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Abstract
The Institute for Environmental Sciences was established in December, 1990 at Rokkasho,

Aomori, as a focal point in the research activities necessary to solve the problems between
nuclear energy and the environment. In 2001 the Public Relations and Research Information
Office was newly organized in the institute in order to facilitate the communication of scientific
knowledge and information with the local inhabitants. The office is expected to play a role, as the
communication window opens, to the local community neighboring the nuclear fuel cycle
facilities as well as other communities in the prefecture. It seems, however, that the methodology
for pursuing this aim is not generally provided but needs to be developed on a trial-and-error basis
suitable to each situation. The author would like to take this opportunity to consider the given
subjects and introduce the experiences, in which the author succeeded in communicating with
neighboring people through the common interests regarding the Nobel Prize. The Nobel Prize is
recognized as the greatest honor and authority over the world and is awarded to genuine human
wisdom. The public with admiration receives the laureates, and their ways of life along with their
arts of thinking are always matters which attract the interest of all the citizens. The people, who
sometimes easily understand the scientific background behind the Prizes, always accept the
stories of the laureates. The Nobel Prize has played an important role, therefore, not only in
disseminating scientific knowledge or information so far, but will function also in cultivating the
so-called "science literacy” among the public in the future, even in the issues on acceptance of

nuclear energy.
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Introduction

In Rokkasho-mura, Aomori, the program of establishing a commercial based nuclear fuel cycle
has progressed and the related facilities including the uranium enrichment plant, the low-level
radioactive waste disposal facility, the vitrified waste storage facility and the spent fuel
reprocessing plant have been constructed since 1985. The former three facilities are now working
and the latter is at the final stage of construction.

In 1995, the Rokkasho-mura village office set up the Cultural Association in order to enhance
the cultural interests of the villagers, to facilitate the exchange of information relating the area of
interests, and to promote their participation in the cultural activities. A variety of cultural activities
have been launched, and “Rokkasho-mura Reading Circle” was also organized by gathering
mainly women who were interested in reading books (1). All the participants were interested not
only in just reading books, but also in expressing in written form what they felt and thought
through daily life, as well as about their reading. Thus, the Circle has paid special attention, as one
of the activities, to publishing their writings from time to time as the Bulletin of Rokkasho-mura
Reading Circle and compiling those bulletins annually as “Messages of Rokkasho Women” for
publication. At present, the number of bulletins reaches over 160, with 8 of the annual “Message
of Rokkasho Women”. The author joined the Circle soon after its activity was started and has also
contributed herself a series of articles titled “A Story of Medicinal Plants” (2, 3) and following
another series of “A Story of the Noble Prizes” (3 — 9). The two series were unexpectedly
favorably read by the readers of “Messages of Rokkasho Women”. Those were thought to have
played a role in the connection between science and technology, which, more or less give hard
and exclusive impressions of the people and normal daily life.

From such experiences, it was thought that the Nobel Prize, although well recognized as the
greatest honor and authority the world over, does not relate to normal daily life, but would be
expected to be a useful tool for developing so-called “science literacy” among people in the local
communities, namely, deepening the understanding of what science is, and by reasonable
extension deepening the understanding what atomic energy is, when the relation of the Prizes to
normal daily life was simply and easily explained. In the present paper, the author would like to
introduce her own experience in which the author struggled against deepening the understanding
of modem science and technology, especially nuclear technology, in the inhabitants living around

the facilities, and might have succeeded through the activities of the Circle in developing science
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literacy, based on which they could clearly and logically express about what they thought
regarding the scientific issues. The author would also like to introduce her experiences in
organizing “Visiting Science Classes”, through which the author has communicated personally

and directly with the neighbors on a wide range of scientific subjects.

Summary of “A Story of Nobel Prizes”

The series of “A Story of Nobel Prizes” listed up all the winners from 1901 with their date of
birth, and the countries where they were bomn, resided in, or did their works. The series also
mtroduced some typical work, which they had done, particularly stressing what they implied in
our daily lives. Because most members of the Reading Circle are women, special attention has
been directed to women laureates. The series was distributed, however, not only among the
members of the Reading Circle but also to others through publishing ‘Messages of Rokkasho
Women”.

The Nobel Prizes are awarded not to nations but to individuals or groups. The Nobel Prize
never intended to express, therefore, the extent of the development of science and technology in
each country. The general public often recognizes incorrectly, but maybe permissibly, that the
number of the Prize winners is an index that allows international comparison of the achievements
in science and technology. The number of winners of three prizes in the field of natural sciences,
namely, physics, chemistry, and physiology or medicine by country was analyzed (4, 10) based
on the data which are presented by the Nobel Foundation (11) (Figures 1-1, 1-2 and 1-3). It could
be observed that a) before World War II, European countries including UK, Germany, etc were
the countries from which many of the winners had come, b) however, after World War II, the
USA increased the number of the winners in all the fields. The reason was thought to be that the
USA was not the battlefield of both World War I and 11, and after the World War II, the USA
continued to put huge sums of money into the national programs, to promote education, science
and technology, and received scientist refugees from all over the world. And c) the cumulative
number of the Japanese winners in chemistry ranked at 5™ by 2002, together with Sweden. The
illustrative results (Figures 1-1, 1-2, 1-3) were useful to recognize the extent of the development
of science and technology of this country, and also modern history in the development of science

and technology world-widely (12 - 14).

The numbers of women laureates in all six prizes were compared with those of men laureates

— 505 —



JAERI-Conf 2005-001

(including groups and decliners) (Figure 2). There are two reasons why women laureates were
stressed. One is that the members of the Reading Circle are mostly women. Another one is a
general problem of “the winner and its shadow behind (or light and its source behind) of the
Nobel Prizes”, that is, for natural sciences, the laureates often have assistants who performed
much of the actual work as the invisible scientists, many of whom are women and were
overlooked, this phenomenon is called as the Mathew effect, namely the phenomenon of
transferring credit to the famous researcher and away from the lesser-known person; the Matthew
Effect was named after the saying in the New testament, the Gospel according to Matthew “For
unto everyone that hath shall be given, and he shall have abundance; but from him that hath not
shall be taken away even that which he hath” (15 - 17). Thus, it was done to make numerically
clear that few women are recognized as the laureates. Two in physics, three in chemistry, six in
physiology or medicine, nine in literature, eleven in peace, and zero in economic sciences. Only
the Prizes in peace and in literature were close to 10% in ratio of women to men, but the laureate
numbers in any natural sciences seems to be substantially small. These numerical values would
just be a universal phenomenon called “the Matthew Effect”, and also be one of humanities and

social science issues (12, 15 - 18).
Experiences in the promoting activity for understating scientific knowledge and discussions

In the institute, Public Relations and Research Information Office was newly organized in
order to facilitate the communication of scientific knowledge and information with the local
inhabitants in 2001 and a program of inhabitants-scientists talk meeting has been started since
then contracted by the Ministry of Education, Culture, Sports, Science and Technology, and the
Japanese Government (19 - 22). This program, which is called " Visiting Science Classes” is free,
and has a system to dispatch scientists of the institute to local inhabitants according to requests by
themselves. The scientists give a lecture on the subject requested by the local inhabitants. The
subjects of “Visiting Science Classes” includes basic sciences, environmental ecology, energy on
the earth, nuclear energy, nuclear electric generation, production of nuclear fuels, radioactivity and
radiation, radiobiology, medical and health matters, research activity of the institute, etc. At
Visiting Science Classes of this program (12 - 14, 18, 23) and also at requested lectures (23, 24).
The author was fortunately given several opportunities to present “A Story of the Nobel Prizes”
with her own figures (Figures 1-1, 1-2, 1-3, and 2), to the people in local communities. The
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author’s impressions and experiences at Visiting Science Classes are summarized below. The
illustrated data about pre-World War II might be easily and visibly understandable for the elderly
attendance (13, 23). The Japanese laureates since 1999 were introduced and favorably received,
due to the fact that they are “the men of the day” and their works were well recognized in relation
to normal daily life by anyone present at Visiting Science Classes (13, 23 - 25). Accumulated
numbers of the Prize winners by country in physics, in chemistry, and in physiology or medicine,
respectively (Figures 1-1, 1-2, 1-3) could have made the extent of science and technology of
Japan clear and the attendance seemed to be more or less shocked by those illustrated data (12 -
14). The Data conceming women laureates of the Nobel Prizes could have surprised and
disappointed the women present at Visiting Science Classes (12, 13, 18). The question whether or
not women have qualities or aptitude to select an academic career in the sciences was asked. In
such a situation, the most suitable relief of disappointment in women present, was Mary Curie,
who was first woman awarded the Nobel Prize. She received the award twice; the first in physics
in 1903 and second in chemistry in 1911. After that women have taken more interest in scientific
researches (18). Had the women first known the words “the Matthew Effect”, they might have
recognized its humanistic and sociological meaning and its substantially great effect on women
scientists (12, 14, 18).

