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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throughout the whole ranges of the dose and dose rate is no longer valid; indeed, a small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

viil
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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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Proceedings of International Symposium on Radiation Education (ISRE 98)

Division of Planning and Analysis

Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
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
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WELCOMING ADDRESS

Professor Kodi Husimi
(Chairperson of the Organizing Committee, International Symposium on
Radiation Education, and President of Radiation Education 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 onthe power of human reason : thatis 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. ”

Conceming 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 fieldS 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-21" 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 felt
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

. 1
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 Compfes 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.1). 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 fime 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: 7his 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: I 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

April 12 are impressivez) . 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 Bémont, an analytical chemist at the Parisian School for Physics
and Chemistry. The team introduced a new methodology which marks the beginnings of

radiochemistry3). 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
184). 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 I sulfides
N Pb, Cu, BI, As, Sb, X
-— acid
| =— (NHy),S
soll.llliﬂn residue
residue As, Sb Pb, Cu,Bi,X
fused with K?O 3 I HNO g
—s— acld solution
——— solution -=—r- l ~=—HyS0,
| s I |
precipitate solution
PbSO4 4 X (part) Cu, BI, X
! H2804—|— l I -a— NHg
solution precipitate solution I _l
X (part)
b ! solution precipltate

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. Eugéne Demargay, 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 Bémont as co-
author, is identical to that of the previous one with addition of one single word: On a

new strongly radio-active substance contained in pitchblende 5). 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. Demargay 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 of Carnot. Tt 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
and 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 pg of polonium.
Emest 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 §
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 warmer
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 I 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 Iréne 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 Panthéon, the national burial
place for the most illustrious French compatriots.

Acknowledgment. Madame Hélene 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'l which was delivered on June 6, 1905 Pierre
Curie stated: " At the beginning of our investigations wve stated,
Mme.Curie and I, that the phenomenon could be explained by two
distinct and very general hypotheses which were described by Mme.
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 ‘radiation -—-=---- 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-
seguently, 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 in ex-

plaining the phenomena concerning the origin of the elements.
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Ten days before Pierre Curie delivered his 6 June 1905
Nobel Lecturel, one of the most important events in the history of
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 =nough
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 Tcgo died in 1934 and in the same
year Jean Frederic Joliot and Irene Curie discovered artificial
radioactivity. 1In his 12 December 1935 Nobel Lecture antitled

"Chemical evidence of the transmutation of elements", Joliotsstated;
-------- 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. rtThis sudden flaring up

of the star is perhaps due to transmutations of an explosive charac-

ter 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 Enriéo 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 reac-
ters should have existed on the earth about 2 billion years ago:‘l"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 dis-
covery 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.



JAERI-Conf 99-011

The reason why 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 3pply Fermi's pile theory to a
natural assemblage of uranium, such as a large uranium ore deposit-
The infinite multiplication

a certain assumption has to be made.

is
constant ( ]&w)

k‘o = %_ E. f

q )1),

where € is the fast fission factor, p is the resonance escape

— —

probability, £ is the thermal utilization factor, and Q is the num-

ber of fast neutrons available per neutron absorbed by uranium.

It so happened that investigators in the U.S. during the 1950's

vere 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 cer-
tain 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 Conseguence

(1) A large uranium ore has K¢y has never exceeded
suddenly appeared on earth at a unity at any time in the past
certain geological time
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No. Model Consequence

(2) Trace amounts of U had kep could have e*ceeded
to be leached from the rocks unity some 2 billion years
with water, transported to ago

a certain place, and finally
deposited and dried

What the speaker realized in 1956 was that Model 1) was
over-simplification of the natural phenomena, because a large ura-
nium ore deposit never appears in its present form on the surface
of the earth. A somewhat more complicated, but geochemically
reasonable model would 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 Mdaéi(Z),

which leads to the conclusion that natural reactors should have ope-

rated some 2 billion years ago.

JIn his book entitled "The transuranium elements", Glenn
Seaborgewrote: B The search for transuranium elements, a
quest born of scientific curiosity, was 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 was in the form of the nuclear

bomb dropped over Nagasaki".

It is to be notad here that the element 94¢plutoniym) dis-
covered 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 Puin the early solar system.

