
2
1
2
1
1

2
4
4

0

2
1
1
1
0
0
0
0
0
0
0
0
0
2

19 students

7 students

26 students

Topics less than 5 students:
What can we do?
Acidic Rain
Influence on Human body
Freon
Desert expansion
Water
Diminution of nature
Next car generation
Clone
Chernobyl
Land subsidence
The Kyoto conference
New energy sources beside oil
Dioxin
Total

1
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(d) Please write anything that you know of environmental issues.
(Interested)
(Unconcerned)
Greenhouse Effect
Garbage disposal
Ozone layers
El nino
Dioxin
Deforestation
Acidic rain
Air pollution
Desert expansion
Diminution of nature
Topics less than 5 students
Freon
Land subsidence
The Kyoto conference
New energy sources beside oil
Minamata diseases
Surface of ocean
Milk container
Radioactive wastes
Medical treatment
Recycled paper
Food additive
Recycle
Soil contamination
Noise
Photosynthesizing plants
Influence on human body
Total

68
9
46
7
7
20
62
18
25
3

(37.1%)
(4.9%)
(25.1%)
(3.8%)
(3.8%)
(10.9%)
(33.9%)
(9.8%)
(13.7%)
(1.6%

41
8
41
5
10
34
20
12
13
4

(30.6%)
(6.0%)
(30.6%)
(3.7%)
(7.4%)
(25.6%)
(14.9%)
(9.0%)
(9.7%)
(3.0%)

(Total) !
109 (34.4%)
17(5.4)
87 (27.4%)!
12(3.8%)
17(5.4%)
54(17.0%)
82 (25.9%)
30 (9.5%)
38 (2.9%)
7 (2.2%)

2
4
1
3
1
1
1
1
1
1
1
0
0
0
0
0

0
0
0
0
0
1
0
1
0
0
0
1
1
1
1
4

2
4
1
3
1
2
1
2
1
1
1
1
1
1
1
4

1"/' students

10 students

27 students
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Conclusion
I was able to obtain very interesting results that something I have never thought of. For
this time, I would like to present here just what I have noticed throughout this survey.
Question 1.2.3
Results were as I expected.

Students are familiar with the words, but they do

not seem to know those exact meanings. They would need to lean much deeper
in high schools.
Question 4
They seem to have both negative and positive impression, and it was also
interesting that there were almost the same number of students who thought of
Godzilla and Hiroshima or Nagasaki from the same words: radiation and
radioactivity. This might be suggesting that generations are certainly shifting.
Question 5
93.3% of the students know about Nuclear power generation.
Question 6
Two third of them learned it when they were in primary schools and, among
those students, more than half: 51.2% said they studied in classes. On the other
hand, 60%, out of those who have known about it since junior high schools, said
they learned it through papers or TV programs. Namely, they do not teach much
about Nuclear power generation in junior high schools probably because the
topic is not very much related with problems of high school entrance
examinations.
The topic that was the most interesting to them (41.9%) about Nuclear power
generation was the effect of radiation or radioactivity on any kind of things in the
environment. We could include it in our educational curriculum in the near future.
Question 7
About problems related energy sources and their scarcity on earth, 43.3% of the
students have been interested since junior high schools, and 64.8% of those
students said they learned in classes. We can see teachers are emphasizing the
tonic in Junior hiah schools However we also have to nsw attention to the fart
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issues at all, and 59.7% of those students learned about those problems in
schools. This seems more problematic to me.
Their particular interest about the topic varies, but more than one third of them
are worried about the shortage of oil and the emergence of new energy sources
that can be replacing it.
Question 8
56.5% of the students know about X-rays, and even 70%, out of those who said
they were unconcerned at all in the question 7, also know about it.

Next well-

known topic was about an atomic bomb, and 36.6% of the total and 32.1% of
those who were unconcerned about energy related issues seem to know about it
well.
Question 9
About environmental issues, 69.4% of the students have known since primary
schools and 20.2% have known since junior high schools among those who said
they were concerned about or interested in the problems (in question 7)
somehow. It seems that more students learned about problems related to nature
and environments for the first time when they were in primary schools than in
junior high schools, and 51.1% of them said they have seen those issues in
classes.
On the other hand, 60% of the students, out of those who said those issues were
interesting and they came to know when they were in junior high schools,
learned through papers, magazines or on the TV. It is also interesting that large
number of students (62.9%), who first studied about the issues in the classes of
junior high schools, were not concerned about them at all.
The topic they want to know the most (in question 9) is solutions for those
problems such as Greenhouse effect, Ozone layers and Garbage disposal

(18.6%).
Topics they already know well are also Greenhouse effect, Ozone layers, Acidic
rain and Deforestation, and Air pollution, Desert expansion, Garbage disposal
problems, Dioxin are following.
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3 . 7 TEACHING MATERIAL FOR RADIATION EDUCATION USING
RADIOGRAPHY TECHNIQUE.

Masahiro Kamata. Sachiko Katagiri, *Shigenori Fujine, *Kenji Yoneda
Faculty of Education, Tokyo Gakugei University, Kogancishi. Tokyo 184-8501, JAPAN
* Research Reactor Institute, Kyoto University, Sennangun, Osaka 590-0494, JAPAN

Abstract
In order to develop a teaching material that helps learners to understand the interaction
between substances and radiation, a periodic table was prepared on which pure pieces of
nearly thirty element were fixed and radiographic images of the periodic table were taken
using X ray and neutron beam under several conditions. Obtained images are so clear that
they can be expected to be very helpful in intuitive understanding on the magnitude of the
interaction.
1.Introduction
Figure I1' illustrates that X-ray can be shielded effectively in case the shielding
material is composed of heavier elements and that the interaction of X-ray toward
substance is completely different from that of thermal neutron. However, it is not easy for
learners to grasp the magnitude of these interactions intuitively even if they can read the
data in Fig.l correctly. This is not only because radiation itself is insensible and invisible,
but also because we have almost no opportunity to be conscious of the intensity of radiation
in our daily lives. Radiation is something too far away from our daily lives and most of us
do not have rigid concept on it.
Despite this situation, a radiographic image for medical use is something exceptionally
familiar to us. Besides, it includes quantitative information on X ray transmittancc across
substance, or the magnitude of interaction between X-ray and substance. This means that
most people, who are well acquainted with normal optical photographs, can read (or image)
1000
the intensity of radiation
from optical density of
the radiographic images.
100
From such a
viewpoint we made a
10
periodic table on which
;§
pure pieces of many
g 1
elements were
fixed
c
o

and took its radiographic images under
several conditions.
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2.Experimental
2.1 Preparation of a periodic table
The number ol" samples used in this work is about 30 and they are schematically
illustrated in Fig.2. The length and the width of each sample is equal to or smaller than
10mm and 8mm, respectively and its thickness, which accords with the direction of
radiation, is 0,014mol/cm2 (corresponding to 1mm in case of iron). In case of X-ray
radiography, these samples were fixed on a plastic sheet with a thickness of 0.7mm, and in
case of neutron and gamma ray radiography, they were fixed on an aluminum sheet with a
thickness of 1mm.
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Fig.2 Periodic Table (Prepared elements are hatched)
2.2 X-ray and Gamma radiography
X ray was irradiated to the periodic table as shown in Fig. 3 and the irradiation was
repeated varying X ray energy from 50kV to 150kV in order to clarify how transmittance of
X ray across a substance depends on its energy. The intensity of X ray that passed through
the sample was recorded on an imaging plate and was read out with an IP reader
BAS5000(FUJI).
For gamma radiography (GR), the neutron radiography facility of Kyoto University
Research Reactor Institute (KURRI) was used. As shown in Fig.4, the facility has two
beam shutter; one is made of lead to shield Gamma ray and the other one is made of boron
carbide to shield neutron. GR of the periodic table was taken with the former one opened
for 5 min.

Periodic table

X-Ray

Imaging pSate
„ /
Film
cassette

Fig.3 Arrangement for X-ray radiography
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2.3 Neutron radiography
Neutron radiography facility and CNS facility (Fig.5) of KURRI were used to take
thermal neutron radiography (TNR) and cold neutron radiography (CNR), respectively.
Yayoi Facility of Tokyo University (Fig. 6) was also used to take fast neutron radiography
(FNR). Although the principle and arrangement for neutron radiography is similar to those
for X-ray radiography (XR), imaging plates for neutron (Fuji) were used for TNR and CNR
while Kodak SR (X ray film for industrial use) was used with the converter P20 for FNR.
Irradiation time was 3 and 20 minutes for TNR and FNR, respectively. In case of CNR, the
beam size is 10mm in width and 100mm in height. Since width of the beam is narrow, the
periodic table was traversed in sideward with an imaging plate during 8 minute irradiation
at the rate of 300mm/8min.

Reactor

building

Fig.6 Yayoi facility (Tokyo Univ.)

Fig.5 CNS facility (KURRI)

2.4 Neutron activated autoradiography
When the periodic table is irradiated with neutron for relatively long period, some of
the samples are activated. This work was designed to visualize which elements are easily
activated and decay in relatively short time.
After the periodic table was irradiated for 9.5 hours in the neutron radiography facility
of KURRI, it was enclosed in a film cassette with an imaging plate so that the surface of the
periodic table was kept in good contact with that of the imaging plate for tritium use as long
as 1.5 hours. Seven and half hours after irradiation, this procedure was repeated to obtain
the image that illustrates how activated elements would decay.
3. Results and Discussion
3.1 Results of XR and GR
XR images of the periodic table were presented in Fig.7. Since the image of each
sample is getting white according to the increase of atomic number, it can be easily
understood that the ability to shield X ray increases according to the increase of atomic
number of the substance, which reflects the fact that electrons in an atom play an important
role in the interaction between X-ray and substances.
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In case of Fig. 7(a), all samples in 3rd period are black and invisible. This means that
they are too transparent to 150kV X ray. In case of Fig.7(c) elements in 3rd period are
visible and those belonging to 5th and 6th period are all white. Thus, the energy
dependence, as well as atomic number dependence, of X-ray transmittance has been
visualized in these three photos.
As for GR in Fig. 8, it can be seen that gamma ray can penetrate through heavy
substances such as Pb or Bi that can shield 150kV X ray almost completely.

(a)
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Rg.7 X^ray radiographic images (a)150kV (b)100kV (c)50kv

Fig,8 Gamma radiographic image

3.2 Results of TNR, CNR andFNR
The obtained images of TNR, CNR, FNR are presented in Fig. 9. Since neutrons do not
interact with electrons around a nucleus but nucleus itself, the obtained images are
completely different from XR images. Take B and Pb in Fig, 9(a) for instance, B is opaque
and Pb is transparent to neutron, which is exactly the opposite result of what was seen in
Fig.7.
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a)

Fig.9 Neutron radiographic images
(a)TNR

(b) FNR

(c)CNR
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In case of thermal neutron, neutron transmittance lo/I for each element can be
approximately evaluated by the following equation;
Io/I=exp(-Ncrx)

(1),

where, N, <r and x denote number of atoms in unit volume [cm"3],

total cross section to

neutron [barn] and thickness of the sample [cm], respectively. In Fig. 10 the calculated
values were plotted against the measured ones that were derived from digitalized data of the
NR image, which was obtained using Rikkyo University Reactor instead of KUR. Although
they are in coincidence to certain degree, the deviation is not negligibly small. It is
considered that the imaging plate used in this work has some sensitivity also to the Gamma
ray as well as neutrons.
Generally, as energy of neutron becomes larger, peculiarity among species become
less conspicuous because elastic interaction become more prominent. Thus the image of
FNR(cf. Fig. 9(c) ) is similar to that of GR while the image of CNR (cf. Fig.9(b)) is more
contrasted in comparison with the image of TNR.
1
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0.8

Measured
Fig.10 Neutron transmiltance of various elements

3.3 Neutron activated autoradiography
As shown in Fig. 11, the elements such as Fe, Co, Cu, Zn, Pd, Ag, Sb, Te, W, Pt ,Au are
easily activated by neutron irradiation and Cu, Pd, At, W, Au are still radioactive even after
7.5 hours. These images illustrate how the activity of the irradiated element is determined
by the half-life and the cross section for activation. Take Cu and Ag for instance, activation
cross section of Ag is nearly ten times larger than Cu, but the image of Cu is much denser
than that of Ag. This means, since half life of activated Ag is 2.41min and that of Cu is
12.8h, the activity of Ag was saturated during the irradiation.
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Fig11 Neutron activated radiographic images,
(a) Immediately after irradiation
(b) 7.5hours after irradiation
4. Conclusion
A couple of photographic teaching materials have been developed which help learners
1. To understand how X-ray transmittance through a substance depends on atomic number
of the substance as well as X-ray energy,
2. To understand that the interaction of neutron toward substances are completely different
from those of X ray.
3. To understand which species are easy to be activated and how soon they decay.

Reference
1. P.von der Hardt, H.Rottger, editors:"Neutron Radiography Handbook", D.Reidel Pub. Co.
(1981)
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3 . 8 EDUCATIONAL EXPERIMENT FOE STUDENTS USING NATURAL
RADIOACTIVITY, I
(Radiochemical Analysis of 214Bi in ENA and IKEDA Mineral Spring Water)
, *Mariko Nakamura and *Takao Esaka
Faculty of Education, Tokyo Gakugei University, Kogancishi, Tokyo 184-8501, Japan
*Faculty of Engineering, Tottori University, Tottori 680-0945, Japan

A couple of educational experiments have been developed using natural radioactivity
contained in mineral spring water and a small GM counter. These experiments are safe and
inexpensive enough to be conducted at high school or university, nevertheless they arc
quantitative enough for learners to observe half-life of 214Pb and 214Bi, and to help them
understand the concept of radioactive equilibrium between them.
1.Introduction
After being A-bombed, most Japanese people have been so nervous to radiation/
radioactivity that it is sometimes difficult to conduct an educational experiment at school
using radiation or radioactive material however safe it is. Although they show the same
negative attitude toward the radiation/radioactivity used in other fields such as medical
treatment and power generation, they have exceptionally accepted natural radioactivity
included in mineral spring water as harmless one since before World War II. This means if
natural radioactivity in mineral spring water is available as a material for an educational
experiment, it can be easily conducted at school. From such a viewpoint, we have developed
several kinds of experiments for high school or university students using natural
radioactivity(1~8) and this paper will present a couple of examples which use mineral spring
water of Ena in Gifu prefecture and Ikeda in Shimane prefecture.
2.Experiment
2.1 Natural radioactivity in mineral spring water of Ena and Ikeda
Mineral spring of Ena and Ikeda belong to the most radioactive spring in Japan along
with Misasa spring in Tottori prefecture and Masutomi spring in Yamanashi prefecture. These
four springs are used and loved as spas for long time and even now a large number of people
visit for a hot- spring cure. Ena spring is located in the middle part of Japan, 4km northeast of
Ena station of JR Chuo Line. The water used in this experiment was sampled at Rousoku
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spring (TEL:+81~573~72^5047). Ikeda spring (TEL:+81-8548-3-2833) is located in the
western part of Japan, near (20min by taxi) Oodashi station of JR San-in Line, The maps and
photographs of the sites where water was sampled are presented in Fig.l,
The results of gamma spectrum of these two spring water are presented in Fig.2. The
results indicate that the radioactivity contained in these samples belong to uranium decay
series and that the radioactivity of 222Rn was 350QBq/L in case of Ena spring water and
2400Bq/L in case of Ikeda spring water.

Gifu prefecture
„. _ .
. Kiso River

\

/
,

«'

-
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Kr~

(fieusoku Onsen)

" V - 1 - ' ' * M 1 N O SAKAMOTO
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c-' Hiroshima
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(b)

Fig.1 Maps and photos of the sampling sites.
(a)Ena Mineral Spring
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(b)Ikeda Mineral Spring
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Fig.2 Gamma spectrum and measuring condition
(a) Ena spring water (b) ikeda spring water

2.2 Measuring device (GM counter)
A GM counter used in this work is sold
from Akizuki Denshi Tuusho (kttpi//
as a do-ityourself kit at the price of 10,000 yen (less
than 100 dollars). A GM tube used in it is
HAMAMATSU D3372 which consists of a
cylinder-shaped cathode (5mm in diameter,
24mm in length) and is designed for the
detection of gamma rays and high-energy
beta ray which is larger than O.SMeV. Since
only 214Bi emits high energy beta ray with
large emitting ratio among daughter species
of 222Rn, this tube is suited to measuring the
radioactivity of 2I4Bi settled radiochemically
out of Ena or Ikeda spring water. The outside
appearance of the GM tube and assembled kit
is presented in Fig.3.
240

(a)

(b)
Fig,3 Outside appearance of GM counter
(a) HAMAMATSU D3372
(b) Assembled kit
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2.3 Educational experiments to measure the
activity of214Bi
Following three experiments were designed
and conducted.
Experiment 1.:
To precipitate 214Pb and 214Bi together out of
the spring water and to measure the
radioactivity of 214Bi in the precipitate.
Experiment 2 . :
To precipitate 214Bi out of the spring water
while leaving 214Pb in water phase and to
measure the radioactivity of 214Bi in the
precipitate.

Add 10mL of HNO3 and 100mg of Bi(NO3)35H2O to 80mL of the spring water and stir for
5min.

Precipitate Bi(OH)3 by adding (NH3)aq until
pH exceeds 10
(a) Experiment 1

Add 10mLof HNO 3 ,100mg of Bi(NO3)3-5H2O
and 100mg of Pb(NO3)2 to 80mL of the spring
water and stir for 5min.

Precipitate Bi(OH)3 by adding NaOH (8-9g)
until [OH] is approximately equal to 1mol.

Experiment 3:
.To precipitate 214Pb out of the spring water
while leaving 214Bi in water phase and to
measure the radioactivity of 214Bi in the
precipitate that is generated from 214Pb in it.
Flowcharts of these experiments are
illustrated in Fig. 4
The precipitate containing 214Pb and/or
214
Bi is gathered on Kiriyama filter paper
with the diameter of 21mm, covered with
thin polyethylene film, and fixed around the
GM counter tube as illustrated in Fig.5.
Counting rates (cpm) were calculated every
10 minutes using the counts accumulated
during that period.

(b)Experiment 2

Add 10mL of HNO 3 ,100mg of Bi(NO3)3-5H2O
and 250mg of Pb(NO3)2 to 160mL of the
spring water and stir for 5min.

Precipitate PbSO4 by adding 6.5g of Na2SO4
(c)Experiment 3
Fig.4 Flow charts of experimental procedure

Kiriyama filter paper

Polyethylene film
GM counter
ater tube

/ \

^C_

Fig.5 The way of holding the sample around GM tube
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3.Results and Discussion
The typical results of Experimentl,2,3
are presented in Fig6. The vertical axis of each
graph presents a counting rate of the GM
counter and the horizontal axis presents time
from precipitation of 214Pb and/or 214Bi.
The counting rate, or emitting rate of beta
ray from 214Bi, is proportional to the number
of 2l4Bi, Nz, which can be calculated as;

99-011

A:ENA
O:IKEDA
A r»1I

1U

I ' ' ' I ' ' I I 1 I I I I I I I I I I

O

50

100

time / min
(a)
-exp(-A 2 t)}+(A 1 /A 2 )N lo exp(-/l 2 t)
in case of Experimentl,
N^Njaexrt-Ajt)
in case of Experiment 2, and
N2={ A x/( A2- A 1)}N10{exp(- A t t)
-exp(-A2t)}
in case of Experiment 3,

(1)
(2)

OlIKEDA-

(3)

where A! and A 2 denote decay constant^"1)
of 214Pb and 214Bi respectively; N10 and N20
denote the numbers of 214Pb and 2l4Bi at t=0
respectively.
These three equations were derived from
following two differential equations;
dN1/dt=-A1N1

(4)

dN2/dt=A1N1-A2N2

100
time / min
(b)

10'

(5)

under the initial conditions of
N1=N10, AiN^AaNj
in case of Experimentl,
N^O, N^Nj,,
in case of Experiment2,
N^Njfl, N2=0
in case of Experiment3.

att=O

A:ENA .
O.'IKEDA

(6)

10
at t=0

(7)

at t=0

(8)

0

50
time / min
(c)

Fig.6 Typical results of (a)Experiment 1
(b)Experiment 2
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The theoretical values calculated from eqs(l-3 ) are presented in solid lines in Fig.6, where
the value of N10 or N^ was determined arbitrarily.
Through Experiment 1 to 3, measured values is considered to be coincident with
calculated ones within statistical error in case of Ikeda spring water. In case of Ena spring
water, there exists a wide difference between measured values and calculated ones in
Experiment 2. The half-life derived from the measured values was close to half life of 214Pb
(27min) rather than half life of 214Bi (19.9min). This means precipitates of Experiment 2 was
contaminated with 214Pb from unknown reason.
When measured values in Fig6 (a) were extraporated to t=0, counting rates at t=0 were
182min'1=3.03s"1 and 143min'1=2.38s"1 for Ena spring water and Ikeda spring water,
respectively. By dividing these values with 0.029, counting efficiency of the GM counter, the
radioactivity (Bq) of 214Bi can be calculated as 3.03/0.029=104Bq in case of Ena spring water
and 2.38/0.029=82Bq in case of Ikeda spring water. Since the 214Bi in 80mL of Ena spring
water and that of Ikeda spring water were turned out to be 192Bq and 129Bq 2.21days after
sampling based on the gamma spectroscopic analysis, yield of the Experiment 1 is 0.54 and
0.64,respectively.
4. Conclusion
It was made clear that safe and inexpensive experiment was possible using hot spring
water of Ena and Ikeda. The results obtained are quantitative enough for educational purposes,
nevertheless no special facility nor special technique were necessary. By using natural
radioactivity, learners are expected to recognize that radioactivity/radiation is not something
special isolated from their daily lives.
Although there exists strict regulation against the usage of radioactive materials in Japan,
it should be noted here that these educational experiment mentioned above are free from any
regulation because the amount of the radioactivity is extremely small.
A cknowledgemen t
Special appreciation is presented here to kind cooperation of every staff in Ikeda spring and Ena spring
(Rousoku Onsen) spas.
This work was partly supported by the Grand-in-aid for Developmental Scientific Research from the
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3 . 9 EDUCATIONAL EXPERIMENT FOR STUDENTS USING NATURAL
RADIOACTIVITY. II
(Practical Example of Radiochemical Experiment Conducted at Tottori University)
Mariko Nakamura, *Masahiro Kamata and Takao Esaka
Faculty of Engineering, Tottori University, Tottori 680-0945, Japan
*Faculty of Education, Tokyo Gakugei University, Koganeishi, Tokyo 184-8501, Japan

Abstract
This paper presents a practical example of educational experiment conducted at Tottori
University, whose theme is to separate

214

Bi(+2I4Pb) from superphosphate of lime or the soil

sampled at Ningyo-Touge mountain pass.

The results of this experiment are quantitative

enough for educational purpose, although the amount of radioactivity is so small that it is free
from any regulation in Japan.

1 .Introduction
Although the words "radiation" and "radioactivity" are often used in our daily lives, what we
learn about these subjects in our school education of science is limited and only very basic part of
them is taken up in physics of senior high school in Japan. When it comes to practical work or
educational experiment for students to use radiation or radioactivity, the case that they are
conducted is very rare even in science courses of a university.