“A Story of Nobel Prizes”, could have been useful to develop knowledge and information to
the local people not only for science but also for nuclear energy. That is to say, “A Story of Nobel
Prizes” has simply shown that prize-winning works have played important roles for the happiness
in normal daily life, and as a result have led to understanding that science and technology is close
to us. The reason for the above statement is that the author has experienced, and has learmed that
in the case of explanation of nuclear energy to the general public for public acceptance of nuclear
energy, unexpected and direct explanation about nuclear energy, that is explanation by a sense
of “first of all it is atomic energy”’, was not always acceptable and understandable by the general
public (26, 27). As well known, industrial nuclear energy needs practical engineering and
technology based on basic sciences. Therefore, it seems that face-to-face talking, and earnestly
grappling with essential questions in normal daily life is a shortcut to success in acceptance of
nuclear energy and the policy of nuclear energy, as well as cultivation of science literacy (1, 26 -
28).

At present days there are fulfilled with a lot of and a variety of information, which can be easily

obtained through various media including intemet, newspapers, or televisions. In this
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environment, it is not so easy for the responsible persons to carry out Visiting Science Classes in
the region of the site and neighboring regions as shown in Figure 3. However, accumulation of
long years of Visiting Science Classes in a honest way would be play an important role in
disseminating scientific knowledge and information with the local communities and in the future
even in the issues on acceptance of nuclear energy.

It is thought to be preferable at Visiting Science Classes to present data analyzed and
consideration by the lecturer own than to unilaterally transfer scientific knowledge and
information to people. Although a lot of and a variety of articles and books concerning the Nobel
Prizes have been so far issued and made commercially available, it would be happy if “A Story of
the Nobel Prizes” through Visiting Science Classes can function in cultivating science literacy in
the local communities and by reasonable extension in promotion of public understanding of

nuclear energy, namely, “radiation lliteracy”, or “nuclear energy literacy” (18, 29, 30).
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7.15 School Education on Energy and Environment Problems
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7.16 Effect of pre-entry instruction as an additional part of radiation
training beginner’s course on reduction of radioactive contamination

in two independent unsealed radioisotope facilities

2 DDFI L IEHEE HEHERI T CRE R Z 30T 5
FIFRTECERIRNC L D154 OB 2R

Naoki Matsuda', Tatsuya Shimasaki’, Masahiro Yoshida!, Akihiro Kojima’, Hideaki Takao', Mamoru
Kanekol, Yoshioki Shiraishiz, Seikoh Hoﬁuchiz, Yutaka Okumura'
FAHES Y, BiRRE, SHIER ', SRR, AESE
ST, BAER BNIEAL BHE

'Center for Frontier Life Sciences, Nagasaki University
“Institute of Resource Development and Analysis, Kumamoto University
VRPN TR R AR e 2 — T A Y MY I RBIRSE
2 REARE AT - SdEE v — BRI R 1 3305

Abstract

The education for radiation workers is essential for the safety of radiation facility that
stands on radiation protection practice by each worker. Japanese laws conceming radiation safety
requires each radiation worker attending the 6 hours beginner’s training course before entering the
control area. However, in unsealed radioisotope facilities, radioactive contaminations in the control
area may still take place because practical procedures for radiation safety vary depending on the type
of experiments and the characteristics of radioisotopes. Therefore, an additional and practical
training for each radiation worker is needed. In an attempt to give the workers an additional training
of this kind, the pre-entry instruction was performed independently in Center for Frontier Life
Sciences, Nagasaki University and in Institute of Resource Development and Analysis Kumamoto
University.  In this study, the efficacy of the instruction in each facility was assessed quantitatively on
the basis of the incidence of contamination in the control area.

The instruction covered laboratory rules, radioisotope ordering information, description of
sign-up sheets, radioactive waste management, use of survey meters, and lab tour with an appropriate
modification to meet with a specificity of each experiment. The instruction Was given to beginners
and to refreshers who have not handled radioisotopes for a long peuoq, in a f‘aw-to-face mannet for 1
hour before they start working with radioisotopes. To examine the education effect on the reduction
of contamination in a typical and frequently used laboratory, the contamination in molecular biology

— 519 —



JAERI-Conf 2005-001

room of Nagasaki University was surveyed directly by a GM survey meter on a daily basis. In
Kumamoto University, contamination on the surface of the entire floor in the control area was
surveyed monthly by the smear method to know the education effect on general reduction of
contamination.

The results revealed that the number of contamination decreased in the second year from
the beginning of pre-entry instruction in both facilities. In Nagasaki, more than 140 incidents of
contamination were found in 1997. As the instruction was began, the number of contamination
decreased to 110 in 1998, followed by a decrease to lower than 40 incidents per year in 2000 and
thereafter In Kumamoto, the instruction was began in 1999, when more than 36 contaminated areas
were detected. A drastic decrease in the number of contaminated areas was observed in 2000, to
lower than 4 incidents. Taken together, these results in two different facilities suggested that
pre-entry instruction of radiation worker was effective in safety management of unsealed radioisotope
facilities by reducing the number of contamination.
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number of frequency of
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* Frequency of contamination = number of contamination / yearly total entries

Fig.] Reduction of contamination in molecular biclogy room of Nagasaki University by
pre-entry insfruction started in 1998. (A) Number of contamination. (B) Frequency of
contamination.
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Fig2 Reduction of contaminatfion in the entire floor of the control area of
Kumamoto university by pre-enfry instruction started in 1999. (A) Number of
contamination. {B) Frequency of contamination.
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Fig.3 Reduction of contamination on lab coat used in the control area of Nagasaki
university by pre-entry instruction started in 1998. (A) Number of contamination. (B)
Frequency of confamination.
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Fig.4 Reduction of contamination found by a handHoot-clothes monitor of
Kumamoto university by pre-enfry instruction started in 1999. (A) Number of
contamination. (B) Frequency of contamination.
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7.17 Collaboration with a Local Organization on the Subjects of

Energy/Radiation Field in High School Science Education

TRAF— - BSTRRBIREE R 5 kA& L D)

Takahiro SUZUKI?V and Chizuo MORI2
gk EEDY | & TEER?

AEBRERFEHESEFRDY | BHIERFE?
Nagoya Keizai University Takakura High SchoolV
Aichi Institute of Technology?

T456-8577 A HETEAHXFAH 1-1-56 E-mail takakura@educet.plala.orjp?
E-mail cmori@sc.starcat.ne.jp?
PR+ /154  (Chubu Atomic Power Conference)

E-mail cac-sugi@mb.i-chubu.ne.jp

We, high school teachers, collaborated with a local organization, Chubu Atomic Power

Conference (partly in co-operation with The Radiation Education Forum), in the education

on the subjects of energy and radiation fields. In addition to the subjects concerned with

radiations, cloud chamber and personal radiation-monitor, we developed a few new

subjects, which are not directly connected themselves with radiations, for the purpose to

widen the fields and to bring the high acceptability of the subjects in high school side.
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Fig.6 Left: earth magnet and cosmic rays into the earth surface.

Right: a picture of an aurora.

Fig.7  Illustration of electric power

generation utilizing earth magnet
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Fig.8 Experiments with a water pillar blood meter(left) and earth magnet

generator(right)
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7.18 Regular Observation of Natural Background Radiation in High School
Using a ventilated case for meteorological instruments

HRAMS RO EHEN —EEHOEH—

Tomohiro WATANABE
JREER A 1

Rikkyo Niiza Junior and Senior High School
ST BUHTE 2R i AR

1-2-25 Kitano, Niiza-shi, Saitama 252-8523, Japan
T352-8523 HERFE T ALE 1-2-25

e-mail twatanab@nhss.rikkyo.ne.ip

Abstract

There are many examples of the measurement of natural background radiation in schools.  Most schools
in Japan have ventilated cases for taking meteorological measurements, but they are rarely used. We
measure natural background radiation using a ventilated case as part of chemistry club activities.  Figures 2
and 3 to 6 show the natural background radiation in various rooms, and in the ventilated case, respectively.
[ propose that there are some advantages to using ventilated meteorological station cases for the measurement

of natural background radiation.
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7.19 Radon-monitoring in the town Balatonfiired, Hungary

George Vastagh
(Loczy Lajos Grammar School, Balatonfiired, HUNGARY)
e-mail: vgy@loczy.sulinet.hu

Introduction

The indoor radon monitoring by students in Hungary began in 1989. At the beginning we used
a vacuum cleaner to collect the daughter elements of radon on medical gauze in the cellar of
our school. The collection was done for years each moming at the same time for a half an hour.
Then together with the students we measured the activity of the gauze by Geiger counter. The
activity changed with the weather, but sometimes very high activity turned up. In those days
the students visited the geophysical observatory and learned about earthquakes because their
hypothesis was that earthquakes cause the outliers of the radon data series. [1]

In 1994 another, countrywide network was organized to measure the radon activity
concentrations in homes. In this network not only high school students but also elementary
school pupils could take part with their physics or science teachers. This project was more
interesting for the young people, because detectors were distributed for each of them and they
could take the detectors to their home to measure the radon activity concentrations in their
bedrooms.

Our school (the Léczy Lajos Gimnazium) in Balatonfiired' joined the Rn-monitoring
network in the school year 1995-96. The main pedagogical aim was to introduce the natural
radioactivity to my students — AT HOME! In this way not only by oral arguing, but with
personal experience they were able to understand something about radiation. On the other hand it
was interesting for them (and for me as well) how the soil containing natural uranium and radium
effected the radon activity concentrations in houses in our town, Balatonfiired.

How did we prepare the students for the monitoring?