In 1960, John Reynoldé7at the University of California,
Berkeley, made the important discovery that the xenon extracted
from the Richardton meteorite was heavily enriched in 129Xe and he
concluded that this isotope aimost certainly was -formed frim the
radioactive decay of 1291 with a half-life of 16 million years, now
extinct as a natural radioactivity, but not so at the time of for-

mation of the meteorite:

129
I i (8 N 129Xe(stable) (2).

244
The speake? then prcceedad to point out that Pu with a

half-life of 82 million years should have been also present in the
early solar system and the experimental evidence for its presence

could be secured »y searching for the presence in meteorites of

; 31 132 134 1356
excess heavy xenon isotopes Xe, Xe, Xe and Xe, which

are produced by the spontaneous fission of 244pu_

=



JAERI-Conf 99-011

It is important to note here that in his classic paper
entitled "Xenology", Reynoldsgwrote,in 1963,: " ——==== Xeanology
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, vhich is also appropriate -
———————— . In this paper we discuss Xenology in the context of
theories of the origin of the heavy elements by Burbidge et gllo
and Camero%} and a theory of the xenon isotope anomalies in meteo-
rites by Kurodasand Cameronl.2 These theoretical ideas provide a con-
venient framework for our discussion, even though it is certain

that ideas in this field will require freguent revision as the ex-

perimental side of the subject develops ----—--- :

Reynoldsgcalled 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
L. 244 ) 8 .

fission product of Pu, according to Kuroda and (b)xenon in the

sun has been exposed to neutron irradiation during the deuterium-

burning 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 244Pu 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 speaker13
pointed out, however, that the differences in the isotopic compo-
sitions 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)spalliation and (c)stellar temperature

neutron-capture reactions.

14
In 1972, Manuel et al 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
4
l1

Manuel et 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 p- 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 , 4
later , seemed to strengthen the case for Manuel et gll (see
Model(1l) in Table 2.
Table 2.
129 244 )
Models used in the study of I and Pu in the early solar system
No. Model Conseguence
(1) These isotopes have sudden- Carbonaceous chondrites contain
ly appeared in space 4.6 strange xenon components -HL
billion years ago and the s-type xenon
(2) . These isotopes were created Xenon-HLis a mixture of 244pu
in a supernova and hence the fission xenon and the xenon
abundances of all the xenon whose isotopic composition is
isotopes existing in its altered by the processes(a),(b)
vicinity must have been sub- and (c), while s-type xenon is
Jected to a combingd effect the xenon, which was exposed to
.of '{a)fractionation (D) a very high neutron flux.

spallation and (c)neutron-
capture reactions.
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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.

Meanvhile, the field of studies on the origin and nature
of the strange xenon components found in carbonaceous chondrites
was reviewed by Anders and Zinner16 in 1993. According to these in-
vestigators, primitive meteorites contain a few ppm of pristine in-
terstellar 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 Zinnerlewere forced to conclude: " ——————- The most
pristine,.unaltered:interstellar grains provide:little information
on the early solar system, bearing no memory of their gentle arri-

val ——==-- ",

Results from our latest calculations reveal, however, that
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the strange xenon components are not isotopically .pure substances.

244Pu fission xenon and the

Instead, the former is a mixture of the
xenon whose isotopic compositioné 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 chond-
rites, 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 chond-
rites began to retain their xenon about 150 million years later
and the ordinary chondrites and achondrites ébout 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 sys-
tem is likely to be the time of the breakup of the meteorite parent
body17,

It is important to note here that Pierre Curie1 remarked
in 1905: " —mm—————- It is not absurd to suppose that space is con-
stantly traversed @ by very penetrating radiations which certain

substances would be capable of capturing in flight _______ ",
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 0Oklo Phenomenon were the reactor-

temperature 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 polohiam, 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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1.4 HBEHRRICEET 5% o ) —REOIGH & TTROEIR
BH fok
4191 Del Rosa Court, Las Vegas, Nevada 89121 US.A.

1905 4.6 A 6 RiZ Pierre Curie 477, [HEMEER, &<ICTFYL] LBT5 ) —IVEHHE
DT, BITRD L 5222 & Zild~7z : Foilbn OWRDIECDIZINT, BEREE WO BSIT, koD
LR TEIRL Lek 2AD, Fa ) —RAD 1899 & 1900 FITREK Lz 2 DDRFHIZ L > Tl
ANTEDTHA D, ---- L B 1ORERICLIVE, BEEEILEN BT 5 TRV F—Z NS00k
FRNBERT2HOT, T720bb, EOBSREIL 2 IREBEHRTH A 5, ----2. FE2OfEMZ LU,
BETEEIIE DT XNX—L, BH7ZbRFOFRLEEHTHEOTHA D, ]

ZLT, HBIROX IBEELBINLE : [F 2 DEEROF VL D &EEHATHDILE V&2 L

WEDNDD b, BEHEOYWEOHEIZE ) THELBXTEINAS I, TOFRLLT, HB1OR
BT E A RN BN T UE o7, LU, 8 1 OfGiss, % &ofxiwtﬁtwoﬁ
RADFRRAZ T 2DI2, BEEREEIZET A LOITRDEAD LWV ZEZ2FGAEML TV L 3 IZEbi
Do

Pierre Curie 7% 1905 456 A 6 BiZAT-o7z /7 —YVEGRED 10 HANC, BAOES MO TEEE
HAREZ 72, 2 1905 E5 A 27 BORAMEEERT, FBE/ BRiMoX B AREERES 2 ST Dr v
T 7 R BRI O TH B,