The primary reason for this

situation is that the regulation against the usage of radiation and radioactivity is very tight and
that the measuring apparatus is very expensive in Japan. In order to change this situation, we
have developed several kinds of safe and inexpensive experiments using natural radioactivity and
a small GM counter(l>2'3).
This paper reports the practical work of radiochemistry that has been conducted at Tottori
University since 4 years ago.
2. Practical work of radiochemistry in Tottori University
2.1 Background of the practical work
The practical work of radiochemistry has been conducted for 3rd year students belonging to

-
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Department of Materials Science, Faculty of
Table 1 Content of EMS

Engineering in Tottori University. Although they
learn many fields of chemistry such as inorganic
chemistry, physical chemistry and analytical
chemistry through lectures and practical works,
they had met almost no chance to learn about

1. Electrode Potential and Electrode Reaction
2.Radiochemica) Analysis
3. Distillation under the Reduced Pressure
4.Catalysis in Decomposition of Hydrogen Peroxide
5.Synthesis of 4,6-di-tert-Butylresorcinol
6.Synthesis of 2-nitoro-p-Toluidine
7.Preparation of Triphenylcarbinol

radiation/radioactivity before this radiochemical
experiment was introduced in their practical work "Experiment for
Materials Science II (EMS II)" 4 years ago. The subjects of EMS II

Half-life

are presented in Table 1.

4.47X10'y

4

/?

1.17m

/?

2.45X105y

a

7.54X104y

a

Ra

1.6X103y

a

4Rn
4

3.82d

a

3.11m

a

27m

P

19.9m

P

164 M S

a

2M

They are divided into 6 groups of 14 or 15 students and are

254

Th

4
Pa

engaged in the practical work of radiochemistry group by group.

4
2M

Since the practical work is conducted once or twice in a week, it

230

takes more than 3 weeks to finish all of them. This means that

226

mineral spring water containing

Rn such as Misasa spring water

U
Th

4
222

in Tottori prefecture is not appropriate for a experimental material
because the half life of 222Rn is less than 4 days and fresh material

•

"4Pb

has to be prepared every time.
As a substitute for the Misasa spring water, superphosphate of
lime as garden fertilizer or the soil sampled at Ningyo-Touge
mountain pass in Tottori prefecture has been used, both of which

a

24.1d

The number of 3rd year students in this department is 80 to 90.

222

Decay

4
214

Bi

4
214

Po

Fig.1 U r a n i u m decay series

contain radioactive species belonging to uranium decay series.
Since superphosphate of lime is produced from rock phosphate which contains uranium, the
product contains

228

Ra, one of the daughter species of

238

U and radioactive equilibrium is

considered to be established between 226Ra and 214Po (cf. Fig.l).
2.2 Method of the experiment
The theme of the experiment is to separate 214Bi(+214Pb) from superphosphate of lime or the
solid sample, radiochemically and to measure the decay of 214Bi(+214Pb) using a GM counter or a
handy type beta survey meter "HAKARU-KUN II", which Science and Technology Agency
lends to schools for free. Their appearances are presented in photo 1 and 2, respectively.
Since superphosphate of lime as garden fertilizer and the soil sample contain many kinds of
compounds as impurities, it is not easy to separate very small amount of one particular

- 246

JAERI-Conf

99-011

^Window for
0 -ray detector

(The

Photo 1

front)

(the back)

Photo 2

radioactive species, such as 214Bi5 chemically from it. In this work, we made use of the fact that
only 222Rn is gaseous in uranium decay series as illustrated in Fig.l, and is easily adsorbed onto
charcoal activated. This means, if a few grams of charcoal activated is enclosed in a desiccator
with 1 or 2 kilograms of superphosphate or the soil sample for one week as shown in Fig.2,222Rn
and its daughter species, such as 214Pb and 214Bi, are accumulated on the charcoal activated. After
this charcoal activated is washed in a HNO3 aqueous
solution and these radiochemical species are moved to
the liquid phase, it is easy to settle out 214Bi with 214Pb

Dissolve Bismuth(lll) nitrate (Bi(NO3)3 -5H2O,
100mg) in Nitric acid solution (HNO3, 10ml
+ H20, 30ml)

as precipitate of Bi(OH)3. A flow chart of the
radiochemical procedure is presented in Fig.3.

Add Charcoal activated (1g) on which 2 2 2 Rn
is adsorbed and stir for five minutes
(with magnetic stirrer)

l

Remove Charcoal activated with a widemouthed buchner funnel

Charcoal activated (1g)
in petri dishes

i.

Add 25% Ammonia solution until pH exceeds
over 10 and precipitate bismuth hydroxide

teifailbg<

X

"Superphosphate of lime
(or the soil of NingyoTouge mountain pass)

Fig.2 Separation of 2 2 2 R n and the daughters
from Uranium decay series
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Gather bismuth hydroxide on Kiriyama filter
paper (21mm in diameter)

_L

Wrap the filter paper with polyethylene foil
and put it around GM counter or under
HAKARU-KUN II to measure the £-ray
from 214 Bi(+ 214 Pb)

Fig.3 The sequence of the experiment
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2.5 Practical Example
A time table of the practical work is
illustrated in Fig.4. At the beginning of

13:00 •A brief instruction on the experiment

(approx, 3Qmin.)

the practical work, a brief instruction on

• Experiment (approx. 60min.)
(rehearsal and actual one)

the experiment is given to the students
and they (14~15 students) are divided
into smaller groups of two or three. Then
as training and as a measurement of
background

radiation,

the

- dear up the apparatus
15:00 • A small lectlure on radiation/

radioadivityfSO min.)

students

measuring time
for 80 ~ BO minutes

rehearse the experiment using charcoal
activated on which no radioactive species

18:00 • read data (from video in case

of GM counter)

are adsorbed. After this rehearsal, or cold

Fig.4 Time table of the practical work

ran, the actual experiment is carried out.
Since the half-life of

214

Pb is 27min, swiftness is required. When they finish the chemical

procedure, they put the precipitate containing

2!4

Pb+214Bi around a GM counter tube or under a

window of HAKARU-KUN II. In case of the GM, the counters are put under an OHC (Over
Head Camera) and counts displayed on the sealers are recorded into a video tape. During this
measuring time of 70~80minutes s the students clean up the apparatus they used and a small
lecture is given to them on radiation and radioactivity. Although some of the students has learned
about the basic of this subject in senior high school, most students have not learned (or
remembered) it. After the lecture is over, the video tape is played back every lOminutes and they
record the counts on their own notebook. They are required to submit their report within a week.
The scenes of this practical work are presented in photo 3.

Stir charcoal activated in HNO3 aq. for

Remove charcoal activated

five miniutes
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.I...- bismuth hydroxiJ.

dd 2 '•• .iiimoni •: :-ii1r.ii

Measure with HAKARU-KUN II
i i iil!;i 1 • *hi

counter

Read recorded data with video

El
249

JAERI-Conf

99-011

4. Experimental results
A typical example of the results obtained using a GM counter is presented in Fig. 5.
Although only high energy beta ray emitted from

214

Bi is detected by the GM counter tube

(HAMAMATSU D3372), the slope of decay curve is close to the half life of 214Pb (27min) and
this means that

214

Pb is also included in the precipitate of Bi(OH)3 with

214

Bi, Therefore, the

theoretical line in Fig.5 was calculated using
N2={ A ,/(A 2- A ,)}N10{exp(- A ,t)-exp(- A2t)}+( A ,/ A2)N10exp(- A 2t)

(1)

derived from

Ni
dN 2 /dt=A,N,-A 2 N 2

(2)
(3)

under the initial condition
N,=N10,
A,N,= A2N2

att=O

(4),

where A, and A2 denote decay constants (s'1) of 214Pb and 214Bi, respectively.
The result obtained using "HAKARU-KUN II" is presented in Fig.6. Since this detector is
sensible to beta ray with lower energy<0.5MeV or that emitted from 214Pb, the theoretical value is
approximately proportional toA 1 N,+ A2N2.

Thus, the theoretical line in Fig.6 was calculate

with eq. 1 and
(5).
It should be noted here that the sensitivity of HAKARU-KUN II is far better than a GM tube
(HAMAMATSU D3372) and has a function to store every one minute data for 10 hours, which
makes the preparation of the practical work much easier.

-
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Time / min
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0

Fig.5 An typical result measured with GM

20

40
Time / min

60

80

Fig.6 A typical result measured with HAKARU-KUN II

7. Conclusion
Since most students did not have enough knowledge on radiation/radioactivity for this
practical work, its educational effect must be considered to be limited. However, it can be
expected that students has got a valuable chance to study radiation/radioactivity based on their
own experience and they may change their too negative attitude toward radiation/radioactivity
usage.
Since neither special apparatus nor special technique is needed in this experiment, this
experiment is suited for high school students as a theme of their club activity.
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RADIATION EDUCATION BY MEANS OF THE MEASUREMENT OF
NATURAL ENVIRONMENTAL RADIATION IN TONO REGION, GIFU
PREFECTURE

,m

Haruo Maruyama1 , Yasuo Yoshida2 , Tatsuhiko Uda 3 and Haruo Obayashi

509-5010 mm^mmmsinsma)!:

1121-8

509-5292 Kmil±lMT5fflJ 322-6
1,2 Plasma Research Committee of Toki-city, Toki-city, Japan
3
National Institute for Fusion Science, Toki-city, Japan
Abstract
The Tono region is placed in the south-east of Gifu prefecture. In this region,
there is a plan of construction of the Research and Education Park. As the center
facility of the park, the National Institute for Fusion Science (NIFS) has started
their research activities.
The Plasma Research Committee of Toki-city has been organized by the board
of education of Toki-city for about 20 years. The committee is mainly composed of
science teachers of elementary school, junior high school and high school in the
area.
The committee has measured continuously the natural environmental
background radiations in cooperation with NIFS. Its activities were started before
constructing the NIFS laboratory buildings. Now, the new measuring points in
Tajimi-city and Mizunami-city are added to the points in Toki-city area,
therefore, some teachers join as the new members of the committee.
In this conference, we present as follows.
(1) Plasma Research Committee of Toki-city; its history, organization and
activities.
(2) Obtained data of the natural environmental radiation in Toki-city.
(3) Example lecture taken in natural radiation, its results and the farther issues.

(i)
(2)
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3.13 Natural Radioactivity Distribution Images and Their Educational Uses
Aichi Institute of Technology
Chizuo Mori*, Tetsuo Sumi
Nagoya University
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Kojiro Nishina
*Ikeba 3-1110, Tenpaku-ku, Nagoya 4680055, Japan
Tel & Fax 81-52-804-3641, E-mail cmori@amy.hi-ho.ne.jp
Distribution images of natural radioactivities in vegetables, meat and porcelain works were
obtained by use of Imaging Plate with very high sensitivity to radiations. A brochure titled
"Natural Radiations through Naked Eyes" was published in both Japanese and English which
included the images mentioned above. In this paper, the method to obtain the distribution
images of extremely low level natural radioactivity, the content of the brochure and the effect
of it to the public are described.
1. Introduction
Potassium is always contained in living cells and it contains 0.0119% of radioactive potassium
K-40 which emits beta-rays with the maximum energy of 1.33MeV. Although the radioactivity in
food or meat is only 0.02-lBq/g, if we use Imaging Plate (IP) *1 which was developed by Fuji Photo
Film Co. Ltd. and has very high sensitivity of more than 100 times compared with conventional Xray films it might be possible to obtain the images of the natural radioactivity distribution. If so, we
thought that such images would be effective to let the public understand through their eyes that
radioactivity and radiations are naturally present even in food or in our own bodies. This was the
beginning of this work.
Rough estimation revealed that almost one month would be necessary to obtain the distribution
images of natural radiations from vegetables, meat etc. in a shielding box for the reduction of
background radiations. We finally obtained some new images 2>3>41 of vegetables, meat, porcelain
wares, glass wares etc.
Then we published a brochure titled "Natural Radiations through Naked Eyes" including the new
images and have distributed them in public meetings.
2. Reduction of natural background radiations
Since the radioactivity contents in vegetables and meat are almost same or sometimes smaller
than those in environmental natural materials, it is necessary to reduce background radiation
intensity to obtain the images. Figure 1 shows the background radiation intensity as a function of a
thickness of the wall of a shielding box measured with IP by exposing it for 10 hours in the box. A
lead box or iron box whose inner side was lined with Cd lmm, Cu lmm, and acrylic resin lcm, so to
speak a graded shielding box, showed a reduction of background radiations to about 1/30 5 l
3. Specimen exposure, image reading and radioactivity determination
The exposure time of vegetables and meat on IP in the shielding box is very long over about one
month. We had to antisepticize such specimens to prevent from rotting. The specimens were
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Fig.l Reduction of background
radiations with shielding box
wrapped up with a thin polythene film. After the exposure,
Fig.2 Radioactivity distribution images of pork,
the IP must be quickly read out, otherwise the accumubanana and ginger
lation of background radiations deteriorates the image clarity.
Figure 2 shows the natural radioactivity images of pork, banana and ginger. It can be seen that the
part of fat in pork does not show radiation intensity. In the case of vegetables and meat, the
contribution of radionudide to making images is K-40 and the contribution of other nuclides such as
C-14 and H-3 is less than 1% because of their low energy beta-rays and low concentration.
Figure 3 shows natural radioactivity distribution images of three pairs of glasses. The radiation
intensity largely depends on the difference of glass material. The intensity from the glasses shown
at the bottom in the figure was estimated by calculation that they will bring radiation exposure dose
to the eyes wearing them about 2-3mSv/y, which is very small and included in the difference of
background radiation intensities depending on
the district.

Fig.4 Radioactivity distribution
iiages of personal ornaments made
of glass and ceramics

Fig,3 Radioactivity distribution
images of glasses
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Figure 4 shows some images of personal ornaments. Some brooches made of porcelain and some
others including necklace made of glass contain some amount of radioactivity of mainly K-40 and of
small amount of other nuclides in uranium and thorium series.
A known weight of KC1 was dissolved in
102
•a
KF KC1
distilled water. The amount of K-40 was
4)
u
determined from the natural abundance
1
"5b
-S?
10
S
(0.0119%) of K-40. The solution was poured cr
H
into a vessel and put on a high purity Ge
10°
Q
detector in a graded shielding box. The
c
o
o
o
n
o
b
gamma-ray energy spectrum was obtained.
S a.
O
E
13
Vegetables was then ground and the same
3
amount of it to the KC1 solution was put into
the vessel. The intensity of gamma-rays
(1.46MeV) from K-40 in the vegetable was
Fig. 5 Radioactivities contained in soie
compared with that of KC1 and E-W radiospecimens measured with HP Ge detector

1

activities were determined as shown in Fig.5 which coincides with published data 6 i
3. Publication of brochures
Since we obtained some new images of natural
radioisotope distributions, we considered that they
might be helpful to visually inform the figure of
the nature as it is to the public. We prepared a brochure 71 as shown in Fig. 6 which includes various
natural radiation images: natural radioactivity
images of vegetables as shown in the cover paper,
Prof. Roentgen's X-ray images although X-rays
are not natural ones, Prof. Becqerel's gamma- and
beta-ray image from uranium ore, polar light
caused by cosmic radiations, Sun's flare caused
by nuclear fusion, traces of radiations in stones,
paths of radiations in cloud chamber, Cerencov
radiation, natural radioactivity distribution
images of porcelain paint, etc. Both Japanese and
English versions were published. They have been
used for three years in public meetings and sometimes in radiation education classes for high
school students and even in university students.
English version was distributed in foreign
countries, Canada, Australia, USA, Korea and
other countries.

Fig.6 Cover page of the brochure
showing lotus root, sweet potato,
potato, ginger and pumpkin. The
t i t l e of English version is
3l
Natural Radiations through Naked
Eyes"

Another brochure titled "Environmental radiations through figures" was published in Japanese, which also has been widely distributed. When
we use these brochures with explanation on the content, we sometimes make inquiries about the
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effect of the brochures. Most of the audience reply that they had rather strong impression on the
images of natural radioactivity in food and consequently in their own bodies.
4. Conclusion
The images of the distribution of natural radioactivity in vegetables, meat etc. were first obtained
in the world by using Imaging Plate. Brochures including them were published and widely
distributed in public meetings or school classes. Fairly large proportion of the public people first
understood that natural radioactivity was included in food and even their own bodies.
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3.15 APPLICATION OF RESEARCH REACTORS FOR RADIATION EDUCATION
ITO Yasuo1, HARASAWA Susumu2, *HAYASHI Shu A. 2,TOMURA Kenji2,
MATSUURA Tatsuo2, NAKANISHI Tomoko M.3, YAMAMOTO Yusuke4
'Research Center for Nuclear Science and Technology, The University of Tokyo, do
JAERI, Tokai, Ibaraki 319-1195, Japan;2Institute for Atomic Energy, Rikkyo University
2-5-1, Nagasaka, Yokosuka 240-0101, Japan; 3Graduate School of Agricultural Life
Sciences, The University of Tokyo, 1-1-1, Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan; 4
Department of Radiology, Komazawa Junior College, 1-23-1 Komazawa, Setagaya-ku,
Tokyo 154-8525, Japan

ABSTRACT
Nuclear research Reactors are, as well as being necessary for research purposes,
indispensable educational tools for a country whose electric power resources are
strongly dependent on nuclear energy. Both large and small research reactors are
available, but small ones are highly useful from the viewpoint of radiation education.
This paper offers a brief review of how small research reactors can, and must, be used
for radiation education for high school students, college and graduate students, as well
as for the public.
1. EDUCATIONAL RESEARCH REACTORS
Research reactors belonging to universities and colleges have been introduced for
education as well as various research purposes. In the United States about 80
educational research reactors were built during the most prosperous period of the atomic
energy development. This number has now decreased to less than half, mainly due to
the weakening of government support. The beginning of atomic energy development
in Japan was delayed about 10 years compared to the leading nations. Furthermore, as
the nation that suffered the first atomic bombing, people felt ambivalent toward atomic
energy development and the introduction of educational research reactors. Thus the
number of the educational research reactors in Japan was limited from the beginning.
Nowadays management is confronted with such inner difficulties as aging of facilities
and of personnel.
The controversial use of educational research reactors, as is more or less the case in
•Present address: College of Tourism, Rikkyo University
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many countries, is seriously questioned by people concerned with college
education. Particularly in Japan, which must depend on a substantial fraction of
electricity generated by nuclear power, educational research reactors are indispensable
for education and for the development of advanced nuclear power technologies. The
functions of educational research reactors can be summarized as follows:
1. Cultivation of professional nuclear engineers through college education
2. Education of college students outside nuclear engineering into neutron and
nuclear physics, nuclear sciences, radio- and radiation sciences
3. Training and re-education of professional nuclear engineers
4. Education of the public for the understanding of reactors, radioactivity and
radiation
5. Study of reactor design and reactor performance
6. Study and development of radioactivity measurements and neutron physics
7. Study of neutron reactions, including production of radioisotopes
8. Various utilization of neutrons for research and practical applications
In all these functions, the importance of the educational research of nuclear reactors
lies in its ability to provide opportunities to experience real phenomena, or even
accidental occurrences, which cannot be obtained from textbooks, simulators or firmly
guarded, non-research orientated nuclear plants.
Watt class reactors are useful for education in nuclear physics, neutron
measurements, and the training of reactor operation. lOOkW class reactors usually
have irradiation facilities, which are useful for radioisotope production. Direct
educational use of reactors larger than 1MW is limited but, nevertheless, they are
effectively used through research activities of post-graduate students.
2. RADIATION EDUCATION FOR COLLEGE STUDENTS AND TEACHERS
USING RESEARCH REACTORS
Normally students enter college without much knowledge of radiation, or with a
misguided understanding of the danger of nuclear energy. Students must be
encouraged to explore this vital area open-mindedly.
1) Students in nuclear science and technology;
Needless to say, the knowledge of radiation is a professional necessity for this group
of students. Commonly detailed educational courses on radiation are programmed
both by lectures and by laboratory experiments. But normally little opportunity is
given to students to spend time in a research reactor facility. On the average, these
students spend less than 1 week at such a facility during their undergraduate years.
It is necessary to give them more opportunity to work with research reactors.
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2) Non-nuclear, science and engineering students
All the students of science and engineering should be educated to deal with radiation
and radioisotopes properly. This appears to be completely ignored in Japanese
colleges. It is not easy to establish programs in every faculty or department. A
practical solution would be to make use of nearly research reactors. These students
should be required to do an internship, several days in duration, at least one once
during their undergraduate years.
3) Students in human sciences
Students in human sciences should also be given a reasonable education in the field
of radiation. The invaluable experience of visiting a research reactor should be
incorporated into their education requirements.
4) Professors
Many professors lack competency in the field of radiation and nuclear sciences.
Any trial to educate students would not be very fruitful if educating professors is
ignored. A countermeasure for this would be to plan a protective program for
college professors. Junior and secondary high-school teachers may also be included
in this plan.
5) Post-graduate students
Many post-graduate students in science and engineering are given frequent chances
to visit nuclear or radiation facilities, nuclear reactors, accelerators, photon factories
and so on, as a part of their research activities. Since the users are obligated to
attend a special guidance course in radiation protection in many radiation facilities,
radiation safety is firmly insured. But proper understanding of radiation treatment is
not sufficient. For example, at many radiation facilities, both post-graduate students
and the teachers think that radiation is dangerous entity that should be strictly
avoided. Since such misconceptions cause inefficiency and unnecessary care and
cost, a stronger effort should be made to reassure people of the safety of the safety of
radiation research and useful recognition about radiation. It would be advisable to
create professional course on radiation for this group of students.
3. RADIATION EDUCATION FOR HIGH SCHOOL STUDENTS
Students in junior and senior high schools are taught about "matter" through their
study of physics and chemistry. It should not be difficult to make them understand that
radiation or radioactivity is a particular activated state of a substance. For this purpose
research reactors provide various, but most simple, nuclear reactions: degradation of
neutron energy, nuclear reactions induced by neutrons, neutron absorption, nuclear
fission, nuclear transformations and the production of radioisotopes. High school
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students need not understand the details of all these processes, but it would suffice for
them to see these amazing natural phenomena during a half-day visit of a research
reactor.
4. EDUCATIONAL ITEMS OF SMALL SCALE RESEARCH REACTORS IN
CONJUNCTION WITH RADIATION
The characteristics of small research reactors (below ca 300 kW) in conjunction
with radiation education are as follows:
(1) The reactor core can be observed during operation.
(2)Radioisotopes of various half-lives can be produced without the danger of
excessive activity.
(3) Neutron beam is used easily and can be applied to neutron measurements and
radiography.
Considering the above characteristics, the following educational subjects can be
programmed.
1) For elementary school pupils
a) Cerenkov radiation
Cerenkov radiation is the light that is emitted when a charged particle, which in the
case of reactors is the electron ejected by gamma-ray bombardment of water, passes
through a substance with a velocity larger than that of photons in it. This light,
being different from normal light emission in origin and mystically blue in color, is of
intriguing scientific interest.
b) Radiation Level
There are various radiation levels around the reactor. Measurements and analysis of
these radiation levels are useful for understanding the nature of radiation. It is also
valuable to know the radiation level is not at a dangerous level in the reactor room
even when the reactor in operation. Pupils must be given the chance to manipulate
radiation detectors to experience radiation by themselves. It would be useful to
compare the radiation level around the reactor site with that, for example, near their
homes.
c) Radioactivity
Any material put into a reactor is activated normally. The activity can be measured
immediately after irradiation, and on-site experience of how fast the activity decays
and how a part of the activity remains a long time may be given. This must be
presented together with a demonstration that the activity is not very dangerous when
it is dealt with properly and carefully.
2) For high school students

-

286 -

JAERI-Conf

99-011

The items described above should be included in the educational program of high
school students, too. In addition, a more familiar and quantitative experience with
radiation and activated substances must be given. Brief qualitative understanding
of activity (dps), count rate (cps), fluence and exposure, absorption dose (Gy), and
effective dose (Sv) may be given. The concept of "exposure" may also be taken up
in conjunction with time, distance, and shielding. For this purpose demonstrational
experiments of activation using reactors are highly educational.
3) For college students
The understandings expected for high school students as described above must be
elevated to a more quantitative level. College students of science and engineering
course must be able to calculate quantities related to radioactivity and radiation.
College students of nuclear science must be able to calculate the stopping power of a
substance toward ionizing radiation, attenuation, absorption doses, and shielding
effects. This may well be done through designing their own experimental set-ups
and/or conditions.
4) For the public
Education of the public is highly important at this time since radiation education for
adults has been largely ignored. Because free access to reactor sites is usually
forbidden to the general public at the present time, reactor facilities must be made
more available to the public. A well conceived short course for teachers, from
elementary school teachers to high school teachers, will also be important.
5. CONCLUSION
Although research reactors are highly useful for radiation education of people of
various generations, they are not used to their full effectiveness. Many research
reactors from time to time open their facilities for the public to visit, often with some
exhibitions. This, however, is usually done on a voluntarily and irregular basis. Since
research reactors are the educational property of society , they should be given proper
support for their educational and research potential.
Recently, problems regarding the existing research reactors in Japan have become
the focus of the attention. Some associations have started an urgent examination of
management and operation of research reactors, aimed at promoting more extensive
use of them.