To join the project was free for the students, but who joined had to take an extra curriculum
subject in the afternoon. On these afternoon meetings the students learned about radioactivity:
nuclear basics, half lifetime, activity, and the meaning of their units. Background radiation, half
lifetime of Ba-137, and radiation absorption in different materials were measured by Geiger
counter. We spoke about the biological effects of radiation and about radiological protection. At
the end I also talk about properties of radon. Thus they were prepared for the monitoring, they
knew: why and how we would measure the radon at home, how the ,,radon-box™ was functioning,
why and how must the data of the room, of the house, of the living style, and of the exposure
time must be filled in the prepared survey sheet.

How did we measure?
We received the detectors from Eszter Téth, RAD Labor at the beginning of autumn (Sept),

winter (Dec), and spring (March)’. The detector is small boxes (dlameter 1.5 cm, height 4.7 cm),
inside the box there is the CR39 track detector of an area 1 cm®. The boxes stayed at the same

! Balatonfiired is a small town in West-Hungary at lake Balaton, with 13000 inhabitants

2 In Hungary the school year begin in September and end in June. Summer time is the vacation. But luckily at
Summer time the radon level in homes very low because of the open windows. From the 3 times 3 months
measurement one can estimate the yearly average radon activity concentrations.

— 536 —



JAERI-Conf 2005-001

place (at 0,5-0,7 m height) in the studied room during three months to collect enough tracks in
the plate to get results with relative low error.

Knowing that the source of radon mainly the soil, I had encouraged those students to join the
project who were living in the ground floor of their houses.

How did we get the results?

At the end of each exposure period (approximately 3 months) the students brought back the
boxes into the school. I send the boxes together with the list of addresses of houses, with the
numbers of the boxes, and the exact exposure time intervals to the RAD Labor, Budapest.
There Eszter Toth’s students — after a chemical process — counted the tracks on the detectors
and she sent the results to me. Usually not only our results were in the letter but also the
minimum, maximum, averages, and medians of all the measured houses in that period in
Hungary. In this way we were able to evaluate our results in a wider aspect. At the end of 2
school year we got also the estimated yearly averages for each measured home.

Conclusion

During the 8 years survey we measured the radon activity concentrations in 224 homes of our
town Balatonfiired. (See Figure) One can see that in our town radon is not dangerous. The
yearly average radon concentration exceed the value 300 Bg/ m® only in 4 homes. By forced
ventilation in the evenings it can be reduced very well.

The main conclusion is that 224 students, their classmates, their parents, brothers and
sisters, grandparents, etc. were able to meet in a objective and scientific way with radiation.
They have learnt that radioactivity is a natural phenomenon, it can be find at home as well.
And my students became experienced in a good reasoning in nuclear literacy.
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Report on Energy-Environment Education in Physics Class
YIBOBEIIH TS TTRINF—REHF) EBRRE

Takafumi WATAHIKI
el B

Tsuchiura Daiichi-High-School
KBRS T —SEPR
Email:takafumi-w@mtg.biglobe.ne.jp
T 300-005 1 K Y IR - 77 H 3442

Abstract

The purpose of the teaching of environmental problems is that the students who 1
ive in the 21st century acquire a moral and practical understanding of these issues.
In a class of the high-school physics, energy and environmental problems were taug
ht. They learned the second law of thermodynamics and the irreversibility principle
in physics, and the energy-environmental problem. As a practical assignment, they
surveyed saving methods of electric energy in their home, and reduced its consump
tion. Students' impressions of this assignment are also introduced.
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7.21 Tonizing Radiation and Non-lonizing Radiation

in Educational Environment

FERN R O ED TORE T O BB R & JEEBEMRAR

T akao Matsuzawa, Tomonobu Otsubo, Satoshi Ikke, Noriko Taguchi, Rie Takeda,
Yukako Kouriki, Ryoichi Takasaki and Hirofumi Suzuki
WMRFH, KERGE. —FEBH, BOOV -+, REEE, BHHEF. AFR—. $HARZEX

Ibaraki National College of Technology
FHTERmEEMFER BRBER
T312-8508 KB O H 22 D> H4R 866 , e-mail: matsuzawi@ge.ibaraki-ct.ac.jp

Abstracts

By chance, we measured gamma dose rates in our school, and around the JCO Tokai Plant during
the criticality on September 30 in 1999, with our GM survey meter. At that time, we made sure to
estimate the position of criticality reaction (source point), and the source intensity of criticality
reaction, with our own data, measured along the public roads, route 6 and local road 62. The intensity of
gamma dose rates along the road was analyzed as Lorentz functions. At the time, there were no
environmental radiation data about the criticality accident, or all the data, especially radioactivity and
dose rates around the JCO Tokai Plant, was closed to the public.

Recently, we are interested in the intensity of non-ionizing radiation, especially extremely low
frequency (ELF) magnetic field, and electric field, in our environment. We adopted the same method to
analyze the source position and source intensity of an ELF magnetic field and electric field behind a

wall.

I BEGYOBEEKREH. JCO OERFHFFORELHBAIE
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> TIA30BISE~1TREZADTF— 4 —2 K112, BiB62 SRV OT—F — 2 H2127R97(1-4],
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Fig.2 Gamma dose rates along Prefectural road
#62, at 8 p.m. on September 30, 1999,

during the criticality.
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Fig.3 Gamma dose rates in the vicinity of JCO Tokai
Plant during the Criticality[1].
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Fig.4 Observing point X, Source point A, Distance
between source and observing point r, and the distance
between point A and straight line (road) I .
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b, FNENOKIEFWHM, 2 L 2%AR5, (EBRFHOBG TR/ 2RIEFTE DT, )
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Fig.9 Actual gamma radiation dose along local road
#62.
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Fig.10 Actual gamma dose rates along the local road
#62.(Semi-log plot)
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Fig.11 Gamma dose rates along the X axis;

Route 6 at 4 p.m. on 30 September, 1999.
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Fig.12 Gamma dose rates along the Y axis; loal

load #62, at 8 p.m. on 30 September, 1999.
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Fig.14 Map of transformer room location in Ibaraki National College of Technology.
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7.22 How to teach radiation by a cloud chamber
R THHEREZBA D
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Hokuriku Power Energy Science Museum
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18-7, Ushizimachou, Toyama-City, 930-0858, JAPAN

E-mail : toda-ichiro@ams.odn.ne.jp
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Abstract

Now we use nuclear energy and take advantage of properties of radiation in many cases in our life.
But curiously, background radiation isn’t known to many people.

And they believe that even if it is only a few level of radiation, it is dangerous for our health. I
think the education about background radiation is very important and effective to understand

radiation.

1. Seeing is believing

Generally, a Geiger-counter or a scintillation-counter is used as the teaching materials of radiation.
They are useful to count the radiation correctly but their mechanism is hard to understand for the
students. But it is easy for the students to make a cloud chamber and do some experiments by it.

So it is important to use not only a counter but also a cloud chamber, when we teach them radiation.
Counting the radiation and observing the tracks of them are very effective teaching method of
radiation. Most of the students believe the existence of radiation when they observe the tracks by a

cloud chamber. .
2. Observing the tracks of background radiation

The most important property of a cloud chamber is to be able to show us the tracks of back ground

radiation. For, teaching the existence of background radiation is a starting point of the education of
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radiation.

I made two types of cloud chambers as follows.

1) A cloud chamber for demonstration experiment (dry ice cooling)
This chamber is about 30cm square and 7cm depth. The side walls of the container are made by
polycarbonate plates which are 15mm thickness and the bottom is made by an aluminum plate
which is 3mm thickness. Out side of the bottom aluminum plate has about 400 short pins to bite
into the dry ice block.
The lid of the chamber is consisted double glass plates in which a conductive clear film is put on a
space of the two glasses. The glasses which are warmed up by a conductive film do not steam up by
alcohol drops, so the lid is able to keep always clearly.
About 60m! alcohol is full in the channel which is dug on the side polycarbonate walls and
evaporation of alcohol is by a warmed nichrome wire which is covered by rubber.
Cooling the chamber is by dry ice block which size is 250 X250 40. When the container is set on
the dry ice block, the short pins of the aluminum plate bite into the dry ice. So the bottom plate is
kept always cool.
Lighting up the tracks of radiation is by 280 white LEDs which are set out side of the container.
Because of these strong lights, we can observe even the very thin tracks of radiation.
By this cloud chamber, not only we can see the tracks of background, but also do many

experiments very easily.

2) A cloud chamber for students experiment (dry ice cooling)
This chamber is made by a glass bowl which is 20cm diameter and 7cm depth. Cooling is by dry
ice powder of kg, and lighting is by 4 flashlights.
The lid of the glass bowl is used a cooking lap film or a glass plate
Liquid alcohol is kept on a sponge tape which is put on the inner side of the glass bowl.
If we want to see the tracks of background, the wider the container is, the better we can see. But if
the chamber has no heat up system for alcohol evaporation, this size is the maximum. For, the
supply of alcohol vapor by natural evaporation is not enough for larger scale glass bowl cloud
chamber.
By this cloud chamber, the students can observe the tracks of background clearly and do some

experiments easily.