RICEE, 1905 £ 6 AICT A Y AW FREHE LTz Chester Nimitz &V O 7 FHREFhD
FEL (X COTREMMEC H CRTEZ B UAOUSE O Ry, E L S FRTAiC B B I 1852
L7,

Z LT, ENLLR Nimitz FIBETTAIOSEE L 720 . FUCRIOEEOMTA K< MIBL T, 40 &
&R DF 2 TR T HARO KB A BT 5 Z L ilie ol

1934 FFIZF =2 U —FRA & FEGTAiN Z ot £ b &2, Jean Frederic Joliot & Irene Curie 25A
THGReR R U7z, Joliot 23 1935 £E 12 A 12 BiZ{To7 [TeR DO FATEERL] LRES 2 /—
WWEBEOPTT, RO L 5722 L 2B<TW5, [RXFELHIL, SETHRIRTRARD LD
BRENRBIZHB 2o T, BEER L TRADEICRBZEEHOTNS], T, Wb EED
¥ (appearance of a Nova) T b, ZDL 5 IZENZAA S RABRY. THEODIVONIEIR L &
ZTNBE DT, [PROFRE/-BIER Ve ERIE D THA I, XORHIFENEET D L0 IZHE
THHLDTH S,

ZDLE DB ABO TEERFE I, 47V —OWES3E Enrico Fermi (255 T, 1942
FEIZRRRE N, YA TKREDT v MR—)V « RFFT AIHBESMZ, ROL H 2 eI T
5:[----1942%F 12 A2 B, NEIZ IO CHTOEMRIGE 2K VIHL T, B —24lEL
22 BEY 9z EITEREN Lz,

1956 S22, HEEY 5 1IRHFEH 20 BFEAMCHBR LICFE LB THALRER L, Z0
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FEITLUFORIZE - LA LRRRIC SNTEEINZOTH D8, 16 FHED 1972 FiligoTT7 7R
DREFHBFEEBIC LT, T7VIOHRALDOT 7 AROFZZED [fea) BER S, [F
s uIR] L LTHRAIL R T,

20 HHEDEEITR B ET, REEELLIIRETREV I DI, BOPRETTERINELDTHS
LIELTU VD, F 27 oHBOFERIZLY ., #ERETH IFBEOITREMAEZ > TV D Z LA LN
2ol THB,

1950 FEROBEE B, KRRFIENTHE L2V LB X0k, BRIZEA UKD X 5 728 H
M5 ThBD, Fermi DFETAEOEREFTRY 70 OFRIKICEATHHE. MOIDREL T THNE
Bd 5,

HERRDIAAS Y & b OJF-FRICHd D MERBER (k) 11X

o= prrfen .
I, SEETHETRESUER. piIRiHEER, AIPHEFRIRART. 2IESTEFETH S,
T 1950 FEORFETZBIL. 77V ORFRMREOE EOFTHIER BT, 3 DITEERITRIAL
HER L, 2V —DoDETNEFE-CRHELTAS L, FIRITRTEIIZ, bk DEIRLTLILUE
IZi372 Blehsotz L W O FEERAHTL B,

FLE HEAELEFVE, TSRO SRR

No. = F & =2
(1)KREXRTT U OHERN, HOMEFRIZBNT k DEREECBNT, 1LY KREL
HEBR FIlz8k e LTHER L, BT LR LUTE) -,

(UBED T L REENPHATRISI. HBFT k. OEL 0EEINVITETL £5
CERSIL, TR LT, EBIRSNT, SR 1T 1R DAXRMEL o,
TA

—F., FRIELROETV (DL, HFEVICHLEEYLLTELLDTHD LTV, T T, ET/V
DIV WX EBHETH BN, BLRITFTET)NV Q&E-THHEZ LT, k. DIET 20 EFITIHNY |
BB L LY K& fEL leote, DF Y. BAFRIRRIEEL TQWEZE WD 7V (D05
& ¢ ERM O H LD TH 5,

FHS 2EH#IZ, Glenn Seaborg®it B 7 vkl LBETHEODEEDOT T, RO K SITH~T
W5 - - - - BIEEERL) AN, BY T URROMEIL. 10 ELRZR ) HICHRAEDT
TORLEERTD L O LRBHEE| & L, MOERRIFONINTRIT SRR, BECBO T
 bAIESEDFE R NEDEFREIZEX 12 b ORH -T2 TH A DD, ADERNIIFEY ITIER L2 D
THBEIT e 0T, TV b= AOTFEOHRUIII T 2 RRIL. RIFITRITORBRT LD
BendhioThsl,

Seaborg EAER LTV b= AL L. ATHICARINZ b DTH o, £ T TENE 1950 &
ROBDE, TNV F =0 AOFRKIZIIT BHFELTITT 2 &) ERRGGAHEE =TT
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Hole,

B~ 24E% M 1960 &I 1960 £FEIZ, B 74 N=TK¥® John Reynolds” }I Richardton LV > &
BAOPICEENDE vOPIT, PXe BELIBHESNTWDEWOIEELRERZ LT, JIUIHE
iE [EREEAE) L72-oT0 5, RIS 1,600 FED 12°1 BEASHEREITIIRRTIFEL Qe
e ThAD LFHA LT,

1291 ———;b 129%e (R®) (2.

