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7.1 Periodic Table as a Powerful Tool for Radiation Education
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Abstract

The periodic tables ordinarily start with an element of atomic number 1, hydrogen. Hydrogen atoms,
however, are derived from neutrons by way of 3 decay. Consequently, neutron should be located at a
zero position of atomic number, which corresponds to the left side and above helium. A periodic table,
especially with the zero position for neutron, is essential from present view of matter and serves as a

powerful tool for radiation education.

BE
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Introduction

Neutral particles in a nucleus have long remained unknown until Chadwick discovered a neutron
(1932), although J.J. Thomson and Aston had suggested existence of anything neutral (1912) through

recognizing light neon and heavy one by means of anode ray analysis, Rutherford and other scientists
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independently predicted that anything neutral (1920) should exist in the nucleus. What was a cause of the
difficulty in the history of discovery of neutron ?

A neutron criticality accident happened at the Tokai facilities of JCO, a nuclear fuel maker, on Sept.
30, 1999, and was discussed in various contexts domestically, and in a severe tone, especially at abroad
/1/. A background survey of the environmental neutrons has not been performed at any nuclear facilities
concerning fission in the country. Neutron monitor which detected and recorded the neutrons from the
JCO criticality accident was what had been equipped for fusion research facilities fairly distant from the
JCO, but not for facilities of nuclear fuel treatment. Radiation education on neutron has not been made
in both school and social education. In this country, textbooks of this field have been entirely unchanged
these 100 years, “We have three kinds of radiations, «, Band +y rays”. That is all. It is meant that
description on neutron was not seen in the textbooks. From this reason, scientists in basic fields and

science educationists also must be said to have been responsible

* Present address: Rokkasho Culture Society, 1-8, Nozuki, Obuchi, Rokkasho-mura, Aomori, Japan
039-3212
for the neutron criticality accident through making light of fundamental aspects of radiation education

and nuclear technology without revision of the old textbooks during 100 years.

Experimental (Social practice as Public Acceptance, hereafter PA, activities)

Just after the JCO accident, some lectures on properties of neutron were requested from the public
in the vicinity of Rokkasho nuclear site in order to they may be become familiar with neutron and be free
from anxiety on it. We, on demand, made lectures with a clear educational intention that an entire
ignorance of neutron should be conquered for the public in the Peninsula Shimokita (Mutsu and
Rokkasho), Chiba and Aomori. Focus is introduction of some explanation for understanding occurrence
and properties of neutron. The explanation on properties of neutron was made as follows:

1) Neutrons come to the earth from the sun and stars, and are falling on us as rain or shower both day
and night. This radiation which comes from the sky was called cosmic ray.

2) Secondary neutrons are derived from spallation (crashing into smaller parts) of nitrogen and oxygen
atoms in the atmosphere due to the cosmic rays, spontaneous and induced fissions of uranium and
transuranium elements, and neutron-producing nuclear reactions of light elements.

3) Neutron is beta-emitting nuclide with half-life of 10.6 min to decay into hydrogen, atomic number of
which is one.

4) Neutron is a source matter of hydrogen in the universe.

5) Neutron should be regarded as an element with atomic number of zero.

6) Neutron is located before hydrogen in the table of isotopes as well as in the chart of nuclides.

7) Neutron should be listed up on the periodic table, and location of it should be before hydrogen, that is,
left side of hydrogen, and above helium. The upper part of the left side of this newly arranged

periodic table /2/ will serve for understanding as ‘fusion corner’.
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8) Neutron gives its kinetic energy to hydrogen in the maximum efficiency. From this reason,
hydrogen-containing materials (as well as human body) serve as effective shields of neutron.

9) Neutron is neutral in charge, and is not affected by both positive and negative charges of atom, so
easily goes into matter without resistance. In other words, it has a great penetrating power against
matter.

10) Slow neutron easily gets close to nucleus and is caught by it. The nucleus which has caught it will act
as beta-emitting nucleus in most cases. So neutron will make radioactive matter, that is, activate
other matter.

11) We are not able to detect or count particles without charge such as neutron using electric or electronic
devices.

12) We must convert neutron without charge to any charged particle for detecting and counting.

13) Neutron reacts with boron to give alpha particle with the highest probability. This nuclear reaction is
employed for detecting and counting neutrons.

14) This same nuclear reaction is made use of protecting human body against neutrons with the highest
probability as well. Boron converts neutron (with the longest range of naturally occurred radiations)

into alpha particle (with the shortest range of them).

A Series of these explanations are arranged in a historical sequence and logically natural order. It
will be helpful for basic understanding of dynamical aspect of atoms. It, however, does not mean that we
always come to the last explanation. In one case we have stopped at the eighth explanation, and in other
case we have stepped to the twelfth one. A principle for selection is faces of audiences. Faces of

audiences serve as an indicator for selection of the proper steps to meet the situation.

Results

In Mutsu City, the meeting was organized by the Peninsula Shimokita Activation Society /3/. There
are some fireman and head of fire department among the audience. In the accident of Tokai, the members
of fire brigade were carelessly exposed to the neutrons in th criticality. So, they might have attended the
meting of their own will for the purpose of understanding a radiation of neutron. The audiences in most
cases understood the above-mentioned explanations, especially protection for human bodies using
nuclear reaction with boron.

In Rokkasho Village, the Conference of Health Collaborators organized the meeting for
understanding a shield against neutrons. They are responsible for helping medical doctors, nurses, and
health nurses against the safety of the public. They wanted to understand how to protect human body
against neutrons. Accordingly we proceeded to the last explanation in this case, and they learned about
neutron enough. In the course of meeting, they showed a deep sympathy to the villagers of Tokai who
were greatly disturbed by the accident.

In Chiba City, the members of the Society of Japanese Women Scientists organized the meeting at

the NatiOnal Institute for Radiological Sciences. The targets were pupils of elementary schools, those of
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junior and senior high schools, and citizens containing house wives. This meeting was accompanied by a
science experiment class for radiation measurements by audience themselves. Counters of alpha, beta and
gamma rays were ready for measuring samples, and a course of self-made cloud chambers and
measurements of environmental radiations using them were recommended. We, for the first time,
mentioned the new periodic table containing zero position of atomic number for neutron. After finishing
of the course of measurements, one of the middle-aged house wives came to us and told that the periodic
table with zero position of atomic number for neutron was very nice for her to make clear the meaning of
periodic table itself and to know relation between atoms and neutrons, and remembered her of the school
days. This comment by a citizen was the most encouraging for us to employ it for explanation of
understanding neutron.

In Aomori City, members of the Rotary Club organized the meetings, and members of Aoimori
Science BBL /4/ organized meetings periodically twelve times during these two years. As a theme of the
learning, topics of cosmic science were rather preferred to nuclear science. Universal occurrence of
neutrons in the cosmos, their change into hydrogen and reverse change under gravitation in neutron stars

and supernovae are reasonably understand using the periodic table containing neutron.

Discussion
1) Historical phase of the periodic table in relation with the discovery of radioactivity /Appendices 1/.

J.L. Meyer of Germany tried to classify elements using atomic weights obtained by S. Cannizzaro
(1862, 1868). D.I. Mendelejeff announced his first periodic table of elements (1869). The next periodic
table Mendelejeff proposed (1906) was a short period table similar as well as nowadays in use. On the
other hand, Werner- Pfeiffer preferred along period table. There were some vacant positions for
eka-elements that had not been discovered at that time. The word, eka, is a numeral of Sanskrit, one, and
means an element that should contact in vertical direction in the table, or in a more concrete sense, an
element that should locate just below in the table, because lighter elements were already known in most
cases. In the case of neutron, it, however, was of a lighter case, or of the lightest case of unknown
substances.

2) Possible effectivity for searching for any light particle.

When radioactive substances were discovered, they were recognized also to emit some light
particles in addition to electromagnetic wave similar with X-ray, and first of all, a beta ray was
recognized by Becqurel to be an electron with high velocity (1900), and an alpha ray by Rutherford to be
positively charged helium with high velocity (1909). During This period /5-8/ , if any lighter material
particles (apart from charge) than helium were supposed to be emitted in a phenomenon of the
radioactivity and were searched consciously, a situation in relation to the discovery of neutron might have
been so much different from the history. Before the discovery of neutron, a framework of human beings
for observing and thinking natural phenomena was so deeply affected from negativity/positivity dualism
/Appendices 2/ as a general principle that it seemed to be very difficult for human beings to think of a

neutral particle, and it took much longer than thirty years for them to discover neutron after discovery
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electron. It may be possible for us to call a lighter particle (than helium) emitted from decay of
radioactive substances or nuclear reactions as eka-helium /Appendices 3/, because it ought to exist in an
atom and to compose atoms as well as helium nucleus (alpha particle).

3) Effectivity for understanding relation between neutron and matter.

In some stage of classifying various kinds of atoms, there was clear step where hydrogen was
regarded as a component of atoms, because of atomic weight of each atom seemed to be integer times of
that of hydrogen. This hunch was not to be entirely a mistake when neutron was not yet discovered, and
was thought to rather contain implicitly possible existence of a particle with nearly equal atomic ‘weight’.
At this stage, the position with atomic weight of one and atomic number of one may regarded to be in
degeneracy with atomic number of zero. The discovery of neutron splits the degeneracy into the different
two states, neutron and proton, and the latter is written in atomic expression as hydrogen, but the former
itself is neutral to be located at the zero position of atomic number.

The house wife among the audience of the meeting at Chiba City told that, though she learned
atoms in the ordinary periodic table and neutron in her high school days, she was able to understand a
total image of substance and relation between neutron and matter under a sweep of eyes by our
explanation using the periodic table with zero position. This testimony given in the meeting for the public
seemed to be very important as that from non-specialist of science, and gave us the first chance inspiring
us so much that we employed with confidence the periodic table with zero position of atomic number.

4) Effectivity for understanding nuclear fusion reaction.

The upper part of the left side of the periodic table is effective for explanation of nuclear fusion
reaction, which takes place from four hydrogen atoms to give one atom of helium (and two neutrinos) in
the sun and stars, and from one deuterium atom and one tritium atom to gives one helium atom (and two
neutrinos) and one neutron in a fusion reactor on the earth.

5) The periodic table with zero position in relation to TABLE OF ISOTOPES and CHART OF
NUCLIDES.

We have various kinds of TABLE OF ISOTOPES /9/, in which the zero position of atomic number,
of course, has been established for neutron. Isotopes are one-dimensionally arranged versus atomic
number with internal order in mass number. If we make isotopes degenerate in mass number in the table
of isotopes, and make element degenerate periodicity in the periodic table with zero position for neutron,
resulting two one-dimensional series are entirely in agreement with each other. On the other hand, in
various kinds of CHART OF NUCLIDES /10/ published, the zero position of atomic number for neutron
is reasonably reserved rather as a starting point. Nuclides are expanded two-dimensionally versus atomic
number and neutron number with equal mass line with 90 degree against a line on which atomic number
is equal to neutron number. If we make the chart degenerate in neutron number, a resulting
one-dimensional series as well become the same as above mentioned two one-dimensional series. The
periodic table with zero position of atomic number for neutron, the table of isotopes, and the chart of
nuclides, irrespective of difference in appearance, are entirely equivalent from viewpoint of a scientific

recognition on matter.
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Conclusions

It has been made clear through our practice in the public acceptance activities that the periodic
table with zero position for neutron functions effective for radiation education to the public, especially to
beginners. It promotes understanding of dynamical aspect of atoms, namely, change of radioactive
elements with atomic number N (containing zero) emitting beta ray (electron) into elements adjacent to
the rightside with atomic number N+1, relation between neutron and matter, for example, neutron capture

(activation of matter by neutron), following decomposition (nuclear fission), and nuclear fusion reaction.
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Appendix
Appendicesl. Frdm atom to nucleus.
The word, atom, was originally introduced by ancient materialists as an ultimate particle of

which the universe is composed. The word, atom means not to be divided into any parts. At

beginning of the 19™ century this philosophical concept, however, has been changed by
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Avogadro into a scientific concept that shows what is actually countable one by one. At the

h century to the beginning of 20™ century, it came to

very short time from the end of the 19
be thought that atom should have any internal structure according to a series of discoveries
of X-ray, electron, radiations from uranium minerals, and polonium and radium as the first
group of radioactive elements. At this stage, the definition that atom is what is not to be
divided was no longer valid. Although atom has become something to be divided, it has
remained yet unknown how atom should be divided. In other words, nucleus was not yet
known, and consequently was not defined. It was in those days that the short period periodic
table of elements was introduced by Medelejeff. Discovery of nucleus could not be earlier
than recognition of alpha ray to be helium without electron (1909) by Rutherford group.
And, nucleus, was ultimately discovered (1911) through experiment of alpha ray scattering
with gold plate by Rutherford. Accordingly, about 10 years or more after J.J. Thomson
discovered electron (1897) may be said to be a creative twilight through which the scientists
roamed about a concept of nucleus /5-8/. At this stage, negativity/positivity dualism
functioned still effective. At the next stage, however, the dualism did not work well, and
twenty years passed till discovery of neutron (1932). Discovery of neutron may be said to

liberation from the old framework of thinking like the negativity/poitivity dualism common

to human beings irrespective east or west.

Appendices 2. The theory of negativity/positivity five elements (yin-yang wu xing theory) in ancient
China.

Ancient Chinese philosophers developed the theory of negativity/positivity five elements. The
theory is regarded to originate fro a shade/shine dualism. The terminology suggests that this theory of
southern origin, because it may be possible only in the subtropical region that a shade protects living
things from sunshine, and make them feel comfortable under shade of trees. In an early stage, theory of
shade and shine, and theory of five elements were independently proposed, and the former was developed
to more concrete negativity/positivity dualism, which combined with the latter to form one theory.

Here, five elerents mean wood, fire, soil, metal, and water. The order of the five elements should
be written in this way, because it has a meaning or an interpretation. Each of elements was composed
from rarest gaseous material, qi. It seems to be similar to ether that was thought by ancient Greek
philosophers to be the rarest and noblest element prevailing only in the universe above the moon and
named the fifth elements in addition to four elements (fire, air, water, and soil) in the universe below the
moon, namely on the earth. Both the qi and the ether were neutral in nature. The qi, however, later split
into twi phases, negativity (yin) and positivity (yang). At this stage, wood was thought to be composed of
less negativity and more positivity, fire was of positivity only (this is similar to phlogiston in alchemy),
soil was of half negativity and half positivity, metal was of more negativity and less positivity, and water
was of negativity only. This was a main pont of the theory of negativity/positivity five elements.

By the way, what does this order of the five elements mean? It seems to us curious logically. An
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ecological or historical viewpoint, however, leads us to an idea that order may be the sequence of

materials or phenomena necessary for muman beings or recognized or encountered by them at early stage

on the earth:

1) they lived in woods, or strictly speaking, they evolved from a higher kind of monkey in woods, found
themselves to be in woods,

2) they learned or found making fire from wood,

3) they learned or found making ash as a kind of soil by burning wood,

4) they learned or found metal by digging soil, and

5) they learned or found water (lake, river, and sea) by going out of woods.

The stage 1) to 3) correspond to times of earthenware, the stage 4) corresponds to times of metalware,

and the stage 5) corresponds to recognition of total environment as life-sphere.

The negativity/positivity five elements theory was applied widely for understanding and explaining
the nature and the human phenomenon, and during a very long time functioned a framework of thinking.
This theory was introduced to ancient Japan, and had a great influence on thinking, especially about
human phenomenon here, which would be said to continue even nowadays, because you would find or
the system to be alive in various kinds of antique style calendars, for example, the author is classified to
be as wood in element and to be as green in color according to the year of the birth. It should be
emphasized that negativity or positivity is a continuum in nature, but not a particle as well as an atom.
They related to only quality of element, but not to quantity or size. From this reason the theory has not

lead us to any internal structure of matter.