It is not without reason that the social movement for research reactors is

in accordance with that of the radiation education.
Acknowledgement: the authors wish to express their thanks to Mr. Paul A.Cunningham
of College of Tourism, Rikkyo University, for correcting the language of this paper.
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3.17 "RADIATION FAIR" FOR 15 YEARS IN OSAKA, JAPAN, AND
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TOWARD

RADIATION

Masakazu Furuta1, Takeyoshi Asano1, Toshio Hayashi1, Yasushi Hosokawa1, Tomohisa
Kakefu2, And Hideaki Nishihara2
1. Research Institute for Advanced Science and Technology, Osaka Prefecture University.
1-2, Gakuen-cho, Sakai, Osaka 599-8570 Japan. 2. Kyoto University Research Reactor
Institute, Kumatori-cho, Osaka 590-0451 Japan.
ABSTRACT
We have been successfully operating "Radiation Fair -- The relationship between
daily life and radiation --" during summer vacation season in August every year for 15 years
in Osaka, the largest city of western Japan. The purpose of this event is radiation education
of public including school kids through efficient information transfer of radiation and
radiation-related technology. Currently we set up the space of it on a floor of Kintetsu
Department Store, one of the major department stores in downtown Osaka and display
various irradiated products available in our daily life together with explanatory panels. We
have been devising various attractions as efficient information transfer media so that even
elementary-school kids understand the basic knowledge of radiation and irradiation
technologies. The number of participants has increased year by year until more than 20,000
in recent years. We distributed questionnaires to the visitors for recent 3 years to inquire
their status toward radiation and irradiated products as well as impression toward the
displays. The survey results suggest that school education may contribute to establish the
public image toward "radiation" as well as mass media.
1. INTRODUCTION
Although radiations, which always exist in our environment, are utilized in various
fields of our daily life, it is hard to say that they are well understood. In order to find a way
out of such a situation, information transfer activities have become more important. In case
of food irradiation, for example, test marketing has been successful in gaining efficient
information transfer to those who have little knowledge specialized for radiation and
radiation-related technology. As a result, in a large survey of over 1,000 people in the
United States, the Gallop organization determined that 73% have heard something about
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food irradiation; and 24% have some knowledge of the food irradiation process. 54% stated
that they would be likely to purchase irradiated foods over non-irradiated foods when they
learned of the benefits and organizations that endorse the process^. We have been held
"RADIATION FAIR, -- The relationship between daily life and radiation --" for 15 years in
Osaka, the largest city of western Japan, for the purpose of public education and
information transfer of radiation, radioisotopes, and radiation-related technology to citizens
including school kids. We have also been conducting a questionnaire study toward the
visitor of the Fair for 3 years to inquire public knowledge and feeling toward radiation and
irradiation technology as well as the impression of this event, knowledge of them
In this paper, we introduce the outline of our activity and the survey results of the
feeling toward radiation and the route of cognition of the word, "radiation".
2. OUTLINE OF "RADIATION FAIR"
We organize the Executive Committee for "relationship between radiation and our
daily life" with other associations supporting and promoting the use of radioisotopes,
irradiation technologies, and atomic energies in Osaka area. They are Osaka Nuclear
Sciences Association, Inc., Japan Radioisotope Association, Inc., Japan Atomic Industrial
Forum, Inc., Association of Radiation Engineers in Osaka Prefecture, Inc., Atomic Energy
Society of Japan, Inc., Electron Sciences Research Institute, Japan Atomic Energy
Relations Organization, Japan Atomic Energy Research Institute, and us. We have been
holding "RADIATION FAIR, the exhibition of radiations related with our daily life"
annually in summer vacation season for 15 years. The scale of the exhibition expanded year
by year until 1990. Since then, we have been set up the space on a floor of Kintetsu
Department Store, one of the major department stores in downtown Osaka (see Photo).
Various "irradiation-treated" products available in our daily life have been displayed,
including irradiated potatoes, EB-treated Styrofoam products, tires, golf balls, etc. together
with explanatory panels. We have been devising efficient information transfer media, such
as games, quizzes, street performances, and handicrafts as well as explanatory panels so
that even elementary-school kids can understand the basic knowledge of radiation and
irradiation technologies. We invite professional actors and street performers playing
characters of famous historic radiation scientist providing science quizzes related to
radiation sciences and games and acrobatics using irradiated products. We have also
provided "Experience corner" where the participants could experience the existence of the
radiation through observation of cosmic rays by a cloud chamber and radiation
measurement of soils and stones. Free medical clinic and bone densitometry service has
provided for adult visitors (see Photo). The number of participants has increased year by
year until more than 20,000 in recent years (see Fig. 1).
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Photo: Various events at "Radiation Fair" on the floor of
Kintetsu Department Store in Downtown Osaka.
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3. QUESTIONNAIRE PROCEDURES
We designed two questionnaires for kids (under 16 years old) and grown-ups (16
years and upward), separately. The both ones contain questions about the knowledge of
radiations and the impression toward the various activities of our event, as well as the
demographic questions, such as sex, age, companions, and information source of the Fair.
We added detail questions about the time and place of recognition of the word "radiation"
together with knowledge of natural radiations and irradiated products including irradiated
potatoes and other food safety issues to the questionnaire intended for the grown-ups. We
distributed the questionnaire sheets to the visitors at the entrance and collected the answered
sheets at the "Questionnaire collecting comer" beside the exit.
4. QUESTIONNAIRE RESULTS
We obtained 3568, 2136, and 2320 answers in 1996, 1997, and 1998 surveys,
respectively. Most kid visitors were accompanied by their mothers. More than 50% of the
visitors occasionally recognized this event when they stopped at the department store .
Each survey revealed that the ratio of visitors who had heard something about radiation
increased with increasing age and reached over 90% at junior high school ages (13-15 years
old).
In 1996 survey, "Roentgen" standing for X-ray radiography in Japan, and "atomic
power generation" were the closest words associated with "radiation" chosen by grown-up
participants. In contrast, more than 40% of kid participants chose "no answer".
Interestingly, the ratio of "scary" chosen by grown-ups as the closest word with "radiation
is approximately 4 times higher than kids (see Fig. 2). Fifty six point nine percent and
37.7% of the grown-up participants indicated "rather bad" image of "radiation" in 1997 and
1998 surveys, respectively, when they heard of the word (see Fig. 4). These ratios were
the largest among the 5 choices including "very good", "rather good", "average", "rather
bad, and "very bad" in each survey. The ratio (59.6%) of the answers, either "rather bad",
"bad", or "very bad" from the grown-up participants for the image of the 1st encounter of
the word "radiation" became approximately 4 times as much as those from kid participants.
Fortunately half of the participants answered that the image became better after their first
encounter with "radiaiton". More than 70% of the kid participant answered that they
understand the "radiation" after browsing the Fair. The same ratio of the grown-up
participants also noted that their visit of "Radiation Fair" was a good chance of
improvement of their image toward radiation, indicating that our event is effective for public
acceptance of radiations and radiation-related technology.
1996 survey for grown-up visitors also revealed that 59.1% of participants
recognized the word of "radiation" when they were at elementary school and the most
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significant sources of this information were school lessons and mass media (see Fig. 3).
1997 and 1998 surveys also indicated similar results.
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5. DISCUSSIONS
These survey results indicated that worse images toward radiation would be formed
after junior high school days while the word, "radiation" is initially recognized during
elementary school days according to Figs 2 and 4. "Radiation fair" was shown to be very
helpful not only as an introduction of radiation science and radiation-related technology to
elementary school kids but also as an media to improve the image of radiation and atomic
power-related technology toward older people. From these viewpoints, if we transfer the
correct information about radiation sciences and technology at the right stage of education,
we could improve consumer's image toward radiation.
The survey results also showed that school education is an important recognition
route of the word, "radiation" as well as the mass media. Therefore, we should watch the
school curriculum. Although several radiation- and atomic power-related topics are
appeared in authorized textbooks including science and social studies for school education
in Japan, many mistakes have been pointed out in the context of the description of each
topic by several radiation scientists groups. Thus we should check the current teaching
materials and plans in order to make radiation-related information transfer in school more
effective. To do this, we are planning more detailed survey to reveal actual status of
"radiation education" at school and food irradiation among consumers.
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3.18 IONIZING RADIATION - ONE OF THE MOST IMPORTANT LINK OF THE
ENERGETIC CHAIN IN BIOLOGICAL CELL
Dr Wieslaw Goraczko
Technical University Poznan, Radio- and Photochemistry Dept;
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ABSTRACT
High (large) and low (small) doses of ionizing radiation consistently induce opposite
physiologic effects in biological systems. The effects of low doses cannot be inferred by
interpolation between the result from groups exposed to high doses and controls irradiated
only by Natural Background Radiation. Stimulation (,,bio-positive") effects by low-level doses
of ionizing radiation are called radiation hormesis. It is still controversial idea, however it was
found that some biological objects (yeast, seeds, animals) after gamma irradiation by low-level
doses (10-50 times more NBR) can increase their development.
The result of present researches demonstrate that the excitation of living system by gamma
quanta (high energy) initiates prolonged secondary emission that influences biota and activates
many important processes in biological systems. According to the excitation theory of biomolecules the author suggests that gamma irradiation in low-level doses excites such molecules
as DNA and proteins, and this being followed by a long-termed secondary coherent radiation.
The spectral analysis of this secondary emission confirmed the contribution of the UV
component to the total emission.
The data obtaining by using SPC method (single photon counting) make possible a partial
understanding of the radiation hormesis phenomenon and suggest closer relationship to UV
emission from biological systems during mitotic processes.
The experiments with humic acid (high doses) and grycine (low doses) confirm the author
hypothesis that gamma-irradiated organic compounds are capable to emit secondary radiation
This secondary radiation probably plays very significant role in the intercellular communication
inside the living systems.
In conclusion the author proposed de-excitation processes in bio-molecules as a common
denominator of UV and ionizing radiation interacting with living cells.
Finally he refers to the Cerenkov radiation which is created inside the biological cells. Because
the Cerenkov radiation is totally absorbed, consequently these photons must be play very
important part in energetic balance in living organism. The author expects that Cerenkov
radiation may converse - like ionizing radiation - into UV photons and effects as a "bio-positive"
factor (Cerenkov Hormesis).

INTRODUCTION
A great deal of scientific researches confirmed that high and low doses of IR consistently
induce opposite physiologic effects in biological systems. Stimulation (bio-positive effect) by
low-level doses of any agent is called hormesis. Luckey1'2 in his works transferred this notation
to IR and defined radiation hormesis (RH) as a bio-positive effect of low-level doses of IR.
What does it mean low-level dose of IR? This dose is defined as a value from of more than ten
times of Natural Background Radiation (NBR) to 1/100 LD (lethal dose); Le.40-50 mGy.
The data show increased or accelerated respiration, germination, growth, development and
maturation, reproduction, resistance to disease and sub-sequent irradiation and average
longevity. Under the irradiation of gamma rays the increasing of mitosis index is observed.
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Honnesis evokes increased vigor and strength in individuals subjected to sub-optimum
conditionsIl2>3.
The hormetic dose varies with subject, conditions, physiologic function measured, dose rate
and total exposure. The type of radiation seems to be less important than the rate at which it is
administrated. Next, the dose rate is probably more significant than the total dose in radiation
damages. The same total dose irradiated in long or short time effects differently in living
organisms.
RH following whole-body irradiation was established in animals for growth and development,
fecundity, immune competence, decrease mortality rates from infection and average life span.
RH is regularly noted in independent microbes such as bacteria, yeast and algae. RH is found in
plants and both vertebrate and invertebrate animals3.
Whole-body human exposure to low-level doses of JR. consistently results in decreased cancer
death rates1*2.
Man appears to be one of the most radiosensitive species. The magnitude of LD^ for man
equals to about 2.6 Sv and this value is at least one order of magnitude smaller than the
corresponding value for other living organisms Tab. 1. We can realistically estimated total dose,
which a man is exposed to equals about 1 mGy/y. But there are some regions of the Earth,
where the NBR is much higher than so-called normal level. For example: in Brazil, beaches of
Guarapari - 263 mGy/y, Guapara 10-18 mGy/y and Apaxi 35 mGy/y; Iran, Ramasari 7-480
mGy/y, India - Kerela coast - 4-23 mGy/y, several thousand people in Espirito Santos - 30
mGy/y, Caucasus and Himalayan mountaineers - 35 mGy/y- Tab.2 .
Subject
Man

Dog
Monkey
Rat
Fish
Chicken
Bat
Snail
Snake
Wasp
Ameba
virus

Sv
2.5-3.0
2.6
5.0
8.0
8.5
10
150
200
800
1000
1000
5000

Place
United States
Nile Delta
Exposed workers
Jet air flyers
Kerala, India
Guapara, Brazil
Apaxi, Brazil
Optimum
Ramasari, Iran
Guarapari, Brazil
Maximum safe level

TrnGy/yl

flProposeS f>^otfaHoWance i ;

iillvS.O-fcS.

2.6
3.5
3.6
5.0
4-23
10-18
35
100
243
263
10000

Tab.2.

Tab.l.

People from Nagasaki or Hiroshima who during A-bomb explosion received doses of 60 to
700 mGy appear to live longer than those who received either higher dose or none1'2.
Till 1990 the information about RH in scientific literature had only little meaning however a
great deal of data shown that high and low-level doses induced opposite results in microbes,
plants, a variety of invertebrates and many mammals, including humans. The effects of lowlevel doses cannot be inferred by interpolation between the result from samples exposed to
high doses and controls irradiated only by NBR.
The development of A-bombs and political situation in the World ("cold war", existing of two
opposite political and military systems) led to extensive researches only on the damaging
effects of high-level doses and forced the concept that all doses of IR are harmful. Harm
-
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dominated the last half-century of radiobiological research. Even today RH hypothesis is still
controversial.
2.IR AND SECONDARY UV - TWO LINKS OF THE SAME ENERGETIC CHAIN
In my opinion there is close relationship between IR and secondary UV emission from the
cell. I postulate the above hypothesis based on the principal biological feet - the process of cell
division (mitosis) is conditioned by two factors, namely: by metabolic processes which lead
cells to dividing stand-by, and by "impulse" (stimulant) which starts division, proliferation and
mitosis processes4'5.
I suggest that the IR can create this so-called ,,starting impulse". Even low intensity of short
electromagnetic waves (180-220 nm) or a few quanta can start mitosis. On the other hand
under the irradiation of gamma rays the increasing of mitosis index is observed6'7.
2.a. PROBABLE SOURCE OF PHOTON EMISSION FROM THE CELL
Konev8'9 has carried out the pioneering work on photon emission and cell cycle. He was the
first to employ the UV sensitive photomultiplier tube to detect UV photon emission from living
organisms, using synchronized cultures of Candida utilis. Spectral analysis indicated that the
wavelength range was 250-380 nm. The most extensive investigations on photon emission in the
cell have been performed in meiosis during pollen grain formation in the anther of Larix
europea™ and in mitosis of yeast Saccharomyces cerevisiaen.
First a biochemical reaction has been looked for that is based on a physiological process of
general nature. Mainly Russian12 investigators have been successful in finding some distinct
correlation between low level luminescence and radical reactivity, originating essentially from
lipoxygenaese reaction.
Guided by the photon storage hypothesis, Popp13 suggested that only DNA can work as the
coherent biological photon store. In order to examine whether DNA really works as a photon
store15 performed a basic experiment by using ethidium bromide as a probe. At least Van Wijk15
experiments have confirmed that a considerable part of biological photon emission originates
from DNA.
Li and Popp16 have proposed a physical explanation of photon storage of DNA on a molecular
level, but only a very general approach to the mechanism has been suggested. They postulated
that exciplex (exciton-) states of the DNA base pairs are responsible for this effect.
In the latter experiments, photon emission was measured as a function of the cell-division
cycle. The research has shown that photon emission - for instance - in yeast follows a
characteristic pattern in the course of the cell-division cycle, increasing in the late S phase to the
G2 phase1117. The estimated photon spectrum is continuous, with maximum in the UV and blue
region.
The source from which the emission from yeast originates is not known. It has been suggested
that the UV component arise from excited tryptophan 1 9 . 1 have tried irradiated this compound
but till now with repulse. Exciting tryptophan by ionizing radiation is difficult.
2.b. CERENKOV RADIATION - CERENKOV HORMESIS CH
It is well known that all living systems contain some natural radioisotopes and all are under
the constant cosmic ray irradiation. Any charged particle that moves at a velocity higher than
the phase velocity of light in a medium produces Cerenkov radiation. Quickenden20 reported
that the exposure of pure water to cosmic or NBR (for example - 14 C, 32 P, 40 K) leads to the
excitation of UV and visible emission in addition to Cerenkov radiation. The excitation of
bacterial and yeast suspensions by the Cerenkov rays from 32P results in fluorescence with a
spectral distribution similar to that of MR. Barenboim and Domanski21'22 have studied such
important molecules as tryptophan, rysozyme, DNA and RNA and have found that these
-

304 -

JAERI-Conf

99-011

compounds are similarly excited by 32P and '"'K to produce their characteristic fluorescence.
Because Cerenkov radiation is totally absorbed inside cells, consequently these photons must
play very important part in energetic balance in living organism.
3.EXPERIMENTS AND RESULTS
As we know from radiation chemistry the formation of H2 and H2O2 are equally possible in
aqueous solutions irradiated by ionizing radiation. The primary ionization of the water molecule
is followed by the recombination and fast dissociation: H2O -> H 2 O + +e~—• H2O*. Part of the
excited water molecules dissociates into radicals: H2O* —> H' +OH*. Molecular products form
through the recombination radicals: H* + H*-»H 2 and HO* + OH*-» H 2 O 2 . The above
combination processes take place at the beginning of the life the clouds when the local radical
concentrations are still high.
Therefore, when the water solution was irradiated, as the product of radiolisis some
concentration of hydrogen peroxide has been received. This chemically aggressive compound
effects on another bio-important compounds.
3.a. EXPERIMENTS WITH GLYCINE
I took into consideration glycine - the simplest amino acid (endogennic), an element of
proteins. The influence of hydrogen peroxide on glycine has been examine. Hydrogen peroxide
produced may in turn continue oxidation:
O = CR- COOH + hv