FOCRNTEOEAIC, Fhv b 8200 FED 244Pu bRRIFAHEL QWEETH D LE
i 10N %0)%@%&%&1\ WAWADRERDHIZ 244 Pu ORIENTERIITHS 131 Xe, 132Xe, *
34%e R} 135Xe IMFHETDNE IDERIB LLILE - TRONE THA D L RKRLE,

—7. Reynolds iX 1963 &I [/ n—] LWHIEBLRIEZER L, EOPTROD X 5 (Tib~e,

[----B/ T —Xenology) & ik, FERZMENLZER. HAWIERELMOLAORMETHHENS,
7 VORNLTEROMESHETELL A RIE L T, B LIRAR, NEROEVERZMD Z L ZBRIET5
2Rchsd, HRFEEICL > T, B v UIHNmE T S FRTHE L Vo THELX AR
VY, ZORSUIROTIL, BelTEVTROERICET S Burbidge %'°% Cameron' ' ORSUIES
xR T5, TLT, Kuroda® & Cameron?3ERL7=Y/ VFWnRoERE bEET S, b
DEEGIIT AT 4 Tk, Bk OBHROEBOBEL 1258, FROGEIERTHIZOT, EETDHIL
BB 22T BTHS 9, |

Reynolds® 1, !2°Xe OTFHEEROKELEEE [HEAUEMAEER (Special Anomalies)& FEOY, 4
DF_RTORTERIZHOWVT R ON B FHRE - hEE S [—AFENAEES (General Anomalies) &4 ff
17z ELTHITEEIL 2 DOBE TR A L, (QEEHD 131,132,134 XU'136 . Kuroda®
BND EHIZ, 244Pu ORBENRICL > TRELRBETH DM, ONBFOPIIHETDHE L
KIBABER TR LT TV Ve EICEE & o TR 072 0IC, HESK 128,130 KU 132 DTFHE
BRI A5 THASH (Cameront?),

FERBHIZ L SRS OREN Y, 1963 FEYRATII L <ML TV VR 07223, bR < £l
EEH 124,126,128,130,131 RU} 132 DIFHEREHEART D ZLAMoT, 241Pu ORBIZHEROE
BN THLIE R-TEE,

1962 £E{Z Cameron*2F5 L7z stellar temperature (BDIRE T %) FHETFHHBEEEOREN T,
1969 EE ™ Apollo 11 @ AE FREOEZ TIZIX, Xo& W H-TUVedo7as Mb72a< LT, 19714
L B1Y, FERCA R R UHEBER AR HRICIHET 2/ ORI HEED, T ENRR2-> TV DD
I QERSEL. DERERSURE. (©) stellar temperature (BOBE TR Z AL TH#EL VD, 30
ORI L AR OHA I LA LD TH D ERR LI

LIAM, 1972 HiT/2HE Manuel 72514 i3, B (@), GKRV (@D 3 >O@EFRIZ L HEHLE
HEOEENIERTE 2RIT/NEVEDOTHS, LT, KEEaY FIA MPIZIL2-D20D trapped
xenon(h EMNETFELIEE /) BIEETHLEXDRNETHDLRR LI,

Manuel 725 40OZ 211, 1960 ERD B Ho7=¥ /) L ORNHAHEROBIR O E R HE O TH B, #
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LRRBRE DL 27 BEOHRTIL, r—ifiEE p— @R TER LHERI RS LTV E NS
Ez L, BIHITHB L —RONTIIEDNE, £ LT 6 H&IC s —type xenon DRERAEE X
T5, Manuel ZH M OBIIAL B END L 5 iThpo7,

FoR 1201 2HPu DTSRI SIHECET BTV

No. T F A Wwm
(VB v ORRITRIE 46EEINVRIDE [REE=2 RF 4 MI2-20 Strange xenon
PN ZEARHER L7z, (-HLEU Stype £/ V) &&te,

QF ) L ORNTRITEBFEOFTAREN /v -HL 13 ***Pu BHEL/ L (),
b, TRTOY ) VRNLITTRITE ORF b), (©D BRI L VAT DT/
3ODEE, %Y Bk (@), G), O  DEAWTHY. —F s—type B/ 4L

EoT, TOEBDIER LB TH D, TR Tl HET- ORI L > TR ST

H¥kr,

LA LED, 7 nHEOBRAIL, F1RITRURC, BiTE2ET N R E-THEL TS L,
FE2 I UTRIBo7AEmHTL B, FZTRUEE2RIORT L 972, KVFMARET IV Q%FE-TH
BE LT £<BocimprH LI