3. Flow chart of the lesson in a class room
1) Grouping the students (4 or Sstudents per 1 group)
2) Making the students count background radiation by a Geiger or a scintillation counter at some
locations, for example in their school
3) Making the students make a glass bowl cloud chamber every group and observe the tracks of
radiation by their cloud chamber. (1 chamber per 1 group)
They can observe the tracks from as follows,

[background radiation, «source, B source, filter paper of dust-sampler, radon gas (Rn220) ]
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4) Making the students observe the tracks of radiation more clearly by a cloud chamber for

4.

demonstration after their experiments

I do some experiments by a cloud chamber and show the students the phenomena in it. If
there are many students, I set a video camera over the cloud chamber and project the
phenomena, as follows.

(1) tracks of background radiation

(2) tracksof o and [ particles

(3) Compton Scattering by 7 source

(4) Deflection of B ray in the magnetic field

(5) Properties about « and [ pass through a paper or others

(6 ) Half life and decay series by radon gas (Rn220)

(7) Tracks of @ emission from the filter paper of a dust sampler
It takes two or three hours when I do this lesson.

Conclusion

These experiments matches well with a high school students who study physics.

Up to now, these phenomena of radiation have been taught to the students only as knowledge,

not to use a counter and a cloud chamber.

1)

2)

3)

4)

3)

After this lesson, most of the students believe the existence of background radiation. And they
recognize that we have lived in a shower of cosmic rays and breathed radioactive particles in
the air since we were born.

The students understand that the counts of radiation depend on the ground condition of the
location.

A teacher is able to change the level of this lesson suitable for students’ age or ability, for
example, they are in a middle school or in a high school.

Even if the teacher does not have a radioactive source, background radiation is the basic and
the best radioactive source for this education.

The mechanism of a cloud chamber is very simple, but it needs some skill to keep it on the
best condition. In order to make the students observe the tracks of background radiation, the

teacher has to master the skill how to operate the cloud chamber.

Even if it is difficult for a teacher to make a cloud chamber of demonstration which I made, it is

easy to make a cloud chamber of a glass bowl which I presented.

I hope that many teachers use this cloud chamber and show the students the tracks of

background.

I believe that the students must be amazed to see the fantastic phenomenon of radiation.
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7.23 Influence to Reject Effect on Tumor Cells by Pre-irradiation
with Low Dose-rate Gamma-Rays

B EE R REARIICLD
BRI DO ENEER~OLE

Yuko HOSHI, Kiyohiko SAKAMOTO, Kazuo SAKAI
B 1. mAEE, BH K

Low Dose Radiat. Res. Center, Centl. Res. Inst. Electric Power Industry
B RAFIERT - ARBR BB I S —
T201-8511 HERIHILH A 4L 2-11-1 E-mail: hoshi@criepi.denken.or.jp

Radiation has been supposed to be harmful no matter how low the dose is. We have, however,
observed that low dose-rate irradiation increased the tumor cells rejecting ability in mice. The
technique we used was TD50 (tumor dose 50) éssay. The TD50 value indicates the number of cells
required for successful transplantation to a half of injected site in the transplanted animals. We
examined the rejective effect on tumor cell in pre-irradiated and non-irradiated mice using of TD50.
Pre-irradiated groups were exposed 13Cs y-rays at 0.4-1.2 mGy/hr. We found that TD50 values in
mice irradiated with a total dose of 250 mGy were increased compared to non-irradiated mice.
These results suggested that the low dose-rate irradiation increased, under certain conditions, the

tumor cell rejecting ability in mice.
1 B

THETIC, ERERKERED AR BV GEERR T, LFERBRAR (AT
aSy hLy) RETIZEEL, ZORBANIKHT HIERERBHRBROEELREIL
LA, ZREIEG S OCIDEBE SO HEMEE IR, FFRITZOEROMEA
BERBAO—BE LT, ERERBRBN <Y ZCE 2 58 >\ TUEEMaTERiEL
L LRI ELT,

BIE, BPADOT BRIV OPOBEBEER CETTEEXLATVD, £7. 1
SOHFLO DNA BENSIEE V. RN T I OEEOBRIZEIT 580 L 2RI K DEARE
ROTENRIHEEZONTVWD, THLOREIZ X VRN A L L, HBaEHEHHl
MENRLARBIEICED . DAL LT-HBOEKTFORFBESE Y, (DB R85 EH
% BbBY, EBEHMROERIT Z OB AL LIZHIRRIC R U TAESID BB O D L D
ThoHEEZ LN, ZOMEMREZHERT 2ENCRITTIERRESFRROZEELMBNTT5
T LIRS EREEOMEER B ARIC X D RBAEZIE LB U L EA DR D,

= D= ZAEONEEHIC T D HEREE R BT T A FEOUE 2L LT TRB0 {EVSH
%, TD50 1k & 1XIEEAEHR A F O ERTIE, IERMOBHIZ & - TEEATEREIND
DIV EREEMEEe, in vivo ((KW) , in situ (X O) THRE INIZEE %K
+ A EEMADEGFRERD A T=DICHANGN L HETH Y, K bz D60 AL, NEE
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Ml Z2BE I N8O 500 g A4 U S50 EREBMREEZ R, ZOFiE
T RIEBE MBI BB A RS L. EEMRE F~OMRROEE (B2) 2RKD 57
BIZHWONTE T,

AalFk % 1, Z 0 D50 EZ FEBMAE TIIR v U ADFHILH b UHIERERMSN#4
MS L, 2O~U XHERST OB A A L, TD50 [HOEBARITDZ &2k,
< U ZMEEIC T DIEBRBEREHBORBEZR DL WD FikE LTHW,

2. RBHMLETE
2.1 IIR

CH7BL/6N < T A (AR) IFEARZ LTHASHEIVBEA L, ZO~ 7 RXYHFEET
T o T ALFRBARBREEERAOMHRIERICAN LD LRARKEOLOTHD, w7
1 EMEREERESIHR T 4 —ORMIERERBMKFMGERN T L, T D% B,
NEZ BB 21T o 1=, KR EHFBRIE L v 7 —IZ8RE SN TO D IERE R EFHRED
RETRN (RIBIEH9 25°C, TR 50~60%) ICBWTHERTHE Lz, 2 &, AKIZBEHERE L,
TR AUT, 19 BRCHAT T DRHY A 2L & Lz, ~ T AOEMVICE L Tk, @i ER
KO ESREMERAA CERK 1343 HElE) Ko7, ERICEEL TX, <=0 22 E{ES
fbL, EBREEZ ST, :

2.2 steREst

RSN, ERERSHRITE Y V7 —IZ8RE S T 2 (KR B R R R 3w 0
T U A 137 (370 GBq) ZMRIEE T 5 RMMHFENTITo-, HEHNS 5 . 7, 10m OfL
BB — V5B B L TRNEZITo72 (Fig. 1), 7 ABEF (GD30LA, a7~ /7
TR WX VAIE SN~ ABENICK T 2RI ERTZERE 0.95m6y/hr, 0.65
mGy/hr, 0.30 mGy/hr, ZERIZ351) 5 WIUNBR EZHRIT 1.2 mGy/hr, 0. 7mGy/hr, 0.4 mGy/hr
Thotz?, v AORBBEL I U, KR EOZDICAENLEEE THEY 1 i
MRS 1L U 7= SN BRI BRI 21T > 72, FERHERL 60 cmBD =7 ) — oW
TREF L., 2 TOHRERIL0.00InGy/hr TH Y, BRBFARELRETH -7,

2.3 [EGHR

AFNasy hL Az LV CBTBL/6N = 7 AZFER I N HE TNRA DL 0 F88 L - JEE
il Z R, BRI~ D ZCBHET 5 2 & T L, FZRICHE L BRI gER
ETH 2D,

2.4 [EEWRPEEREERER TDS0 (Tumor Dose 50) &

TD50 (Tumor Dose 50) ¥ & IXNEBHIMOBHEIN-EMMD 0% ICIEEEZE L IEDD
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LB O E TS 0, 1=k 21F 100 EOEEMEBR LI L iC, BEERT
%%Kﬁﬁﬁibt&?ﬂﬁ\WMEMNMTbéoLtﬁde%ﬁ@%M@ﬁ%@

I~ 87m '—i

148 m

1 EHEREERSREFEERYE

Fig.1 Plan of the chronic low dose-rate irradiation room

HEDEDIC LD %L OEBMRRGEL 3252 LERL, v U AOEGHIEE PR D
AN EB LT L2 EWT 2, BE, ZOFEIEEIIT 2 BEBRIEHROZER & dHl~
AEET. BBAY YT RCHEREBR L, 0%, EEEZRHL LT, B Sh/cEgE
Bz 3513 % TD50 [l sk T & 72, 4lElid. B A FICIBH2ThT, BEEX 5~V
RICHEA DBEE - BETH O UHRHEEITV, TOREEMIREBET D (Fig.2) 2 L
T W AAKIZE T 5 B RRE O BETAN DDAV,

Tumor cell injection

Irradiation
}f? Observation

T 1-8 weeks 63days

6 weeks old
H2 EBOoJoObran

Fig. 2 protocol of irradiation and transplant

2.4.1 [ES M EiE

< R CHHME L EE A L. Sum FREEICHIA< L. BE L7 Phaspbate Buffered
Saline(PBS) =T Li=0bH, & 5D < LIhEE % 10% trypsin, 0.4% pancreatin
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%5 1p PBS RHRIC CBERALFR LTz, ZUC & 0 HBE S /- Mika % Tyrode ¥8#K (0. 8% sodium
chloride, 0.02% potassium chloride, 0.01% magnesium chloride, 0.005% sodium
dehydrate phosphate, 0.5% sodium bicarbonate, 0.02% calcium chloride, 0.5% dextrose)
WX OEEE L. 5% Fetal Boving Serum(FBS) % & 1¢ tyrode VAHRIZEE X+, 4°CT 1 KA
HEL, BECEEThIMRE S, MREBKRTOBEEMREBEMET CHHIL Zhg
BREMIRE O E Lz,