H2NCHR - COOH

During this process some secondary emission has been detected (Figure 1). The fact that quartz
rather than glass permeable for this radiation indicates that the latter emission belongs to the UV
range of spectrum. It was interesting to investigate for how long time it is possible to reveal this
secondary radiation. The results presented in Figure 2 show that the effect was quite high within
20-30 minutes for the beginning of the experiment (after adding NH 3 ). Then it decreased by the
next 1 hour (23).
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Fig. 1. Secondary emission from Gly
Fig.2. Gly emission as a function of
(different ammonia concentration)
Ammonia concentration.
1 :Gry-0.87M,hyd.per-0.7M,amm-0.7M
1 :Gry-0.87M,hyd.per-0.7M,amm-0.35M
2:Gly-0.87M,hyd.per-l. 125M,amm-0.875& 2:Gly-0.8M,hyd.per-0.67M,amm-0.67M
3 :Gly-0.9M,hyd.per-0.9M,amm-0.7M
If water solution of glycine was irradiated by gamma rays we received the following :
-
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H

i°'m> >O = CR - COOH + hv

I conclude that this UV quantum is nothing else as the hypothetical Gurwhsch mhogenetic
radiation.
3.b. EXPERIMENTS WITH HUMIC ACID
Humic substances (HS) belong to the most widespread biopolymers. However exact
structure of HS is unknown it suggests that these compounds could be treated as a rich source
of energy, carbon and nitrogen for soil microorganisms. From the energy point of view, the
transformation process of plants' or animals' materials into humic substances, is exergonic one.
The degradation of humic acids (HA) by ionizing radiation (IR) influence certain physical and
chemical properties of soil and aquatic environment..
As the consequence of HA' degradation the following processes are observed:
- direct stimulation or inhibition of soil's and plants' microorganisms by products of HA
degradation;
- influence on the soil structure through changing sorptive, chelate, oxido-reduction
properties and organic substance mineralization;
- sensibilized degradation and activation of organic compounds contained in superficial soil
layer (especially pesticides).
Ionizing radiation in biopolimers is known to cause the following chemical processes:
- chemical compounds decomposition (for example : di-sulfide, hydrogen and peptide,
deamination and decarboxylation), which caused biopolimers degradation;
- creation of non-specific chemical bounds in biopolimers (covalence, hydrogen, ionic)
which caused polymerization and aggregation of molecules and incorporation of atoms and
small molecules;
- other modification of aminoacids residuum (changing electrical charge, for example).
On the other hand the specified chemical changing can create next changes of physical and
chemical properties, such as: spectral characteristics, viscosity, constant of sedimentation,
molecular mass, isotopic exchange ability and so on.
More often biological influence of IR is indirect, based on the secondary ionization (it refers to
hydrated habitats generally).
Because processes of the oxidative degradation are exergonic, we can experimentally observe
some energetical stages, which conditioned creation of excited molecules. As the consequence
chemiluminescence (CL) emission is measured.
In my experiments HA (SERVA) has been examined. The solution of HA (200 mg HA in 1000
cm3 of 0.1 N Na2CC>3) was irradiated in Russian RChM-gamma-20 (Co-60) equipment in the
following absorbed doses (1 kGy, 2 kGy, 5 kGy, 19 kGy, 40 kGy, 50 kGy, 60 kGy and 90
kGy) has been.
RESULTS
After absorption of high doses of IR by HA some degradation processes have been observed.
The secondary chemiluminescence accompanied to this process. Only HA in a dried HA form
irradiated was even at 90 kGy stable,. After irradiation HA changed its color from dark-brown
to straw-colored. For higher absorbed dose the effect of colors' changing was more visible
(described by the absorbancy or transmittance, at X= 254 nm) and the intensity of CL is higher.
Furthermore, relation between intensity of chemiluminescence and absorbed dose rate (Fig.3)
and between transmittance and absorbed dose rate (Fig.4) has been found.
CONCLUSIONS
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All experiments leads to the following conclusions - after the process of HA irradiation in
high doses we observed :
- oxidative degradation; it caused creation of low molecular products with increased amount
of COOH, Le. class of fulvic acids;
- polymerization of HA and its fragments caused creation of high molecular products
(humins).
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Fig.3.Intensity of chemiluminescence and Fig.4 Relations between transmittance and
absorbed dose rate of gamma irradiation 60Co absorbed dose rate gamma irradiation 60/Co for
(1-immediate measurement,2-delayed 40min) X =254 run (1-immediate measurementsdelayed 40min)
For the absorbed dose higher than 50 kGy the process of HA radio-degradation was strongest.
There is almost no published research on the influence of ionizing radiation on HS. What
would be the fate of this the most important and vital component of soils and waters in the case
of an nuclear accident?
4.a. HOW TO EXPLAIN CREATION OF SECONDARY UV EMISSION AFTER
IRRADIATION OF IR?
If we irradiate some living objects with low doses of IR macromolecules of DNA, RNA,
proteins will probably turn to excited states. As a result of these processes the polaritons are
created. Polaritons create the subsequent coherent emission from DNA. This secondary
radiation (the so-called DNA fluorescence) has much longer wavelength than primary
radiation, which excited DNA molecules. This secondary radiation with a wavelength in UV
region is analogous to postulate by Gurwitsch mkogenetic radiation MR.
Therefore, I deduce that IR can create secondary UV. On the other hand, only IR without
excessive reduction can penetrate a deep region of a microorganism, because UV is easily
absorbed by biological tissue.
4.b. MEDICAL ASPECT OF RADIATION HORMESIS RH AND CERENKOV
HORMESIS CH.
We know epidemiological evidence which showing that human cancer mortality rates are
lower in areas of high NBR than in low-level radiation regions. Some physicians postulated that
low-level doses of whole-body irradiation may reduce cancer induction - see UNSCEAR 1994
Report24. This hormetic phenomenon appears in this respect as a possible new method of
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therapy. Maybe in the near future we will irradiate our children like now we are inoculating
them. It is surprising proposal but if we remember how vaccine works in human organism we
understand easily the idea of hormetic therapy. Based on the experiments and epidemiological
evidences the following doses are recommended: 20 mGy/y for selected organs and 100
mGy/yfor whole-body chronicle irradiation.
As I mentioned before Cerenkov radiation is totally absorbed inside cells. Consequently these
photons must be play very important part in energetic balance in living organism.
I postulate that Cerenkov radiation may converse - like IR - into UV photons. In my opinion
this is very important problem because the simple calculation shown that for ""K about 10
Cerenkov photons will be created during 1 second in lmm of water's layer. Consequently for
adult (70 kg) we should measure more than 108 Cerenkov photons per 1 sec. For phosphorus
32
P and carbon 14C less but still very high number - Tab.3.
Element Atom's number Disintegration/sec
1.7*109
3
T-3
C-14
8.1*1014
3.1*1O3
K-40
1.2*1021
4*107
Tab.3
I think research on the influence of Cerenkov or natural background radiation on living
systems should be advanced. Maybe this is among the other important factors not only in the
evolution of biological systems but in the creation of Earth's life in general.
I proposed deexcitation processes in biomolecules as a common denominator of UV and
ionizing radiation interacting with living cells, underlying both radiation hormesis and creation
the secondary UV, which can be identify with postulated by Gurwitsch mitogenetic radiation
MR.
It is therefore extremely important and interesting for scientists to find out to what extent might
the low-level radiation be beneficial to most individuals.
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3.19 EXTENSION LECTURES: THE EFFECTS OF RADIATION FROM ATOMIC
BOMBING
Yutaka Okumura and Mariko Mine
Atomic Bomb Disease Institute, Nagasaki University School of Medicine, Sakamoto
1-12-94, Nagasaki 851-8523 , Japan

ABSTRACT
About 56,000 A-bomb survivors are living in Nagasaki city even today. Nagasaki
citizens, whether they are A-bomb survivors or not, can not live without concerns on
the existence of radiation effects. They have fears of any amount of radiation and are
afraid that it may harm their life. As results of studies in the university on radiation
effects are not familiar to the citizens, we have started extension lectures on "the effects
of radiation from A-bombing" to them since 1990. We discuss the problems as well as
significance of the extension lectures by reporting the details of the extension lectures
which we have managed in the past.
1. I n t r o d u c t i o n
About 56 thousand A-bomb survivors live in Nagasaki City today, and many people
in the city are related to the survivors, including family including the second generation
of survivors, relatives and acquaintances. People who have came into the city after a
long time of A-bombing and who are not directly related to the A-bombing are also
conscious of radiation from A-bombing. Unlike conventional bombing, A-bombing
makes survivors, as well as citizens not related to the survivors and live in the city,
afraid of its effects. However, studies performed in the university are not always
understood by citizen. We have opened the first extension lectures on the effects of
A-bombing in Nagasaki in 1990. From 1995 we have been planning the extension
lectures every year.
2. Opening of L e c t u r e s
Following 6 sessions were held since 1990 to 1998.
(1) September, 1990: 5-day course of 1 hour 45 minutes on Friday
(2) July, 1995: 3-day course of 3 hours on Friday
(3) August, 1996: 1-day course of 4 hours
(4) August, 1997, 1-day course of 3 hours
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(5) August, 1998, 1-day course of 3 hours
(6) December, 1998, 1-day course of 2 hours and 15 minutes
3. Contents of L e c t u r e s
Following contents were included in the extension lectures performed in the past.
(1) Character of Radiation:
Power of A-bombing
Radiation from A-bombing
Radiation and radioactivity
Radiation and active oxygen
Measurement of radiation: practice
(2) Effects of Radiation on Human Beings:
Radiation and human cells
Radiation injury
A-bomb syndrome
Early effects of Nagasaki A-bombing
Late effects of Nagasaki A-bombing
A-bombing on Nagasaki and cancer
Fifty years of study on leukemia induced by A-bombing
Cellular damages induced by radiation and its defense mechanism
(3) Health Control:
Medical data base of A-bomb survivors
Medical examination of A-bomb survivors and its benefit
Health control of A-bomb survivors
Health of aged persons
(4) Application of Radiation:
Clinical application of radiation and radioisotopes
Radiation diagnosis and radiation therapy
Radiation for leukemia treatment
Application of radiation and radioisotope in life science
(5) Effects of Accident of Chernobyl Atomic Power Station:
Situation of accident of Chernobyl atomic power station
Health problems of Chernobyl accident
4. Discussion
To make clear the problems and solution of the extension lectures, questions are
proposed and answers to them are presented in the followings.
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(1) What idea do the citizens have on radiation?
a: They have feeling of fears of radiation without reliable reasons,
b: They think that even a very small dose of radiation induces injury.
(2) What don't they know?
a: They don't know that people living on the earth are exposed by natural
radiation.
b: They don't know that they contain radioactive 40 K in their body,
c: They don't know that low level radiation induces no injury,
d: They don't know well that radiation and radioisotopes are applied in
medical treatments.
(3) What should we consider for the extension lectures?
a: We should try to make the citizens understand scientifically and medically
what they don't know,
b: We should try to use words which they use in their daily life, not
technical terms.
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3.20 STUDIES OF RADIOLOGICAL CONSEQUENCES
ON THE REPORTS OF CHERNOBYL ACCIDENT
TakeyoshI ASANO
Research Institute for Advanced Science and Technology,
Osaka Prefecture University
(1-2, Gakuen-cho, Sakal, Osaka, 599-8750 Japan)
Summary
1) Relation of radiation related quantities such as radioactivity,
exposure, absorbed dose, dose equivalent, effective dose equivalent and
radiation protection standards were explained as easy as a beginner
could understand. 2) Using published data including IAEA data in the
report "One Decade After Chernobyl (Summary of the Conference Results,
1996)" and some reports, outline of explosion, exposure dose and
radiation effects which gave to the human body were briefly described
and some rational ways for understanding the data were shown.
1.

Introduction
It is considered that there are several causes which bring about
excessive radiation-phobia in majority of public. These are 1) a human
can not recognize the existence of the radiation with five senses of
sight, hearing, smell, taste and touch, 2) the straight line relation
hypothesis between radiation exposure and Its biological consequences
would produce misunderstanding in public, as if the relation is a fact
and 3) a rational way of understanding radiological consequences may be
Insufficient in many people.
Here, in connection with the last subject, I attempted to give some
rational ways for understanding the radiological consequences written in
the reports of the Chernobyl accident which is a matter of great concern
to us. It is another reason of choosing the reports of Chernobyl
accident to probe a possibility of putting these reports to some use in
school education.
2. Radiation related quantities and radiation protection standards.
Before going to the matter of Chernobyl accident, I described about
radiation related quantities and radiation protection standards
including risk coefficient for a better understanding of matters. For
the radiation related units, there are five principal quantities such as
radioactivity, exposure, adsorbed dose, dose equivalent, effective dose
equivalent and risk coefficient. The former three are physical
quantities and the latter three are quantities for radiation protection.
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a. Radioactivity (Bq, Cl, dpm and cpn)1*2*
A quantitative expression of intensity of rdloactive nuclide is the
radoactlvlty, abbreviated by symbol A. The SI unit of radioactivity is
the Becquerel (Bq) defined as the number of disintegrations per second
(dps): 1 Bq = 1 dps. It is a very small activity and usually multiples
of It are used: PBq, TBq, GBq, MBq, kBq. The traditional unit of
activity was Curie (Ci). Although the use of the Ci unit is not
recommended it Is defined to be 1 Cl = 37 GBq = 3.7xlO10.
Activity Is often characterized by the number of disintegrations per
minute (dpm): 1 dpm = 60 Bq; 1 Ci = 2.22 x 1012 dpm. Taking the degree
of efficiency of the measurement to be rj , we can formulate the
following relationship between the counts per minute (cpm) and the
activity in dpm: 1 dpm = \ x \/rj cpm.
In the following description, I deviate sometimes from the SI
recommendations and use Ci (as well as Its fractions mCi, p. Ci and
multiples MCI, kCl).
b. Exposure (C/kg and R) and Exposure rate (C/(kgs) and R/h)1"3'4*
The electromagnetic radiation (gamma rays or X rays) causes
ionization in air. The measure of the Interaction is characterized by
the exposure abbreviated by symbol X. The SI unit of exposure Is
coulombs per kilogram of air (C/kg). (amount of 1 kg of air corresponds
to the volume of 773 liter of air at temperature of 0 °C and pressure of
1 atm.) The traditional unit of exposure was Roentgen (R): 1 R =
2.58xlO~4 C/kg; 1 C/kg in air = 38 Gy in water (see section 2.c). The
exposure is called by the name of "radiation dose", too.4>
Exposure rate is exposure per unit of time, stated as coulombs per
klrograms per second (C/(kgs) or A/kg). The traditional value of 1 R/h
Is equivalent to 7.167xlO~8 A/kg.
c Adsorbed dose (Gy and rad)2-3-4*
The energy of both corpuscular and electromagnetic radiation is
adsorbed during the passage through an organism in the same manner as in
any other material, by lonization and excitation of atoms or molecules
of the material. In a biological system this ionization causes damage
directly by disruption of chemical bonds in the cell. The Interaction of
the radiation with water both Inside and outside cell nucleus produces
free radicals which also damage the cell by causing oxidation-reduction
reactions.
As a result of interaction between radiation and a material, the
amount of energy absorbed in the irradiated material per unit mass is
called the absorbed dose abbreviated by symbol D. This applies to all
radiations and material. The SI unit for adsorbed dose is Gray (Gy). One
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Gray means that one joule of energy absorbed per 1 kilogram of material;
the traditional unit of absorbed dose was rad (rad): 1 Gy = 100 rad =
10000 erg/g = 10000000 erg/kg = 1 J/kg.
If radiation dose is 1 R, then absorbed dose will be almost 1 rad. If
the value of exposure is estimated in absorbed dose In water, 1 C/kg in
air is equivalent to 38 Gy:
1 C/kg = 2.998 106 esu/g
= 2.998 10617 esu/g x (1/4.803-10"10 esu/lons) x 34 eV/Ion
= 2.122 10 eV/g
= 340000 erg/g = 34 Gy In air
= 34 Gy in air x (electron density per gram of water
= 38 Gy in water ^ e l e c t r o n density per gram of air)
4 Gy of electromagnetic radiation (: 4 Sv) of the adsorption dose
(which brings 50 % death) causes 53000 of ionizatlons per human cell
nucleus. In comparison with the number of atoms (: approximately 1011
in DNA strand (wt, 5.6 pg) of a human nucleus, the number of ions formed
by irradiation Is very small. However this quantity of adsorption dose
brings about serious biological effects (see section 2.f.).
d. Dose equivalent (Sv)1-3*
The degree of biological effect is depend on the kind and energy of
the radiation, even in cases where the absorbed dose Is the same. In
order to take into account the different extent of the biological
effects of different radiation, the concept of dose equivalent
abbreviated by symbol H was created. The dose equivalent is used only
for radiation protection at the low exposure dose. In the estimation of
degree of biological effects at high exposure dose, the concept of the
relative biological effectiveness (:the RBE value) is used. The dose
equivalent can be obtained by multiplying absorbed dose, D, by a quality
factor, Q, and modification factor, N : H = DQN. The quality factor
relates to the radiations of different LET (linear energy transfer). For
example, quality foctors of 1 for beta rays (electron rays) and gamma
rays (X-rays), and 20 for alpha rays are currently used. The
modification factor adjust for differences due to irradiation
conditions, such as exposure rate, however, at present, a value of N is
taken as 1.
The SI unit of dose equivalent is Sv: 1 Sv =
mSv, u Sv are also used. The traditional unit of
rem: 100 rem = 1 Sv. If the gamma rays or X-rays
to the human body, 1 Gy of adsorbed dose become
1 rad likewise become 1 rem: 1 Gy = 1 Sv; 1 rad

1 J/kg. The fractions
dose equivalent was
are externally exposed
1 Sv of dose equivalent;
= 1 rem.

On 1990 ICRP recommendation, the term of "dose equivalent" was
renamed to "equivalent dose". Under current Japanese laws and ordinances
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(Concerning Prevention of Radiation Hazards), the name of dose
equivalent is still used.
e. Effective dose equivalent (Sv)1-3-5*
Radiation effects on the human body appear in two form: although the
relationship between exposure dose and biological effect is still a
matter of conjecture, it is now accepted that the probability of
occurrence of some late and somatic effects (e.g. cancer) and genetic
effects, rather than the severity of the effects, varies with the
magnitude of the radiation exposure (: the straight line relationship).
Threshold dose can not be assumed below which some harmful effects may
not occur. This kind of effects is called stochastic effects. In
contrast, the acute and somatic effects (e.g. loss of hair) and some of
late and somatic effects (e.g. leukemia) depend on the magnitude of the
dose received, and there may be a threshold dose below which no
detrimental effects can be observed. These effects are non-stochastic
effects. On 1990 ICRP, the term of "non-stochastic effects" was renamed
to "deterministic effects", but the old name of "non-stochastic effects"
Is still accepted in Japanese law.
Within the range of low doses under keeping properly the radiation
protection rules, the number of radiation workers or public suffering
from a deterministic effects is virtually zero. However there must be
serious concern about stochastic effects. For the stochastic effects,
the sensitivity to radiation varies with the tissue (or organ). Even If
dose equivalent is the same, the probability of occurrence of radiation
effects depends on the tissue which is irradiated. In order to assess
the total stochastic effect on various tissues throughout the body,
effective dose equivalent, abbreviated by the symbol of HE, is used. To
get an effective dose equivalent, tissue dose equivalents, HT,
multiplied by weighting factors for tissues, WT, (expressing each
tissue's sensitivity to radiation) are added together; Unit Is Sv (or
rem):

H
B

-

f. Radiation Protection standard3-5-8'
At an exposure dose of 0.25 Sv or less, no clinical symptoms by nonstochastic effects are recognized. The excess exposure of a whole-body
to radiation In one time causes a harmful acute effects. A minimum
lethal dose is 2.25 Sv. A dose about 4 Sv brings 50 * death within 30
days. At 7 Sv, the probability of death is 100 %.
The aim of radiation dose limitation in the ICRP (International
Commission on Radiological Protection) recommendation is to prevent the
stochastic effects of cancer (see section 2.e.). Although the straight
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line relationship between radiation exposure and its biological
consequences for stochastic effects is assumptive, these error, if
anything, is on the side of safety
For a radiation worker, the ICRP, in 1977, recommended the effective
dose equivalent limit of 50 mSv (5 rems) per year. For public, in
addition to 2.4 mSv, which was estimated as an annual effective dose
equivalent due to natural background, a whole-body exposure to radiation
was limited to 1 mSv (100 mrem) per year. For the annual dose limit of
radiation worker, the value of 50 mSv are still accepted in present
Japanese law, although, in 1990, the ICRP recommended new effective dose
equivalent limit of 20 mSv/y for a radiation worker.
Risk coefficient3': The degree of occurrence of harmful effects
induced by exposure is called a risk. The risk does not mean that harmful
effects will occur, it is only the probability that they will occur. The
degree of risk is represented by a risk coefficient. Present Japanese
law was based on the ICRP 1977 recommendations and has accepted a risk
coefficient of 1.65xlO~2/Sv which is a cumulative value of probability
of occurrence of lethal cancer on every tissue and organ.
In 1990 the ICRP recommended new risk coefficient, newly named
nominal lethality probability coefficient, of 5.00xl0~2/Sv for public
including children and 4.00xl0~2/Sv for a radiation worker. But author
describe with use of the risk coefficient accepted In Japan in the text.
3. Studies of Radiological Consequences on the Chernobyl Accident
3.1. Outline of explosion7-*-™"11*
At am. 1:23 on 26th April 1986, an accident of explosion of reactor
unit occurred at unit 4 of the Chernobyl nuclear power plant (graphitemoderated light-water-cooled reactor; 1000 MW of electric power). 10 km
north of Chernobyl, Pripyat having population of 45 thousand is located
and 130 km south, Kiev having population of 2.5 million is located. This
accident was an occurrence during shutdown of the reactor for routine
maintenance. At the time of accident an experiment was carried out and
the reactor staff did not keep to the operating rules. The reactor
became uncontrollable, causing the increase of output by about 100 times
of the rated output with the steepest ascent that resulted in a
generation of enormous amounts of steam, an explosion and the ejection
of enormous amounts of rdloactive material.
Releases of radioactive materials was as follows: the total activity
of all the radioactive materials: around 12xlO18 Bq including noble
gases (85Kr,133Xe etc.) 6-7xlO18 Bq, 131I 1.3-1.8xlO18 Bq, 137Cs ca.
0.09X1018 Bq, 134Cs ca. 0.05xl018 Bq and 90Sr O.OlxlO18 Bq. About 3-4 *
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of used fuel in the reactor as well as up t o 100 % of noble gases
(Kr.Xe) and 20-60 * of volatile radionuclides (20-40 * of Cs, 50-60% of
I) were released a t t h e time of accident. The amount of radioactivity
was assumed t o be 200 times of radioactivity of both Hiroshima and
Nagasaki atomic bombs together.
It is considered that if the 1000 MW nuclear reactor involves a
radioactivity of 40xl0 8 Ci after 1 day from t h e time of shutdown, this
activity decreases t o 10xl08 Ci after 1 month, t o lxlO 8 Cl after 1 year
and 1X107 Ci after 10 years. 10> Present t o t a l activity in the destroyed
Chernobyl reactor is estimated t o be 700xl015 Bq (1.9xl07 Ci).7>
3.2. Exposure Dose1""12'
a. The persons who received exposure t o radiation 7 *
The response t o t h e accident was carried out by the initial persons
having dealt with accident and a large number of specified workers
called "liquidators" and so on. The number of persons who received
exposure and t h e individual exposure dose of them a r e shown in Table 1.
The group 1 of several tens persons received a lethal dose of 1000 mSv.
The group 4 was the inhabitants having lived within a distance of 30 km
Table 1. The number of persons who received exposure to radiation.
Groups of persons who
received exposure t o radiation

Number
of persons

Exposure dose
mSv

1. Initial persons having dealt
1000
several tens
(100 rem)
with accident
200, 000
100
2. Liquidators (workers such as
( 10 rem)
operators, non-professional
personnel, etc on a period of
2 years.)
3. Persons who were registered as
600,000
involved in activities relating
~ 800,000
to the reduce of extent of
disaster.
4. Inhabitants having been
116,000
evacuated from their home during
(fewer than 5 % had received
a period from Apr. 27 t o the
doses greater than 100 mSv;
middle of Aug. '96 in Mogilev
fewer than 10 % had received
and Gomel districts.
doses greater than 50 mSv)
(Between 1990 and t h e end of 1995, furthermore, decisions were taken t o
r e s e t t l e the persons of 53,000 in Ukraine, 107,000 in Belarus and 50,000
in Russia.)
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from the power plant and having been evacuated; their exposure dose
exceed the annual effective dose-equivalent limit of 50 mSv/y (5 rem/y)
for radiation worker (formal standard value for enforced evacuation).
b. The exposure dose of Inhabitants*'
The exposure dose of inhabitants who were evacuated Is shown In Table
2. The inhabitants of 135,000, having been evacuated, received a
collective effective dose-equivalent of 1.56xlO4 man-rem (the value in
Table 2 differ from the value In Table 1 because of difference of cited
references.) The number of fatal cancers, being revealed in future, due
to the accident was estimated to be 160-230. (Author's note:
1.65X10""2
xl34.9xl03X0.155 = 258, where 1.65X10"2 is a risk coefficient per Sv.
The assumed f a t a l i t y against to the population in question is
0.2 %.) The fatalities of 100-500 was assumed among the persons of
24000 having been exposed to high dose radiation, where the risk
coefficient was 0.0125-0.05 / S v l o \ (Author's note: 0.0125x24000x0.44
= 132 (fatality = 0.4 %), 0.05X24000X0.44 = 528 (fatality = 2 %))
Table 2. Exposure dose of inhabitants who were evacuated.
Distance from
power plant(km)

Persons
(xlO3)

Exposure dose
(rem)

Citizen of Prypyat who were evacuated within the 27th Apr.
3
45
3.3
3 -7
7-10
10-15

Persons who were late for evacuation.
7.0
54
9.0 (24000 pers. 46
av.
8.2 in total)
35
44