1993 G725 T Anders & Zinner'® i3, REE2V FIA MIFETHLEZOND, A
J VESIEET AMESTORERILERF LA, AU L 5 L FEARIBROFIZIX. $ ppm DL
BB ORI T REEN TS E, BTRI-TWBEFEZM, £ L TEENERE M Z & k5%
Thd, F14YEy FORFOFIIIE /v -HL BEHEESNTEY . r 8L p BROERE =T
Mo, BLLBHENDHIE LD THA D, —H, SiC DFDE ) 4L, s —type OIFEERTHND,
%4 [ROBEA Red giants)] 22537 & Bbha,

UL, ZTICEBRTREZEE, LD REHESTELZETNEE S TE ) ORRLTRERE AR
Lo L33l Br i L\VRIBEICER 3 5fRE 225 Z &1k Anders Zinner'® 2RO X 5 72fEwm
CEREE S D220 L THD ( [- - - - bR BYbE 51 TORWERKREFHL. KEEROVIH
OFERIZEET DIEREY . Ha lTe& B L2V, Thud, KBROFITEHNNIER - TERE L2 b TH S, |

—H. AHEETDE S, WL OIEMRET IV Q%S TY VANTTROT —Z ZAERT 5
&, B2 -HLX° s —type Xenon i%, FENITCHRANCHE2 (sotopically pure) #/E T2V & D iEE
BHTL %, $ROHAFE(HL) 1T 24 Pu BHZERM L. ATEDER (), b), QIXk->T, FfL
TR KRE S BB LY ) L OIREHTHY . — . %E (s —type Xenon) i, HEDTEV HPHET
DHHFAux) D% 5 (F7=8 / o Th B,

LT, ZOL S REHEORRNL, KERWEOHREREKTH LB o TVW5, C1EKRFEER
(Carbonaceous Chondrites)ix, ¥ 51 {EERTNICABROF DAV h=0 L T T DN K 05225 0.6
(BTt ORHZE  VEFEFFLUIIC®S, C2RFEEG L WO SEROBEAIL. tha b/ 1 {EFIT
DYBSTHEE ) VEFERELIIL®D, TEDO2 L RIA hRexar R4 ML, Thhrbi5EhE6
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{EFEBIZE ) VR R LII LD L WO RRE 125, DD, —RZELBNTVS 455 BEL VI K
BROFERIL, BEORGETHoBEN DN RIS 75D THS LW OERL 125,

Pierre Curie® 1 1905 B2, FEHOPIZITHED THERNOKEZVKFREIZEA L TR EEZ
Th, BETREILTIR1A5] LFo7hs #1905 FZBZXTWVBERIOKREVRIFIE, ik
FE1EDTHD, €L T, F70HBOEATL, COFHEFIL reactor-temperature neutrons(B-F4F
DIBEOFHET) T BREDEAIL stellar-temperature neutrons(2DIBEDTET) o7 ThH B,

FBERELE ST, 77V ADF 2 ) —RA L BAORE AN, AP CEFT IR LRI,
BEINENDThole, FFULERR=YLRRAOD 100 FREDFIHEY, ik ZOmRET &
EBRS VRU T ATBRE T X oI iERBBIRHTIRS BE2E ThH 5,
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1.5 NATURAL RADIATION AND RADIOACTIVITY IN EDUCATION

Masanobu Sakanoue

Professor Emiritus, Kanazawa University,
Miyano-ché 14-20, Takarazuka, 665-0843, Japan

ABSTRACT

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 100years 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 radiocactivity,
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 radiocactivity 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 tremblimg, 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.l 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 radiocactive nuclides,

On the other hand, a famous Italian chemist, Cannizzarro (1826-1310) 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 19 19
85 00 05 10 15 20 25 30 33
XU Th.Ta, RaA.RaTh + Atomic Nucleus - Auger Effect &

Ra, Rn. "B.C. lo, - Isotope. Diplacement law Neutron
R R Po.Ac. RaD, MsTh, uyY. - Artificial trans. of element
32 UX, ThX "F, Ux 2. Pa, uz. Sm,
y d. from Radioactive Minerals

Environmental Radioactivity » The Mineral Spring of Japan pub
- Rn and its shot-lived daughtetrs - Rare Earth Mineral in
-+ K-40, - Atomosph. Dep, (Comet"Halley™) Japan

- Rb-87. - "Hokutolite” (Radioact, Sinter Dep.)
« Cosmic Ray - Radioactive Dating

{CHEMICAL METHOD]

Co-precipitation, Law of Coprecipt.,

So lvent Extraction(with Ether), Radiocolloide, Aerosol,
Chromatography, Electr. Migration and Deposition,

(PHYSICAL METHOD] IM Fontacto-
Gold Leaf Electrometer, Wilson Chamber, Auto-rdiography, Scope,