Appendices 3. Atomic science (scientist) and nuclear science (scientist).
The category of nuclear scientist is very new. A well-known nuclear physicist, Prof. Shin’ichiro
Tomonaga, for example, told himself to be an atomic scientist, and his field of science was called atomic

physics even at the times after the a world war Il. At an early stage of research of this field, the word,

d
' century. Nuclear

radioactivity, was exclusively used among new sciences at the beginning of the 20
science and scientists that come into existence in the latter half of the 20™ century for the first time and
reveal themselves suddenly in the presence of the public from the secret world of military research for
development of atomic bombs in the desert of Los Alamos. Even nowadays, the word, atom, is used to
the extent unreasonably expanded. Atomic bomb is a nuclear bomb in nature, and atomic energy is
nuclear energy in nature. Nowadays, atomic physics or atomic science, however, is no longer nuclear
physics or nuclear science. This kind of terminology might have any mental origin or basis. Apart from

specialists, this kind of terminology will lead the public to ambiguity between atom and nucleus, and

obscurity of scientific topics in general.
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7.2 The reality of radioactive contamination in construction of

Taiwan and the treatment concerned

BEDOBEEDIZBIT DS REB RO EE & T ONFEXR

Chin-Wang Huang
B 2R

Chung -yuan Christian University
Department of Chemistry
Chung Li City, Taiwan

Abstract

It has been more than 50 years since Taiwan started the research on the peace application of radioactivity.
During the first 20-30 years, it was found that the radioactive contaminated waste steel from atomic
power plants was recycled together with general waste steel and was used to make other products
including reinforcing bars. It was because the radiation resources ware not carefully controlled and
managed. Since 1982, the radioactive contaminated reinforcing bars and buildings were gradually
found, as the radiation dose rates were 5 uSv/h and 0.5 puSv/h, respectively. The radioactive nuclide was
all Co-60. By August 2003, 1,626 households, 7,824 people’s houses were founded to be radioactive
contaminated. Furthermore, radiation dose rates higher than 5 pSv/h were measured from 264 of those
householders. The government has stared to ameliorate this situation and 94.7% of the cases have
become normal. The cancer death rate of these people is found to be 0.49% (89 patients in 7,824 people,
39 was dead), and it is 4 times higher than that for general people. In order to solute this pollution
problem, the government has made the law to check the radioactivity of all reinforcing bars and to control
and manage those radiation resources more carefully. Additionally, there are tax exemption, subsidy, and

expropriation with compensation for the polluted buildings.
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0-1 551
1-5 391
Fig. 1 EEE CONHHRERRIE 5-15 119
S g o= 1 >15 145
y M"" Others 29
iy Total 1626

Radioactively Conla;ninalcd of Wall
(45.5 pSvih)

Table 2 HABTEEIER & BB AMEICHT D HE
(1992-1997)

In radioactive | In general
contaminated | buildinds
Buildings
No. of buildings 182 -
No. of households | 1609 -
No. of persons 7824 10 T A8
No. of cancer | 89 --
patients
No. of persons dying 39 110
of cancer
cancer death rate 0.49% 0.11%
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7.3 Teaching material for radiation education using zircon sand
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Abstract
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IKEB L. FRZEORFEEEDOBEEICOWTHEALE, £k, EEERDY S
CRINOBHEER ERTHRICHKHEL 2B, K MroEHENDIR—FZBRORBEIZONT
X, BELFEORETCRLTDON Y 7 ADRIE & BEM T CIREEBEIT 1.

1. Introduction

Many kinds of natural radioactivity exist in our environment and most of them can be found
underground in soil and water. A small amount of natural radioactivity also exists in our daily
necessaries such as potassic foods, and therefore in our body, too. Some of these types of
radioactivity are used in dating techniques for academic research and some are used for industries
such as nuclear power generation. This means that understanding radioactivity is becoming
increasingly important today.

However, many people have an emotional attitude towards the usage of radioactivity and
radiation, and they often say, “Although I do not understand it so well, it must be dangerous and
must be refused". This is partly because they have obtained very negative impressions from the
A-bombs in Hiroshima and Nagasaki, the Chernobyl nuclear power plant disaster, and recently, the
criticality accident of JCO. Furthermore, they have had almost no opportunity for s
practical study of radioactivity and radiation in their school classes because the
handling of radioactive isotopes is restricted by law and radiation measurement
equipment is too expensive for school budgets.

However, the very small amount of natural radioactivity existing in our

environment is not regulated by law and this radioactivity can be quantitatively

measured by a beta (/gamma) ray detector called “Hakarukun2” (Fig.1-1), which
Fig.1-1 Hakarukun2
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is lent to schools for free by the Ministry of Education, Culture, Sports, Science and Technology
through the Institute of Radiation Measurements (IRM). In this paper, we introduce safe and
inexpensive student experiments using zircon sand containing a uranium series, as well as a similar

experiment using several chemicals and foods containing potassium 40.

2. Experiments using zircon sand for students

2-1 Zircon sand
Zircon is a zirconium silicate mineral with the composition of ZrSiO,. It has high resistance to
weathering because it is chemically and physically stable. Usually, several hundreds (or several
thousands) ppm of uranium are contained in zircon as Zr*" can be easily replaced with U*" in the
crystal structure 2. Although zircon is contained in rocks, such as igneous rocks ®)_ it is not easy
to collect a sufficient quantity for students’ experiments from these sources because considerable
time and complicated techniques are needed. Therefore, commercially .
available zircon sand was used in this work.
Two kinds of zircon sand were used in this research. One was the
“Sand of Oceania" (Fig. 2-1), which is sold as a craft material at the Tokyu

Hands craft materials store in Shibuya. The other one was zircon sand
normally used to prevent the vibration of components of audio systems
(Fig. 2-2). The former came from Bunbury in Australia and the latter from

South Africa. As far as the results of XRD are concerned, these two kinds e
of zircon sand do not contain a high ratio of impurities because obtained ZREOM

peaks were in good coincidence with those of zircon and no other peaks ] 5@[{]@9 |
were detected in either sample. The “Sand of Oceania" was subjected to ’ Ly

radioactivation analysis to clarify the concentration of **U and their
daughters it contained.
- Gamma spectroscopic analysis Fig.2-2 Zircon Sand of South Africa

87.2g of the sample was put into a film case, and gamma rays from it were measured for
72000s with the Ge semiconductor detector. The result indicated that the uranium in the “Sand of
Oceania" was 1.66 Bq/g.
- Activation analysis

10mg of the sample was irradiated for one minute in thermal neutron flux (2.57x10%cm™s™)

coming from PN-2 in Kyoto University Research Reactor Institute. After being irradiated for 43
minutes, the gamma rays emitted from 29U were measured for 3760s with the Ge semiconductor
detector, and **U contained in the “Sand of Oceania" was calculated to be 1.25 Bg/g.

Although the concentrations of 2817 in the “Sand of Oceania” were not rigorously coincident
between the two analyzing methods, the difference itself was not so large and was unavoidable

28 was very small and its distribution was not necessarily uniform in

because the quantity of
natural substances. In any case, the content radioactivity of the "Sand of Oceania" is between 1 and
2 Bq/g, which is far below the legal limit (74 Bq/g) in Japan. Therefore, it can be said that the

"Sand of Oceania” is a suitable material for students’ experiments at school.
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2-2 Experimental procedures
Exp.1: Measurement of the radioactivity in ores
Since the radioactive content of the “Sand of Oceania” was identified as mentioned above,
radioactivity of any sample can be determined by comparing it with the “Sand of Oceania” and
considering the count rate of beta rays emitted from the same weight of samples. However, the
sample must contain a uranium series and no other radioactivity, because the “Hakarukun2” cannot
distinguish between beta rays emitted from a uranium series and those from other types of
radioactivity.
The value of the radioactivity in the "Sand of
Oceania" was treated as 1.5Bq/g based on the result of
2-1.

- Materials and equipment

Fig.2-3 How to fold a plastic bag

Two kinds of zircon sand (from Oceania and South Aftrica) o N
§ . & Sand of Oceania(Standard sample)
and soil of Ningyoutouge (20g each), a beta survey meter 156 sl of Nivgweitaie

“Hakarukun2”, polyethylene bags (85mm X 60mm X oo £ Zircon sand in South Africa

£ i X granaite in Naegi
0.04mm) - o
-Methods and typical results g 40
® Measurement of background (B.G). Put an empty bag § ,
g 0 |
under the measuring window of Hakarukun2 and keep o 05 1 15 2;
measuring for 3 minutes. Then, take an average of count Content radoactivity / Ba/g ,

rates during these three minutes and assume the  Fig.2-4 Radioactivity content of uranium series

average to be B.G,, which will be used to calculate and Count rate of beta-rays

the net count rate from the measured one in @. o ’
@Measurement of beta rays emitted from the standard g 120 i:;'mium s ’
sample (Sand of Oceania). First put the “Sand of ;3 ‘:g |
Oceania” (20g) into a polyethylene bag and fold the bag  [§ 4 = ,
in half as shown in Fig.2-3. Then, set this bag just under 3 40 \
the measuring window of Hakarukun2 and keep | ’ 22 2
measuring for 3 minutes to take an average. The net rate | 0 é?@t e /40% i
of the standard sample was 88.2cpm. Fig.2-5 Weight rate of potassium

Make a calibration curve using this value as and Count rate of beta-rays

shown in Fig.2-4, where the X-axis presents the
radioactivity per 1g of the sample and the Y-axis presents the count rate of the sample.

(3)Measurement of beta rays emitted from zircon sand of South Africa and soil sample of

Ningyoutouge. After measuring these samples in the same way as the standard sample, the
concentration of radioactivity in each sample can be obtained from Fig.2-4. Since the value of
the beta rays emitted from the South African sand and the Ningyoutouge soil was 57.6¢cpm and
72.6¢cpm, respectively, the radioactivity of the uranium series included in the zircon sand of
South Africa was 0.98Bq/g, and that in the soil of Ningyoutouge was 1.23Bq/g.

- Applied Experiment

Measurement of radioactivity contained in granite.  Although the radioactivity of a uranium
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series is also contained in granite, radioactivity other than a uranium series, such as potassium, is

also contained. If the weight ratio of potassium is known from some database etc., the radioactivity

of a uranium series can be estimated by the following procedure.

(D Apply the weight ratio of potassium of granite to the calibration curve (Fig. 2-5) on which the
relation between the weight ratio of potassium and the count rate of beta rays is presented. Then
the count rate of the beta rays emitted from potassium can be estimated (Details of this calibration
curve are described in the next chapter.)

(@Put granite just under the measuring window of Hakarukun2. Then measure the beta rays emitted

from granite for 3 minutes and take an average of the count rates.

@ Subtract the count rate of the beta rays emitted from potassium from the count rate of granite.

This is the value of the beta rays emitted from nuclides of the uranium series in granite.

@ Apply the value calculated in @ to the calibration curve of Fig.2-4. Then, the radioactivity of

the uranium series in granite can be calculated.

- Typical result; results of granite from Naegi, Gifu

Since the weight ratio of potassium in this granite is 3.91% “, according to the calibration
curve of Fig.2-5, the beta rays emitted from “°K are considered to be 8.4cpm. On the other hand,
when the granite was measured, the average rate (net) was 26.1cpm. Thus, the count rate coming
from the uranium series can be calculated as;

26.1cpm—8.4cpm=17.7cpm (1)

When this value is applied to Fig.2-4, the radioactivity of the uranium is considered to be 0.30Bq/g,

which is correspondent to 25ppm. Although this value is not rigorously coincident with the value

(11ppm) in the database o rigorous coincidence cannot be expected because the samples were

natural, which means that the composition was not necessarily uniform in all samples, and other

kinds of radioactivity, such as thorium, might be contained. -

Exp.2 : Experiment to encourage thought about disposal of nuclear

waste

Zircon is chemically very stable and is also resistant to weathering,

as mentioned above. In addition, it has a property to enclose uranium : LE,
Fig.2-6 Activated charcoal
with zircon sand

be used as a model of a material to confine nuclear waste. - I

and its daughter nuclides in crystal structures. This means zircon can

- Preparation 260 | B
A beta survey meter “Hakarukun2”, Zircon sand, soil of %1500 4 *
S
Ningyoutouge, two airtight containers (about 1100ml), activated | %1000 \
charcoal 2g X 2, and a tray for activated charcoal. € %,
2 500 ®
- Experiment method and example result -
. . . . . 0
@ Put zircon sand in one airtight container and the soil of 0.00 5.00 10.00
Ningyoutouge in the other. time/d
@ Put activated charcoal on the tray and set it on each sample Fig.2-7 Decay of 22Rn collected
carefully. Then, close the cap and leave it for one week. from soil of Ningyoutouge

(See Fig.2-6)
@  After one week, take out the activated charcoal and put it in the polyethylene bag. Measure



JAERI-Conf 2005-001

the beta rays with Hakarukun2. In our experiment the results were 1835cpm and 6.8cpm with
respect to Ningyoutouge and zircon sand, respectively (See Table. 2-1.).

@  Confirm whether or not the radiation measured by @ was emitted from 22Rn.
A typical example of the results, the decrease of count rate, is shown in Fig. 2-7 and the
observed half-life was close to that of *’Rn (3.8 days).

Table.2-1 Results of beta-ray measurement

Sample Beta-rays emitted from sand/soil Beta-rays emitted from activated charcoal
Sand of Oceania 88.2 cpm 6.8 cpm
Soil of Ningyoutouge 72.6 cpm 1835 cpm

2-3 The trial lessons
2-3-1 Content of the trial lessons
We conducted trial lessons using the practical
work described in 2-2 at some private senior high
schools in Tokyo for 207 (4 classes of) twelfth grade

Fig.2-8 Cut scenes from the class

students from June 7-18, 2004. The name of the
Table.2-2 Students’ remarks in the second period

subject was "Earth science 1A” and some of the

cut scenes from the class are presented in Fig.2-8. Positive comments of students

The details are as follows: % I did not think that radiation came from seaweed.

My image of it changed when I understood that it

First Period: Basic knowledge about radiation was also around us.
and radioactivity (lecture) %  Although it is considered only as a dangerous thing,
To provide the minimum knowledge needed in if radiation is in a very small quantity, it does not
subsequent experiments, we gave a lecture; the seem to affect the human body.
difference between radioactivity and radiation, * It was good to have an experience that was not easy.
natural radioactivity in our immediate environment It was pleasant.

(4°K was mentioned as the example), kinds of % [ want to investigate how much radiation is needed

radiation, half-life and etc. | to have an influence on the body.

Second Period: Measurements of radiation Negative comments of students

emitted from familiar things (experiment using * It was shocking that radiation comes from things we
potassium 40) usually eat, such as seaweed.

Since there were many students who mentioned * It turns out that there is also radiation around us. I |
atomic bombs and nuclear power generation when feel this is somewhat frightening.
describing their images of ‘"radioactivity and %  Using the measuring instrument was difficult.

radiation”, an experiment was conducted to show
that radioactivity was also contained in familiar things in the form of natural radioactivity. Several

samples were prepared (potassium chloride, a potassic fertilizer, seaweed, edible brown
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algae, cut and dried Japanese radish etc.) , all of which
contain **K. The students measured the beta rays
emitted from these samples using Hakarukun2. Since
they were able to recognize that potassium was contained in
all the samples mentioned above, it was not difficult for them
to find that radiation was emitted from potassium. The
purpose of this experiment was to put emphasis on the
following three points rather than just to perform simple
calculations.
(D To understand that radiation is also emitted from many
familiar things around us.
@To learn how to use Hakarukun2 (especially the memory
call function etc.)
@ To understand the meaning of operational procedures,
such as measuring a background
Students’ comments written on their work sheets are
summarized in Table.2-2. It seems that for the students who

mentioned atomic bombs and nuclear power generation as

Table.2-3 Students’ remarks about

the third period

| Positive comments of students

1. It turns out that radiation comes
from various things.

2. I was worried about it until I
investigated it, since granite is used
for the walls and doors of houses,
but afterwards I was reassured.

3. 1

Hakarukun?2 to measure.

mastered how to use the

4. [ want to measure concrete etc.

Negative comments of students

1. Although I thought that radiation was
not related to myself and had a vague
image of it, I was surprised to find it
in sand. It was a little frightening.

2. The usage of calibration curves was

their images of "radiation or radioactivity”, it was a great difficult.
surprise to find that radiation also comes from familiar things
such as seaweed. There were Results of students experiments Results of students experiment
. ( zircon sand of South Africa) (Soil of Nin toiiEs)
some students who modified 7 T | s — e
o o 60 o 40
their image although there was £ 5 ta5 .
° o
3 3 30
also a student whose comments & 40 & 5
o b3
. 30 ° 9g |
revealed that the previous | 20 235 |
£ k-] |
“dangerous" image remained |2 10 E 19
3 = Zz 5
. = 0 =
firmly fixed. Anyway, this was & @ B B = T e .
o C O 6 O = = = ~ =
a lesson that aroused great | Content radioactivity / Ba/g
surprise in students. Fig.2-9 Results of students’ experiments
Third Period: Measurement of the

radioactivity in a uranium series (experiment)
The exp.1 and applied experiment in 2-2 were conducted.

As for the applied experiment, the

calibration curve and the weight ratio of potassium in the granite were given beforehand, and the

students used this information to solve the problem.

