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Abstract

Radiations always exist in nature and are necessary in various fields of our daily life.
Radiations are utilized for nondestructive inspection in industrial uses, diagnosis and
medical treatment, tracers in agricultural research, and so on. Researchers make good
use of radioactivity. However, the fears of radioactivity remain in the public due to
reports by mass media, accidents of nuclear power station, treatment of nuclear waste, and
atomic bomb. Therefore the public tend to see the negative images of the radiation.
Radioactivity can be dangerous. But it is hard to say that radiations are always evaluated
appropriately.

To solve the problems of misunderstanding, we focused the study on the radiation
education curriculum. In this research, we studied the radiation education from the
following four points: "physics field", "physical experiment", "chemistry field", and
"comprehensive study time." Two themes of the former were performed in the actual
lessons. Two themes of the latter were the investigation of the current state and the
tentative plan.

The research have to be continued in the future.
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4 . 3 Radiation Education and Scientific Literacy
Yuichi IIRI (Japan Atomic Industrial Forum)

I'm impressed with the several efforts that the teachers have shared us to find a better
educational method for the problem of energy, nuclear power and radiation. What
I'd like to discuss today should be the followings.

Thinking about Japanese Education systems, I can see a certain things missing in the
current systems and perhaps we need a different viewpoint to prepare for the 21 century
of energy and radiation education. That is why I'd like to make a speech in the point of
view "Radiation Education and Scientific literacy".

First of all we must examine our traditional education. In our education we had a
viewpoint that science and technology should serve the human lives and our industries.
But the more developing our science and technology, the more evil influences, atomic
bombs, environmental pollution and so on, have been exerted on us, while in the Inter-
national Symposium of Physics that was held about forty years ago, some researchers
insisted that 'To legacies science as the universal value of our great culture' sheuld be

the standpoint of education.

To teach science on these three view points, we used the method " teach it to pupils
and students and learn it by heart" we did transmit learning systems, ideas and knowl-
edge as our great cultural legacies to the young. The new roles of science education,
however lie in developing themselves to cope with the changes of societies and live
happy lives by means of thinking about or solving the problems of science. So we

must teach it in the different method from what it was.

There is a great problem of "nuclear power" in our country.  In Japan a number of
people fell victims to "atomic bombs", so that it is quite natural for them to reject nu-
clear electric power and radiation. But the teachers should have the ability to judge
fairly. So far, they can't teach the projects and the problems of nuclear powers without
standing on either side of 'for' or 'against. This isn't the fair and right method of

teaching the problems.

Many years ago, I went to Sweden to research the problems of energy and environ-
mental education, when I was impressed by the Swedish attitude for nuclear powers.
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They have had their own sense of values for them.

By the way the symposium of the OECD education was held in Tokyo in December,
1996. Judging from the researches of 14 countries, Japan is in a very low level next to
Portugal in scientific literacy, while we have the best knowledge of science and mathe-

matics in the science attainments of IEA.

Generally speaking, the result of scientific literacy is consistent with that of science
attainment, but not in Japan.  We have had and will have many complicated problems
on energy, nuclear power and radiation. Recently in Japan our teaching curriculums
have been revised. As there're the general learning programs, all the school subjects
will be able to cooperate one another to have students develop themselves.

This national curriculum of England has been started as the cross-curriculums to
learn energy and environmental problems. Our research mission did first report as the
method of teaching them. This is the way to learn not only positive opinions but

negative ones as well, and then to obtain mutual consents.

For Japan to survive in the world, we must bring up those who listen to others and
follow the general consensus. As the education of radiation, by giving the exact
knowledge about the security and risk of radioactivity and atomic power, we should

bring them up to judge many problems fairly; the scientific literacy.

I'd like to discuss them in the workshop.
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4.5 THE IMPORTANCE OF EARLY-SCHOOL RADIOACTIVITY EDUCATION IN
CULTIVATING PROPER REFLEXIVE JUDGEMENT ON RADIATION

Kojiro Nishina

Aichi Shukutoku University, The College of Contemporary Social Studies,
Nagakute-Katahira 9, Nagakute-cho, Aichi-gun, Aichi-ken 480-1197
Japan

ABSTRACT

An attempt is made to draw a preliminary conclusion on the effectiveness of
early-school education on radioactivity, based on two cases of student responses. The
first is the returns of questionaires circulated at two colleges, which were typical of
an engineering college and a liberal-arts college, respectively.

The second is the reactions of liberal arts students to observed, unexpected
levels of radiation in their environment, Their reaction was dominated by their
preoccupation on radiation, rather than by the quantitative data they themselves
collected on the spot. Thus classes in early schooldays are considered to play a vital
role in cultivating proper judgement they are to rely on as general citizens.

1. INTRODUCTION

In the present Japanese curricula at the elementary and junior-high schools, the
topic of radioactivity appears to be covered only in connection with hisotrical incidents
of casualties, the typical of which are the Hiroshima and Nagasaki casualties, and the
Chernobyl accidents. Thus at the level of compulsory education, attempts are barely
made to introduce this topic in the context of science teaching . In an attempt to correct
such insufficiency, and to provide the next generation with properly balanced
knowledge, there have been many attempts at the university level of this country,
typically at engineering colleges, but much less at liberal arts colleges.

The present observation was made in one of such minority attempt. From the
outcome of the present observation, the importance of early-school education is
strongly felt in bringing up general citizens with proper knowledge and sense of
judgement in this subject. The attempt is still preliminary, and needs further data
collection.