Quadrant Electrometer. GM Tube,
Photography, Spinthariscope[ZnS(Cu)], Coincident
Emission Spectrography, X-ray Spectrography, Circuit;

19
1935 40 45 50 55 60 65 70 72

<« Artificial Radioactivity,
Tc. Np,Pu. Cm.Am, Pm, Bk, Es, Md, Lr, .
Fr, At. Cf. Fm, #Nucl.Syn. in Star{(B? FH thea.)
- Induced Nuclear Fission,, - Atomic Power Station, Apollo-11A
+ Spontaneous Nuclear Fission, * SNAP-9A Acc.
* Nuclear Reactor(CP-1), *Palomares A.
- Atomic Bomb Expl. Thule A. %
% _ Nuclear Test Expl. in the Atomosphere
¥ H-3 Activity, 3% Environmental H-3, 1993partial Test Ban Tr
X C-14, Yrproposed[Natural Nucl.R.]foundvy
[CHEMICAL METHOD] (TBP,)(TTA,) (HDEHP, ) ( DBDECMP)
Ion Exchange Resin, (High Mol. amine,) --Solvent Ex.—-
Alumina Chromatography, Partition Chromatography,
Paper Chromatography,
[PHYSICAL METHOD] Low BG Counting(C-14],
Lauritsen Electroscope, GI Chamber, Fission Track,
Nuclear Emulsion, Bubble Chamber, a Track, o« Recoil Tr.
Pulse Counting Tech.& Electronic Circuit, Multi Ch. PHA,
Naphthalene Scintillation,
Nal Scin., Si(Au)Semi-cond. Det., HpGe,
Liquid Scin,. Ge(Li), LEPS,

1973 Problems

o Kirin Meteorite fall

% Eu-152 found in Hiroshima § Dose Assessment for Risk Factor:

. Nucl. R. Satellite Acc. ¥ Effective Dose Equivalent Estm. :

"1 Three Mile [sland R. Acc. § Nuclear Reactor Safety:

s St. Helens volcano expl. -~-- Emergency Monitoring:

e C0-60 release at Tsuruga ¢ Risk - Benefit Analysis:

iR s Chernobyl R. Acc. t Radioactive Waste Disposal

o R B Super Nova SN1987 expl. ---- Natural Analogue Study:

1981 Volcanic Activity in Asia ete
Future —— —

oW o o W
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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 radiocactive elements, Po and Ra.

2. PIONEERING STUDIES BY ELSTER 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 “Grofien 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 paper?’ 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 ¥
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 #> 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 3’ 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 7nS powder had been used since 1903 for g ray scitillation
counting, detector using scintillation in transparent solid material developed
since 1947 when its first observation made by A ray in naphthalene was found by
H.Kallmanand. And then P.R,Bell found in 1948 that anthrathene gave larger pulse
than anthrathene and for y r ay 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" ¢ x4") detector enough to
secure a good counting statistics even at fairly high speed driving ® . 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 traversinge Shikoku Island
in Japan. On the southern part of Kochi highway, 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 Japan®’> were made with different colours of circles according to
the gamma 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 ®, the radiation levels (40-160 nGy/h)
of each tunnel is shown by deviding Japan into the following nine districts.

(I .Hokkaido, . Tohoku, II.Kanto, IV,Chubu, V .Hokuriku,VI.Kinki, VI.Chugoku,
VII.Shikoku, IX.Kyushu). On the whole, rather lower levels in Hokkaido district
and rather higer levels in Chubu, Kinki and Chubu districts are observed. After
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my retirement from university, I carried out with my wife for several years such
radiation monitoring not only over Japan, but also in China "’ with Hong Kong,
Malaysia® 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-kékou) 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 ® 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 radicactivity.

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 Miiller 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!*Pb [RaB] (its half-life:26.8 min.) and that of thoron by %!2Pb [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 (x100)
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 radiocactivity, tritium ( H* , T ), a soft 8
ray emitter, was discovered rather later in 1950 as HT from He-Ne fractions of
Firma-Linde AG (Z.Naturforsch.5A, 438-433) and in 1951 as HIO 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. Interresting tritium
data obtained by us on “Meisui-100sen", 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

_48_
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1998. And a special exibibition on " Mineral and Radiocactivity " 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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CONTRIBUTION TO THE HUMAN SOCIETY
FROM THE NUCLEAR SCIENCE AND TECHNOLOGY
BT/
/AR SO
Shejiro MATSUURA
Japan Atomic Energy Research Institute
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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 creation 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
modern 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.
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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 20135.