B NI BB % 5% FBS-tyrode & IZ 5 LFHHE L=, ether BT~ 2D
BT « 2 WE, SH4EFTIC 0.1 ml TORTERET DL TBHELZRB I kol HFER
WWBITA-YRIZT20LE Lz, ZhE 5 0 —7 4 L3 D243 T #E 16 ERTiZ R Ol
WEHiRa & A L7z,

2.4.2 fEHEEDBRE

JEEMIABR G O~ 7 A XRHNEE - MR L bIC, ERFORBCHRT Lz, @ 2 Elfi
ZICL O BADEBELHER LT, MBI X288, BEOEEIRO b -EERIC L
T AEFT TR CIEEAHERINS D, HAEANCBIT 2EEORE IHK 156 mm &
Mz A, EENED HONARWEERICK L CIdBiE%E 56 B 2BXT-FRRE TITo 7,
MAEER L R U7 Ml E R b LI TDS0 fER B LTz,

99. 999 | :
99.99 |
99,9}
99
Lﬂ 951
g 90 -
2 80 -
g 70 -
3 SIS > .
] 30 - _
% 20 |- -
ey 10k .
§ 5 ® .
1= -
Al .
01 v .
001 | | |

100 1000 104 108 108
Number of tumor cells

E3 EREIORICEITIEFERREELSAERTROBR
CDIBA. SOREEFEEE5X S 10100 A TD50 flEE XD
Fig.3 The relationship between the number of tumor cells
and tumor take rate in non-irradiated mice.
The TD50 value was calculated to be 10100.
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3. #BR
3.1 JEREYORIZHETS D50 fE

SERREHEE T B O~ 7 2, S L-EEN OB O MRE B L., SHRECRTS
TD50 & RK®T=, DL EDRAEEBRL B UM OBERE S EESREERRKICT
oy b L7 BRI % Fig. 31008 LIz, £ LR 0% L 725 & (T E L Sh Dk TD50
BE7en, 3EOMT LI=ERHGRD bAIERE~ v X817 5 TD50 D F-HIEIE
101002300 (GE¥EXESD) Thol-, Fl-. AFFICEBWT, BHEHIT 6 BHm» b 1,
3, 5, 8 WHIMBH % LI-RIEBMROBEET >/, ZHICEY, BEREO~D AT 7
~14 B L 72 BT OB OB 21T - 12, IERHE CHTE L, 7~15 Hi CHEGM
RADFEHE 51T o 7o £ DFER. Fig. 4 IR T X D ITKRERICK T 2 BFEEERIZIVTId TD50
EIARKEEIRD b o T,

3.2 BHITHYRIZEITS D E

3.2.1 SBEF0.4 nGy/hr BEHIZ &S TD50 EDZE 1L

BB 0. 4mGy/hr THRE L& Z0ORBE L D50 HOBMR%E Fig. 5 IR L7, 1, 3,5,
8 B OBEHICKIET 5~ 7 AREIENRINAE 50 | 150, 250, 400 mGy DORRHFIZIWVT,

BERE 50 nGy 0o ERTAEMARD b, BE 5 EM., SEREICLT250m6y D& X
STRBICHRTEEL ER o1, THUSNOBEBETCIAEEZI RN T,

1.5 104 ; ! : ;
O]
o 110414 ® i
L ®
[«&)
2
g
5000 |- i
=]
Vel
=]
,_
0 1 ] L i
6 8 10 12 7! 16

0ld (weeks)

= 4 RSO RIZFE D TD50 {EDBERERFRE
Fig. 4 Effect of age of non—irradiated mice on the TD50 value
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6x1 04
5x1 04
104
10

zxwﬂf"d’ L 1
TRT(| St e — -

TD50 value (cells)

Op 200 400 600 800 1000 1200
Total dose (mGy)

B 5 BT RIZEH TS D50 ED KR
HEET B 1.206y/hr. 0.4 mGy/hr. < : FFBE TV XIZH IS TD50 fE
Fig.5 Effects of y-irradiation on the TD50 values
B :dose rate of 1.2mGy/hr, :dose rate of 0. 4mGy,

« : TD50 value in non—irradiated mice

3.2.2 #REF 1.2 nGy/hr BT XS TD50 lEDZEL

BERE 1.2 mGy/hr THRHE L& EORKRE L TD50 EORFKE Figb5 2R L, 1. 3,
5. 8 HR OB T 5~ U X EENKISRE 150 . 450, 750, 1200 mGy DRHIZ
BUWT TD50 fEiX 450 mGy TLEATAHEAMPRONIZHOD, MREICLTHERERELE
BiiBEIhihot, LAL., B#HE 250 mGy DR TO TD50 fEIZxfREE & ik L
THEREREREZRL,

4. EE

BHBIIEARIBETH > THRBIGLTEPAD) A7 2mb b L Eh, EAR
BThoTHERHLE VDR TS, LHL, HBxiXIiE CIOERERBURB S
LERBAR (AFNaF s L) KX DRBPAZHRH DVVIEE S 55K 1225
DT EERM Uz, AFRIE, ZORPAMEIEROBEHAO—RLE L TITol, 6
U OERERBHRE R L~V AIUBEGMREBM L, ZOMRBBALRDTIZD
LB MR & FHRM B T &I K Y B E SRR~ U A BEEIZ S CTERRIR & 5
BRI DHENB ERH L2 L &AL

RBANCH T BIERERBAROEEBLNET 22O, vV ADRER~DEEL )
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U SERORIRERVE ORARERPURE QMM 24TV, Wb - BYEOHREZEEL T
B. THDOMILSAOHEET, < T RDEEA~OEBEBFRSRIETREO—mE
LTS, kY LTOREEYHANCT B0, S 51T in vivo DRIRE X
+ 7 EBR TSI L 2 ARFZETIE TD50 & AV -, 20> TD50 {RIEHESR, & b OREHIC
S B SHEIASR TH W A BEE RO HT-DIHEPR TE L FETHD 9, bbb, <
PSR LI EEIC H ARBOKFRARE L, ChEihlLick, ARL, ¥~y
TR B, £ LT, TEENS 50%0OEE TEERT AEEEIN L, B LIREEICHEK
7, PO HVORERFBRATY ACRE L b, TOESEHROEMEZNZS
ERHRD DR, BEIOEE Y ¥ — L (in vitro) TX7e< < DAZDHDDHAE(in
vivo) & FVTHRIET 2 D Th 5, AHFE T 2 & BRI ISR 2 RT3, IR
EMI DA B, Thabbe U RIEREE - BREAHBREBI L, ThiZLY~
B 2 RN ORI E E =2 —F B DIV, FERICBWTIE, —HLLTALOvY
2 % I & 4 ST IR & A L 7= 2%, R—BEORIci W CIEBE R AR EIIBR
XNiphol,

5 AT BT B B S TIERKEBG O OB E TOHMOERH DD, <
W Z AT LS IS AAER AR N H AP ENEREF LA, Fig 4 IIFT &R0 7
B 5 14 BEIC BV TIIERRD b RN 27,

Fig 5 10RT X 5 IC AV IBAEERETIE, ~ 7 AMMENICE T 2 #HE 250 nGy O & &
1T TDS0 ED FRNEE ST, T 0 B0 D LRI, BREENC, (EHREFRBIHR
% 250 mGy MBE & 7~ 7 AERIC W TSRS LS Lo OV, % b IEEH % 5k
BT BEANEE T EERLTVD, SHIC, BREEELZE R THE 250 mby (2725 &
SICHRH LBREE B o=k 2 A, WINOBRERE (0.4, 1. 2mGy/hr) iIZFW T b HEE
bl LT, TDSO MBS ER Uiz, Zhud~ v AOEEMaPREEORMIZIE, MENER
B R R LTSI EERLTND, ZHE CEBEBHBRBITIC L BES NI
B L~ L C O RS T 500 Gy BRI B — 2 B3 5 b DNEN &7, & EIOEEHRAIEFRE
O B, BEEN 250 mGy THILITHERICIIBRR<BEIN, £ OEMERIC
BOWCEERRAXEEZRAETIEAMONTEY, ZITRONIRERIIILT
BBEORIIRGET ABRLOYRICH HHBOMRITSERORETH D,

. Fig 5 lomT L B0, BRESE 1 2n6y/hr THREMHRED 1. 26y (GELTH, TD50 &
O FEIBE SRR o1, APFFEICHT ARFIESERR A BRI D~ U ADRIAT
VN, JEEAIRA B B IR SR TV R, 20720, TDE0 EDOEBIT L BT
kD ZAD b ONEEMAYERE S KT 2 D THD, LehoT, ZOFRFRITHRRE
1.2y &5 HEHEVBEOBRB TH-Th, BERMEONHAITIE, vV A0S
HIRHERRIE~RIE TR B RON RN I L ZRLTND,

5. ¥&6H
HORBIL A RICIME THo THHRBIISCTENRADY A7 2@ D Enbh, A

RMETH-THERDD L VDN TE R, Ll AFETRLNIZRERIE,
| (EBEERRERRHE N < U ZAORFOFEBAIHHEM 2 L7 S DN H 5
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2. 1.26y TTHRHEHINTHREENEITNVIERENBAZ ERIEL L5 2BiTREZ S
A

ZEETLTND,
TOZLIHEREOKIBRIC I DAY BIIEREDOHE LIIRRD VWS T LER

THLOTHY, AP BLEZ D EXITIRENREETHDZLERL TV,
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7.24 Educational Experiment for University Students Using
Natural Radioactivity

Development of an additional experiment to measure the increase
in 2'*Pb and **Bi produced from 22Rn.