2. METHODOLOGY AND DISCUSSIONS ON THE OUTCOME
(1) Returns of class-room questionaires on radioactivity and nuclear power

In the fall of 1996, a questionaire on radioactivity and nuclear power was
circulated at classrooms in Colleges A and B. At College A which is an engineering
college, a group of 28 students within the electrical engineering department filled it
out, the 26 of which were male students. In College B which is a liberal arts college,
a group of 171 students within a class of contemporary social topics filled it out, the
154 of which were female.

In response to the seven statements (Q1 - Q7 ) listed in Table 1, the students
were requested to make a proper choice out of true and false markings for each. The
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correct choices (answers) are indicated in Table 1 in parentheses. The Q1 through Q4
are the questions related to radioactivity, while QS through Q7 are energy-related:

TABLE 1: Questions in the Questionaire

Questions on radiation:

Q1: Without any artificial radioactive materials, no radioactivity would exist in
natural environment (False).

Q2: The radiation dose received annually at the boundary of a nuclear power
plant is less than the dose received inside an aircraft during one round-trip
flight from Tokyo to New York (True).

Q3: Hereditary abnormalities have appeared with a higher percentage among
the progenies of those who received the A-bomb radiation at the city of
Hiroshima than among the progenies of the average population in this
country (False).

Q4: During the soidum leakage accident of MONJU ( A Japanese fast breeder
reactor) in December of 1995, radioactive material leaked out of the
secondary cooling system together with sodium (False).

Questions on energy and nuclear power:

Q5: In the light water reactors which are currently operating at Japanese

nuclear power plants in general, plutonium fissions is contributing to
electricity generation, in addition to the uranium contribution(True).

Q6: To prevent converted use of nuclear fuel to weapons, the International

Atomic Energy Agency (IAEA) periodically inspect all the Japanese
nuclear power plants (True).

Q7: Less than 50% of the energy consumed in Japan is supplied by energy

sources imported from overseas(False).

Note: To briefly comment on the questions that are specifically Japanese: In Q2,
the annual dose received at the boundary of nuclear plants in this country is
less than the regulation value of 0.05 mSv per year, while the dose received
during a round-trip flight between New York and Tokyo is estimated to be
above 0.06 mSyv at least (Refs. 1, 2 and 3). In Q4, the secondary cooling loop
sodium is independent from the primary loop sodium which is radioactive. In

Q7, Japan relies on imported energy sources for more than 80 percent of her
energy consumpiton.

TABLE 2: TheReturns of the Questionaires (Percentages of Correct Choices)

The Response to the Questions on radiation:
Questions  Class in College A  Classin College B The Case of Contrast

Q1 96.4 93.6
Q2 89.3 38.1 ®
Q3 429 19.9 O
Q4 57.1 21.1 0O

(TABLE 2 continues to Page 3)
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TABLE 2(Continued):
The Response to the Questions on Energy and Nuclear Power
Qs 71.4 80.1 —
Q6 81.5 87.0 s
Q7 96.4 84.3 ——

The returns of questionaires are summarized by the percentage of correct choices
in Talbe 2. It is found that the existence of natural radioactivity is known fairly well in
both classes. We see in addition that the two classes responded differently to the
questions on radioactivity, while similarly to the ones on nuclear power. The
significantly different responses found in Q2, Q3, and Q4 in particular may be
attributed to three tfactors: (a) the discipline received in College A on engineering in
general, or (b) the lecutre possibly received by a portion of the class in College A on
radioactivity specifically, or (c) the different gender composition of the two classes.

Unfortunately the effect of the factor (c) cannot be isolated in the present
insufficient data collection scheme, and is not to be discussed here. The effect of the
factor (a) may be that discipline in engineering has had an effect of training in
quantitative thinking, although the training itself is not directly related to radioactivity.
In any case it is reassuring on one hand that students who are to become professionals
in engineering have correct knowledge or judgement in this technical field. On the
other hand, the situation in College B gives us a serious task.

Soon as the graduates from this college, the students will join the mass of general
citizen in this country without detailed knowledge, who will influence social decision-
making in near future. The graduates from liberal arts colleges in this country are said
to be majority in number over those from engineering or science colleges. It is very
important therefore to nurture the next generation with correct sense of general
judgement in radioactivity, even without professional discipline in engineering or
radioactivity. In this regard, the following observation gives us a hint for the direction
of our effort required.

(2) Students' Reaction to the Dose Rate Found in Their Environment
In the past three years (1996-1998) at College B, with which the present author is
affiliated, attempts have been made to let the students monitor ambient radiation in
their environment with portable survey meters. Two to three hundred portable monitors
were rented from Institute of Radiation Measurements (Houshasen Keisoku Kyoukai),
Tokai-mura, Ibarakiken, and allocated to classes in the following scheme(TABLE 3):

TABLE 3: Allocation Scheme of Survey Meters in the Class
110 monitors allocated among a class of 260 students in 1996, lent fora week,
230 among a class of 460 in 1997, for two weeks,
380 among a class of 380 in 1998, for two weeks.

The choice of locations for measurements was left up to students. Requested in
the report which they are to turn in are the reason for the specific choice of locations,
students' prediction of the radiation level at the locations they chose, and the agreement
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or discrepancies found, and the reason for discrepancy if found. The examples of
typical measuring spots are: locations in campus, vairous spots they go through on
their commute, their part-time job offices, spots in downtown, and thier residences. In
their residences, most of the students try to measure specifically the dose at the room
they daily spend their time most, namely their study or their living room.

On the average, the dose rate values in the Nagoya downtown varies from 40 to 80
nSv/h, in the campus from 20 to 70, and in their residence from 40 to 80. Thus in many
cases the students find dose rates in their residence higher than those in downtown and
subway. The reaction in such a case is interesting, and worth careful scrutiny .