The values of radioactivity which students acquired from their experiment are summarized in

Fig.2-9, and comments are summarized in table 2-3. The mark | in Fig 2-9 shows the correct
value of the preliminary. Many students obtained the radioactivity content of each sample correctly.
Since this was the first time many students had used the calibration curves, many of them were a
little confused in the calculation in exp.1. However, they were able to calculate the radioactivity
content with no problem after some repeated explanations from the teacher.

As for the calculation problem of the application experiment, the number of students who
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solved this by themselves was very small but they seemed to understand after further explanation.
Fourth Period: Summary

The exp.2 in 2-2 was demonstrated first. The students were able to identify the radioactivity on
the activated charcoal as being radon, based on the decay rate (half-life) of the count rate. Then
they learned how various types of radioactivity, such as uranium and potassium, were confined in
granite and that heat generated by the decay of radioactive nuclides becomes a part of the
geothermal energy of the earth. We also explained that it was possible to confine radioactive
species such as fission products from nuclear power plants for a very long time if the confining
materials were chosen properly.

After some explanation on health physics was given to students, the cloud chamber was shown
to them using video teaching materials so that they could confirm visually that radiation was being

emitted from radioactive substances.

3. Students Experiments Using b '4
3-1 Experiments

In the applied experiment of the exp.1 in 2-2, the calibration curve between the weight ratio of
potassium and the count rate of beta rays was used. This curve is easy to build using Hakarukun2
and some chemicals in which potassium content was known as presented in our previous work
(Kamata, Fukagawa et al.) ®. Since this building procedure is expected to be useful in senior high
school chemistry classes, we tested it in two senior high schools.
3-1-1 Preparation
Instrument: “Hakarukun2”, several polyethylene bags (85mm X 60mm X 0.04mm),
Samples (chemicals): potassium chloride, potassium alum (each sample is about 10 g)
Samples (foods, commodities): seaweed, edible brown algae, instant coffee, and potassic fertilizer.
3-1-2 The experiment method

D Measure BG as explained in the exp.1 of 2-2.

@ Fold a polyethylene bag in half with the sample (10g of potassium chloride and/or potassium
alum) and put it just under the measuring window of Hakarukun-2. Then, measure it for 3
minutes.

@ Subtract B.G. obtained in O from the results of @), plot "the count rate of the beta rays
emitted from “°K" to the weight ratio of potassium contained in the sample, and make a
calibration curve.

@ Measure food in which potassium is contained in the same way as ©.

® Subtract B.G. from the results of @. Then, calculate the weight ratio of potassium in the food
using the calibration curve of 3. Compare the result with the data in the food ingredient

table”,

3-2 The trial lessons
3-2-1 Content of the trial lessons
We conducted trial lessons using the experiment described in 3-1 at the following two senior
high schools B and C for nineteen 11th grade students on June 25, 2004 in the subject of
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Chemistry I, and for forty-two 12th grade students on June 9, 12 and 13, 2004 in the Chemical
Experiment Course.
Senior high school B: A standard private senior high school in Kanagawa prefecture
Senior high school C:  Senior High school attached to Tokyo Gakugei University
We gave these students a questionnaire (pre-test) before the experiment in order to check their
ability to recognize radiation and radioactivity. After the experiment, in order to judge whether the
contents of the experiment were suitable for high school students, we gave another questionnaire
(post-test)
3-2-2.The results of the questionnaire
(DThe results of the question "which of the following are considered to emit radiation?" are
presented in Fig.3-1. Since seaweed, chemical fertilizer and alum were used in the experiment,
changes in the answers before and after the experiment were very large as expected. Furthermore
the right answers regarding “Your body” also increased after the experiment although we did not
discuss clearly anything about radioactivity in the human body. This means that there were students
who understood that **K was also taken into the body with non- radioactive potassium contained in
food.

As for “air”, the reason 100% - 100%

for the increase in the number
of right answers might be the
background radiation the

students measured.

20%
. 10%
© Figure 3-2 presents the (e
i ‘ TR S S|
answers to the questions that ﬁef & WF o o ‘: r
examined students’ concepts |\F € & — | &
& B high school ||
before and  after the o =——— i ___E |
0 | HBlpre-test  Mposttest | % | Bpre-test M post-test |

experiment. In all items, the
Fig3-1 What do you think emits radiation? (pre-test and post-test)

number of correct answers

increased after the experiments. Especially, we can see a Results of student experiment(Kelps)

big deference in c."Damage to health when a very small -

amount of ‘Radioactivity’ is taken in". It was thought

Frequency

that their recognition changed through the experimental

) Sl Rt i3 I
they usually eat. 30 40 50 60 70 80 90 100

@ In order to investigate the accuracy of students' it s )l s R

activities such as measuring the radioactivity of seaweed 5 I R

measurements, the potassium ratios in the seaweed measured by students were compared as shown
in Fig. 3-3. The value reported in a food ingredient table is 7.1%”, and half the students acquired
the value of 6.0 - 7.9%. From students, there were comments such as, "I did not think that a correct
result would come out in such an easy method" and "I was glad that the exact value came out."
@As for the contents of the experiment, 85% of students Fig.3-3 Results of students’ experiments
of both schools answered, "It was very easy" and “It was

39

easy”.
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As for the question on whether students had become interested in radioactivity through this
experiment, 87% of students of both schools answered, “I became very interested in it.” and “I
became interested in it.” Although the students who answered that they wanted to learn more about
radioactivity and radiation remained at 33% of the whole, many students wrote the comment

"pleasant", or "easy".

a. "Radiation" and "radioactivity” are products of modern civilization, and do not exist in nature.

B Yes.(wrong) DONo.(correct) O1don't know)

; ' L ‘ =
21% — 21% 0 —— 0%

<]
N
E

! |
— A7% 93%

‘ Pre—test Post—test ’ | Pre—test [ Post-test

(B High School) {C High School))

b. There are some ordinary foods that contain "radioactivity".

B Yes. (correct) ™ No (wrong)J 1 don’t know

|

2% _ ;5%, s 0%

‘ 9% e 95%
Pre—test Post-test || Pretest Post—test

(B High School) {C High School)

c.  Health will be injured if "radioactivity" is taken in, even if the quantity is small.

M Yes.(wrong) ONo.(correct) Ol don't know.

Post-test Pre-test Post-test

(B High School) . (C High School))

Fig3-2 Some opinions concerning radiation (pre-test and post-test)

4. Conclusion
This paper reported several experiments for radiation education that can be easily done by high

school students using natural radioactivity. Practice research showed that many students obtained
new knowledge and changed their understanding of radioactivity and radiation during their activity.

In practice, our experiments were confirmed to be available in classes of Chemistry and/or Earth
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Science. It should be noted here that they are also expected to be useful in many places other than
senior high school because they do not need any dangerous chemicals or special techniques, and

can make younger students more interested in radioactivity in their environment.

(References]
1) Trocellier, P. ; Delmas, R., Nuclear Instruments and Methods in Physics Research B181

(2001)408-412
2) Lomenech, C.; Simoni, E.; Drot, R.; Ehrhardt, J.; Mielczarski J., Journal of Colloid and Interface

Science 261 (2003) 221-232
3) Nakata, K.; Komuro, K., The Earth Monthly, Vol.26 (2004) 486-492
4) GSJ Geochemical Reference samples Database,
http://www.aist.go.jp/RIODB/geostand/welcomej.html
5) Kamata, M.; Fukagawa, S., Chemistry and Education (in Japanese), 48 (2001) 736-737
6) Kamata, M.; Fukagawa, S., Chemistry and Education (in Japanese), 49 (2001) 582-584
7) Japan Science and Technology Agency, Food composition Database, http:/food.tokyo.jst.go.jp/

— 428 —



JAERI-Conf 2005-001

7.4 THE PRINCIPLES, TERMS AND RESPONSIBILITIES CONTAINED IN
THE ROMANIAN LEGISLATION RELATED TO COVERAGE OF RISK IN
NUCLEAR ACTIVITIES DEVELOPED BY
SOCIETATEA NATIONALA NUCLEARELCTRICA SA

Mariana VATAMANU
Societatea Nationala Nuclearelectrica SA
Bucuresti, Romania

Abstract:

Societatea Nationala “NUCLEARELECTRICA” (SNN) SA, a Romanian state
owned stock company, established in July 1998, following the restructuring of
RENEL, the former centralized Romanian Utility is the Owner of the Cemavoda
Nuclear Power Plant and has three main branches:

"CNE Prod", operating Unit 1 Cernavoda NPP;

- "CNE Invest", including Units# 2 to 5, actually in charge with the

completion of Unit 2;

"FCN - Pitesti”, the nuclear fuel factory

Cernavoda NPP project is based on technology transfer process from Canada, italy

and United States for CANDU 6 reactor type. The transfer of technology covers

mainly nuclear island, secondary cycle and turbo — generator

¢ Romania has a well developed nuclear infrastructure

¢ Heavy water plant (ROMAG)
e TFuel fabrication facility (FCN)
¢ Technically qualified CANDU experienced staff
¢ Nuclear R&D program
This places Romania in an excellent position to optimize their resources and nuclear
infrastructure with the construction and the operation of Cernavoda 2 and 3.
® Romania is part of Non Proliferation Treaty, Third Part Liability Convention,
Nuclear Safety Convention, etc.. The Romanian nuclear regulations are in line
with the European Community legislation

e In accordance with general international practices of Nuclear Operators and
with the International and National specific Legislation regulating the nuclear
activities in Romania, Nuclear All Risk — Material Damage and Nuclear
Liability insurance policies are placed by SOCIETATEA NATIONALA
NUCLEARELECTRICA to the international nuclear “pools” from February
1995.

s Regarding the environmental protection, each unit of Cernavoda NPP can
accommodate spent fuel for ten years of full operation. Furthermore, Romania is
developing radioactive waste management programs and adopting concepts
recognized worldwide (interim dry storage, near surface repository for low and
medium level waste). The final repository of the nuclear spent fuel is subject to
future decision.
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e Based on the experience of decommissioning of older CANDU nuclear plants,
decommissioning process of Cernavoda Project have been evaluated.

e (Cernavoda site complies with the requirements of international standards
concerning nuclear plants

e The nuclear safety standards applicable to Cemavoda NPP Units 1&2 site
construction and operation comply with all safety principles included in IAEA
guideline and regulations.

A variety of public and private insurance tools may be used to transfer risk resulting
from extreme weather events associated with climate change. The most prominent of
these regimes have developed in connection with risks from nuclear damage, oil spills,
transportation of dangerous and hazardous goods, and the pollution of watercourses
through industrial accidents.

The paper will introduce how insurance tools are used within these existing regimes to
transfer and share risk and losses and present the tiered compensation systems currently
used in these regimes to redistribute risk. This is done to allow consideration of how
similar concepts might be used to address transboundary damage resulting from climate
change.

Finally, the nuclear third party liability regime in Romania shall be described and the
way Societatea Nationala “Nuclearelectrica” S.A. — the key player and promoter of
Romanian nuclear industry development —

Main text:
Briefing history of the Romanian Nuclear Program

The Romanian nuclear power program starts with VVER 440 implementation study and
analysis in early “70s. The program took shape in ‘80s with site selection of the first
Romanian Nuclear Power Plant at Cernavoda, in Dobrogea region on the right side
of the Danube River, about 160 km east of Bucharest. Cernavoda NPP was designed
with five units of 700 MWe each.

In December 1978 the license contract with AECL was concluded, as well as other
contracts for engineering and technical assistance services, equipment and materials
procurement, for the nuclear part of the Unit 1. The services, engineering and
procurement contracts were extended for Unit 2, in 1981. In February 1981 was signed
the contract for the conventional part of the Unit 1 and 2 (turbogenerator set, electric
generator and auxiliaries) with General Electric (USA) and ANSALDO (Italy).

The construction of the Unit 1 started in 1979, under Romanian management, and in
1991 the completion was about 45%.

After 1990, this program was reconsidered and based on IAEA recommendations,
RENEL signed in 1991 a Project Management Contract (PMC) with AECL -
ANSALDO Consortium (AAC), stipulating that he consortium will take over the project
management activities, including the completion and commissioning of Unit 1. The
Consortium provided also the initial operation of the plant, and on-the-job training of
the Romanian personnel. A group of Romanian specialists worked in the Project
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Management Team (PMT), under the direction of the Canadian and Italian managers, in
order to acquire the necessary management skills.

The Project Management Contract (PMC) between RENEL and AAC was the first
significant co-operation action of western organizations and a utility of Central and
Eastern Europe for the completion of a Nuclear Project. Cernavoda NPP is the sole
nuclear facility in Eastern Europe effectively relying on Western technology and on
internationally recognized safety criteria.

It is a general rule of international law that States have the responsibility to ensure that
activities within their jurisdiction or control do not cause damage to the environment of
other States or to areas beyond the limits of their national jurisdiction. This rule is
reaffirmed in Principle 21 of the Stockholm Declaration, and Principle 2 of the Rio
Declaration. It is also repeated in the preamble to the UNFCCC.

It is a further principle of international law that every intemational wrongful act entails
international responsibility. In the context of transboundary environmental damage, this
principle has two parts: first, a State has a responsibility to take measures to prevent the
occurrence of transboundary environmental harm; and second, a State has a
responsibility to redress damage if transboundary harm occurs.

International liability and compensation regimes typically impose civil liability on third
party private and public actors responsible for the damage caused by environmental
disasters. In so doing, these civil liability regimes, which are negotiated among States,
and address State-regulated industries, further Rio principles. They deter mined
transboundary environmental harm from domestic industries, by creating cross border
financial repercussions for economic activities that may have significant cross-border
impacts.

They also serve a reparative function, by identifying or creating funding sources to
compensate for transboundary damage caused by domestic industries. In this way, civil
liability and compensation regimes implement the polluter-pays principle by shifting the
costs of transboundary environmental harm that might otherwise be borne by society at
large, through government disaster relief and collective loss, sharing mechanisms at the
first instance, directly to the person or entity most responsible for the activity causing
damage. If operator liability proves insufficient to ensure redress, these regimes fall
back upon agreed state and global collective loss sharing arrangements to address
uncompensated damage.

These civil liability regimes are instructive for addressing the role of insurance in
combating climate change-related risks, because each has considered how to allocate the
risk of transboundary damage among individuals, the private sector and governments,
and each has employed insurance and collective loss sharing strategies to minimize the
financial impact of man-made disasters, and assist in prompt response.

. Liability and compensation schemes as insurance

Liability and compensation regimes commonly channel liability for damage resulting
from a dangerous activity to the entity undertaking that activity. Liability is strict —
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meaning that liability is tied to the conduct of the dangerous activity giving rise to
damage, rather than to the actual fault of the operator. Liability is also generally limited
to a fixed amount, based on the risk posed by an operator’s specific activities. In
exchange for the benefit of limited liability, operators are required to secure and
maintain insurance, or other forms of financial guarantees, corresponding to their
liability.

The existence of agreed financial limitations on what could otherwise be unlimited
liability, as well as limitations on the time within which claims may be brought, and
upon the types of damage for which recovery may be had, all serve to render the
economic risk from undertaking dangerous activities estimable, and therefore insurable.
Mandatory insurance requirements then make certain that these risks are in fact insured
by the operator. Above these limits, the structure of supplemental layers of
compensation are agreed to address excess loss.

Insurance Related Actions

International liability and compensation regimes are themselves a form of pre-disaster risk
hedging instrument, purchased by participating State governments (and their taxpayers) through
international negotiations. The State’s cost is the expense of negotiating a civil liability text with
other State Parties, and the expense of constructing a domestic legal and institutional framework
to implement the agreed international framework. In developing countries, this cost is often
subsidized through financial assistance for negotiation and implementation.

With a third party liability regime in place, governments that might otherwise have been
compelled to tap their own disaster funds (or resort to donor funds) to address response costs
and damage for the transboundary impacts of a major oil spill, a major nuclear disaster, or the
toxic contamination of a major water supply, can shift post-disaster response costs directly to a
strictly liable private or public entity (or its insurer), eliminating the transactions costs involved
in proving fault and collecting damages.

n some situations, governments may also be able to shift a portion of their response costs to
other governments, through collective loss sharing arrangements. Where regimes create
mechanisms for the handling of individual claims for compensation, resource-constrained states
are relieved of a portion of this burden as well.

Participation in these regimes reduces uncertainty (risk) for States, who might otherwise be cast
in the role of unwilling insurers of their own and their citizens’ losses. This can occur when
adequate compensation cannot be obtained from responsible parties, either because operator
liabilities have caused bankruptcy, causation cannot be determined, the responsible party cannot
be located, or domestic laws are inadequate to guarantee recovery. These regimes also reduce
uncertainty (risk) for potential victims, by ensuring the availability of a certain minimum level
of compensation, and elaborating procedures for the presentation of a defined category of claims.
Finally, these regimes reduce risk for investors in business operations engaged in high-risk
activities, by defining limits of liability. This in turn helps to ensure that exposure to liability
does not deter economic activities that are viewed as in the public interest, despite their
associated risks.