RARBURBEZ R L 72 RFDFERR

Mariko NAKAMURA', Takao ESAKA' and Masahiro KAMATA’
AT RRRIT L JDREE L BRIME#

! 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
VB TR, R KR E SR

Abstract

M5,23805UMA226EFVHEEMREANT, 2 14PEATAZ214
MEDEIITLTIRY22205EKENDIONERTHEAEREZMFEL. JIT
BTSN EREE. kNS BRAFOWE THR 3FEEMRICERL TEFEEER

GRSHMES) 1Bl & 25, FAENKI LT O, FRCBEHME FEIZDNWTIEL
ST BD-DOFEMTNIE Z ENRR SNz,

LINTRODUCTION

Although several works'"® have been published to date regarding radiochemistry, most of
them have been designed for those who major in subjects related to chemistry or physics and use
rather sophisticated methods and apparatus. Education about radiation and radioactivity is also very
important for other students because a basic knowledge of radiation and radioactivity is
indispensable for understanding environmental problems or energy problems in the future.
However, it is not easy to conduct practical work using radioactivity in students’ experiments at
school or at university because the use of radioactivity is strictly regulated by the law, and
equipment such as radiation counters is too expensive for school budgets. From such a viewpoint,
we developed several kinds of safe and inexpensive experiments for education using natural
radioactivity so that university (or senior high school) students can learn through their practical
work without being regulated by the law (-9 For this purpose, radioactive species belonging to the
uranium decay series (Fig. 1) are suitable because these species can be easily obtained from mineral
spring water or soil samples. In addition, some of the species such as 219pp and *'*Bi emit beta rays,

which are easy to detect, and the half-lives of these
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which are easy to detect, and the half-lives of these Half-life Decay mode
: _ 238 9
elements can be measured in one or two-hour u 447 x 10"y a
school 24 =
activities. Th524'1 d 8
3 H H 234
This kind of experiment was employed as an Pa 147 n A
“Educational experiment for radiochemistry” at e ;
Tottori University for nearly fifty students every U 245 x 10y a
10) i i m_ = 4
yearl®, Although the experiment itself was Th 754 x 10"y o
essentially complete, the students did not have the -
chance to observe how radioactive equilibrium was Ra 16x10y @
established. Therefore, we have developed an 2 S
additional work plan to enable students to observe Rn 93'82 d @
how 2'“Pb and *"*Bi are produced from 222Rn, and el Po 311 m a
have made this experiment more complete. The e~
educational usefulness of this additional experiment Pb  27m &
was evaluated and will be presented in section 5. s =
Bi 199m 3
>
214
Po 164 ns @
>

Fig.1 Uranium decay series

II. EDUCATIONAL EXPERIMENT at TOTTORI UNIVERSITY

Since the details of the experiments used to date have been presented elsewhere (19, only the
outline will be briefly explained here to clarify why the additional experiment mentioned above
was needed.

The outline of the procedures used so far is schematically illustrated in Fig.2. Because radon is

22Rn emitted from a soil sample that contains

the only gas in the uranium series, as shown in Fig.1,
a very small amount of U (or a superphosphate of lime marketed as manure for horticulture) is
released in the gas phase within a desiccator and is adsorbed on the surface of activated charcoal
placed in the same desiccator. After one or two weeks, a certain amount of 2Py and 2“Bi is

222p1 and stored on the surface of the activated charcoal.

produced from

The purpose of this practical work is to collect these 2pb and *“Bi products using
radiochemical techniques and to observe/analyze how they are decaying. Through this work, the
students are expected to understand the basics of radiation and radioactivity, such as decay mode,
definition of activity, difference in nature between alpha rays and beta rays, half-life,
co-precipitation method, and so on. Although the students can directly observe how radioactivities
(2'4Pb, 214Bi) decay in this work, it is not very clear to them how these radioactive species are
produced from their parents or why certain amounts of 21pb and *"Bi exist on the activated

charcoal even though their half-lives are less than thirty minutes. The latter is especially important
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when students learn about radiochemical equilibrium.

Dissolve bismuth(lll) nitrate{BiNO3); -5H,0, _/ L \} Activated charcoal
100mg) in nitric acid solution (HNO, P

10mi+H,0, 30mi) \ =
| I
Jb
Add activated charcoal (1g) on which 2Z2Rp

is adsorbed and stir the solution for five

minutes ""“_h .
JT JLN)
Remove activated charcoal with a wide- - he soil sample (2kg)
mouthed Buchner funnel | {or superphosphate
! of lime)

Add 25% ammonia solution until pH exceeds
10 and bismuth hydroxide is precipitated

1T
Gather bismuth hydroxide on Kiriyama filter
paper (21nm in dlameterj

Wrap the filter paper with polyethylene foil @ c:"//:’
and put it under HAKARU-KUN Il to

measure the (3 -rays from2¥BI ( + ZPB)

Fig 2 The sequence of the educaiond
experiment at Tottori University

From such a viewpoint, we have developed another experiment which can help students
recognize that 22Rn in the gas phase is adsorbed on the surface of activated charcoal and

understand how 2"*Pb and 2'*Bi are produced from it there.
IIL. METHOD of ADDITIONAL EXPERIMENT

3-1 Preparation of 22Rn-containing air

As shown in Fig.3, a narrow space is made in the soil sample within a desiccator and a thin
flexible tube is put into this space so that air in it can be drawn out using a syringe or a wash bottle
made of polyethylene. Because this method uses the same desiccator as the main part mentioned
above, the existence of 22Rn in the gas phase and the function of the desiccator are clear to the
students.

Another easier way to prepare 22Rn-containing air is to put the soil sample (200g) into a

polyethylene wash bottle and leave the bottle for one or two weeks with the bottle mouth closed as
shown in Fig.4.
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Fle:dble tube _Adhesive tape

The soil sample from
Ningyo-Touge

\
/ \ ™ The soll sample from Ningyo-
. Touge mountaln pass
Fig 4 The collection method for 22Rn.-containing air
Fig 3 The callection method for “2Rn-containing air (a simpler method)

3-2 Visualization of alpha rays using a cloud chamber

In our old experiment, we used the mantle of a lantern as an alpha-ray source with a cloud
chamber to show the tracks of alpha particles. Because this cloud chamberl? is made of a Pyrex
bowl and is covered with a thin transparent film, it is easy to inject the 222Rn-containing air into the
chamber through the nozzle of the wash bottle inserted underneath the cover. In this way, students
can recognize the decay of *Rn based on their actual observation.
3-3 Measurement of the activity (*'*Pb and 214Bj) produced on activated charcoal

First, a small amount of granular activated
charcoal, of which the particle diameter is 1-2mm, is
packed into a polyethylene tube, and the tube is fixed
to the wash bottle as shown in Fig.5. The bottle is then
squeezed slowly by hand so that the air in it is released
through the tube packed with the activated charcoal.

The packed carbon is removed from the tube and
sealed in a polyethylene bag, with a thickness of less
than 0.1mm. The beta rays emitted from this sample
are then measured with a beta survey meter
(Hakaru-kun II, lent to the school free from the
Ministry of Education, Culture, Sports, Science and
Technology in Japan) for a couple of hours.

Fig.5 222Rn sampler using a wash bottle

IV. EXAMPLE OF OBTAINED RESULTS AND DISCUSSION

4-1. Visualization of alpha rays using a cloud chamber

Tracks of alpha particles just after injecting the 222Rn—containing air are presented in Fig. 6.
Because the half-life of *?Rn is 3.8 days, the decay of Rn could not be observed in this
experiment. However, the students could easily recognize that an alpha emitter (**’Rn) existed in
the air within the desiccator.
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Fig.6 Alpha tracks observed in the cloud chamber

4-2 Measurement of the activity (***Pb and 24B{) produced on the activated charcoal.

A couple of typical results are presented in Fig. 7, 8.

10? T --x_‘x.". b 10*
PR wmat i
E 102 . P _ -G . 020G T i
5 ' 5 S 0 *?5" 'g
Py <l il ~
"5 X Pt I §
I Opiitii|ir: & measured 3 ii Rl
§ 10 SR ’ theoretical _ 10 - for.l-ciavs.(.st;il). .
S RECa _ © _swemhosphate of | ine |3 for 7 days(soil)
S o el for 11 days(soil) H
| for 21 days(superphosphate of |ime) ||
N ESEREASSRARERREAER i il NS EE AR I FREETREFTNDRETRIGIRA ENRE
0 50 100 150 0 50 100 150
e/ min Time / min

Fig.7 Typical example of experimental results Fig.8 The effect of storage period on count rate

Figure 7 presents the relation between time and the count rate of beta particles coming from
2%ph and 2Bi being produced on the activated charcoal. Solid symbols denote the data from the
experiment where the soil (2kg) sampled at Ningyo-Toge was put in a desiccator, and the open
symbols denote data of the experiment using superphosphate of lime instead of the soil sample.