In most cases they can manage to overcome the surprise they feel in their first
encounter with natural radiation, by convincing themselves by reading the lecture
materials. But higher dose rate in their own study room than in downtown is harder for
them to accept. They have already been told that the natural dose rate varies from
prefecture to prefecture in this country, and that there have been no difference observed
in the probability of cancer appearance among those prefectures. The difference in the
dose rates between the highest and the lowest values over the country, which has been
reported by literature(Ref.3), is of the order of 40 nSv/h, and so any dose rate
difference smaller than 40 nSv/h need not to be worried about.

They confess, however, " I am scared," or they assert, "We should not overlook
this reality. We need some measure to improve this situation." It appears that they are
looking at such background (natural) radiation with the kind of feeling which they have
toward chemical contamination with toxic materials. Rather than trying to make any
judgement by comparing the measured value quantitatively with data that have been
supplied in the lecture, they react with anxiety they had had a priori. It is not a logical
Jjudgement, but is reflexive reaction.

It is exactly this kind of reaction which often dominates the attitude of public
when they encounter articles on radioactivity in press. It is infered that such attitude
has long been formed by contacts in the past with sensational headline articles in press,
which only emphasize the hazard of radioactivity, without quoting any specific dose
values.

3. CONCLUSION

The reaction the students showed toward the unexpected level of radiation is
regarded as exactly the kind of mentality that currently prevents logical reasoning and
discussions on radiation utilization for the future in a broard aspecct. It should have a
close connection with the fact that radiation is invisible, and that they have never
verified or felt the existence of radiation with their five senses. If such lack of
verification experience on radiation is the major reason for such mentality, laboratory
classes in elementary or high-schools, where students themselves participate, will be
the key to the solution. The reasoning in lectures alone would not solve this problem.

It is suspected that the current educational systems are sending out young
generation to the society with the mentioned mentality, who would become press
reporters soon, and who would contribute to illogical articles. In order to cultivate
proper reflexive judgement in general citizen, and to erase their illogical preoccupation
on radiation, radioactivity education in early school days is considered absolutely
necessary. The education in university level would help only in the professional
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domain. In this sense, the author would like to send his sincere message of support to
high schools or elementary school teachers.
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4.6 Experiments of the **Ar-**K Generator

Bunsei KIKUCHI
Department of Physics TOKAI UNIVERSITY

1117 Kitakaname Hiratsuka Kanagawa JAPAN

Abstract

Very simple short half-life radioactivity source is obtained safety in

¢lassroom. Using this generator many experiments for radioactivity and ionizing

radiation are carried out.

1. Introduction
A long half life argon generator (33 years), from which one can obtain

short half life (12.5 hours) potassium radioactivity any time, has been developed
This argon generator was

and used for students in university and high school.
This reaction jg

produced by cyclotron, irradiated °H (triton) for noble ‘°Ar gas.
s written as follows.
40, 4 %y 42Ar+p

The decay scheme of “?Ar -“’K nuclei and cross section of device is

shown in Fig.1 and Fig, 2.
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Fig.1. Decay scheme of ‘ZAr-*“K nuclei. Fig.2.Cross section of device.

2. Setup of Instrument
A noble Argon gas which included in a small gas bomb is neutral

However Potassium makes positive ion. If there is an electric field, the potassium
jon were collected a negative electrode. About 100 V DC voltage is applied 1-or
2 days with battery.

Water and used glass tube for milking a small polyethylene cell, Then the
needle electrode inserted in the grass tube. Potassium ion melted in the water.

This process is called "milking", which like relation between cow and milk.
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3. Method of demonstration
An example of the *?Ar-*?K generator is presented. The very simple
procedure to extract the milking procedure of ?K radioactivity is demonstrated.

One can carried out many interesting experiments as follows.

(1) Half life of “°K radioactivity. (2) Absorption of radiation.
(3) Inverse square law. (4) maximum energy of f ray.
(5) Energy spectrum of'y ray. (6) Law of nuclear decay

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

(8) Auto radiography

Etc.

4. Conclusion

This “?Ar-*’K generator has excellent properties as an educational tool
for teaching radioactivity and ionizing radiation. Its use is recommended not only
in colleges and universities but also in high schools.

Teaching radioactivity has been very much neglected because of many
reasons in schools and even in colleges and universities. However our life is so
strongly dependent on nuclear energy and nuclear radiation.

The greatest merit of generator is its inherent safety because of the
chemical inactivates argon and also the fact that one can use small generators
under the limit of the law. Another merit is its convenience because of the rather
long life of “*Ar (33 years), and the procedure to obtain ““K is very simple
and interesting radioactivity.

The law limit in Japan is considered to be 3.7X10* Bq. This quantity is

enough to do many interesting experiments.
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Téxt of the key note lecture at the Workshop C of the First International Symposium on Radiation
Education, December 13, 1998, Hayvama, Japan

4.8 RADIATION AS ASOURCE OF RISK
Kazuaki KATOH
katoh@ipu.ac.jp

Ibaraki Prefectural University of Health Sciences

Ami, Ibaraki-ken 300-0394, Japan

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

Keywords: radiation, risk, benefit, mortality, management, pedagogy.
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DAVEEEL TORAHR
RADIATION AS A SOURCE OF RISK

i Fed
katoh@ipwacjp
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Iharaki Prel. Univ. Health Sci.