15-20
20-25
25-30

11.6
14.9
39.2
•

5.2
6.0
4.6

135.9 In t o t a l

av. 11.5

• Collective effective dose-equivalent = 135.9xl03man x 11.5 rem
= 1.56x10*4 man-rem
c. Collective effective dose-equivalent for public**
It was estimated t h a t the people of 74.50 million living in Ukraine
(pop. 50 million), Belarus (pop. 10 million) and Russia (pop. 150
million) received 290,000 man-Sv of collective effective dose-equivalent
over their lifetimes of 50 years (i.e., per caput effective doseequivalent was 290,000 / 74.5xlO6 = 0.0039 = 3.9 mSv/person/lifetime).
The fatality due to the committed dose was assumed to be 0.006 %
(1.65X10"2x0.0039 = 6.4xlO~5), which would be impossible to distinguish
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from the spontaneous mortality due to cancer (26.5 %).
d. Territories with radioactive contamination11*12*
There are two contaminated territories of 1) central region
centerring around the atomic power plant in Chernobyl, Ukrine, and 2)
Bryansk-Belarus contaminated region, north of Chernobyl, ranging over
Mogilev-Gomel districts in Belarus and Bryansk district in Russia
Federation.11' Chernobyl lies near the north border of Ukrine (600,000
km2) being contiguous to Belarus (210,000 km2) and Russia (17070,000
km2).
Three years after the occurrence of accident, the distribution of
137
Cs, whose half life (30 y) is very long and which can be detected
easily, in the ground surface was revealed. The contamination density of
37 kBq/m2(l Ci/km2, 0.001 mCi/m2) - 555 kBq/m2(15 Ci/km2, 0.015 mCI/m2)
was measured at the area of about 100,000 km2, and the activity levels
in excess of 555 kBq/m2 (15 Ci/km2, 0.015 mCi/m2) was measured at the
area of larger than 100,000 km2. The contamination areas of high level
of 1480 kBq/m2 (40 Ci/km2, 0.04 mCI/m2) and 5200 kBq/m2 (140 CiAm2,
0.14 mCi/m2) were found in the central region and the Bryansk-Belarus
contaminated region respectively. The values of these high contamination
densities (ca. 200 Ci/km2) are understandable, if the 137Cs activity of
2X106 Ci (0.074X1018 Bq) that is released came down to cover the ground
within 10,000 km2.
Present author notes In parentheses that the exposure rate at the
distance of 1 m from a point radiation source of m C s of 1 mCi can be
calculated to be 0.35 mR/h (: external exposure dose rate of 3.5
u Sv/h). Using this value being the case for a point radiation source,
the annual external exposure dose are tentatively estimated to be 1.23
mSv/y and 4.4 mSv/y for the radiation source of 1480 kBq and 5200 kBq
which existed on the ground surface of area of 1 m2:
0.04X 0.35 = 0.014 mR/h = 0.14 p. Sv/h = 1.23 mSv/y
0.14X 0.35 = 0.05 mR/h = 0.5 u Sv/h = 4.4 mSv/y
These values are 2 - 1 0 times of natural terrestrial annual dose of 0.4
mSv/y (worldwide average value)10'. Although these estimation are a
little underestimated, these additional external exposure doses due to
the contamination would be reasonable in the order of magnitude. The
authorities recommended resettlement to the population living in areas
with the contamination densities more than 1480 kBq/m2.n>
In the report of 9
Bryansk, an affair of
before12*: the minimum
was 57 kBq/m2 (0.0015

years after the occurrence of accident from
radioactive contamination is almost the same as
value of contamination density of the territories
mCi/m2) and the maximum was 3486 kBq/m2 (0.094
-
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mCI/m2). An internal exposure due t o the eating habits of inhabitants
was 0.2 - 1.4 mSv/y.
3.3 Radiation effects which gave t o the nuaan Body
a. Acute radiation syndrome
The 12 hours after the occurrence of accident, patients of 499 were
transferred to Kiev and Moscow. A total of 237 occupationally exposed
Individuals were suggested to be suffering from clinical syndromes due
to radiation exposure. The 149 patients were mild case, 55 middle case,
21 serious case and 21 extreme serious case. Their exposure doses were
in the range of 1 - 10 Gy. The medical treatment such as shower washing
with soap, blood collecting, urine test, measurement of radioiodine in
the thyroid, hole body radioactivity measurement, treatment for burn and
bone marrow failure. The number of persons who received exposure to
radiation and who died by acute radiation hazards is shown In Table 3.
Table 3. The number of persons who received exposure to
radiation and who died by acute radiation hazards
Clinical observed effects

Number of persons

Occupationally exposed individuals

237

of clinical syndromes due to exposure
Patients of acute radiation syndrome

134

The dead out of these 134 patients
within the first three months
Patients received doses greater than 10 Gy 11
and received intestinal function change:
The dead out of the 28 patient who died,
26
with skin lesions that affected over 50 % of
t o t a l body surface area:

28

The dead, out of these 134, who died over the
past ten years after the acute effect

14

b. Late and soaatlc effects
There is the thyroid effects as a clear evidence of public health
effects of radiation exposure due to the Chernobyl accident. The
increase of the thyroid cancer was observed in children. During 9 years
since the accident occurred, the thyroid cancer was diagnosed In the
cases of 800 children under 15 years old. More than 400 of these cases
were In Belarus.
The incidence of thyroid cancer increased to 4.5X10"5 (cases of 400 /
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Belarus of 107) with significant high rate in comparison with the

spontaneous incidence (10~6) of thyroid cancer. For the affair of
appearance of late and somatic hazards between the cases of Hiroshima
and Chernobyl, the differences were found as shown In Table 4 (WHO
report).
Table 4. Difference of type of appearance of late and somatic
hazards between the cases of Hiroshima and Chernobyl
Hiroshima
Exposure

Momentary external exposure

Chernobyl
External and internal

with large quantities of

exposure with small

dose

dose rate for long time

Incidence of

Increase in the first

Increase in the

of radiation

10 years after exposure

years after exposure

4-5

Induced thyroid
cancer
Incidence

Increase in the first

of radiation

2 years after exposure;

induced

Showing the peak of

leukaemia

incidence in the first
7 years after exposure

Among the inhabitants living in the contaminated territories, to
date, an Increase of incidence of leukaemia due to the radiation
exposure did not observed.

Among the 7.1 million Inhabitants of

contaminated territories and strict control zone, the fatalities due to
radiation Induced leukaemia

were assumed to be the order of 470.7> In

the 1977 JCRP recommendation, the risk coefficient for leukaemia is
0.2x 10"2/Sv. If individual life dose is 30 mSv, the fatalities due to
radiation induced leukaemia Is calculated to be 470 (: 0.2xlO~2x0.03
X7100000). This value would be impossible to distinguish from the
spontaneous mortalities of 250000 due to leukaemia (: 3.5x 10~3x 710000
=

25000).
The fatalities due to radiation Induced leukaemia among the 200,000

liquidators (see Table 1) was assumed to be 2007> (Cf.
X200000 = 330). This value would also be difficult

1.65xl0~2x0.1

to distinguish
3

from the spontaneous mortalities of 700 (: 3.5xl0~ x200000 = 700).
c. Health effects coming froa spiritual stress
Health effects of social severance due to the enforced evacuation and
resettlement, and anxiety of hereditary effects on the descendants were
Increased.
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4. Conclusion
At first the mutual relation of radiation related quantities such as
radioactivity, adsorbed dose, effective dose equivalent, risk
coefficient, etc. were explained together with radiation protection
standards for a better understanding of the Chernobyl accident. In the
description of consequences of Chernobyl accident, the radioactive
contamination was explained in paying attention to the unit of
contamination density. The fatality due the radiation Induced cancer was
estimated with use of radiation risk coefficient. These attempts would
be a help of taking out of some rational ways in understanding the data
shown in the reports.
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3.21 THE AUSTRALIAN NUCLEAR ASSOCIATION'S AWARD SCHEME FOR THE
ADVANCEMENT OF NUCLEAR SCIENCE AND TECHNOLOGY AWARENESS IN
SECONDARY SCHOOLS IN AUSTRALIA
Roger Alsop
Vice-President, ANA and Co-Ordinator of the ANA David Culley Memorial Award Scheme
Australian Nuclear Association, Sydney, Australia
(Address: PO Box 255, Gordon, NSW 2072 Australia)
The Australian Nuclear Association (ANA), following the death of the founding treasurer of the
Association in a motor vehicle accident, decided to commemorate his long-standing efforts on
behalf of the Association through a Memorial Fund, set up in his name, from donations of the
membership, for a scheme to advance awareness of nuclear science and technology in secondary
schools in Australia. Thus, the ANA David Culley Memorial Award Scheme was established in
1993 to assist with projects chosen with selected secondary schools; David having been an
educator himself and at that time, also a staff member of the Australian Nuclear Science and
Technology Organisation (ANSTO). For the award scheme to work, a member of the ANA
executive provides a link between the Association and a senior specialist staff member of
ANSTO, where and with whose co-operation in the area of the project's topic some assistance
may be given, together with the school science staff for the operation of the project. The
Association provides a cheque to the school to cover basic expenses that may be encountered by
the awardee school in the implementation of the project.
The initial undertaking of the scheme involved a competition, limited to those Sydney based
secondary schools within the immediate municipal local government district of the Lucas Heights
research reactor of ANSTO (HIFAR), being invited by the ANA, to apply for assistance in an
experimental project in which an application of nuclear science, specifically neutron activation
analysis (NAA), would be able to demonstrated. Co-incidentally, this municipal region in the
South East of Sydney, contains the sites of the first recorded landings on the East coast of
Australia by Europeans; Cook of Britain in April, 1770, which led to the colonisation by the
British, followed by La Perouse of France two weeks later. The region also boasts the well known
surf beach of Cronulla, with nearby Gunnamatta Bay behind the headland
Although there were several applications from the schools of the region the clear winner, as
decided by the selection committee, was De La Salle College, Cronulla. Their proposal
incorporated a plan to measure the level of various pollutants in local waterways and from the
waste water outfall from that region of Sydney. At this time there was significant interest within
the same local community in possible levels of radioactive waste water that may have emanated
from ANSTO as the waste water outfall also includes the ANSTO sewer discharge. (Thus the
trigger for the school's interest may well have been an interest backed by both their geographic
location and the parental political influence within the school).
The Association, through a member of the ANA executive further discussed the proposal with the
school's physics teacher. The initial plan of waste water effluent analysis, both for radioactivity
content and for heavy metals by NAA yielded no significant pollutant levels in either case. After
further discussion with the science staff it was decided to make the project more "interesting" by
amending the aim to centre on NAA of various heavy metals, specifically within the region of
Gunnamatta Bay near to the school. So the first project of the ANA David Culley Memorial
Fund was developed with assistance, and indeed close liaison, from the Director of the ANSTO
-
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NAA Becquerel Laboratories Division, Dr. David Garnett. Students from the school together with
their teacher and Dr. Garnett redefined the parameters of the project to examine regions of the
beach area for heavy metal content. Many of the students of the school use this and adjacent
sectors of the beach for recreation throughout most of the year. A second set of samples for
comparison was gathered from near the local sports oval.
Several of the students visited ANSTO during the processing of the samples in preparation for
activation and again during the counting process. The raw data was presented to the physics
students for their own analyses with the results ultimately allowing the students to develop their
own animated presentation of their work at the subsequent ANSTO "Open Day". The project
took significantly longer than was initially thought, partially due to the overriding requirements
of the general curriculum workload, and to the extensive extra curricula activities of secondary
school students in sporting and other recreation activities. The results, which included the
plotting of Arsenic against Chromium concentrations (four distinct regions of interest) for the
first set of samples and the level of gold against distance from the local oval (two distinct regions
of interest) posed more questions in the minds of the students than were able to be hypothesised
at the time.
ANSTO, as part of their general public relations program provide an Open Day each two years
for clients, for local schools and tertiary institutions, and for the general public. This provides an
opportunity for visitors to see the operation of the Australian principal nuclear activities venue
and site of Australia's only nuclear research reactor. It was indeed an honour for the first ANA
David Culley Memorial Project to have been included.
This project set the pattern for the ANA David Culley Award: as most projects to date have been
underestimated in the overall times required. However, this factor is now incorporated within the
process of liaison with the school to allow as many of the students as practical to be included
often through the combination of students from two year levels, viz., Years 10 and 11 or 11 and
12.
The Australian secondary education system covers the years 7 to 12 with the schools being
responsible for preparation for the Higher School Certificate series of examinations of Year 12
under State Education Departmental supervision. Although each State of Australia is autonomous
in its education program, the examinations in the individual States are broadly consistent
between themselves. Also, the Australian secondary education system allows for two types of
secondary schools to operate in parallel: those operated by the State (i.e. Government Schools),
and those under private (i.e non-State) control, the latter often of a religious or sectarian base, yet
with compulsory registration and standards under the particular State system.
For the second ANA David Culley Memorial Award a different approach was tried. Rather than
an "open" invitation for a variety of schools to make a submission to the Association, the broad
context of an agricultural flavour for the award was set in order to spread the interest (and
opportunities for participation) to a larger region than hitherto. Assistance was sought from
Landcare Australia for a recommendation of possible Agricultural High Schools that may be
interested in participating: Agricultural High Schools being part of the State education system
being generally located outside the main metropolitan areas of Sydney and environs, whereas the
previous awardee belonged to the Catholic Education System.

-
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Several of the State Agricultural High Schools were contacted with one, the Farrer Memorial
Agricultural High School, at Calala (near Tamworth), the centre of a major grain and grazing
region some 320 kilometres North of Sydney, proposing their investigation into the silting of the
local water supply, in a project designed to compare the historical and recent erosion rates in the
catchment of the Moore Creek Reservoir that occurred through concentrated tree felling activities
shortly after the reservoir's construction. The reservoir is now completely full of sediment and
cannot contribute to the local water management system. (Again note the possible local political
interests behind the proposed project). In this case, Dr. Peter Airey, the then Chairman of the
ANA, worked closely with the Farrar Memorial Agricultural High School overseeing the low
level counting of Be7 and Csl37 in the students sediment soil profile samples: thus
differentiating between new and older silt. With modern erosion rates confirmed as much lower
than the earlier rates, comparative estimates of actual erosion could contribute greatly to any
decision on the future of the reservoir.
Some difficulties were experienced in the carrying out of that year's ANA David Culley
Memorial Award because of the distance between Sydney and Tamworth and the infrequent
contacts between the parties and delays in the student's visit to Sydney with accommodation
being outside the parameters of the ANA's consideration: local drought conditions limiting the
availability of the school's excursion funds. However, following the visit to ANSTO by the
students the low level counting results were able to be presented which allowed determination of
the rate and times of silt build up to be calculated.
Having made approaches to one school within the Catholic education system and one within the
State education system (albeit outside Sydney), the third award was made under an again
modified system of selection by approaching a large Protestant private girls' school, Pymble
Ladies' College of some 1500 students, which had expressed an interest in pursuing a
multidisciplinary concept based on anthropological specimen C 14 dating of remnants of various
Aboriginal activities that had then recently become available, being exposed during the
construction of a nearby freeway. The application of carbon dating principles was driven by the
physics students as their contribution to the overall team.
Unfortunately, with many other groups having access to the limited range of specimens (and
finding that many of the Aboriginal artefacts had, in fact, been interfered with, and permission of
the local Aboriginal community inordinately delayed), the school concluded that although the
principles of their initial investigations would be maintained, the central project would be shifted
to effectively complete a major investigation in co-operation with the Australian Museum in the
dating of a large (and basically undisturbed) Aboriginal midden in a different location, yet still
near Sydney.
Samples of sections of the Aboriginal midden were made available through the Museum and with
the permission of the local Aboriginal tribe members for carbon dating, using the ANSTO atomic
mass spectrometry facilities in co-operation with the head of the physics section, Dr. Claudio
Tuniz, whereby minimal sample size specimens were able to be analysed. The results provided
the students with the term over which the midden had been used by the local tribe, this working
in well with the student's Aboriginal studies program.
The 1997, and fourth ANA David Culley Memorial Award coupled the Association's executive
recommendation to incorporate a sector on neutron diffraction, with an industrial emphasis.
This time a Catholic regional secondary school, Loyola College, in the industrial sector of
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Western Sydney was selected. The school, only some four years old, consists solely of Years 11
and 12, drawing its students from five parochial Catholic schools within the district. The school
has some 250 pupils from over 50 national cultures - a most exhilarating educational
environment! The school science club, following acceptance by the school administration, and
comprising students from both Years many of whom were 'new' to the school, virtually drove the
program with the advice and assistance from the two chemistry and physics teaching staff
members: these two staff members having industrial experience in radiochemistry and nuclear
activities respectively, in government and industrial laboratories prior to teaching.
The project, which relied on the comprehension of the responses to Bragg's Law, and wave and
penetration properties of neutrons in various media, required the teaching staff and the Year 12
group to bring the newer pupils to this level of understanding. Also, prior to any demonstrational
program at HIFAR, a senior health physicist from ANSTO's Health and Safety Division
accompanied by a neutron diffraction specialist from the neutron physics group under Dr. Chris
Howard provided resumes of the requirements and facilities at ANSTO, discussing with the
science club members how to demonstrate stress relationships within various engineering
structural materials under "in-beam" working conditions. The group of students visited HIFAR
having some of their own ideas demonstrated in the operations. Stress analysis was shown to be
of particular relevance to many of the students, especially those living within the heavy industry
zone of Sydney and being aware of nearby industrial practices.
This year's award was made to Trinity Grammar School, Melbourne, a Protestant private boys'
school some 1000 kilometres south of Sydney, and under a different State jurisdiction to the
previous awards. Included in its curricula, each boy spends time at the school camp near
Bendigo, the centre of a former major gold mining region of central Victoria.
Again, NAA was the choice in nuclear techniques recommended by the ANA executive
committee for demonstration. To date the students have carried out their own preliminary
investigations on the applications of NAA (with particular reference to ore analysis) having some
guidance from Dr. David Garnett of Becquerel Laboratories, and are scheduled to collect a
limited number of initial trial rock samples from a region expected to yield significant traces of
gold during their stay at the school camp this week. These will be prepared for shipment to
Sydney for analysis. Next year the second part of the project will be carried out based on the
initial sample results. With the second half of the present student team assuming responsibility
for the newcomers, no doubt some modification of the sampling zone will follow. Thus the new
team would be expected complete the project, including visiting ANSTO early in the new year.
The ANA, over the past four years has hosted the "Nuclear Science and Engineering in
Australia" series of conferences, each held over two full days and in conjunction with the
Australian Institute of Nuclear Science and Engineering (AINSE) and the Nuclear Engineering
Panel of the Institution of Engineers, Australia (IE Aust). Having both the opportunity and the
consent of the conference organising committees, the 1995 and 1997 conferences included
poster displays of the ANA David Culley Memorial Award projects, the first two at ANA '95,
with the second pair at ANA '97, where students of the respective schools (accompanied by a
school staff member) were able to discuss their projects with the conference delegates.
It is hoped a similar opportunity will be available to the current awardee at the ANA '99 Nuclear
Science and Engineering in Australia conference.
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In order to maintain the balance of choice with the ANA David Culley Memorial Award the next
award will need to be a High School within a State education system.
The ANA is very grateful for the co-operation and involvement of both the ANSTO
Administration and individual staff members, as well as the staff members of the participating
schools, and especially the enthusiastic and rewarding response of the students.
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3 .22 WOMEN SCIENTISTS JOINING ROKKASHO WOMEN TO SCIENCES
Michi Aratani ' and Sumiko Sasagawa
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Office of Regional Collaboration, 2 Department of Radiobiology, Institute for
Environmental Sciences, Obuchi, Rokkasho-mura, Aomori 039-3212