Potential victims and States do nonetheless retain certain risks: the cost of pursuing
compensation or reimbursement claims under the scheme (in effect, payment of a deductible);
and the risk that damage will exceed limits of liability and not be recoverable (in effect, exceed
policy coverage). However, liability and compensation regimes may further reduce these risks
through the provision of supplemental cover.

Role of insurance and collective loss approaches within compensation and liability regimes

International civil liability and compensation regimes typically require the private or public
operator of a dangerous or hazardous activity to maintain sufficient insurance or financial
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security to cover claims up to an established liability limit. This compulsory insurance
requirement ensures that a reliable amount of funding will be readily available to compensate
victims in the event of a disaster.

Over the years, tiered compensation systems have evolved to provide supplemental coverage for
those situations in which claims exceed the limits of the operator’s limited liability and therefore
the operator’s compulsory insurance coverage. These tiered systems have many similarities with
commercial reinsurance. They have been created where: (1) the potential damage from a
particular risk is so great that it cannot be insured by the private market alone; (2) the limits of
liability established in international treaties have proven to be too low (potential economic
losses from accidents involving hazardous mitts operator liability cannot be easily amended,

(3) a public policy decision has been made to share uncompensated losses collectively, at the
state or global level; or (4) a public policy decision has been made to direct “overflow” losses to
a class of actors other than operators, who are nonetheless causally linked to the creation of the
regulated risk.

Not surprisingly, the most elaborate tearing systems have developed around the activities that
pose the greatest threat of massive transboundary damage and consequently the spectre of the
greatest potential liability and costs of redress. In these situations, tiering has served to spread
the risks of damage beyond individual operators, to operator industries as a whole, to public
funds and/or to international solidarity funds, much in the way that reinsurance is used to
backstop insurance and in the way that governments or the World Bank backstop national
insurance systems. This evolution is most readily seen in the oil spill regime, which presently
uses a two-tiered system of compensation, and the nuclear damage regime, which uses a three-
tiered compensation system.

The nuclear conventions create a three-tiered system of compensation. The 1960 Paris
Convention, as amended by the 1963 Brussels Supplementary Convention, and the 1963 Vienna
Convention, which are linked by a 1988 Joint Protocol, together address risks from the peaceful
use of nuclear energy.

These regimes combine operator liability and insurance obligations in a first tier, backstopped
with installation state public funds in a second tier, further backstopped by a global collective
loss sharing mechanism in a third tier. This tiering recognizes that given the almost incalculable
extent of possible damage from nuclear incidents, it is not possible to internalize the costs of
potential damage as a risk management strategy.

At the first level, these conventions hold operators of “nuclear installations” (primarily facilities
used to generate nuclear energy) strictly liable for damage resulting from nuclear incidents.
State Parties are required to establish by national legislation a minimum operator liability of
US$5 million SDRs for damage resulting from any one nuclear incident under the Vienna
Convention, though States may allow for higher limits. The Paris Convention establishes a
maximum limit of 15 million SDRs, though States may agree to greater or lesser amounts,
though no less than US$5 million. The operator’s minimum liability is to be guaranteed by
insurance or another form of financial security (operator insurance). At the second level, if the
operator’s financial security is insufficient to cover the limit of liability established by the State,
under the Vienna Convention the State must make up the difference, up to the operator’s limit
of liability. Above the established operator’s limit of liability, supplementary public funds are
required to be made available up to a total of /75 million SDRs by the State Party in whose
territory the nuclear installation that caused damage is located (installation State public funds).
At the third level, if damage exceeds the 175 million SDRs provided through the second level, a
Sfurther sum of 125 million SDRs (bringing the total available from all sources up to 300 million
SDRs) is to be provided from public funds contributed jointly by all Convention Parties, on the
basis of a predetermined formula, based on each Party’s installed nuclear capacity and UN rate
of assessment (international collective loss sharing). Under the 1963 Brussels Supplementary
Convention, contributions are based 50% on the ratio between the GNP of each Party and the
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total of the GNPs of all Parties for the year preceding the nuclear incident, and 50% on the basis
of the ratio between the thermal power of the reactors situated in the territory of each Party and
the total thermal power of the reactors sited in all Parties (again emphasizing the polluter-pays
principle).

As with the oil spill regime, the liability imposed under the nuclear conventions has effectively
resulted in layers of insurance pools. Because the capacity for individual insurers to cover
nuclear risk is limited, national insurance pools have been organized to allow a number of
insurance companies to each contribute to cover a small part of the third party liability of an
operator. (Vanden Borre, 2002). As a result, Dutch operators are restricted to buying third party
liability insurance with the Dutch pool, Belgian operators restricted to the Belgian pool. Vanden
Borre explains that pool members (i.e. insurance companies) declare each year how much
coverage they are willing or able to provide, so that the capacity of the pool is equal to the
contributions of its members. This allows insurers to insure a greater nuclear risk, because the
amount of exposure is known. Reinsurance of nuclear risk occurs also directly among national
pools, without the intervention of third parties, which minimizes the cost of reinsurance, as only
a portion of costs are charged, rather than reinsurance commissions (7.5% on average, versus
30%, according to Vanden Borre). Above the operator insurance limit, excess claims are
covered by installation state public funds, and then by another insurance pool, assembled with
joint State funds.

It should be noted that a 1997 Protocol to Amend the Vienna Convention, which has been
adopted but not yet ratified, sets a new possible limit of the operator's liability at not less than
300 million SDRs (approx. US$400 million). The 1997 Convention on Supplementary
Compensation, which has yet to enter into force, offers the possibility of a global nuclear
regime, because it could be ratified by countries that are not presently parties to existing nuclear
treaties, including the United States. The Convention presents a new formula for contingent
retrospective joint state contributions that builds upon the 1963 Brussels Supplementary
Convention formula. Parties to the 1960 Paris Convention and 1963 Brussels Supplementary
Convention have also negotiated new limits on liability. It is expected that when they

come into force they will be the following: Operator, up to €700 million; Installation State
(public funds), up to €500 million; and Joint State contributions up to 300 million, for a total of
€1500 million (OECD NEA 2003). New shares have also been negotiated for the basis of joint
State contributions: 65% upon installed nuclear generating capacity and 35% upon an “economy
factor” based on GDP. The negotiated Protocol with new limits is expected to be ratified after
parties have enacted relevant legislation (OECD NEA 2003).

Insurance and collective loss sharing tools offered by existing Conventions

As seen above, existing civil liability and compensation schemes use both pre-disaster and post-
disaster insurance-related tools to redistribute risk from disasters and ensure a means for
adequate compensation:

» strict operator liability (regardless of fault), with compulsory private insurance or financial
security

= strict State liability with self-insurance (1972 Space Convention)

Convention on Third Party Liability in the Field of Nuclear Energy, adopted 29 July 1960,
entered into force on April 1, 1968 (1960 Paris Convention), amended by the Brussels
Supplementary Convention on Third Party Liability in the Field of Nuclear Energy, adopted 31
January 1963, entered into force on 4 December 1979 (1963 Brussels Supplementary
Convention), and amended by the Protocols of 1964 and1982.

Vienna Convention on Civil Liability for Nuclear Damage, adopted 21 May 1963, entered into
force on November 12, 1977 (1963 Vienna Convention).

1988 Joint Protocol Relating to the Application of the Vienna Convention and the Paris
Convention (Vienna); adopted 21 September 1988, entered into force April 27, 1992 (1988 Joint
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Protocol) 1997 Protocol to Amend the Vienna Convention on Civil Liability for Nuclear
Damage, adopted 12 September 1997, not yet in force.

1997 Convention on Supplementary Compensation for Nuclear Damage, adopted 12
September
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1. Tritium, a problem for radiation protection

With the introduction of nuclear energy, an additional consideration outside
the existing radiation protection framework has appeared i.e. the need to
assess the radioecological and radiobiological impact of radionuclides of long
half life existing in the environment for longer duration. Tritium, a
radioactive by-product of power reactors also, is one of the such major
radionuclides of concern. In fact, this radionuclide besides having longer life
disperse more rapidly and represents a significant risk to the population
exposed.

There is now the growing emphasis on tritium in radiation protection as the
challenge of nuclear fusion comes nearer. From many varied reports from
different laboratories, it appears that projected levels for fusion reactors may
produce deleterious and detectable effects. The degree of concern over tritium
problem is evidenced by a rapid increase in publications on the health
implications of environmental tritium during the eighties. Keeping many such
considerations in view, this monograph has been prepared which reviews the
work on the behaviour of tritium in its various forms in the environment with
an emphasis on the release from various sources, its world inventories and
present levels, its transfer in the various compartments of ecosystems. Besides
this, its metabolism in the biosystem and the possible implications of low
doses of tritium in present and future generations have also been discussed.
In this report the question of tritium releases and pathways to man have also
been covered with the view of modelling.

2 Properties

In order to examine the various perspectives of impacts of tritium in the
environment, it is necessary to take a detailed look at a number of endpoints
such as the physical characteristics of tritium, its natural and artificial sources,
world inventory, distribution routes from the environment to man, metabolism,
and several other related factors. This would enable one to evaluate whether or
not tritium in the environment is a potential hazard, now or in the future.
Besides a detailed analysis of the many papers relating to the tritium research
a reference has also been made to some those papers which appear indirectly
but pertinent to the specific aspects of the tritium question. Hopefully the
present document will help the committees charged with the responsibilities of
setting the standards permissible dose limits and determining an acceptable
level of exposure from such radionuclides, particularly considering accidental
situation which involves a release of large inventories of radioactivity.

3 Behaviour in the environment
The chemical form in which tritium is released determines greatly its

radioecological behaviour. Tritiated water, becomes rapidly distributed in a
given environment and is diluted as light water. Tritium incorporated in
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organic material behaves differently and may be accumulated in biological
system.

3.1 Speciation of Tritium: Tritium has appeared as an occupational hazard
mainly as tritiated water of high specific activity or as trittum gas. The
speciation of tritium in the environment is another focal area of interest. Most
tritium is released into the environment as HTO, elementary HT or, rarely and
as a small fraction, tritiated methane gas. Certain liquid effluents containing
tritiated compounds may constitute a peculiar risk due to their preferential
incorporation by living organisms.

Tritium can easily substitute for protium (H)

Normal Hydrogen Gas H,
Tritiated HT

Gas
Tritium TT or T2
Gas ==

~ Tritium behaves just like hydrogen

Normal Water H,O

Tritiated Water HTO

Several mechanisms intervene in the conversion of HTO or HT to organic
tritium like exchange with organic hydrogen, metabolic reduction,
photosynthesis etc. The surprisingly high T/H ratio in atmospheric methane
raises questions as to its origin and its fate. At least 80% of this methane is of
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biological origin; it can also be a by-product of laboratory or industrial
processes where tritiated organic matter is present. A particular problem in
that respect may be the shallow burial of low level tritiated organic material.
Tritium might initially be absorbed at sites capable of absorbing hydrogen at
the surface of plants.

Tritium can form organic compounds

>
CH +T "Benzene" C H T+HTor
6 12 2 6 11

->
CH +T "Methane” CH T+HT
4 2 3

ritium can be captured in metallic compounds
called "Hydrides" and then released by heating

Ty SRR " a0 |
AN D}
Heat

3.2 Factors affecting Metabolism : Tritium as a gas or as tritiated water can
reach the body tissues of animals and man through several routes. However,
the absorption time and passage time of tritium from various compounds in
and through various tissues to blood depend on the various factor as studied in
different animals and human, viz., basal metabolic rate of the animal, habitat,
physiological status, season etc, which are yet to be investigated fully.
Tritium can be absorbed in either form by way of the skin or the lungs, or it
can be ingested in the form of food as organically bound tritium or as drinking
water. Organically bound tritium (OBT) has the form of trittum bound to one
or more constituents of food which is consumed.

3.3 Fixation: Tritium gets fixed in skin and transmitted to body fluids when
intact skin is brought into contact with surfaces that have been exposed to
tritiated H gas (HT or Tp). There have indications that the hazards associated

with the route of tritium uptake are probably small in laboratories handling
small quantities of T but could be significant when large quantities are being

processed, particularly during repair or maintenance of process of equipment.
The significance of Ty contaminated surfaces in terms of dose to skin and to

body tissues showed that the significant uptakes of HTO and OBT could also
occur from skin contact with T concentrations.
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Hydrogenl/tritium gas is lighter than air

o Oo

1qqqqqqqqq‘1qqqq1q4: ;lﬁ
P13 331913 1V I

T
(F1715 191111 31 i v a1y
-
3
]

-

ahpk habhhbhhbhbhshhh]
skl TTITIVIIIIAI N
1y R

P 379 a
sABARE b EbES. bbb
P itsaiiaria i
TN Y

e

dddddddiddads
ddddisaddiirid
dddddddiddasad

TP Y Y Y YT

-----------------------

3.4 Organically bound tritium: OBT is formed in microorganisms, plants or
animals; the relative contribution of these pathways to the dose to man
depends on site and food habits. Considerable information on transfer of HTO
and OBT to milk and meat and on that to the growing organism have been
obtained. A few data are available on transfer of tritium from soil organic
matter to plants showing that tritiated water as well as organic matter from
tritiated organic compost is incorporated into various parts of plants. Tritium
in liquid effluents released in aquatic environments can come from several
sources and occur in different physico-chemical forms. Certain organic
compounds may constitute a particular risk due to their preferential absorption
by aquatic microorganisms. This fraction was however small (<1%) in the
case of effluents from a radiochemical laboratory and for OBT of high specific
activity formed in purification resins in the primary loop of PWR.

OBT could exist in exchangeable and nonexchangeable forms and the

presence of minute traces of residual HTO in soil after its apparent removal
may falsify the results. The need for standardising procedures for measuring
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OBT should be stressed. Enrichment of tritium in organic material compared
with water should be viewed with suspicion if the source of the tritium
exposure and details of the exposure conditions. As an example, enrichment
could be caused by discontinuous release. Thus one must verify that
equilibrium conditions have been attained since enrichment may have been
simulated by the different metabolic behaviour of various compartments under
conditions of discontinuous exposure.

As long as OBT is exchangeable with water, its behaviour may be
unpredictable and the simulation with the way tritium will behave in different
metabolic pathways face difficulty. Although it is pointed out that in tissue
and cell preparations, all exchangeable tritium can be removed easily. It was
generally agreed that non-exchangeable tritium should be equated with OBT.
The importance of reversible reactions in living organisms should also be
underlined. Some studies are also necessary to determine whether catalytic
oxidation of HT could occur in air.

Tritium decays by emitting a weak beta

particle

T Stopped

Beta 1/4 Inch of
T =

Environmental tritium from atmospheric
testing will be at natural levels by about 2030

The world inventory of tritium from atmospheric testing is
approximately 400 million curies (approximately 41 kg).
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Tritium is NOT an external radiation hazard-It is an hazard
when taken into the body (internatl)

External internal

The beta particle penetrate Tritium is
through the dead layer of the Incorporated
iskin. =] into cells.

b 4

3.5 Waste Management: The waste management of tritium needed to be
addressed before undertaking a massive tritium production programme for
fusion.

Tritium containment is necessary in the first few years because of its high
mobility in the biosphere if buried. Most tritium waste could be adequately
managed but it should be kept in mind that tritium-contaminated aqueous
effluents from reprocessing plants which could not be disposed of in rivers or
the sea; and the high temperature treatment processes where tritium could be
released.

3.6 Modelling: A need for improved model development now mainly relates
to accidental releases. Improved data on environmental behaviour are needed
for the development of such models and a great with establishing a programme
of reliability testing. The data available are still too fragmentary on the
models which could predict distribution from source data. For the realistic
models are to be realistic, their parameters need to be tested experimentally
and it also demands a continuous feed-back must exist between
experimentalists and modeler. Hitherto known worked out models are
relatively insensitive to changing activity concentrations and accidental
situations. They are more likely to overestimate dose to people, particularly if
HT was present. As per Linsley's remark* in the specific activity model, to
predict the consequences of atmospheric releases of tritium, the specific
activity of tritiated water taken in by man has been equal to that in
atmospheric water at the location of interest. However this situation is rarely
achieved in practice.