KATOH, Karuaki
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—Detrimental Effects to Health
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— Macroscopic Effects
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Effects of Radiation on
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Deterministic Effects: EEB@EES
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Stochastic Effects: REEMEE
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Comparative View on Risk Factor of Human Death

AREHEE TR %
Atsuhiko TAKEDA and Tsutomu SUGAHARA

BHEA HEHRS

Health Research Foundation, Kyoto, Japan
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TH3, MEHBEHRE, EM1TADD]1THAEN, TOREBENSZDOLTHATHIITHH ST,
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MR TRTRSNOTREYRSD 205, TORBLIELSTHB, FMFET Y A Y DiRER,
HRoREX (AHE) LAEUCIHE (B/E) ORIIDVTRENRBAAETH D, FhitEH T,
EULWURZBHSFEOR, BERS TVRAIREI BPEBERERS.

ABSTRACT

Human being, namely. "living” get invelved in risk factor. Even if risk is linmited to
lethal danger, human history is coresponding with numberless risks from ancient up to to-
day.

For example, there is increase in risk of death by car-crash owing to get high effici-
ency in transfer. In Japan, the death toll by car-accident is about ten thousands per
year constantly. State of deaths by car-accident not only include driver itself but cyc-
list and pedestrian. Death rate of both the cyclist and pedestrian amounts to 40% of all.

In the aged, rate of fracture as result of fall-down while walking is very high. It
shows that the aged who give up driving and get out of danger car-crush are attacked the
another accident as walkers. On type of danger, the decrease in risk of one-side come to
increase in risk of other side. That is "risk trade-off”. Examples of risk trade-off as
above are numerous in envaironment.

Acceptable death rate of various causes is about 107* per year in generally. Flight
accident happens on rare occations(10~" per year in Japan, usually). Spite of insignifi-
cant probalility, people fear by both reasons that the possibility of rescue is very few
and the size of accident is enormous.

In the cases of flight and nucler power plant, estimated accidents is sever, but its
probablity is very small. Therefore, risk of annual deaths by accident must be considered
as nultiplication of size of risk(deaths per year) by probability(frequency per year).
Obtained result by such analysis shall conduct to right risk perception and stable "risk
acceptance”.
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4 .11 Understanding Radiation and Risk:
The Importance of Primary and Secondary Education

TADA Junlchiro

Japan Synchrotron Radiation Research Institute (SPring-8)
Mihara, Mikaduki, Sayo, Hyogo 679-5198 JAPAN

ABSTRACT :

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

Y This work is partly supported by a Grant-in-Aid of Science awarded by Japan’s Ministry for Education, Science,
Sports and Culture.
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1. Public understanding of risk

The general public tends to adopt extreme views about hazardous matters; sheer
emotion all too often overrides a rational assessment of risk. A widespread prejudice
against radiation illustrates the point. Radiation is frequently feared, but rarely
understood.

The responsible use of radiation provides a powerful tool for enhancing social and
economic welfare. Too much radiation is dangerous, but the same is true of an
excessive consumption of salt. Although human life depends on a certain amount of
salt, excessive doses lead to hypertension and renal damage; consuming more than 200g
at one time would be life threatening. Japan’s Chinaform incident also demonstrates the
point about dose levels being more significant than notions of absolute safety. Some
10,000 Japanese patients, who received more than 1.2g of Chinaform, suffered from
appalling "SUMON" (subacute myelo-optico-neuropathy) side-effects. The incident
stands out as Japan’s biggest pharmaceutical disaster; but global figures indicate that
more than one-hundred-million people consumed lower doses of Chinaform without
any problems.

Whereas the public can easily understand "zero risk," rational judgments about the
degree of relative danger associated with a particular hazard are more problematic.
There is a natural tendency to emphasize the element of danger in anything that is not
"completely safe.” Improved education is essential to promoting a more balanced
public perception of risk and countering the effects of misleading or sensationalist
reporting. The public should be able to make informed judgments on the basis of
accurate and well-balanced information.

An example of public misunderstanding of risk occurred with early media
coverage of AIDS (Acquired Immunodeficiency Syndrome). There were pictures of
medical workers preparing to treat AIDS patients by putting protective clothing
designed for working with biological weapons technology. Novels and movies
depicted AIDS as a highly infectious threat to society. It was only later that people
came to accept that AIDS is a weakly infectious virus (HIV: human immunodeficiency
virus) but, notwithstanding pictures of celebrities shaking hands with AIDS victims,
many people continue to believe that AIDS is highly infectious. Although campaigns
have done much promote an improved understanding of AIDS transmission processes, it
is difficult to overcome prejudices engendered by early reporting.

2. The treatment of radiation in Japan’s compulsory education system

While the effectiveness of school education programs owe a great deal to the
efforts of individual teachers, they also depend on the contents of textbooks. Japan’s
education ministry fixes the compulsory education syllabus for every school in the
country and only allows the use of approved textbooks. By examining the contents of
these ministry-approved textbooks, the author and his colleagues were able to build an
insight into how the Japanese education system deals with radiation.
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Japanese students first study radiation during their fifth year of primary school (11
years old) as part of their social science curriculum. The syllabus covers the dropping
of atomic bombs on Hiroshima and Nagasaki, together with the Happy Dragon fishing
boat (which was a casualty of the Bikini Atoll H-bomb test) and the catastrophe at the
Chernobyl nuclear power plant. In each of these cases, significant numbers of people
were exposed to massive doses of radiation. Moreover, explanations in these
textbooks use emotive language, such as: "Many atomic bomb survivors are still
tortured and killed by the effects of radioactivity(sic)." However, during the period
1947-1989, the total number of cancer deaths (including leukemia) amongst Hiroshima’s
atomic bomb survivors was only 340 more than would be expected in a normal
population. It is important to separate the terrible human suffering caused by the bomb
from an objective assessment of radiation hazards.