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

Fuel consumption

0 500 1000 1500 2000 2500 3000

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 large-
scale 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,
Sakamoto1-12-4, 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 '**) 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 1968%, 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



JAERI-Conf 99-011

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.
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Table 1. Number of subjects

Radiation Male Female Total
Dose(Gy)

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
Total 4,212 6,760 10,972

Death rate

100,000 ¢ All causes

10,000

1,000 -
: —e— Exposed (male)

~o. Control (male)

100 F .4
» —+— Exposed (female)

-4 Control (female)

1 o 1 1 L L L 1 L L L L  —
30 40 50 60 70 80+
Age

Fig. 1 Compare the mortality of exposed and control
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1.11 UNDERSTANDING NUCLEAR ISSUES
George Marx
Department of Atomic Physics, Eétvds 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 19" 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 20" century the revolution of modern science accelerated the pace of history from generations to short
decades. Theodore von Karmén discovered the Kdrmén 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 21
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
¢.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 21%
century are now sitting in the school banks; they are today students of present teachers. Comnelius 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=1. In case of death, C=1.) 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 N-R. 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 N=100 million inhabitants. If each person is
exposed to the 'affordable’ 1 microrisk, this means a collective risk N-R=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

"If you 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 al). 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 + CO,——C + O,), and the
energetic ultraviolet photons broke the oxygen molecules in the stratosphere, producing ozone (hv + O,—— O
+ 0, O, + O— 0O;). The ozone (O,) is able to absorb also the soft ultraviolet photons (hv=0.6 aJ), that the
electrons in the short O, and N, 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 (CFCI, 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 CI 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 sun-
tanned 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) =1decay/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 B-radiation, is 2--
10 for slow--fast neutrons, is 20 for a-particles and fission fragments. The dose-equivalent is defined as
D=QE/M. 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, &- and a-radiation). We know from the
bitter experiences of Hiroshima and Nagasaki that D>10 Sv is lethal. D=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 S 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 750-10* atoms. Biochemistry tells us: what kinds of atoms they are. The
percentage by weight and the number of atoms in units of 10% are given for the important chemical elements in a
body of 75 kg.
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H (10 %) 450 P (1.3 %) 1
0 (60 %) 185 Ca  (13%) 1

C (20 %) 75 S (0.5 %) 0.7
N (5.4 %) 19 K (0.3 %) 0.3
Na (27 %) 1.6 Rb  (0.02 %) 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: n+“N “C+H.

The *C nucleus is radioactive, it is produced and it decays, its equilibrium concentration amounts C/**C=10"2,
The gentleman of 75 kg contains 75:10% carbon atoms, including 75-10™ radiocarbon atoms. Of these
radiocarbon atoms 3000 decay every second.

Solar energy is liberated by the nuclear fusion of hydrogen: H+H “H+e', H+°H °He, 2’He ‘He+2H, but
reactions like ZH+*He *H+He also occur. The solar wind blows *H (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 *H/'H=10"". 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+*Sr  *Rb+H,

n+“Ca  ““K+H. Accumulation of the ejected materials made the Solar System. The Sun and planets were born
4.59 billion years ago. *Rb, having a half-life of 500 billion years, is still present, constituting 28 % of natural
rubidium. (25:10% *Rb atoms are present in the body of the gentleman.) 100 of them decay in each second. The
half-life of **K 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 30-10% of them. Due to
their shorter half life, many *’K 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 *H, C, ¥Rb is
small. The “’K 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 d-photons and all the neutrinos escape.) This means that the ionization
energy deposited in 1 kg of the body is (5§500/75)+(0.2 pJ/3)=5 pJ/kg s, meaning a dose-equivalent of 0.15
mSv/year. By adding the “C 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 d-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 2:10™ 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 2?Th is 14 billion years, that of 2*U is 4.5 billion years, that of *°U is 1.2 billion years, and that

of 9K 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 2*U (namely ?Rn) and that of “?Th (namely *’Rn) are not so
harmless: they are radioactive themselves. ?’Rn decays within one minute, therefore it usually does not have
time to diffuse into our living room. But *?Rn'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 10 Bg/m®
ventilated room 40 Bg/m’
closed room 80 Bg/m®
highly contaminated room 4000 Bg/m®
cave of very high activity 40000 Bg/m®

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/m’ 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: A=12 Bg/m® D=0.3 mSv/y R=0.15 microrisk/year
ventilated house: A=40 Bg/m’ D=1 mSvly R=50 microrisk/year
well insulated room: A=80 Bg/m® D=2 mSvl/y R=100 & microrisk/year
contaminated flat: A=800Bg/ m® D=20 mSv/y R=1000 & microrisk/year

Sweden has been built upon a granite block, relatively rich in uranium. Rolf Sievert and Bengt Hultqvist
measured the d-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 "energy-
saving" 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 N*R=(50-10%)- (10-10%)=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 d-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/m®. 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 leve!
radiation load of a few mSv/year seems to suppress cancer risk. A similar significant minimum was reported by
Esther Téth 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 mSy, 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. 1t 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 0.30 mSv/year
cosmic neutron flux at sea level 0.05 mSv/year
100 m height excess 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 0.18+0.15 mSv/year
4C and *H in the body 0.015 mSv/year
$Rb in the body 0.06 mSv/year
U-family in the environment 0.10 mSv/year
Th-family in the environment 0.16 mSv/year