3.7 Doses: Doses to the localised critical group resulting from routine releases
of tritium are usually a very small fraction of the dose limit; in such situations,
the conservative approach of the specific activity method is acceptable. When
estimating collective doses for use in optimisation studies, a more realistic
assessment is required in principle. However, these doses are generally low
when considering tritium dispersion on a regional scale. Thus the specific
approach may be adequate at such levels. More sophisticated models are

— 443 —



JAERI-Conf 2005-001

however required to predict the consequences of accidental releases, where
equilibrium conditions are not anticipated, for example after a pulsed release.
Such models are needed to analyse safety aspects at the design stage and in
planning the likely scale of events on an exposed population. Under these
circumstances, information is required about the spatial distribution of the
tritium deposit and the time dependent behaviour of the nuclide in the
environment. The model must take into account factors such as the interaction
between tritium in the atmosphere and soil, HT to HTO conversion,
evaporation and subsequent dispersion; and finally transfer through a food
chain to man and the consequences of intakes of OBT. The problem arises in
testing the wvalidity of these models against actual environmental
measurements.

4 Metabolism and Radiotoxicity

Though tritium exposure in the form of HTO has been considering not very
toxic, yet the metabolism of tritium in mammals and man needs a careful
evaluation when all forms of tritium had to be taken into account in terms of
effects. Information on elementary tritium is limited but for the other forms
the incorporation into various molecules of the cell need to be looked into. For
long-term effects metabolic incorporation into cellular macromolecules is
most important, and prime among these is DNA and associated proteins. In
fact, the short range of the tritium beta particles label in the cell nucleus is
decisive for the biological effects. Tritium activity can also be very high in
lipids, whereas it is relatively low in carbohydrates which mostly have a rapid
turnover and thereby can release their label into tritium water.

A better information on tritium localisation inside the cell is required. The
studies performed on many proliferating and renewal tissues have given some
indications, but most of them have a relatively rapid turnover of its OBT and it
appears that large variations in turnover of OBT can occur. A better
information on turnover in different tissues and in different molecules is thus
needed. It may not be enough to study molecular species such as lipids or
proteins, to have a comprehensive picture, an information on specific
molecules would be needed. For example, the turnover of histones differs
from that of proteins in the cytoplasm and that of proteins in muscle or skin is
much slower than that in liver or intestine. All this information would be quite
useful to obtain better metabolic models.

For a one-generation study the course of tritium incorporation and its turnover
becomes of importance , however, it is of less consequences in the case of
multigenerational studies when the animals are chronically (continuously)
exposed to HTO. In such a situation the maximum activity in the organism
should remain constant. Organically bound hydrogen in an animal may arise
from an incorporation from the hydrogen of body water during the metabolic
synthesis of the compounds in tissues. Tritium content of the tissues thus
indicates the extent to which hydrogen has been derived from each of the two
available sources. The organically bound hydrogen pool consists of many
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compartments, the hydrogen of which will not usually equilibrate with each
other.

4.1 RBE: A consideration on the radiosensitivity of the tissues involved and
the RBE need to be looked into. The RBE seem to differ from 1 to 3 compared
to X-rays. This must be better defined for radiation protection purposes. The
mechanisms of action in order to judge better the RBE in different systems
needs to be studied. There has been also the question whether we can
extrapolate from animals to man. We can certainly do this for the same
defined effect such as myeloid leukaemia but one cannot in general,
extrapolate from one effect to another, for example, from the RBE of
leukaemia to that of another cancer. One cannot extrapolate quantitatively
from animals to man except on general principles (Streffer*).

4.2 Radiotoxicity: The toxic effects of trittum administered in various forms,
especially as water and labelled thymidine have been adequately demonstrated
at various levels of biological organization. The radiotoxic effects of tritium
on embryos and fetuses seem consistent and apparently higher than those
expected from an equivalent absorbed dose from external X- or
gamma-irradiation. However, there have been a few other studies where no
such difference is evident. It appears to be dependent on many factors viz. the
organ or cellular system studied, doses and dose rates etc.

4.3 Human studies: About 20 years ago Silini et al (1973) in the EUR 5033 e
report on radiotoxicity of tritium in mammals stated that ‘the data available
are of little use for public health protection because the effects measured are
not of immediate practical application. For example systemic studies of the
lethal action of tritium in vitro and in vivo which are probably the most
significant, even on a practical level, have only been conducted fragmentarily
and without practical objectives.’ Since then the situation has changed a lot
and several new studies with prime aim on the dose dependent response, on
human tissue has made and appeared in the literature. In this context the
contribution from Japanese researchers on the in vitro studies on the human
tissues and delayed effects studies by Brookhaven National Laboratory are
worth drawing attention, besides from several fragmentary but specific reports.

4.4 Carcinogenesis: With emerging new reports the "stochastic effects", those
for which the probability, rather than the severity of an effect from HTO
occurring is a function of dose also can not be ruled out. Biotoxicity of tritium
in the form of induction of cancer, hereditary effects, teratogenesis and life
shortening really need an exhaustive investigation and warrant careful
evaluation. Though the situation need not be alarming with tritium, the studies
on radiation damage on various parameters have given evidence of two
compartments of radiation damage; the reparable or potentially lethal and the
irreparable or lethal. However, a positive trend of acclimatization to
HTO-exposure is always there along with the presence of radiation-induced
repair mechanism.

Several reports from the literature indicate that tritiated thymidine may be
potentially carcinogenic depending on the amounts of tritium incorporated into
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the cell nuclei and on the time of life at which the tritium was introduced into
the cells. In this context the effect of organically bound tritium needs yet to be
explored which may be quite different in magnitude than those of HTO.

The aspects of carcinogenic actions of tritiated water merit careful attention in
view of the data showing the incorporation of tritium from tritiated water
(HTO) into DNA and other macromolecules, and the significance of nuclear
fraction of tritiated water. The potential carcinogenic effects at low doses of
tritium remain a controversial subject. Further studies involving the effects of
tritiated water on different processes in cultured cells under controlled
laboratory conditions can provide much useful basic information.

5 Future Research Needs
Four main areas of tritium research can be envisaged for a careful evaluation.

(1) the chemical form of tritium in environmental samples and their fate after
interaction/dissociation from microorganisms

(2) the organically bound tritium (OBT) in the food chain and its possible
biological consequences

(3) Development of specific models and their the validity and suitability to
predict environmental transfer of released tritium
in an accidental situation as well in commercial use of tritium.

(4) The studies on effects at low doses and low dose rates on the validity of
extrapolating not only between species but between specific strains in one
species.

Gerber* rightly remarked that the need for continuing collaboration between
scientists in Europe, Canada, USA and Japan should be stressed. European
scientists had concentrated their efforts in ecology; the North American
scientists on large scale animal experiments; and Japanese scientists on
molecular and cellular studies.

*: Panel discussion: Workshop on Environmental and Human Risks of Tritium,

Karlsruhe, (FRG), 17-19 Feb., 1986, Radiat. Prot. Dosim., G. Gerber, C.
Myttenaere, H. Smith (eds.) vol 16, No.1-2 (1986)
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7.6 Radiation education using local environment

— Educational experiment using Misasa spring water —
WIROHRZRA U2 BUHREBE — =R R ORKEME > 2R

Mariko Nakamura!, Masahiro Kamata2, Takao Esakal
AR, SREIERS. (LIRFEH
" Department of Materials Science, Faculty of Engineering, Tottori University,
4-101 Koyama-cho Minami, Tottori-shi, Tottori, 680-8552, Japan
% Department of Science Education, Faculty of Education, Tokyo Gakugei University,
4-1-1 Nukuikita-machi, Koganei-shi, Tokyo, 184-8501, Japan
SIKFETER, R KFREFE

Abstract

BADHORIDIZIE, 2 ORAROBFENEEL TVDIZHANLOET, —RICIIK
FHROBHAEE WD SN DD THNHDENDI A A—TJZFOTNDIANITEA
ETHdD, TITHRLAE, SPTVLRRELTEALREZHRRE (BER) ORkzZRMHL
THHBRBEFETASES DA A—IbEDDEEZ, BRAEREEDTIREDER
EBREZHFEL TEh. EMXTHRATDEREL. RAKPOT R 2222 ZKHEHN5 KA
IEWH U, SN ZEERICEE S . ZCTAENBEEZRIEL LD ETHHDT,
BT GREE) ZAWTHEET 2 HEICAR, BRREESCIO FWO Bz
BARPAE RS, RBERETERTSEDNETH S, 2B, KX TENFR
PHIBORFEHE TN FEEZMREL TITOBREEROBRIIOVWTHOAOE THRE
<

1.Introduction

Many people misunderstand radiation and radioactivity, believing them to be special and
artificial. However, many kinds of natural radioactivity exist around us. Therefore, if we use these
forms of radioactivity as teaching materials for radiation education, learners can easily understand
that radiation/radioactivity exists in nature and is part of the environment in which we live. From
this viewpoint, we developed several kinds of safe and inexpensive experiment for education using
the natural radioactivity existing in our immediate environment, and reported them to date'™

Misasa hot spring is located in Tottori prefecture and is very famous in Japan as a radioactive
hot spring. Although a local festival called the “Curie Festival” is held every year in Misasa town to
praise Marie Curie’s great work in physics, this does not mean that many citizens are fully
acquainted with (or even interested in) radiation and radioactivity. So we decided to develop a very
simple experiment for elementary and junior high school students to stimulate their interest in

radiation and radioactivity.
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In this paper, we will report the details of the experimental procedure to observe the
radioactive equilibrium between “*’Rn released from Misasa spring water and its daughters as well

*22Rn. We will also present the practical results of our experiments

as the decay after isolation from
held in elementary school and in an open science class conducted for children at Tottori University.
It should be noted here that our experiment does not need any hazardous chemicals or Bunsen

burners, which means we can put it into practice even in normal classrooms without any special

facilities.
2.Experiment Half-life Decay mode

Figure 1 shows the radioactivity in Misasa spring 222Rn 3.82d o
water. Since radon is the only gas in this series as shown @
in Fig.1, *’Rn can be released from spring water into air 218PO 311m -
when the spring water is mechanically stirred or heated. ,Q.
After that, the released *?Rn can be trapped on activated 214Pb ST 8
charcoal and produce its daughters there. Since *'*Pb and o
24Bi emit relatively high energy beta-rays, they can be 21 4B' 199 ‘ -

1 9m

measured easily using a handy survey meter, the
“Hakaru-kun II”.

After radiochemical equilibrium is established on

=

4
YPo 164 us o«

the charcoal, it is heated in a microwave for a minute to ﬂ

remove the *’Rn it holds. Then the decay of 2¥pb and Fig.1 Radioactivity contained in
2B can be observed. The details are as follows; Misasa spring water

2-1 Apparatus to collect “’Rn from Misasa spring water.

First, the nozzle of a washing bottle (500mL) is cut short as shown in Fig.2. A bag with a
width of 3cm is made from a polyethylene sheet with a thickness of 0.07mm, and a partition is
made as shown in Fig. 3. Then, a piece of absorbent cotton and activated charcoal (0.4g) are
hot-sealed in the tube and the mouth of the bag is sealed up.

W\ ~
o _%

Charcoal activated (0.4g)

cut

Absorbent Partition
cotton

Fig.2 How to make the washing

bottle Fig.3 Package of activated charcoal

to collect 222Rn
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2-2 Observation of radioactive equilibrium between *’Rn and its daughters

As shown in Fig. 4, 400mL of Misasa spring water is put into the washing bottle
and the bottle is shaken 30 times with its mouth closed so that 222Rn is released into
the air in the bottle. Then the air in the bottle is slowly sprayed on the activated charcoal in the
polyethylene bag described above as shown in photo.1 (Two corners of the bag are cut off just
before this procedure to let the air flow through it). After repeating this procedure three times, the
polyethylene bag is put just under the measuring window of the beta survey meter “Hakaru-kun I1”,

as shown in photo.2, and measurement is started.

Put 400m1I of spring water in Washing bottle.
Close the mouth of a washing bottle by a
palm and shake strongly 30 times. ‘

@ repeat 3 times

Attach a nozzle to the washing bottle and
spray the air in the bottle on activated
carbon (photo.1).

U

Put it under HAKARU-KUN II to
measure the B -ray from 2“Bi(+21“Pb).

Fig.4 The sequence of the educational experiment

Photo.1 How to collect 222Rn Photo.2 How to measure activated

with activated charcoal charcoal in the bag
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2-3 Observation of the decay of 2!*Pb and *'*Bi.
After radioactive equilibrium is established, the activated charcoal is taken out of

the polyethylene tube and put in a small Pyrex dish. Then the dish is heated in a microwave
(500W) for 20secs, three times. In this way 22Rn on the charcoal is released into the air and its
daughters such as ?"Pb and 2"Bi remain on the charcoal. The charcoal is packed in a new

polyethylene bag and beta rays are measured with the same survey meter, the “Hakaru-kun I1”, for

a few hours.

3. Typical example of experimental results.
A typical example of the results is presented in Fig 5. This presents the relation between time

and the count rate of beta particles coming from "*Pb and *"*Bi being produced on the activated

charcoal.
103 — b v d ] » ¥ \d ’ 1 v ' L4 v T ¥ L * ¥ 1 Vi o y I
- m%mﬁfmﬁﬁmm Oy it
] vy P ooy .
£ 100 g T T Y TYTY vy Frey Ty ey Yooy T 3
E i ML AL O SOE LIS :
) y ]
= o]
© v 1
5 10F E
8 i o with heating
v without heating
— theoretical
1 A " " A 1 i I 1 I | " P ' 1 1 M z I i ] I " " M | 1 i " "
0 1000 2000 3000 4000 5000 6000

Time / min

Fig.5 Typical example of experimental results

Solid symbols denote the data of the experiment without heating and the open symbols denote

those with heating in a microwave oven at t=2800.

The solid line was € (4 |N;+2 ;N;) calculated from the following equations;

N;=Njeexp(- 1 jt) (D
N2={ A 1/( A 2= A l)}Nlo{exp(- A 1t)-eXp(- A 2t)}+( A ]/ A 2)N106Xp(- A zt) (2)

where € is the count efficiency of the beta particles coming from 214pp and *“Bi.

Equations (1) and (2) were derived from the following equations;

dN/dt= A (N, 3)
dNy/dt=2 |N;- 1 ,N, 4)
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with initial conditions as;
Ni=Nio
A N=213N; at =0 (%),

2, respectively.

where A; and 2, denote decay constants (s of 24P and
4. Practical Research
4-1 Practice study in elementary school.

The experiment to measure beta rays coming from 214pb and *'*Bi as mentioned above was put
into practice together with another experiment using a cloud chamber at Misasa Nishi elementary
school in Misasa, Tottori Prefecture on September 19th, 2003. The experiment was conducted with
forty-nine 6th grade (11 or 12 years old) students and was 90 minutes long. Since the students were
scheduled to visit Hiroshima as their school excursion and had studied about the A-bomb, most of
them seemed to be interested in radiation/radioactivity. The sequence of the experiment is as

follows and some of the cut scenes from the class are presented in photo.3.

- Basic explanations on radiation and radioactivity. (20 minutes)
- First experiment; observation of radioactive equilibrium (cf. Fig.4). (20 minutes)
- Second experiment; observation of the tracks of alpha particles

with a hand-made cloud chamber. (40 minutes)

Photo.3 Cut scenes from the class
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After the class, the students were asked to complete some simple questionnaires. Obtained results
are presented in Fig.6.

So-so
47%

Interesting

Fig.6 Results of questionnaires
(Left: Was the first experiment easy for you?
Right: Was the first experiment interesting for you?)

4-2 Practical study in science school at Tottori University.

An open science class is conducted 5 or 6 times a year for elementary school and junior high
school students at Tottori University. In this class, on July 10th, 2004, we had students take part in
the activity presented in 4-1 and investigated the responses from participants using a simple
questionnaire paper. The participants of this class were nine students (from the 4th to 7th grade) and
some of the cut scenes from the open class are presented in photo.4.

Photo.4 Cut scenes from the class

The result of the questionnaire is presented in Fig. 7. Although the number of samples was not

large enough, it is probably safe to say that most students enjoyed our experiment.
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Difficult Boring
So-so 0% So-s0 0%

Easy

78% 78%
Interesting

Fig.7 Results of questionnaires
" (Left: Was the first experiment easy for you?
Right: Was the first experiment interesting for you?)

5.Conclusion.
Since our new experiment does not need any dangerous chemicals or complicated techniques,
even elementary school students were able to conduct it without any technical difficulty.