ABSTRACT
Women scientists generally play a great role in the public acceptance (PA)
for the national policy of atomic energy developing in Japan. The reason may
be that, when a woman scientist stands in the presence of women audience,
she will be ready to be accepted by them as a person with the same gender,
emotion and thought to themselves. A case of interchange between the
Rokkasho women and the women scientists either resident at the nuclear site
of Rokkasho or staying for a short time at Rokkasho by invitation has been
described from the viewpoint of PA for the national policy of atomic energy
developing, and more fundamentally, for promotion of science education.
1. INTRODUCTION
Rokkasho-mura is located in the center of the Peninsula Shimokita and on the
Pacific Ocean side of Aomori Prefecture, north end of the Honshu Island of Japan.
The peninsula is well known for its shape of axe, and called as the Peninsula Axe, a
grip of which corresponds to the position of Rokkasho. There exists a base of the oil
storage for emergency and a base of atomic energy in the village and thus the village
plays a great role in the policy for energy and now becomes well known. The U-235
enrichment plant, the storage center of low-level drums from domestic RI facilities ,
the storage center of vitrified residue of domestic burnt nuclear fuels re-processed in
France or in UK and returned by ship, and the cooling pool of burnt nucler fuel
brought from domestic nuclear power stations are in operation. The plant for
re-processing of the domestic burnt nuclear fuel is under construction. Rokkasho is
characterized as a nuclear site of the vitrified residue storage and the re-processing
plant both of which are found only there in Japan.
2. METHODOLOGY
In the village, many organizations are engaged in PA activities on their own
viewpoints. We describe PA activities performed by those organizations and discuss
what is the most desirable PA activity from the viewpoint of the public. Organizations
we refer to here are as follows:
1. Japan Nuclear Fuel Limited (JNFL).
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2. Institute for Environmental Sciences (IES).
3. Social Education Section (SES), Rokkasho Education Commitee (REC).
4. the Reading Circle, the Rokkasho Culture Society (RCS).
5. the Society of Japanese Women Scientists (SJWS).
6. the Soroptimist International of Aomori (SI Aomori).
7. the Peninsula Shimokita Activation Society.
2-1. Japan Nuclear Fuel Limited (JNFL)
JNFL is a practicer of the national policy for atomic energy developing. It has a
special facility of circular type building for PA named Rokkasho Visitors Center
(RVC), which exhibits panels for outline of Rokkasho nuclear site and the national
policy of energy, a model of about 2/3 scale in length of the re-processing plant, and
life-sized models of stainless steel vessels for high-level vitrified residue and
low-level drums in each storage center as well as a science museum. Panels
describing fundamental principles of related nuclear techniques, panels and specimens
for geological problems and mineralogy on the siteroblem, and apparatus to
demonstrate radiation are exhibited for visitors to obtain basic knowledges and to
understand scientific and technical aspects of the policy. Manpower of RVC is
supplied by JNFL and electric company, and included persons employed after
retirement from Rokkasho village office at comparatively high rank , and young
ladies employed from all over Aomori Prefecture. In this way, RVC provides
considerable chances of employment for the regional people. PA of the RVC is
characterized as that of the promoter of the policy.
2-2. Instiute for Environmental Sciences (IES)
IES was established in 1990 as a foundation under Science and Technology
Agency (STA) on demand from Rokkasho Village and Aomori Prefecture1. The main
theme of investigation at the Institue consists of dynamical aspect of elememts
circulation in the environment at the present stage for operation of the RP plant in
near future, high technology for closed environment for long stay of human beings in
cosmic space or on the lunar surface in future, and biological effects of extremely
low-level radiation on mice. Studies on local industy, agriculture and fishery are also
recommended and will be promoted on demand from various kinds of regional
organization. As for PA, lectures on scientific topics were requested by various kinds
of groups in the regional society even at early stage of the establish, although no
special staff was provided for the purpose. In most cases, scientists were invited as
lecturers for classes of Villagers School by the organizer the Social Education Section,
for example, a woman scientist2 3 of IES was invited as a lecturer for Ladies Class of
the School. In 1994, PA division was set up under the name of the Regional
Collaboration Office, and two positions in charge of PA were provided by IES. For
the first step to the regional people, hearing about science education was made4 from
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the principals of the junior high schools in the village. Panphlets on scientific topics
met in the daily life named IES Mini Encyclopedia have been published once a
month, and widely distributed in Rokkasho and surrouding villages and towns.
Facilities of IES are always opened to visitors. Special events are held for villagers on
some national holidays. IES Science Experiment Class is opened at either IES or
village facilities on village festivals. Also requests are often made for sending
lecturers on scientific theme6"10. The feature of PA by IES may be said to be regarded
as mainly so-called a "top-down" PA on the course of the upper organization,
although the attitude of IES is neutral to promotion of the national policy for atomic
energy.
2-3. Social Education Section (SES), Rokkasho Education Commitee (REC)
Social Education Section, Rokkasho Education Commitee is responsible for all
phases of education except school education. Social education has been done at
community centers intersperced in the village. The Community Center which located
adjacent to the village office and has been the biggest one, was used for events by
villagers. In 1995 construction of the building with a theater and the Villagers Library
was planned toward completion in near future. Then, SES organized the Rokkasho
Culture Society (RCS) as users of the facilities. REC, to which SES belongs,
organized the Library Consolidation Commitee for opening of the Library, and
officially appointed" for IES Regional Collaboration Staff to be a member of the
Commitee. Official appointments to scientists as well are often made by various
organizations1213. SES also officially demanded for IES Reginal Collabaration Staff to
be a representative of the Reading Circle14, one of the clubs organized under RCS.
RCS consists of both the old clubs by villagers own with long history and newly
organized ones in 1995. PA by SES is characterized as a "top-down" PA on the
policy of village administration. It may be, however, said to be changable by impacts
from other new organizations in the village.
2-4. The Reading Circle, the Rokkasho Culture Society (RCS)
One substantial representative was appointed by SES from village women. Then
she recommended eight persons as charter members of the circle. During three years,
members of the circle increased to twenty-one persons, and bulletins of the circle15
accumulated seventy issues. Literacy for self-expression was especially recommended
among the members. After activities for one year, annual compiling of the bulletins
was made at their own expense, and named Massages from Rokkasho Women \ in
which one17 of the members wrote that she expressed herself in the ultimate. The
book has led them to discover their own ability of expression. The second volume of
Messages from Rokkasho Women1* was compiled in the next year, in which Scientific
articles were written by villager members" 20 as well. The third volume of the
Messages from Rokkasho Women21, was compiled in this year, in which one of
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villager members confesses that, apart from merit or demerit of the nuclear facilities
siting in Rokkasho, owing to these facilities, we greatly appreciate to obtain intimate
acquantance with women scientists22. In addition to reading and writing, they appealed
their thouth by way of actions. Events and conferences are they held or joined as
follows:
1. Exchange Meeting with the North-east Branch, the Society of Japanese Women
Scientists, Tomari, Rokkasho, Nov. 1995
2. Exchange Meeting with the Summer School of Nuclear Chemistry, Hachinohe, Aug.
1996. Transportation was supported by Japan Atomic Energy Relations Organization.
3. The 1st Festival Rokkasho Culture Society, Obuchi, Rokkasho, Mar. 1997
4. Exchange Meeting with the Soroptimist International of Aomori, Rokkasho Visitor
Center, May 1997. Transportation was supported by Mutsu Ogawara Development
Bureau, Aomori Prefecture.
5. The 1st Conferance for Rokkasho Women Massages from the Frontier of Energy
Base, Rokkasho Culture Exchange Plaza, Oct. 1997. The Conference was supported
by the Ministry of Education through SJWS, and collaborated by the Soroptimist
International of Aomori.
6. The Prefectural Conference of '97 Partnership for Men and Women Cooperative
Participation, Aomori, Nov. 1997. Transportation was supported by SES, Rokkasho
Education Commitee.
7. Annual Conference for Sciences of Feminism and Gender 1998, Workshop for
Group Activities, Ranzan, Aug. 1998. Transportation of one person is supported by
the National Women Education Center.
Activities through these publications and events are regarded as a so-called
"bottom-up" PA by villagers themselves, and is so creative that we may call it Self
Acceptance rather than PA. Through these activities of their own accord, they become
more interested in scientific aspects of the nuclear facilities siting23. Scientific
topics"25 as well as radiation sciences12 2628 were often introduced in the Villager
School and also in outside organizations.
2-5. The Society of Japanese Women Scientists (SJWS)
SJWS was establised in 1958 for the purpose of science for peace appealed by
peace-loving people including Raichoh Hiratsuka, a famous feminist, and Prof.
Shin'ichiroh Tomonaga, a Nobel laureate in physics 1965. For the first time and even
long after the establishment, SJWS has been only a group of women scientists for
their friendship. SJWS, however, recently has been active in introducing science
experiments29 to children. Women scientists have played a great role in Rokkasho30 50,
Aomori and other cities51" for people, especially, for women to feel intimate with
science65'66 through friendship.
2-6. The Soroptimist International of Aomori (SI Aomori)
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This club is Aomori City Branch of the Soroptimists International which is
worldwide known organization of women with profession and social status. Members
of SI Aomori in the capital of the Aomori Prefecture are interested in the Mutsu
Ogawara Development and the national policy of atomic energy developing in the
Peninsula Shimokita, and cooperative to Rokkasho Women. The Economical and
Social Development Service Commitee, the Environmental Service Commitee, and the
Public Infomation Commitee played a important role in the Conference in Rokkasho.
2-7. The Peninsula Shimokita Activation Society
This society is famous for its typical botom-up activities, for example, the
Dream Axe Train from Shinjuku Station to directly Mutsu Station. The Motto of the
Society is "Activation of the Peninsula Shimokita for the Shimokita People and by the
Shimokita People"67. The members consist of meyers of 11 local governments in the
Peninsula Shimokita, heads of both public and private enterprices relating to energy,
information, transpotations on land and sea, members from relating bureaus of the
prefecture, and scientists. One of the most emphasized activities is drowing-up of
Long-term Vision for the Peninsula Shimokita1, which is entirely self-made plan
through sincere studies and discussions by the members. The present version of the
Vision has been recently accomplished its role, because many items in the Vision
have been already realized. Now, discussions for Long-term Vision for the Peninsula
Shimokita, Part II are going on.
2-8. Other organizations
Mutsu Ogawara Development Bureau, Aomori Prefecture (MO Bureau) and
Japan Atomic Energy Relations Organization should be also reffered in the context of
PA. The Peninsula Shimokita has been characterized by the long history of
development under governmental planning since Meiji era, mainly because of low
productivity of agriculture due to a special climate condition. The development related
to the present atomic energy industry is also one of these kinds of the plannings.
Aomori Prefecture as local government is also responsible for the planning, and is
promoting it. People can be subsidized by the MO Bureau for regional industry,
transportation for inspection of the facilities, and requests for lecturers. MO Bureau is
important from local activities, while the other is responsible for all aspects of PA
activities in all over Japan, especially in East Japan. The two organizations were
contributable to our activities. The purpose of the present report, however, is rather
bottom-up activities of the regional people than top-down and governmental ones, and
details will be described elsewhere.
3. DISCUSSION
Practical re-processing in big scale has not been experinced in Japan, and
re-processing in Rokkasho itself should be regarded as a kind of grand experiment for
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national policy for atomic enegy developing. Thus, safety and reliability are important
aspects in this field, and especially, the latter is related to human relations of people
with scientists and engineers of the national or private organizations responsible for
the national policy of atomic energy developing. The technical problem has a
contemporary limit due to the nuclear materials at the present time: their origins,
places of occurrence, preparation methods, and analytical chemistry. Engineers and
scientists as well are responsible for investigation of these basic aspects of the
problem. Mass media should write only what is necessary from view point of science
and technology. They should not stir up people to any directions. Teachers should
introduce nuclear science, especially, radiochemistry in the curriculum through
elementary and junior high school without hesitation and delay. Radioactive elements
are source of energy: decay heat, electrons of not only natural, that is, negative charge
but also positive charge, rare gases and rare metals. There exists not "waste" but
"source of energy" in vocabulary of the nuclear and radiochemistry. This year is the
century anniversary of discovery of Polonium and Radium. Madam Curie and one68 69
of the contemporary women scientists were sinsere in studies handling radioactive
samples in large quantities or during experiments for many hours with their own
hands under the atmosphere of radioactive gases, and died from probable effect of
radiation. It would be suggested that sincere and sustainable study with enpowerment
of literacy70 for apprehension and own expession for communications are the most
desirable PA activity from the viewpoint of the public.
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ABSTRACT
In this article the author presents the basis and reasons of the public radiophobia in Poland.
He mentions about person's mentality historically based on the "cold war" and Soviet's military
and technologically domination in this part of Europe.
Besides of the historical and sociological sources he pays attention on a few aspects, which - in
his opinion - intensified the negative public responses: Chernobyl catastrophe, the coal-lobby
influences, the political parties (not only "green") games during election time, existing of old
conventional coal power stations, accessibility of own cheap coal, cost of transformation from
communistic to free-market economy, low-level of public pro-ecology thinking and so on. On
the other hand the author describes some non-realistic attitudes of society - for example - they
accept nuclear medicine while do not agree to develop nuclear power engineering.
Finally he presents conclusions, which can change public perception of radiation.
1. INTRODUCTION
The majority of people active in social and economic policies and majority of experts dealing
with radiation believe that the radiation and nuclear power program may be developed and
implemented only with public consent and acceptance.
In Poland during parliamentary debate on "Foundation for the Polish energy policies up to
2010" the importance of public attitudes toward radiation has been recalled repeatedly in the
context of the future development of nuclear power in Poland.
In the governmental document, accepted by Polish Parliament on 11 January 1996, it has been
stated that "nuclear power plant construction is not foreseen up to the year 2010; nevertheless
it has been assumed that the appraisals of the economic feasibility and the public acceptance
level for such investments will be conducted".
Thus, the need for such assessments of public opinions and attitudes toward radiation and
nuclear power has been recognized and accepted by the highest legislative power organ in
Poland.
The first public opinion polls on the attitudes toward above problems have been conducted in
August 1989. The subsequent four series of assessments of public opinion and social attitudes
have been performed by the "Demoskop-market and social research" company and have been
commissioned by National Atomic Energy Agency and by Polish Power Grid Company. They
were conducted in December 1991, in November 1994, in August 1996 and in May 1998.
The questions covered the following topics:
- position on the nuclear power;
- level of information on the nuclear power;
- opinions on various ionizing radiation applications.
The statistical estimation error for the sample numbering 999 people is equal to 3.2% with the
level of confidence 0.95 %.
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The following socio-demographic characteristics have been taken into account: gender, age,
education level, place of residence, type of work, professional position and place of
employment.
2.PUBLIC ATTITUDES TOWARD NUCLEAR POWER IN 1989-1998
Fig. 1 shows the distribution of replies to the question if, among other types of energy sources,
the nuclear energy should be used to satisfy national power demands.
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Fig. 1. The respondents' attitudes toward nuclear power in 1989, 1991, 1994, 1996 and 1998.
From the numbers quoted it may be concluded that the most dynamic change in public
attitudes toward nuclear power in Poland occurred in 1989-1991. In the following years the
population has been divided into three groups: the nuclear power proponents («35%),
opponents («40-45%) and undecided («15-25%).
The significant increase of the fraction accepting the nuclear option at the turn of eighties and
nineties may be explained by the change in the socio-political situation. The feelings have been
quieted, the emotions subdued.
The more difficult question is: why, during the recent years, the number of nuclear power
proponents in Poland is smaller than the number of its opponents?
The possible explanation of this social phenomenon include the low level of the social
awareness as regards the topic in question, but this is not the single reason and probably not the
most important one. The opinions on the nuclear energy applications for electricity production
are formed not only on the basis of knowledge but also are influenced by emotions.
It is very difficult to assess this emotional component of the attitudes toward nuclear power. It
may be deemed significant.
The emotions are intensified by periodically recurring rumors of some nuclear accident, which
cause very strong public reactions. On the occasion of 10-th and 12-th anniversary of
Chernobyl accident, some very suggestive TV programs have been shown, including some
unpublished documentary pictures of the disaster. The respondents in the 1998 polls, asked for
a statement on benefits and threats related to the nuclear energy applications, answered :
nuclear power means threat - 55%, it means benefits - 29%. The people in Poland are afraid
of nuclear power because they are being systematically alarmed and intimidated.
The 1998 polls confirmed the correlation found previously (1989), namely that the higher
education level, the higher acceptance of nuclear power.
In 1998, as in 1991 and 1994 the responses "difficult to say" which indicate lack of interest or
lack of information, are given mainly by people with only elementary education, farmers,
people with the smallest incomes, women and older people. The fraction of " difficult to say"
answer for the questions addressing the general attitude toward nuclear power, is similar to the
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fraction of such answers given to questions on other national social or political problems - for
example - the parliamentary elections of the consequences of the NATO membership.
Fig.2. shows the man and women opinion on nuclear power uses.
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Fig.2.Men and women opinions on nuclear power uses.
The young people (up to 24) display above average acceptance, while those aged over 60 less than average.
Very high acceptance of nuclear power has been seen among students and businessmanentrepreneurs - Fig.3. and Fig.4.
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Fig.3.Respondents' opinion on the possible nuclear power uses, according to the type of work
(1-employed, 2-unemployed, 3-pupils/students, 4-pensioners/disabled, 5-homemakers).
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3. THE LEVEL OF PUBLIC KNOWLADGE ON THE RADIATION AND NUCLEAR
POWER BENEFITS AND HARMS
The relevant knowledge and the access to the information on atomic problems evidently
influence the public attitudes toward radiation and nuclear power plants development in
Poland. The question: do you feel that you are adequately informed on radiation and nuclear
power problems by newspapers, radio and TV ?" the fractions of assenting answers in various
years have been as on Fig. 5.
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Fig. 5. Respondents' opinions on the adequate information on radiation and nuclear problems.
Among those who feel that they are better informed of the radiation and nuclear power
benefits and detriments are mainly the people with higher or occupational education and the
most wealthy. The people employed in the institutions financed from national budget feel
themselves adequately informed on those matters.
The problem of information is connected to the problem of trust and confidence in various
source of information on atomic problems. The polls from 1996 and 1998 confirm the high
level of trust bestowed in Poland upon the ecologists. Even more trusted are the research
scientists (nuclear physicists-30%) and engineers (17%) - Fig.6. The politicians have to expect
nearly no trust at all. According to the 1998 report, the confidence and trust level granted to
ecologists decreased significantly as compared to that in 1996, by 6%.
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Fig.6.Reliable information source - in 1996 and 1998
(l-politicians,2-journalists,3-power engineers,4- ecologists, 5-nuclear physicists).

4. OPTIONS ON VAROIUS IONIZING RADIATION
The respondents have been asked about their opinion on food for assuring better hygiene.
40% of respondents assent to this method (39% were against it), but this consent appears to be
rather weak. Numerous responses "rather yes" (33%) and discrepancy between "decidedly
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not" (14%) are indicative of this weakness. The characteristics shaping in the strongest way the
respondents" consent to food irradiation for hygienic purposes are : gender, age and place of
residence. Males, respondents' young or middle aged and larger cities inhabitants accept food
irradiation much more frequently than the others.
Moreover, the respondents have been asked about their acceptance of ionizing radiation
applications in three other fields: in the arms and explosives detectors, for radiological thoracic
examination and for industrial process control.
It turned out that all these applications enjoy a similar and high (60-70%) approval level. Quite
evident relatively enthusiastic, as opposed to the response to food irradiation for hygienic
purposes, is seen in much more abundant "decidedly yes" answers (from 23 to 27%). The
objection against ionizing radiation uses in these fields is relatively small and fluctuates from
18% for thoracic examinations to 16% for radiation use in the search for arms and explosives.
The respondents have been asked to point to those ionizing radiation applications which, in
their view, should be specially promoted and popularized. The following six possibilities have
been offered : industrial applications, food irradiation for hygienic purposes, disposable medical
equipment sterilization, medical diagnostics and therapy, applications in geology, hydrology
and environmental protection, works of art. radiative maintenance and examination. The chart
of the support for all types of application is shown in the Fig. 7. The acceptance is given in
terms of an average, which - depending on the acceptance scale - could assume the value
between 1 (the lowest acceptance) and 5 (the largest acceptance).
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Fig.7. Support for various ionizing radiation applications (1-medical equipment sterilization, 2works of art radiative maintenance and examination, 3-geology, hydrology and environmental
protection, 4-medical diagnostics and therapy, 5- industrial applications, 6- food irradiation for
hygienic purpose).
The disposable medical equipment sterilization enjoys the largest acceptance. The smallest is
given to food irradiation for hygienic purposes. For all applications the total approval index has
been found, as an average over all individual ratings. This average value has been found to be
3,3.
The acceptance of different ionizing radiation applications is connected with the acceptance of
nuclear power in general. This conclusion, even if seemingly somewhat obvious, confirms the
existence of a group of people, who consistently express approval for nuclear power and fear
neither various applications of ionizing radiation nor using the atomic nucleus for acquiring
electric energy. Presently, only 10% of the population belong to this group.
5. SUMMARY AND CONCLUSIONS
Pudlic opinion in Poland is not disposed toward electricity production in nuclear power
plants and radiation. The conviction that one is satisfactorily informed on power supply matters
is very weak. Even if the information not necessarily the most important factor in shaping
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human attitudes, the public information problem becomes one of the key issues for the
institutions interested in radiation and nuclear power development in Poland.
To be more precise : if pupils and students attending various schools are ready to support the
radiation and nuclear power program, thus and so the nuclear matters should be included in the
educational curriculum (on all school levels).
Also potential investors in future NPPs should involve themselves in broad educational
campaigns. Various media may take part in such activities, especially TV with its educational
programs.
The older people, uneducated, poor, rural and small inhabitants, women, unemployed and
retired are among those most afraid of the radiation. Their views should be taken into account
when taking up the activities aimed at changing the Polish public attitudes toward radiation
program.
71% of Poles want to restrict coal combustion. It's a good sign.
The polls results confirmed the significant support of Poles (over 60%) for various ionizing
radiation applications. This means that the radiation uses may be developed in Poland on a
broader scale and unhindered.
Stability is one of the characteristic traits of public attitudes. Nevertheless, the results presented
here should inspire a national agenda for activities including educational and informational
tasks as well as those influencing emotions, for demonstrating the benefits from radiation and
nuclear power. Thoughtful and persistent activities of all involved communities and institutions
may lead to significant improvements in the knowledge concerning radiation, thus - to a
possible change in public attitudes toward radiation and nuclear power option in Poland.
How to prevent a rumor and protect from nuclear panic (Polish experience).
Nuclear rumors started to appear after the Chernobyl accident. In spite of the principally
correct behavior of the authorities and nuclear community following the disaster, the public
was terribly scared by the accident. Any cancer cases, skin disasters, allergies were associated
with the reactor meltdown in Chernobyl.
In the atmosphere of fear, with a lack of sufficient information and a very low radiation
awareness, it was not difficult to spread a rumor about a new nuclear threat.
In last years in Poland every few months new gossip about nuclear accidents spread out. In
1995 there was widely know rumor on nuclear accident in Jaslovskie Bohunice in Slovakia.
Another gossip about nuclear catastrophe in Mochovce was also spread, although, as it is well
known, not one nuclear reactor is operating yet in Mochovce.
In May 1996 a gossip about nuclear accident in Chernobyl spread throughout Poland. The
rumor was so serious that people stayed in long queues to get stable iodine, in kinder gardens
the children were kept inside. Telecommunication company registered thousands of extra long
distance calls. On May 9-th the rumor reached its peak. The geography of spreading the rumor
is not exactly known. The biggest number of reports about supposed radiological risks were
noted in West and South of Poland. The large city of Opole has been paralyzed for several
hours.
There are not any credible information why and where this gossip came from? It is generally
accepted that the rumor started after intensive campaign in mass media on 10-th anniversary of
Chernobyl disaster. The media added to this rumor, especially one of the private radio stations,
which broadcast news about the accident. Some informers pointed to a local German radio
station as the original source of the rumor. It may be worthnoting that in early May of 1995
there were quite strong protests in Germany against transportation of radioactive waste to the
German repository in Goerleben.
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In Poland journalists tried to verify the rumor in different, not always properly selected
government agencies. Many different journalists asked even the President of Poland and other
representatives of public life whether there was a real danger.
Many people who requested that it should take a stand on the supposed nuclear accident
approached the National Atomic Energy Agency. The NAEA is a particular institution - it is at
the same time government body and a specialized agency. Therefore it enjoys more confidence
than other government agencies.
In order to give journalists the most convincing explanation the operator of the Chernobyl NPP
was contacted and the Polish radiation monitoring stations were requested to take
measurements. With the necessary information collected, a press conference was called during
which the precise information was given, including the time of the conversation with the
Chernobyl NPP operator, his name, the reactor capacity during the conversation and different
data describing radiation levels in Poland, i.e. dose rate, air contamination. Determined, reliable
and credible presentation of this information in mass media - supported by statements of the
authorities from Ministry of Environment Protection, Ministry of Public Health and Ministry of
Defense calmed down the panic immediately. From one day to another the topic vanished from
public life. What's more interesting - there were attempts to describe and explain the whole
problem and demands to punish irresponsible journalists who caused the panic.
It is not easy to answer the question how to prevent a rumor and protect from nuclear panic. It
seems that one of the reason for occasionally spread rumors is the memory of the 1989
accident, refreshed at least once a year at the end of April. Another reason why people pick up
their ears to various unverified news may be the condition of the sarcophagus of the destroyed
reactor, as well as the safety of reactors in this part of Europe. The media many times reported
various incidents in those NPPs.
An important factor that makes the public in Poland oversensitive is illegal transport of
radioactive and fissionable materials from the so-called "post-communistic" countries.
The sense of danger and fear is aggravated by irresponsible publications. With little knowledge
of radiation issues and lack of confidence in the state authorities, the public is easily deceived
and frequently yields to panic.
The question is then how to prevent rumors, how to nip the rumor-raised panic in the bud.
The conclusions which should be drawn from the above mentioned incident (which was the
biggest but not the only one public event in Poland in last few years) could be as follows :
- each gossip should be addressed as soon as it arises at the best by the competent authorities
or person with high scientific standard or social prestige;
- each information on nuclear accident and incidents and their results - should be done
quietly and thoughtfully;
- press law or other law acts should include procedure for consideration of responsibility of
media people for widespreading false, not documented information, which can cause
serious social problems (in different fields);
- the cooperation between nuclear institutions with journalists should be closer and should be
based on partner and friendship relation principle;
- in bilateral agreements signed by Poland among with Ukraine, Lithuania, Russia, Slovak
Republic necessity of the mutual early notification, even in regard to the smallest incidents,
must be included;
- the systems of radiological monitoring should be developed in such a way that they will
give the quickest and most exact information about actual radiation level;
- the education of society in radiation and radiological protection questions should be carried
out constantly, consequently and more effectively;
- the public should be prepared for the eventuality of a nuclear threat;
-
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the reactor emergency simulation exercises should be carried out to practice steps required
in such a situation;
citizens should have an easy access to written information how they should behave when
radiation emergency is announced.