Rn inhaled 0.3 mSv/year
Natural sources (rounded off) 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’ 0.5 mSv/year
in a light concrete house (9 mg U/kg) 1.8 mSv/year
in a brick house (3.5 mg U/kg) 0.7 mSv/year
in a light panel house (1.5 mg U/kg) 0.3 mSv/year

in a wooden house (0 mg U/kg)
Radon excess in the house (rounded off) 1 mSv/year

(' 1 mSv/year for 40 Bq/m’ 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 0.01 mSv/year
wristwatch with luminous numbers 0.02 mSv/year
watching black-white TV, 1 hour/day 0.01 mSv/year
watching color TV, 1 hour/day 0.02 mSv/year
medical X-rays, in average 0.5 mSv/exposure

Technological load (Hungarian average) 0.5 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 radiation-
induced 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 10'® Bq):

Hiroshima bomb 0.01
Present H-bomb 1

100 megaton bomb 10

All atmospheric tests 100
Windscale reactor accident 0.04
Harrisburg reactor accident 0.0001
Chernobyl reactor accident 4

Coal industry, yearly release 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* century.

For scientists, facts and numbers tell more than emotional and eloquent declarations. In past centuries (1400--
1800) the CO, 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 0.6°C.
The hottest year of meteorological history was 1998, but the spring of 1999 was warmer by 0.6°C than the
average of the 1960--1990 period. In the last summer, the temperature did not sink below 100°F 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 SO, produced smog, reproduces the past trends and fluctuations
successfully, therefore its predictions are accepted. Humankind releases 30 billion (10°) tons of CO, year by year,
which makes 2 % of the total CO, content of the atmosphere. A part of this released CO, is absorbed by the green
vegetation and the oceans, but it is rather certain that the atmospheric CO, content will double well within the
21* century. This will result in a temperature rise of 2--5°C, and a rise of see level well above 1 meter.

One must not forget where this CO, 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 CO,.
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 CO,. The population of our planet doubled in the
second half of the 20" 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 20™ 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 Sm. 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
CO, 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 CO, 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 CO, release - was demanded by the Greenpeace
International. Experts say that, for stopping the rise of the global atmospheric CO, concentration, a reduction of
the yearly release by 60 % would be necessary. The finally reached agreement was the following:

European Union --8 % U.S.A. --7 %
Bulgaria, Romania --8 % Japan, Canada -6 %
Czech Republic --8 % Poland, Hungary --6 %
Estonia, Latvia, Lithuania --8 % Croatia -5 %
Switzerland --8 % Russia, Ukraine 0%
Slovakia, Slovenia --8 % Australia +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 CO, 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 CO, 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 CO, 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% 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-be-
poets, businessmen and politicians) pay attention. This convinces the teachers that nuclear disarmament, energy
options, CO, 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.
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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 SCEAR 1993)

Hiroshima bomb explosion 1.5 thousand man-Sv
Windscale reactor accident 6 thousand man-Sv
Harrisburg reactor accident 0.05 thousand man-Sv
Chernobyl reactor accident 600 thousand man-Sv
E! Chicon volcanic eruption 10 thousand man-Sv
All underground bomb tests 0.2 thousand man-Sv
Largest atmospheric hydrogen bomb test 1000 thousand man-Sv
All atmospheric bomb tests 30 000 thousand man-Sv

Collective global doses pro year

Watches with luminous dials 2 thousand man-Sv
Flying by airplanes 10 thousand man-Sv
Medical (X-ray) diagnosis 1800 thousand man-Sv
Medical radiotherapy 1500 thousand man-Sv
Phosphate fertilizer industry 300 thousand man-Sv
Geothermal power 0.005 thousand man-Sv
Natural gas production 0.003 thousand man-Sv
Oil industry 0.1 thousand man-Syv
Coal fired industry 110 thousand man-Sv
Public dose from nuclear industry 1 thousand man-Sv
Occupational dose from nuclear industry 2 thousand man-Sv
Living in houses (radon indoor) 6000 thousand man-Sv
Natural radioactivity 7000 thousand man-Sv

Collective dose from producing 1000 GW-year electricity

Coal 20 thousand man-Sv
Oil 0.5 thousand man-Sv
Peat 2 thousand man-Sv
Natural gas 0.03 thousand man-Sv
Geothermal power 2 thousand man-Sv
Nuclear power 6 thousand 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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0.3
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0.7

iotal 23
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0.9
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0.5
0.05 6

iotal 8.1

GAS
0.4
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0.25

total 0.5
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0.9
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iotal 2
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1.2

0.8
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0.1
0.04
0.04
0.01 0.05
0.06
0.1
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0.02
0.01
0.05 0.12
0.47 0.25
total 0.7