Although there were quite a few students who experienced difficulty in understanding the
theory of this educational experiment, most of them seemed to be interested in
radiation/radioactivity and enjoyed measuring the radioactivity in the spring water — a substance
that was familiar to them. It can be expected that this educational experiment will also be very
useful for senior high school and university students because it covers many useful basics of

radiation/radioactivity.
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7.7 Radiation studied on the Internet

— on-line radiation teaching materials —

A2 —=Fy FTESBHRBR —F 2 51 R —

Hiroyoshi Inoue, Mayumi Kagoshima, and Mariko Yamasaki
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Kurume University School of Medicine, Isotope Institute for Basic and clinical Medicine
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Abstract
In order to facilitate scientific understanding of radiation in Japan where social understanding has

been already progressed, we developed Internet radiation teaching materials that can be utilized as
off-school teaching materials or supplementary materials. The teaching materials of “atomic
structure and radiation” and “medical treatment and radiation” were tried for 160 high school
students and 59 junior high school students, respectively. More than 70 % of the student answered

that these teaching materials were effective when they understand radiation.

1. ¥3
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social pursuit
for problem solving
social appA\ch in question

Recognition of the present condition
and historica{ circumstances ‘

scientific pursuit
for problein solving
scientific approafh in question
Scientific %;dge literacy

Scientific Aspect

Learning support
using IT technology

Social Aspect

Figure 1. The scientific aspect and the social aspect of radiation education
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(Sample of Video Screen)

Heart motion reconstructed from CT pictures

% ok %k %k ok ok ok ok %k %k

Please click a picture to move.

%k % %k % % %k %k %k % ¥k

Figure 2. On-line Teaching Materials “Medical Treatment and Radiation”

This teaching materials are devised so that students can simply study the radiations
applied in medical treatment by explaining the difficult terms including atomic
structure, the characteristics of radiation, biological action mechanism, etc. as

hanging contents. This composition enables study united with a student's skill
level. Furthermore, the learning support original with the Internet study is
performed by using abundantly the video teaching materials produced by the
radiation medical equipments as follows.
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FHgure 3. Omline Teaching Materias “Nucleus and Radiation”

Since the physics completion persans understand the atomic structure,
in the teaching materials, we devise so that students can umderstand the
kind of radiation, character, the unit of radiation, the action of radiation,
use of radiation, and the general physics theoremthat can be confirmed
wsing radi afi an through a stage.

B pecialy, in arder to employ the characteristic of the study using the
Internet, the teaching materials which usedJava Script vere prepared,
and it devised so that the study participation of the student could be
caried out actively.

Fallowing screens are trial screens of the physical haflife produced by
Java Script.
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Not useful Great useful Did not talk

Uncertain

Figure 4. The questionnaire after self-study with on-line teaching-materials

(Objects: 219 persons of junior high school and high school students)

Were these teaching materials helpful
when you understood radiation?
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7.8 Education Effects on Awareness of Irradiated Food in Japan
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Introduction

It has been said that food irradiation was an emerging technology with many consumer
advantages including reduction of disease caused from organisms, safe transport of produce from
insect quarantine areas, partial replacement of less safe chemical fumigants, extended food shelf
life, and potential to ease world hunger through reduction of spoilage and waste"”.  One
important requirement, however, for successful adoption of this technology is consumer acceptance.
In many researches for the irradiated food, it was reported that consumers were not likely to
demand food irradiation because of the distrust of anything even remotely related to nuclear
energy”.

In Japan, the application of irradiation to food has been investigated about the nutrition,
chronic toxicology, genetic influence, etc. under supporting by Atomic Energy Commission from
1967. The irradiation only toward potato under specified conditions has been approved by the
Ministry of Agriculture, Forestry and Fisheries (MAFF). The consumers in Japan, where has
received the atomic bombs, trend to be oversubtle and be in awe of “radiation” and the applications
thereof. On the other hand, a lot of researchers have found a need for consumer education, which
includes the elementary information of the radiation, to arouse the concern toward food
irradiation*”.

In this study, the importance of the knowledge of radiation to understand the irradiated food

was investigated in Japanese young students.
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Subjects and Methods
The response to the food irradiation for young students, which will born new consumer
generation in future, has been studied in July to August 2003. Students aged 20=2.7 years who
attended four colleges in Japan were included in this study. The subjects major in the medical, the
engineering, or the environmental science in each college. The questionnaire was administered to
total sample of 597 persons, of whom 281 were male and 316 were female (Table 1). 49.4 % of
subjects have completed both the physics and the chemistry in school and the remainders have done

the chemistry, the physics, and biology in greater order.

Table 1. Subject Characteristics

Male Femdle Total
Sulject Nurmber 281 316 597
Age 21424 20+1.4 20427

A questionnaire concerning the education of the radiation and the acceptance of irradiated
food was administered in unregistered and non-interviewed form. The question relating to the
education of the radiation was divided into three parts and included the following inquiries: what
have you completed in science course?, Have you ever learned the radiation?, and Do you think
which the radiation is artificially produced, exists in nature, or is the two? The last inquiry was
instituted to confirm the accuracy of the knowledge to the radiation. The question relating to the
acceptance of irradiation food was divided into four parts and included the following inquiries:
Have you ever heard of food irradiation?, Are irradiated foods contaminated by radionuclides?,
Do you think the irradiated food should be manifested of the treatment with the radiation in store?,
and Which will you purchase the normal food, the irradiated food, or decide either of them by
considering the food price? In last question, irradiation benefits were previously presented.

The significance of responses was analyzed by cross tabulation (SPSS). Values of P<0.05

were considered significant.

Results

Table 2 shows the summary of basic acquaintances with the radiation and the acceptance of
food irradiation in this study. The responder, which could ratify that they have learned the
radiation, were relatively fewer, 41.3 %, and there was not the difference between responders in
male and those in female. Nevertheless of such a result, 76.1 % of subjects had a correct
information for the radiation. Young student awareness of irradiated food was 24.8 %, who
answered that they have ever heard the food treated with radiation. This awareness for the
subjects who have learned the radiation trended to be more than that for subjects which have not
been learned or were uncertain of the education for the radiation as shown in Figure 1. With
regard to the food contaminated by radionuclides when irradiated, 85.3% of young students could

not distinguish apparently it from irradiated food.
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TaHe 2. Perception toward the radiati on and foodirradiation

Total Sex (9
iri Resparses Male Fermle
uiries
g %) 0=27) (M=258)
Yes 413 457 36.6
1) Have you ever leamed the radiation? No 31.3 259 372
Uncertain 273 284 262
: Attificial 10.6 11.2 9.9
2) Do you think which the radiation is  artificially
produced. exists in nature joris the two? Natural 133 124 143
The two 76.1 76.4 759
Yes 4.8 257 23.7
3) Have you ever heard of food imadiation?
No 752 742 764
Yes 39.0 38.5 395
m innadhé“{itgd foods contarminated by o 14.7 »7 62
Uncertain 46.3 3R8.8 54.3*
Yes 8.0 .2 83.7
5) Should it be manifested n store about that the  Nb 7.5 6.5 85
irradiated [Oods were treated with the mdiation’?
B No Concem 85 9.3 7.8
Imadiated KT 43 3.1
6) Which will you purchase the nonmal food or Hargal 6 L2 Gt.3
the irmadiated food? Considessts
1151 ion
ofon 33.6 .5 326
* P <0.05vs. another sex
100
e g 80
£s
B E |
c g 60
% g
28
g4 a0
3
E 20
™
| Yes No  Uncertain | | Yes No |
Have you ever learned the Have you heard of food
radiation 7 irradiation ?

Figure 1. Rate of subjects who ans wered that they think that the irradiated

foodshould be memifested of the treatment with the radiation in store in

“Yes’, ‘No’, or ‘Uncertain’ group res ponded to the leaming question and in

“Yes’ or ‘No’ group res ponded to the knowledge question
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The manifestation, which indicates that the food sold in store was treated with the ionizing
radiation, is required by the majority of young students (84.0%). This requirement was widely
recommended not relating to sex, learning, and knowledge of the irradiation food (Table 2 and
Figure 1).

On purchasing irradiated foods, which was introduced to be authorized for human
consumption by the government and World Health Organization, though the information of the
irradiation benefits, sterilization and conservation, was presented prior to this question, minority of
responders, 3.7%, convincely indicated they would buy irradiated produce. The acceptors in a
broad sense, however, may involve the subjects that they would decide either the non-irradiated or
the irradiated food by considering the price in store. Therefore, 37.3% of subjects might be
regarded as persons who understood the irradiated food. In such a treatment, the irradiated food
could be accepted by the subjects who have ever learned the radiation and have known the
irradiated food significantly more than those who have not learned and have not known (£<0.01),

respectively, as shown in Figure 2.

60
%
s
ac 40
ce
pt 307
or -
S
10
0 :
| Yes No Uncertainy | Yes No |
Have you ever learned the Have you heard of
radiation ? food irradiation ?

**P<(),01 vs. ‘No’ or ‘Uncertain’ response group

9

Figure 2. Rate of the acceptors in ‘Yes’, ‘No’, or ‘Uncertain
2

group responded to the learning question and in ‘Yes’ or ‘No
group responded to the knowledge question.

Discussion
Consumers generally do not understand the food safety benefits of most food preservation
technologies including pasteurization, canning and freezing6). The majority of young consumers
who attended this study were also unsure in their knowledge and understanding of the irradiation
technology. Only 24.8 % of the subjects have ever heard about the irradiated food (Table 2).
This awareness in the present study was extremely less than that in U.S.A. (approximately 73 %)”
and that in Korea (approximately 82 %)” though the subjects in other countries were general
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consumers as shown in Figure 3. It is necessary in Japan to disseminate the existence of the

irradiated food before the consumer acceptance.

40 T

b W
=] ]
Il 1

Recognition Rate / %
=

Yes No Uncertain

Have you ever learned the radiation ?

Figure 3. Rate of subjects who answered that they have
heard of food irradiation in ‘Yes’, ‘No’, or ‘Uncertain’

group responded to the learning question

The majority of the subjects considered that the irradiated food should be plainly manifested in
store (Table 2). In addition, in order to be acceptable, the irradiation must offer to the consumer
an advantage which could be higher quality, greater safety, longer shelf life, wide product
availability, or lower cost. As one of the successful studies in which both the manifestation and the
information of irradiated food to consumers were established, Schutz, et al have reported that it was
very important to indicate the label statement on the perception of quality, safety, and willingness to
buys).

The consumer needs to be educated and informed. Information may not reduce consumer
concern, but it allows choice to be based on fact, rather than suspicion. This study confirms that
the more young students, new-aged consumers, know about the radiation, the more likely they are
to accept it for purchasing (Figure 2). Therefore, the education is the key as being denoted in the
International Atomic Energy Agency (IAEA) report’’. Proponents of food irradiation firmly believe

these food will be accepted when offered for sale.
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7.9 Research and Analysis on the Knowledge of Radiation
Possessed by Students in Upper-secondary School

BN T 2 ORI B3 DA & 9t

Moriaki Tsuruoka
E
Hokkaido Sapporo Kiyota Upper-secondary School
JREERLIRIE H A
T 004-0863 FLIRAIEFHX LT 3R4THE6HE 1S

Investigation into the knowledge of radiation will give us information about teaching contents to be
utilized in upper-secondary schools. Furthermore these results will be explored for teaching points on
radiation education, which aims to promote the exact understanding of radiation.
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7.10 Development of Innovative Classroom Instructional Material
for Enhancing Creative Teaching and Learning
Nuclear Topics: A Proposal

Judeza S. Puse, Takaaki Awata and Kozo Atobe

Department of Physics, Naruto University of Education
748 Nakajima Takashima Naruto-cho Naruto Tokushima 772-8502, Japan

The role of education all over the world is becoming more and more significant and
requires an in depth study since the life of the people is advanced, expanded and complicated.
Educators are once again asked to address problems which have arisen within their own society.
Thus, the search for ways to improve quality of education is global especially in line with nuclear
science and technology. One area of focus is that managing and promoting learning inside the
classroom, how teachers’ utilized instructional materials were such an issue. Indeed, qualifications
and resources are not the only factors that influence teachers’ effectiveness, equally important are
teachers’ motivation, commitment, resourcefulness, innovativeness and creativeness in dealing with
instructional materials. Lack of these things will produce poor attendance and unprofessional
attitudes towards students. This paper aims to present a proposal on the use of innovative teaching
device from the sample photographs as a result of the experiment taken at Kyoto University
Research Reactor Institute (KURRI) where samples were treated with gamma rays from a
radioactive source ®’Co and lately exposed to photographic films giving rise to understanding of
photons emitted by radioactive material in a form of electromagnetic waves and later converted into
visible light in a more authentic and simplified manners. As a consequent, this proposal was made to
enhance teaching and encourage science teachers to exert great effort to develop instructional
materials specifically in this area that requires the concretization of concepts which could not be
detected by human senses.

1. INTRODUCTION

Teachers are considered as researchers and scholars of their own classrooms. Classroom life if full of
habits and routines that often passed unnoticed. They often remain invisible until they are viewed from
different angles or landscapes. Most children come to school ready and willing to learn. How can schools
foster and strengthen this predisposition and ensure that they leave the school with the capacity to continue
learning through life? How well do school systems perform in providing young people with a solid foundation
of knowledge and skills about nuclear topics and in preparing them for life and learning beyond school [1]?
These are some of the questions in which young people who run the education system needs to know. Many
education systems monitor students learning in order to provide some answers to these questions. Science
teachers are faced with enormous challenge. A large range of students’ backgrounds and abilities exists in
science classrooms. Many students are reading far below grade level. Often a significant percentage of students
with poor speaking, writing and understanding skills are present. Some students may have weak science
backgrounds especially in line with nuclear science. With many of these students, in order to make a point to
demonstrate an idea related to science process or nature of science, examples that relate to the environment
must be used (e.g., desktops, rulers, cars and candies) as a context for explaining science process. This
everyday context of concrete objects maybe necessary when introducing a scientific skill or process before
using it to learn science course subject matter [2].

However, learning nuclear concepts in school is quiet difficult to understand. One method of teaching is
trying to have the students learned by experiments. Most schools cannot afford a laboratory for a fundamental
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experiment on nature of radiation. Lacking knowledge for handling of radioactive materials and cost of nuclear
instruments made impossible in implementing such laboratory in ordinary schools [3]. Students need effective
approaches to learning both to succeed to school and to meet their learning needs later in life. In particular,
they need to regulate the learning process, taking responsibility for reaching particuiar goals. These types of
outcomes are not pursued as a specific part of the curriculum, yet they can be strongly influenced by students’
experiences at school and play a crucial part in their future [1].

1.1 Background of the Study

With the advancement of science and technology, physics plays a significant role in life and progress of
mankind. Certain developments within the field of nuclear science have encouraged man to think, work and
live differently from the past. For through the application of laws and principles of physics, man is thereby
enabled to produce and enjoy modern convenience and comforts, It is quiet evident that physics have
contributed increasingly to the progress of mankind and thus, offers greater opportunities for a life of
prosperity and fulfillment.

In the field of education, among the different subject areas offered in science has taken the lead in the
development of various curricula perhaps in many other countries, Chemistry and Physics have been given
emphasis to provide students with basic knowledge of scientific concepts and principles so as to become
scientifically literate and more effective citizens. Since Physics dominates the science curriculum, it becomes
necessary for teachers teaching nuclear science and technology to provide the students with the necessary skills,
knowledge and abilities as well as their interest in this field [6].

How to impart nuclear concepts effectively and efficiently is important to study because this will play a
vital role in providing students who will be science conscious which will provide avenues for a life- career or
profession. One can be an engineer, an architect, a mechanic, a doctor, a teacher or a scientist if he studies
nuclear science well. It is therefore, necessary to focus instructions towards awakening the students’ awareness
and interest in nuclear science and to foster his appreciation on the importance of the subject. Hence, it is
imperative that teachers should look into effective means of imparting nuclear knowledge to students and this
will largely depend on the initiative of the teacher to make appropriate instructional materials that will serve as
a key components influencing and enhancing creative teaching and learning abstract concepts [4]. Ultimately,
it will be a starting point in opening the doorway to nuclear science.

1.2 Rationale of the Study

For much of the last century, the content of school science curricula has been dominated by the need to
provide the foundation for the professional training of small number of scientists, mathematicians and
engineers. Today, however, literacy in science is important for all to understand medical, economic,
environmental and other issues that shape modern societies, which rely heavily on technological and scientific
advances [1].

Science teachers emphasize that the teaching in science to be effective, must deal more with students’
activities in the classroom. Teaching strategies are becoming increasingly oriented toward students’ cognitive
development [5]. The use of instructional materials in the classroom like poster becomes imperative. Many
researchers or even educators have exerted effort in developing instructional materials for several reasons to
wit;

Bacay 1984 believed that the instructional materials prepared by the teacher are much better than
those found in the textbooks since they are prepared and written for specific groups of students. Furthermore,
she stressed that the choice of structure, pattern, practical applications and skills development exercises are
definitely adapted to the needs and abilities of a particular group of students [6].