Emotive language can easily distort the picture. Social science school text books
often use a negative prefix when referring to radiation (for example, with terms such as
"harmful radiation" or "terrifying radioactivity"). Although natural science textbooks
use more precise language, the author did not find a clear explanation of the nature of
radiation and type of harmful effects that might be associated with different doses of
radiation. (Physics options provided by senior high schools include a scientific
treatment of radiation, but only 10 percent of students select these courses.)

Education often involves elements of propaganda. Nazism, Stalinism, and
Japan’s militarism have all demonstrated the effectiveness of promoting a one-sided
representation of events. However, the public disapproval that stems from distorted
views of religious, historical and racial matters is not evident in the case of radiation.
Japan’s compulsory education system instead produces graduates who might go on to
propagate negative images of radiation. Careers in films, literature and other media
can all provide influential vehicles for nurturing the idea that radiation is inherently
dangerous, with evil and even supernatural associations.

3. The need for educational reform

There is a clear need to ensure that Japan’s compulsory education system provides
a more balanced treatment of radiation and related issues. Primary and secondary
education syllabuses should include the treatment of radiation as a natural science
subject. Modern science recognizes that radiation has been fundamental to the history
of the universe. And there is no justification for maintaining nineteenth-century
attitudes that pre-date the discovery of radiation.

The difficulties of teaching radiation are no excuse for leaving it out of the
curriculum. We should rise to the challenge of explaining radiation and the health
implications that can accompany different levels of exposure. Education should
support a more objective understanding of radiation.
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4. Techniques for teaching radiation as part of the natural science curriculum

Some scientists insist that it is impossible to teach radiation as a natural science
subject to primary and secondary school students who do not understand atomic and
nuclear structures. The argument might appear persuasive, but a moment’s reflection
reveals that primary school students can build a useful appreciation of the nature of
electricity without knowing about the role of electrons. The issue is one of
compromise and the author does not claim that there is any perfect solution to the
problem.

Existing primary school education programs illustrate techniques for presenting
complex subjects in comparatively simple terms. Let us briefly review the way a
primary school textbook deals with electricity. In their third school year, students learn
how to use a small lamp to confirm the flow of current from a dry battery. They learn
about the difference between conductive and insulating materials. And use an electric
motor to confirm that current has a direction. These are easy-to-appreciate
demonstrations of what electricity can do: the lamp lights and the motor moves.
Electricity is invisible, but simple experiments provide potent illustrations of its
significance. A similar approach could be used to introduce the study of radiation.

It is possible to demonstrate radiation using a photographic plate or diazotype
photosensitive paper, while real-time evidence of radiation can be shown on a
fluorescent plate or the type of X-ray film sensitizer sheet used in diagnostic radiology.
Such techniques have paved the way towards an improved understanding of radiation
and provide a powerful tool for stimulating student interest in the subject. Students
might use samples of uranium ore and photographic plates to learn about radiation’s
penetrative qualities, along with the principles of radiation shielding and quantitative
analysis of the processes involved. Some enterprising high school teachers have
achieved encouraging results by using home-made cloud chambers to demonstrate
radiation tracks.

While commercially available sealed sources (having a radioactivity of less than
3.7 MBq) are suitable for school experiments and demonstrations, the author believes
that it is preferable to use natural sources of radiation. These convey the message that
radiation is part of the natural world; not something inherently evil nor supernatural.
Radiation has always been an integral part of the universe. Education programs should
present a comprehensive picture of radiation that counterbalances concern about
hazards with an understanding of radiation science.
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4 .13 Investigation on the Acceptance Level of Radiation Exposure

- Comparison of Chinese and Japanese

Jin Wu and Kazuaki Katoh

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

Abstract
Radiation has helped to develop our culture and civilization, both of material and of spiritual,

and without doubt it is useful to develop our civilization further and to enrich our future life. On the
other hand, we cannot help avoiding to live with some by-product radiation of “advanced
civilization” in addition. Thus we must associate with radiation even if we like it or not.

To our understanding, safety standard or criteria of safety control is nothing but a contract of
the body concemned with the society. In order to make this contract rigorously, it is required for both
sides to have adequately enough knowledge and data on the methodology of treating the matter. In
such societies, people’s acceptable levels to radiation exposure would not be widely distributed.
Unification of the wills of the society is absolutely necessary to establish such a contact or develop
the philosophy on radiation safety. Hence, we have tried to investigate the acceptable levels of
people to radiation exposure. Two kinds of levels, upper limit of the acceptable dose for
instantaneous whole body exposure, Lu, and lowest of the dose caring in mind, LI, were set for
inquiry. In this presentation, some results of our survey to both Chinese and Japanese professionals
in the fields of science-technology and medical science are reported.