The above conclusions could create a possibility for changing the public attitude towards
radiation and nuclear power in Poland.
(This article based on the Report on public opinion polls - "Polish society attitudes toward
nuclear power and ionizing radiation applications" which has been performed by "Demoskop"
and has been commissioned by National Atomic Energy Agency).
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4. l Present Status and Problems of Radiation Education in
Japanese high school
Tadashi HIROI1, Yukimasa MURAISHI2, Shogo MIKAD03
and Tomohiro WATANABE4
^University of Tsukuba Senior High School at Otsuka, 1-9-1 Otsuka, Bukyoku, Tokyo 112-0012, ^The Upper and Lower Secondary Schools Attached to
the Faculty of Education of the University of Tokyo, 1-15-1 Minami-dai,
Nakano-ku, Tokyo 164-8654, ^Kamagayanishi High School, 284-7 Hatsutomi,
Kamagaya-shi, Chiba 273-0121, 4Rikkyo High School, 1-2-25 Kitano, Niizashi, Saitama 352-8523, Japan.

Abstract
Radiations always exist in nature and are necessary in various fields of our daily life.
Radiations are utilized for nondestructive inspection in industrial uses, diagnosis and
medical treatment, tracers in agricultural research, and so on. Researchers make good
use of radioactivity. However, the fears of radioactivity remain in the public due to
reports by mass media, accidents of nuclear power station, treatment of nuclear waste, and
atomic bomb. Therefore the public tend to see the negative images of the radiation.
Radioactivity can be dangerous. But it is hard to say that radiations are always evaluated
appropriately.
To solve the problems of misunderstanding, we focused the study on the radiation
education curriculum. In this research, we studied the radiation education from the
following four points: "physics field", "physical experiment", "chemistry field", and
"comprehensive study time." Two themes of the former were performed in the actual
lessons. Two themes of the latter were the investigation of the current state and the
tentative plan.
The research have to be continued in the future.
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4 . 3 Radiation Education and Scientific Literacy
Yuichi IIRI (Japan Atomic Industrial Forum)
I'm impressed with the several efforts that the teachers have shared us to find a better
educational method for the problem of energy, nuclear power and radiation. What
I'd like to discuss today should be the followings.
Thinking about Japanese Education systems, I can see a certain things missing in the
current systems and perhaps we need a different viewpoint to prepare for the 21 century
of energy and radiation education. That is why I'd like to make a speech in the point of
view "Radiation Education and Scientific literacy".
First of all we must examine our traditional education. In our education we had a
viewpoint that science and technology should serve the human lives and our industries.
But the more developing our science and technology, the more evil influences, atomic
bombs, environmental pollution and so on, have been exerted on us, while in the International Symposium of Physics that was held about forty years ago, some researchers
insisted that 'To legacies science as the universal value of our great culture' should be
the standpoint of education.
To teach science on these three view points, we used the method " teach it to pupils
and students and learn it by heart" we did transmit learning systems, ideas and knowledge as our great cultural legacies to the young.

The new roles of science education,

however lie in developing themselves to cope with the changes of societies and live
happy lives by means of thinking about or solving the problems

of science.

So we

must teach it in the different method from what it was.
There is a great problem of "nuclear power" in our country.
In Japan a number of
people fell victims to "atomic bombs", so that it is quite natural for them to reject nuclear electric power and radiation. But the teachers should have the ability to judge
fairly. So far, they can't teach the projects and the problems of nuclear powers without
standing on either side of 'for' or 'against'. This isn't the fair and right method of
teaching the problems.
Many years ago, I went to Sweden to research the problems of energy and environmental education, when I was impressed by the Swedish attitude for nuclear powers.
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They have had their own sense of values for them.
By the way the symposium of the OECD education was held in Tokyo in December,
1996. Judging from the researches of 14 countries, Japan is in a very low level next to
Portugal in scientific literacy, while we have the best knowledge of science and mathematics in the science attainments of IE A.
Generally speaking, the result of scientific literacy is consistent with that of science
attainment, but not in Japan.
We have had and will have many complicated problems
on energy, nuclear power and radiation. Recently in Japan our teaching curriculums
have been revised. As there're the general learning programs, all the school subjects
will be able to cooperate one another to have students develop themselves.
This national curriculum of England has been started as the cross-curriculums to
learn energy and environmental problems. Our research mission did first report as the
method of teaching them. This is the way to learn not only positive opinions but
negative ones as well, and then to obtain mutual consents.
For Japan to survive in the world, we must bring up those who listen to others and
follow the general consensus.
As the education of radiation, by giving the exact
knowledge about the security and risk of radioactivity and atomic power, we should
bring them up to judge many problems fairly; the scientific literacy.
I'd like to discuss them in the workshop.
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4 . 5 THE IMPORTANCE OF EARLY-SCHOOL RADIOACTIVITY EDUCATION IN
CULTIVATING PROPER REFLEXIVE JUDGEMENT ON RADIATION
Kojiro Nishina
Aichi Shukutoku University, The College of Contemporary Social Studies,
Nagakute-Katahira 9, Nagakute-cho, Aichi-gun, Aichi-ken 480-1197
Japan

ABSTRACT
An attempt is made to draw a preliminary conclusion on the effectiveness of
early-school education on radioactivity, based on two cases of student responses. The
first is the returns of questionaires circulated at two colleges, which were typical of
an engineering college and a liberal-arts college, respectively.
The second is the reactions of liberal arts students to observed, unexpected
levels of radiation in their environment. Their reaction was dominated by their
preoccupation on radiation, rather than by the quantitative data they themselves
collected on the spot. Thus classes in early schooldays are considered to play a vital
role in cultivating proper judgement they are to rely on as general citizens.
1. INTRODUCTION
In the present Japanese curricula at the elementary and junior-high schools, the
topic of radioactivity appears to be covered only in connection with hisotrical incidents
of casualties, the typical of which are the Hiroshima and Nagasaki casualties, and the
Chernobyl accidents. Thus at the level of compulsory education, attempts are barely
made to introduce this topic in the context of science teaching . In an attempt to correct
such insufficiency, and to provide the next generation with properly balanced
knowledge, there have been many attempts at the university level of this country,
typically at engineering colleges, but much less at liberal arts colleges.
The present observation was made in one of such minority attempt. From the
outcome of the present observation, the importance of early-school education is
strongly felt in bringing up general citizens with proper knowledge and sense of
judgement in this subject. The attempt is still preliminary, and needs further data
collection.
2. METHODOLOGY AND DISCUSSIONS ON THE OUTCOME
(1) Returns of class-room questionaires on radioactivity and nuclear power
In the fall of 1996, a questionaire on radioactivity and nuclear power was
circulated at classrooms in Colleges A and B. At College A which is an engineering
college, a group of 28 students within the electrical engineering department filled it
out, the 26 of which were male students. In College B which is a liberal arts college,
a group of 171 students within a class of contemporary social topics filled it out, the
154 of which were female.
In response to the seven statements (Ql - Q7 ) listed in Table 1, the students
were requested to make a proper choice out of true and false markings for each. The
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correct choices (answers) are indicated in Table 1 in parentheses. The Ql through Q4
are the questions related to radioactivity, while Q5 through Q7 are energy-related:
TABLE 1: Questions in the Questionaire
Questions on radiation:
Q l : Without any artificial radioactive materials, no radioactivity would exist in
natural environment (False).
Q2: The radiation dose received annually at the boundary of a nuclear power
plant is less than the dose received inside an aircraft during one round-trip
flight from Tokyo to New York (True).
Q3: Hereditary abnormalities have appeared with a higher percentage among
the progenies of those who received the A-bomb radiation at the city of
Hiroshima than among the progenies of the average population in this
country (False).
Q4: During the soidum leakage accident of MONJU ( A Japanese fast breeder
reactor) in December of 1995, radioactive material leaked out of the
secondary cooling system together with sodium (False).
Questions on energy and nuclear power:
Q5: In the light water reactors which are currently operating at Japanese
nuclear power plants in general, plutonium fissions is contributing to
electricity generation, in addition to the uranium contribution(True).
Q6: To prevent converted use of nuclear fuel to weapons, the International
Atomic Energy Agency (IAEA) periodically inspect all the Japanese
nuclear power plants (True).
Q7: Less than 50% of the energy consumed in Japan is supplied by energy
sources imported from overseas(False).
Note: To briefly comment on the questions that are specifically Japanese: In Q2,
the annual dose received at the boundary of nuclear plants in this country is
less than the regulation value of 0.05 mSv per year, while the dose received
during a round-trip flight between New York and Tokyo is estimated to be
above 0.06 mSv at least (Refs. 1, 2 and 3). In Q4, the secondary cooling loop
sodium is independent from the primary loop sodium which is radioactive. In
Q7, Japan relies on imported energy sources for more than 80 percent of her
energy consumpiton.
TABLE 2: TheReturns of the Questionaires (Percentages of Correct Choices)
The Response to the Questions on radiation:
Questions
Class in College A
Class in College B
The Case of Contrast
Ql
96.4
93.6
Q2
89.3
38.1
O
Q3
42.9
19.9
O
Q4
57.1
21.1
O
(TABLE 2 continues to Page 3)
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TABLE 2(Continued):
The Response to the Questions on Energy
Q5
71.4
Q6
81.5
Q7
96.4

and Nuclear Power
80.1
87.0
84.3

The returns of questionaires are summarized by the percentage of correct choices
in Talbe 2. It is found that the existence of natural radioactivity is known fairly well in
both classes. We see in addition that the two classes responded differently to the
questions on radioactivity, while similarly to the ones on nuclear power. The
significantly different responses found in Q2, Q3, and Q4 in particular may be
attributed to three tfactors: (a) the discipline received in College A on engineering in
general, or (b) the lecutre possibly received by a portion of the class in College A on
radioactivity specifically, or (c) the different gender composition of the two classes.
Unfortunately the effect of the factor (c) cannot be isolated in the present
insufficient data collection scheme, and is not to be discussed here. The effect of the
factor (a) may be that discipline in engineering has had an effect of training in
quantitative thinking, although the training itself is not directly related to radioactivity.
In any case it is reassuring on one hand that students who are to become professionals
in engineering have correct knowledge or judgement in this technical field. On the
other hand, the situation in College B gives us a serious task.
Soon as the graduates from this college, the students will join the mass of general
citizen in this country without detailed knowledge, who will influence social decisionmaking in near future. The graduates from liberal arts colleges in this country are said
to be majority in number over those from engineering or science colleges. It is very
important therefore to nurture the next generation with correct sense of general
judgement in radioactivity, even without professional discipline in engineering or
radioactivity. In this regard, the following observation gives us a hint for the direction
of our effort required.
(2) Students' Reaction to the Dose Rate Found in Their Environment
In the past three years (1996-1998) at College B, with which the present author is
affiliated, attempts have been made to let the students monitor ambient radiation in
their environment with portable survey meters. Two to three hundred portable monitors
were rented from Institute of Radiation Measurements (Houshasen Keisoku Kyoukai),
Tokai-mura, Ibarakiken, and allocated to classes in the following scheme(TABLE 3):
TABLE 3: Allocation Scheme of Survey Meters in the Class
110 monitors allocated among a class of 260 students in 1996, lent for a week,
230
among a class of 460
in 1997,
for two weeks,
380
among a class of 380
in 1998,
for two weeks.
The choice of locations for measurements was left up to students. Requested in
the report which they are to turn in are the reason for the specific choice of locations,
students' prediction of the radiation level at the locations they chose, and the agreement

-

363 -

JAERI-Conf

99-011

or discrepancies found, and the reason for discrepancy if found. The examples of
typical measuring spots are: locations in campus, vairous spots they go through on
their commute, their part-time job offices, spots in downtown, and thier residences. In
their residences, most of the students try to measure specifically the dose at the room
they daily spend their time most, namely their study or their living room.
On the average, the dose rate values in the Nagoya downtown varies from 40 to 80
nSv/h, in the campus from 20 to 70, and in their residence from 40 to 80. Thus in many
cases the students find dose rates in their residence higher than those in downtown and
subway. The reaction in such a case is interesting, and worth careful scrutiny .
In most cases they can manage to overcome the surprise they feel in their first
encounter with natural radiation, by convincing themselves by reading the lecture
materials. But higher dose rate in their own study room than in downtown is harder for
them to accept. They have already been told that the natural dose rate varies from
prefecture to prefecture in this country, and that there have been no difference observed
in the probability of cancer appearance among those prefectures. The difference in the
dose rates between the highest and the lowest values over the country, which has been
reported by literature(Ref.3), is of the order of 40 nSv/h, and so any dose rate
difference smaller than 40 nSv/h need not to be worried about.
They confess, however, " I am scared," or they assert, "We should not overlook
this reality. We need some measure to improve this situation." It appears that they are
looking at such background (natural) radiation with the kind of feeling which they have
toward chemical contamination with toxic materials. Rather than trying to make any
judgement by comparing the measured value quantitatively with data that have been
supplied in the lecture, they react with anxiety they had had a priori. It is not a logical
judgement, but is reflexive reaction.
It is exactly this kind of reaction which often dominates the attitude of public
when they encounter articles on radioactivity in press. It is infered that such attitude
has long been formed by contacts in the past with sensational headline articles in press,
which only emphasize the hazard of radioactivity, without quoting any specific dose
values.
3. CONCLUSION
The reaction the students showed toward the unexpected level of radiation is
regarded as exactly the kind of mentality that currently prevents logical reasoning and
discussions on radiation utilization for the future in a broard aspecct. It should have a
close connection with the fact that radiation is invisible, and that they have never
verified or felt the existence of radiation with their five senses. If such lack of
verification experience on radiation is the major reason for such mentality, laboratory
classes in elementary or high-schools, where students themselves participate, will be
the key to the solution. The reasoning in lectures alone would not solve this problem.
It is suspected that the current educational systems are sending out young
generation to the society with the mentioned mentality, who would become press
reporters soon, and who would contribute to illogical articles. In order to cultivate
proper reflexive judgement in general citizen, and to erase their illogical preoccupation
on radiation, radioactivity education in early school days is considered absolutely
necessary. The education in university level would help only in the professional
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domain. In this sense, the author would like to send his sincere message of support to
high schools or elementary school teachers.
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42

Ar-42K Generator

KIKUCHI

Department of Physics

TOKAI

UNIVERSITY

1117 Kitakaname Hiratsuka Kanagawa JAPAN

Abstract
Very simple short half-life radioactivity source is obtained safety in
classroom. Using

this generator many experiments for radioactivity and ionizing

radiation are carried out.

1. Introduction
A long half life argon generator (33 years), from which one can obtain
short half life (12.5 hours) potassium radioactivity any time, has been developed
and used for students in university and high school.
produced by cyclotron, irradiated 3H (triton) for noble

This argon generator was
40

Ar gas.

This reaction is

s written as follows.
40

3

Ar +

42

H -*

Ar + p

The decay scheme

of

42

Ar - 4 2 K nuclei

shown in Fig.l and Fig, 2.
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42

/3 decay
* A

decay

y decay

42

Ca

Fig.l. Decay scheme of

(stable)
Ar-

K nuclei

Fig.2.Cross section of device.

2. Setup of Instrument
A noble Argon gas which included in a small gas bomb is neutral.
However Potassium makes positive ion. If there is an electric field, the potassium
ion were collected a negative electrode. About 100 V DC voltage is applied 1-or
2 days with battery.
Water and used glass tube for milking a small polyethylene cell. Then the
needle electrode inserted in the grass tube. Potassium ion melted in the water.
This process is called "milking", which like relation
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3. Method of demonstration
An example of the

42

Ar- 4 2 K generator is presented.

procedure to extract the milking procedure of

42

K radioactivity is demonstrated.

One can carried out many interesting experiments as
(1) Half life of

42

K radioactivity.

The very simple

follows.

(2) Absorption of radiation.

(3) Inverse square law.

(4) maximum energy of J3ray.

(5) Energy spectrum of y ray.

(6) Law of nuclear decay

(7) Transport of potassium ion in pure water with high electric field by DC
voltage.
(8) Auto radiography
Etc.

4. Conclusion
This

42

Ar- 4 2 K generator has excellent properties as an educational tool

for teaching radioactivity and ionizing radiation. Its use is recommended not only
in colleges and universities but also in high schools.
Teaching radioactivity has been very much neglected because of many
reasons in schools and even in colleges and universities.

However our life is so

strongly dependent on nuclear energy and nuclear radiation.
The greatest merit of generator is its inherent safety because of the
chemical inactivates argon and also the fact that one can use small generators
under the limit of the law. Another merit is its convenience because of the rather
long life of

42

Ar (33 years), and the procedure to obtain

42

K is very simple

and interesting radioactivity.
The law limit in Japan is considered to be 3.7X10" Bq. This quantity is
enough to do many

interesting experiments.
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Text of the key note lecture at die Workshop C of the First International Symposium on Radiation
Education, December 13,1998, Hayama, Japan

4 . 8 RADIATION AS A SOURCE OF RISK
KazuakiKATOH
katoh@ipu.ac.jp
Ibaraki Prefectural University of Health Sciences
Ami, Ibaraki-ken 300-0394, Japan

Abstract: Essence and nature of ionizing radiation as a source of risk are reviewed. Following to
the appeal of necessity and importance of campaign for enlightening risk management of
individual and of society, background knowledge and information helpful to the promotion
and discussion are summarized, also.
Keywords: radiation, risk, benefit, mortality, management pedagogy.
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WHAT is Radiatitn P

RADIATION AS A SOURCE OF RISK
KATOH,KazuaU

In Broad Sense: Elementary Particles
with Kinetic Energy
In Narrow Sense: Ionizing Radiation

katfhGlpiucjp

IbarakiPrel. Univ. Health Sci.

Radiatitn and Manor

Inductive- and DsductivoInducdve-D: Easy to Understand
Suitable tenen-Speclallsts - « | 6 ]
DeducOve-D: Precise to Understand
Suitable te Specialists
B.9~ fnlts and metafiles

Inter-Elementary Particles Interaction
-»Macroscopic Effects

Effects af Radiatitn an
Human Rady

Radiatitn and Human Rady

Material £ # : Elementary Particles
[common ^ i i )
Inter-Elementary Particles Reactions
-Chemical Rs - Biological Rs
-^Detrimental Qfects to Health

Deterministic Effects:
Stochastic Effects: M M £ #
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Comparative View on Risk Factor of Human Death

i, I I

Atsuhiko TAKEDA and Tsutomu SUGAHARA
Health Research Foundation, Kyoto, Japan

ct^

ABSTRACT
Huaan being, namely, "living" get involved in risk factor. Even if risk is limited to
lethal danger, human history is coresponding with numberless risks from ancient up to today.
For example, there is increase in risk of death by car-crash owing to get high efficiency in transfer. In Japan, the death toll by car-accident is about ten thousands per
year constantly. State of deaths by car-accident not only include driver itself but cyclist and pedestrian. Death rate of both the cyclist and pedestrian amounts to 40$ of all.
In the aged, rate of fracture as result of fall-down while walking is very high. It
shows that the aged who give up driving and get out of danger car-crush are attacked the
another accident as walkers. On type of danger, the decrease in risk of one-side come to
increase in risk of other side. That is "risk trade-off". Examples of risk trade-off as
above are numerous in envaironment.
Acceptable death rate of various causes is about 10"4 per year in generally. Flight
accident happens on rare occationsQO" 7 per year in Japan, usually). Spite of insignificant probalility, people fear by both reasons that the possibility of rescue is very few
and the size of accident is enormous.
In the cases of flight and nucler power plant, estimated accidents is sever, but its
probablity is very small. Therefore, risk of annual deaths by accident oust be considered
as multiplication of size of risk(deaths per year) by probability(frequency per year).
Obtained result by such analysis shall conduct to right risk perception and stable "risk
acceptance".
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QJ5K&tz*)<DSmRt:'&
( 1 9 9 8^f&)
Table 1 ANNUAL DEATHS BY VARIOUS CAUSES PER 105 PERS0NS(1998)
g g C o l l e c t o r and Editor! "gSfflKgAtsuhiko TAKEDA(»)^ftCT^S^tHealth Research Foundation)

I
w
1

JEOR(A)
(I
lead of
number of deaths
causes of death (figure of the end shows deaths, *'. estimation)
death rate per 105 persons
( lacked name of country indicates Japan)
TIP"2
__l,«1.5___^>#y—SI5<Z>£5EBHungary, ail causes(l994)1) 146,889
914.3 7 5 > x a S © ^ 5 E B F r a n c e , all causes(1994)2) 528X103
834,7 7 ^ y*-^-^SSi©^5ESUSA, all causes(1994)3) 2,175,613
719.1 XvVhSSO^JEHEgypt, all causes(1994)4) 416X103
712.0 B ^ S S c O ^ J E S a l l causes(1996)5) 896,211
318.7 A>2fy— HLgcD^Hungary, malignant neoplasums of all sites(1994) 32,702*
247.5 ^ ^ X S J & O ^ F r a n c e , malignant neoplasums of all sites(1993) 142,924*
215.5 B#@&G9#A,malignant neoplasums of all sites(1996) 271,183
204.1 Tt y^-^-^SScDd^USA,malignant neoplasums of all sites(1992)6) 520,495*
111.5 Igj&^^-iicerebrovascular disease(1996) 140,336
tlO'3
10B..8__.<bftJ&disease of heart(1998) 138,229
70.3 65sgJ!2Jlhtf>t«t3:fll;!JsA,raalignant neoplasura of prostate(1996)7) 5,516*
58.8 $£H©g?8&jftiiFlabor accident of minners(1995) 31 C^fi&^^laboring population:52,763
56.4 !|)jfcpneumonia(1996) 70,971
54.7 ^HcD^fflrlHi^labor accident of forestry(1995) 66 [#®#?&laboring population! 120,676]
54.0 an>l£TaR©fc*fc*<&«AColu«bia, homicide by small arms(1995)8' 19,336
39.9 f^^malignant neoplasum of stomach(1996) 50,165
38.2 l$(^tfi, ^,*f3;2ltJcfl$)d^malignant neoplasums of lung and others(1996) 48,041
34.7 flf (5f i:fii©'5S.OJfflF^rHE^)d^malignant neoplasums of liver, gallbradder and others(1996) 43,717
31.1 ^&<Z>*#Caccidents and adverse effects(1996) 39,184
27.3 H@SS©iS6^Sji^0C<3HJ!^rt>R. Korea, road accidents<within 3 days>(1996)9) 12,653
26.9 65sgJe^,±cDHp'&^^aalignant neoplasums of uterus over 65 years old(1995)IB) 2,894*
25.9 AH(Ml^.illia.fc^ailS^ig^^ffglJ^'Jd^malignant neoplasums of colon(1996) 32,630
22.3 4?;l/h^;i/SScDgi6*3<ii$SCPortugal, road accident(1994)12) 2,192*
22.0 x S ^ M S S O ^ E g y p t , malignant neoplasuns of all sites(1987)13) 9,016*
19.3 Ifj&suicide8(199714') 24,391
16.6 ^gsenility(1996) 20,878
16.5 65^J»±c7)3«ii^i!<5Croad accident over 65 years old(l996)15) 3,145

number of
deaths/hr
16.8
60.3
248.4
47.5
102.3
3.7
16.3
31.0
59.4
16.0
15.8
0.896
0.0035
8.10
0.0075
2.21
5.73
5.48
4.99
4.47
1.44
0.330
3.72
0.250
1.29
2.78
2.38
0.359