Alturas 1978 recommended that the teachers and instructors should be encouraged to develop
instructional materials specifically focusing on topics which are somewhat abstract that contain practical
application of concepts and principles [7].
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Peterson 2003 suggested that getting students to relate to scientific concepts is often difficult. Good
models, especially those used to describe processes on the atomic or astronomical levels not tangible to
students are essential. The simple and authentic the instructional materials, coupled with its everyday
occurrences in the lives of the students, make them a perfect candidate to help explain the relative sense of the
topics in various disciplines from ecosystems and species niches to gravity and motion [8].

A good theme to follow in the effort to meet needs of diverse learners in science education is
“Teaching with purpose,” which was crafted by National Science Teachers Association (NSTA) President
John Penick. According to him, “Teaching with purpose means having a personal guiding framework for our
teaching practices - a framework based on what research says works best in teaching and learning science [9].”

This proposal, therefore, can be used to examine the goals of nuclear science teaching and learning with
care to identify optimal activities and experiences from all modes of instruction that will best facilitate these
goals. While relevant variables are interrelated and complex, there is a real need to pursue rigorous research on
learning through instructional materials to capitalize on the uniqueness of this mode of instruction for certain
learning outcomes. With more precise information on these deficiencies, more comprehensive teaching
materials can be designed to incorporate information about goals and the nature of nuclear topics; teachers
became more effective in facilitating student learning and development. Furthermore, this study will serve as
another attempt to develop teaching materials that will assist reduces students’ deficiencies in Physics,
specifically giving stress on nuclear topics [4]. It is then towards these perspectives that this proposal was
made.

1.3 Objectives of the Study
Based from the aforementioned realities, the following objectives are then formulated;

a. Enhance creative teaching and learning nuclear topics inside the classroom giving rise to students’
cognitive development.

b. Help captive students’ interest and appreciation to natural and nuclear phenomena through
understanding the fundamental facts, concepts, principles, laws and theories.

c. Provide useful experiences in sharpening students’ abilities to observe, infer, design experiments,
conduct investigations and organize data.

d. Facilitate teaching abstract nuclear topics specifically the emission of visible light from a material
exposed to or irradiated by gamma ray in an authentic manner.

€. Measure student capacity to use scientific knowledge, recognize scientific questions, and identify
what is involved in the scientific investigations and to relate scientific data to arrive at certain
conclusion.

f. Stimulate the interest of science teachers to conduct and design scientific investigations and
communicating scientific procedures and explanations in written and oral form.

1.4 Significance of the Study

To teach effectively, science teachers need to be competent in selecting and preparing the instructional
materials and strategies in teaching, as well as motivating the interest of the students in the subject matter.

This proposal can give ideas to physics teachers on how to remedy their difficulties encountered in
teaching nuclear topics and stimulate their interests to develop more instructional materials and other necessary
measures for the improvement of science instruction.

This study can also help solve the problems confronting most public schools teachers in the different
parts of the country today, such as lack of science textbooks and other reference materials to locate nuclear
topics, insufficient teaching device to teach these concepts which could not be seen and recognized by human
senses and though equipped with gamma ray facility where irradiation of sample materials can be done and a
dark room where experiment on natural emission of light from a radioactive samples be performed but
knowledge is not sufficient enough to perform the tasks, this study can suffice the purpose.
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It can as well enhance the teaching-learning situation since the students will be exposed to this kind of
teaching device for them to learn at their own pace [4]. Moreover, it can help them acquire more science skills,
processes, knowledge and abilities in understanding nuclear topics and phenomena particularly giving rise to
radiation, excited photon, gamma ray, thermoluminescence, electromagnetic spectrum and the like with less
effort on the part of the teacher [10].

This proposal can specifically help elevate the present status of radiation or nuclear science education in
all countries in the annual evaluation of teacher and student performance and increase the rank into a
satisfactory level as has been doing by the Program for International Student Assessment (PISA) where the
objectives are to measure the three forms of literacy; reading, mathematical and scientific and focus on how
well the students apply knowledge and skills to tasks that are relevant to their future life, rather than on the
memorization of subject matter knowledge [1].

2. METHODOLOGY
2.1 Materials
The materials utilized in the conduct of the experiment were depicted in Figs. ! to 9, except for ASA

films (400) which were not included in the line up but can be seen in Figs.10and 12under Experimental Set Up
(2.3).

Gamma Room and Dark Room Experiments
(Artificial Source)

Fig.1: Sample materials used in the study (from Fig.2: Sample material (Calcite).
top left- Sodium Chloride Crystal, middle-
Potassium Bromide and right below-
Potassium Chloride).

POME S 7 e 4 L
At Al

i # o
T . 1 .-

b e ey w

Fig.3: Sample rock material (rock no.2- second Fig. 4 Sample rock material from Kochi
from left bottom- Two mica-granite). (Sandstone).
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Fig.5: Sample rock material from Russia Fig. 6: Sample rock material from Japan
(Chert). (Red granite).
B — RO
.
Fig.7: Sample rectangular black box whose dimension Fig. 8: Three rectangular boxes combined. Holes
is shown. Big arrow is pointing to the hole for be made in both sides of the box to
the film to pass through.. obtain two rows of samples.

Fig.9: Kyoto University Research Reactor Institute (KURRI) Gamma Radiation Room where sample
Materials were directly exposed to **Co before photographic film exposure.
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2.2 Experimental Procedures

This part of the study consisted of two phases; experiment conducted in Gamma Room where steps
considered were indicated below (1-6) whereas, (7-16) determine the steps taken inside the Dark Room and
from (17-20) the extension as to the result of the experiment.

Do

o

10.
11
12.
13.

14.
L5,

16.

18.

19.

20.

A- Gamma Room Experiment

Gather and prepare all the materials required in the experiment.

Check the Gamma Room facility to ensure safety.

Set up the area in which the samples will be irradiated (Fig.9).

Decide for irradiation time considering the nature of materials to be irradiated.

Once the time is decided, arrange and expose the samples directly and manipulate the facility as
safety as possible all throughout the experiment as shown in (Fig.10).

Decide for photographic exposure time of the samples and take into consideration the irradiation
time.

B- Dark Room Experiment

Prepare the black rectangular box as shown in the given set up (Figs. 11 and 12) and some other
materials needed right after samples have been exposed to radiation

Darken the room, bring the irradiated materials inside, set the film in two rows as in Fig. 10 as no
stream of light can be accommodated, place the samples one at a time on the film as carefully as
possible and cover each sample with a small piece of black cloth.

Once finished, carefully cover the box and ultimately with wide black cloth on top.

Set the timer to a decided time of exposure.

Wait until such time samples will be ready for removal from the film.

Remove the black cloth including the cover of box, remove the samples, re - rolled the films and
place them in canisters that are properly labeled as to the position of the samples in the box for
clarity of sample identification.

Switch on the light and be ready for another set of experiment by following the same procedure but
take into account the irradiation and exposure time as variations can be made.

Develop the films and make the necessary action as to the results of the photographs.

The irradiated samples that have been decided to include as components in the teaching material
will then be subjected to analysis using the Gamma Ray Digital Spectrum Analyzer System Model
DSA-1000 for measuring the peak area spectrum which entails possible spectroscopic
interpretation measurement in terms of energy and intensity of the incident radiation.

For effective manipulation of the system, follow the procedures as indicated in the Operations
Manual especially for beginners.

Collect the selected photographs make a tentative design and layout of an Explanatory Panel as a
teaching material which will serve the purpose of instruction.

Study the Sequential Model as shown by Figs. 18 and 19 to arrive at the determination of the
teaching and concept models.

Lesson can be changed, reinforced and enriched based from the applicability of the teaching
material and nature of learners.

Planning for the next lesson can be done in sequential manner without going beyond the limitation
of the teaching device.
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2.3 Experimental Set Ups

Figs. 10 and 12 show the Experimental Set Ups in Gamma and Dark Rooms respectively.

A- Gamma Room Experimental Set Up

Fig.10: Sample insulated objects were arranged and directly exposed to radiation source.

B- Dark Room Experimental Set Up

Fig.11: Sample materials required in the Fig. 12: The samples on the photographic
Dark room experiment films in two rows inside the
rectangular black box.
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2.4 Experimental Photographs

Figures 13-19 were the photographs of samples developed and chosen based from the results of the
experiment.

Fig. 15: Rock from Kochi, Japan [Sandstone]. Fig. 16: Rock [Two Mica Granite].

Fig.17: Sodium Chloride Crystal [NaCl]. Fig.18: Potassium Chioride [KCl].
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A- Construction of the Explanatory Panel (fixed or movable).

B- Design and layout the experimental photographs in the
constructed panel.

C- Preparation of the “Day’s SMART (Specific, Measurable,’
Attainable, Reliable and Time Bounded) lesson ptan” based:
from one of the component areas of the applicability of the:
teaching material as indicated in Fig.19 below.

D- Execution of the day’s lesson using the concept model and

' teaching device (Explanatory Panel). '

E- Evaluation of the day’s lesson as to the congruency of;

objectives, test questions, teaching strategy giving rise on
. . the effectiveness of the teaching material.
Fig.19: Potassium Bromide [KBr]. F- Courses of action can be made as to the results of the
assessment conducted.

2.5 Sequential Models of the Study
Fig.20: Teaching Device Model Determination.
The Sequential Models as shown by Figs. 20 and 21 simply present the flow of activities on how the

experimental photographs will be used as an aid (Explanatory Panel) and a sample illustration of the concepts
to be used in teaching which are presented in general form where sub tasking analysis is applied.

Photo emission
with heating

i

An in depth study of Fig,20 should also be given importance since how effective the teaching material is,
but the lesson was not properly planned and executed, then, the purpose will always be defeated. Time wise,
resources wise and energy wise will be meaningless and unworthy.

Figure 21 depicts the model of the basic concepts that can be taught to students during the day’s lesson
as one area of the teaching material’s applicability. The first diagram shows the crystalline solid with no
defects consisting of three dimensional arrays of unit cells, each containing the identical arrangement of atoms.
When this material is subjected to radiation source (*’Cobalt) emitting gamma rays, some will be reflected and
some Wwill be absorbed in crystal thereby storing radiation. The absorbed high energy photons will undergo
three dominant interaction processes, each of which produces energetic electrons; the photoelectric effect (PE),
Compton Effect (CE) and pair production (PP). An atom of the crystal that receives sufficient energy, typically
a few tens of electron volts, will permanently displaced from (its lattice site. If the displaced atom (a “primary

Fig.21: Concept Model of the Experiment
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knock-on”) has sufficient energy, it can, in turn displace other atoms (“secondary”), and so on, creating a
cascade of displaced atoms (lattice defects). Thus, there exists the presence of vacancies and interstitial atoms
in a crystal by creation of color centers. In essence, these defects are created during the recombination of
electrons as shown by the second diagram. Lastly, photo emission will follow and later converted into visible
light as shown by the third diagram.

3. SUMMARY

It has been clear and possible that problems met in teaching nuclear topics can be remedied with much care
and attention to the application of the experimental photographs converted into a classroom science teaching
device; a proposal which was conducted at Kyoto University Research Reactor Institute. Under Methodology,
materials that comprised the experimentation process were provided with simplicity and clarity. Instructions on
how to carry out the experiments were logically arranged so as to ensure systematic execution and organization
of experimental processes. The inclusion of the experimental set ups were also manifested and of the
experimental results (developed photos) presented in a manner suitably good for learners. Determination of the
sequential models of the study was reflected, highlighted and specifically simplified as appropriate as possible.
Further results and discussions were not shown but can be proposed and suggested that as to further
application of the device, peak area spectral measurement and nuclide identification of irradiated samples can
be made possible using DSA-1000 Digital Spectrum Analyzer System for countries equipped with “high
touch” apparatus and facility as spiral basis for concept development. Production and dissemination of
photographs can be realized for schools far beyond to cope and afford to buy these expensive laboratory and
experimental facility to perform the same task.
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7.11 Perception about Radiation by Students and Teachers
----Necessity of Bringing-up of “Radiation Literacy”

FA - BHEO THORBR) ST 55 - Biks
EREETO THEHRY 77— BR

Seiji KUROKUI and others, Radiation Education Forum
BEHUER I BERERFERS 64

NPO iE ANESHREE 7 A — T A

(Abstract) Perception about radiation and nuclear-relate4d matters by students and teachers were
studies, and it has proved that the degree of acquisition of the knowledge about radiation by teachers is
in general very poor. It is keenly felt that some fundamental policy for improving the present situation
should be established for the goal of elevatins the “radiation literacy” of the teachers.
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7.12 An Example of Radiation-Education Experiment
Using a New-type Handy Cloud Chamber

PR S FERE AV RS ER

Kouhei KUSHITA
i 5
Japan Atomic Energy Research Institute
A AR Sk SE T
E-mail: kushita@popsvr.tokai.jaeri.go.jp

T3319-1195 FIRIRIEERBYER A5 AtR24

Abstruct:

We have developed a new-type handy cloud chamber to overcome shortcomings in the conv
entional handy cloud chambers. The new-type handy cloud chamber has such advantages as: n
o dangerous parts or tools are used; can be assembled quickly; has a wider observation windo
w; much less expensive, etc. We have also prepared a new text for this cloud-chamber kit to e
xplain the basic theory of radiation and radioisotopes, which is divided into two levels for child
ren and for adults. Using this new-type handy cloud chamber, we propose an example of an e

ducational experiment on radiation and radioisotopes which can be carried out within one hour.
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TeA A—UPRFATTBHZ EHZ0,
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2 1] =

& Dry ice
Plate [ = ]

Fig. 1 Set-up of a cloud chamber
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7.13 Response from Youths and Teachers
with Regard to the Encyclopedic Database
on Nuclear Power, ATOMICA

JRFERERT— & X—Z ATOMICA 12 B89 % % 4F 8 K OVERT o B

1. Ishikawa, M. Eto, and PA Database Group
Al B, HEEH. BFOPAT—IR=AT)NV—T

Database Division, Research Organization for Information Science and Technology
() EEERE NS, PAT IRty —
Shirakata-Shirane 2-4, Tokai-mura, Ibaraki-ken 319-1106, Japan
319-1106 RSB AREIAR B vigAT 191 5 AR 2-4

Japan Science and Technology Corporation
(M) FlgsEihiRBEEE MPEEEMET ZtHhhRER
5-3, Yonbancho, Chiyodaku, Tokyo 102-0081, Japan
102-0081 RETHER TCH X DUZEHT 5 Z b 3

Abstract
An encyclopedic database on nuclear power and its related fields, commonly named

ATOMICA, was first established and released on a PC communications basis in 1995. The
database started to be operated on the internet in October 1996. Now ATOMICA contains more
than 2,300 encyclopedic data which include tables and figures over 9,300 in total. The fields the
database covers are categorized into 18 areas: energy and environment, nuclear power generation,
advanced reactors, fuel cycle, back end technology, safety research, basic and advanced research,
radiation application, radiation influence and protection, governmental policy, regulation and rule,
statistics of operation of nuclear facilities, international cooperation, etc.

The number of access to the database has increased steadily, reaching more than one and a
half million a year in 2003. The influence of and protection against radiation are most
frequently accessed being followed by energy and environment, nuclear power generation, and
nuclear fuel cycle and status of foreign countries. People with different backgrounds are believed
to have an access to the database.