Similarly to the previous study by Katoh, in 1989 or so, the distribution of these two levels
were very broard and the band widths between the two levels, Lu and L1, were quite narrow. The
former seems reveal the variety of individual’s sense of value. Moreover, it was found that, two
levels, Lu and LI, were significantly higher (p<0.05, p<0.005) in Japanese to in Chinese in
science/engineering group, while in medical group, the two levels were higher apparently in Japanese
than in Chinese, but no statistically significant difference was observed. Moreover, in medical group,
Lu and LI showed higher values than those in science-technology group for the Chinese (p<0.05,
p<0.01). Similar tendency was observed for the Japanese, however, there was also no statistically

significant difference.
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- Comparison of Chinese and Japanese

2 ¥ nEEmA
Jin Wu and Kazuaki Katoh

FIRBSLERRE  BEHNBRENRIZER
T 300-0394 YRR RFRELETK RAT

HE

REQEMBIMS L YUEEFLORK, T2bbHESOGE TR bz bvn, ThZik, AxDKK
FREEIZXTHIELVERRLETHY, BABAOEBOBREN+ZTHo TR LEREEND, £
DEKRT, HE20HREBDOBEANBIRZIRLVAAPBPEBEOLITHZMLTNENEMD Z LIiX, BEHHR
OEEREESFEDEY HFR—HARICA OIS radiofobia (BEHHBREEES LU < INBEUE) 1or3 5 xHi%
DFREEBITTEZLTRODTEETHS, Z0XHRIEhb, BRxix, HE2ERTIB2DANbEN
BRITHEHRERIZOWVWTOZRAELSAVOREZIT-o T, 4E, PAFEOEN TR A EFREHE
IRD2 I N—FICOWTREEZTo 1=,

PHBEEOZEE L bIZ, TEV-INWVOERBEBAZBRKREL, EWSHRERLTWS, ¥k, £/ —T¢
b, AAVRVTO 2ZRBUVAMOBRRIRE o7, EHIT, BIROZEFIIBWTIE, BEAANEEFOR
BVYUE, LuBEVCL EBIERBFEAZEZOZELVNL LY FRICEHVELZ R L7z (p<0.05, p<0.005) .
ERFEIN—FITHONTIE, PFEANEEIIN—TOHIE, LuBLOL EHIRBTREE N —TDEN
bXVBERIZEVWEZRLE (p<0.05, p<0.01) » —FH, BRAZEEI/N—FTiX, ERFEAFEL IV
AFRANBITREEI NIV EETHIEARXRLNE OO, HEHLREREX 1o,

HEKEDOBVAZEOMIZH o TH, MHBRERO Y X7 R0RERNTEEXFHIE. BAICL-oTER-
TRY, ZRLVVVTFRULEDIEL &2 RET, £, 2OV o BT BEmEOESEICED b2
bDOTHDHZEBRBHLMNE ST,

— 405 —



JAERI-Conf 99-011

i

M4 & [fEkR] &k, MEMSZLOABHEEERFELTWE—XOZTETHZ, £<
DHEBRELINTVAE ST, BRTRVWI LIIEL, BRE2TRVWLDRERE ENT
BY [1] ., ZOZODFENR—DIXRWVEBIDO—DIXRALBAFE E Bbh 5, £
WiX, 2ot FHEFEERD D WVITHESRIERIIFE L2V, ME OMITITEROR
BEHY., TROZBELTIOMIMLTWAZOOEEIRB >TSS [2] , BT,
BERLREEL TV AHRATHADRHERIZBWTIL, EFOBRBLRERAICLD., FiER
BEALLDRIES E LTRATEMICMHBELTWVS, flxiZ, Wbhbwd “RERLEL”
DBEFBE L 2o TEY ., FMRFE»DL. TILFTELDRREDOBELRRL, BREFLVE
VOB —HENEER PO TER, 22T, ZO—EDFEEICHL, FOLdk
XSk L DREPPMBEICAR>TVD, bLETOIINGTHENMEELTE L. AH
DEFTIHIRIIVOOECHIICEDONTLEILASY, LI, BFEOKEH»
LOEELLIRTFTEINTERE, ZNLDOEREBTI-DREEFEZHAD, BRORN
FHRERIZRZ &V O DI, BABRALLTRITFANRLONETL X 5 A%

e, BERIIBROAETE. b, XAXRBIEIEDOEERFETHY . 2
W - ¥ - BRIIEKFIAEINTVS S 212, §bEb LT RE ZRARMO A EEN: 2 5
HDTWNWD, LALeRb, FRELTHERRD D WVIIBURBROREZ LS BBOERN
BRBRIZED b TWE—F, BEBRECHEEHEOERNEIEY & L TR
TEVEBOONAZ LI OOHBZ LT, EROHERERAZETHLARIHALMLT
b5, TDLIZ, FIBIC XK, REOFH, BRTORFRERELH> T, BEH#HR -
BHEE - RFANIERR DO TH D L WVIBEPERICESEXFT O TS, BE
H727 Tidle, hOPRED N & BHHBR - BUHE - RFACKH LBMRE/FL, [
MAER, ekt LE-THLEVBRELVORBERTH S, ik, BEBOERE
BEBAICED TV ETOXEREBEICRZ>TWVS,

UEDZ Lind, (T4 b fER] XOoVWTEDLIHICEZANEVSHEIZS A
FEBICEETHI LEDNE, REDEHEIIHSLUFEEFLORK, Thbbitsens
BTROOhRERL R [3] , FeeBiizHET SICIIBIER. EEZ L TR
BEZT TR, BROAXDZOBBEIZOVTOEBIEETY., 2L LTESHE
MEN, SERBEREINDLIBHTRELE S, TRITIX, A& DEHFRELITHT
SELWEERLETHY, BABAOEBORBENS I THio-TVWI I LBRETN B,
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ZFhi LT, ABENRBHRTERVNLTHS, TOEKRT, H2oERE DOHE
ABHBHRZELVSAABEBEEDL IR LTI EMB Z LiX, BURBROSER
EHRFEDOEY FRP—BARICRE NS radiofobia (ERFEREEES L  ILBEUE) 12Xt
FTARISDOIFRERTT 5 ETHROTEETH D,