The solid line was calculated from the following equations;

dNgy/dt = - 4 g2NRa )
dNpy/dt = - 2 ppNpp+ A RaNga )
dNp;/dt = - 2 giNg; + 4 ppNpy, 3)

where Ny, Np, and Ng; denote the number of atoms of 222Rn, 21%py and 214Bi, respectively, and 1
denotes the decay constant of each species mentioned above. The initial conditions to solve the
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above equations were as follows;

Ngn,=N° at =0 @
pr = NBi =0 at =0 (5)

and the value of N° was determined so that calculated values were coincident with the measured
ones when t was large enough.

The starting time (t=0) could not be defined rigorously in this experiment because the
complete separation of 222Rn from its daughters was impossible, and a certain number of daughter
species existed on the surface of activated charcoal at t=0. However, the coincidence between
measured values and calculated ones were fairly good over a wide range of time as shown in Fig. 7.

Figure 8 presents the results of the experiment where the soil sample (200g) or the
superphosphate of lime was put in the wash bottle for 4-21 days. Because the half-life of 2Rn is
3.8 days, no more activity would have been accumulated even if the soil sample had been kept in

the bottle for longer.
V. PRACTICAL RESEARCH at TOTTORI UNIVERSITY

Figure 9 presents the timetable of our practical work (Radiochemistry) at Tottori University,
which was designed for 3rd year students majoring in materials sciences. Until last year, we
presented oral explanations on the basics of radiochemistry as well as a demonstrative experiment
using a cloud chamber and a lantern mantle before the students started experiments by themselves.
This year, we divided 49 students into two groups, A and B. For group A, we used the
’Rn-containing air instead of a lantern mantle to show alpha tracks in a cloud chamber, and we
added another experiment described above in 3-3 to show the increase in activity (214Pb and 214Bi)
on activated charcoal. (We prepared the air containing 222Rn using a wash bottle with a soil sample
in it.) For group B, we presented the same explanations and the same demonstrative experiment as
we had done last year.

One month after the students’ experiment, we gave them a very simple quiz as follows.

Question 1: Generally radioactivity decreases as it decays. Why does the radioactivity on the
activated charcoal increase as shown in the figure (which is similar to Fig.7)?
Question 2: The count rate in the figure becomes saturated after a rapid increase. What is this

phenomenon called?
As for Question 1, the ratio of correct answers in Group A was 46% and that in Group B was 33%.

For Question 2, the former was 79% and the latter was 52%. Although the number of samples was

not large enough, these results indicated the usefulness of our additional experiment.
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Last Year This vear

13:00 —A brief instruction on the experiment  <4— »  New addtional demonsrative

{approx. 30min )

exneriment

. ' Using Z’Rn-cortaining air as an
[— Experiment (approx. 60min.} alpha-ray source in a cloud chamber

{rehearsal and actual one)
Measuring the activity produced on

activated charcoal which adsoroed Z2Rn

—Clearing the apparatus A

15:00 —A small I.e.cture on.radiationf | Measuring time
radioactivity (60min ) | for 80 ~ 90 minutes

16:00 |— Reading out data recorded v

in the survey meter

Fig.9 Time table of the practical work

VI. CONCLUSION

It was clarified that the 2’Rn needed for one demonstrative experiment can be obtained by
storing 200g of the soil sampled at Ningyo Toge for about one week in a 500mL wash bottle.
Based on practical research, the validity of the new experiment for students has been confirmed,

and the completeness of this experiment has been greatly enhanced.
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7.25 Fostering of Ability to Solve Problems

toward Consensus-making

From Teaching Practice on the use of nuclear power as a Core of Energy Issues

B BRI T - AR B D B
THRAX—REOTRKE 2D [RTFIEE] ORERELY

Tadanori HARADA
5 B A

JE BT S BLE R

Hiroshima kanon junior high school

JRETAEXHEE 374-6
Minamikanon3-4-6 Nishiku Hiroshima 733-0035 Japan

Abstract
In Hiroshima, it is practicing the peace education which aimed to bring up the citizen
who practices world peace.In this research, in the nuclear power generation, at the teaching
materials, it did the curriculum development to bring up the problem-solving ability to have
paid to the consensus building.
After practicing a class for the ninth grade life, it got to actually feel " the problem
solving depend on our future ".It understood the following point from this practice.
1. It thinks that the student wants to know the truth.
2. In to devise a way of guiding a teacher, the student becomes able to develop independent
learning.
3. If there is not a mistake in the way of taking a problem, it is possible to do a student and
a discussion even if it is the problem which touches a sense of values. -
4. The understanding of a student is promoted when learning the difference of the

mechanism of the atomic bomb and the nuclear power generation.

1. 2FFHORLL

(1) BRRAMLGBELEEEA

B EOERT R A X — O X 5 RRAMARRBEIE, LV RETRELRAERED
FoT L EAME LEABEEALREL TV, BRTIIRVDI WKL 28
WA Ui RS REIC SRR 5 RN, D E ISR EBEREN B 2T
HEREZMOKRL - L AREER S e, TR IHREEREOT TEEEZLEL LT
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Wb, TOMPITITINETOARTE

. . ) ZBIT B EERR SHSYNZL LB
HOWKEDI LB EFNOHERY
Fises5xh (AR~ AE, 3 ) C"“‘Q
el _HH""\ /’ﬁ“\\ P \f_
. HTE) ~LEELRTNERD R ' D e\
B 5 = P /\ b .,
Vo ZOFRIEBURTOZWAE R (m m) AWEA
~ X o B )
FTrETRARL, ZhETOEBRRH T ( ﬁﬁ)
S A ki
Lol ﬁﬁ {Eﬁ %*EZF o E‘E L. RUTELRBRERDITE FYB BRI TR TR E RS
L OB WESIC S TH TR (EBVEINEBAH T/ ST (HULIHEL RS2 ANS)

AliEFszLThd (Fig. 1),
CITHEBOREEDILERFE  fig 1 agbro®is GHRTHEEERE)
EHLOUEROBEDH Y FaEREL,
TR 72 1 CREORR L BOICALE ST 2REBFHIFOEZ T EZEA LRITIT
ROV, IHILABOREFERERODHV T OTETISLELHTE,
FZCHMAMRBEEL A 2 — X (issues) LA T IRFEEMOBELREERD
KB X Ao icHic T 5720, AMoOMiES (F#. ®FE, ZRoH I FH) I
RELEZEEIME] LEELE, ¥V a—XOMRLITHR VAL CHRRIZMIT 21T
MERTELZLTHD, AR TIE [EERKIC OB LRZNRHUHOTE] 24
Va—AXT7Ta—Fen30%, MERROFIRL, MECHMLEL THDLOMES
WML, ZHERMEEBE b OANZ DB HOPNOH L RMRRREZAY HFH LT
»H5 (Fig. 2),

TREZEBRLHET IR > BRRETHIRME
FEOFELBCDMIEREARKIZTD EROMHEREZD. EBHEEATS
<HERWMHEE2LLZD> <EREXBOEZAZHIIOTE>

Fig. 2 42 —X770—FOF®R

(2) HAVFa15LOEE

BATORBEEEN S, EBEAKOBMERL T TR, AENE HCBELER L EEMIC
MEZMRTD TEE-EHOER bhb ) iR ol, HRERETHEITOR
¥ T, BREFCRANRTFEORRMAZFMA L TERVPBER~DES - 44 -
HEF - BRAUOHE L VO ENEEEKIE LI RFEFHFERZABLRTLER G
[

COROBBEICH UTARMIE TH LML LR T Mk (ERmHER) PEEE
T, 20X B ETICLE “BayAT A (A, A28)” 2EBICLEHLY
EEAERLENBALETHD] EBRITNWD, 2 FOHIE Ex0Witt e FE
T35 EVWIHIBFEOFRAICLHIRY, AFCRI LAEBEEOH D BEMLBELHY
T-RIEMIRAIOH ) %27 LHBPLEEND,

AR TIIARNMESE LT TR0 FIE L TRFHEIN) T2 —) 2B,
(Fig. 3)
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(3) BEOEW
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MERELTDITDHAMD R STOBRE BT AR ELAL
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AFETEIVDIEY T —RENTE T Bz XNV X —) R EERNDRSHH T & T,
B2 R SRS TEIEZ L > TLE I ARORKEICOWTRFEEZHE L
THLREWY, FLVWHBENE > THZEENESICEESSEROFEREZD ST, &K
BETIIRYE 3ELA MBI RN —BBEOPLICHFET D RFAHEE] 2BH
ELTHWE,