This paper gives firstly an overview of the activities on the establishment and maintenance of
ATOMICA including its historical background. Then accesses to the database are analyzed form
the aspects of their number and fields. PA Center has also received questions and comments on
the database from various people. In this regard the features of questions and comments are
summarized with special reference to those from youths and teachers as well as from general public.
This is done to elucidate the requirements to the database from the viewpoint of education. In

general youths and teachers are interested in the characteristics of radiation in the nature and from
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nuclear facilities. They are concerned about the effect of radiation on human bodies. Besides
radiation the areas they pay keen attention to are mechanism of fission and principle of nuclear
power generation. From these facts it is believed that the database for youths and teachers should
contain a set of systematic data which is attractive and easy to understand covering the microscopic
characteristics of matter, radiation, and principles of nuclear energy. In this paper, structure and
contents of good database for youths and teachers are discussed and future activities will be

presented.
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CT—MRIEEINTNSE, TITR, ZOT—FIR—ZAEENTHEEHIZ, T—FXR—
AR OBEERHEIZDOWTOEE, 2A2 FMEOD BEIZEECEMMSOH O ML - f#
MLUTHENE SN EELWT —IR—ADNETERA LIz, TORE, BER. B
NI BB EEE OARANDEEIZODONTORLEE NI EMHS Nz 7z,

1. I3U®IZ

BT - BRI BT 2% - fEmIE. W - (b2 B9 - BER E 2 BN ENS,
JINEPFDICASFICETEEL TH0, FRIIEMTERVAND S, £, BRO—
HIziE, FHTF - BERICHT 2R L 0RENH D EHEETER W, HF - S
RUOB#ET 25 BH0% < O FHHREMEMBEL LT VWRICE LD, BRICIEHET 5 Z &1,
INSOMBEERRT D -BEbEEFEZOND. ZOB. A% - FEROFZIEAL
EINVETHE, ZOLDEENSA & —Fv b (http://mext-atm jst. go. jp/at
omica. html) T7 7 LA TELHEMET —IXR—RIZEEDTRMTHZET, EROE
T - BRI K T MRICRTA I EZAMNELZOVNRFHERERTH S,

2—1. RTHhPARBBMES AT LBERORERE

EFHP ARERT —F X—2 ) IZDWTI, EiotE (1989) ISR 4T  GR CEB
BEd) o BARBRTF O (E6D 12 ERTFHP ARERRE D AT L) ORFEEHE
MNHO, INZZITTEMNTHEIRED, T0%. (B) mEFESREAENrITES R
IST) DEIGTHS @) HFhT—%t>%— (NEDAC) AVFpk 7 4 (1995) 3 AMS TH
T EFR S ATOMICA) &L TSV a BETRIERZMALZ. Fik 84 (1996) 10 A
MHEA =%y MIXDEM CERR 14 4F (2002) 5 () Bk EERHE M)
L. BEICE>TWD,

AT LRFEOBNE. BROEFHITHT DEMICTHACMISA . IRMIPAZ
XHET DD, BEFETTRETORT HBEGREEORET SR T AP ACERRT—%
EREBHAU R THIPAZEBT 2O DOBEMREKE AT LEZERTSHIETH o7,

/2. BT HPARBHRRES A7 L (BEHRREIATL) OTFT—FFHFEELLT, H
L. BFAP AICEDD#M, TEUFOBRILESR. EF hFREF LMY bOET
HERFEE S, fhkoa—v¥—L LT, RERFAFRFEZEELTBD, T0%., SEEOL
WA, CHHBE GERFR - A OFEFHESHEICNWDS AL, K¥E - &K - §

— 497 —



JAERI-Conf 2005-001

FROKE, SR EBOFEZA ) —F - EETD,

ERT G2 THEIFL, BRRES AT LOBE, BEFhlk GRBT—%) oMo %
EDEER, Ty OIS, BT P ARBRRES AT LMAEZBEROEHK. TNEW
SLETTER) OFRITROZAEXOBRFBEZHEHY L. 2o OEBIIEGRESHB AV, 8
FF - BB RE RN GRIEOEBREY 1 7 )V BISEHER) . (I1) BT &Mz,
) BAETFHUCREE, () HARRTHEERESFORET1BRER - Bkt
hE/TITbIZ. hnwelZnwieFEL, REZERKVENTREAOSM, EBRDH
THERORM, BT — 7 O, FRBEREZEOHN 0 AOREA S N—Z21—H
—ELTHEELZIERDICEIEMARR (FH2EREERY hv—20 205/ ar
WIE) BETHo7%,

EWRE L AT LOET—FIE, Fk6 F(1994) O R T, TxINF—LENH, BOK
gt - B, ETHRBEOHKMESNR, ZEBMEERERT -5, TEMREFLWET
51 (a2 E) . BEHR, ERGHEmAEN. QRARBREDOHFFHIZRESTREINTH
5. Tz, FRR6E (1994) 3 AIZiE. BB AT LOEHRN THT AR ATOMIC
AL ICRED, NBERTERL NN DOT—FX—AE L TEHEIN/=. TDE. T 6 F
(1994) 10 Az, NEDAC X TR AP ARBEHRT —IXR—ADFxy T —U#EHA] OFE¥%
AR 62 L. BN S THTHERSEH ATOMICA] Z5E#HE, %Rl £
BT, ERT7TE(995 3A22HMs /N a @Bk s ERZBE L7z,

2—=2. 41253y MZXDBI AT LDERB

SRR 7 45 (1995) B ABLER OEEN R MFEICU /50T, TR HER SR ATONIC
Al ONBERZMHETSEEDIC, 2—F—ORBEEEZA LT 5/-9, ATOMICA DFHE
FT—YOMLEIRT—5 OFH. FEHEOER. MBEF—7— ROEH, XFT7 50
SUMMARY (EE4)) ZBIREIZIR N B 2 HIMNEREDER, MR T—4%&/NV 22 CRTH
HICERSESY U 0— REREDFT S, FIAFEEE 07 5 L0%BEOIEN, #MfEEE
EEHLHEED/N) A CBREICBITLMEREOREZ LML /2. Tk 8 4 (1996) 10 AiZ
W3, A2 —%y MNROERZRBL., SFEICEELZBEREIZHHE L 2B H 2T,
I—H—ADY—EAM LiZ8Hiz. ER9E (1997) Eizid/Ny a rilsfakE#EIEL T,
A2 —Fy MROADREERD, 127 —Fy FERFEV 7 T2 7 OEDNOKE
75 EEDIT, HiT—YOBNFIRHIET S0, KEBEZHPLIT—F 2ROBRE
BERBELT, T—YOBEEMRAETHN I8 HEEL., BIEICE > T,

SERE 12 47 (20000 10 A0S TERFHEEHEM ATOMICA) > AT LOEMMNT STIZEITL
Too WERE 13 4(2001) 1 H 6 HEARRZ, THRTHWHBETALAD ) OF T, TXT—4 X
—Z NUCLEN) & &EBICHEF NP ARBHRT —4 & LT ATOMICA 3B X 31, ERk 13 4 (20
0D 10 H2 5IIMALIT BUE ANFHFE R BB SER L T 5,

3. TRTHAREMATONICA] T—F X=X DN

RN T —IR—ZAZFM T 21— —FEI KL T DT, BENSET A
Bm EBET 2 ER - EWMENEL, 21— -0 — XA TATOMICA F—F I Rpe E
BOZLENBETHL, HRELPTVWREREZRAZ, FHETEREORVWRERT -0

— 498 —



JAERI-Conf 2005-001

ERBIUOEHNTEDL LD, TNTNDT—HFIL, TELRETHNDPLTNEEREZH N
T, T HEEME L EOWFES - g0 A2 O ZHACLD. NIE - WEICEED T
Hb. TYRNEORLRIT, BROBRENHMTELLANNEZHELLT, AXOTF
A bT—% (CERE 16 ££(2004) 8 ABRLET 2,401 1) EHEDA A= T —4 (CERL 16 4E (2
004) 8 HTHK9, 900 ). HGEFEE 2, 213 B THRIN TV S, HIHT—FDIMITORIC
3, RO I—Y—2SHIIHBE, BEFARBELEZD DERIISEZEIIRLGIIICEELT
T—F5A MVERELTWS, #lZIE, HERREMEE T3 F—, EENICE2ED
MIRENMERM S N IHY EREF HREN. BRFHTREPACEEE5Z2bA LD
N ARERER, RARERER TEOND N REF R OMERR, EEEEY
NS OMSHRRHRERZICEA L TY 1 MV EREL Tnb,
T—IR—ZADHERIT, KERE LTI R F—EHERRE, BT h%E. ERPOE
THROBIER, BB 51 7). Ny 2 T2 KR, BEFhL e, S, K
NARFA, REHRPEEYE, BB, EEE A - ET e, moges,
Q&A., BWHBRERTHICET HEEL NEY I R, BEFHER BrhElgr—vi L
ORERFNTEAD DBIA VAR - BRAEENTN S,

4. T EF S ATOMICA] IR

SRR 8 4F (1996) NS A >4 —% v MCXAREVBED. TOH%, W DONDEK SR
HERMWEMTICIo072EFBZ LN T 7 EADED. EFHEREHR ATOMICA T—F
DT 7w ARAHIEMLZ (K158 ATOMICA T—FX—2A7 7 A HROHER) .
Bric, Rk 111999 9H30H (BR) Pxz— - —+F— (JCO) IZBITHENEWK
OBIIE, Y —0507 7 AROWINI S ZAF LAMMIETET, —KEMIZS AT L
METTHENDERIZE o/, TOROMANEEDEENH D &, BEah, A—I)izs
WRDBBEWEDED, 77 AEOEMELBITHL TS,

NEFHEREH ATOMICA) T—4 ~O¥pk 13 4F (2001) BICAD THS DT I A B1#
. INETOKRTNS ZELT, FIERAD 2 ~3{EORIEBUIEZ TWD, ZIUTER
12 4 (2000) E#ETO 3B EZ 2WATHEATLEIBNWTH S, 0%, FHBKIIE
FIZHIL. AR 154 (2003) 7 7 X880 2, 343, 348 &R 14 EEED 3 BIAIZET
5HEEHIT, FRE 16 4 (2004) B3R 30 FOT 7 EARMBHE NT WD, FFiZ, BHKY
FIMERCMEMTHZMN, T AT DHENT—HL WO THHRZEE R
BRe€), RIZ T3 F— EMEREREE | TR /15E). THEHERAL, TR Y+ 7))L
DIEIZ 72> T35,

SRR 14 F (2002) 12 ATOMICA OFIRFEXMRICT > — FEZERL /I EZ A, TATOM
ICA 7 —4% THELSBRMAFTER] EWIENTI%E, VAT LRDT—5 ODREN
FAHEOHFICHEIUEA TS EEZLND. £z, FIAFOFHEIL, 20 K& 30 KT
2RO 50%, 10fE40REBGDLEDE X ERD, FENSHEAETORBEDOALZD
FANKEYTH S, EANSOFAEED 1 %D 0, EHNKREECEHARLE TR, 2
— I PBEBHETOMNEOREDLDH D Z 56 bEET 5.

BHRIZH LT, TN ENOEMRICHNEZHERAL TREWDZRWE DI, XHXk5
RS (AEHL20WEERHET) METHSELOIIEDH TS,

~ 450 =



JAERI-Conf 2005-001

INETMEN NEFHERER ATOMICA) OFXFEMICHT 2EENFET IBERENS
FH Lo TS, BETIZFMRK 12 4 2000 EICHER T H8F750T (KAERD 12X D F—
FR—ARBOEFNH O, BERRR [FETFHERSEN ATOMICA) OEALBFEBS N,
Ky A RRTTNS BERRBERNH O, ERITEA I —Fy bTORRDOENRE
1%

#
350,000 -
300,000
BIRBRFEEEAEIEND
250,000 3
200,000
BT 7 &R THI Fibs
150,000 — ‘
100,000 JOORRE £t I
50,000
111
0 .
1996.10 199710 1998.10 1999.10 2000.10 200110 2002.10 2003,10 % A
K1 ATOMICA 7—% (B30 D77 AR OHH
—_——————— S 3 —— 2 m3A
350,005 - Sk
Tl — S EfIR s (1R G EA AL R e BT S WA
mi2B
300,000 F o1 A
miol
£94
250,000 |meR
o078
068
200,000 F WsA
o448

150,000 <~

100,000

=
Ll

50,000 <

AREEF

B2 SERE 15 EE BT AR (K30

— 500 —



JAERI-Conf 2005-001

5. FIAFENS OMVWAEDLERTRI AT K
IR RAEN SEERABICEADIRNELENWSNWATH DA, B THMWZERN
BNEN, TOMBIIEHZATZDIC, ¥ —THOELERIZIHA THEMRICHE
RLTHEEEBL TS, WS DONERNT 5.
OMEENS “HFHO R &S, B ER2MEIIDNTHRNTWET, EFhHo
HIZOWTHATLEEW
RFHORENZENL TITONDEH 70227 MHLDOTLLEON? )
THARIERTHARERIZONT, ENKS50VOEEHZRDTNEDTL LD
[HEXHICBHOEZRWRERTFHRETIIENSDTL LDM? ]
OhZ4EMNS “ZFZIIE, 12 BOh2EAETE”
EF5 () =5H (BESH) TERIBLLEDIRDETN?
OERENS
Mt RYIDFEFHEEHK & 2001 FFE TOREBRREREHOFERITATOMICAD E ZIZ#H> T
WEFT M)
(74 > X7 —)VEBTEEN, Yo0—7  FEEEH. HEREHRIEICX 5813 <
i EOREBEFHERIFMREIZONT, BHATL/ZE W]
OKRZFEMNS
RGERENTORBRRIIZE -HFETL LN
ETNREAINDUMIBIT 2 HETOEEORIIIDONWTEHZ T ZI )
OEZFHEENS "BERERIIIFFEEENFELE L2 O %E T — IR FH#HE O 5%
ELTWET. HEBEICOWTHEMRHD O ET”
NEZMEOE WD DNA WEE TEARWIEEEZED R EIINW 52D TY
n? |
OR¥FBRENS
TATOMICA 57—4 @ “N A BEASEREOMEDOERDOM” Z@mXIZ5IALZWD
TTH, EOXDIZTTIUIEINTTN? )
QHEMMSTEZ L TVWTERENSOHEMZZ T TRBZEUILNEE LT,
(T MRZDEE, EOLDBIERDODTTMN? “RA3” LIdBLTHIERD
TIh?)
(752 S DR RTHE, PHRUTTESLEF Ook) 3L —EDEANIH 0 F
IHh2HRIEL. BT LMaN—FE 2 EN)
(“BERHTD" ENDDEMBETLOTTN, DRLETIAIEDBRDETN?
(R LTI Z 285 TN 223918, EARIGRRIERTDOTTN?
TN BRZT L3 DENEIIIATI N ZDEEEE, BERBOMEB LM 2SR NnE

B OTIHY
TNV 2391%. ZOFFERETDEANKETHEBMN-DTT R, EAHE
R TERZFEODTIMN?

[RERHEL, TOAHZZLNS "BREGERE" CESOTTN, HEKRBEHEN
SDTYIMN?
HEHBOEDF LD ZH/=/sT =5 DERICENT I EHH D, IFEICHE

— 501 —



JAERI-Conf 2005-001

RERTHS. E2TEDHTNS,

Tz, FIRFEMSOOAANELT, Ex, TATMMICA T—F T EREDOIIZ 2> T2 D
TIM?] P [HEFHHGEGEZEEIZEEZEOEOLDOEIHDERAN? ] EOMLWEHLEZE
B . KEAOTF—INEOHF MBS ZRDDTE~IEFBICNBZTH L TNDED,
HEH E L TOTF—F NI DWW TIERAE, ZOaHEER<. 1 25 =%y MNROADHE
flk&izo T3,

6. F&D

T—=I\OT 7 ARBOHEERTFAENS O WELR R ENSHRIT S &, FIH
FORLT, KBHTEA T THHNEZEERRREE), (T3 F—EHEKRE), (R
THREE]L, TEBE)YA 20, HMES 2 ETH D, 77 L ARROWERZ LD
TWb, ¥, IET Y077 A3, NRFHFEE]. BRI Y1 7)), TZx)LF
— BB, THNREE BB E %<, Z0453BTY I CARBORINES % b
OTNWD, Fpk 14 4F (2002) ENSKERDY A ML THRENARES 20, 2RI ABEN
ML Tns, INHOBEOT—F 2 BERMCHBET 2L ENZRRT 5,

Fz, MHENSOBEEODETHS A NIZEIEM0GhERENSHRIT S &, B
R BUREE. B 8s EEANMFEORHIZDWTIL, RESEMR S8k %2 2 RS
HEZANWTHMBRLTHS DI EMBETHD, TOEDIHZILDT—FEHELL T
CENEBTHDEEZD,

RFHRBEITALASD ) ZHRTHIHOD-DTHD WFALAD VA X E, &
BRI TIZHFELLERA L TS, Fik 15 4 (2003) \ZWEEF 1. T3RIVF—. E#.
BREOAMMICBTLIAEOEMNEREL 2TV, T TIZEHLRIAXELTABEN
Tnag,

ATOMICA FIAFDFECHEF NP I RINF—IZT 2B8FREOIRREZHEA T, B
WA TR [FyXT—IRX—Z ()] ZHERTH 2. B THFHEREH A
TOMICA) &£&BIT, BIZZ < OFHAFOMFIIEA D XD ITED TS,

MR ERElR ATOMICA) OF—#ERICEALEYEL LT, 77 AEENE L
L2 EMMTHELTATH 5. HEOEMIZT HAONIINZ EREFE NS EHL,
WICT—Y2EHL TN EVNILPIOHEEZSHICBWT, 48T — ¥ X—2ADE(E
EHED D,

= BN

(1) FERIB, & HE: 1 25—y MRETFHEFEM (ATOMICA) . FUTITSU, 49. 3
pp235-239 (1998)

(2) 8G - A aflsl (ATOMICA), HH%2m. Isotope News, pp24-25 (1997)