DX T ENG, TaiX, BEOCHSPBHNROBRMEDOT T ANIZONTED
EORRBZHEONEMBZLEEMNELT, HE2ERT 24 DAL ERRIT
B REIRIZ DWW TOZELNDT v r— NRAEZITR 27,

Trr— P ARRUGE

FEFRESE (WR: XEREZE, HHFEE. KEHM) BLURSZEEZLOH
ABNFEEF IS AERREL, KO LSV OWTRERZIT o7,

Ll (L) HEIC—EICBNRERIT 2%E (2F%%, AAEHEE) . Zhil
Eabii< TR v ) BRE,

Lk 2 (L) tRELK, ZThUTRLRBICHRBRBRICR RV EV I RE,

T — FREIZERBRICH B SEFHFOKRFETHEICE L TITV., BEEMICIE. &
RPBE, BFA—NBIZLBZBERY (T —bRE) Tholz, BN LT VY
— MIF AR, BLRERND A4 S>D TN —FZHF THT L,

A ERFBEEAZEEERIR BOA, B :&x=18:12)
B. RARANZEFETR (I5A. B :&%x=10:5)

C. EHREANEEER (I5A. B :&=9:6)

D. HRAZEER (I5A, B :&=7:8)

BEHERIREHE - REZ AV, pfED 005 LV /DNSWREEAR L LT

MELVWILDZELLEBBEL TRV LIZE3BRKROLVWELE ZHERT 5120,
NEHBERRP DRI TV S EMOBREME R &2/ E THEDL L,

BREER
HLDES

T r— FARRICIRBERHBRCOWTO [R2] 280K IEBA TV S »HBRICEX
Tbbole, BHT D LRERD 7TH2Zm7TbN5 !

1. AKIZxL, BEaoESs ERABZCTHRBINWCES) BLUTRMOEFL25 ik
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Z RV VIRTR,

2. MBCHRR L AL TRLISGF LA TOREL VWX 5 RRE,
3. ABABIVLENREED RN, S8 T EREICE- THLEEZELZE

T EBRWE S ARIRER,

4, BYBHF~OEBIZT TR, FRADEEL RV EWVIRIE,
5. RT3 ESERGITT. XKEEZE£HI>TEAHZ L,
6. MR EERFEELRY, o T, VA7 EZTE3MBVIEIMZ BT & BFEIH

CREEWVWD Z EIZRD,

7. ICRP OEVEICHEV, FEEOREM LB ARV RE,
BHRBERIZH T 5 BB L~/
A group. (Science-Technology of Chinese) C group. (Medical science of Chinese)
m\'; LujmSvi] JLitmSy) Lufm.‘s’\;l

Laon oo

B group. (Science-Technology of Japanese)

LutmSvij
100 L000 fo

JLitmSv)

L] 1100

D group. (Medical science of Japanese)

Lutm&yi|
LD 10

JLitmsy)
1] 000l

.01 ; 100

X 1.% 70— 128BiF 3R OIRIC
T BRI
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H—RT MMV ERCAIREDO L (L) | & TRIZRL2VWERO LUV (L) |
WKOWTHWELDOTHY, BIZEEZTLDZ LK1 DB LA2ot, FAMEDOEE L
BT, BREO— ANNMBERLARTHRE LRERSE (4] LRFEREREZT L, T42b
b, REVSAVOEIEAZENREL, GMIdENP>T, X6 2ZDEHRELL AN
Teo Elo. HIN—TL b, BAALVRALTO 2 ZHEV~NVEORRIEN -T2, 202
EHLURIDORABERRIC—HK LTS [4],

1. KNV —TOBERZTEL )LD LLE (BAAL © mSv)

H B A B C D

MW E R LABREL~L (Lu) OEHE 1031457 957+65.6 31.71£12.1* 100.3%65.1

KT BRVWER V-V (L) OREHE 0501 29+10 24+ 1.1%%  3.6F+1.2%
Lu O EIKAE & H=miE 0.001~100 0.01~1,000 0.001~100  1~1,000
Ll O&IEE & K=l 0.001~1 0.001~10 0~10 0.001~10

t: h AEEO SV — 7 OB P<0.05. T P<0.01. ' P<0.005
* PAMEICRITS, BLREEREDOHMODOLER, P<0.05. ** P<0.01

EbiT, EIN—THOEBREITRY (F1) . kOZEPmbhi, 1) BERAR
ITREEOZELVVI, LuBLIVL EBICEFIEABRTREZEDOZAEL~NVIVEA
BICEVWMEZR L (P<0.05. P<0.005) , 2) BARAERZED LI BL W Lu X, EF
HEAERZZEOZNLV BWMEABELND DD, MEAABREITR D ORI
2o 3) FEAFEEIN—TTR, BERIV—T0O Lu BLIUV LU LB RBTRIN—F
LIVEFEEREMEEZSRLE (p<0.05, p<0.01) , 4) BARANFEZIIN—TTiE, BRI NV—
TOENLREIREEIIN—T7IVEETHIEMIR O bOD, HIHLRER
ZiX e hotz, BEROZFEICHS, BLTRIIBERKR IS LOCBURTH D Z &R
M E T,

SEOREZHEEIEL FT—F2 bR ED, ThbORERIZOVTORBMNITIZE
HThrn, —ELTEZOLNDDIE, BAREIZERER DLW, RFHDH
Rr LV BEVERNIOEBITTVAORIL, FETIHMEARMPEE TS THLEE
RERNF—PRER->TEY, BFAOFARBBERRENTZ LITH DD TR
NERbhd, 26X, BRRICET28E M. RRICRE L T BEREL LU
NRISAZE~ORIGOEBN b DY . BEROFIAMEL Y. oL AZ OB & AR
PG L0 ANOBEERZRAL TV EELWVRL S, —FH, AHD LY IT,
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BEMOEZ~OISARFEAEEZS AR FTHRVEATE TS, KNRERE
F[ORRFA I, BEHR - BERROER~OISAS, BHERK E, 2HEUERIC
BEEARRARREFEREL LTADOMIFEDoTWS, TOD, BHERICET I2HMPESR
ZHEICHLBAIDLD L LTHIZROOLNTWVWEZ LML ERFEDZEL-IURE
WZ EBIRTE D LEDbNh D,