w
?
§
«
2

TIP' 4
I
£
7

Table 1 (continued)
15.8 7*y»£*Sfi®£tt*3S&*ftSc<30BJart>USA, road accident<within 30 days>(1996)16) 41,907
13.9 75>X@&CDgf&$3&i*&<6BJ^I*I>France, road accident<within 6 days>(l996)17) 8,080
13.8 f}«%&^©aifr:*£«*#<24l§|l8#rt>Taiwan t road accident<within 24 hr>(1998)18) 2,990
13.2 JgpH^malignant neoplasum of pancreas(1996) 16,613
13.1 Jffife&liver disease and cirrhosis(1996) 16,517
12.4 M^©#i&&»tabor accident of fishery(1995) 7 C^tl^ffclaboring Population:56,391]
12.4 M£:£M<D%ffll1&'glabor accident of construction(1995) 745 (5£fi4HKlaborinK population:6,029,824]
12.3 ?L#A,<£^>raalignant neoplasun of breast<female>(1996) 7,900 (MSKAP:63,995f848) i9>
10.8 *-^h7y7®g;0gKl$Sii : *^<3OB^ft>Australia, road accident<within 30 days>(1996)20) 1,977
10.8 -4 JtVTMR®£tt¥£aMWS<7a&ft>Italy,road
accident<within 7 days>(1996)21) 6,193
10.7
FJ^aS©Stt*Sift*SSC<3O0JBIlrt>GerBanyt road accident<within 30 days>(1996)22> 8,758
10.2 ^S-^diabetes(1996) 12,838
9.3 SHWf&OOBJBHrtHotal of road accident<within 30 days>(1996) 11,674
9.2 #x-r>SK©li»:fc£«*&<3OHJ!2Hrt>Sseden, road accident<within 30 days>(1996)23) 537
8.5 ^•^>^SgcD^il$3«ji : i : ®:<30B^P ! iI>Netherlands, road accident<within 30 days>(1996)24) 1,334
7.7 3£iI*i&<24B#fgj&ft>road accidents of alKwithin 24 hrs>(1997)25) 9,640
7-7 ^^Aimalignant neoplasum of uterus(1996) 4,963 C^^AP:64,177X1O3]
7.3 AJta^malignant neoplasun of esophagus(1996) 9,138
7.0 31^^©^i!(^Wlabor accident of transportation(1995) 167 C^®#ISlaboring population:2,380,893]
6.3 -/;!/!>x-SS«D^|ft*S5a*SJcNoniay, road accident(1993)26' 272*
6.3 -<^y:*aE©ll»¥£ja¥8C<30B.Rrt>U.K., road accident<within 30 days>(1996)27) 3,598
6.3 r>nj#£#BR©*liE»K:*$«AUSA, homicide by small arms(1994)28) 16,524*
6.0 PfSSS«ii6*^ii*SC<7BJttF ( 3>R.China, road accident<within 7 days>(1996)29) 73,655
5.0 BS#-^^>;MMHansin-Awaji earthqueke disaster(1995)30) 6,431
5.0 6jfcfiileukeiiiia(1996) 6,279
4.7 gi&$ • - ® ¥ * $ * © ^ i i ^ S ( < 2 4 ^ ^ m ^ l > r o a d accident of car-drivers<within 24 hr>(1997) 5,913
4.3 16-24^©^a^*$*©*SC<24(^^a(*I>road accident of motor cyclist(17-24 years old) (1997)3" 714
4.2 §ffi%#K©&tt£33sa*ft<30HJgHfl>Hongkon«, road accident<within 24 hr>(1996)32) 263
3.4 ±MM<DmWi^^laboT accident of all industries(1995)33) 1,628
3.4 g©¥^¥*©3Sii*:SC<24^KJ!y,l*l>road accident of motor vehicle ocupants<24 hr>(1997) 4,251
2.9 M?%' ^K$^*fft©^ii^g(<24^K^^>road accident of pedestrians and pedal cyclists(1996) 3,708
2.7 M ^ © # @ M S l a b o r accident of iaanufacturing(1995) 306 [^®l#SSclaboring population: 11,401,1903
2.4 %HW&-, ^BS-^^feftM^native malformation, deformation and chromosome abberation(1996) 3,021*

4.78
0.922
0.341
1.90
1.89
0.0008
0.0850
0.902
0.226
0.707
1.00
1.46
1.33
0.0613
0.152
1.10
0.567
1.04
0.0191
0.0311
0.411
1.89
8.41
0.734
0.717
0.675
0.0935
0.0300
0.186
0.485
0.423
0.0349
0.345

^
g
£
§
^
?
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Table 1 (continued)
2.3 ^ t u b e r c u l o s i s (1996) 2,858
0.363
2.1 *^#©SJi : ifSC<24^ll8J0lrt>road accident of pedestrians<within 24 hr>(1997) 2,643
0.302
0.96 7K^drowning(1997) 1,213
0.138
0.85 ^$fire(1997) 1,070
0.122
0.84 g«s*5ft¥*©Sa*SJC<24f^|l8Jart>road accident of pedal cyclists<within 24 hr>(1997) 1,065
0.122
0.64 :^$3|:¥#<Z>£ji^&<24B#fiaJ£!lft>road accident of motor bicyclists<within 24 hr>(1997) 1,662
0.190
0.56 &Ahomicide(1997) 710
0.0810
0.43 B £ t t t B $ £ f t c r a s h of the Nikko airliner (1985)331 520
0.0594
0.28 &kV ' $J9fish catching and angling(1997) 349
0.0398
0.16 7k&#swiniming(1997) 203
0.0232
TUT6
0.18 Uj£;ili^&mountain cliobing(1997) 197
0.0225
0.09 ISttC^-B^StehippingdaS?) Ill
0.0127
0.08 g ^ M ^ n a t u r a l phenomena(1997) 96
0.0110
0.07 M-fi"WVy9~ti:}£7bt±Vj"'r-W-yaiq\iatic leisure sports(l997) 91
0.0104
0.04 -&JS • *HI • ^ M • WfflKA-BVSfctyphoon, heavy rain, high gale and tide(1997) 50
0.0057
0.02 ttfiHC£<6<faSCaircraft accident(1997) 28
0.0032
TIP" 7
0.01
fl*?rMr-Jfcif?SJ*l'rir-X*'-7flyiiig
leisure sports(1997) 16
0.0018
0.007 iig^^}^J:S*:i!(5Cexplosive(1997) 9
0.0010
TIP" 8
0.004 jg#S::J;5»i!£thanderbolt(1997) 5
0,0006
[SI n A P p o p u l a t i o n : l 0 , 2 6 l X l 0 3 , 2 ) APpopulationl 57,747 X10 3 , 3) APpopulation:260,65lXl0 3 , «> A P population 157,851X103,
5)
APpopulation:l25,864X10 3 , e ) A P population 1255,020X103, 7) ^W. A P concerned population:7,847X10 3 , 8> APpopulation:3,290xi0 3
9)
APpopulationl46,433Xl0 3 , 1 0 ) ^MAPconcerned population: 10,576,569, i n c o l o n , rectum and rectosigmoid junction, ! 2 )APpopulation:9,880Xl0 3 , 1 3 ) APpo P ulation:40,983X10 3 (1979), 14) APpo P ulation:i26,166X10 3 , 1 5 ) M$ftAPconcerned population! 19,016X103,
l6)
APpopulation:285,284X10 3 , 1 7 ) APpopulation:58,265Xl0 3 , 1 8 ) APpopulation!21,698X10 3 ,
19)
^^(APconcerned population;63,995,848, 2 0 ) APpopulation:l8,289X10 3 , 2 n APpo-pulation.*57,333Xl0 3 , 22> APpopulation. # 81,818
23)
X10 3 ,
APpopulation*.5,844X10 3 , 2 4 ) APpopulation:l5,776Xl0 3 , 2 5 ) APpopulation:4,325Xl0 3 , 2 6 ) APpopulation:57,138Xl0 3 ,
27
'APpopulation!260,651X10 3 , 2 8 ) APpopulation: 1,223,890X103, 2 9 ) APpo P ulation:l25,570,246, 3 a ) APpo P ulation:l6,07lX10 3 ,
31
>APpopulation:6,31lX10 3 , 3 2 ) ^ @ f ^ ^ l a b o r i n g population:47,246,440, 33 'APpoPulation:l21,048.923.
TIP' 5

m2

&f

Table 2 Comparison with death-rate of road accident divided from situation(lt)(1996)

a*

**
I

7*9*

situation
Japan
®&®MfkM*P
40.5
motor vehicle occupant
®;ili*Jfe*#
18.5
motor bicyclist
®g*s$3fc£#
12.5
pedal cyclist
© * £ ft #
28.3
pedestrian
«3> + ® )
40.8
©*
<D
fa
0.2
others
JMHHW(B)
• 30
observation term(day)

atr

USA Canada
79.7 76.8

-fOx iH~fv

mi

viv

iw

wi •>

UK
Swaden France Germany Holland Italy Australia Korea
China Hongkong
53.9 66.3 66.3 67.3 49.3 67.4 69.5 44.6
8.1 29.7

5.2

4.2

12.2

10.1 15.1

1.8

1.9
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13.8 12.2

13.8
0.4
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2.1

33.3
0.3
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30
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2.2
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10.6

-

17.8
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26.3 54.0

22.9 15.9
0.7 2.7

20.3
1.1

30.6
4.5

20.7
0.1
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4.3

46.2 58.2
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0.0
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30

30
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6.8
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14.8
0.0
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Table 3 Death-rate(/10s) and treatment-rate(/105) of fracture and their ratio by age group of the aged(1996)
both sex
j§ ft male
JC ft female
%& j& both sex
age

road accident

deaths/106
11.3
»»(all)
55-64
13.9
65-74
21.0
75<
33.8

fall down-fall

road accident

fall down-fall

road accident

fall down-fall

fracture-treatment

ratio deaths/10s ratio deaths/106 ratio deaths/105 ratio deaths/105 ratio deaths/105 ratio patient/105 ratio
1
4.7
1
16.6
1
1
1
1
6.2
6.6
3.4
121
1
1.21
1.21
1.23
1.65
5.7
20.5
7.7
0 .41
10.2
1.17
150
1.4
1. 24
1.83
1.91
30.1
1.81
2.47
2.11
1.16
9.0
15.3
13.9
4.0
246
2. 03
2.94
37.4
7.96
50.8
3 .06
46.2
7.45
24.4
3.70
32.6
9.59
561
4. 64

£
r
9
3

JP0050118
JAERI-Conf

99-011

4.11 Understanding Radiation and Risk:
The Importance of Primary and Secondary Education +
TADA Junichiro
Japan Synchrotron Radiation Research Institute (SPring-8)
Mihara, Mikaduki, Sayo, Hyogo 679-5198 JAPAN

ABSTRACT :
In Japan's primary and secondary schools, radiation and radioactivity are taught as
part of the curriculum dealing with social science subjects. Students learn much about
the hazardous features of radiation, but lack the scientific understanding necessary to
build a more balanced picture. Although the same point applies to education covering
the harmful effects of volcanic eruptions, earthquakes, electrical storms and so on,
public understanding of these events is relatively high and students are generally able to
make informed judgments about the risks involved. By contrast, their limited
understanding of radiation often contributes to fears that it is evil or even supernatural.
To correct this distortion, it is important that primary and secondary education includes
a scientific explanation of radiation. Like heat and light, radiation is fundamental to
the history of the universe; and scientific education programs should give appropriate
emphasis to this important subject. Students would then be able to make more objective
judgments about the useful and hazardous aspects of radiation.

This work is partly supported by a Grant-in-Aid of Science awarded by Japan's Ministry for Education, Science,
Sports and Culture.
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1. Public understanding of risk
The general public tends to adopt extreme views about hazardous matters; sheer
emotion all too often overrides a rational assessment of risk. A widespread prejudice
against radiation illustrates the point. Radiation is frequently feared, but rarely
understood.
The responsible use of radiation provides a powerful tool for enhancing social and
economic welfare. Too much radiation is dangerous, but the same is true of an
excessive consumption of salt. Although human life depends on a certain amount of
salt, excessive doses lead to hypertension and renal damage; consuming more than 200g
at one time would be life threatening. Japan's Chinaform incident also demonstrates the
point about dose levels being more significant than notions of absolute safety. Some
10,000 Japanese patients, who received more than 1.2g of Chinaform, suffered from
appalling "SUMON" (subacute myelo-optico-neuropathy) side-effects. The incident
stands out as Japan's biggest pharmaceutical disaster; but global figures indicate that
more than one-hundred-million people consumed lower doses of Chinaform without
any problems.
Whereas the public can easily understand "zero risk," rational judgments about the
degree of relative danger associated with a particular hazard are more problematic.
There is a natural tendency to emphasize the element of danger in anything that is not
"completely safe." Improved education is essential to promoting a more balanced
public perception of risk and countering the effects of misleading or sensationalist
reporting. The public should be able to make informed judgments on the basis of
accurate and well-balanced information.
An example of public misunderstanding of risk occurred with early media
coverage of AIDS (Acquired Immunodeficiency Syndrome). There were pictures of
medical workers preparing to treat AIDS patients by putting protective clothing
designed for working with biological weapons technology. Novels and movies
depicted AIDS as a highly infectious threat to society. It was only later that people
came to accept that AIDS is a weakly infectious virus (HIV: human immunodeficiency
virus) but, notwithstanding pictures of celebrities shaking hands with AIDS victims,
many people continue to believe that AIDS is highly infectious. Although campaigns
have done much promote an improved understanding of AIDS transmission processes, it
is difficult to overcome prejudices engendered by early reporting.

2. The treatment of radiation in Japan's compulsory education system
While the effectiveness of school education programs owe a great deal to the
efforts of individual teachers, they also depend on the contents of textbooks. Japan's
education ministry fixes the compulsory education syllabus for every school in the
country and only allows the use of approved textbooks. By examining the contents of
these ministry-approved textbooks, the author and his colleagues were able to build an
insight into how the Japanese education system deals with radiation.
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Japanese students first study radiation during their fifth year of primary school (11
years old) as part of their social science curriculum. The syllabus covers the dropping
of atomic bombs on Hiroshima and Nagasaki, together with the Happy Dragon fishing
boat (which was a casualty of the Bikini Atoll H-bomb test) and the catastrophe at the
Chernobyl nuclear power plant. In each of these cases, significant numbers of people
were exposed to massive doses of radiation. Moreover, explanations in these
textbooks use emotive language, such as: "Many atomic bomb survivors are still
tortured and killed by the effects of radioactivity(sic)." However, during the period
1947-1989, the total number of cancer deaths (including leukemia) amongst Hiroshima's
atomic bomb survivors was only 340 more than would be expected in a normal
population. It is important to separate the terrible human suffering caused by the bomb
from an objective assessment of radiation hazards.
Emotive language can easily distort the picture. Social science school text books
often use a negative prefix when referring to radiation (for example, with terms such as
"harmful radiation" or "terrifying radioactivity"). Although natural science textbooks
use more precise language, the author did not find a clear explanation of the nature of
radiation and type of harmful effects that might be associated with different doses of
radiation. (Physics options provided by senior high schools include a scientific
treatment of radiation, but only 10 percent of students select these courses.)
Education often involves elements of propaganda. Nazism, Stalinism, and
Japan's militarism have all demonstrated the effectiveness of promoting a one-sided
representation of events. However, the public disapproval that stems from distorted
views of religious, historical and racial matters is not evident in the case of radiation.
Japan's compulsory education system instead produces graduates who might go on to
propagate negative images of radiation. Careers in films, literature and other media
can all provide influential vehicles for nurturing the idea that radiation is inherently
dangerous, with evil and even supernatural associations.

3. The need for educational reform
There is a clear need to ensure that Japan's compulsory education system provides
a more balanced treatment of radiation and related issues. Primary and secondary
education syllabuses should include the treatment of radiation as a natural science
subject. Modern science recognizes that radiation has been fundamental to the history
of the universe. And there is no justification for maintaining nineteenth-century
attitudes that pre-date the discovery of radiation.
The difficulties of teaching radiation are no excuse for leaving it out of the
curriculum. We should rise to the challenge of explaining radiation and the health
implications that can accompany different levels of exposure. Education should
support a more objective understanding of radiation.
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Techniques for teaching radiation as part of the natural science curriculum

Some scientists insist that it is impossible to teach radiation as a natural science
subject to primary and secondary school students who do not understand atomic and
nuclear structures. The argument might appear persuasive, but a moment's reflection
reveals that primary school students can build a useful appreciation of the nature of
electricity without knowing about the role of electrons. The issue is one of
compromise and the author does not claim that there is any perfect solution to the
problem.
Existing primary school education programs illustrate techniques for presenting
complex subjects in comparatively simple terms. Let us briefly review the way a
primary school textbook deals with electricity. In their third school year, students learn
how to use a small lamp to confirm the flow of current from a dry battery. They learn
about the difference between conductive and insulating materials. And use an electric
motor to confirm that current has a direction.
These are easy-to-appreciate
demonstrations of what electricity can do: the lamp lights and the motor moves.
Electricity is invisible, but simple experiments provide potent illustrations of its
significance. A similar approach could be used to introduce the study of radiation.
It is possible to demonstrate radiation using a photographic plate or diazotype
photosensitive paper, while real-time evidence of radiation can be shown on a
fluorescent plate or the type of X-ray film sensitizer sheet used in diagnostic radiology.
Such techniques have paved the way towards an improved understanding of radiation
and provide a powerful tool for stimulating student interest in the subject. Students
might use samples of uranium ore and photographic plates to learn about radiation's
penetrative qualities, along with the principles of radiation shielding and quantitative
analysis of the processes involved. Some enterprising high school teachers have
achieved encouraging results by using home-made cloud chambers to demonstrate
radiation tracks.
While commercially available sealed sources (having a radioactivity of less than
3.7 MBq) are suitable for school experiments and demonstrations, the author believes
that it is preferable to use natural sources of radiation. These convey the message that
radiation is part of the natural world; not something inherently evil nor supernatural.
Radiation has always been an integral part of the universe. Education programs should
present a comprehensive picture of radiation that counterbalances concern about
hazards with an understanding of radiation science.
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4.13 Investigation on the Acceptance Level of Radiation Exposure
- Comparison of Chinese and Japanese
Jin Wu and Kazuaki Katoh

Department of Radiological Sciences
Ibaraki Prefectural University of Health Sciences
4669-2 Ami, Ami-machi, Inashiki-gun, Ibaraki-ken 300-0394, Japan

Abstract
Radiation has helped to develop our culture and civilization, both of material and of spiritual,
and without doubt it is useful to develop our civilization further and to enrich our future life. On the
other hand, we cannot help avoiding to live with some by-product radiation of "advanced
civilization" in addition. Thus we must associate with radiation even if we like it or not.
To our understanding, safety standard or criteria of safety control is nothing but a contract of
the body concerned with the society. In order to make this contract rigorously, it is required for both
sides to have adequately enough knowledge and data on the methodology of treating the matter. In
such societies, people's acceptable levels to radiation exposure would not be widely distributed.
Unification of the wills of the society is absolutely necessary to establish such a contact or develop
the philosophy on radiation safety. Hence, we have tried to investigate the acceptable levels of
people to radiation exposure. Two kinds of levels, upper limit of the acceptable dose for
instantaneous whole body exposure, Lu, and lowest of the dose caring in mind, LI, were set for
inquiry. In this presentation, some results of our survey to both Chinese and Japanese professionals
in the fields of science-technology and medical science are reported.
Similarly to the previous study by Katoh, in 1989 or so, the distribution of these two levels
were very broard and the band widths between the two levels, Lu and LI, were quite narrow. The
former seems reveal the variety of individual's sense of value. Moreover, it was found that, two
levels, Lu and LI, were significantly higher (p<0.05, p<0.005) in Japanese to in Chinese in
science/engineering group, while in medical group, the two levels were higher apparently in Japanese
than in Chinese, but no statistically significant difference was observed. Moreover, in medical group,
Lu and LI showed higher values than those in science-technology group for the Chinese (p<0.05,
p<0.01). Similar tendency was observed for the Japanese, however, there was also no statistically
significant difference.

- 404 -

JP0050121
JAERI-Conf

99-011

4.14

Investigation on the Acceptance Level of Radiation Exposure
- Comparison of Chinese and Japanese
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REPORT ON THE MEETING OF THE INTERNATIONAL ADVISORY
COMMITTEE FOR THE INTERNATIONAL SYMPOSIUM ON RADIATION
EDUCATION(ISRE98)

Mitio Inokuti
Argonne National Laboratory
9700 S. Cass Avenue, Bldg. 203 Argonne, Illinois 60439-4843, U. S. A.

The meeting was held on 12 December 1998, 15:45-19:20, in the form of abusiness
supper between an oral session and a poster session of the ISRE98 in a conference
room at the Productivity Center. The participants are shown in an attachment.
Mitio Inokuti (U. S. A.) chaired the meeting, and proposed the following two
points for deliberations:
1) Should there be a next international meeting on a scope of topics similar to the
ISRE98?
2) Should there be a standing committee, or a council, for planning such a meeting,
or for liaison among activities for radiation education in different counties?
The proposal was unanimously agreed upon.
After self-introduction by the participants, free discussion was made on matters
including the following:
1) The meaning of the term "radiation education."
2) The scope of the present meeting (ISRE98). Although the present meeting was
highly significant, it may be desirable to explore the possibility of a broader range of
topics. At the same time, it was also said that a meeting with a more focused scope
might be more effective. The two-day period of the present meeting might have been
too short to discuss in depth some of the key issues.
3) A broader contact with the general public might have made the present meeting
more effective. It was a pity that the present meeting does not seem to have been
covered by the journalism, even though the Minister of Education participated.
Inokuti pressed on a response to the two initial questions. The response by the
participants were unanimously affirmative. In particular, George Marx (Hungary)
pointed out a meeting on science education scheduled to be held in June 1999 in
Hungary, and urged others to participate. Yet, the discussion fell short of definitely
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scheduling a follow-up meeting of the ISRE98. Issues raised with the response include
the following:
1) Should a follow-up meeting be organized in collaboration with an international
body such as the IAEA, with scientific societies or academies, or with governments?
There was considerable discussion on this question. An advantage of such a
collaboration might be the possibility of some financial support. A disadvantage is that
there may be excessive constraints in organization and management often found in an
international body or governments.
2) A standing international committee or council may be formed as a nongovernmental generalization of the present International Advisory Committee. It is
then necessary to include representatives of countries such as Germany, Russia, and
the United Kingdom, who happened to be absent from the present meeting. It is also
appropriate to reconsider the membership from the countries represented in the
ISRE98. (It is recommended that The Secretariat of the ISRE98 follow up the idea of
the standing committee, although this item was not voted on.)
3) In addition to planning for a follow-up meeting, the standing committee may set
up ways for continuing communications on activities related to radiation education,
including the initiation of a news letter or a home page on the Internet.

The International Advisory Committee :
Jean-Pierre Adloff, France
Manoon Aramrattana, Thailand
Bum-Jin Chung, Korea
V. G. Dedgaonkar, India
Azhar Djaloeis, Indonesia
Toyojiro Fuketa, Japan
Wieslaw Goraczko, Poland
Kodi Husimi, Japan
Chin-Wan Hung, Taiwan
Mitio Inokuti, U. S. A.
Kazuaki Katoh, Japan
George Marx, Hungary
Matteo Merzagora, Italy
Ayab Mir, Pakistan
Sana Ullah, Bangladesh
Turan Unak, Turkey
The Secretariat
Kunihiko Hasegawa, Japan
Masahiro Kotaka, Japan
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