2. &EDERE
AEOLF 4 FARMET L0 [H%EE) #iEE R VX —LRE AELZL
B WH K E 2 %4 95 4 (1999.3/11 Efii) ZXRITITo 7,
(D THEH2EHR RE
IOWA K2 TCSTS L TVWAAS =—H—bxHLETHIN—TREEORFE
FEASZIC LT HRAEFMER] 2ERLTRY., i HEXFEOREH(1994)
NELZEZMZ AAZELL RERHFE) 21ToTC0d, JITHPFENEMEZEMRT
X5 LS5 ICKITLIZ. AEORMIT BFEOAREHR) BIFOHER) KHEY THE
NESHSHELD) T CHMERL KT, HEEOMER»L AR T 2R
DOHY HFERETHEHE THERSILTWVD,
CORENSHAL TR o TR,
CEBRPBESENLBONAEE BHEOHER) Xvb. B (HBEEBONE) 2EE
LTW3,
CEEORZEENED LI RESTHEEZITV., EROBENLBLNUEHREZLED
O ICHIEAE LTS ONHERITE 22V,

TALEEL LTOBRMKBTOMZIIHRMTE TVEN, BFEOT o AN EHEL T
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FoMY B EZHEEXEEL2BERTIHET Y, FRELTOEAZEGOEDE LTEL
Tnb, FERZEEDARA—VE~vRAaIETELNLIMEFTH»OEBEIN TS L
Bbohsb,
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Zbh5, EBRRESH., BIBESER LS 7Ly b (0%) EESE 8%) ©
FIRE 2, REBLEFRLILRZATEOTZOER L 22 AENRMBEICIA
DUINT N,
DY A NI EAERICEEREEBEITHB TE LN, TRV X R EVSBUR L
~UL DB EH R RIBEIC W IR R EIZICET LTS, KAXEZ BRI,
HOREFMOEE T —HHIRFEHRTHERINLTWDZERTFRIND,
cABBOLELELVWZRAX—FE LTRTFHEBAIZAEET 1% T, HICSEOFF
NREEDOEDFIZONT64% 0 BOT] 2L E2LEATWDS, TOHBLLT62%
B THFZIAX—DNEAREININD] ZRBATHDS, TOZLEFHTRALE—~D
HEN (22X —REIIMRREATH D] EVolEBotGRIIR->TVNEEE
bbb,
AT ST, BEREIM S TN, DEWVLRAENOHERL TV DHIRNERN
%L, HEPBMRELTINDILDLENWHIEKFOEREVRHIZEL LN D,

HROHEMEERMOEKE T, BEMB L 2BEHROLOB AL EILN Y B2 5 X
IRBEII RS TWEZEREZDND, BOOMEE LTEZL-DITIE, EEHED
BVEROF NS MLBELRNEZBE L, BEOR2AFBEZEEL T RBIDEFRL L
e, MEREREOTERIIANT-bT,. BEXFASELTAVHET LD EVWHIEROL
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7.26 PRACTICE OF ENVIRONMENTAL EDUCATION
BRIRHE OREER

Yoshio TAKAGI
mA FHE

Ishikawa Prefectural Togi Senior High School
N RSLE R A
T925—0447 FAEPVERRESKETERHT D 1
Tel: 0767-43-0034 Fax: 0767-42-0904

Abstract

The author worked at Ishikawa Prefectural Takahama Senior High School until the last fiscal year and
practiced environmental education. The syllabus of the class was as follows: (1) examination of river
water quality (transparency, pH, dissolved oxygen, chemical oxygen demand, concentrations of
phosphoric and chloride ions, and biological water qualification), (2) examination of air pollution
(measurement of blocking of pine needle stoma with air-dust and measurement of atmospheric NO,
concentration), (3) examination of environmental radioactivity and radiation (radon measurement by
electrostatic collection of radon daughters and measurement of environmental radiation by using pocket
dose-rate-meter), and (4) visitation to waste treatment center.
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7.27 Science education with the help of Media

Educating science concerning the help of current news of Media referring to it

L Lazar', L. Agoston2

! Seience-Math Teacher, (PhD student of biophysics) Obudai High School, Szentlélek tér 10,
H-1033, Budapest, Hungary
? Sociologist, KERU Sociological Research and Analyzing Limited Partnership, Frankel Leo
ut 9., H-1027, Budapest, Hungary
Science & Media Group

Abstract

In the last decades, at the beginning of the 21% century high school students turn their back on
science more frequently than before, therefore the generation of the community of reliable
scientists and experts becomes the elder. The time spent studying science in schools is also
decreasing. However, mass-communication, electronic and traditional media plays more and
more part in the description and explanation of scientific problems in our time. Media is
inundated with questions, facts and rumours in connection with science, therefore imaginary
fears, beliefs and superstitions can get into the limelight of interests. Problems like keeping
people frightened with radioactivity and the ionizing and non-ionizing radiations is probably
the most popular way of making “bad news” (panic) in the mass-media, and they particularly
call our attention to the most current tasks in education of the next generations.

In order to help to keep the public informed in a precise and exact way, it’s necessary to put
natural science into practice in high schools. Our new method of science education could
prove the necessity of science taught through the current news of the media. This means
students learn by making discussions and corrections of the news.

The Science & Media Project provides the possibility of applying scientific ways of thinking
about questions of our environment and life and it also improves critical approach towards
new information.

This method is put to practice by real project works, including a lot of fieldwork and reading
of papers and scientific literature, enabling the students to discover and solve problems by

themselves.
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Introductions

The time spent studying science in schools is decreasing according to the tendencies of
education in many countries, mainly in Central Europe. Thus the roles of mass-
communication, electronic and traditional media become more important in the description
and explanation of scientific problems in our time. Some crucial points of these roles are
mainly: the spreading fears, beliefs and superstitions. More over some economic or political
power can take advantage of this general atmosphere, and influence the general feeling
through the media in order to have more profit, usually against the real welfare of the
population, and the living environment.
These changes force the democracies of the 21* century to face new challenges. Even the
voting, the decision making of the politicians should somehow reflect citizens who are well
aware and live in consonance with both their natural and technological environment.
The tensions of different cultures and ethnics nowadays have to be examined and justified
not only by social sciences but the natural sciences knowing global environmental problems
also.
The high standard of education is one of the most important conditions to help people
make established decisions in our quickly developing world.
The aims of Science & Media programs:
Making the students learn more about how the information society works including the
possibilities it holds and the risks of it, and as a separate individual of the society help them
orientate and make decisions by their own critical sense even in the most significant problems
of the society. Developing the

¢ use of media

e critical approach based on specific, self-sufficient experiences

e communicative competence

e improve team spirits when working in groups, collective projects

e acknowledgment of the facts of science

¢ scientific way of thinking, and skills of debate
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Methods

The primary level of the Science & Media program is the analyzing of current news of

mass media in small teams. In this section the participants (students) evaluate and analyze the

news in order to identify the most important topics in connection with science and to compare

them with each other and examine their circumstances. Studying the chosen area, reading and

learning more about it, getting acquainted with facts and main questions of the topic the

participants can realize the defaults of the news with the help of some experts (sociologist,

scientist) and they can also discover the possible purposes behind them. In this way, they can

form their own opinion and after all put it into words. Such a program section could be

successfully concluded with a published article written by the team.

Steps:

1. Media monitoring (newspapers, TV, radio, internet)

2. Collecting articles and news (data gathering)

3. Selecting the most important, interesting topic (sorting, defining the similarity and
antagonistic elements, defining the misinformation and manipulating points)

4. Brainstorming (searching books, films, experts in connection with the selected topic)

5. Data processing in groups (learning the scientific background)

6. Analyzing the chosen articles in many ways (debate)

7. Planning the further investigation (debate)

8. Field works (making interviews and questionnaires, finding out the effect of being
misinformed)

9. Inviting experts (listening to their presentations, asking questions them, arguing with
them)

10. Individual summaries, and common discussions

11. Writing manuscript about our suggestions, and results, and opinions

12. Syndicating an article

Results

Science & Media Groups have already been working in schools of Budapest (Hungary)

for three years, the number of participating students has reached 50 (7-9 members in each

group).
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S&M Groups dealt with:
1. Examination of the roles of the press in connection with the nuclear power plant in
Temelin (Slovakia).
Publications:
e Temelin és a hétlabu zsiraf (Temelin and the seven-legged giraffe)
Science & Media group, 1. Lazar
Fizikai Szemle (Hungarian Physical Review) 2002. Marc. L1l 3, pp 85.
e Letters to the editor of some Hungarian daily newsletter (Students are for science in

Népszabadsdg, Policy-Media-Science in Magyar Hirlap)

2. Analyses of the presented dramas in connection with science (“Incident”,
“Copenhagen”).
Publications:
e Intellektualis jatékok (Intellectual games)

Science & Media group, 1. Lazar
Fizikai Szemle (Hungarian Physical Review) 2003. Marc. LIII. 3, pp 108-109.

3. Studying the press of the nuclear power plant breakdown in Paks in comparison with
other environmental risk factors from that period.
Publications:
e Nem az iskolanak (Net for school)
Science & Media group, 1. Lazar
Magyar Narancs (Hungarian Orange - weekly) 2003. Jul. 17. XV. 29, pp 42-43.

4. Surveying public opinion about the radioactive waste deposition in a small village.

(This is under process.)

Conclusion

We believe that there are a lot of possibilities in this program as well as in the case of
science education and in the case of media education within these particularly concerning the
current-living problems of the society. The involved students obtained several experiences of

their own in science and also in the mass media which help them to be a self-sufficient

member of society.
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