ARREIL. BIRBICOWTORL2EDOEREBOFE —HL L TITRoTbDTH S,
HEARIREIZE L., $T_TOEIIEA TIEINARWVA, A& OFIRITHT 3 E L~
KRELIELDWTWVWAZEEZHALNITE, ZHWVIREDO T TiX, BHEBREMOH
EIZOWTHEHN REEEZERTI20IXEREETHD, ZOMEEZEIMRTIONR
X, SHOBETH D, BEOHL ., MR L UHHNRE# I 2 BB Lm0 Y
BRBED YBEZR] ThAY, ¥, ZORBEEHRT 2D, 20 L5 2ERRE
ZEEBACEIY, BERCHENCLIVENLVAT, KYELOEIRSNTITZS
TW ZENEENS,

¥&®
AKREDOHBRLIVUTOX > REMRABELNIZ,

1. HEPKEOBBOAZOH TS, BNBRERD Y X 7 RLZL2IxT 2E 2 HIIEAIC X
S>TERY, ZRVAANVETHEULEDITIO & 2R, ZoEmMIZF EmEIZIEEL
T3,

2. AR OB I BT 2 BB O+ TROVAER TR LIS 71E
LTW53,

3. BHEBBROZE LSOV TIE, FEVTHhOEIZENTYH, R TIREEMIZ
HEHI YR EBDZLIXRETH S,

TR

1. Fird R REESL (B 4hR) . BIEENS  P100. 1993

2. JNEEFER, FEFHE Y R OB HMIREORRK L COREITET L8, A
AU RIHFRIFE  9: 87-94,1997

3. JNEEFNER : BRRELE ORRE — BN MR O 5 B TIXSMAREY, BERRTHAES
36 32:2-5,1990
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5. International Advisory
Committee Report
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REPORT ON THE MEETING OF THE INTERNATIONAL ADVISORY
COMMITTEE FOR THE INTERNATIONAL SYMPOSIUM ON RADIATION
EDUCATION(ISRE9S)

Mitio Inokuti

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

The meeting was held on 12 December 1998, 15:45-19:20, in the form of a business
supper between an oral session and a poster session of the ISRE98 in a conference
room at the Productivity Center. The participants are shown in an attachment.

Mitio Inokuti (U. S. A.) chaired the meeting, and proposed the following two
points for deliberations:

1) Should there be a next international meeting on a scope of topics similar to the
ISRE98?

2) Should there be a standing committee, or a council, for planning such a meeting,
or for liaison among activities for radiation education in different counties?
The proposal was unanimously agreed upon.

After self-introduction by the participants, free discussion was made on matters
including the following:

1) The meaning of the term "radiation education.”

2) The scope of the present meeting (ISRE98). Although the present meeting was
highly significant, it may be desirable to explore the possibility of a broader range of
topics. At the same time, it was also said that a meeting with a more focused scope
might be more effective. The two-day period of the present meeting might have been
too short to discuss in depth some of the key issues.

3) A broader contact with the general public might have made the present meeting
more effective. It was a pity that the present meeting does not seem to have been
covered by the journalism, even though the Minister of Education participated.

Inokuti pressed on a response to the two initial questions. The response by the
participants were unanimously affirmative. In particular, George Marx (Hungary)
pointed out a meeting on science education scheduled to be held in June 1999 in
Hungary, and urged others to participate. Yet, the discussion fell short of definitely
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scheduling a follow-up meeting of the ISRE98. Issues raised with the response include
the following:

1) Should a follow-up meeting be organized in collaboration with an international
body such as the IAEA, with scientific societies or academies, or with governments?
There was considerable discussion on this question. An advantage of such a
collaboration might be the possibility of some financial support. A disadvantage is that
there may be excessive constraints in organization and management often found in an
international body or governments.

2) A standing international committee or council may be formed as a non-
governmental generalization of the present International Advisory Committee. It is
then necessary to include representatives of countries such as Germany, Russia, and
the United Kingdom, who happened to be absent from the present meeting. It is also
appropriate to reconsider the membership from the countries represented in the
ISRE9S. (It is recommended that The Secretariat of the ISRE98 follow up the idea of
the standing committee, although this item was not voted on.)

3) In addition to planning for a follow-up meeting, the standing committee may set
up ways for continuing communications on activities related to radiation education,
including the initiation of a news letter or a home page on the Internet.

The Intermational Advisory Committee :
Jean-Pierre Adloff, France Manoon Aramrattana, Thailand
Bum-Jin Chung, Korea V. G. Dedgaonkar, India
Azhar Djaloeis, Indonesia Toyojiro Fuketa, Japan
Wieslaw Goraczko, Poland Kodi Husimi, Japan

Chin-Wan Hung, Taiwan Mitio Inokuti, U. S. A.
Kazuaki Katoh, Japan George Marx, Hungary
Matteo Merzagora, Italy Ayab Mir, Pakistan
Sana Ullah, Bangladesh Turan Unak, Turkey

The Secretariat
Kunihiko Hasegawa, Japan Masahiro Kotaka, Japan
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